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1.1 flfe
1.1.1 D ER

“catalyst (filf) » &\ 9 BAZEIT 1835 4E (T Berzelius (2 & » TES L7200, il & 13, SOSFEE ISR LT
VETHDLD, ALFOSOEEZEH LT 5, EIIFEOKISTE T 2T, T E FIIIGH#
TIEEAEEBE LV ETH S,

20 HHACHTE S IZER LS C FE S\ e ==« R o V2 JROBIFIC L 0 | 22K O HE LRIk
A MEHER EDJFEE L TRIERNWT VB =T ~E BB A RGA R ST, Z OB bEkfE D
BIEIE, BREHPEICEIR L, UROHBICKE A %7 e X, TDH%, 1950~60 £z, ¥
F T A b7 EOH LW EERAEEBHSE S, AP O RIEKEN B OF b mE REAET D Z
EMTED X9 Rotz, BUETIHE, LFREET vt 20K 90% CAEAFIH S P, kv E
o7 T ATF w7 Y Zp EOAETELTR OB O REAPENRAIREL 7o o7c, LML 1960 4
RAZNLUE, PESETREN AL O BTG E NS RMEIC > TE e, TUOZMRT D701,
BESHY ORI & e HRIAEWHIRIRS B0 | BEWERE LY T2MIERHRE SNz, FlxiX. A
BHPER T AP O NOx 72 EOFEWEDRT D72 ORIER ST bind, 2ok 2, e A
OB NREIEOFBICRKESEHRL TV,

X B A0 & 32 RO OFEEICIG U CRix B SN TR0, [H)—Rfilllt) & RY)—Rfbl) o 2 FE
HICKRE LD TE D, W2 Py —I2 04 L TR Y . 85 ITAE & SOSHE D IS
ZWRIR LTS TR %, — . R — /A IVAE A I B AR IE O & 8 < il <,
R SIS R U TR B 8 D WX R BOE TRIF 95, ¥)— Rl & R — R o —fiki) 72
Rtk 22 1-1 IR RIS & & o 7P

F1-1. R & AR — RO Feik

SRl AN — R
R ol UL [ A e
AREST -l 6] 7
B e fEu A
BEAH AR AR/ OHEAH
B liseih g
fl BT SN fEu
flE o> 5y i PRI B
N RED L, I ArRE AR D2\
ERE SN fEu
(57 F-aEtCHilE T HE (7 205 IR B8




1.1.2 ¥Rl

PR O R RPN RIS Tl ) U BUSWE & & b IR LTl & (R 1-172) |
BUSHEREEN LV D8R E b0, & BIC, ARAESCHIRGROBANSRR LI BE T, MY 5T
BEHEAT 5 2 & CRIBORIRNE & B A SIS 5 2 L S ATRE L 72 o TV B W, 207w, HiHEr
T EHOERO TR E AT 2 EIRMRIER L T 7 4 2 LA ROBE TR R 8 — Rk
BARNERTN S, L LARD, SRIEEMEITACHE, BAICBIRTH S 2 L1, FUEA
T LT ORREER & DSSHRBED LIS &> TRMETIEZ 5 2 & b3, E - RIS
W T B AT, USSR SRS TR AREE L Vo 7 X AN D 5.



1.1.3 R¥E— Rt

A= R DO REFI D E AL TH O | BRSSO E & R DRI ET
5 (B 1-1 F), ERMEEAEZHAWZT 1Y 2T, ROSRICERAEE S BRARY 2 SiaEfEe & TR
GBS 2 Z LR TE DD, HAERM RS DIREO 2 X MRz X — 2 5 2 & AV ATRE
THH, HBEICE>TEL, B LeMiEZ BRI 2L bAETHY, 7V =TI XM —08
SRIPBIFEE LB TH D, HEVEO PR A LA RS 72 £ 0 53 B CE AL SR L < ] &
ERDRDMIAHET D70, MERET L OTEEY A b LIS
R L VAR, E T, PO — RO X O (TR
AT O ZEDPWEETH 5720, ALFRUS OBRIWE 2 K ZHE T 2 WER & 5 EFEMDPBEIE R ED 7

NTW5, LnLERG, MISWwE
BIZHRCE T, —IRISTEMEIES —

7 A U AR IE RO TV EEZ RS,

Reactant

K/Product

@

Solvent
\\

Reactant

\/Product

) (
cMeta/
mpre
Solvent
Solid

Homogeneous catalyst

.

Solid catalyst

Heterogeneous catalyst

X 1-1. 25— R & A — Rk




1.2 EEfbfdgt
1.2.1 B bl & i

[ AL & 188 — RAREE C & 2 SR SEIRAEECF il 2 S ) W FRR Y v — 78 EORE
PEHARICEE L Lo R — Rl = 2R L, @EITROKFE#HL EDY o —% 9 U TEMENLA
HRICEE LSS (K 1-2), FEE A, B)— RARME OS2 73 X123 ATRE 72 . & [E Al oD [a]
I - BRIANES 2RO DAY v MEPFERE A E L THIfF SN TV B0, S50, #B—Afit
FEERT D Z L2 Lo TEOREED M LT 2610, H— R L 0 & @SR SCBRIRE 2 73
DG SN TWA, EEMAEROHEONREL L LTX, Y B FTART VI, BXTA4 b E
VX 27—V —T AR EOEEIHESARY AF L EOAKESTRH Y, S OICIEFE TITAK-E
Wt 7y KR EH KREREREZED TN D, HIEROHEECHIR, WEAMBOEMHICEEZ 5 2
HZEMBY ., AHZEEAB A BT B 72D, IEMHEEAL CTh 5 & REEERCH B O 7+
REHZT TR, HEOBE L BEERER Lo TN D,

Reactant

\\/Product
N

Linker

Support

\Solvent

Immobilized catalyst

X 1-2. [EEAb il



1.2.2 EECHEA - EEAOE
BREFRDORES 2R 12 17T, BHHRAEOL T2 AT 5 2 L bleRmEfARE < Hf

CBRELTORBEIDRESED I LITE - T, MPEEENR L2 LB b8, EEHEATIINET
Z < DRISIZANWEATE 2D, £DZ ATMILED Inm L FTH Y | ¥4 ADORE 253 FITMFLoH
~OFARIEBAHE SN L0, 2070, JOMIAEDORE LAV (2~50 nm) ZFFOA YV R—
T AMBEOMFFEDE/NTAT IOV TN D, 2 U F1 (Si0y) U8B 71 X 5 (ALOs) 4B 2 ra =7 (ZrO,)
HeIn 2 =7 (TiOy) ISV FR{LA X (SnO,) P07 KON D A Y R— T 2P s STk
D, TOPTHERAYR=F 22U BIFEEAABEOR L UTHIZIER STV,

K 1-2. BHRIRO RG]

gk ik SLAMEL LA I
(m* g™) (cm’ g
v-ALOs | B3R, ERRZ2 L 110~5340  0.3~0.9 I it s
TiO; BRIR 20~90 02~03 T 2E=T7 PiAGfhLE
SiO, GAEN 200 - e e s P ik
TG R GAEN 1200~1600  0.7~0.9 B4 il




AYIR—=F 2 IFHNE 2 A Y ML 2 FF OB Z AL TH U | 1990 FERICHEFHKRF L ET—EL
N ENENLEIRB R 1T 72 > TR I Nz, REFIE L TTUTE—EAFIZ L > THRE SN
MCM-4122508 l HfF & BB K7 K- TRRFE &7z FSM-16181, 1 U 7 4 L =7 KFIZ K- T
ENTe SBA-1SURBH 5, ZNHDRA Y R—TF AU BiE, HEHENA L L TOREEEA R v LrofF
ETT, IBALOBKETIZY 2T axy K (Si(OR)) 72Dy BIERNHEEG LT 7 — ME
DR INT=OL, REIEEAZRET S Z L TRkEND (B 1-3),

silicon alkoxide

(SiORy)
Formation - (
/o of micelle r’f:w—""
Al < > i Ee
% SR Silicate
Surfactant Micellar Rod

Removal of
surfactant

X 1-3. A VR—F AU I O—RHI72 B RE
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AV IR=F ALY AMEHT, REWEREB L 72T/ fLEe EORER A L, ouRas i &
L TCOISHDBERG STV D2, KHOEFE T, A Y R—=F 22U T & W T [EE AR DR FE) s
PAATONTEY | REWVEEREFREZEN L THESBZ M ST 5 2 LIS L DMBEEEOm B kT
AV HAFLZTE D LTo @ WIBIPE O ZR A HIFF STV 5, ZAUE T, RhZ8, Pt PBO3IRe Cul32317p &
ZDBRICAT D EEHERE A Y R—T A2 U BIZEET D T & THix OFEE AR BRFE S
Tz (M14), ThbOBEE(LAREITZ O T.08 )8R KX ORI OREIZ Rk L Thikx 2 ARG R
ISICEMAATRETH Y . £BEIL - BRI S IR & il ST D,

@  oc, ~° (b) () M
"Rh
PhoR” PPh, € _N py—N
_Pt Cl—
H™ '
cl cl
Si Si Si
0’60 OH 0’60 OH o/é\o OH
[ | [ I |1 I
silica gel silica gel silica gel
Catal. Lett., 2009, 127, 437. Appl. Catal., A, 2011, 399, 117. J. Mol. Catal. A: Chem., 2013, 370, 175.
Cul
Ve
—N N—
(d) (e cul (f) /
/OAC / N\ \
AcO~pf J N\ N=
| F’>Ph2 N\ / HN>I=
Ph,R — o)
\—N HN€
EtO;SI\ /SII\ EtO;SI\
Cl) (I) (l)SiMe3 (l) 0 ? Cl)H (? (@] (l)SiMe3
| |
silica gel silica gel silica gel
Synthesis, 2020, 52, 581. Chem. Eur. J., 2020, 26, 3509. RSC Adv., 2016, 6, 85186.

K14, AVR—=F 22U B EHWZEE BRG] : (a) 720 A EE{LARE,
(b) H&EEAMEE, (o) « (d) /X7 VU AEELAEE, (o) « () HEE it

11



Bl Z 13X, 2016 412 Zhao B X, 3 (1T 3-(triethoxysilyl)propylyurea 542 H 32 1,10-7 =F >t %
MCM-41 [ZE A L, # D74 Cul % Phen-MCM-41 |[Z[EE(LT 5 Z & T Cul(Phen-MCM-41)% &% L 7= (X
1-5) B3, Cul(Phen-MCM-4D)EEALAEEIL, 3 (L7 UV — L EEMIGET va—Lo C-0 1y 7Y v 7K
JISICHTH O ST 25— R TH 5 Cul/phen & FISEOMBETEMEZ R L, & S ICBEDREIIT -
FIHbAEETH ST,

(a)

I

1. Toluene, 110 °C, 24 h

H
OH OH OH (Et30)S _~_ NN
1 I I -+ hig

O .
silica gel 2. Me3SiCl, rt, 24 h
/Cu\l
—N N=— =N N—
\ / \ /
HN HN
>=O >=O
HN HN<
EtO-Si EtO-Si
0" Yo  OsiMe, 0" Yo  OsiMe,
N I —
silica gel silica gel
Phen-MCM-41 Cul(Phen-MCM-41)
(b)
Cul(Phen-MCM-41)
! (10 mol%) o OR2
R'—- +  R20H R'—-
Pz Cs,CO3 (2 equiv.) %

110 °C,24 hor36h
64%~94%

B 1-5. (a) Cul(Phen-MCM-41)DFHEL, (b) C-O 71 v 7'V > Z FUS~DIiH]

12



1.2.3 EEEE : RY <—

1963 412 Merrifield 234K U A F L U 24K E L THWTRTF RE2EHT 5 2 & ITAE) L TLkB,
BZ < ORY ~—HENFRRE S, BEEAEOHA L LTHHER I TWDBS, B)—Rfitilfliz R Y <
—HRICEENT D Z LIk > T, BB OERE - FRNES L2720 Tnl,| fEoBEIy - 7
FIAbHREE 2D, EHIC, RV —IZ X o THREIND 2=—7 RO EEDNT Z LIk - T, i
DY) — R L 0 & mWREMERI R OSBRI 2 k32 Z & b AfRETHh H, L LR D, R
U~ — R OGS 2 CICHEIR L CRESOREEOJEBN LE S v, BRI R D & fliEn ks
KTFT25Z&bdH08,

R AF L AMKIZZMETAFERTRETH Y, 22oORY v —& LTI S WL EEZ D, EhE
EEBANLRTWRBAGT 5720, BIEROBIASFHASNTWLIRY v—HKTH L4, @i, &
BEHAL SN RY AF L UAERIT, AF Lo e/ AFLAFLrHANNEITBEAFLAFL L L
DIEEBIZE > TAREN, 70 EB LT n A LEERTHZ LI VxR Y 2F L
KeflsZencesd (E1-6) 42

Cl
/ + cl copolymerization ‘
J (Ps

| Derivatisation

e

X 1-6. RYU AT L KD ER KL ONEDERERAL
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WY AF U R A A L UCRIA L7eliai <miE STl . #lxid Jang 1IARR T 1~
BAL T (P 7 2= VR AT 4 /) H) 2R Y AF L UARK RIS A L, 2 ZI2 PACL ZEELT 5 2 & T
Pd-7R U ZF L il ARk L2 (R 1-7) 1, PA-RY 2 F L A3 R —Eii 7 a 20 v 7V v 7K
JEIZ I T —5% Pd(PPhs)s AR VLR 2 m W ARBEE M2 R L, & BIZENY - FFIH 6 Al Th - 7,

(a)
O Cl LiPPh, O PPh, PdCl _ PPhy O PPh,
_HPhe T, PPhs :
s (s (73 Pa

(b)

R;=<H + Br>=<R4 Pd-PS-Based Catalyst — R*
NaOEt (2 equiv.) R? —

80°C,2h

78%~96%

B 1-7. (a) Pd-7RUAF L UIEDERL, (b) geR—Eli7 02 v 7Y T ~DISH

14



F 72, 2013 FITER 1T tris(p-vinylphenyl)phosphine # A F L > & /v — L HELEIHLHZ LICk-
TRYAFLUBRGHRAT 4 (PS-TPP) ZBIFT 5 Z LI L7z (B 1-8) M, KRR 7 1 LT
BCEERET D LISk o TRA T 4 VRIEOBENHI SN D120, BRA A LKA T ¢ AL
2 11 OSEERPSEIRMICIEIR SN D, ZORD AF L UBER A7 ¢ 3 % O 4 @SSR O E E (BT
FELTHWDZ ENAMRETH Y | [PACL(PhCN) ] % [EE L L 7= il i8R —E i 7 v A v 7Y v 7
JRRZ BT, BUBSTEDIRWEILT U — VOB L Ch @V ABETEYE A2 77~ 2 L 3o Tz,

Pd-PS-TPP \Bu
(b)
HO ba.
A / ] g
R A= HO K3PO, (3 equiv.) R\=
THF, 40°C, 2 h 71%~95%

X 1-8. (a) Ps-TPP fH{KK% O} Pd-Ps-TPP filtiftD &k, (b) $8RK—Eii/r a A B v 7V 7 ~DJsH

15



1.2.4 EEHEE . &R AEREEK

&R AREREEIR (MOF : Metal Organic Framework) 1, @B A 4 & ENE 4GS 5 AHEN DA
CHEBICE > THRONE 3 RILT L— LT — I iEEEZFFOL LM BN Ch 54, &b —fikAY72 MOF O
BRUEIL. BRSAM T CEBA A L AHENL 7O A CEARISERAT 2 HIETH O, 1997 F12db)]
DAY, BEEE= L R & 4,4°-bipyridine (4,4°-bpy) Z =R TRAT A7 T, ACHEA L T{[Cox4,4-
bpy)s(NO3)s]-4H:0 4, 3F BV 5 Z & & L CLAREM 5% < OFfFHD MOF RS T &z, BifE
B B STV D MOF & L Clid ZIF-8#71 Mil-101481, MOF-5141, HKUST-15% Ui066B1%3 % 5,

MOF I3 FEH IC K& W HLEREEZ A L K S5 48 OBNIERBE X OVEENL T2 695 Z & T,
AFLY A X% AV FL (2~50nm) 226~ A 7 w4l (~2nm) OFERTHEITLZ ENAMEETHY, =6
(A SENL T IS BEME B L 2 8 AT 5 2 & TRILN OB 2 T2 2 L v T& 5, ZhHo
FrS> & . MOF [IAY)— R fibll, WeAg Al A ARFIEAI~OIS ARSI ST 20254, F 7= A EELAT
FHIZ 3 WIL 7 b — LT — I HEEE BT D72 O OEALY A b EIFBIOEALY A N & EHA L7 MOF %
ARRINTEY, BEECABIAE L L OSAT 2 XGRS T\ 5, ¥—Rfillif%2 MOF |2
BET IR, B R OAMBERE 2 #ERF L7295 2 T, B - BRI S TE, 512 MOF OMiALo
ToMR &V A XEEICHIEICE 2 2 &6, MWIBRIRPEDER S ATHE & #ifF STV 559,

Lin & XA 2GRN+ TH 5 2,2°-E 8 U 2> (BPy) Btz MOF O 3 IRt 7 L — b U — 7 i
|23 A L7= BPy-UiO &A% L. Z D% BPy-UiO IZ[Ir(OMe)(cod)], % [E &1L % Z & T Ir(OMe)(cod)(BPy-
UiO)Z &k L, 2z C-H AU FERILOfEEC AV (K 1-9) 58 Ir(OMe)(cod)(BPy-UiO) I x}itad™ 5 ¥
— R C & B [(CO2Me)sbpy]lr(cod)(OMe) & b5 LA ERIRVEIZRIZETH D L OO, BFIRENZ LI
2 FERREE ORI 2 o8 L2, F 72, I(OMe)(cod)(BPy-UiO)iIaliY « FHHIH b alfEThH 7=, Ll
72755, BPy-UiO OFIALEEDME#ED 0.72 nm TH B 720, VAREEDO K& WIRE 2 AW ek, 25
DOIEENILEFESIND Z 0D, MOSHEEIFMETF L TLE -7, I(OMe)(cod)(BPy-UiO) L5 1MNA/L kv
VIALEOSIZ A ARETH VD . ¥R D[(COMe)bpy]Ir(cod)(OMe) L ¥ & E O MIBLEM: 2~ L7 (K
1-9), LxL7eA s, C-HARYRSIGEDORER LRI, SEEEOREWEEE AW HE, RIGE
FENRZELIEFLTLE 7, I(OMe)(cod)(BPy-UiO)/3 ¥ — R 1 0 & i\ TS M 2 oR U 7= 22K &
LT, BPy-UiO ~DEEMIZ L > T, AV 0 LEEERM O AEIEMIC X 2 REPIH S D 80850 5
o,

16



(a)

| X
N A zrcl,
N7
« |
COOH

= Zr6 cluster

[Ir(OMe)(cod)],

I(OMe)(cod)(BPy-UiO)

— 0 0 Ir(OMe)(cod)(BPy-UiO)
S ) ‘B8 (0.1 mol%~0.5 mol%) QB
0 0 100°C,8h~9h  RY

(b)

83%~96%
(c)
T et
O,Si:H
Ir(OMe)(cod)(BPy-UiO) R,
R, (1 mol%)
R 100°C,30 h~144h jo)
1 Si
Ri Et,

83%~94%

X 1-9. (a) BPy-UiO } " Ir(OMe)(cod)(BPy-UiO)D & ik,
WAL k2 U ABES~D S

17
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F 72, PACL % BPy-UiO [ZFEELT % Z & T b vz B E Lt PACL(BPy-UiO) L, ik — &7 1
AH v T T IOGORE L L CHET D Z &A% Cohen HIC L » THRE S (K 1-10) 57, Z Ofift
X, RO T U7 ARFEEEL D b EWIEEEZ R L, SOIKSHO Pd O U —F 2 7 BFHEES
7T A=t 53653H (ICP-0OES) 1248V 0.1ppm LA FTH 5 & e Sv/z, £/, PACL(BPy-UiO)I3d
72< &b 3EIOEUL - RN AR TH > 72, FUSHE OO AR X #RIEHTHIE (PXRD) & EAET
BEMEE (SEM) BIZEDFER. BPy-UiO OREEDHERF ST D Z & 300 | BPy-UiO #i&E 1% 2 O i
G T CRIFRLEENEEFIOZ EDRB ST,

A

PdCl,
CH3CN
PdCl,(Bpy-UiO)
(b)
HO, PdCl,(Bpy-UiO)
HO Ko(CO)s (2 equiv.)
95°C, 16 h

89%

X 1-10. (a) PdCl, (BPy-UiO)D &L, (b) 8 RK—"EiHZ v A H v 7Y v 7 ~DIHH

18



1.2.5 EE(bEE : 2 Y R—F 25U

MCM-41 R° FSM-16 72 ED A YV IR—F 22V AREHE, @RI & B —722 7/ fllfLE 7 & ORHE
EHTDHZ 0D, MR L L THANRMEITH L, LLRRL, AVYKR—FAV Y NIZOF
R3S U 1 (Si0y) THERR SN D720, MIFALEEORREIZIR OGN TWVWD, T TAYAR—FT A
7 OFEREME A ) B S D 729D1T, 1999 FFIHRE 558 Ozin HY &Y Stein 61003, AHEEEZ A Y R—F
AU T OFMFLEEIZE A LT A Y AR—F ZAFHT U A1 (PMO: Periodic Mesoporous Organosilica) % 41
ZHURBAIZBAFE LTz, PMO IZA Y AR—F AU I EREIERIZ, REWHREME, H—7 /LR S0
BMz2ALTRBY, SOICABEOEANC X DR REFEORANYFHIND,

WE DAY R—=F AU HOARRE RIS, PMO I3 & 72 5 FmiE MRS KSR TR T 5 2
YL LHIBAME T 5 AHEY T ALBWOBKIER LS B RINCEST S LV ) H O Lo 5 2 F
MLTAERSNTWS (K 1-11), £ 7=, iR OFE & A Z2 BRI 5 2 L2k > TPMO
OFFLE% 1.5 nm- 3.0 nm F THIET 5 Z ERAMRETH L0002, —F A VR—F ATV IOERKIZY
Jar7naxy K (SiOR)) N UAHEELTHWLNDD TR Y . PMO OARKIZIZ 2 2D
UTrnaxs U EAEE R) ICEVEBLIZAKY 7 Mba (RO)SI-R'-Si(OR);) 23N D
N5, T, AEEZHERZ D2 LIk, e eBie MBI 5352 L3 T 5,

RO OR
RO—§i Si\-OR
RO OR
hydrolysis
Formation o~ + and

condensation

/> S of micelle

S NP \

Surfactant Micellar Rod

Removal of
surfactant

X 1-11. A VHR—T AFHE Y I O—i 76 mkik

HIH D PMO OHFFETIL, oA RO/ 72 RRE KOG BEEEG A FFO A VR —T A G
U DR ERENT-, fRFFE LTI, =F L U258 PMO 10, =5 =1 V2886 PMO 24 7 = =1L
ZUFE PMO 313 1) . A CH = F L U ZE PMO 1 130D TAMR SN2 PMO TH S (K 1-12), 1999 4
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(ZFRE O (TR EME KIS P C C18TMACI (octadecyltrimethylammonium chloride) % S i AN H T
MEARFOIRA L ZEUNCEIRT 5 2 LIk - T, 2 REB L3 kie~F T fgiEsz b o= F L
G PMO 1 Z AT 5 Z LIk Lz, £72. =7 = L 284 PMO 2 (3% ORI /KFEH O B
PEZFIH L7 AL DIER A FTRE T o 5, RFLIOO R A7, 4 438 Diels-Alder i
(91 Friedel-Crafts G072 SN2 L0 | MIfLER O =T = L HEH Ik 2 7 B RERE 28 A U 7ol sy
INTWND, 7 ==L 48 PMO 3 1ZH] THBK S AL dbE OMFLEE A £7-5 PMO T v | 2002 F-F
HOICE- TR ENTZ, =7 =L 2445 PMO 2 D=7 = L VPN FLEER CTT o X AT Ai Lz T
ENLT 7 ARTHLZOLIFERY . 7 ==L V888 PMO 3 1 LZiE R E B EE (TEM) HEiff<> XRD H|

FBICED, MFLEOT T o= Ve V) INRRAICHERE L HAEETH D Z LR STV 5,

ZDIEMZ, ~TrxER (N,S,PRE) 25 0RBAMEL PMO ICEALAIbHE SN TND,
BIZIE A IF = @ FFT7 = B 2-7 2= DUk (6)7,2,2°- 8 U 2 (BPy)
(N7 EOEHREH A PMO BHNICEALTEMERNHDH, ZNHOHRTH, MRy L— NI+ T
b5 22-E ) Y% PMO (23 A L7z BPy-PMO (324 @S R0 B E bl + & L CORANHESH
Do

—-\S' e _:‘ . , AN AN 2N ,’
NS S g "§'@S{" - STTONT N s

1 2 3 4
N . . N , . N — ,
. \ N , _ . , _ N .

X 1-12. PMO DRFEM 7B LG

2014 FFEITRRIE 613 2,2- B8 U DAL A PMO (238 A L 72 BPy-PMO O BRFEIZHID TR L= (K 1-
13) ", M1-9 BIOR 1-10 TRLZZ K 91T, 22-E ¥ U P Uit 2 MOF (23 A L 7= BPy-UiO O

% (~1nm) 2/NEDo7=Dizxt LT, BPy-PMO [T K Z WAL 3.8nm) ZHT 5720, WNERIZ
BDIAENTZ TR A VALNIC THBICIER TE 2 B2 015, S BT, MHEWEALFR EMEIC
Z LUYMOF & b5 & BPy-PMO (XZE7R Si-O fEAIZ L o THEBBER SN TND 720, BOVEE
WEAETDHEBSZ LN, L0 ZL OB ~DOBIS SIS,

|\ =N

\ o~ \ N\
? 4 \ 7 gl’OH
- 0

Y, S"O Si—¢
iv {7

X 1-13. BPy-PMO O
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M 1-4 DX ST, ROV T — %5t L TEBEAZHIKICEE LIHE TiE, Vo —Eio A
HENEW 2D, TOTEMENLN S ) I ORTH D \VIIREET 5 &Sk L M AER T 5 2 & ThE -
SRAGEMNEE Z 0 (BRI X0 HIEMEBEIRMEME T LT LE 5 2 &23H 504, Zhilx L T, BPy-PMO
ZRAWEEETIE, UV —%0 &I BPy-PMO OFE HIC&BE R 2 EHEEE TS5 Z ENARETH
D72 HAERECIEMERALE O AAERIC X D845 - RGOl 23R © & 204,

& JBSEIR % BPy-PMO (Z[E B3 5 7 iEIL {8 T 5, BPy-PMO ¥y K% &BESADIRKIC ik S ' 5
72T, flix O&JESERE BPy-PMO OREICEEZFEE T2 LN TE D, ZHETIZ, I, Mn, Ru,
Rh, Re, Mo, Mn, Cu }x TR Pt $&(&7A BPy-PMO IZ[EE SALTIE Y | 15 O A7 B E LA 3L 7 il i
BRERTZEnMEINTND (K 1-14),

oC CcO oC CcO
e MA— Cl—RuU—Cl
oC /n\ Br y AN . N
\ —N N— ; \ —N N= v Y —N N— /
0 e Y S e e S /A /A
Mn(CO);Br(BPy-PMO) Ru(BPy),(BPy-PMO) RuCl,(CO),(BPy-PMO)
ﬁ; AcO\ /OAc oc\ co
/ /Pd\ OC—Re/—CI
=N = | =N N= Y \ _N/ \N_ y
"S' \ 7/ \ / S'" N\ S S\ S
[RhCp*CI(BPy-PMO)ICI Pd(OAc),(BPy-PMO) Re(C0);CI(BPy-PMO)
+ Cl-
Cl
& —‘ | |
S Cl !
. / /. -OMe Cl—Au—cCl
\ _ / \ _ \ _N/ \N_ , | —N  N= p
e e O S G S S W
[IrCp*CI(BPy-PMO)|CI Ir(OMe)(cod)(BPy-PMO) AUCI5(BPy-PMO)
Cl, OH Me\ Me
/ \ / \
5 — = N — N=—
N / \_/ S'“ TN\ 4 S'“
CuCI(OH)(BPy-PMO-TMS) PtMe,(BPy-PMO-TMS)

X 1-14. BPy-PMO ~D4&: @R D [E (Ll

BPy-PMO % Bf% L 7-figtE & 1%, [Ir(OMe)(cod)]: #fAk % BPy-PMO (Z[FHELT DA 21TV, 567
Ir(OMe)(cod)(BPy-PMO) & VN T C-H A U FEAL ST 31T DIEMEFHT 217 - 72 (K 1-15) 74, & DOfE R,
Ir(OMe)(cod)(BPy-PMO) (X i W M BETEE A2 /R L, BRIAERD THDH 7 == LA By Fa—/L= 27
JVIN 94% D EWILR T B T-, & 52, I(OMe)(cod)(BPy-PMO)YD V) 1 7 WP (3l S TR Y | 4
Bl H ORGE T 80%LL EOIENRHERF STV D, F72, RUSHE D ) — R D[Ir(OMe)(cod)|-2,2°- B £
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UPURBEL 1T E A ERIETH 122 L5, BPy-PMO O RE ZfFLHIC CTHREN EAARLE
BLTWLbDEEZLND, —FH., YIATARRA Y R—=F AV I, KU AF L #E & HERICH
WTCU U —{ETEEILLIEAE—20A U U0 A%, Ir(OMe)(cod)(BPy-PMO) & b2 & | filliiys
PEMET L, SRS KIET 72D ) A I PRI RITD EHESINTWD, LLEDORERNS .
BPy-PMO [EE(LHE L LCTERWRT oYy L2 /T 5 2 EovRaniz,

(@) /
« "9r « M9r

\Ir'I-OMe
\ ~
. H = . H =N \
"S\"O/S' ( /N N T O’S\"O/S' ( P N ?
(0] O
o~ = . o~ = ._OH
Sy~ L5 omeycoay, S Y~ L A-sio
7 P—gi-0- 0 Benzene 7 P R 0
N SI\. Si-e N s|\. Si—e

BPy-PMO Ir(OMe)(cod),(BPy-PMO)

Q r(OMe)(cod)(BPy-PMO) @ 0
\ B
80°C, 2 h R 7 o

47%~92%

(b)

X 1-15. (a) Ir(OMe)(cod)(BPy-PMO)D &%, (b) C-H K v HE LG ~D )i

F 72, [RuCl(CO)), A% BPy-PMO (Z[EE(LT 25 Z & TH: 54172 RuCl(CO)(BPy-PMO) L, ER{LAl
Td 5 NaClO DAFAE FTT X~ v & v OFRBLRSICIEEZ R L, S BB - BRIA S ARETH
5 Epnds s (B1-16) 5, UV-Vis AX7 kL IR A7 RV RuK i X BRI ST 4%
% (XANES) bt iz 53 % . RuCly(CO)(BPy-PMO) D 1345 — R $5AK T & 2 [RuCla(bpy)(CO)2] D

Gl —8T 52 ENR0hoTnD, B—RAECoH 5 [RuCl(bpy)(CO)] & IFIER UIEE L BR=ETH
WERM THD 1-TH~ ¥ ) — Vi 2T,

(a)

OC\ co
Cl\/
\ i HQ/. =N .\ . HO\/. \N/Rl<\0|
o Si~o-S! N o Sig-Si \
o 4 ? o Wt
s /= \_~si-OH g = \ J—gj-OH
7 ~si~O-si. THF \ O-g;
N ~e N Si Si
i | 1
BPy-PMO RuCl,(CO),(BPy-PMO)
(b)
@ RUCI,(CO),(BPy-PMO) @\
NaClO OH

50°C, 12 h
44%

X 1-16. (a) RuCly(CO)(BPy-PMO)YD &k, (b) ZIRAYER(L~D )i
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[Cp*IrCl]> % BPy-PMO (Z[E EL L 7= [IrCp*CI(BPy-PMO)|C1 (37K DFRIL UG ZIE M2 7R3 2 & A
Sz (K 1-17) U6, [IrCp*CI(BPy-PMO)Cl i, FEEIDE—FRA U 20 A PUECT 5 m v kS e
L, D7 b 4RO YA ZUNARETH D, MOF & MCM-41 (Z[EE(L L 7o AR — Rl & L
RDHE XY EWAETEME AR LT,

. = \
o Si~g- { N o Si~g-Si N™ W
O / \ 0 \ Y - ?
.:/Si = /) ~si-OH [IrCp*Clyl, &g = \_J~si-OH
\_ = o EtOH v A\ ) 0

\ %
N_Z Si\’.o‘S‘l\.
BPy-PMO [IrCp*CI(BPy-PMO)]CI
X 1-17. [IrCp*CI(BPy-PMO)]Cl DAk

1A 51X, [Cp*RhCl], 2 BPy-PMO (Z[EE{L L. [RhCp*CI(BPy-PMO)ICl Z &8T5 Z L IZpkEh Lz
(X 1-18) 7], [E{R NMR M OY X SR U ciag s (XAFS) fifght O F -5, [RhCp*Cl(BPy-PMO)]C1
& IX. RhCp*CL(BPY)SEIA L FELL L T D Z L AR SN TV AW, AR s 2 K FEIR & LTH
W B ER A RRE R R LAY O KEBEVALE SNBSS L, S IR - A S

ARECH -7z, £, VWA 70 4 B H OMBLORBER NMR JIERRE RS, FHAEOREEDSHERF ST
B ENSIoTNA,

(a) _‘+ o]
\.Cl
« HQp « HOp _RH
S-S~ N N o Sivo-Si—<"N '\

0 LA~ )\ 0 _RnCprchl, Ty L~ ¢
*~si_ =N \__)~si-OH DME s/ \__P~si-OH
< " o Y o

N_A—si~O-si_e N_A—si-O-si_e
. S
BPy-PMO [RhCp*CI(BPy-PMO)|CI
(b)
©: i [RhCp*CI(BPy-PMO)ICI @[ i
HCOOH / HCOONa/ H,0
80°C, 2 h

98%

X 1-18. (a) [RhCp*CI(BPy-PMO)ICl DAk, (b) KEBENRLE TG ~D )G
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X 51T, BPy-PMO 134T /R +OHIKRE LTHERET D Z LA TWD (K 1-19) ) 47
] &%/ — /LTI b 4&FE % BPy-PMO ([ZFEElL L. 5 5= EEL&EHA (AuCl;(BPy-PMO))
ZARFIRITT H 2 L ThT R DHEE S 1172 AuNPs/BPy-PMO % &% L TV %, Z @ AuNPs/BPy-PMO
IR ZXTT e ROBAEEISIT @IS 2 s LT,

(@

HO cl,
vy h Va _Au-Cl
Y SN Sie _Si— /SN
Si<~-Si N o Sivo- N
) \_4 - o \_4 \
52 =N \ Loon s /SN \__P~si-oH
s \ _ 7 si AUHCI 4H,0 & {3}~ !
7 ° T ton \ )
\ o Yo
A =si~O-si EtOH N si-O-si_y
N sl 577
BPY-PMO AuCl4(BPy-PMO)
(b)
9 o)
W, o, DUNPSEPYEMO o
2
NaHCOj; (2 equiv.)

20°C,2h (NPs=Nanoparticles)
’ 87%

X 1-19. (a) AuCly(BPy-PMO)DAK, (b) 7T b NOALEIGE~DIEH
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BPy-PMO [FRAEIZY T ) — NV EEZGLTNWDIN, 2OV T ) — 3% N U AF AT U L (TMS K)
TR L7z BPy-PMO-TMS & 5% ST 5, FidE 51, MoO,Cl, % BPy-PMO-TMS (Z[EHE(LT 2 Z &
T 515 Mo(0),CI(OH)(BPy-PMO-TMS) 23 E2{L.A4I Td % TBHP DAF(E F TA LV 7 4 DR F kI
N WRBETEVE 2R 2 & A2 L7 (K 1-20) 91, BPy-PMO O 7 J — VI T BIKETH 572, TBHP
RTARF Y REMAEFER L, 2 FOIREYT %, & 2 CARKISTIL, BPy-PMO-TMS A HKIZIEIR X
Niz, £z, AYR=F AV THD FSM-16 R U AF L U BHRICEEL L7tz b5 & |
Mo(O):CI(OH)(BPy-PMO-TMS) % 3 5Ll D@V EMEEZ R L7, BLERZEWZ L 12, Mo(0),CI(OH)(BPy-
PMO-TMS) Cld Mo OfHEFEMEN L T HAEIEIENZ E A EB(L Lo =Dzt LT, AU AF L
VR ~[EEAL L 72 S Mo R B OB P> TS IE S KIBICIK T Lz, KU AF L U #lE~
BE L72BRITiE, Mo $ERFEI LA MEAEIERM L, B - RIENEZ D200 LEZRINTWD, Ho,
Mo(0),CI(OH)(BPy-PMO-TMS) (X, Flix OGRS KOS EFHEA L 7 0 > O R X ALIZHEH A HETH
. BRAbLHRETH T,

()

TMSO TMSO Cl (‘)"/O
e TVSQs aTMSQp Gl

i - N . : - Q-OH
./S\I\O/SI { N "S\I‘O/SI { N
0 7 ? f 7 !
< " 0 chen ¢ WL~ 0
N_gZ ~Si-O-siq N/ Si—O-si g
é* ¢ é* 4

BPy-PMO Mo(O),CI(OH)(BPy-PMO-TMS)

Mo(BPy-PMO-TMS)
o
TBHP

90°C,7h
84%

(b)

X 1-20. (a) Mo(O).CI(OH)(BPy-PMO-TMS)D &k, (b) TRF AL IGE~D i
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F7-. CuCl, Z BPy-PMO-TMS (Z[#E{k L 7= CuCl(OH)(BPy-PMO-TMS) H 5 ST\ 5 (X 1-21)
801 UV-vis A~X7 kL6, CuCl(OH)(BPy-PMO-TMS) (33— R85 K T % Cu(BPy)Cl & &AL
LTWD ZEDFHERINTNDA, BPy-PMO (IZ[EE LIZBRIZITEE D Cu FEOFIEDHEGR ST
%, ZDJRIAIL BPy-PMO DK T /) — VMRS Cu EFEATH0REEEZLNTWD, £,
CuCl(OH)(BPy-PMO-TMS)i, 70 FIRBARFIE R CT AT E REHAWDL Y7 a~fh R E ML
JERIZ BT BPy-PMO ICEE L L7 Cu il L 0 b @ EMEE U A 7 WA R LTe,

()

TMSO TMSO cl, oH
\ \ /. \ \ /. Cu

o Si~o-Si ( N no o Si~g-Si ( N e
0 7 ! 0 7 ?
g~ /=N \ J~gi-OTMs  cucl, g~ /=N \ J—gi-OTMs
v (= o CH3CN v \ & (
N N—o/

o}
7/ ~si~O-si si~O-si—e
¢ ¢ é*

BPy-PMO CuCI(OH)(BPy-PMO-TMS)
(b)

CuCI(OH)(BPy-PMO-TMS)

0,
isobutyraldehyde 0

40°C,2.5h
16 %

X 1-21. (a) CuClyBPy-PMO-TMS)D &k (b) TR F AL E~D
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[PtMex(u-SMe)]» % BPy-PMO-TMS (Z[EE LT 2 = & T b vz B E{ Ll PtMe,(BPy-PMO-TMS) (3.,
TAxrDe Ry U ARIGOMEEE UCHET 2 Z R E - ELICL > THE SN TS (X
1-22) BU Jeiko 2 SOf| & [FERIZ, TMS THREGY 7 / — /L% %3# L 7= BPy-PMO-TMS (Z[EE({k L 7=
Pt fill 1% BPy-PMO |Z[EE{ L7z PR L 0 muvEEZRr L, S HIZEN - BRI b AEECTh -7, £
7o AYR—=F ALY B ThDH FSM-16 ZHIKIC AW 7B E bt & tb_ 5% & | BPy-PMO-TMS %
THAEPtOY —F o T2z HZENTE D,

(a)

TMSO TMSO Me. Me
4 v h Vs - Pt

o S~o-Si \\/N N oSi~o-Si \ /N Ne
sl =N L P-Jomus Pivey-shies e O =y L )-d omms
¢ e ) W ;

\ Y, \\ 0 bezene ( 0
N- ~Si0-sig N_/si~O-sis

i 4 i

BPy-PMO-TMS PtMe,(BPy-PMO-TMS)

(b)

Ph Ph
Ph==H + (MeO),SiH _FtMea(BPy-PMO-TMS) \=\ + |
60°C, 12 h Si(OMe);  (MeO),Si

72 : 28
98%

B 1-22. (a) PtMeyBPy-PMO-TMS)D &L, (b) & Ka o U ALKIE~DIGH
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BPy-PMO D#HfLY A X &AENT Z LI Ko T, B — R TR T & W @ W2 B[ E1 b
b s SN TV D (B 1-23) B2, N TO& RS & RIRHR OB OIAE HEIZ L D UG D
BIZITHE N TH DM, SRR LBEROMAEMICLZRIENEZ VLTV ERmbR TS, =
AF T IRT T =0 VX 7 UAF ROESLA (NADH) OFE T T, BIFET Vv a— L Bk RS

(HLADH) % 4-7 = =)V-2-7 % ) o DARFRKFACBOSITMEEE 2 ~d, £/, =2 F o7 IRT7 T
= VX T LAF RO (NADY) 75 NADH ~OBENKFEVESI R LT, FEEDOIE(E T T Rh b
IR ITEE 2 R, T D7), 4-7 == L2-T X ) U ORF KRBT, Rh S5, HLADH,
NAD' e O'FBEOAFAE FCHETT 5 & F 2 bivsd, Findd HIE[RhCp*CL], % BPy-PMO ([ZEE(LL, 556
AT [EE LAt RhCp*CI(BPy-PMO)ICl 23 EITFIE T /v 2 — L liik FEBESE (HLADH) & O#AA DO TR
FARFBILSUSIZB N TEWT o FARPWE L IEEEZ RS2 L 2WE Lo, —0. ks d 58— Al
Td H[RhCp*(bpy)CIICl & H WA, = F  FABRENMEL e o7, ZOEK & LT, BPy-PMO ®
AHFLZHARIZ L 0 . Rh $&5{A L HLADH & OMAAEMIZ L S HLADH ORIEEMMZ 5 ENTEX 57207
EBREINTND,

.
(a) : ?4 j*c
\ .cl
« HO » ¢« HO » | RH
si_ _Si—/ N SioSi—=N"
& =\~0 \ N & °~0 \ N,
0 7 ? 0 Y, ?
*~si_ =N \_J~si-OH [RhCp*Cl], _ ®=si_ /=N \_J~si-OH
¢ \ \ VPSR SR\ \

= =

Y, 0 MeOH 7 0
N_Zsi-O-siz N_A—si-O-siz
i i 4
BPy-PMO

[RhCp*CI(BPy-PMO)]CI

(b)
OH

Formate NAD* ©/\/'\

(S)-4-Phenyl-2-butanol
HLADH

(0}

co, NADH ©/\)J\

[RhCp*CI(BPy-PMO)]CI
4-Phenyl-2-butanone

X 1-23. (a) RhCp*CI(BPy-PMO)ICI D&%, (b) AFAKFELSIGE~DIH

BURTEN 2 &2, 2 FRE O &8 85K & [RIF 1 BPy-PMO [ZEELT 5 2 L b RETH 5, FdtH - AH S
ITEEAICTH D Rubpy)s?t & CO, iEILfilliC & % [Ru(bpy)2(CO)* % BPy-PMO (Z[RIFEIZ[E E(L L7
B3], 45 5 AV il 13 TEM & XRD ORERERIZ LV | 2 M OSEIHAEZ [FRICEE{L L72#% TH PMO
DOHEEDRHEFF SN TWD Z 0o T2, £7o. T Ofiliiic CO, & MR TAI TH 5 BNAH (1-benzyl-
1,4-dihydronicotinamide) DAFAE F CRIIEZBE L7z & 2 A, CO, H KOFEE 5 2, X 52T - 7
FIF B ARETd o 7o, T OMIZ S | 2 T OB B EE A% BPy-PMO ~[EE(k L7261 & L T, Re(bpy)(CO):Cl
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& [Ru(bpy);]** % BPy-PMO (Z[EE(L L7 filh & 284, figdE 5132 4)) Re(bpy)(CO)sCl % BPy-PMO (Z[&EE
b U= il % COp RIS ST I T2 23, & ORI 33— % Re il L » K o72, Lol
PR AT B 2 [Ru(bpy)s]2t % [AIHFIZ BPy-PMO (Z[EE L5 2 & T 547 Re & Ru OEE(L
fill 2 N2 & 2 ARBEEYED W) B LT, AT EIRE O RS BPy-PMO IZ[EE 4172 Re $5K &
RuSEADORICETBHNEZ 20D EEX LN TND,

2,2°-E Y U ERALASHFLEE S HAIAICEC A L TV S BPy-PMO <° BPy-PMO-TMS 721 T/ <, 7
EBLT 7 AROMIEEEZH TS BPy 71 PMO LA S LCRIATHZ LN TED, HlxiE, =FL v
AIBRIR & B8 ) O U RIBMA D HHfEAIZ L > T B 415 Et-BPy-PMO (X7 E/L 7 7 ZIROFMFLEEE A L T
W53, BPy-PMO L 0 & @EWIKEVZEMEZ R 2 &3 ST 2185 FiHE 51X, [IrCp*(H20)3](S04)
g8k % Et-BPy-PMO (2 E LT 5 Z & T[IrCp*H,O(Et-BPy-PMO)|(SOs) & Fiiz oAk L7z (K 1-24),
[IrCp*H,O(Et-BPy-PMO)](SO4)iZ. [[rCp*H,O(BPy-PMO)](SO4)Cxthind™ D 85— Rfill L th_2 & FEe)
B AL ) — O RBCSISIZE IR SR E R L D7 LB SEIO U A 7 VRARETH - 72,

(a) —‘ZJ'
HO HO »
Y X \ _OH
% _o° % oS T
Si— =N Si =NT N\
- \ Ne? . “l \ =
% 7 gi-OH  [rCp*(H0);3](S0,) o\'g e 7 5i-OH
Sk'/"s " \ CH4CN "% \
I\'\/--\/. /o \\S_/oo\/. /O
_ . _si .
O8I _sil~g, O _Sii~siy,
O 6] ‘
Et-BPy-PMO [IrCp*H,O(Et-BPy-PMO)|(SO,)
(b)
IrCp*H,O(Et-BPy-PMO)](SO
3HCOOH [IrCp*H,0( Y )1(SO4) CH,OH . HO + 2O,
5% H,S0,
]
conv. : 43% 50°C, 96 h

B 1-24. (a) [IrCp*H20(Et-BPy-PMO)|(SO4)D k. (b) FEEDH A Z ) — L~ RBEUCEIE~DIE
!
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1.3 ABFZED B /Y & AR LERSCORER

) — R X AR — SRR T B T RIS @ OTE PR & IR 2R 3728 T AR o[BI - TR 23
WECh b, LETmERTBNTIE, AR SOSRE G DRSS T3HE - BEULTE . hoBE
FETICHFATE L ZEREE LU, E7o, A0S MEPEREICAE R LGE TR~ %
BETDMENRDH D, TIVETIC, @GR — R B S AR 2 NS MEHRICE BT 5 Z LT kD,
U A 7 A% @ 72 B EALABE SRR STV D03, Z D% I EL % OB RE O TR
D OffIEAH 7 EORBEN B -T2, TORINE LT, Vb —%0 L THES LIZaRBEROTEMEL
YRR E D 2 WVITBEET 2 SESA L R —ICTHAERA L, 8L - RiGEsl s T engdon
%o E£l2, PERDLEEAMARE LTHWLN TS A Y R—F 2 EHIZ OHIFLA D FEE A/ &0
e, EEIBPHIREND LW OB b HoTe, — 5T, 22-EE U DU E X Y R—F AT
U I U= 87 7= 72 Re A BT & D BPy-PMO 3 1 OV BPy-PMO-TMS %, K& e tbRmifE & HE D
PEBUCA RN 22 R E 2L 28D O MFLR IS BAIRICERS L7z 2,2- 88 ) DUV ERBRIH L TR D &
IRHEAEA L TEBY bkx e B E T ORMICEEBET H 2 ENAETH H, £ D72, BPy-PMO
Ze EUARLALF & UCRIA S 2 EEEE(E, R0V o — 2T 2EE(EN TR 5 ERLoRiBE
TR T D ATREMEDN EV, & BT, BPY-PMO @ 22-E U ¥ U KA LD R L ERRIE S U A
— FERICE o TBEE SN TWD 2D, ZORBERMAT I, 22-E ) DU &R A 40 111§
RERIIZIER T 5 2 EBARELE B2 b LD,

A LFRSCAFZE Tl BPy-PMO A& REsRDOEELER S L THIET 2 2 & T, mgiEr> Y 1
7 VAREIRETHA Y R —T A G ) W EEC S BESAME AR T D LA B E L, 61T, Fl
FRRER A Y R—F ZFH U D OIERZIIND IO, FA Y R—F 2G> ) B OB EIT- T2,

5 FTIX. BPy-PMO ICHEET 2@ RISEEZRET H7-OIC, KIST 28— RO 217>
Tro R E UT-POSIE, HEAfIEIC LD CO T I FRY T U EDNIGIZE DT 2 D N-kL 3
b e N-AF UL TH D, ABRISIZEWT, Zn(OAc)/Phen filiin A4 cdh s Z LA R L, 73 U8
P TRIREEMENZ E D ZNETIIFE A EREFDORNT I RESCH AN A — MED N-7K
MV AL O B DU T S A L7280, i@l AR 2 A2 A 0 = X LDV TRE 21T > 72,

B —F T, % CHH¥E L7z Zn(OAc)y/Phen il A [FII - MAIHFIGRICT 2720, A YAR—FZH
BV 7 BPy-PMO-TMS (2%} L T, Zn(OAc), DEELEIT - 7207, 155 7= B E(LAEE Zn(OAc).(BPy-
PMO-TMS)% [fl{& NMR & XRD, ZEHZWHAERE CRIEEZ{T>7-, £72. Zn(OAc)(BPy-PMO-TMS)%
T N-7RV X ABEOGIZ 31T 2 AEEME O FEAM 247\ Al E & SRk Eds X O EIC W2
& DOBMRIZOW T UTe, BfRIT, ARBEDEIN « FEFI DU TR L 72,

FIUEE T, BPYy-PMO-TMS D 2.2'-t & U ¥ I F OB 2 BRARA S U 7 — BRI L - T
ZEMANCHH STV D Z & EIEN L, BPYy-PMO-TMS [ZFHEERSL (Fe(OAc),) DEE(LEITV, ¥—%
TIXARBREEZ BPy & Fe(I)D 1:1 $HADEEZTT o7, &bz EELAtE Fe(OAc)(BPy-PMO-
TMS)% XRD & ZEHZ WA € TRl L7z, KIZ, Fe(OAc)(BPy-PMO-TMS)Z W T T /¥ Dk R
VU AT BT DIEMEFl 21T o 72, Flo, fEx DR DHAEE W7o B EEAEE 2 SR L.
Fe(OAc)2(BPy-PMO-TMS) D filt i & 38R ME D Ll 24T o 7o, Fef& s, AR « FRIAIZ OV TRE
MZEAT > 72,

BHETIE, FIHATEER A VR —F ZE#H ) hOILREZ I D 120, 22-EE ) VAL LzRd
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MR Z D e N DB THRHEDO R D 1,10-7 =F > ha U UEALZ A Y AIFLEEPNIZE A U7 BB A
Y IR—=F ZHH VU 7 (Phen-Et-PMO) DPBA¥E%AT > 7=, Phen-PMO HIBRIED G RV — b &2 BT+ 5 & &
bIZ, ZORIEREERGEL L, 77 A A7 —/L COERIEEN LTz, 135472 Phen-PMO RiTER{A &
TF L UHIBEATH % BTEE (1,2-Bis(triethoxysilyl)ethane) % 3L & S, Phen-Et-PMO % &K 5 Z &
IZRE) L7z, Phen-Et-PMO X [EfA NMR &G E B8 (TEM) . XRD, %R HIE TP EREm
117,

Para il B =Y

ST CIIARME L3R ST ORIEIZ OV TR 5,
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2.1 #E

CONTHIERIRRELIZ 2 KB % RITT— 5 C, HIER RICi b B EICFET DA TRER R FEI &
MZDHZELEHLTED, SHICLMTEFEETH D0, COZCIHRE L THIMBEDEV LAY~ &1k
PR D LI SICIERICAERR MR E B2 bivd, L L, CODREIRT 13K
b OB LIRREICH 0 | BRI S RIS S SO TRV, 22 b b b3, Co%x
CHRIZ AW T AR HASOS DBHFE ARG AVIZAT AL, £ < O@iEMEMIECFOSHIOBRFIZ LD . CO D
iz OFR7ALE~DOEBRMP e L 7o o T (K2-1),

Industrialized process
le) (0]
ROH NH; )k
R\O)KO/R . H,N”  NH,
Y R{ R
R{ "R,
O O COZNa
R J__R RNH ROH AN o)
N COy | —= X
o H o O N
N N i
HN" O o H,
-/ CH3;0H
\ O
LL —
N0 N0 Q9

X 2-1. CO, % CI JRIT - A2 H

X 2-1 DR LIEFNE, T TICEE SN TV DR TH D, FlxiE, COr & T E=T &5k E
L. MBIIESMG T CREDEGRINTWDHE, F72, CO, L7 =/ —AnbOH Y FABOEK ST
TIZLEESNTEY . 2OV Y FARIIMBERE THLT7 ALY » (TEFAY Y FLEE) 2130
DEFREELOEMEETH DR, iz, CO, LRI Y FEMESE T, RBTATLVEGKT 5K
JEH LEMINTVDE, ZOSTHRONIRIBT AT UL, VTF U LA A ZIRE MO EMIELR
UH—RFx— hOEEREE LTIEAS AnbsnTing,

—75, B 2-1 OFEITRULIERISHIO L 912, TEIZIFEE>TW RN OO, BIETIE CO, ZJFEHT
AWVSHZE < OEBEIERB SN TWD, TOHD 1 D2, Bl ThHLE Rrv T OFERT
CO LT IUMBANLT I FERRT DGR H L (K2-2) W, ZORIETHOLNDLBLLT I R
IO Yeth, BEE, T OMARES BT PREEE S U CIRISVEEE I TSN TW L A 7%
CEMTHY , FOSOMETICHEZ LB L 35 2 L b, MBEBIFRNEFRIZTOIL TV 5,

(0]

R, -H catalyst R. )L
N+ RySH + 0024y> N™ H

R R'
22, CO,tb Ry I kb7 IO N-V 2 UL
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2012 A Cantat H 23, “EBRAD 77 =2 U HGHEIEIL TBD (1,5,7-Triazabicyclo[4.4.0]dec-5-ene) 73,
TIVECOL ERRYTUNBRANLT I RafGd OGOMIEE UTHRES 2 2 & 23S L TLRE,
Bk 7o BARS ST X 7o, AREEANEL 7 Tl A A UVIRIROIEEE . SBEEIR. mmRIEA L
72 ENZ ORI AETEE 2 RS 2 E RS S AT B,

—fIZ, CO e RrY T U EHNDT IO N-RVI AL, K 2-3 (278 LTz 2 BEBEO SOUS THEAT
THZENMBNTVDE, 9 MO FE T, BRI CO, 2% Si-H #ESITIHAT 52 & T, T1H
KTHLFML VANEREND (RT 7 1), MEOERBEF IR U T < D00 SOSHEIE D 218
ENTNDN, iS4 AL UTERT258121E, B Ra v J 0o Si-H #EEBNIEHE LS,

IZ CO, AT HZETXBUIANELND, ZOXEHBY Y TR EVREEE2RSZ &

O, TIVHEOLIITHRRREMEEZ A L TV OEFREM L1, MBEORER 2 EbRISTH T &
MTE, HIETLHARNVLT I RRENRT D (AT v 7 2), RROSEINERS JOWERRMER S EITSE D
TEODRA L BN ONnD D, (1) ATy T 1TOEFI THLXHBR Y VL, B Rrv T U TEBHIZ
BERICIE T EIN TV I AT X ==X NX T oA X ~EEBREINDG, (2) AT 72
DERH THHXMET I RiE, B KR T TEILITETLINT N-AF U BIR~EEBEND, (3)
BFEREAINAT 71 2RET 2MELZHET L2203 HD, ZRHDOZ L EBE L LT, il
t Fav 7 OfffE, KGGEEZRETILERD D, £, AT v 7 218\ T, EFRREAFID 50
IRREMEEZA L CORWGEIIEAT v 7 2 2 RIET D720 OMIENR L L 70 D,

AT v71
catalyst 9
CO, + RgsiH —2&8 . pg
0~ H
silyl formate
AT T2
R H i without catalyst i
+ R;Si - ~ R,
Il?' T l}l H
R

X23. CO -t Ry oZHNET IO N-IK)V I LD GV — b

DI, FERWSn & 1,10-7 = hr U 2 (phen) 72572 Hfili#i (Zn(OAc)/phen) 28t Res T D
TEMGIZBE S L, CO, EDRIGT, ¥ I N AEEZLZ 2R LTS (K24) O B Fav 7w
ELTEHY 7 2=y Ty (PhSiH) BSAWHLNTEY | iR SIGEMA T (25°C, 1 MPaCO,) 125
W, FEET U VO REIT 2 RN 5 2 & T @GR OEEIRICE E 35X Y L
2FHZ LI LTS

e}

Zn(OAc), / phen
CO, + RysiH —ZN(QAck/phen |%SKO)kH

X 2-4. Zn(OAc)/phen {2525 COx & b R T 2N U LOEK
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EHIZHESIX., Zn(OAc)/phen Z il L CTHWT, 73 & COy. AN T ABET hT AF L
(Si(OMe)s) MBANNA =R EERTHZ EIZHLEEB LTS (K 2-5) U, ZOKINIIBWTIL,
Zn(OAc),/phen filliEs, 7 X U OIEHALIZE ST EE 2 TV 5,

R H Q

N"+ CO; + Si(OMe), _Zn(OAc), /phen R\Nko,Me
H

X 2-5. Zn(OAc)y/Phen (2L 5 CO,y, 7 2 & TMOS & W= LN A — R DAL

FEHIL, Zn(OAc)/phen 73 CO, £ B KRR T UL DXIET U IVOAMRKISEMEE L, 7ek)27
YOIEMARICHEET D, LW Znh 2 DOATHIFEICESW T, Zn(OAc)/phen 737 X > D N-7R /L
IIBERIS DA B3 T X VBRI TREEDR, 7 X RS LR A — NAD N-AR/V I vk
WCHEHATRE TRV E B TR ZITY 2 &L (K2-6),

O
~
R N Hoo R~,}IXNH2
R’ R'
amines
JOL Zn(OAc), / ph Q9
n(OAc), / phen
R I}I’H > + CO, + R4SiH 2 < R')J\NXH
R R
amides
0 O O
ROJ\N H R'O)J\I}IXH
R N\ R

carbamates

X 2-6. Zn(OAc)/phen (2L D7 I, 7 I REINWANA— KD N-7R)VI Lk

5T, R LY . NI AR A E Ry T l-CBTT 52 LT, N-AF b4
K EGH ZENMTE DI EDD, Zn(OAc)/phen filllit % W TSR ZREET S5 2 L T, N-7RL 2
MEAERR & N- A F AR 2 38 IRENHED 00 DRetbiT-72 (K 2-7),

R,
N-fi lati |
ormylation N H
=My
(0]
Ry
/lllH + CO Zn(OAc), / phen
Ry
R

|
N-methylation  R;” N "Me

X 2-7. Zn(OAc)/phen (2 K 2 1ERAY72 7 I D N-AR /L Ik & N-A F L1k
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2.2 EHSRARIE DOMET
TIVIEN-AF AT =Y v B Rry T U@l 7 = =Ly 7 > (PhSiH3) % fAVy, 0.5 MPaCO»,

FROSIREE 25 °C, FUGKEE] 4 h RS L U, FEx otz FC N-A F/L-N-7 = = )LIR VAT
2K (2-1a) DEREBRF LT (F 2-1), f#EIC Zn(OAc), DA ZEAWEZSA, HET D N-RL L
BROSIFELSEIT Lo Tey (= hU—1), Bfi & LT 1,10-7 =7 b Y (phen) % Zn T
KLT3IMERIMLIEEZA, NUOEIETHRERY 2-1a 527 (=2 b —2), ZOZ &
5. ZORIGIZEBWTIEENL 7 OB AR AR T D 2 &0 53hro> T2, phen DFFFE T T, 1T o Hfigh b
AWM TH % ZnCly, ZnBry, Znl, ZnSOs &N Zn(OTh, Z W& Z A, W BIEMED L < HKIR=R
THWbEW 2-1a &2 5272 (=2 NV —3~7), —F. Zn(OAc), L [RIU K High W VAR ¥ L— FTH
% Zn(OPiv), (OPiv=pivalate (OCOBu)) %\ /=& Z 5., 83%DINHRTHMIAERY 2-1a &GS (=
Y RU—8), LAEOFEBRFERNG ., phen BL 1 &5t T =F NIV RF T L— N EAT S dEnl )
RN E > THETHD Z &ENghoiz,

F 2-1. dgnfilit oA

We 2 mol% ZnX, Me
0, N O
N‘H +CO,+ PhSiH, 6 mol% phen \f
CH4CN, 25 °C, 4 h H
1 mmol 0.5MPa 1 mmol 2-1a
Phen = </ >: \>
=N N=
Entry cat. Yield (%)°
1 Zn(OAc). trace
2 Zn(OAc)a/phen 92
3 ZnClz/phen 11
4 ZnBr2/phen trace
5 Znlz/phen trace
6 ZnSOu/phen 38
! Zn(QTf)2/phen trace
8 Zn(OPiv)2/phen 83

a Reaction conditions: N-Methylaniline (1 mmol), CO> (0.5 MPa), PhSiH3 (1 mmol), Zn salt (0.02 mmol, 2 mol%),
phen (0.06 mmol, 6 mol%), CH;CN (3 mL), 25 °C, 4 h. ® The yield was determined by '"H NMR in CDCl; using

mesitylene as the internal standard.
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2.3 BRALFORRRE

WIS AZDO N RENL &2 VTR 21T 272 (R 2-2), 1,10-7 =) hr U O 5ALICE G-I
“C“Ef’?)é)‘ FNEEZEAN LT 5-AF/-1,10-7 =F > bl v (Ll) ZHWIZ & Z A, phen & W ZAER
ERBRICE VIR TR Z 52720 (2 hU—2), Wl Th o= Fn a8 ALL 5-= |
7-1,10-7 = F > ha iy (L2) ZRAVWEZEZ A, Lllaﬁﬁdtrlla KL (= hU—3), £/, Bz
ERIFFICHERET D 2 0L 9N ATFNVEEFFD 29-PAFNL-1,10-7 =F > bu v (L3) ZEN
ELTHWESAE S, BRIGE (22%) THRAERME 5272 (= M) —4), 612, MERAMTH
% bispicen  (N,N-bis(2-pyridylmethyl)-1,2-ethanediamine) & iz K CTNEEEINL T & 72 % debpn (NN -bis(2-
pyridylmethyl)-bis(ethylacetate)-1,2-ethanediamine) % V72855 1%, phen Z W 725G 12 b~ TR T4
FIETFLE (= hU—5 - 6), LAEORERND, phen & i 2B 1 & L CIROBRFHIEA T,

& 2-2. B oOFE

Me 2 mol% Zn(OAc), Me
N. 6 mol% ligand N (0]
H +CO,+ PhSiHs hd
CH3CN, 25°C, 4 h H
1 mmol 0.5 MPa 1 mmol 2-1a

phen

EtOOC— /—\ /—COOEt

d“”Nb &

bispicen debpn
Entry Ligand Yield (%)°

1 phen 92

2 L1 90

3 L2 28

4 L3 22

5 bispicen 78

6 debpn 69

¢ Reaction conditions: N-Methylaniline (1 mmol), CO; (0.5 MPa), PhSiH3 (1 mmol), Zn(OAc); (0.02 mmol), ligand
(0.06 mmol), CH3CN (3 mL), 25 °C, 4 h. ® The yield was determined by 'H NMR in CDCl; using mesitylene as the

internal standard.
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2.4 MUECEMEORRET
i ROSIRE ., FUSKRIZZE 425 2 L2k o T, Sl & iMAEDOF M Z1T - 72 (F 2-3),
%% 2-3. Zn(OAc)y/Phen D fififiEM: D FH A

Me 2 mol% Zn(OAc), Me
©/N‘H £CO,+ PhSH; — m?:;hsn @Nfo
1mmol  0.5MPa 1 mmol 2-1a

Entry cat. (mmol) Temp. (°C) Time (h)  Yield (%)P TON
1 2x1072 25 4 92 46
2 2x10°3 25 4 30 150
3 2x10°3 50 4 82 410
4 2x1078 75 4 87 435
5 2x10°3 25 72 87 435
6 2x107* 50 4 13 650
7 2x107* 75 4 37 1,850
8 2x104 100 4 71 3,550
9 2x104 50 72 92 4,600
10 2x10°° 75 4 9 4,500
11 2x10°° 100 4 60 30,000
12 2x1075 125 4 91 45,500
13 2x1075 75 72 90 45,000
14 2x107°8 100 4 29 145,000
15 2x1078 125 4 51 255,000
16 2x10°% 150 4 77 385,000
17 2x10°% 100 72 70 350,000

¢ Reaction conditions: N-Methylaniline (1 mmol), CO, (0.5 MPa), PhSiH3 (1 mmol), Zn(OAc), (0.02 mmol), phen
(0.06 mmol), CH3;CN (3 mL). The reduced amount catalyst was diluted from a concentrated solution.  The

yield was determined by '"H NMR in CDCl; using mesitylene as the internal standard.
41



filft & % 2x102mmol (2mol%) 75 2x103, 2x104, 2x10°, 2x10°mmol &5 L. KSR & S
IR %36 R U C it nlis gy (TON: turnover number) % HIE L7-, HEUHESRMATH D 25°C, 4h O
T, filifi g% 2 x 103 mmol (0.2 mol%) (2D L& 2 A, KINE (30%) THMARMEZ S 2, Z0
KFD TON (X 150 Tho7c (= hU—2), £ T, RISREZ 25°C 725 50°C R0 75°C IZHIR L7 &
A, WRNZNEI 82%, 87%IChkF#E Lz (= hY—3 « 4), SREZE 25°C DEE T, MSHE
% 4h 220 2h IR LE2GAICH . WEN 8% E CUE L Z E0n, i3 dgE LT 5d, 25
°C TIEPUGHENBNZ LR Dotz (2 b —5), SHZflEE% 2 x 10 mmol (0.0002 mol%)
FTHWS L, KISREE 150 °)C FTHIBE L& Z A, UGHHE 4 h THRAERDD T7%DIETH D
AL ZORFD TON [ K0 385,000 (IZEE L (=2 FU—16), KUNRED 100°C DA, SUGKE
ff 4h TIFUNEE 29% (TON 145,000) (Z1EF 7223, RISKH A 72h £ TUER T 5 2 & TILEK 70% (TON
350,000) AER SN (= bV —14-17), BLEDHERND ., Zn(OAc)/phen filtlifiE N- 2 F /L7 =
U > @D N-7R/V I ALK FE T @ O ARBETE PE & il 22 B A 3 2 L o Tz,
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2.5 B EAKEEOBRET

251 BT I D N-1:V I VAR

Zn(OAc)/phen filftlt (2mol%) Z vy, 7 ==L T | ¥&, CO, (0.5MPa), FUGIEE 25°C, X
JSHER] 4h 2 AERELE & U C U A O T 2 2D N-R L 2 RIS DWW SR A #E 2 L7z,
X 2-8 IR A RT L DT, AT 2 2B HIL A B A L7258 kT X 2O N-7R /L UG IZ i
ARECH 0 . T D N-RIV AT X RAERD 713%~96%D EWNRTH LN, EHR LD B U5
DNRINUZEEREEZEAN LT 4- A NF VN ATFAT =V b - AF VN AF LT =V U aE L
LCHWEIGEIE, N-ATF LT =0 v AWTZBE & RERICE O THRN S SN D Z L 3o
(2-2a (85%), 2-3a (96%)), L22L7223 6, B REIELEALZ4-7 00 -N-AFAT =V &2
& A, 2-4a DIUEN TA%IAK T Lz, R E LTiE, EREEEZEALIGA, 8 FOETERE
DER TREMEMETT 5720 EBZZTND, NNAFAT =Y v DRAFNHE T VT ER LT
N-=FNT =) o aHEE L THWZE A, IR (2-6a(94%)) O TIER SR o725 K0Sk
EEORERERILTHL A Y 7o VRS LWL n-T7 F A E AN U= HE ik, RN T2 2
ENGInoTz (2-7a(18%),2-8a (80%)), HilZ, A Y 7’ B VLA E A LI AICINEROIKL T RE Lo
7o, BUOGK I Z 24 h IZIER T2 2 L T 66%E CINEZWET L LN TE L, 2D &b, KEH
T D BRI OSAREERASOEOEITICH B2 RIET Z L3ngmote, £, “HEEAGZEAL
TREERNCYH, “EHEADNKISCEET S Z L HAERY (2-9a) % 80%DINETH 27-, *
o, BiMbeEm<Thrx 2 VoA v =N ZHE L L THWEEE S ROSIEMEIZET L, BRYER
M EIEIL T3% (2-10a) & 87% (2-11a) THOLNT, £z, AMELRIZFHEFRT IV HOARR LT,
NERAfRT X % (2-12a & 2-13a) (ZH A FRETH - 72,
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R, 2 mol% Zn(OAc), Ry

| 6 mol% phen N. _O
+ CO, + i
RN 2% PhSHs open, 25°C, 4 h

1 mmol 0.5 MPa 1 mmol

'Y'e 'YIe I\I/Ie I\I/Ie
NYO NYO NYO NYO
T O O
MeO Me Cl

2-1a, 92% 2-2a, 85% 2-3a, 96% 2-4a, 74%

Me Et :Pr 1Bu

Me N 0 NYO N\(o NYO
oY O7 o1 U7
2-5a, 95% 2-6a, 94% 2-7a, 18%(4 h) 2-8a, 80%

66%(24 h)

e O3 Q9
2-9a,80H% ) S O/ "

2-10a, 73% 2-11a, 87% 2-12a, 62% (4 h)
94% (8 h)

Ph

Ph
B
_N_oO

H
2-13a, 73%

X 2-8. 5 kT I D N-wL Ik
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252 BT I FD N-3xV I UL

73 NIFEEE FOEELRIDHEET A AR VL BT 2720, B FOETBENKIEC
AU, ST D7 2 L0 KRNI, ek L7280 . 51X Zn(OAc)/phen iy, 7 I > OfF
MAICBE 592 2 L2 RH L TWaUL, % 2T, Zn(OAc)/phen filtlfiz AV iUIX, 7 2 R&EIEME(LT 5 2

LITED | NV AL R RIS TE 2O TERVNEE L BT I RO N-R/V LD
ZIT- 7,

0.02 mmol Zn(OAc), H
R NH, | oh R N e}
\"/ + GO, + PhSiH, 0.06 mmol phen \n/ \f
le} CH3CN, 25°C, 24 h o) H
0.5 mmol 0.5 MPa 1 mmol Isolated yield
Me
T IS Y
(e} H o H
2-1b, 74% 2-2b, 75% 2-3b, 74%
Et
° H H H 0
N.__O P NYO \[r \(
b o
O H O H
2-4b, 71% 2-5b, 55% 2-6b, 86%

X 2-9. F—#%7 I R N-&L 2k
bk 4 mol% & L, SUGHHHZ 24 h £ THIZL, SHIC72=Av I &7 I FICR L T2 %k

HAWDZ LICk ), HexpEHBEEZEANLTFE T I RO N-TRV I ALROREIT L, ®HST 25 N-
RIVET 2 RAERY (2-1b~2-6b) 73 55%~86%DIVK T HT-,
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253 FETRHERT I RO N-V IV

BT IR THATE T =V RO N-RL I AL DR 21T -7 (F24), ZHETD
S O L FERIC, 7 = MU AEEEE U, ROSIRE 25 °C, FOGKH 24 h O 54+
TG EIT 1208, BHEAERY (2-1¢) MMEN 15%DINRTH LN (2 bV —1), £Z T, KK
JE% 80°C £ T RIFTRFEIL7zE 2 A, ALY I REBMOIFENR 27% L 72 o7z (2 b —2), —
. WA MV ACERE LR EIT o728 2 A, BUGIRE 25 °C, BUSFERH 24 h OZMFTIESIRD
FEAEEITL TR TR (= MU —4)  ROSREA 1000C £ THIR L& 2 A, @I (87%)
THWAEB Z 5 272 (= MY —5), £/, FRRICKISIRE 100 °C, SUGFEH 24 h OSMET, B
\ZVAFY . THF, B F L2 2NN THRE L CAIER (2 F)—6~8), MU &%
BEE L7258 LV IEBME 572720, MV s Z RalEiailt & U Ok SE A& ORI ET 2 &
Wz L7,

R 2-4. H T I RO NV LD

o o]
2 mol% Zn(OAc),

NH 6 mol% phen
+CO, + PhSiH, °P N\fo
solvent, T (°C), 24 h H

1mmol  0.5MPa 1 mmol e
Entry Temp. (°C) Solvent Yield (%)°

1 25 CHsCN 15

2 80 CHsCN 27

3 25 Toluene trace

4 80 Toluene 76

5 100 Toluene 87

6 100 Dioxane 82

7 100 THF 58

8 100 EtOAC 41

2 Reaction conditions: Acetanilide (1 mmol), CO; (0.5 MPa), PhSiH3 (1 mmol), Zn(OAc) (0.02 mmol), phen (0.06
mmol), Solvent (3 mL), 24 h. ® The yield was determined by '"H NMR in CDCl; using mesitylene as the

internal standard.
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BT X RO N-7R V2 A0 BV R EH OB R 2 B 2-10 (RS, ARRBEIIAE 2 D% kT
I RO N-FRAIUEBOSIZEAFRETH V| kT 2D N-R/V LT I RAEBIA 81%~99%D =T
Boivlc, REDT U =3 R2BAFIVEOE M7 I ROGE, R OB URNPEERL S 5T
NI E AP IEE TN LT B 2 O TZBRIS, SOSR A L —XITH#ITT 5 Z D30 hro Tz (87% (2-
1c), 91% (2-2¢), 81% (2-3¢)), F£7=. R2N 7 = =/VEH D WITEHET VSV EORLE 2 AV T HARK
MINENTEIL 8% (2-4¢) & 99% (2-5¢) DFEWIETH Lz,

2
Oy R? 2 mol% Zn(OAc), OxR
. 6 mol% phen N. _O
NH + CO, + PhSiH, P
r?” 3 mL toluene, 100 °C, 24 h R’ f
1 mmol 0.5 MPa 1 mmol
Isolated yield
O @) O
N._O N._O NYO
Me EtO
2-1c, 87% 2-2¢, 91% 2-3c, 81%

@T\? o

2-4c, 87% 2-5¢, 99%

X 2-10. % k7 I KO N-=mv Ik
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254 NN RA— D N-FIV I VAL

WA, SREMEDIRN I LR A — h D N-TR )V 2 AL DRET 24T - 72, FOSIREE 100°C, S&HER] 24 h @
ST, P BRBEE L, COy (0.5MPa) & 7 ==Ly T DIF(E F T 2mol% @ Zn(OAc)y/phen fil
B2 AT NN A — R D N-7R VIS OSBRI OB 21772 (K 2-11), EORER, K
I IAE 2 DI NS A — R D N-FV LRSI BEARTEETH D | KIS 5D N-BRAV LT I RAERY
D 63%~84%DINETHLND Z ENbhnoTz, RIAT U —/LEE R2BAFNLIED I LA — MR
T RIOR B VRN EELL S 5 VIR B VRO NI AICE G E I TE RS A2 EA LT
HEZROIEGE, WINbUGNAL—RIZHEIT L, SOINERTHIAERD Z 525 Z L3 gn-oic
(73% (2-1d), 79% (2-2d), 84% (2-3d), 74% (2-4d)), —F ., RPICVEKEEDO LV RERZF LA VT
B VIR AE AN LT NS A — R 2 EIZ AW GE 123, ROSIREE 100°C TIE+H4 7RI CHM %
32 LT TERNSTZN, 1200C ETHIRL TGS E Z A, XIS T oAV AT I NOERY %
TIEIN 63% (2-5d) & 77% (2-6d) D BRAFRINETH D Z LN TE T,

0O+__OR?2

N
R T
H

0.__OR? 2 mol% Zn(OAc),

0,
NH +CO, + PhSiH, 6 mol% phen
7
R 3 mL toluene, 100 °C, 24 h

1 mmol 0.5 MPa 1 mmol

O

Isolated yield

(0] OMe (0] OMe (0] OMe
NYO N\(O N\?O
[ j H /©/ H /©/ H
Me MeO
2-1d, 73% 2-2d, 79% 2-3d, 84%
O+«__OMe O+__OEt Oy OPr
NYO NYO NYO
/©/ H ©/ (j H
cl :
2-4d, 74% 2-5d, 48% 2-6d, 77% (120 °C)
63% (120 °C)
X 2-11. A XA —~®D N-7R)V 2 Uk
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255 BT IV OBRBE /) -& X T NV-N-RV I Ak
2.5.5.1 & /-N-ix:/V I vfk

WIS, F—#T LU DFE ) -NTRNV IO 4T o7 (8 2-5), SURIREE 25 °C, [UGHHE 4 h @
FETTT 2=y T P OYERINE ) -N-V IR ORI G 2 DB OV THREZIT > 7,
TV EEFEELTHWEEZA, 7=y T 0N 1 HEDOYA, £/ -N-15/V I LA DI
MNA48% ThHoT=d (b —1), 7=y T 02 2 9EITHEMLIZEZ A, IEREN 74%21m E L
T (= b —2), BUET R THLIRVUAT I v EHWTESRAICLRFEORBENME LN, 7=
N T ok T SERWZEZ A, WERIT 24%EED-72D (2 U —3), 2YEITHEPLLIZEZ A,
IR 9% EL7e (e FU—4), UEDORRNS, kT I L0 REHEOFHWE KT 2
YD N-FVI AL TS LD BRED 7 2=y T2 NS Z ERNERTH D Z L0345

277,

#£2-5. FkT I DOF J-N-RV I MALD S

2 mol% Zn(OAc), H

6 mol% phen !
RNH, + CO, + PhSiH, R/N\fo

CH4CN, 25°C, 4 h A

1 mmol 0.5 MPa

PhSiH3 amount Yield
(mmol) (%)°

NH»

1 (:f 1 48
NH,

2 [:T 2 74

Entry Substrate

NH
(;f« 2 1 24
©/\NH2

2 97

@ Reaction conditions: substrate (1 mmol), CO2 (0.5 MPa), Zn(OAc), (0.02 mmol), phen (0.06 mmol), CH3CN (3
mL), 25 °C, 4 h.” The yield was determined by 'H NMR in CDCI; using mesitylene as the internal standard.

WIZ, T =V DR P BRI ERIE G A LI E 2 o CORE#EH#E O 217 - 72 (K 2-12),
BEIZ & > TRBESUSR DN 7 203 ABRBEIRR 2 2225 A LT = U VRSO E / -N-7R
VAR ATRETH U . FREOIGE (58%~68%) TiLd 2034 6T 5E /-N-R/L LT I K
BRI Z1G0 Z LI TEI,
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2 mol% Zn(OAc),

H
6 mol% phen |
RNH, + COZ + PhSIH3 R/N\fo
CH3CN, 25°C, 4 h
1 mmol 0.5 MPa 2 mmol H
isolated yield
H H
N\fo Me0\©/NYO
O !
Cl
2-3e,68% (3 h) 2-4e,58% (1 h)
H H
/@NYO NYO
O
MeO Me
2-5e, 65% 2-6e, 64% (2 h)

X 2-12. F—H%7 Iy (F=V UFHER) OF ) -N-w/L 3 V4L
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2.5.5.2 ¥ 7 I)V-N-I: )V I VAL

WIZ, E— BT I DX TI-N-RIL I U DB E E 1T > 72 (K 2-13), ¥ 7 L-N-7R/L I U b &2 T &
HLHOIL, 7= T %27 IR LTAYSEMN, EOITSR#Z 24h £ THITX L, DLk
DR ERESME T D5 LT, A RBEHBREZEANLZE KT I OF T )V-N-R )V 2 UALEOE N
LT LS9 5 4 7V -N-5 )V L LRI 13%~91% DR TH LTz, £, FEHEDO R 5T,
NEWHET R v ThHHNU AT I AL EMAHETH -7,

0.02 mmol Zn(OAc), OYH

0.06 mmol phen N

. (6]
3mL CH3CN, 25°C, 24 h R f

RNH, + CO, + PhSiH;
0.5 mmol 0.5 MPa 2 mmol

isolated yield

O~_H

OYH 0 Y
N._O L N._O
oY o O
H H/go ol :

2-1f, 90% 2-2f, 85% 2-3f, 73%
OYH Os_H OYH
MeO NYO NYO NYO

MeO Me
2-4f, 83% 2-5f, 89% 2-6f, 91%

X 2-13. 57 I DX T V-N-RL AL
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2.6 7 2D N-AXF AL

COiFt Ry Ty, TIVEDRISIZEVARLVLAT I FEHEX LR, Z *T“?%%hf:nvl/b'f“ N
HEILIZE RRrY TNl o GEILTHZ E TN- AT MLAERD #1556 Z LN TE S (K 2-14),
72, N-A F AL ZIRIZAT H 11T, Bl Ch o e Ry 7 v REEAVINERS S L LI
RIVLAT I REIHIT “’Hﬁ“ét CEVEWKISRENMNEIZR Db D& THRIND,

0 (0]
cat. or not. cat.
co, = rysic A R e R Mo
R,SiH o H R. _H . R;SiH N
N R R

o
X 2-14. CO, B FrY T E2HWNWDET 2D N-AF LD R — b

Z 2T, RONREE 120 °C, JSHEE 24 h Z1EHESRMELE L, N-ATF AT =V D N-2FALDOKGET %
1To7= (F2-6), LLENG, 3YEDT ==L T &2 HAWTEBITIE, AR D 34%DINER T
HEonNd20OHThHolz (v b —1), FZT, Z7z2=0y 70O b0 Y EISHEOKRWS 7 ==
Ty (AYE) ZHWERER, N-ATFVERYZ @S OIGE (92%) THHIZ ENTEL (= b —
2)e 722Ny T U EROGTEBEOIEMEN S 2RI T = =y T ORIEERETE 57285, CO,
EDORETIEE A EHE S, TORRFLVLT I RERITT L7200 Fuv I URRHIIFEA L
FAELRL R | N-AFIMEAERM Z 52 ool d i EE 2 TW5E, —F, V7 x2=1v T %
WA, COy & DEUSREAIEN =D, TP 7 2=y T RS> TRY . RILAT 2 ROE
TEAMEREIT LB X TV D,

% 2-6. 7 I D N-AFIALDOSA M

e 2 mol% Zn(OAc), Me
N. 6 mol% phen N.
©/ H +CO,+ hydrosilane °op ©/ Me
120 °C , 24 h, 3 mL CH4CN
1 mmol 0.5 MPa 2-1g
Entry Hydrosilane Hydfos'(':qf;ﬁg Smount Z{%e)lg
1 PhSiH3 3 34
2 Ph,SiH, 4 92

4 Reaction conditions: N-methylaniline (1 mmol), CO, (0.5 MPa), Zn(OAc), (0.02 mmol), phen (0.06 mmol),
CH;CN (3 mL), 120 °C, 24 h. ® The yield was determined by '"H NMR in CDCI; using mesitylene as the

internal standard.

WIZ, SOSIREE 120°C, S 24h 2S£ L, CO2 (0.5MPa) LV 7 == T (4 ¥ &)
DIFAE N CEFE T I D N-AF AL O FE i A 2 et Lz, Son=/E2K 2-15 2R,
Zn(OAc)/phen il 3 N-7R /L I AL D B7e 59, Bix 7piEHIL A E A U727 I VB8RO N- 2 T4k
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LA FEETH Y | KIET D N-A F LA % 63%~99%DIETH 2 7, XUEBUVBRO/NTALIZE
FHGHEEZBALZ 4-A FXVN-ATFAT =Y L 4 AFNVNAFAT =) U aHEE L THWS
BlE N-ATFAT =Y DB HWIERER RS & ENZZEFRCTHL Z Enghote, LnLARn
5, B RAIEEZEA L 4-7 00 -N-AF VT =0 U 2HAWTERER, IR 63% (2-4g) KT L7z,
JRRIX, 7 r e OB REIDFICEVEFR LOBFEEN TR > TREMENRTH RolzlodiZ B 2
TWh, FI . N-ATFAT =V v DAFNAEEZTFNIKICER LI N-TTFAT =) &7 2 =V EEIZE
L7V 7 2= V7 I EHWRER, T2 9% (2-5g) & 77% (2-6g) DOUEETH WA % 5
Alze Flo, TUVNVETEBLIZLGE S, HESDRISETITHIET 2 N- X F AR % 84% (2-
7g) ODILETH 27, £7o, ¥ /7 VA F—=nZHELE L THWE Z A, N-A F ARG [RIER
IZHEIT L. BOERDRZNZN 79% (2-8g) & 65% (2-9g) THEOLNTZ, ARG ERT IO
BB NRMHET IO N-AF A biEA e TH - 72,

2 2 mol% Zn(OAc), R?
T 6 mol% phen ’L
+ CO, + i PR
R1/NH 2% PhoSHy “op oN 1200C, 240 RYT Me
1 mmol 0.5 MPa 4 mmol
isolated yield

Me Me Me Me

N. N. N.
©/ Me /©/N‘Me /©/ Me /©/ Me

MeO Me Cl

2-1g, 92% 2-2g, 92% 2-3g, 88% 2-4g, 63%

\Bu Ph K

N, \
o oot ot

©/ Me N
)
Me
2-59, 99% 2-6g, 77% 2-7g, 84% 2-8g, 79%
oy i
N Me
Me O/
2-99g, 65% 2-10g, 80%

X 2-15. 2 kT X D N-A F LAk
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2.7 Ay —NAT v 7T ORE

N-AFNT =V DRI IIACEIGSD A r—IV T T O at e T o12, A7 —L7T v FICBE LT, &
—r 7 L= ORDOVICEAT T A3 B RISEETHWT, 0.5 MPa @ COy MJESMETIEAR L, CO N
TV EY KSEFME L7, 10mmol D N-AF /L7 =Y > 10mmol D7 = =)L T % FHEIT
WO SOGH & 15 DN IR ORISR 2K 2-16 (SR T, 2k TO COMESM:E T 1mmol A7
—LTORERLIEIE L, 4h THRERD D 80% DR TH LN, MGHM%Z 8h £ THIZLZ &

A, IERIL83%ITE LTz, LAEDOERNDG, ARMBLSAIX, CO,ZMET DL TR, NT VTS5
ECHLEMATRETHY ., SHICITT TR — L TOEBLTRETHH Z ENhoT-,

Me 2 mol% Zn(OAc), Me
N. 6 mol% phen N (@)
H +CO,+ PhSiHs Y
30 mL CH3CN, 25 °C H
10 mmol bubbling 10 mmol 1a

100

Yield / %

0 2 4 6 8
Reaction time / h

(A) (B)
B 2-16. Zn(OAc)/phen flliilZ L5 7T LA —/LTDT I D N-7R/V VAL
(A) IRORRFEEAL (B) 2EE
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2.8 RIS A =X hDELE

Zn(OAc)y/phen fiii & FVN 2 Nk L 2 ABRUGIE, uT®fﬁ*XAT@ﬁ?6%®k%2TDé
AT w71 BRSO 13 A AL L TEIE, B Fev 700k R REHEETDHZ LI
«yc&Hﬁé%ﬁéméﬁéo%ﬂkmﬁ_\MMﬁm®7%7%%ﬁimwa:WM$#w4z%
ELLTe Fry I rOrARRFEMHEA L, SEHEAZ S HICEMHbE® 5, TORE, E?E%J
REEAR (D) BNAR L. 20 Zn-H G CO, PMEAT 2 Z & Xy (1D 252, H&AERITIE
eV (V) &5z 50,

AT w72 : WS OHENE 13 A AW L LTIIE, 7 IR D, b7 8T — MEERED
TR = VERBENBALIC L > TEM L SN 7 2 0 KFEEG &K/ Z & T, T I FPiiE (VD) %
Bz 50,

AT w73 T X PR (VD) 1ZXEET VL (IV) ZRERB L, VR =V EE~O -k
T, HBETAHRLLT IR (VID 2525,

AT 71 b Fav 7 otk

AcO, L
zi ReSiOAc L CO R3SiOAC

L--Zn(OAc), H™ o) :
R;SiH A H—Zn(OAc) L» '

! OZn(OAc) OSiRs
R3S"~\O/ L--Zn( OAc

I I \
. N 0 () )
N =
AT 72 Ty FHEER) oMk
AcO_ L
zn
TN AcOH L
R?  L--Zn(OAc), R1R2T o /R
NH ——~ N—Zn(OAc)
R! H\\ /)\ Rz’
o (V1)
V)
AT oS3 XY NV EHGHT I REEIKE DORIS
0
o)
R! IE_ R! )k
H OSiR; +  N-Zn(OA) —= N F
R? R
(V) (V1) )

[X] 2-17. Zn(OAc)./phen |Z & % N-R/V I NMALDOHEE A 1 =K A

27 oL LI L TiE, Si-HBEDEMEEN T TIZE L O THE SN T DB, —F, AT v
2 O N-H #E & OIEHEALIZOWTIX, 8503 F Ui CTéH % Zn(OAc)/phen % FHUNT CO, 25 A1 /LN A —
N AT DA T LTV D 2301 Zn(OAc) /phen LS A SR D N-H #&G OTEMHACIZEE 59 % 2
EIDMARRALE S ToTod, WIZEDWHGEEETT o7,

ABOSZH N7 2= v T ISR E < . ERT DX UV VO HBERREES > 72729, KD
FRAEDIRN Y 7 = =)v v T KT DX/ Y b (PhaSi(OCHO),) %K 2-18 (TR L7z HiETERK
L. ROBFEHIHWIZPL
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0]

]
HCOONa + Ph,SiCl, Ph,Si(OCH),
10 mL CH,Cl,, 25°C, 24 h
28 mmol 10 mmol Isolated yield: 68%

X 2-18. X2 U L DOREE R E

BOSIREE 100 °C, SOSKERE] 24 h (2T, PheSi(OCHO), & 71 b7 =V REKISESI 2L A, Mt
DY A TIIIENELET LW R gholz (FR2-7. = FU—1), L2L7eR 5, Zn(OAc) &
ikt e L CHWEE Z A, RV AT I REBWN 21%DIRTH LN (22 hY—2), &5, BT
FTohDphen ZIFMLTZE Z A, WRBEHITN%TH ELE (22 bV —3), UEORERNL, &
T 7 2|28 T Zn(OAc)/phen fIlIEAS N-H #5 & OIEMALIC B 5-35 Z LAVRmBE STz, £/, Hlo
HEMbAYTd D ZnCly & ZnCly/phen filli % A2 35A12 & BOUGIEIHETT L7223, Zn(OAc)y/phen % >
AR TICRIIE 72 (2 bV —2 - 6), ZNOHDOERERNS, K 2-17 IR LEZE DI,
Zn(OAc, D7 &7 — FEED N-H & DIEMHLICH G L TnD D EE X TN D,

F2-7. W UV NET IR E DRI IR R OFA

o
Y~ o 2 mol% ZnX, OY
6 mol% phen

" pngsiocH N @
I
©/ heSIOCH): T ene, 100°C, 24 1 he
silyl formate H

1 mmol 1 mmol 1"
Entry cat. Ligand Yield (%)°

1 - - 0

2 Zn(OAC)2 - 21

3 Zn(OAc): phen 32

4¢ Zn(OAcC): phen 31

5 ZnCl, - 2

6 ZnCl; phen 3

2 Reaction conditions: Acetanilide (1 mmol), Ph,Si(OCHO); (1 mmol), ZnX; (0.02 mmol), phen (0.06 mmol),
Toluene (3 mL), 100 °C, 24 h. > The yield was determined by '"H NMR in CDC]l; using mesitylene as the
internal standard. ¢ In the presence of CO> (0.5 MPa).
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29 S

AE Tl Zn(OAc)/phen il CO, & & R VT U DIFE FTT I D N-7R/V I /WAL DO E LT fil it &
5 EEM LT, BERORISE A 1 = X LTINS e FriZ & COp & OMHRIZE N T, b
RavZ o ® Si-H G OIEHIZOAEE L TS O ERBEN TS, —F, KL THEKTH
LZXBRVUNEHEEL, TR EHOTREEORNT I R EESEDIRFEITo 726 R, AR L
TR Si-H A& OTEMALZ T TIER < 7 2 O N-H A OIEMALIC L B E9 5 2 & AR Sz,
ZD7, ABIBAFR Lofliiiix, 7 I BT TR USERNRW 2O T E TIZIZ E A EHREFO
RNT X NI AN RA— NEAD N-FVIUGIZ BT 5 2 N TE T, F7o, AMEEA AV T—ik
T2 U DBEIREE /) -N-R)V 2 Wb & BTNV 2 AL & R LT, & BIT, ARz V¢ Ny
IO R BT N-AF AL R LT,
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E=E
BPy-PMO-TMS % AV 7z B Bt B Sh At i oD B R
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3.1 #E

& B SEIR & RRMERIRICE BT 235 E T, BEAL TSR E &2 U U —% 0 LGS 2 FIENH
WHENDZENIFEAETHDIN, ZDLH7) v h—EHAncMEN 2B ENDZ < Tk, BEE
(B BIHADMETEEIME T LT LE D E W BERH -T2, ZORKO—>& LT, flEDIEHEE AL
DEFR I & D WIS DIEVESNL & ORI — B/ ERZBI ST 2 e nB o b, Ziusxt
LT, 22-EE Y UL (BPy) Z'EHINICEALIEA Y KR—T7 A6V » (BPy-PMO) X, &J&
A A OENLY A b & 72D BPy FASHIALR IR A TR RS2 A LT\ D, 2070, 56
—HETHIRRZL I, V=205 L7, HxREREKRELEOREICEEEELTEDHZ
EnD, EROARE M EAER 2 PEBR U7 B EALABE O AR ATREE B2 b, MA T, 2 Rt~
X IFEEEZ L TCRY ., ZOhLEREIT600m2 g FREERE <, MARL 38mBEEH D Z L
LEEOIEHICAHRITH D, X512, 2O BPy-PMO ¥k % & B R ORI S 57210 ¢, fx
D REEARZ EEEETED 2 R 0h>TnD, £72, BPy-PMO OMILEH DT T /) — A Y
AF LT UL (TMS) H&TILEESRT L 72 BPYy-PMO-TMS HEIE STV 5 (X 3-1),

M = Metal
. R oM °
e Sico-Si—""N W
<= ) \ S\ R=H BPy-PMO
*si = \_P=si-OR
./ \ y ~ \
Owct CHg
N—Z ~Si”~"Si— _ SI'—CH
. R = Si-CHz BPy-PMO-TMS

X 3-1. BPy-PMO & BPy-PMO-TMS Dt

—J7, B3 TIE Zn(OAc), / Phen filli:7N CO, & & R TN kDT 2 D N-RL 2 U BIC B
TERWABYEEZ R 2 2 A L2, ZORIGTIHE, L10-7 =G> br U o k97 N R SRR T
DEWMBMEATH Y | B FOIFE T TIEABNE T 2RV LT I RRFEAEE LY (K 3-2),
ZDD, 1,10-7 = F v bl v L REOBNEEZ TR T D 2,2-E B Y O AL S FLER I BT
(23l A TUN D BPy-PMO % EIRENL - & L CTHWD Z LI k- T, FERICABEENE 2 R3O Tlid e
EEZ T, EbIT, BEETDHZEICL 5T, ORI - BRIHICET 2E LR TE5EE 20
N5, ZZ T, %2 TlX. Zn(OAc), & BPy-PMO-TMS (Z [E &1L L 7= H LI & A b g At oA Rk &
TN EMBEC AW T 2 D N-TR L S UL DORRE AT o T,

FI{Z Ff Zn(OAc), trace
NH *+ COz+ PhsiHy — R1/N o
1
R H Zn(OAc), / phen or bpy > 90%
e Ny

=N N= N NT
B4 3-2. Zn(OAc),/ Phen or BPy filtiifiz 27 I L HAD N-R Vv 2 ALKIG
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3.2 Zn(OAc):(BPy-PMO-TMS)([E E{LAREE) DA R

AcO
JOAc

o TMSQ » ¢ TMSQ » _zn

Si_Si— /=N Sicq-Si =N"
O’go/ \ = ¢ "\'O‘O/ WL '

os° ~n \ J~gi-0TMs  Zn(OAck e o” /= \ J—gi-OTMS

./ = \ > ./ - \
4 \ 0.0 MeOH or THF \_4 { 0.0
N— Si7~ Si 60 °C, 24 h N— Si_~ Si-e
é* 4 é* |

X 3-3. Zn(OAc)2(BPy-PMO-TMS) DA ik

B E(LAREE (Zn(OAc)(BPy-PMO-TMS)) D& EE K 3-3 1277, £7. BPy-PMO-TMS ¥k % THF
B AT MeOH (288 S, Z 212 Zn(OAc), ® THF 1A & 5\ Mt MeOH A & N 2. 60°C T 24h
BEPRE L7, BIRE THAILCZIC, Al - Pl - g9 5 2 L1k W HAY & 75 Zn(OAc),(BPy-PMO-
TMS) %1572, TEIEIZIE MeOH & 5 \NE THF % VY, BPy-PMO-TMS @ BPy #f7iZxt L THEAT S
Zn(OAc), DR % 3/10, 1/10, 120 TE{L S W25 Z & TS5 SOEE/Lfilft (cat.3-1~cat.3-5) ZFHH L
7= (5% 3-1), BPy-PMO-TMS (Z[HEEL SR DEIZHOWTIE, B L7= AR « P b o figho &
% EDX (/b —20 80 X B0 JIEICLVIREL, ZTI0BHEM Lz, cat.3-2, cat.3-4, cat.3-
51220 TIE, WIS oIFE A ENRETEIL S TWD Z LR o722, BPy SISk T 28 A&
DZU> cat. 3-1 & cat. 3-3 TIHHICEEAETETIT, —EOHERTEN AL - PR IZEI S
77

F 3-1. FEEACITH & U7 K OV Fa £ &

Entry Solvent initial Zn / BPy molar ratio ~ Zn loading amount (mmol g')
cat. 3-1 MeOH 3/10 0.69
cat. 3-2 MeOH 1/10 0.28
cat. 3-3 THF 3/10 0.79
cat. 3-4 THF 1/10 0.29
cat. 3-5 THF 1/20 0.15
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3.3 BEREREILIE R Y FL (Solid State NMR) |2 X B 554

BPy TMS
BPy-PMO-TMS A ! |
_} | _}
— A M —r | + spinning side bands
[ "N S L N S ) VY S S S - |
cat. 3-3
A 4
a b b | OQ(CH3 iﬁ
A a
SV ¢ amsgp 3000
[ — PR ™ M _——— — ot - PN A N . rsj‘0’3|‘%
.0 / \ *
cat. 3-1 p N #si-OTMS
W & -—0-3"0
(‘_J_\ N JSI\. le,
i i i
A Il. ‘
W A
[ ___".-“"_.-."-___..""'L_ “_!‘____ o (v _._____'_‘_'_“__,"\,._ — /l M e ———a
Zn(OAC)2(2,2’-bipyridine)
SR 4
| Aol A
vaan_ ) "‘”n_ij“‘ R VDT €
200 ' ‘ 2‘1)0 ‘ ‘ ‘ ‘ 1010 ' ’ ’ 0 ‘ ‘ ‘ ‘ -1[00

[X| 3-4. BPy-PMO-TMS, [EE(L it (cat.3-1 & cat.3-3) & Zn(OAcC)2(2,2’-bipyridine)® 3C CP-MAS NMR
AT KV

[ E(LFAR T dH 5 BPy-PMO-TMS, MeOH H TH Ak L 72 [E E L cat. 3-1, THF HCH B L 72 [ E{k
fibltE cat. 3-3 & TN Zn(OAC)2(2,2’-bipyridine)#& (AL 13C CP-MASNMR A7 kL ZHIE Lz (K 3-4),
BPy-PMO-TMS Hifliod 227 h )L CEIHI X HU72 165.4 ppm 725 118.8 ppm F TOREIZHND B — 7 X
2,20-EREU VVHIZHK L, 1.9 ppm IZBINLH B — 71X TMS EICHKT 5D THSH, 241.0 ppm 205
197.5 ppm F TOFREIS LT 83.1 ppm 25 40.2 ppm F TOEKICHN D /NS VWE—Z X BPy DAL=
YT A KRR RTHD, Z D BPy-PMO-TMS @ 3C CP-MAS NMR A7 kL E#gd 25 & cat. 3-1
B LW eat. 3-3 D 13C CP-MAS A7 [ LZ1% 183.1 ppm KL 21.6 ppm ¥T < \ZH 7= 72 B — 27 NI &
TWBHZ ENYMND, —J7 T, Zn(0OAC)(2,2’-bipyridine)dE Ak D 7 & + L HEICHKT 5 E— 27 1% 184.8
ppm & 23 1ppm [ZHNTEY , T HDLFy 7 MEIXIZIE L7z, 202 &225, Zn(OAc), iX BPy-
PMO-TMS ® ' v U 2> HITEMI T2 Z & CTREE XL, HAUE Y 12 Zn(OAc)(BPy-PMO-TMS) [ E (L& {4
DELNTEHO &R LT,

BULIRYEN Z L2, MeOH IAETT CTARL L7= cat. 3-1 & THF I&EH TH L L7z cat. 3-3 @ BC CP-MAS
NMR A7 hLZ&L#Ed 25 &0 1.3 ppm @ BPYy-PMO-TMS @ TMS FEICH KT 5 B — 27 OFEER N2 Y
Bip D2 RNy oTz, BPY-PMO-TMS O'BHINOEE Y U2 O — 758 L g3 2% &, MeOH AT
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FCAB LT cat. 3-1 O TMS OB — 27 OIREPHIHNT NS < 2o TND Z &R nhoTe, S BHIT,
MeOH VA H CREEL 21T - 7254123 iz A% GC-MS kU ' HNMR CHIEL7- & Z A, TMS Ofii
BEC XD AR LZbDLEEZ HD TMSOMe SNz, ZTHD T L6, MeOH B TEK
L7eG BT —8 0 TMS EQHENOHEEL 72D &2 bhd, MBI OWTOFERIR A 1 =X A
IXRMER TH DA, THE 1ZIET 1 b oMEmIEES 7' e o246 T& 72—, MeOH (X712 b ok
AR T 1 N 2R TE H72H. MeOH I TIE—E#D TMS EMXBiBEEL T 7/ — &5 T
Lb0LEbns (K35,

TMSQ » TMSO
.\Si\ /\Si =N &Si \SI/. =N
50 " ® TMs Lo A NS
..\/Sf =N \ / S\i’ol\\\\ MeOH .\SI,O <N \ / SrI,O/H
N 7S "\' MeOTMS N-7 f'\. T\'

[X| 3-5. BPy-PMO-TMS @ TMS D BB DOHEE A 71 = X I
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3.4 BRI AREHEIC K D FHMILE - LREEOSHT

Belsorp-mini (A A~VERASHHEY) 2 U, WRERIEE 77 K CERWUBAENE 21T -7, #0B
IEH B TH, FEZET 80 °C T 120 4yl L, K7g & OWAEYE % B0 BRV /=, BPy-PMO-TMS & &
Al L2 EE LA (cat. 3-1~3-5) DZERWAEFIRMAZE 3-6~K 3-11 [TR-7,

cat. 3-1~3-5 @ BET th&EfE & BIH AIFLARIE, EE(LATD BPy-PMO-TMS IZHA~THE D L2
DD, BPy-PMO-TMS & [FIFRIT cat. 3-1~3-5 [T b IV RIOWNAAFERRZ < L TR Y | FEkEIC
#, BPy-PMO-TMS D A VY iR— 7 ZEENHERF STV D Z EVRIB S N7z, 3.3 Tax L7Z[ER NMR O
HERER L AT, FEfRAENE BPy-PMO-TMS (2B E{L S4L, HHJE D IZ Zn(OAc)(BPy-PMO-TMS)
B EALEE RN AT DAL= b o &Yl L7z,

400

BET HLFE A4 : 700 m? g!

[ BJH ##LE : 2.67 nm © ©°
o & 000 @

350

300 } ce0 @ © @

N N

o a

o o

T T
)

S

[EnY
a1
o

®

®

Volume / cm3 g1

100 | o

50

.t . . . .

0 0.2 0.4 0.6 0.8 1

Relative pressure / P/P,

X 3-6. BPy-PMO-TMS 0D % 35 W it 45 45 1 4
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250

BET kb ififif : 460 m? g!
BJH AHFLEE @ 2.49 nm
200 | °
(@]
OeO0000®
3150 OeOeO@0e0e=e
5 @
2 o’
°
=100 e®
> °®
°
°
50
O f 1 1 1 1
0 0.2 0.4 0.6 0.8
Relative pressure / P/P,,
X 3-7. cat. 3-1 D FWLiAE S IRAR
300
BET Lt ifs : 573 m? ¢! o ®
° o 08 08 O
050 | BIHMIFLAE :2490m @ @ ® ook o
&
< 200 |
> &
°
5 o°
GE') 150 F ..
3 .0.
o
>100 | o°
°
50 |
O { 1 1 1 1
0 0.2 0.4 0.6 0.8

Relative pressure / P/P,

X 3-8. cat. 3-2 D2 W Wit & S IR
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300

BET FEa A : 558 m? ¢!
O o0
oe0 O ¢0 © ©
il 200 9‘)
5 .
3 150 | °®
s
o
>100 | o°
°
°
50 |
O { 1 1 1 1
0 0.2 0.4 0.6 0.8
Relative pressure / P/P,,
[ 3-9. cat. 3-3 D% R MiAE FIRHR
350
BET K fifH : 578 m? ¢!
300 |} BIHAHFLEE : 2.55 nm
oe
eO 60 00 ¢
250 | p O €0 €0 90 €© &
o ®
E 200 P
o o
E 150 } o®
o °
> °®
100 | o®
4
°
50 |
0 { 1 1 1 1
0 0.2 04 0.6 0.8

Relative pressure / P/P,

X 3-10. cat. 3-4 2 WM& SRR
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350

BET b mifd : 617 m? g °
[ ]
300 | BJH fHFLE : 2.55 nm O.o.ooOOC"O‘O'O'O'O
¢ J

250 F ®
o ®
g 200 F °
- { ]
() ..
g 150 } °
(@]
>

100 F

50 t
O { [l [l [l [l
0 0.2 0.4 0.6 0.8

Relative pressure / P/P,,

X 3-11. cat. 3-5 D22 FEW i 2555 1545
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3.5 FEE{LEEAREE Zn(0Ac)(BPy-PMO-TMS)DiE AT
3.5.1 EEGIZ AV AL & AREE M O BILR

15 5= E B L g (Zn(OAc)(BPYy-PMO-TMS)) %, N-AF /L7 =V > C0O2(0.5MPa)t 7 = =
VT (PhSiH3) 72O ARNLT I REGHRT 200MCHEM Le (R 3-2), ROSIREE 60 °C, SO
17h ZAEHESME L U CHiRt 2 T 728 2 A, Zn(OAc), DA EffE L L CTHWEHA. HNE T 5814
T RBRELRehole (2 MU —1), RIT, HEREER (Zn(OAC)2(2,2 -bipyridine)) A fififit & L CH
WIS SHTZEZ A, T%DINETHLLT I RBRELNT (= R —2), 2,2’-bipyridine Z L
T-& LTHWD Z & T s BRIz 32 2 L b B CTdh D 2,2 -bipyridine IXALSICE
WCARAIRTHD Z L EMR LTZ, H\ T, MeOH & 5% THF IRBECTA R L 7 B e b g fil it 2 A
WCIEMERHI 24T > 72, MeOH W CREIE(L L7z cat. 3-2 Z LI FAVWZEE. 60 °C T 17h )G SH 5
&L 25% THRLLT I RRSELNTE (= MU —3), RIS bAEIEEEZ R L2 Z &b,
FAEIE Y Zn(OAc) 2% BPy-PMO-TMS D 2,2°-E' " U ¥ U EALICEML T D Z & T, Zn(0AC)2 (2,2’-bipyridine)
FROERZER L TV D H D EHEE S5, —J5, THF H CEE(L L7z cat. 3-4 2 HW 23581213, 94%
DENETHELVLT I REE25Z ERbroTz (=R —4),

# 3-2. BEEARITI TR & Al s O BILR

Me Zn(OAc),(BPy-PMO-TMS) Me
N. Zn: 2 mol% N._©O
H .
©/ +CO, + PhSiH; CH4CN, 17 h, 60 °C ©/ \IT
1 mmol 0.5MPa 1 mmol
Entry cat. Zn amount Solvent used in Yield
-1 b
(mmol g~) immobilization (%)
1 Zn(0OACc), - - trace
2 Zn(0OAC)2(2,2’-bipyridine) - - 97
3 cat. 3-2 0.28 MeOH 25
4 cat. 3-4 0.29 THF 94

4 Reaction conditions: N-Methylaniline (1 mmol), CO (0.5 MPa), PhSiH;3 (1 mmol), Zn(OAc)»(BPy-PMO-TMS)
(Zn: 0.02 mmol), CH;CN (3 mL), 60 °C, 17 h. ® The yield was determined by '"H NMR in CDCl; using mesitylene

as the internal standard.

3.3 DX 3-4 1277 L7z cat.3-1 (MeOH H T E(L) & cat.3-3 (THF Hr CREIE) @ 3C CPMAS NMR
A7 RV TCIE, cat. 3-1 D TMS FHRO B — 27 FREEDS cat. 3-3 DZ AU TRV /NS N Enb
MeOH H CEEIL 21T/ 5 7235811, — D TMS JEA IR KTV 5 ATREME RIS LT D, cat.
3-2 4 cat. 34 HALICHBEM AR L2 Z £ D MeOH HClEEIL L7234 & THF F ek L=
A0 E S, FE L7z Zn(0AC)2(2,2°-bipyridine) bk D5 ARFE 2 2Rk 35 & DD, MeOH 1 CHEEL L7-
BEIIE TMS RSB SN 5720, ZHUC K- THELUTEY T/ —LIEIC—ED Zn(OAC), 3 EE(L S
NTEY, ZOFEMNEEZFFZZ20, & L IEEERE L RWZDIZICEME T T2 b0 I
% (K3-12),
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Q TMSO /. .\ TMSO /.

=N
Séo "= ® \TMS \ /N
':/Si' \\N \_Psi-0" MeOH \ p s.
— \ =
Y, { P 0 §
N

_O-g;
si-O-s ~0-
"o ;I\' MeOTMS 7 2 S'\-

Zn(OAc),

-—

\ Y Sl’o
-/O SI\.

X 3-12. BPy-PMO-TMS @ TMS D YIKHIZ K> THEL 2T 7 — L Zn(OAC)z D EEAL

n(OAc)
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3.5.2 HNHEFFRER O L IS0 Bf%

SR FEVE DML B % 2 mol%IZFXE L. eat. 3-3 (Zn: 0.79 mmol g!) & cat. 3-4 (Zn: 0.29 mmol g!) @
FRBETEPE D 21T o 72 (R 3-3), T ORI, M EEFEDD 7220 cat. 3-4 DT REIRTHRL LT 2
Rab 22 Lol (b —1 -+ 2), ZOMmAIIfEEZL 1 mol%IZ T, cat. 3-4 (Zn: 0.29
mmol g') & cat. 3-5 (Zn: 0.15 mmol g') OfBEIEMED LI AT BB R TH Y . RO 720
cat. 3-5 DT BRETEE N m o o7 (Y —3 « 4), W ARF U L— MEFAILVRF L— b

BERBIC L 0 SESEREZ AT 2 2 E RO NTND Z BRI Zn(OAC), DHFFENZ VT E, K 3-
BITRLIEZE D 27 2T — NG LT RO B B sziv\%@#%ﬁ@ﬁﬁmﬁﬁ@ﬁﬁﬁ?
THHLDLEEZTWD, 728, K TH D BPy-PMO-TMS % B THWZHEIZIE, DT LG
EITLRWZ LR L. (= MU —5),

# 3-3. filliir & & AR PE O RAR

Me Zn(OAG),(BPy-PMO-TMS) Me

N. Zn: 2 mol% N 0]
H +CO,+ PhSiHs . hd
CHSCN, 17 h, 60 °C \

1 mmol 0.5MPa 1 mmol

Entry cat. Znamount  mol% Zn Yield
(mmol g) (%)"
1 cat. 3-3 0.79 2 43
2 cat. 3-4 0.29 2 94
3 cat. 3-4 0.29 1 86
4 cat. 3-5 0.15 1 93
5 BPy-PMO-TMS¢ - - 6

¢ Reaction conditions: N-Methylaniline (1 mmol), CO; (0.5 MPa), PhSiH3 (1 mmol), CH3CN (3 mL), 60 °C, 17 h.
® The yield was determined by '"H NMR in CDCl; using mesitylene as the internal standard. ¢ BPy-PMO-TMS

(69 mg) was used
CI)Ac
Zn
o~ \O
HsC
o o o L,
¢ TMSO » n % o ’
Si . Si—=N o TMSQ » MOz
oS0 N i _Si/=NT A\
e 7\ ).l oms «S~0-% N
sie /=N P—~si-O Zn(OAc), 0 Y, q ? _TMs
<\ ~ L — ':/Si =N 7/ ~si 0
\ / Si/o‘sil\. \ / — \
e ) Y, Si\’.o‘Sl\.

X 3-13. 77— MNEKE LD
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3.6 EE A O®E
AN FEUET 1 mol%? cat. 3-4 Z VT, 60°C, 17h CHE#EHEHHOMMNZIT-7- (K 3-14),

R Rz
|2 co cat. 3-4 ,lj o
+ + PhSiH -
rNH 2 ™3 CH,eN, 60°C, 17h f
1 mmol 0.5 MPa 1 mmol ) )
isolated yield
I\I/Ie I\Ille I\Ille
" oY OY
H H
©/ H MeO cl
3-1a, 80% 3-2a, 86% 3-3a, 80%
(60 °C, 24 h)

oY H H
K/N\Hfo ©/Nf0 ©\/Nfo

3-4a, 88% 3-5a, 70% 3-6a, 86%°
H__O
H__O
H Y ¥
N__O NYO N__O
v O ¥
O H H
3-7a, 36% 3-8a, 74% 3-9a, 33%"
(60 °C, 24 h) (4 mmol PhSiH3, 100 °C, 24 h)

a After the reaction of PhSiH; and CO; at 60 °C for 17 h, substrate was added and the mixture was stirred at room
temperature for 30 min. ® After the reaction of PhSiH; (4 mmol) and CO; at 60 °C for 17 h, substrate was added and
the mixture was stirred at 100 °C for 24 h.

X 3-14. Zn(OAc)(BPy-PMO-TMS) % F V7= N-78 /b < Ak o B8 i FH 4

N-AFNT =V o DRUBUVRONFAIZEFEREEZEALE 42 FFXFV-N-AFALT =Y %
WIEGATE, N-ATAT =V CERWEZEEIERHEVEDLL RN LNy olz (3-2a), LL,
BARFIIEEZBA L 4-7 00 -N-AF LT =0 AW HEITIEREMET L 60% & 72-72 (3-3a),
ZI T, ISR Z 2dh EF TR L& 2 A, WEEBBI%ETH ELE, ZOZ&nb, BERIKT DR
RNEARIE AT Cld e < . BHMUICRISEEE RSB\ =D LB 2 bhvd, RIZ, IBIET I THhrELY
4V U ERACTIRIGSEIAER, 88%DINRTHM AR % 527 3-4a), — 7, 7=V &AWV
BlE, RN T0%IIE T L7 (3-5a), £7-. XUPAT I U Z2HWEEE, L IERMED - 7228,
ZOFRIFAR VT X OB L0 BN IGE L el iE e B x e, £ T, Tz = v T
»E CO % 17 h, 60 °C TIIGSH T, ¥V NAEREIELRIZ, RUUALTIVENZ, SHIC
IR T 30 S S ¥ LMFT 21T o7z, TORE, BAERY (3-6a) 7% 86% DI T HLiLiz, N A
7K 3-7a) FRAWERFIOITo72E 2 A, KISITHETT 5 6 ODOIEIT 36% IRV DTH-oTz,
EHIT, X TIVN-FI I UL T o7z, 7=V v ZHWEEE, # 7 VR 2 B 74%
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DIETHELNT (3-8a), LNLAENS, RUDAT I U EHAWEEE ., X7V I ABERY DI
IR 33%EET LTz (3-9a),

BRI Z A LT BRI BROGIEREE - IR AME T 3 2R DARN T T R N-R L I (b0
TRV I NAL~E A RTRETH 2 mUE, B Tk 7=¥—% Zn(OAc)/phen filllt % F 7= BROFRERE
RE—HET 2D TH 5D, Z ORGP OBF) 5 b Zn(OAc),/phen it iZFA{EL 9~ 5 Zn(OAc)2(2,2’-
bipyridine) Bk D SEARFE N AR L TV D b D EHE SN D, LD, KEE(LAEITE—%
Zn(OAc)y/phen fIBEIZ 2 & ARBETE IRV S DO TH - 72,
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3.7 LI - B ORET

RIZ, cat.3-4 Z VT, OB - BFRIHOFERZ1T2 72 (B 3-15), N-AF LT =1V D N-78
NI EAT IR > Tote, BURESRZBRICR L, ERFEWKDO T 0 —T Ry 7 ZHT COy iR IZHER
L7z, 0%, /a—T Ry 7 AR THNEEWE AL T LYy 7 4V E—TAIBL, 7 h=hKU LT
Peig U CL BB LA g A 2 [N U 7=, [ L 7= ecat. 3-4° % W TR UG C 2 BB OIS EITR - 72,

Me cat. 3-4 Me

N. Zn: 2 mol% N O
H +CO,+ PhSiHs Y
CH4CN, 17 h, 60°C \

1 mmol 0.5MPa 1 mmol

100

80 H

60 -

Yield / %

20 -

Reaction cycles

X 3-15. Zn(OAc)>(BPy-PMO-TMS)DIEIIY « FFFI] ]

1ETH OIS TIE, cat. 3-4 [ E@mWETEEZ R L, IR 94% TRV LT X R 52720, BRA L
2 [ HOIEIL 79% L BHFITIR FT 25 2 B mnotc, AKIETIE, B3-16 17T X512, 7==/1v
Tl COBIE L, FBYVINLELE 2D, HONTEXHBY I NVIRETHDLN-ATFAT =) L&D
RIS L, RVLT I REL 22 LRI, AR THLY T 7 — Vi8R E 52 51, B4R T
DT ) —NHEEENY A 7 NVOREORRKIZR>TWNDEHDEEZLND, £ 2 T B LT cat.
3-4 % [E{K NMR, ZEHE I AWM AEEKR O XRD 2LV FHdE LT,

CO, + PhSiH3— PhSiH3,,(OC(=0O)H),

o
@\N’H *  PhSiH3,(OC(=O)H), —> ©\NJ\H ¥ PhSiHs n(OC(=0)H)n.m(OH)m

) |
Me Me

B 3-16. Bl TH DT T 7 —VEEER DAL
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[E 1R NMR (2 & B[R U 7= il o 3 #r

[z iCEl F#
bipyridine TMSE
—— L 4 "
A A v :; - f, N L * spinning side bandsﬂ [
Em?ﬁ FER N
PhSi= | -
2
ﬂ | .
N
| AN i
'l "|J l; I
MW.V\T’AUM L\L... ‘JI UI lwhlml Iw °

X 3-17. SiAif

[ppmi]

filb: > 13C CP-MAS NMR A7 L

X 3-17 (2R LIZSOSRT#% O BC CP-MAS NMR A7 hLZ g5 & RKISHD A7 ML TlE
TMS IZHIRT % B — 7 BERH L 2N LT, JRIRIZSOSRICHEATH % BPy-PMO-TMS @ TMS

NEIES THEY T ) —IVERIGT A2 LT,

225 140 ppm L DR B U BRITHY T 2 8IS B 72 e B — 7 iR L7z, 24
HCTev T ) —VREDRRIERD T D> T 7 — VaEk & BiKHEE
=ARICHkT A= B2 HND (K3-18),

—ENHEEL b D EEZBND, IBHIC
X, TMS OBLEfEIZ X v
XAy uexror o

. 120 ppm

"PhSi-OH" = PhSiH3.,(OC(=0)H)p.m(OH)m
T™MSO o « TMSQ Y
\S. \S =N SI\ =N
é EIJ\O/I L "= 2 TMS Lz
*-si_ /=N \_ Si—O“'x "PhSi-OH" \N \ 7 S"OH
'\ = O ' o
[}] y/ S’o\SI\. N Y SI’ \SI\.
‘A
"PhSi-OH" l
SI\

= \ 7 S,/OS|Ph
\/
’O‘Sl\.

X 3-18. 7 / —/)LiEEIKIC K > T BPy-PMO-TMS @ TMS JED YW} O 1 25 kB DI
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RIS e e E
T3 |

Sl—O-S:i-O—Si
CI) L]

™S i
; T3

e — i e .'t._._--- [ — - T — e —— e
Soale § 1000 Tsolid M LXTST) rend” 40 Lill"‘;_-nE
o ’% n
J§ IR%:

T2(Si-OH)| | si-o-sio-s

[ 0 e

PhSI= %” 1 R

;"\ l .-'f 1| T2

o

e e i e

ﬁn.—-ﬁ__—_.am—..___,—_—._m__ﬁ_,_,_ﬁ_—.d-—j '\_,H____,_,_,_L___,__,_,._—/\,_-'/i \\_/"‘“——. [°

150 ' 100 = o <80 =100 150 [epm]

X 3-19. KSR R 29Si CP-MAS NMR 2227 KL

—J5, & 3-19 {278 L7z 2Si CP-MASNMR A7 hUZEWTE, ¥ T/ —/VE (Si-OH) IZHKT 5
T2HEMAHE Lz, 202 255, BPy-PMO-TMS @ TMS B3 iEfEd 2 Z AR Sz, & 512,
St DFRBED A7 R Z-50 ppm 7> 5-35 ppm (ZHT LWE— 27 BN VIS NS L 51Tz,
U, ATy eXH U AclkT I -7 ThDH EE X DL, K 3-17 D ’C CP-MAS NMR Ol &
RE—E7T 2,
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BRI AWAE N K B [EUX L 7 i D 534

PG HT#E Oftfi o> 28 32 WINAE FHRAR & Ll 9% & RUSHER OB OSB3 & 22 L TR Y |
PO % O fifio> BET Ffif & BIHAALEIISOSHIAIEIZ Fe~ 25 & (RIEIZIAD L7e 2 & naynoTz,
ZOFRKE LT, A VILOMAZED L WIEA VHIAMEDREN S 2 DD, €2 TRIZ, BITERICA Y
ARG D REF S LTV D E ) e filEi8 T 2 72012 XRD JIEZ1T 72 272,

&K 3-4. FUGHTR 0> % 38 7 AW i & VEIZ K 2 3 Hris

350
300 f ®
P's) .4
> ®
(a2}
£ 200 5? ® Zn(OAC)2(BPy-PMO-TMS)
E 150 ' o
S o® @ Zn(OAcC)2(BPy-PMO-TMS)-runl
> O
100 | o® o
.0
50 }
0 LM)QQQQQQQM
0 0.2 0.4 0.6 0.8 1
Relative pressure / P/P0
Entry BET & mfE (m?g!) BJH #HFLEE (nm)
Zn(OAc)(BPy-PMO-TMS) 578 2.55
Zn(OAc),(BPy-PMO-TMS)-run1 244 1.25
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X AREFTEXRDIE £ 5 [ L 7= fili o /34t

B BPy-PMO-TMS, 7R#R7)Y Zn(OAc)(BPy-PMO-TMS)., #1713 S D Zn(OAc)(BPy-PMO-TMS)
O X BREHZ—2Th D (K3-20), FITR LKA XRD /3% — > 2 Hlgd 5 & itk O i o
AT MUZE 2D ~F T F O R VEEICHRT A2 —7 BB SN TWD Z Enb, RIGE D A
VLS E SN TICHERF S LTV D Z E L NI R T2,

(Coupled TwoTheta/Theta)

1 190212_BPy-PMO-TMS_7 Smin_2A01_806_2A01_000_000 xy
| 190212_BPy-PMO-TMS_7 Smin_2D12_911_2D12_000_000 xy
| 190212_BPy-PMO-TMS_7 5min_2H07_910_2H07_000_000.xy

Counts

(TwoTheta)
“mﬂ |'I 1 SamplelD_MAN_1108-000-0000_BPy-PMO-TMS_exported.raw
A | 1 SamplelD_MAN_1109-000-0000_KO7_exported.raw
ll‘ | SamplelD_MAN_1110-000-0000_KO7-RUN1_exported.raw

L ' [ T
1 2 3 4

[X] 3-20. BPy-PMO-TMS(£), Zn(OAc)x(BPy-PMO-TMS)(#R) & O it @ Zn(OAc)2(BPy-PMO-TMS)(F) D
XRD (2 & 2 /30T it 5

LA EOFfRHTHER NG | ARBEEMEDME T U7 R RIE, Ao 2 VIS S ALz 2 & Tide <, ¥
U NHRRE T I UDBRS LTEBRICRIZERR T 5 2 7/ — VK8 RIC K - T BPYy-PMO-TMS @ TMS &
DEEL, SOIZEUEREY T ) — ARV T ) — ViFERE OBKEEICEL Y v a X UG E2F
952 & T (X3-18) . BPy-PMO-TMS D * Y fLEPAFE LI=7= 02t E 2 bbb,
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38 5

AEETlE, BPy-PMO-TMS (ZHFEEHEN & [E B L7281 Zn(OAc)2(BPy-PMO-TMS) [l &1 b fififiit % B %
L7z, BEERICHAWAAEEORIRNEE TH Y . MeOH 1 CTHK L2 B E bLliiix TMS Ukt
Z %M, THF P CETE LG EITIZTNNE Z S0 2 L3y oiz, £7-, THF 1 CREEL L T
H 72 Zn(OAc)(BPy-PMO-TMS)EE(LEE AL, COr & 7 2=V T T L DT D N-7R/V I kD
it L 725 2 L AR L, 512, FERETER O MR R MR RS E & @O ST E R 2 & Vb
o7z, HEFENZWEEITIL, —HOFRE A REMIE 2 TR L, BTEMEAME T3 572072 & B
Lize —H T, BRISHICIEY U7zt 2 BRI L25A, MK T35 2 L0 nhot, ZOFNE
FE L= & Z A, [HIRNMR, 250 AWBIAELER O XRD OREFRERNS, TRV U LHRKRE T I
DS UTZBRICRIAER T 5 2 T ) — VBEARIC & > T BPy-PMO-TMS @ TMS S BiEE L. o124 T
oK 7 /) —VEN T T 7 — VIFEIK L OBUKMEEIZ LD e 3 RS 2B L. BPy-PMO-TMS
DAVIEAE LD EEZ NS,
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AU R
BPy-PMO-TMS % FV 7z [B /L 8k & A il oD B 3%

80



4.1 W=

gRix, HEH IR O FETL2HEERTHY . ELHENMRWZD, it LTI TH L Z
DD, TSRS AR BT DR ER 2TV D, ZIVE TISEREE IR 2 F - B A R
IEEE L S BAIREN T DR, REFIE LTI/ RB T V7 CHIGEML, B Ry Uk, B K
vk v EORIERH DU

B4 R SRR DO TR MRS ITECT 2 SREE AL 1T F /2B B ETH D3, OS2 ER T D720
2R, BREE R OB 225G 2 Z EDNIERICHE Th 5, BN AR ZREREE RIS ER m <, %<
DEEBSIEOfMEE L L CTORARHFFCE 2, L L b, B ARSIl R ETH
D BAALAIC BN 2R SRR A TR T DM 03 & 512, BAZEIRIEREEA DI & B < To iz, Btk b —
MBI I B0 2 FIEIFER T L OIS AR & i O E S 2 850 TR A & D W =R
BEEANTHZ L THHB, ZOHECLVIEEOE WAL 21525 Z LN TE 508, 20k ) 2l
NLF DOFREE « B RUCITRE 1T mE Al 22RO HE R B E S LB TH Y | F AR ORI - BRI S HEET
» b,

SR L7zl | 2,2°-v v Y U (BPy) A A VHIFLBENIZEA LT A VAR —F 2G> U 7 (BPy-
PMO 35 U BPy-PMO-TMS) 3£ < D4 J@ S AR O EUARNLF & U CTHRIH Sd, Bkx e AR H S
(A ATRECTH D Z LMy -> T D, BPy-PMO 1 XY BPy-PMO-TMS %, 2,2-E Y U 2 EBAL A
FLREICHAACELS L TR D . BPy £ Lo A0 & BfRIL PMO O v a4 52 L - TRE
EINTWD, £ TEHIL, BH—RTIIAERPREE Fe(OAc))(2,2’-bipyridine) & OARJF i fH% (4
% . BPy-PMO & %\ X BPy-PMO-TMS % AV, £ OHIFLERHICER T2 Z N TE 50 LW LT,
SHIT, BENMT DI EIZL>THIL - FRA G ATRBICR D D EBE R T,

V) — RERBEIRAREE D JEATARIE D 1 Bl &2 2517 5, Zhu H1E, FEFITEE L 2,4,6-triisopropylphenyl F % 2
A& 9N A LT 1,10-7 =F > b i U U ENL 23 FeClr & @ 1:1 $5R 2 INICIZAL L, 5 D78k
PERNT VR D Ra UL DEANT ML 725 Z L 2 RELTWD (K4-1) W, ZoRIG
TlE, Fe(ONEMEMARAEIE LD, AHGERECTH LRI F L~ x> U A (EtMgBr) 27T
A& LTHWLATWS, EtMgBr i% BPy-PMO @+ 7 J — /L X BPy-PMO-TMS @ TMS # & )53 %
ZENBEEIND D, ZONIGHREZ D E FE BPy-PMO X° BPy-PMO-TMS [ E{L#kEE A I A4 5 =
CIIREECH D LB Z 72, INx T, EtMgBr HR OSBRI AV FLFITIRAT D Al HeER H 0 |
kDO BFHOREL 725 Z & bR S LT,

SiH,Ph PhH,Si
_ + —
EtMgBr Ph Ph

B-trans a

92%, B-trans : a>98 : 2

K 4-1.1,10-7 = F > b a U UEANL 700672 5 Fe ¢k 2 Hvic e Ra o U U bRG
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—J5. JEATHFZECIE, EiREk (Fe(OAc)) bt Rui I uNofEB A XY AROKIGIZL Y, Fe ¥
b U REEREZTER L, 20 Fe b RU REEED HIKEDNECHINEET 2 2 & T, Fe(0O)ZFESHED
ZEMNAMMEEHE IR TS (K4-2) B, ZD7=8, Fe(OAc), % BPy-PMO |Z[E E(L L 7= fillft 2 i
IX, EtMgBr O X 5 2B &8 E A 2O TIPS RNIC THEMRE TH 5 Fe(0) 2 FA S D 2 LA AHE
EEZT,

Ha

j
Fe(OAc), FeH, Fe(0)
\

2R;3Si-H 2R3Si-OAc

X 4-2. Fe(OAc), & IV 72 Fe(0) DI

% Z CTHIUETIL, BPy-PMO & BPy-PMO-TMS % Fe(OAc), D EREMNI & LTRSS Z & T,
BPy-PMO & %\ & BPy-PMO-TMS [EE(LSEHAZFRE L, Sk LiifFicmmWEEZ AL &
b Fe o U BRI s U CRWARBEEME 2R U, 232 U WA 7 L ATRE 72 B E A LBk SE (Al it 4 B 56 5
HTZEHHEHBE LTI EIT T,
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4.2 B CoRGE AR DS R

B E(LEREE AR DA BRI, BPy & OAEMIAZ EtOH 120 i S, 2 Z1Z Fe(OAc), @ EtOH &
WEMZDHZ EICL> T To 72 (X 4-3), EEHEKE LT, BPy-PMO-TMS, BPy-PMO, TMS 21 ¥
HIVEEFEDORE Y AF NV F /)L T (DMES) TR L 72 BPy-PMO-DMES, =F L > &b P
M B72 5 BPy-Et-PMO-TMS, 5L OA VAR—F A U1 MCM-A41 IZE Y DR Y o h—%5 L
TEASNIHEEZNENHNT, A U Cx OFEE(LED &R A1T - 72, 723, BPy-PMO-
TMS, BPy-PMO, BPy-PMO-DMES 32— & CTib~7= &0 | fMfLEEDOH T BPy 3 HAMEEZ A LT
W5 DIZXF LT, BPy-Et-PMO-TMS OHIFLEEI LT B/ 7 7 A TH D,

o - Fe(OAc),
bipyridine-based silica —————> Fe Immobilized catalyst
EtOH
60°C,15h
AcO
 ,OAc
h RO\/’ _Fe T™MSO AcO\ _OAc
o Si~g-Si— N~ Va _Fé
60 \ S\ e ¢ S SNTN
o~ =N \ J)—gi-OR Si—O \ =
i Si L7 Y% ?
¢ \ = \ e \ Y/ i-OTMS
Y, 0 O—_J . Si
N_2=si-0-sise Skl/é” \
i ¢ | e 0
) O—Si Si\/\ !
R=SiMej3, Fe(OAc),(BPy-PMO-TMS) cat. 4-1, 4-2 \O/ Si-e
R=H, Fe(OAc),(BPy-PMO) cat. 4-3
R=SiMe;Et, Fe(OAc),;(BPy-PMO-DMES) cat. 4-4 Fe(OAc),(BPy-Et-PMO-TMS) cat. 4-5
AcO_ OAc

Fe(OAc),(BPy-MCM-41-TMS) cat. 4-6

X 4-3. 5[5 A LSl D B Rk
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4.3 EE SO EREOHIE
EE LB D BT, Al - Y% O AR « Peis i b O8ko &% EDX (=R V¥ —4rHdi X #ty
M) BIEICEDIREL, TZHHEE L7z, EDX 12XV catd-1~cat.d-6 DELOHFFE A K 4-1 [TRT,

F 4-1. EDX T X 2 & [E @A b Skt o R FF &

Entry Support initial Fe / BPy molar ratio Fe amount (mmol g1)
cat. 4-1 BPy-PMO-TMS 1/10 0.15
cat. 4-2 BPy-PMO-TMS 1/2 0.65
cat. 4-3 BPy-PMO 1/10 0.25
cat. 4-4 BPy-PMO-DMES 1/2 0.68
cat. 4-5 BPy-Et-PMO-TMS 1/10 0.05
cat. 4-6 BPy-MCM-41-TMS 11 0.33
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4.4 BRWREEIC X 3 EHMALE - LEEREOLHT

Belsorp-max (H A~V SHER) 26 M L, IEEREE 77 K TERWBUSHE 21T - 72,
T 5T, B2 80 °C T 120 /yATLEL L. Kig EOYCEME Z B D Bru o, #4RIK L Spl L7 [H

EALAREE (cat. 4-1~cat. 4-6) DZEFWHIAEZFRRZX 4-4~K 4-14 (277,

BPy-PMO-TMS, BPy-PMO, BPy-PMO-DMES, BPy-Et-PMO-TMS & BPy-MCM-41-TMS I\ 311 % TV
TOWMAERRZ R LI &b, BEE A YR —F AEELZAT L LR LIz, £/2. %
B EALAREE (cat. 1~cat. 6) [XEE(LATOMIKIZLER S & BET lh# Hifd & DFT ML E T Lz

Z LB, Fe(OAch NEHFICEHE(L SN b D EF X TN D,

350

300

250

N
o
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Volume / cm?3 g1

100

50

BET HZKEfH : 625 m? g!

- DFT ##LEE @ 3.90 nm
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0.6

Relative pressure / P/P,

0.8

X 4-4. BPy-PMO-TMS 0D % 35 W it 45 45 154
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50

400

350

300

N N
o 0
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[EE
a1
o
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100

50

s 29®

BET HLE AR : 624 m? g
" DFT #iFLEE : 3.87 nm

e e

0 0.2 0.4 0.6 0.8

Relative pressure / P/P,,

X 4-5. Fe(OAc), (BPy-PMO-TMS)(cat. 4-1)0D> %8 35 W [l 5 2515 4

| BET b ififi : 611 m* g!

DFT #HFLEE : 3.87 nm

0 0.2 0.4 0.6 0.8

Relative pressure / P/P,,

X 4-6. Fe(OAc), (BPy-PMO-TMS)(cat. 4-2) 0> ZE W i 45 S5 1R A7
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[ERN
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DFT #HFLEE : 4.20 nm

BET L& fifd : 731 m2 g

o
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Relative pressure / P/P,,

X 4-7. BPy-PMO > % 32 W i 5 S 1R A

BET th#mifd : 713 m? g!

DFT #ffifL£E @ 3.98 nm
I o

@ ®®
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..
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45 TLAF D Fur vk
4.5.1 FUSREE O®ET
ARk L7z B E bk Fe(OAC)2(BPy-PMO-TMS)(cat. 4-1) & Tf Fe(OAC)2(BPy-PMO)(cat. 4-3) Z fil i i F U
T, Z7z=A78F L7 z2=1T 2 (PhSiH;) ICLDHE Ry VLIS ORE Z1T> 70, B4
KT, IR ThAU REBREICAE (0.5 mol%), 7==17tF L (0.8 mmol), 7==L T
(1 mmol) EL¥EME (1 mL), ZNERICINZ 7-#ICEE L, FrEDREICTRIE ST, KISk, Bivk
FIRECTRLUTEENE L 2D AT L Z A, 'THNMR (TR & AR Th 5 p-trans:a D L%
B U7z, THF Z¥a8E s U, BUSEERZ 17h & LT, MISIRE 2B LIz R 2R 42 (ORT,

F 42, U ORRET

cat.

9 SiH,Ph PhH,Si
Ph—— PhSiH, (0.5 mol% Fe) . . >:
(0.8 mmol) (1 mmol) THF, 17 h PH PH
B-trans a
Entry cat. Temp.°C)  Conv.(%)°  Yield(%)®  B:oc
Fe(OAC)2(BPy-PMO-TMS
1 (ORCREERY : 40 20 9 7:2
(cat. 4-1)
Fe(OAC)(BPy-PMO-TMS)
2 60 100 89 10:1
(cat. 4-1)
Fe(OAC)2(BPy-PMO-TMS)
3 80 100 90 15:1
(cat. 4-1)
Fe(OAC)(BPy-PMO-TMS)
4 100 100 90 16:1
(cat. 4-1)
Fe(OAC)(BPy-PMO
5 (OACL(BPY-EMO) 60 100 62 6:1
(cat. 4-3)
Fe(OAC)(BPy-PMO
6 (OACL(BFY-PMO) 80 100 71 6:1
(cat. 4-3)
Fe(OAC)(BPy-PMO
, (OAQ):(BPY-PMO) 00 - o
(cat. 4-3)

“Reaction conditions: Phenylacetylene (0.8 mmol), PhSiH3 (1 mmol), Toluene (1 mL), 17 h.? The conversion and
yield were determined by '"H NMR in CDCls using mesitylene as the internal standard. ¢ Product ratios B-
trans/a was determined by '"H NMR.

Fe(OAc),(BPy-PMO-TMS) (cat. 4-1) % fil i1 72 BS . ROGTREE 40 °C CIEUCEE &7 EERPUE SRV §
DThoT (= FV—1), £ T, EZ 60°CICHIELIZE Z A, TUREEERMEN & Hicm EL7
(=2 hU—2), BEZI5I280°C & 100 °C FTIZ LF7E A, LREIHEVEDLRWVD, B-
trans:o. DIFPRBZENENIS 1 & 16: 1IZM ELZ (=2 FY—3 - 4), —J, Fe(OAc)(BPy-PMO)
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(cat.4-3) Zfilft L L CHW & Z A RBEE EIF THIEE L@EIREICRE B ITAR N ho T (=
¥ FU—5~7), 72, Fe(OAc)(BPy-PMO-TMS) (cat. 4-1) & b5 & ISR b AERIRME T IR
CTERWEDTHo7e, TORPEEDOFHRE LTI, B Fadr 7 o0&k Lz Fu 2 U bAERY N
BPy-PMO O K7 / —NIEEROGELTLE D) ZENEZ bND, —FH ., ALEBERMEIC OV T, 4.12
DA T =ALDOEFTERT D,
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4.5.2 REELOWET
BUBIREE 80 °C OZM T TREFAE(LZ I L, B0NIHRER 4151077,

cat. 4-1

— _ (0.5 mol% Fe) __ SiHPh PhH,Si,
Ph—== + PhSiH, .

0,
(0.8 mmol) (1 mmol) THF, 80°C PH o
B-trans a

100

60

40

Yield / %

20

0 — L ¥
0] 1 2 3
Reaction time / h

= d

=Y —1L

——fB-trans ——a Conv.

B 4-15. &t Fu 2 U LSS ICRRIFZELOFEZE (80 °C)

K4 h TSR L2 2 EB3 0o tz, £720 1 h LN TSSO ENE S | FFE 38l S h
7o A E LTIE, Fe() DI TH D Fe(0)2 AT HDIZKMAET L7201 E2bND, F
7o ALEBEIRPEICOWTIE, IGZEBE L TUIER L TH o722 L s, ST 2R3 7enZ &
TR STz,
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FENT, L0 100°C O FORIFELE & HICHAE L (R4-16).

cat. 4-1 ) _

— . (0.5 mol% Fe) __ SiHPh PhH,Si,
Ph—= PhSiH; .

THF, 100 °C

(0.8 mmol) (1 mmol) Ph PH

B-trans a

100 -

60

40

Yield / %

0 ¥ * > .
0 0.5 1 15 2
Reaction time / h

——fB-trans ——a —Conv.
®4-16. £ ]2 U AALBEIC RS L OFEE (100 °C)
100°C TiE, 2h BANICEUGH5ERE LT2 Z 033 o T2, 80°C TOSME LIRS & FrERe ] 23 157

LR C & e DAL EBRVE D HT TR B U7z, DL EORERIC IS & Sl S A SUG R L 2 100 °C,
BOGKFE 2 2 h 12 L CIROBFHCHET 2 L2 LTz,
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4.5.3 INEEE OGS

F 4-3. UNEBEORRGT

cat. 4-1

0 SiH,Ph PhH,Si
Ph—= + PhSiH, (0.5 mc:)M’Fe) —/ + : I>=

(0.8 mmol) (1 mmol) 100°C, 2h Ph Ph

B-trans a
Entry solvent Boiling point (°C)  Conv. (%)®  Yield (%)° B:ac
1 THF 66 100 90 16:1
2 1,4-dioxane 101 100 91 16:1
3 1,2-dimethoxyethane 85 100 86 16:1
4 Toluene 110 100 85 16:1

“Reaction conditions: Phenylacetylene (0.8 mmol), PhSiH3 (1 mmol), Solvent (1 mL), 100 °C, 2 h.
®The conversion and yield were determined by '"H NMR in CDCl; using mesitylene as the internal standard.

“Product ratios B-trans/a was determined by 'H NMR.

Feitl SO REE 1L THE OWpR L 0 @ iad, ZemENDLEX DL &, WROBWEEOHERNLEE L,
ZD7H, LR OO Z AW TEEN R OB 21T o T SO N R 2R 43 1IT”T X 51T,
VI IROGIR & SRR IR B R 5 2 W2 E3ghiote, £z, BMEXCKEAGROBEOR 22 EE
LT, OLIEOEWVRETHD ML o & RlEiEsic L COkoBahcitEie 2 212 L,
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4.6 HEEOKRE

IRHELFF B DO [E EAL SR cat. 4-1 (0.15mmol g!) & mEFFEOEELEEALE cat.4-2 (0.65mmol g ')
ZRWTHREEITo72 (R 4-4), T OFER. Fe(OAc), DLEFEIIARETE M & AL BRI O MG 12 B %
RN EEZW LN LTe, 2D &b, MEEMEFETLE OMIER B —I1272 > TV D Z L AR S
i,

# 4-4. F 72 HHEFE 2 FF O Fe(OAc)(BPYy-PMO-TMS) % /- & R o U B

cat. ) _
(0.5 mol% Fe) SiHzPh PhH,Si

Ph—— PhSiH — + —
©8mmol) (1 mmo; Toluene, 100 °C, 2 h br Ph>_
B-trans a
Fe amount Conv. Yield
Entry cat. . ) B:ac
(mmol g% (%) (%)
Fe(OAC)2BPy-PMO-TMS
0.15 100 88 16:1
(cat. 4-1)
Fe(OAC)2BPy-PMO-TMS
0.65 100 87 16:1
(cat. 4-2)

@ Reaction conditions: Phenylacetylene (0.8 mmol), PhSiH; (1 mmol), Toluene (I mL), 100 °C, 2 h. ® The
conversion and yield were determined by '"H NMR in CDCIl; using mesitylene as the internal standard. °

Product ratios B-trans/a was determined by 'H NMR.
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4.7 BRMEEEROFE

e T, miERFE O E T Lk Fe(OAc),(BPy-PMO-TMS) (cat.4-2) % AW Cfilfil &4 28425 2 &
(2 K o THRAMEE RS TON 2~ 72 (R 4-5), fEEZ 0.5 mol%n> 5 0.3 mol%E T M T HINERIE
KT 22 &<, a2 0.3 mol%DIFIZ, TON (X287 THoTz, X HICfiliiE% 0.1 mol%iZ Fif
7o & TA PEED 50%I272 57203, T OEREO TON (KD 520 Tholz, WIT L ALERIRMENFE T
Thol-Z M6, RISHITMIERSE N Z » TWORW I LR ST,

R 4-5. fRBLEVE O A

cat. 4-2

Ph—= + PhSiH, (0.5 mol% Fe) —/ StrePn PhHZSi>=
(08 mmol) (1 mmoI) Tquene, 100 OC, 2h Ph Ph

B-trans a
Catalyst amount Conv. Yield

Entry B:a® TON
(mol%) (%)° (%)°

1 0.5 100 87 16:1 174

2 0.3 100 86 16:1 287

3 0.1 60 50 16:1 520

¢ Reaction conditions: Phenylacetylene (0.8 mmol), PhSiH; (1 mmol), Toluene (I mL), 100 °C, 2 h. * The
conversion and yield were determined by 'H NMR in CDCl; using mesitylene as the internal standard. ¢

Product ratios B-trans/a was determined by 'H NMR.
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4.8 FHIKDOFHE
HAWBHENR e Fa v bOftE ek KON ESEIRMEIC G 2 2B W GHI 21T 72, 556
NIAE R Z T 4-6 12”7,

F 4-6. F7p DR A TN 8 AV SRk oD fib S TE 2 SR AT

cat.

9 SiHzPh PhH,Si
Ph—== + PhSiH; (0.5 mol% ZG) o . .
(0.8 mmol) (1 mmol) Toluene, 100 °C, 2 h PH Ph>
B-trans a
Fe amount Conv. Yield
Entry cat. Bt

(mmolg?) (%) (%)°

Fe(OAC)2(BPy-PMO-TMS)

0.15 100 88 16:1
(cat. 4-1)
Fe(OAC)2(BPy-PMO-TMS)
0.65 100 87 16:1
(cat. 4-2)
Fe(OAc)2(BPy-PMO
(OAc)(BPy-PMO) 0.25 100 69 7:1
(cat. 4-3)
Fe(OACc)2(BPy-PMO-DMES)
0.68 100 87 171
(cat. 4-4)
Fe(OAC)2(BPy-Et-PMO-TMS)
0.05 58 44 3:1
(cat. 4-5)
Fe(OAC)2(MCM-41-TMS)
0.33 42 12 1:1
(cat. 4-6)
7 Fe(OAC), - 0 0 -
8 Fe(OAC)./2,2’-bipyridine - 52 30 4:3

@ Reaction conditions: Phenylacetylene (0.8 mmol), PhSiH; (1 mmol), Toluene (I mL), 100 °C, 2 h. ® The
conversion and yield were determined by '"H NMR in CDCIl; using mesitylene as the internal standard. °

Product ratios B-trans/a was determined by 'H NMR.

SR U728 Y . Fe(OAC)(BPY-PMO-TMS)[E E(LAlEE (cat. 4-1 & cat. 4-2) [ EVENE & (7 S
TN (= hU—1 - 2), 35T 28R TH 5 Fe(OAc), HIMES L O Fe(OAc),/2,2 -bipyridine
TRARVEME &R A R L. (o FU—7 - 8), ZAUE, BPy-PMO-TMS @ BPy SE[R] 472322 ]I
K S Tnd Z & T BLANZ BRI 22 REE IR D TE OB AR R 12 K DR - KIERIZ b s 72
EEZ WD, i, Ky 7 /) —NVEEEHT % Fe(OAC)(BPy-PMO) (cat.4-3) Zfilift: L CTHW= &
A BRMEE RN T LA (2 hU—3) . TMS L0 S KEEO K &7 DMES 2 H7 %
Fe(OAC)2(BPy-PMO-DMES) (cat.4-4) % o & 2 A BRMENE T ELE (Y —4), 2Ok
RinS . BPy-PMO DT ) — /)L DOURGEFE O STARREE 8 SOS DAL E R KR & B2 RIF$ 2 &2
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BN E o7, YRR ERIZOWTIX 412 TS A =X LAOREH T35, E7-, MfLEER
TEINT 7 ZRD Fe(OAC)2(BPy-Et-PMO-TMS) (cat. 4-5) Z AWV o & Z A IUE & BHRMEDS KR ED
U HEFLEEDNTARPEE & INMEIC R A B2 5 2 LDV R S L7z, & 5T, Fe(OAC),(MCM-41-TMS) (cat.
4-6) WL Z A IR EBRMENKIBICIK T L7722 &5, BPy-PMO TOEEEBELE &S
&L MCM-41 & W U o — 15Tk, BALAOIC AR L 72 EREER DT R & SREEIRTR 112 X 2 BE4E - K0
EMZ DI EIIREETIX RN EEZTND,
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4.9 FEEEAKEEOBRET
4.9.1 KT L F L DBE

& E LS Fe(OAc)(BPy-PMO-TMS) (cat.4-2) Z V>, SUGRE 100°C, SOUGFER 2h & e S
&L, R 7 v OIS I%@ﬁLt@#%%@447:m#io:\%@mmmwyManm)
(cat.4-2) [Ihk~x e BHILAE A U2 B EBEAM T VX o LRI Rm T V% A ECTh D Z &
N> T,

SiH,Ph PhH,Si
cat. 4-2 (0.5 mol% Fe) _ o PRS

Toluene, 100 °C, 2 h R R
B-trans a

R—= + hydrosilane

(0.8 mmol) (1 mmol)

Terminal aromatic alkynes

- SiH,Ph /@/\/SinPh/Q/\/SiHZPh/Q/\/SiHZPh
©/\/ Me MeO Cl

4-1a: 82%, 16 : 1 4-2a: 82%,>19:1 4-3a:78%,18:1 4-4a: 63%7,10 : 1

/@/\/SlePh ©\/\/S|H2Ph ©\/\/SIH2Ph Meo\©/\/S|H oPh

45a 40%"”, 10 : 1 4-6a: 76%, 8 : 1 4-7a: 56%°, 4-8a:79%, 16 : 1

SiH,Ph Hy
(/j/\/ 2 ©/\ Si x| SiHPhMe
4
s S

4-9a: 61%%, 9 : 1 4-10a: 76%, > 19 : 1 4-11a: 81%°, > 19 : 1

Terminal alkyl alkynes

O/\/S'HzPh O/\/S'Hzph ©/\/\SiH2Ph

4-12a:76%",>19:1  4-13a: 82%,16:1  4-14a:83%,5: 1

Isolated yields were given. 21 mol% Fe. °6 h. ¢ After the Fe(OAc)2(BPy-PMO-TMS) (cat. 4-2) was reduced
by PhSiH3 (5 mol%) at 100 °C for 2 h, substrate and PhMeSiH; was added and the mixture was stirred at
100 °C for 2 h.

X 4-17. K7 /L= o o0 BB i FH &6

NP UBDOIRT AL HHEREAEA L 4-2F =)L hLlx (42a) L 4-A XL T 2= LT
%V/(4%)%%Ekbf%wt Bl T2 AT BEF LU TORREERD &, IERITTFED
E&w#\MmmW@@W@ﬂﬁibk(&mmu=ﬂ&noL#L@#%\Nykyﬁﬁﬂ7ﬁﬂﬁ
FROIEEZEAL4-7mn 727 EF Ly (44a) & 4-2F =AY FYTLFY K (4-5a)
BIE L L THOWESGAIE, DGR L B-trans (ROFEPPEDILITHAD LToZ R ahoTe, Flo, NvBY
BROAIN MICEFHGEEZEALZ2-A FFT 7 2= T ®F L (4-6a) ZREE L THWEZEZ
AL NTNLIT A D FVEEEEA U E TORBRITE A, IERICITRE 2 BE0N 720 A, A EFERPES

100



KEEWZHD Uiz, RIS ARUBUVBROAN MIIZ Y Zvda AFVEEZEA L 2-2F =LY b
UZNAY R (4-Ta) ZHWTFER. B-trans (ROBIRVEDOTD S o7, BERITFRETH L, K
il X & i b 5% C & 5 3-Ethynylthiophene (4-92) Dt R U HKIZ HEHAFRETH 72, S BT,
Tz T TR nnF ULy T (410a) EATFNLT 2=bv Ty (4-11a) EAVTH
FUSIAAL—=RITHIT LTz, 7277 L. AFAT 2= T DORIEHIT 7 ==Ly T A 8L 2o
T, Fe(O) 2 RAESH DD, 7 ==Ly T % THEANZ Fe(OAc)(BPy-PMO-TMS)  (cat.4-2) %iE
TEEEDZENMETH T2, HEBERIET VE 2 OIENS, BIERET L% (4-12a, 4-13a & 4-
14a) ICHEHATRETH o7,
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4.9.2 NET VX OWES

SiH,Ph PhH,Si

R—=—= R, + PhSiH cat. 4-2 (0.5 mol% Fe) .
1T— Ry 3 = —
(0.8 mmol) (1 mmol)  Toluene, 100°C,12h R, R, Ri Rp
Me
SiH,Ph
= N SiH,Ph
Me
4-15a: 90%, 5: 1 4-16a: 92%, 3 :1
Ph;ii)_\_\ I x SiH,Ph
4-17a: 90%? 4-18a: 92%°7

Isolated yields were given. 2 24 h,

X 4-18. NEB T /L3 > o0 K8 i &6

WIT, RERT & o~ DO 21T o7 (M 4-18), ZORR, KRim7 LvF Ok R )
RIZHEARD & L0 BOWRIGKRZBEE L LIy, fix ONET VX0 Fa o U b b rfee ¢
boHZEnbhrole, B, ZHEGOR HOBEBENKFETHLRGT VX LHET DL NEHT
VXV DRSO ERIEDO SR 727NN E L I D728, MEESERMEIEH 0 @< 13720 (4-15a: 5:1; 4-
16a: 3:1)
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4.10 ZLABERRIZ X 57

cat. 4-2 SiH,Ph PhH,Si
[) 2 2
Ph—= + PhSiH, (0'5m°|/°Fel — —
(0.8 mmol) (1 mmol) Toluene, 100 °C PH PH
B-trans a
100
R P
80 - =m3@ .
R
=)
o) 40 F OLITTTIIITITTII darrrreiinnaiias hrrreerrinnniiian A
)_
20 +
0 = : | | |
0 0.5 1 15 2

--4-- with filtration

Reation time / h

o - without filtration

X 4-19. Fe(OAC)2(BPy-PMO-TMS) (cat. 4-2) DA FEBRZ L 2 7T

Fe(OAC)2(BPy-PMO-TMS) (cat. 4-2) Z#HW -t R U LIZBW TAAIBIERZ1T-7-, K 4-19
(ORI L DI, RUSIET (0.5h) ICEAZ AT L T 4N E—TAHET D ERIENERICIEED Z &
Do Tz, Z OFERN S A SE 1L BPYy-PMO-TMS (2 [E EfL SN K-> THIT L2 b D TH Y |

BEHLUESREICE D DO TRV &N

T,
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4.11 FREED U YA 7 MAEO TR

Fe(OAC)2(BPy-PMO-TMS) (cat.4-2) O VA 7 WW%R 7T KA — L ThOR Fa v U ARIZ L - TRHE
L7z (X 4-20), fikifliz D72 &b SEIOY YA ZBRAHRETH O, PRI T2 < ALEGEIRMEIC G
AL RN & R LT,

cat. 4-2 _ _
Ph—= + PhSIH (0.5 mol% Fe) __ SiHPh . PhHoSI,
= iHg
(o]
(12 mmol) (15 mmol) Toluene, 100°C,2h  py Ph> -
B-trans a

100

5 5 5 5 5
80
60
40 83 83
20
0 _
1 2 3 4 5

Reaction cycles

Yield / %

X 4-20. Fe(OAC)2(BPy-PMO-TMS) (cat. 4-2)D U 4 7 /LA D FFA
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AT, BOSHETOfREE 1= H OS5 B HORIGHEIZEIL L7 Fe(OAC)2(BPy-PMO-TMS) (cat.4-2) @
ERWMANEZITo72 (M 4-21), ZORE, BUED type IV OWBIAFRMREZ R LIZZ L5,
BPy-PMO-TMS D A VR — T AfEEDNHEFF SN TS Z ERNHIBA L7, L L7ens, 5 BETEILL
7ot BET BERERIINAD LTHY (F 4-7). 1L oOWEPMIALNITIEE LT\ D 2 & ARE
SNz, FEFIARHTH LN, 7=V TBFLUVOBESMMIE DAY d~—R Y ~—03 4Rk L
INDNEELTCWDOTIERONEEZEZ TS (K4-22),

400
350
L]
® Fe{OAC)2(BPy-PMO-TMS)
300 | L d o cat. 4-2
. F°
250 QQQQQC,@@G‘&?@ o ©
E 80 > @ o @ Fe{OAC)2(BPy-PMO-TMS)
EEE 200 F ogOoOOOO o oo o9 o cat. 4-2 runl
[#] o
3 150 055 0°
= .ﬁ o o ® FE{OAC)2(BPY-PMO-TMS)
100 F ...OO cat. 4-2 runs
2 :
50 r
O L L L '
0 0.2 0.4 0.6 0.8 1

Relative pressure / PIP,

X 4-21. Fe(OAC)2(BPy-PMO-TMS) (cat. 4-2), 1[5 H it K O 5 [5] H SO % D fil i oD 22 F8 W i 45 26 1R AR

% 4-7. Fe(OAC)2(BPy-PMO-TMS) (cat. 4-2), 1 [0 H 5t KO8 5 81 H ST Ofiligiod BET R A & Ot
DFT fFLEE

sample BET & ERE (m?/ g) DFT #fi#L#E (nm)
Fe(OAc):(BPy-PMO-TMS) 611 3.87
Fe(OAc)2(BPy-PMO-TMS)-runl 581 3.87
Fe(OAc)2(BPy-PMO-TMS)-run5 476 3.83
Ph

Ph—— > M
n

422, 7x= LT EFLUDORY ~w—(k
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4.12 Ut A 1 = X L OWEE
4.12.1 HEE A I =K b

BAED L Z AFRIKOHEEC Y YEFH TIEIC L D EER 2BRNIZE > TWOR WA, B — Rl
FeCla/ 7 = F > b U UERERAREE O AT eI S & | REEASZ W7 v ooe Fry
VBSOS D AT = A L% FO X HITHEE L T\ D,

AT 971 Fe-OfEA L SFHAEARD o fiA A XL AIZL D Fe vk RV REEEREZIERRT 5, T D,
Fe ¥t N U REEERNDAKFEDIETCHINBET 5 Z & T Fe(OFEN AT 5 (K 4-23) BL

X
N |\ Ha
=N, 0Ac _N. g f
Fe - ~ Fe
BN N’ OAc S"s H
| _ 2R,Si-H  2R;Si-OAc ||
Sk _Si.

X| 4-23. Fe(0)/&MERE DR E
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AT v 7 2 : Fe(O)EM N BEEVERE L LT | [EIE Chalk-Harrod B2 AE > THEFT9 5 L B 2 TV
%o T FeOEMERMDITE Fr T2 b OBEAIRIMIZ LY Fe v Ut FU REEEADATER S
Do WIT, BEEIRREMDZFRE LT, Fe ULt KU REHRADD Fe-H FEGIZ T V¥ U 23MEA L, Fe v
UL E = EESRAV)E 52 5, %I, Fe & U L E = UESRAV)IZE TR L 0 . 7 b SR
RV 2R L7t TRIS S 2 B & 5 2 2 LIFIEIC . Fe(OEVERRMA AT 2 (K 4-24),

H  SiH,Ph
R H
[PMO]Fe® [Sil—H
m
R_ _H i
[PMOJFe—||
(V)[Si] [Si] |\
_N_
R %
- P — |
[PMOJFE H R——= _
[Si] 'S
(IV) SN |
[PMO]Fcle'\H’/ R
[si]
(i

[ 4-24. Fe(OAc)(BPy-PMO-TMS) & I =7 /L% D & R w3 Y MU OHETE A T = R 2
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4.12.2 (EBRMICEAT2EBE

FeCl /7 =F > U UaFB ARy — AT B 2 SeATAFEIC L 0 . (MEESRIWEIC R L 5.2 5 AT
v 7 1EFe Vbt RU REERADND Fe-H fEGICT AT U DA T HEME B2 biLd, K425 L0
T2DIX B-trans D ~DBEBIRFEM) & o R ~DOEBIREMD) TH Y | Z IR EEL KIF
LTWbaHDEEZLND,

Transition state of B-trans Transition state of a
R
"§,\R ¥ ~ ¥
[PMO]F(Ie—_H [PMO]F?—_H’
1 I
[Si] [Si]

) )
X] 4-25. B-trans "L & o FER ~DERIKEE

KRIE 48R LIZFERFERICE Y PMO D T ) — VI EOEBILO AR E DML BRI I K& 72
LR DN TS, Thbb | MLKREE D & /) S0 Fe(OAc)(BPy-PMO) % HIV M 7 ## 2R
B-trans ‘LR & o LR OALEZEIRVEIL 7:1 TH o728, SREED LY K& 72 Fe(OAc),(BPy-PMO-
TMS)Z FlW =i 3R, B UEIT 16:1 lIcR& <A kB L7z, & 512K E 72 Fe(OAc)(BPy-PMO-DMES) Tl
BEREN 17:1 & 7e o7z, F 72, #)—% Fe(OAc)/2,2’-bipyridine TIHIE & A EBIMER I L2 &
FInoTWND, BUED & Z A, MERREREBL O BARR R ERITE 720 50272 > TH RV, EBEIR
RE(IID) & B RRE(ID) 2 B E T UL, 7% OE#E R 23 PMO O'F#I LNV TMS & 5\ % DMES
& DB 20T 7= BRIGEBIRBEMD N H RN/ 5 b D EFE X TV 5, X 4-26 1277 L 72 D1E Fe(OAc)x(BPy-
PMO-TMS)Z filfft & L CTHW= 7 ==L 7 EF L MR Fe & KU REHAAD)~EITT 25 CG A A—TTh
D (M-I, KSR E ORI K E 72 TMS MFET D720, 7= TEF L UL CG A A—
VIR LTZMET Fe & R FEHAAD~EEI T D2MAA R 25 B TNDH, ZDMETFe b RV
REERAT) & 4 ARG AL Z 2UE, B-trans £ BERT 5, TOT-H, KD NARREEO K E 7
Fe(OAc)y(BPy-PMO-TMS)& 5 \ M Fe(OAc)(BPy-PMO-DMES) % 7= 355, B-trans LR ~DIEIR R
XK IGEDSIARREE O/ U Fe(OAc)y)(BPy-PMO) & W -85 L 0 @V, £z, BLEOMEICE S, K
FASTIOR LTZIREORFHER S L<HHATE 5 L3 2 T 5, Fe(OAc)(BPy-PMO) D Kb 2 SRR
BIFEAET2 WD, ISIEEZ B CTHRISOBEIER H E D LD 570 DIZ%F LT, Fe(OAc)(BPy-
PMO-TMS) CIIRUGIREZ EiF 72 & 2 A, B-trans R ~DEYGEN LV @< e olz, FRRITIRED E
FAZHE> T, TMS OIREN TR 72 5 DITEV, SEAEZIRD TR 22 5720 LHEHI L TV 5,

108



X 4-26. 7= =LTEF LN Fe b KU FEHRAN BT 5 CG A A —

FeED B

TR

(M -
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413 FEE

AREETIE, BPy-PMO-TMS 0 2,2°-E &Y o7 JER L ORI 7R ALE BIFR S PMO 0 2w 4 L5 512
FoTHESN TS Z EEIENL, R TIIAMMNKEE Fe & BPy # 1:1 Th 5 EE(LESAE
Fe(OAC)2(BPy-PMO-TMS) % Ak L 7=, #5417 Fe(OAc)(BPy-PMO-TMS)IL7 /L3> Dk Ku U il
IZBWT, EUVMIEBRE R OEWINEREZRT 2 L2 R L7z, 72, Fe(OAc):BPy-PMO-TMS [ ff~
DHREGT IVF 2 ENET LF AP ARETHY . D &b 5 B R ULLEHRFARETH > 7,
EELEREE AR DOREE 2B 3 2 3EII 0 Tid vy, & Fa v U kO OGRS K OREEIRIRMEN S |
FE L7z & 512 BPy #IZ Fe(OAC) MECAL L 72 11 $5ATHDH B2 TV 5H,
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EhE
#33 Phen-Et-PMO {0 B %
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5.1 &5
B RO IUE TlE, BPY-PMO 3 L T8 BPy-PMO-TMS % HigASEIR & $kel (A o BRI+ & L TH
W, f3 bV [BEE{ L R EERARE Y CO, OZEHAE K O R v U MBISIZEH FTRE T D Z & 2B
I LT, 2O X 912, BPY-PMO 3 L O OFEARITEE(AEOHEMK L U TR TH 203, 2,2’
vy UM E L CHEARRERSBRES L OGO NSRS A E L THWS D TES
FOMZIZR Y 38 5, D7, BPy &38R HEALEALZ AT 5 PMO ORISR LN TWD, =
o EMRE RIS, FEIT1,10-7 =) ba Uy (phen) IZEE L7z, 1,10-7 =) > hu U if2,2-
B OACHE LRI E A TR L oo b SEEESIRS . KV AW MERERAT L2 b, i
AT REZ2 4 BRSPS DIERBIIFRF CTE 5, Bz, BV VO C-HT U —MEBUG KR YT VA v
? C-H AR UHFISIZIEBNT, 22-EE Y DU HDHWIEZOFEREZ N7 & L THWESGAITIRIZE
AETERZE RSV H OO, 1,10-7 =F > ba ) rHE0NEEOFEREERN & LTHWZERIZ, &
WIETEYEZ R RIS ST g (K/5-1) U2
(a)

H Pd(OAc), 5 mol%
| X \©\ Ligand 15 mol% SN
+
N I 140°C, 48 h | _
N
Ligand = —N }\l / =N N /
97% N.R.
(b)
[I(COD)OMe] 2 5 mol%
CeHg\CH3 + B,pin, Ligand 10 mol% c H/\/Bpin
120°C, 24 h 63
Me Me
Ligand = — —
Memm aaW
—N N =N N
88% <5%

K 5-1.22-EE )& L1I0-7=F v hrl UaEA L LTORES : (a) BV 07 ) — b
i (b) TV DR FERES

Phen-PMO % & T HIZEE LT, Z DORIBMADRFHIEE CTh 5, PMO OREM 22 GRS IEmRMET
HAHEW, TxFr hu ) UBRICERE N T a%s v U LA EA LEEICIE. 0 SiC AN
Za MY iz Lo TOlrEnCLE S ZEnfESINED, 22T, L10-7=F> krl o 3
MBLIORSUIAF LY o h—Z2 LT R T axs o U L AE A L 7= Phen-PMO BiBEAZ S 5%
H =7y MIERE LTz (A 5-2), AETIL, #Hi7ziZiZdh L7z Phen-PMO HIBEIK DA K DAL E V-
B LWIEE(LHEIATH D Phen-PMO DOBAZEZ BN & 45,

/_CQ}_/SKOFPOS
(i-PrO)3Si =N N=

X 5-2. #7-1C#%EF L7~ Phen-PMO FijBE{A
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5.2 Phen-PMO RiBRIEED AR

52.1 AFV— b O%E

ARFFE CHERENL - & L CTD Phen-PMO IZEH L7z X 512, 7 =F v bu U UiFE R IEEICENL
FELTHERT S, —F7. @Rk zit s L THWA RIS T, BALIC & » THERISSIE SN D
TENBEESND, TDOD, TS r bu U U iE R ATRE 2R RS SR STV B 8,
Ni(dppp)Cl &l Iz REH « KR » 7V I RONE 7 =F > ba ) UiFER~EH R TH D &
WESNTWAM, 22T 387 rEZo S bl U EHRER, Z7aa A F /L ) A Y 7T aRF
V77 ) =y — i3 (CIMgCHLSi(0i-Pr)s) & % v 7V 27 73— hJ—& LT Ni(dppp)Cl, filtt %
HWT-REH « ERS v 7 U > ZBOSIC & % Phen-PMO RiBRAD AR 2 Fat L7z (K 5-3),

— — Ni(dppp)Cl, Si(Oi-Pr)3
Br B / N
N S r [y
N N C|MgCH28I(OI-Pr)3 (i-PrO)38i —N N=

[X| 5-3. Phen-PMO HiBRAA Al /L— b DF%E

522 7R AFNLRYAL Y TRRFVTTUTY = —LRAREOARK

Phen-PMO HiBR{A % A9 5 728, CIMgCH,Si(0i-Pr); DEKEIT 72 (K 5-4), ~7 %75 (HV
W) ZRVWESA, v~ /XU ARKRKIGOE E TRIGHET LW L 2R L, 22T, LUK
ISEDFENY TR T MR E WD Z & T, BB E T2 CIMgCH,Si(0i-Pr); &1k L 7=,

THF (3 mL) o
CICH,Si(0i-Pr); + Mg ——— > CIMgCH,Si(0i-Pr)3
R.T., overnight
2 mmol 2.2 mmol

K54, 7aaXAFL ) A TaRZT 707 ) =y — LiREKDOERK
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7Y =% — ViR ORI 55 ISR LIZKICK D7 20 FEBRCHER LTz, 7= F LIzkoilE
EJFELD THNMR A7 ML &2 & FEND 2.75ppm T DA F L Il KT 58 —7 (K 5-6
TEBta) HEAL, 7= F L72#I2 0.08 ppm T < \ZH7272 A TFEE (K 5-6 FBed) & bbb —
IIMHB L= b s, UEDZ b, 72 F L71%IZ, CH;Si(0i-Pr); DA % fERS L.
CIMgCH,Si(Oi-Pr)s AT 5 Z LA L7 &l L7,

Quench by Extract by
o H,0 coCl
MgCICH,Si(O/-Pr) : 3 CH,Si(0/-Pr)3

To be detected?

X 5-5. 7V =% — ik FFER

(OiPr)3SICH2CI 30 1 EjuiXLin Scale : 8,000 LxT4io-2+gn 10 1 ExvurLinlll

d c
CHs =
(-PrO),Si, ;

O L

%’C :
v, M

fren

‘ Hzo Scale : 1.0008hift : -0.025 ppn = -15.0323 Hz  (DiFr)3SiCHICI 30 1 E:!u‘ﬁXLmE:
a
Cl I
(-PrO),Si, o
0 I
\b< c I
a Lo
c b I
i J L J [°
T T T T T T T T T T T T T
10 5 0 [ppm]

X 5-6. 7V =% —/LRAID Y = FHiH%D HNMR A7 L
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5.2.3 BUSIRE ORES

20mL DA — F 7 L —T ERIERHFICHAV, 38-YT7rET7 ) bl o&kHIEEENC,
CIMgCH,Si(0i-Pr); & 71 » 7'V > 73— K F—IZ iV 7= Ni(dppp)Cl filift iz L2 EH - £ v 7V 7
BRI XV Phen-PMO HIBEKD AR AT o 72 (R 5-1), KRR 60 °C TiE, EENFE-7-F £ T,
F oK KGNEITL TN EN otz (= b —1), KISREE 80°C £ T LIF T St
Tl ZA NMTIET L0, WENREFITE -7 (= P —2), EHICHEL, 90°C TK
JEEETE 2 A RN S0%FREEIC A E L7z (=2 U —3), BRENZ LI, FEOREF Ty a b
Y777 AR 7T 7 AGMT TIERISTIEE A EEIT L WERBZ GO (= Y —
4), ZhUE, 7T v AZM T CRIGIREX THE O (66°C) £ TULMREETERNWHLEEZT
Wb, Tt SEEITSEL72010, KVEWRENRVLETHD Z LE2RBET 5, 22T, MtiE
JEZ 120°C ICHIR L2 & Z A RN 1% E L7z (=2 bV —5), KOSIRE % 140°C (2 L7Zf5 R,
IR T5%IHM LT (= R —6), LEOFERENS . ZORIGNIE, mWVIRE T TIXmWIEL 672
LI ENRGh ol FONRE 140 °C Z FaiREIZ L CIROBFHTET Z L IT Lz,

2 5-1. Phen-PMO HITERIR O & I BCGTR FE DB

6 mol% Ni(dppp)Cl,
— — CIMgCH,Si(0i-Pr); j

B B
r \N/ \N/ r THF, 17 h

\ S0P

20 mL autoclave (FPro)ST - =N NT
Entry REECC) (RREIRE) Yield (%)b
1 60 N.R.
2 80 trace
3 90 50
4 90 (V77 v7RA) trace
5 120 71
6 140 75

¢ Reaction conditions: 3,8-dibromophenanthroline (0.7 mmol), CIMgCH,Si(Oi-Pr); (2 mmol), Ni(dppp)Clz> (6
mol%), THF (8 mL), 17 h.” The yield was determined by '"H NMR in CDCIl; using mesitylene as the internal

standard. ¢ Schlenk tube was used.
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5.2.4 = )V O RBRET
FNE. s X Bl AT T TRy LATavA, RO T TGN EET IV
M U CEFED = 7 U O RE 2 1T o 72, B oN =R E2EK 52 ITRT,

R SLETNVUBICAT= > SRR OBt

1 mol% catalyst

Cl BrMg(CH,)sCHo,
THF, 20 h, reflux ©/\/\

Entry cat. BoAZHef(9)  Yield (%)
1 Ni(dppm)Cl, 72 23
2 Ni(dppe)Cl2 78 100
3 Ni(dppp)Clz 91 100
4¢ Ni(dppe)Cl» 91 90
5¢ Ni(dppp)Cl2 91 100
6 Ni(dppf)Cl, 99 49
7 Ni(DPEphos)Cl, 102 70
8 Ni(Xantphos)Cl» 110 88

“Reaction conditions: chlorobenzene (1 mmol), BrMg(CH2);CHb> (1.2 mmol), catalyst (1 mol%), THF (1 mL), 20 h,
reflux. ” The yield was determined by '"H NMR in CDCI; using mesitylene as the internal standard.  5h.

<Pth PPh, <:Pph2
PPh, [ PPh,

PPh,
dppm dppe dppp
Fo PPh; PPh, PPh, PPh, PPh;
0 o)
= 0 ‘;;‘O @
dppf DPEphos Xantphos

5-7. KFERIAL 1

FOGEERETZY 20 h DA%, Ni(dppe)Cla 38 X O Ni(dppp)Cl 28 & LW TH 0 | 1IEEEAISUG
NEEIT L (= U —2 + 3), Ni(dppp)Cla 2 O Ni(dppe)ClL, D iEE %5 L < Hl 572012, X
IR 2 0 L CRUG 21T 272 & 2 A, Ni(dppp)Cl 28 Ni(dppe)Cl £V & @mWEEEZ RS Z &350
Te(=r b —4-5) U LoORREE &5 & AETENEIL, Ni(dppp)ClL> Ni(dppe)Cl> Ni(Xantphos)Cl>
Ni(DPEphos)Cl> Ni(dppf)Cl> Ni(dppm)Cl & WO NEFE Th > 72, $ERZ AT 2 BN DB & fil
BEENE S BB BB oD Z 3D 5, — I, BALERA DY B D FREE R E T 3 el e
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PRETEIN, HEVENFANRKEL DL 120 VENFPIANTLEY EEND, ZORIST
X, BOALE M 23K & WELAL 1 OSSR TH 5 Ni(dppf)Cla. Ni(DPEphos)Cla K U8 Ni(Xantphos)Cly C I fil %
PEDMEN o 7223, ZAUL NI 28 3d BB CTH Y | BNLIZBEE 95 3d LB/ WO T, EAA DR X
WEINEF- & b F VFEER RS ol B X TWnD, TOME, WEREMNEAEHT 5
Ni(dppp)CL 235 & B MMBEE M4 7R L7z,

WIZ, BT NVRIGITHW =4 Ni fillfe % 4 ]l L C Phen-PMO BB DA RS Z it Lz, S bhiz
R AR 53 1T d, MBEEMEIL, E7 VL & RERIZ. Ni(dppp)Cl> Ni(dppe)Cl> Ni(dppHClL>
Ni(DPEphos)Cl,> Ni(Xantphos)CL,=Ni(dppm)Cl, &\ IEF TH > 7=, LL LD OREREE L DD &
Phen-PMO FiiBRIA D & A SO Tl Ni(dppp)Cl 23 b B WL TH D L B2 T 5,

F 5-3. Phen-PMO HiBRIAA B SOG IZA TR Ni SE AT O RS

6 mol% catalyst
d— >—\_/— CIMgCH,Si(0i-Pr); /\_/—<; EH_/\ Si(0i-Pr);
Br /) \ Br
\ / THF, 17h,140°C 50 -  \=

NN 20 mL autoclave
Entry cat. BOALFEA () Yield (%)
1 Ni(dppm)Cl, 72 12
2 Ni(dppe)Cl, 78 55
3 Ni(dppp)Cl 91 77
4 Ni(dppf)Cl» 99 52
5 Ni(DPEphos)Cl, 102 14
6 Ni(Xantphos)Cl» 110 12

¢ Reaction conditions: 3,8-dibromophenanthroline (0.175 mmol), CIMgCH,Si(Oi-Pr); (0.5 mmol), catalyst (6
mol%), THF (2 mL), 17 h, 140 °C.% The yield was determined by 'H NMR in CDCl; using mesitylene as the

internal standard.
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REM - ERAH v 7V > 7 BOSZE W TIE Ni(dppp)Cl IIIE MR TIEa < . BEOIEMEREIT Ni(0)TH D =
ERHBNTND, NiO)ZRESEDLTH, B58I1T7T LI, HISRITMATZ—HDZ Y =% —/1
I (Ni(dppp)CL 1Zxk LT 2 &) 3R E LTONIIDEZE T T 5720108 E SND, TD=,
AREJETITRRED 7Y =% — VA X 72N\ E RIERERE L RN EEZ TS, 22T/ ) =x—
NVERHED B & BT 5 72912, Ni(0)ff T 5 Ni(COD), Zfibfi & L THW it biT o7 (R 54), F
F*. Ni(COD), } OB+ T 5 dppp Z it L TRV, 7V =y — it o B2 E 0 2 Y& 2K
IS HIE A ISR FEEICET L MNRIE 74% Th o7z (= b U —1), L2 L7225 Ni(dppp)Cla
L LTHOWEEA, 7V =y — AR EKOBREEO 2 YEBEOEAITIE, RISOEITIIARZEETH
D, BEFRIL 86%., IUEIXS1% Tholz (b —2), 22T, 7V =xv—LREDOBEZLED 2.6
MEFTHEHCLEEZA, FSIFERICET L, T5%DONETHNERME 5272 (2> FY—3), LU
EORERMS, NOZAWDZLICE D, 7 =% —AREOHE A EEHINT 22 LR THD L
MAREBEND, LLRA D, Ni(COD IFHIHIANLZE TH D720, REGHROBLENOEZ DL, &
0 ZEPED E Ni(dppp)Cl Z il & L THWS Z ERNERTH D L& 272,

2CIMgR 2MgCl, R-R
Ni(INCl,L, % Ni(INR,L, —L Ni(0)L,,

X 5-8. Ni(0){ifHFE DFE A=

# 5-4. Phen-PMO FIBRAS BSOS Ni(ID) & Ni(0)fitii oD b

6 mol% catalyst
— — CIMgCH,Si(0i-Pr); X Vi \ Si(Oi-Pr)3
Br—\ 7\ ) FBr THF, 17 h, 140 °C
N (i-PrO);Si =N  N=

N
Y
Entry Catalyst X/Y  Yield (%)°
1 Ni(COD),+dppp 2 74
2 Ni(dppp)ClL» 2 51
3 Ni(dppp)ClL, 2.6 75

¢ Reaction conditions: 3,8-dibromophenanthroline (0.175 mmol), CIMgCH,Si(Oi-Pr); (0.5 mmol), catalyst (6
mol%), THF (2 mL), 17 h, 140 °C. ® Determined by 'H NMR in CDCl; using mesitylene as the internal

standard.
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5.2.5 A —)VT v 7 OWE

Iz, B 59 (2R L7 UGEITHE > T Phen-PMO RIBRIED 7T A A — )V COERKEIT > 72, 125 ml
M ERME N T SOS AR de 2 IV, SR T Th f{#PE L7, 140°C T 17h MNEEE L7z, ZOfE%. Phen-PMO
ATBRIARZS TH NMR UNER 62%, HBENE 1.18 g, HHEINEER 43 % TH L,

Ni(dppp)Cl,, 6 mol%
— — CIMgCH,Si(0-iPr)3, 12.5 mmol
Br Br
\ /" N7 THF (50 mL), 17 h, 140 °C / \
125 mL autoclave (iPr-0)3Si —N N=

Si(0-iPr);

4.4 mmol

[X] 5-9. Phen-PMO FiBEED 7T 1A — VA Rk
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5.3 Phen-Et-PMO DA R
Phen-PMO HiBR{A AN C PMO b3 2% Z & IZR#EECTH > 7=, % Z T, BTEE (1,2-Bis(triethoxysilyl)ethane)
& DOIHEEIZ LD PMO (LOMF %17 o7 L Z A, Phen-Et-PMO # &7 5 Z L3 TE 7z (K 5-10),

"o
Si(O-iPr, i
{Q}J o \s“o/SI N
, ~
(iPr-0);Si =N N= 1. P123, KC, conc. HCI / H,0 o

N
45°C, 24 h then 100 °C, 24 h 0/\*-/‘ \ gi‘OH
Phen-PMO precursor , en : & i/é, 7 |
2.2 M HCI/ EtOH ! < oe o)
+ rt, overnight O0—Si Si) /
_~_Si(OEt)3 o \/\T\.
(EO)sSi Phen-Et-PMO
BTEE

[¥| 5-10. Phen-Et-PMO D& H%
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5.4 Phen-Et-PMO DO¥pHEEEAl
5.4.1 BEEERESILE (Solid State NMR) 12 X B3 04T
5% 5 172 Phen-Et-PMO D [EAR G ILIR A7 ML ZRIE L=, D NMR A7 s %K 5-11 (2R

T, Zx=Frhr U AL, Cl A=Y — K ONEt fNICHKRT D = NENENMERTE T2, 2D
e, 72 ua Y U EPMOIICEATAZ LIZERIILEZ LRSS o,

Et
|
Phen
— e

* ——
—— v | * spinning side bands
B R S RS VU U

0 s w0

E s e

X 5-11. Phen-Et-PMO @ 3C CP-MAS NMR A% kL

2Si CP-MAS NMR A7 kb (K 5-12) (IZ2BWT, Q HALICH KT 25 B — 7 R SN2 &

5. FIERAD Si-C FEAIXL o220 EHEFF SN TWD Z &R oT-, £z, TPHALE TP EALICH KT
HE—7 OB AR LT,

Ie) R
I
—0-5i-0— —0-5-0— -I-2
C;) C;) i} x'Ts
[V
QEEfi TH(if |
o ) |
| \ |
R R |
Si—O-SI)i-O—'S\ SI_O_S‘I_O_SI |
? ? [
R Si | !
T2 T3 / |
- o/ N .
T LA A S T T
180 100 50 0 50 100

¥ 5-12. Phen-Et-PMO ® 2°Si CP-MAS NMR A7 )L
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TR LV EZEAE, Thbbryx) bl VEAREZREL 72, £551R-TE9I12,
EXREAEITIS0mmolg! THY, ZInb 7 =) bl U OEAET0.7l mmolg! THDH LEHE

# 5-5. Phen-Et-PMO D i3 43 Hrid R

C H N
27.4% 3.7% 2.1%
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5.4.3 BREMAEBEIC X 5 FHMAE - LREHEOSHT

Belsorp-mini (A A~VERASHHEY) 2 U, WRERIEE 77 K CERWUBAENE 21T -7, #0B
IXH B CH, FEZET 80 °C T 120 /oRTLEL L, Kie EOWAEWE Z BV B\ /=, Phen-Et-PMO D%EH
W i A5 SRR AR 2 B 5-13 127”9, Phen-Et-PMO 23 IV BLOZRRMRZ RT 2 LI2 L0, BH—EDOEN A Vi
DR SN TND LR SiL7z, $£7-, BET H&RiEfE & BIH MFLARIZEN 4 683 m? ¢! & 8.06 nm
ThHdHIENgholz,

600
BET HZfH : 683 m? g!
500 | BH AMFLER : 8.06 nm o
(€ ) 00
1 400 | a®
™ (@)
5 O o
=300 | O e
e oo [ ]
=2 ®
) ® ()
> 200 } e ®
00 ™
o0 ®
o’
100 L®
O [l [l [l [l
0 0.2 04 0.6 0.8 1

Relative pressure / P/P,

IX| 5-13. Phen-Et-PMO 0D 22 32 W% JIbi 745 S5 15 4
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5.4.4 X BEHTEEB (XRD)IZ K 5 5547

WIZ, XRD IZE WHIEL, 57 XRD /"% — > %X 5-14 (Zx 3, AN (0.86°) (2P — 27 28
HE L2 ick o, BRI 2 VFILBATER ST D Sl Lz, £72, IRAANCET e — 27 23
WZ &2 XY | Phen-Et-PMO OFFLEEN T BN T 7 AT DH Z EMNGh o7,

80000 -
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5.4.5 TEM B2 X 5547
X 5-15 (27~ L7= TEM H{£1Z L Y . Phen-Et-PMO [ 2D ~FH I LD X VHlfEEEZ A L T\ DH 2
L hER LT,

160 nm

[¥| 5-15. Phen-Et-PMO @ TEM [dj{4
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ARFETIL, PMO B E Lo A2 IS 5720, 2,2°-8 8 U 2 AR L ZBAERE & 0 223 b
b, FEtEAERL | MW EREFE TS 1,10-7 =F > b r U (Phen) HiiAE A Y HIFLEENIZEA L
TEHRA Y R—=F 2K ) B ORFE BRE L, #i72IZikEr « &8k L7z Phen-PMO R L = F L >
ABRIA & DIfE A SN L 0 . HH Phen-Et-PMO DBAZEIZAL) L1z, 5 5472 Phen-Et-PMO DT
i Z1T > 7 F. Phen #736 KO Et SALORA NEA SN TND T E &R L, I HIZH D&,
2D ~FH IS RA VIO bR L=, F£7-. Phen-Et-PMO OMIFLEEN T ENLT 7 A THDHZ &
ZH ST L7z, Phen-Et-PMO (It D EARELNL & L COISHRHIRFTE 5,
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22-E U P UEME (BPY) A EHPICEA LA Y R—F 2GS U H (BPy-PMO) 1%, 4Bk
DREWRENLF D 1D TH 25 2,2-E Y O PALEREICHAN T A TEEEZ RS Z &b, U v
N —% I ST 2 R BEA L Z ORMICEHEEENTE D, DD, 1ROV I —EE D
& ARRRECTEMEIAL R £ TORY— 2 BEAE N Z2 Pk U 7B E(LAE D SR T RE L B X B D,
Z 2T, AR SISETIX, BPy-PMO B XU OFEIRIA TH 5 BPy-PMO-TMS % <& B SR DE E1t
RS LTHRIAT 5 2 & T, mbkaEn DB - FFIT AR A Y AR—F 2 I EE LB s
R 2 BT 2 Z L2 B E L, & 512, PMO BEE LA O AMEZ KT 5728, FmtErsiE< |
NN 3R E AT 5H 1,10-7 = F 2 b U (Phen) $A7A A VY IFLEENIZE A LI2HBIA Y AR —F R
A& I DBFE bATR 272,

% T ClE. Zn(OAc)/phen filfE2S CO, L7 I8 Rr v T 0O 3 DO KIGIZEWT, KIS
FHMEHRETHIEICLY, TID NFRAVIMEE N-AFbaE ENEEIRNICRET 52 L %
A UTe, 72, BEROIEA =X L TIEMEEA e Rr v T oL CO, & ORISBRIZBWNT, b Re
72D Si-H FEADIEMALICOABEE LT D b O LB STV DA, AT Si-H #5 A& OiEME L
I TIERL XM I ET I U EDORIMBRRIZEBWTT O N-HEEOIEHLICH 5T 52 &
ZEH U, ZHICEKY, 7 I T TR SKEMEORNT I M VN A — MEO N-R/V IV
fEIZbEMAT 52 LN TET,

B RO, B OIS Lo g SR AR DY - AT A2 ATRBIC T 572, HERgHiEh % BPy-PMO-
TMS ([Z[EEALT 2R 24T, B Zn(OAC)(BPy-PMO-TMS)E EL il OB Ik Zh L 7=, & bhiz
Zn(OAC)2(BPY-PMO-TMS)[E E{bfilifl: CO, & 7 ==Ly T 28 DT 2 D N-R/L 2 UEEUGIZ B U
FRBETE M A R UTe, A2 RIS 2 BR ORI ORI/ HE TH D | M@H@fAﬁLtlﬁm%ﬁ
BPy-PMO-TMS @ TMS RO Ui A Z 523, THF FCHEEN LG AIZITZENDEZ R0 LD
Wotoit\Mﬁﬁﬁwﬁﬁﬁﬁﬁw%ﬁi&mw%ﬁﬁﬁ%m#_k%%%b ZL7, Bl
m@mmBWPwymmEEm%ﬁwu#4&»@%@%Ltﬁ%ﬁ%ﬁz@Hf%ﬁﬁé#ﬁ?#é
Z LAV LT, Z ORI DWW T, SRS L 7= il oo [ & NMR, 2258 7 AW i 25 12 B O XRD

LTRSS, BIERT 5T /7 —LEEKIZ X - T BPYy-PMO-TMS @ TMS HEAEEL . &6
WCAEUTRY T ) — VNS T ) —ViFERE OBKFERICE D e U iEE 2T 5 2 L T,
BPy-PMO-TMS ™D A ¥ fLANPHZE L 7o 7272 L HERI L 72,

HIUEE T, BPY-PMO-TMS @ 22>-t' v U ¥ > FE[F O AR ) 22 [ B4R Y PMO D 11 &4 k%
ICE > TREESINTND Z E&IEN L, Fiig#k% BPY-PMO-TMS (ZEE/LT D Mat 21TV, #—F%R Tk
AR K7 Fe(OAc), & BPy @ 1:1 $&{K% BPy-PMO-TMS LIZHT 5 Z LiCth Lz, Hons-
Fe(OAC)2(BPYy-PMO-TMS)IZ 7 /L% > Db Rt U ABIZEBW T, @O EERIR M O WIER A28 LT,
Z DENMLE BHRE ORI (X, BPY-PMO OMIFLEEIZ BPy JEAHAIMICESI S Tnd Z & & TMS J
DONEIREBHFE L TND ZEEZWALI Lz, £72, T v ORE w2 9848 L2 5R, Al
BLIFE A ORIGT VX I2T TRNET AR A bR Th 7o, i, V¥ A 7 a2 et
L7, A3 7e < &b 5 IO K LER N ATETH o7z,
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HILETIT, PMO BEECAREE 0w A2 T 5720, 2,2-E ) 0 k0 b SEEERR<S | RV ik
HREHTH110-7 =) b U (Phen) HALE A VAHFLEENIZE A LB A VY AR—T A GV
DB EATIe o T2, 3ALE LI AT L & H T 5 Phen-PMO RilBRIAZ Hi 72 1Z3%GT - AL, £
AW T LRI & OIHEESIZ LD FHiEl Phen-Et-PMO D& RIZAKFI L7z, [BE{A NMR &Y
JLSR T DFERD 5 Phen-Et-PMO 13 Phen Hi 35 KL ONELEALO MG NEA SN TNWD Z & 2R LT,
£/, TEM g, EF T AWMAETEK OV XRD 4348775, Phen-Et-PMO (3 — D E W 2D ~F % =
WAV HIFAAEEZ TR L CWND T & EHIALEEN T BN T 7 AR TH DL Z L MR LT,

P b, AR AR SCTIE Zn(OAc)y/phen il 7S CO, & &8 R o T VOFE F T 2 v &2 3IRAYIC N-7R /L
IMEBEIRN-ATF AL TELZ &R /ML, 2z e LT, BEEESEAE Zn(OAc)(BPy-PMO-
TMS)ZBA%E L7z, & bHIZiE, BPy-PMO @ BPy J[F T OZEMAIELE DK S TnD 2 & Z2fmEn L,
Fe(OAc), & BPy 728 1:1 TR L TV D Fe(OAc):(BPy-PMO-TMS) & Ak L 7=, A E LSSl 1
TAXxrDe Fa Uiz, @O EEIRE R NS VSR Z R & & BICRAFR U A 7 ik

PRI EERH LT, &%, 1,10-7 =F > b U (Phen) (7 A A YV HRFLEBEPNICIE A L7 51 A
VAR—T ATV F1 (Phen-Et-PMO) ZBA% L7z, 5%, AR LFmUE2 L 952 &L T, BPy-
PMO DEARNIF & L THE 572 5% M K O Phen-Et-PMO O Fi 72 [E ARBCNL - & L T DS FAFZE A H
HTX5,
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General Information

Unless stated otherwise, all of the chemicals were purchased from Sigma-Aldrich, Tokyo Chemical Industry or
Wako Chemicals, stored under N2 and used as received. CO, was purchased from Showa Denko Gas Products Co.
Ltd.

Caution: High pressure CO- gas cylinders should be handled with care and located in an open area with fresh air,
although we did not encounter any accident.

Catalytic reactions were carried out in a 10 mL stainless-steel autoclave with a gas-pressure monitor (max. 10
MPa). All of the oxygen-free operations were done in a glovebox. Reaction mixtures were heated in a Shibata
Chemi-300 Synthesizer. Products were isolated with a Yamazen AI-580 Single Channel Automated Flash
Chromatography System by using n-hexane and ethyl acetate as eluents. *H and *C{*H} NMR spectra were
recorded on a Bruker AVANCE 11 NMR spectrometer (*H NMR at 400.1 MHz; 3C{*H} NMR at 100.6 MHz; 2°Si
DD/MAS NMR at 79.49 MHz).
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N-Formylation of secondary amines
(Products 2-1a~2-13a contain conformational isomers.)

N-Methyl-N-phenylformamide (2-1a)

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-methylaniline (107 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and CHsCN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO (0.5 MPa) at room temperature. After 4 h reaction in
a 25°C, CO was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-Methyl-N-phenylformamide (2-1a) (124 mg, 92%).

'H NMR (400 MHz, CDCl3): & 8.47 (s, 1H), 7.41 (t, J= 7.5 Hz, 2H), 7.26 (t, J = 7.5 Hz, 1H), 7.16 (d, J = 8.0 Hz,
2H), 3.31 (s, 3H) ppm.

13C {'H} NMR (100 MHz, CDCls): & 162.4, 142.2, 129.6, 126.4, 122.4, 32.1 ppm.

N-(4-Methoxyphenyl)-N-methylformamide (2-2a)

I\I/Ie

N (0]
oT
MeO H

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-methoxy-N-methylaniline (137 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and CHsCN (3 mL) were added in a
glove box under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature.
After 4 h reaction in a 25°C, CO was released slowly. The solvent was removed in vacuo and re-dissolved in 30
mL dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-(4-methoxyphenyl)-N-methylformamide (2-2a) (140
mg, 85%).

'H NMR (400 MHz, CDCls): 6 8.31 (s, 1H), 7.07 (d, J = 9.1 Hz, 2H), 6.91 (d, J = 9.1 Hz, 2H), 3.8 (s, 3H), 3.3 (s,
3H) ppm.

BC{*H} NMR (100 MHz, CDCls): 6 162.5, 158.3, 135.2, 124.7, 114.8, 55.6, 32.7 ppm.
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N-(4-Methylphenyl)-N-methylformamide (2-3a)

I\I/Ie

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-methyl-N-methylaniline (121 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 4 h
reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-(4-methylyphenyl)-N-methylformamide (2-3a) (143
mg, 96%).

'H NMR (400 MHz, CDCLs): & 8.41 (s, 1H), 7.20 (d, J = 8.2 Hz, 2H), 7.05 (d, J = 8.4 Hz, 2H), 3.28 (s, 3H), 2.36
(s, 3H) ppm.

13C {'H} NMR (100 MHz, CDCl:): 8 162.4, 139.7, 136.4, 130.2, 122.6, 32.3, 20.9 ppm.

N-(4-chlorophenyl)-N-methylformamide (2-4a)

I\I/Ie

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-chloro-N-methylaniline (141 mg, 1 mmol), PhSiHz (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 4 h
reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-(4-chlorophenyl)-N-methylformamide (2-4a) (125
mg, 74%).

'H NMR (400 MHz, CDCl3): & 8.41, 8.31 (s, total 1H), 7.40-7.29 (m, 2H), 7.12-7.07 (m, 2H), 3.30, 3.26 (s, total
3H) ppm.

13C {'H} NMR (100 MHz, CDCls): & 162.0, 140.8, 132.0, 129.8, 123.5, 32.0 ppm.
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N-(3-Methylphenyl)-N-methylformamide (2-5a)

I\I/Ie

Me N.__O
T

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)

3-methyl-N-methylaniline (121 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove

box under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 4 h

reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL

dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column

chromatography (eluent: n-hexane and ethyl acetate) to give N-(3-methylyphenyl)-N-methylformamide (2-5a) (141

mg, 95%).

H NMR (400 MHz, CDCls): & 8.43 (s, 1H), 7.30-7.22 (m, 1H), 7.09-7.03 (m, 1H), 6.97-6.92 (m, 2H), 3.28 (s, 3H),

2.36 (s, 3H) ppm.

3C {!H} NMR (100 MHz, CDCl3):  162.3, 142.2, 139.7 129.4, 127.2, 123.1, 119.4, 32.0, 21.4 ppm.

N-Ethyl-N-phenylformamide (2-6a)

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-ethylaniline (121 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 4 h reaction in
a 25°C, CO was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-Ethyl-N-phenylformamide (2-6a) (140 mg, 94%).

'H NMR (400 MHz, CDCls): & 8.35 (s, 1H), 7.43-7.38 (m, 2H), 7.32-7.26 (m, 1H), 7.18-7.15 (m, 2H), 3.86 (q, J =
7.2 Hz, 2H), 1.6 (t, J= 7.2 Hz, 3H) ppm.

13C {'H} NMR (100 MHz, CDCls): & 162.1, 140.8, 129.7, 126.9, 124.3, 40.1, 13.1 ppm.
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N- Isopropyl-N-phenylformamide (2-7a)

:Pr

N__O
S
To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-isopropylaniline (135 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove box
under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 24 h
reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Isopropyl-N-phenylformamide (2-7a) (107 mg, 66%).
'H NMR (400 MHz, CDCl3): & 8.37, 8.12 (s, and s, total 1H), 7.41-7.29 (m, 3H), 7.13-7.08 (m, 2H), 4.75, 4.01

(hept, J= 6.8 Hz, and hept, J = 6.8 Hz, total 1H), 1.23, 1.15 (d, /= 6.8 Hz, and d, J = 6.8 Hz, total 6H) ppm.
3C {H} NMR (100 MHz, CDCl;): 5 162.5, 138.4, 129.2, 128.9, 128.1, 45.8, 20.9 ppm.

N-Butyl-N-phenylformamide (2-8a)

rI‘Bu

N__O
SR
To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-butylaniline (149 mg, 1 mmol), PhSiH; (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 4 h reaction in
a 25°C, CO was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-Butyl-N-phenylformamide (2-8a) (141 mg, 80%).
'H NMR (400 MHz, CDCl3): & 8.37 (s, 1H), 7.44-7.39 (m, 2H), 7.32-7.27 (m, 1H), 7.19-7.15 (m, 2H), 3.82 (t, J =
7.6 Hz, 2H), 1.57-1.48 (m, 2H), 1.37-1.26 (m, 2H), 0.92-0.86 (m, 3H) ppm.
13C {'H} NMR (100 MHz, CDCls): & 162.4, 141.1, 129.6, 126.8, 124.2, 44.8, 29.7, 20.0, 13.7 ppm.
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N-Vinyl-N-phenylformamide (2-9a)

)

NYO

O
To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-vinylaniline (119 mg, 1 mmol), PhSiHz (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 4 h reaction in
a 25°C, CO was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-Vinyl-N-phenylformamide (2-9a) (128 mg, 80%).
'H NMR (400 MHz, CDCl;): & 8.51, 8.40 (s, total 1H), 7.44-7.37 (m, 2H), 7.33-7.28 (m, 1H), 7.23-7.20 (m, 2H),

5.92-5.82 (m, 1H), 5.25-5.18(m, 2H), 4.44, 4.31 (d, J = 5.8 Hz, total 2H) ppm.
13C {'H} NMR (100 MHz, CDCls): & 162.0, 141.2, 132.5, 129.6, 126.7, 123.5, 117.6, 47.9 ppm.

1-Indolinecarboxaldehyde (2-10a)

oy

o

H

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
indoline (119 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove box under nitrogen.
The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 4 h reaction in a 25°C,
CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane washed
with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent: n-hexane
and ethyl acetate) to give 1-Indolinecarboxaldehyde (2-10a) (107 mg, 73%).

'H NMR (400 MHz, CDCL3): & 8.88, 8.47, 8.04 (s, s, and d, J = 8.3 Hz, total 1H), 7.24-7.09 (m, 3H), 7.05-6.99 (m,
1H), 4.10-3.97 (m, 2H), 3.17-3.05 (m, 2H) ppm.

13C {'H} NMR (100 MHz, CDCls): 8 157.5, 141.0, 131.9, 127.5, 126.0, 124.2, 109.4, 44.6. 27.1 ppm.
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1-Quinolinecarboxaldehyde (2-11a)

()

A

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)

H™ "0

quinoline (133 mg, 1 mmol), PhSiHz (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 4 h reaction in
a 25°C, CO was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give 1-Quinolinecarboxaldehyde (2-11a) (140 mg, 87%).

TH NMR (400 MHz, CDCls): & 8.73, 8.26 (s, and m, 1H, total 1H), 7.20-6.99 (m, 4H), 3.75, 3.60 (t, J= 6.2 Hz, and
t,J = 6.2 Hz, total 2H), 2.76, 2.84 (t, /= 6.4 Hz, and t, J = 6.4 Hz, total 2H), 2.01-1.93, (m, 2H) ppm

3C {H} NMR (100 MHz, CDCl;): § 161.1, 137.2, 129.6, 128.9, 127.1, 124.6, 117.0, 40.3, 27.1, 22.3 ppm.

N, N-Dicyclohexylformamide (2-12a)

2.
T

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
dicyclohexylamine (181 mg, 1 mmol), PhSiHs (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove box
under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 8 h
reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N, N-Dicyclohexylformamide (2-12a) (196 mg, 94%).
'H NMR (400 MHz, CDCLs): & 8.21 (s, 1H), 3.99-3.89 (m, 1H), 3.11-3.00 (m, 1H), 1.91-1.05 (m, 20H) ppm.

13C {'H} NMR (400 MHz, CDCls): 8 161.7, 55.1, 52.6, 34.6, 30.4, 26.3, 25.9, 25.4, 25.3 ppm.
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Dibenzylformamide (2-13a)

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
dibenzylamine (197 mg, 1 mmol), PhSiH; (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO (0.5 MPa) at room temperature. After 4 h reaction in
a 25°C, CO was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give Dibenzylformamide (2-13a) (164 mg, 73%).

'H NMR (400 MHz, CDCl3): § 8.42 (s, 1H), 7.40-7.18 (m, 10H), 4.42 (s, 2H), 4.26 (s, 2H) ppm.

3C {'H} NMR (CDCl3, 100 MHz): § 162.9, 136.0, 135.6, 128.9, 128.7, 128.5, 128.2, 127.7, 127.6, 50.3, 44.7 ppm.

N-Formylation of primary amides
N-Formylbenzamide (2-1b)

Y
To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
benzamide (60.5 mg, 0.5 mmol), PhSiH; (108 mg, 1 mmol), and CHsCN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 24 h reaction
ina 25°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-Formylbenzamide (2-1b) (55 mg, 74%).
'H NMR (400 MHz, CDCl3): 8 9.86 (s, 1H), 8 9.41 (d, J= 5.3 Hz, 1H), 7.98 (d, J = 3.7 Hz, 2H), 7.70-7.63 (m, 2H),
7.57-7.51 (m, 2H) ppm.
13C {'H} NMR (100 MHz, CDCl:): & 166.8, 165.1, 134.0, 131.1, 129.1, 128.2 ppm.
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N-Formyl-4-methylbenzamide (2-2b)

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-methylbenzamide (67.5 mg, 0.5 mmol), PhSiHz (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24
h reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-4-methylbenzamide (2-2b) (61 mg, 75%).
'H NMR (400 MHz, CDCls): & 9.89 (d, J=4.7 Hz, 1H), 9.38 (d, J= 4.7 Hz, 1H), 7.89-7.85 (m, 2H), 7.35-7.31 (m,
2H), 2.44 (s, 3H) ppm.

13C {'H} NMR (100 MHz, CDCl;): 8 166.6, 164.8, 145.0, 129.8, 128.3, 128.2, 21.7 ppm.

N-Formyl-2-methylbenzamide (2-3b)

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
2-methylbenzamide (67.5 mg, 0.5 mmol), PhSiH3z (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24
h reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-2-methylbenzamide (2-3b) (60 mg, 74%).
'H NMR (400 MHz, CDCl3): 8 9.24 (d, J = 10.1 Hz, 1H), 8.57 (br, 1H), 7.51-7.43 (m, 2H), 7.34-7.28 (m, 2H), 2.53
(s, 3H) ppm.

13C {!H} NMR (100 MHz, CDCl;): 5 168.6, 163.3, 138.4, 132.2, 132.0, 132.0, 127.3, 126.2, 20.3 ppm.
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N-Formyl-2-ethoxybenzamide (2-4b)

OEt
I
To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
2-ethoxybenzamide (82.5 mg, 0.5 mmol), PhSiH; (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24
h reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-2-ethoxybenzamide (2-4b) (68 mg, 71%).
'H NMR (CDCl3, 400 MHz): & 10.34 (br, 1H), 9.38 (d, J = 9.9 Hz, 1H), 8.19 (dd, J = 8.0 and 1.9), 7.57-7.52 (m,
1H), 7.13-7.07 (m, 1H), 7.00 (d, J = 8.7 Hz, 1H), 4.25 (q, J = 7.0 Hz, 2H), 1.56 (t, J = 7.0 Hz, 3H) ppm.
13C {'H} NMR (CDCl3, 100 MHz): & 165.3, 163.1, 157.9, 135.4, 132.7, 121.7, 118.9, 112.7, 65.3, 14.6 ppm.

N-Formyl-3-phenylpropenamide (2-5b)

Ol o

O H
To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
3-phenylpropenamide (73.5 mg, 0.5 mmol), PhSiH3 (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24
h reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-3-Phenylpropenamide (2-5b) (48 mg, 55%).
'H NMR (400 MHz, CDCl3): 8 9.29 (d, J = 4.8 Hz, 1H), 9.13 (s, 1H), 7.88 (d, J = 7.8 Hz, 1H), 7.61-7.56 (m, 2H),
7.48-7.40 (m, 3H), 6.51 (d, J= 7.8 Hz, 1H) ppm.
13C {'H} NMR (100 MHz, CDCl:): & 156.5, 164.5, 146.6, 133.7, 131.2, 129.1, 128.6, 118.0 ppm.
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N-Formylacetamide (2-6b)

WH 0

T

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
acetamide (29.5 mg, 0.5 mmol), PhSiH3 (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24 h reaction
in a 25°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-Formylacetamide (2-6b) (37 mg, 86%).

'H NMR (CDCls, 400 MHz): § 9.08 (d, J= 9.2 Hz, 1H), 8.90 (br, 1H), 2.20 (s, 3H) ppm.

13C {'H} NMR (CDCl3, 100 MHz): & 170.5, 162.3, 23.7 ppm.

N-Formylation of secondary amides
N-Formyl-N-phenylacetamide (2-1c)
o)

NYO

O

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-phenylacetamide (135 mg, 1 mmol), PhSiH3z (108 mg, 1 mmol), and toluene (3 mL) were added in a glove box
under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24 h
reaction in a 100°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-N-phenylacetamide (2-1c) (142 mg, 87%).
'H NMR (400 MHz, CDCLs): § 9.57 (s, 1H), 7.52-7.43 (m, 3H), 7.18-7.14 (m, 2H), 2.06 (s, 2H) ppm.

13C {'H} NMR (100 MHz, CDCls): 8 172.9, 162.5, 135.6, 130.0, 129.5, 128.4, 24.4 ppm.
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N-Formyl-N-(4-methylphenyl)acetamide (2-2c)
O

o

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-(4-Methylphenyl)acetamide (149 mg, 1 mmol), PhSiH; (108 mg, 1 mmol), and toluene (3 mL) were added in a
glove box under nitrogen. The autoclave was sealed tightly and filled with CO» (0.5 MPa) at room temperature.
After 24 h reaction in a 100°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30
mL dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-N-(4-methylphenyl)acetamide (2-2c¢) (161
mg, 91%).

H NMR (400 MHz, CDCLs): § 9.57 (s, 1H), 7.34-7.30 (m, 2H), 7.08-7.04 (m, 2H), 2.43 (s, 3H), 2.09 (s, 3H) ppm.
13C {'H} NMR (100 MHz, CDCls): & 173.1, 162.6, 139.6, 132.9, 130.6, 128.1, 24.4, 21.2 ppm.

N-Formyl-N-(4-ethoxyphenyl)acetamide (2-3c)
o

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-(4-Ethoxyphenyl)acetamide (179 mg, 1 mmol), PhSiH; (108 mg, 1 mmol), and toluene (3 mL) were added in a
glove box under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature.
After 24 h reaction in a 100°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30
mL dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-N-(4-ethoxyphenyl)acetamide (2-3c) (167
mg, 81%).

'H NMR (400 MHz, CDCL3): 8 9.56 (s, 1H), 7.07-7.02 (m, 2H), 6.99-6.94 (m, 2H), 4.05 (q, J = 7.0 Hz, 2H), 2.06
(s, 3H), 1.43 (t, J= 7.0 Hz, 3H) ppm.

13C {'H} NMR (100 MHz, CDCls): 8 173.4, 162.6, 159.5, 129.4, 127.8, 115.6, 63.8, 24.3, 14.7 ppm.
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N-Formyl-N-phenylbenzamide (2-4c)

o L

©/NYO
H

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-phenylbenzamide (197 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (3 mL) were added in a glove box
under nitrogen. The autoclave was sealed tightly and filled with CO (0.5 MPa) at room temperature. After 24 h
reaction in a 100°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-N-phenylbenzamide (2-4c) (196 mg, 87%).
'H NMR (400 MHz, CDCls): 6 9.46 (s, 1H), 7.58-7.13 (m, 10H) ppm.
13C {'H} NMR (100 MHz, CDCl:): 8 171.8, 163.4, 135.6, 133.2, 132.3, 129.4, 128.5, 128.1 ppm.

N-Formyl-N-phenylpentadecanamide (2-5c)

o
T
To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-phenylpentadecanamide (317 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24
h reaction in a 100°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-N-phenylpentadecanamide (2-5¢) (327 mg,
99%).
'H NMR (400 MHz, CDCl3,): 8 9.60 (s, 1H), 7.53-7.45 (m, 3H), 7.17-7.13 (m, 2H), 2.22 (t, J = 7.3 Hz, 2H),1.65-
1.56 (m, 2H), 1.29-1.19 (m, 20H), 0.88 (t, J = 6.8 Hz, 3H) ppm.

13C {'H} NMR (100 MHz, CDCls,): § 175.7, 162.6, 135.3, 130.0, 129.4, 128.6, 36.1, 31.9, 29.7, 29.6, 29.6, 29.5,
29.4,29.4,29.3,28.9,24.1,22.7, 14.1 ppm.
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N-Formylation of carbamates
N-Formyl-methyl N-phenylcarbamate (2-1d)

O OMe

©/NYO
H

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
methyl N-phenylcarbamate (151 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24
h reaction in a 100°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-methyl N-phenylcarbamate (2-1d) (130 mg,
73%).
'H NMR (400 MHz, CDCLs): § 9.47 (s, 1H), 7.48-7.39 (m, 3H), 7.17-7.13 (m, 2H), 3.86 (s, 3H) ppm.
13C {'H} NMR (100 MHz, CDCl;): 8 162.7, 154.5, 134.0, 129.3, 128.9, 128.2, 54.2 ppm.

N-Formyl-methyl N-(4-methylphenyl)carbamate (2-2d)

Os_-OMe

e

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
methyl N-(4-methylphenyl)carbamate (165 mg, 1 mmol), PhSiH; (108 mg, 1 mmol), and toluene (3 mL) were added
in a glove box under nitrogen. The autoclave was sealed tightly and filled with CO- (0.5 MPa) at room temperature.
After 24 h reaction in a 100°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30
mL dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-methyl N-(4-methylphenyl)carbamate (2-
2d) (152 mg, 79%).
'H NMR (400 MHz, CDCls):  9.46 (s, 1H), 7.26 (d, J = 8.0, 2H), 7.03 (d, J = 8.0, 2H), 3.86 (s, 3H), 2.39 (s, 3H)

13C {'H} NMR (100 MHz, CDCL): & 162.9, 154,7, 139.0, 131.3, 130.1, 129.6, 127.9, 54.2, 21.2 ppm.
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N-Formyl-methyl N-(4-methoxyphenyl)carbamate (2-3d)
O+_OMe
T
IO
MeO H

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
methyl N-(4-methoxyphenyl)carbamate (181 mg, 1 mmol), PhSiHz (108 mg, 1 mmol), and toluene (3 mL) were
added in a glove box under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room
temperature. After 24 h reaction in a 100°C, CO; was released slowly. The solvent was removed in vacuo and re-
dissolved in 30 mL dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica
gel column chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-methyl N-(4-
methoxyphenyl)carbamate (2-3d) (175 mg, 84%).

'H NMR (400 MHz, CDCLs): 6 9.45 (s, 1H), 7.08-7.04 (m, 2H), 6.97-6.93 (m, 2H), 3.85 (s, 3H),3.82 (s, 3H) ppm.
13C {'H} NMR (100 MHz, CDCl:): & 163.0, 159.7, 154.8, 129.2, 126.5, 114.6, 114.3, 55.5, 54.2 ppm.

N-Formyl-methyl N-(4-chlorophenyl)carbamate (2-4d)
O+_OMe
P
T
cl :

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
methyl N-(4-chlorophenyl)carbamate (185 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (3 mL) were added
in a glove box under nitrogen. The autoclave was sealed tightly and filled with CO- (0.5 MPa) at room temperature.
After 24 h reaction in a 100°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30
mL dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-methyl N-(4-chlorophenyl)carbamate (2-4d)
(157 mg, 74%).

'H NMR (400 MHz, CDCl3): § 9.45 (s, 1H), 7.45-7.41 (m, 2H), 7.11-7.07 (m, 2H), 3.87 (s, 3H) ppm.

13C {'H} NMR (100 MHz, CDCl:): & 162.5, 154.1, 134.9, 132.4, 129.6, 129.6, 54.3 ppm.
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N-Formyl-ethyl N-phenylcarbamate (2-5d)

(e} OEt
©/N\[70

H

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
ethyl N-phenylcarbamate (165 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24
h reaction in a 120°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-ethyl N-phenylcarbamate (2-5d) (121 mg,
63%).
'H NMR (400 MHz, CDCL3): & 9.47 (s, 1H), 7.49-7.39 (m, 3H), 7.17-7.13 (m, 2H), 4.33 (q, J = 7.0 Hz, 2H), 1.29
(t, J=7.0 Hz, 3H) ppm.
13C {'H} NMR (100 MHz, CDCl:): & 162.8, 153.9, 134.1, 129.2, 128.8, 128.2, 63.7, 14.2 ppm.

N-Formyl-isopropyl N-phenylcarbamate (2-6d)

Oy OPr

N._O

S

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
isopropyl N-phenylcarbamate (179 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (3 mL) were added in a
glove box under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature.
After 24 h reaction in a 120°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30
mL dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-isopropyl N-phenylcarbamate (2-6d) (159
mg, 77%).

'H NMR (400 MHz, CDCls): § 9.46 (s, 1H), 7.48-7.37 (m, 3H), 7.16-7.12 (m, 2H), 5.13 (sept, J = 6.3 Hz, 1H), 1.28
(d, J=6.3 Hz, 6H) ppm.

13C {'H} NMR (100 MHz, CDCls): & 162.9, 153.4, 134.2, 129.1, 128.6, 128.2, 72.1, 21.7 ppm.
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Mono-N-formylation of primary amines
(Products 2-1e~2-6e contains conformational isomers.)

N-Phenylformamide (2-1¢)

NYO
(T

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
aniline (93mg, 1 mmol), PhSiH3 (216 mg, 2 mmol), and CH3CN (3 mL) were added in a glove box under nitrogen.
The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 4 h reaction in a 25°C,
CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane washed
with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent: n-hexane
and ethyl acetate) to give N-Phenylformamide (2-1¢) (89 mg, 74%).

'"H NMR (400 MHz, CDCl3): § 9.35, 8.74 (br and br, total 1H), 8.71, 8.31 (d, J = 11.6, and d, J = 1.8, total 1H),
7.61-7.56 (m, 1H), 7.36-7.55 (m, 2H), 7.20-7.08 (m, 2H) ppm.

3C {H} NMR (100 MHz, CDCl;): 8 163.4, 160.0, 137.2, 137.0, 129.7, 129.1, 125.3, 124.8, 120.3, 118.8 ppm.

N-Benzylformamide (2-2¢)

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
benzylamine (107 mg, 1 mmol), PhSiH3 (216 mg, 2 mmol), and CH3CN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 4 h reaction in
a 25°C, CO was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-Benzylformamide (2-2e) (131 mg, 97%).

'H NMR (400 MHz, CDCl3)): & 8.23, 8.15 (s, and d, J= 11.8, total 1H), 7.40-7.22 (m, 5H), 6.07 (br, 1H), 4.46, 4.39
(d, J=6.45,and d, J = 6.45, total 2H) ppm.

13C {'H} NMR (100 MHz, CDCl:): & 161.0, 137.6, 128.8, 127.8, 127.7, 42.2 ppm.
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N-(4-Chlorophenyl)formamide (2-3e)

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-chlorobenzenamine (127 mg, 1 mmol), PhSiHz (216 mg, 2 mmol), and CH3sCN (3 mL) were added in a glove box
under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 3 h
reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-(4-Chlorophenyl)formamide (2-3e) (105 mg, 68%).
'H NMR (400 MHz, CDCls): & 8.64, 8.37 (d, J = 11.44 Hz, and s, total 1H), 7.49 (d, J = 8.92, 1H), 7.35-7.27 (m,
2H), 7.02 (d, J = 8.77, 1H) ppm.

3C {H} NMR (100 MHz, CDCl3): § 162.5, 159.1, 135.4, 135.3, 130.8, 129.9, 129.9, 129.2, 121.2, 120.1 ppm.

N-(3-Methoxyphenyl)formamide (2-4¢)

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
3-methoxybenzenamine (123 mg, 1 mmol), PhSiHs (216 mg, 2 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 1 h
reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-(3-Methoxyphenyl)formamide (2-4¢) (87 mg, 58%).
'H NMR (400 MHz, CDCl3): & 8.63, 8.26 (s, and d, J = 1.73 Hz, total 1H), 8.61, 7.81(br, and br, total 1H) 7.26-7.09
(m, 1.5H), 6.97-6.93 (m, 0.5H), 6.66-6.53 (m, 2H), 3.71 (d, J = 2.30, 3H) ppm.

3C {'H} NMR (100 MHz, CDCl3): & 162.3, 160.7, 160.1, 159.4, 138.2, 138.0, 130.6, 129.8, 112.2, 110.9, 110.5,
110.4, 106.0, 104.9, 55.4, 55.3 ppm.
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N-(4-Methoxyphenyl)formamide (2-5¢)

H

I
N (0]
O
MeO H

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-methoxybenzenamine (123 mg, 1 mmol), PhSiH3 (216 mg, 2 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 4 h
reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-(4-Methoxyphenyl)formamide (2-5¢) (98 mg, 65%).
'"H NMR (100 MHz, CDCls): 8 8.51, 8.31 (d, J = 11.54 Hz, and d, J = 1.87 Hz, total 1H), 7.44 (d, J=9.13, 1H),
7.03 (d, J=8.91, 1H), 6.90-6.83 (m, 2H), 3.79 (d, J = 6.00, 3H) ppm.

BC {'H} NMR (100 MHz, CDCls): 6 163.2, 159.0, 157.6, 156.7, 130.0, 129.6, 121.8, 121.6, 114.9, 114.2, 55.6,
55.5 ppm.

N-(4-Methylphenyl)formamide (2-6e)

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-methylbenzenamine (107 mg, 1 mmol), PhSiH; (216 mg, 2 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 2 h
reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-(4-Methylphenyl)formamide (2-6e) (86 mg, 64%).
'H NMR (400 MHz, CDCL3): & 8.62, 8.35 (d, J = 11.35 Hz, and br, total 1H), 7.42 (d, J = 8.72, 1H), 7.15 (t, J =
8.54, 2H), 6.97 (d, J = 8.01, 1H), 2.32 (d, J = 6.47, 3H) ppm.

BC {'H} NMR (100 MHz, CDCls): 6 162.9, 159.3, 135.2, 134.6, 134.2, 134.1, 130.2, 129.6, 120.2, 119.2, 20.9,
20.8 ppm.
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Double-N-formylation of primary amines
N-Formyl-N-phenylformamide (2-1f)
H.__O

NYO

SR

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
aniline (46.5 mg, 0.5 mmol), PhSiH; (216 mg, 2 mmol), and CHsCN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24 h reaction
in a 25°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-Formyl-N-phenylformamide (2-1f) (67 mg, 90%).

'H NMR (400 MHz, CDCLs): & 8.98 (br, 2H), 7.52-7.38 (m, 3H), 7.22-7.13 (m, 2H) ppm.

13C {'H} NMR (100 MHz, CDCl;): & 163.3, 129.6, 129.3, 127.3 ppm.

N-benzyl-N-formylformamide (2-2f)

¥

H
To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
benzylamine (53.5 mg, 0.5 mmol), PhSiH3 (216 mg, 2 mmol), and CH3CN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 24 h reaction
ina 25°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-benzyl-N-formylformamide (2-2f) (69 mg, 85%).

'H NMR (400 MHz, CDCL): § 8.79 (s, 2H), 7.39-7.23 (m, SH), 4.76(s, 2H) ppm.
13C {'H} NMR (100 MHz, CDCL): & 164.2, 135.6, 128.8, 128.7, 128.0, 42.1 ppm.
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N-Formyl-N-(4-chlorophenyl)formamide (2-3f)

H._O

o

AT
To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-chlorobenzenamine (63.5 mg, 0.5 mmol), PhSiH3 (216 mg, 2 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24
h reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-N-(4-Chlorophenyl)formamide (2-3f) (67
mg, 73%).
'H NMR (400 MHz, CDCl3): § 9.02 (br, 2H), 7.44 (d, J= 8.1, 2H), 7.14 (d, J = 7.9, 2H) ppm.
13C {'H} NMR (100 MHz, CDCl;): & 162.7, 135.3, 129.8, 128.7 ppm.

N-Formyl-N-(3-methoxyphenyl)formamide (2-4f)
H.__O

MeO N\fO

U
To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
3-methoxybenzenamine (61.5 mg, 0.5 mmol), PhSiH3 (216 mg, 2 mmol), and CH3sCN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24
h reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-N-(3-methoxyphenyl)formamide (2-4f) (74
mg, 83%).
'H NMR (100 MHz, CDCl3): 8 9.09 (br, 2H), 7.40 (d, J = 8.23, 1H), 7.01-6.97 (m, 1H), 6.82-6.79 (d, J=7.92, 1H),
7.76 (br, 1H), 3.82 (s, 3H) ppm.
13C {'H} NMR (100 MHz, CDCls): & 162.8, 160.5, 130.4, 119.4, 115.0, 113.2, 55.5 ppm.
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N-Formyl-N-(4-methoxyphenyl)formamide (2-5f)
YO

N\fo
Meo/©/ :

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-methoxybenzenamine (61.5 mg, 0.5 mmol), PhSiH; (216 mg, 2 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24

H

h reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-N-(4-methoxyphenyl)formamide (2-5f) (79
mg, 89%).

'H NMR (400 MHz, CDCl3): 6 9.06 (br, 2H), 7.13 (d, J = 8.78, 2H), 6.99 (d, J = 8.94, 2H), 3.83 (s, 3H) ppm.

13C {'H} NMR (100 MHz, CDCls): & 163.2, 160.1, 128.5, 114.9, 55.6 ppm.

N-Formyl-N-(4-methylphenyl)formamide (2-6f)

H.__O

1

AT
To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-methylbenzenamine (53.5 mg, 0.5 mmol), PhSiH3 (216 mg, 2 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24
h reaction in a 25°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Formyl-N-(4-methylphenyl)formamide (2-6f) (75
mg, 92%).
'H NMR (400 MHz, CDCl3): 6 9.01 (br, 2H), 7.28 (d, J = 8.72, 1H), 7.08 (d, J = 8.25, 2H), 2.38 (s, 3H) ppm.
13C {'H} NMR (100 MHz, CDCls): & 163.3, 139.5, 130.3, 127.1, 21.2 ppm.
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N-Methylation of secondary amines
N,N-Dimethylaniline (2-1g)

I\I/Ie

N.
©/ Me

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-methylaniline (107 mg, 1 mmol), Ph,SiH; (736 mg, 4 mmol), and CH3sCN (3 mL) were added in a glove box
under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 24 h
reaction in a 120°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N,N-Dimethylaniline (2-1g) (110 mg, 92%).

'H NMR (400 MHz, CDCL): & 7.30 (t, J = 7.6 Hz, 2H), 6.80 (m, 3H), 7.16 (d, J = 8.0 Hz, 2H), 2.99 (s, 6H) ppm.
13C {'H} NMR (400 MHz, CDCl;): 8 150.6, 129.4, 116.8, 112.8, 40.7 ppm.

4-Methoxy-/N,N-dimethylaniline (2-2g)

l\(le

N.
/©/ Me
MeO

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-methoxy-N-methylaniline (137 mg, 1 mmol), Ph,SiH, (736 mg, 4 mmol), and CH3CN (3 mL) were added in a
glove box under nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature.
After 24 h reaction in a 120°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30
mL dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give 4-Methoxy-N,N-dimethylaniline (2-2g) (139 mg, 92%).
'H NMR (400 MHz, CDCL): & 6.87-6.82 (m, 2H), 6.78-6.73 (m, 2H), 3.76 (s, 3H), 2.87 (s, 6H) ppm.

13C {'H} NMR (100 MHz, CDCls): & 152.0, 145.8, 114.9, 114.7, 55.8, 41.8 ppm.
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4-Methyl-N,V-dimethylaniline (2-3g)

I\I/Ie

N.
)ﬁj e
Me

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-methyl-N-methylaniline (121 mg, 1 mmol), Ph2SiH2 (736 mg, 4 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24
h reaction in a 120°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give 4-Methyl-N,N-dimethylaniline (2-3g) (119 mg, 88%).
'H NMR (400 MHz, CDCL3): § 7.06 (d, J = 8.5 Hz, 2H), 6.71 (d, J = 8.5 Hz, 2H), 2.91 (s, 6H), 2.27 (s, 3H) ppm.
13C {'H} NMR (100 MHz, CDCls): & 148.9, 129.7, 126.3, 113.4, 41.2, 20.3 ppm.

4-Methyl-N,N-dimethylaniline (2-4g)

N.
/©/ Me
Cl

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
4-chloro-N-methylaniline (141 mg, 1 mmol), Ph,SiH; (736 mg, 4 mmol), and CH3CN (3 mL) were added in a glove
box under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24
h reaction in a 120°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give 4-chloro-N,N-dimethylaniline (2-4g) (97 mg, 63%).
'H NMR (400 MHz, CDCL3): & 7.17 (d, J = 9.2 Hz, 2H), 6.64 (d, J= 9.2 Hz, 2H), 2.92 (s, 6H) ppm.

13C {'H} NMR (100 MHz, CDCl:): & 149.2, 128.8, 121.4, 113.7, 40.7 ppm.
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N-Butyl-N-methylaniline (2-5g)

'I‘Bu

N.
©/ Me

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-butylaniline (149 mg, 1 mmol), Ph;SiH; (736 mg, 4 mmol), and CH3sCN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 24 h reaction
ina 120°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-Butyl-N-methylaniline (2-5g) (161 mg, 99%).

'H NMR (400 MHz, CDCls): & 7.25 (m, 2H), 6.74-6.67 (m, 3H), 3.33 (t, J = 7.5 Hz, 2H), 2.95 (s, 3H), 1.62-1.55
(m, 2H), 1.42-1.33 (m, 2H), 0.98 (t, J= 7.3 Hz, 3H) ppm.

13C {'H} NMR (100 MHz, CDCls): & 149.4, 129.1, 115.7, 112.1, 52.5, 38.3, 28.9, 20.4, 14.0 ppm.

N-Methyl-N-phenylaniline (2-6g)

N.
©/ Me

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-phenylaniline (169 mg, 1 mmol), Ph,SiH, (736 mg, 4 mmol), and CHsCN (3 mL) were added in a glove box
under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24 h
reaction in a 120°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Methyl-N-phenylaniline (2-6g) (141 mg, 77%).

'H NMR (400 MHz, CDCls,): & 7.46-6.90 (m, 10H), 3.38 (s, 3H) ppm.

13C {'H} NMR (100 MHz, CDCls,): & 149.0, 129.3, 121.3, 120.5, 40.3 ppm.
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N-Methyl-N-vinylaniline (2-7g)

N.
©/ Me

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
N-vinylaniline (119 mg, 1 mmol), Ph,SiH, (736 mg, 4 mmol), and CH3CN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24 h reaction
ina 120°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-Methyl-N-vinylaniline (2-7g) (123 mg, 84%).

'H NMR (400 MHz, CDCl3): & 7.32-7.25 (m, 2H), 6.82-6.73 (m, 3H), 5.97-5.85 (m, 1H), 5.27-5.17 (m, 2H), 3.99-
3.94 (t, 2H), 2.99 (s, 3H) ppm.

13C {'H} NMR (100 MHz, CDCl:):8 149.5, 133.7, 129.1, 116.5, 116.2, 112.5, 55.3, 38.0 ppm.

N-Methylquinoline (2-8g)

)

)
Me

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
quinoline (133 mg, 1 mmol), Ph,SiH, (736 mg, 4 mmol), and CH3;CN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. After 24 h reaction
ina 120°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-Methylquinoline (2-8g) (116 mg, 79%).

'H NMR (400 MHz, CDCls): & 7.12 (t, J=7.8, 1H), 6.99 (d, J=7.5, 1H), 6.68-6.62 (m, 2H), 3.28 (t, J=5.7, 2H), 2.93
(s, 3H), 2.81 (t, J=6.5, 2H), 2.07-1.99 (m, 2H) ppm.

3C {H} NMR (100 MHz, CDCl;): 5 146.8, 128.9, 127.1, 122.9, 116.3, 111.0, 51.3, 39.2, 27.9, 22.5 ppm.
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N-Methylindoline (2-9g)

C

\

Me

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
indoline (119 mg, 1 mmol), Ph,SiH, (736 mg, 4 mmol), and CH3CN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24 h reaction
ina 120°C, CO, was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL dichloromethane
washed with water (30 mL, 3 times). The crude product was purified by silica gel column chromatography (eluent:
n-hexane and ethyl acetate) to give N-Methylindoline (2-9g) (86 mg, 65%).

'H NMR (400 MHz, CDCls): & 7.12-7.07 (m, 2H), 6.69 (t, J=7.3, 1H), 6.51 (d, J = 8.0, 1H), 3.30 (t, /= 8.2, 2H),
2.95 (t, J= 8.2, 2H), 2.77 (m, 3H) ppm.

13C {'H} NMR (100 MHz, CDCls) & 153.4, 130.3, 127.3, 124.3, 117.8, 107.2, 56.2, 36.3, 28.8 ppm.

N-Methyldicyclohexylamine (2-10g)

N.
Ot

To a 10 mL stainless-steel autoclave, Zn(OAc). (3.7 mg, 0.02 mmol), 1,10-Phenanthroline (10.8 mg, 0.06 mmol)
dicyclohexylamine (181 mg, 1 mmol), Ph,SiH2 (736 mg, 4 mmol), and CH3:CN (3 mL) were added in a glove box
under nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. After 24 h
reaction in a 120°C, CO; was released slowly. The solvent was removed in vacuo and re-dissolved in 30 mL
dichloromethane washed with water (30 mL, 3 times). The crude product was purified by silica gel column
chromatography (eluent: n-hexane and ethyl acetate) to give N-Methyldicyclohexylamine (2-10g) (156 mg, 80%).

'H NMR (400 MHz, CDCls): & 2.53-2.41 (m, 2H), 2.21 (s, 3H), 1.81-1.71 (m, 8H), 1.62-1.55 (m, 2H), 1.27-1.00
(m, 10H) ppm.

13C {'H} NMR (100 MHz, CDCls): & 59.4, 32.9, 30.5, 26.3, 26.2 ppm.
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Synthesis of Ph;Si(OCHO);

HCOONa + Ph,SiCl, Ph,Si(OCHO),
10 mL CH,Cl,, 25 °C, 24h
28 mmol 10 mmol Isolated yield,
1.85¢g (6.80 mmol), 68%

PhySiCl (2.5 g, 10 mmol) and HCOONa (1.9 g, 28 mmol) were mixed in CH»Cl, and stirred overnight at room
temperature. The reaction mixture was filter and solvent was removed from the filtrate in vacuo to yield
Ph,Si(OCHO); in 68% yield.

Data of Ph,Si(OCHO),

"H NMR (CDsCN, 400 MHz) 6 8.28 (s, 1H), 7.80 (d, J= 8.0 Hz, 4H), 7.61 (t, J= 8.0 Hz, 2H), 7.52 (t, /= 8.0 Hz,
4H) ppm.

BC {'H} NMR (CDsCN, 100 MHz) § 160.5, 135.8, 133.0, 129.4, 129.2 ppm.

2Si {IH} NMR (CD;CN, 79.5 MHz): 8 —27.7 ppm.
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General Information

Unless stated otherwise, all of the chemicals were purchased from Sigma-Aldrich, Tokyo Chemical Industry or
Wako Chemicals, stored under N2 and used as received. CO, was purchased from Showa Denko Gas Products Co.
Ltd. BPy-PMO and BPy-PMO-TMS were provided by Dr. Shinji Inagaki.

Caution: High pressure CO- gas cylinders should be handled with care and located in an open area with fresh air,
although we did not encounter any accident.

Catalytic reactions were carried out in a 10 mL stainless-steel autoclave with a gas-pressure monitor (max. 10
MPa). All of the oxygen-free operations were done in a glovebox. Reaction mixtures were heated in a Shibata
Chemi-300 Synthesizer. Products were isolated with a Yamazen AI-580 Single Channel Automated Flash
Chromatography System by using n-hexane and ethyl acetate as eluents. *H and *C{*H} NMR spectra were
recorded on a Bruker AVANCE Il NMR spectrometer (*H NMR at 400.1 MHz; 3C{*H} NMR at 100.6 MHz). 3C
cross-polarization (CP) MAS and 2°Si dipolar decoupling (DD) MAS NMR measurements were performed using
ZrO- rotor at a sample spinning frequency of 8 kHz using a Bruker AVANCE |1 NMR spectrometer (3C CP/MAS
NMR at 100.6 MHz; #*Si DD/MAS NMR at 79.49 MHz). Energy-dispersive X-ray spectrometry (EDX) was
performed using a Shimadzu EDX-800HS instrument. Nitrogen adsorption and desorption isotherms were measured
using a MicrotracBEL BELSORP mini instrument. BET surface areas were calculated from the linear sections of
BET plots (P/Po = 0.1-0.2). Pore-size distributions were calculated using the BJH method.
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Immobilization of Zn(OAc), on BPy-PMO-TMS

AcO
 OAc
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Zn(OACc)2(BPy-PMO-TMS) (cat. 3-1)

BPy-PMO-TMS (200 mg) was suspended in dry MeOH (25 mL) and stirred at room temperature for 1 h. A solution
of zinc acetate (33 mg, 0.18 mmol) in MeOH (10 mL) was added dropwise to the suspension, and the mixture was
stirred at room temperature for 2 h and then stirred at 60 °C for 24 h. The resulting suspension was filtered and
washed with dry MeOH. The solid obtained was dried under reduced pressure to give cat. 3-1 as a white powder
(192 mg).

Zn(OAC)2(BPy-PMO-TMS) (cat. 3-2)

BPy-PMO-TMS (200 mg) was suspended in dry MeOH (25 mL) and stirred at room temperature for 1 h. A solution
of zinc acetate (11 mg, 0.06 mmol) in MeOH (10 mL) was added dropwise to the suspension, and the mixture was
stirred at room temperature for 2 h and then stirred at 60 °C for 24 h. The resulting suspension was filtered and
washed with dry MeOH. The solid obtained was dried under reduced pressure to give cat. 3-2 as a white powder
(163 mg).

Zn(OAC)2(BPy-PMO-TMS) (cat. 3-3)

BPy-PMO-TMS (200 mg) was suspended in dry THF (25 mL) and stirred at room temperature for 1 h. A solution
of zinc acetate (33 mg, 0.18 mmol) in THF (30 mL) was added dropwise to the suspension, and the mixture was
stirred at room temperature for 2 h and then stirred at 60 °C for 24 h. The resulting suspension was filtered and
washed with dry THF. The solid obtained was dried under reduced pressure to give cat. 3-3 as a white powder (205
mg).

Zn(OAC)2(BPy-PMO-TMS) (cat. 3-4)

BPy-PMO-TMS (200 mg) was suspended in dry THF (25 mL) and stirred at room temperature for 1 h. A solution
of zinc acetate (11 mg, 0.06 mmol) in THF (10 mL) was added dropwise to the suspension, and the mixture was
stirred at room temperature for 2 h and then stirred at 60 °C for 24 h. The resulting suspension was filtered and
washed with dry THF. The solid obtained was dried under reduced pressure to give cat. 3-4 as a white powder (202
mg).

Zn(OAC)2(BPy-PMO-TMS) (cat. 3-5)

BPy-PMO-TMS (200 mg) was suspended in dry THF (25 mL) and stirred at room temperature for 1 h. A solution
of zinc acetate (5.5 mg, 0.03 mmol) in THF (5 mL) was added dropwise, to the suspension, and the mixture was
stirred at room temperature for 2 h and then stirred at 60 °C for 24 h. The resulting suspension was filtered and

washed with dry THF. The solid obtained was dried under reduced pressure to give cat. 3-5 as a white powder (195
mg).
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N-Formylation of Nitrogen Nucleophiles with CO, and PhSiH3

N-Methyl-N-phenylformamide (3-1a)

To a 10 mL stainless-steel autoclave, Zn(OAc)2(BPy-PMO-TMS) (cat. 3-4) (35 mg, 1 mol% Zn), N-methylaniline
(107 mg, 1 mmol), PhSiH; (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove box under nitrogen. The
autoclave was sealed tightly and filled with CO. (0.5 MPa) at room temperature. The mixture was heated at 60 °C
for 17 h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane and ethyl acetate)
to give N-Methyl-N-phenylformamide (3-1a) as a colorless oil (108 mg, 80%).

The product exists as two rotational isomers with a ratio of >9:1. The NMR data of the major isomer is provided
below.

'H NMR (400 MHz, CDClg): [1 8.47 (s, 1H), 7.41 (dd, J = 7.5, 7.5 Hz, 2H), 7.27 (t, J = 7.5 Hz, 1H), 7.17 (d, J =
7.5 Hz, 2H), 3.31 (s, 3H) ppm.

BBC{'H} NMR (100 MHz, CDCls): [ 162.4, 142.2, 129.6, 126.4, 122.4, 32.1 ppm.

N-(4-Methoxyphenyl)-N-methylformamide (3-2a)

I\|/Ie

N (@]
J O
H
MeO

To a 10 mL stainless-steel autoclave, Zn(OAc)2(BPy-PMO-TMS) (cat. 3-4) (35 mg, 1 mol% Zn), 4-methoxy-N-
methylaniline (137 mg, 1 mmol), PhSiH3 (108 mg, 1 mmol), and CH3sCN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO, (0.5 MPa) at room temperature. The mixture was
heated at 60 °C for 17 h. After the reaction, the mixture was filtered through a membrane and the solvent was
removed under reduced pressure. The crude product was purified by silica gel column chromatography (eluent: n-
hexane and ethyl acetate) to give N-(4-methoxyphenyl)-N-methylformamide (3-2a) as a colorless oil (142 mg, 86%).
The product exists as two rotational isomers with a ratio of >9:1. The NMR data of the major isomer is provided
below.

'H NMR (400 MHz, CDCly): [ 8.31 (s, 1H), 7.07 (d, J = 9.1 Hz, 2H), 6.91 (d, J = 9.1 Hz, 2H), 3.8 (s, 3H), 3.3 (s,
3H) ppm.

BC{*H} NMR (100 MHz, CDCls): 11 162.5, 158.3, 135.2, 124.7, 114.8, 55.6, 32.7 ppm.
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N-(4-Chlorophenyl)-N-methylformamide (3-3a)

I\Ille
N O
J O
Cl H

To a 10 mL stainless-steel autoclave, Zn(OAc).(BPy-PMO-TMS) (cat. 3-4) (35 mg, 1 mol% Zn), 4-chloro-N-
methylaniline (141 mg, 1 mmol), PhSiHz (108 mg, 1 mmol), and CH3sCN (3 mL) were added in a glove box under
nitrogen. The autoclave was sealed tightly and filled with CO; (0.5 MPa) at room temperature. The mixture was
heated at 60 °C for 24 h. After the reaction, the mixture was filtered through a membrane and the solvent was
removed under reduced pressure. The crude product was purified by silica gel column chromatography (eluent: n-
hexane and ethyl acetate) to give N-(4-chlorophenyl)-N-methylformamide (3-3a) as a colorless oil (135 mg, 80%).
The product exists as two rotational isomers with a ratio of >9:1. The NMR data of the major isomer is provided
below.

'H NMR (400 MHz, CDCls): & 8.44 (s, 1H), 7.38 (d, J = 8.8 Hz, 2H), 7.11 (d, J = 8.8 Hz, 2H), 3.29 (s, 3H) ppm.
BC{*H} NMR (100 MHz, CDCls): § 162.0, 140.7, 132.0, 129.8, 123.5, 32.0 ppm.

Morpholine-4-carbaldehyde (3-4a)
oY
K/NYO

H

To a 10 mL stainless-steel autoclave, Zn(OAc)2(BPy-PMO-TMS) (cat. 3-4) (35 mg, 1 mol% Zn), morpholine (87
mg, 1 mmol), PhSiHz (108 mg, 1 mmol), and CHsCN (3 mL) were added in a glove box under nitrogen. The
autoclave was sealed tightly and filled with CO (0.5 MPa) at room temperature. The mixture was heated at 60 °C
for 17 h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane and ethyl acetate)
to give morpholine-4-carbaldehyde (3-4a) as a colorless oil (101 mg, 88%).

'H NMR (400 MHz, CDCls): & 8.03 (s, H), 3.67 (t, J = 4.6 Hz, 2H), 3.64 (t, J = 4.6 Hz, 2H), 3.55 (t, J = 4.6 Hz,
2H), 3.37 (t, J = 4.6 Hz, 2H) ppm.

BC{*H} NMR (100 MHz, CDCls): 6 160.9, 67.2, 66.4, 45.8, 40.6 ppm.
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N-Phenylformamide (3-5a)

H
|

N\fo

(7

To a 10 mL stainless-steel autoclave, Zn(OAc)2(BPy-PMO-TMS) (cat. 3-4) (35 mg, 1 mol% Zn), aniline (93 mg,
1 mmol), PhSiH3 (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove box under nitrogen. The autoclave
was sealed tightly and filled with CO; (0.5 MPa) at room temperature. The mixture was heated at 60 °C for 17 h.
After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane and ethyl acetate)
to give N-phenylformamide (3-5a) as a colorless solid (85 mg, 70%).

The product exists as two rotational isomers with a ratio of ca. 1:1.

IH NMR (400 MHz, CDCls): 8 9.06 (br d, 0.5H), 8.71 (d, J = 11.6 Hz, 0.5H), 8.34 (d, J = 1.8 Hz, 0.5H), 8.16 (br s,
0.5H), 7.59-7.53 (m, 1H), 7.39-7.28 (m, 2H), 7.20-7.08 (m, 2H) ppm.

BC{*H} NMR (100 MHz, CDCls): 8 163.2, 159.6, 137.0, 136.9, 129.8, 129.1, 125.3, 124.8, 120.1, 118.8 ppm.

Benzylformamide (3-6a)

To a 10 mL stainless-steel autoclave, Zn(OAc)2(BPy-PMO-TMS) (cat. 3-4) (35 mg, 1 mol% Zn), PhSiH; (108 mg,
1 mmol), and CH3CN (3 mL) were added in a glove box under nitrogen. The autoclave was sealed tightly and filled
with CO; (0.5 MPa) at room temperature. The mixture was heated at 60 °C for 17 h. After cooling to room
temperature, benzylamine (107 mg, 1 mmol) was added to the mixture, which was further stirred at room
temperature for 30 min. After the reaction, the mixture was filtered through a membrane and the solvent was
removed under reduced pressure. The crude product was purified by silica gel column chromatography (eluent: n-
hexane and ethyl acetate) to give N-benzylformamide (3-6a) as a colorless solid (116 mg, 86%).

The product exists as two rotational isomers with a ratio of ca. 6:1.

'H NMR (400 MHz, CDCls): 6 8.23, 8.14 (br sand d, J = 11.8 Hz, total 1H), 7.45-7.24 (m, 5H), 6.30 (br, 1H), 4.47,
4.40 (d, J=6.0 Hz, and d, J = 6.5 Hz, total 2H) ppm.

BC{*H} NMR (100 MHz, CDCls): 6 164.8, 161.2, 137.6, 137.5, 128.9, 128.8, 127.8, 127.8, 127.7, 127.0, 45.7, 42.2
ppm.
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N-Formylbenzamide (3-7a)

To a 10 mL stainless-steel autoclave, Zn(OAc)2(BPy-PMO-TMS) (cat. 3-4) (35 mg, 1 mol% Zn), benzamide (121
mg, 1 mmol), PhSiH3z (108 mg, 1 mmol), and CH3CN (3 mL) were added in a glove box under nitrogen. The
autoclave was sealed tightly and filled with CO- (0.5 MPa) at room temperature. The mixture was heated at 100 °C
for 24 h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane and ethyl acetate)
to give N-formylbenzamide (3-7a) as a colorless solid (53 mg, 36%).

IH NMR (400 MHz, CDCl3): & 10.04 (br d, 1H), 9.41 (d, J = 9.7 Hz, 1H), 7.98 (m, 2H), 7.68-7.62 (m, 1H), 7.57-
7.51 (m, 2H) ppm.

BBC{'H} NMR (100 MHz, CDCls): & 166.7, 164.6, 134.0, 131.1, 129.1, 128.0 ppm.

N-Formyl-N-phenylformamide (3-8a)
H.__O

NYO

SR

To a 10 mL stainless-steel autoclave, Zn(OAc)2(BPy-PMO-TMS) (cat. 3-4) (35 mg, 1 mol% Zn), aniline (93 mg,
1 mmol), PhSiH3 (432 mg, 4 mmol), and CH3CN (3 mL) were added in a glove box under nitrogen. The autoclave
was sealed tightly and filled with CO- (0.5 MPa) at room temperature. The mixture was heated at 100 °C for 24 h.
After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane and ethyl acetate)
to give N-formyl-N-phenylformamide (3-8a) as a colorless solid (110 mg, 74%).

IH NMR (400 MHz, CDCl3): & 9.04 (br, 2H), 7.52-7.38 (m, 3H), 7.22-7.13 (br d, 2H) ppm.

BC{'H} NMR (100 MHz, CDCls): & 163.3, 132.7, 129.6, 129.3, 127.4 ppm.
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N-benzyl-N-formylformamide (3-9a)
¥
H

To a 10 mL stainless-steel autoclave, Zn(OAc)2(BPy-PMO-TMS) (cat. 3-4) (35 mg, 1 mol% Zn), PhSiH3 (432 mg,
4 mmol), and CH3CN (3 mL) were added in a glove box under nitrogen. The autoclave was sealed tightly and filled
with CO; (0.5 MPa) at room temperature. The mixture was heated at 60 °C for 17 h. After cooling to room
temperature, benzylamine (107 mg, 1 mmol) was added to the mixture, which was further stirred at 100 °C for 24
h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane and ethyl acetate)
to give N-benzylformamide (3-9a) as a colorless oil (54 mg, 33%).

IH NMR (400 MHz, CDCls): & 8.86 (br s, 2H), 7.48-7.19 (m, 5H), 4.79 (br s, 2H) ppm.
13C{1H} NMR (100 MHz, CDCls): 5 164.0, 135.5, 128.9, 128.7, 128.1, 42.3 ppm.
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HIE

General Information

Alkynes were purchased from Sigma-Aldrich, Tokyo Chemical Industry or Wako Chemicals and distilled prior to
use. Unless stated otherwise, other chemicals were purchased from Sigma-Aldrich, Tokyo Chemical Industry or
Wako Chemicals, stored under N> and used as received. BPy-PMO, BPy-PMO-TMS and BPy-Et-PMO-TMS were
provided by Dr. Shinji Inagaki.

Products were isolated with a Yamazen Al-580 Single Channel Automated Flash Chromatography System by
using n-hexane and ethyl acetate as eluents. *H and *C{*H} NMR spectra were recorded on a Bruker AVANCE III
HD 600 spectrometer (*H NMR at 600 MHz; *C{*H} NMR at 150 MHz; °Si{'H} NMR at 119 MHz). Energy-
dispersive X-ray spectrometry (EDX) was performed using a Shimadzu EDX-800HS instrument. Nitrogen
adsorption and desorption isotherms were measured using a MicrotracBEL BELSORP MAX instrument. BET
surface areas were calculated from the linear sections of BET plots (P/Po = 0.1-0.2). Pore-size distributions were
calculated using the DFT method (DFT kernel: N2 at 77 K on silica, cylindrical pores, nonlinear density functional
theory (NLDFT) equilibrium model).
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Synthesis of BPy-MCM-41-TMS

To a 10 mL two-neck flask connected to a condenser, BPy-C4-Si (50 mg, 0.12 mmol)3!, dry toluene (6 mL) and
MCM-41 (200 mg) were added. Then, trifluoroacetic acid (1 drop) was added and the suspension was refluxed for
24 h. After cooling to room temperature, the suspension was filtered and washed with toluene, methanol, and acetone
to remove unreacted BPy-C4-Si. The resulting solid was extracted with toluene and methanol for 24 h by Soxhlet
extraction, respectively. Then, to a 10 mL one-neck flask with the obtained white powder, dry toluene (0.5 mL) and
N-trimethylsilylimidazole (0.5 mL) were added in a glove box under nitrogen. The one-neck flask was sealed tightly
at room temperature and was heated at 60 °C for 12 h. After dilution with toluene (3 mL), the suspension was filtered
and washed with toluene and methanol. The obtained powder was dried over under reduced pressure to give BPy-
MCM-41-TMS as a white powder (178 mg).

[S1] M. Waki, Y. Maegawa, K. Hara, Y. Goto, S. Shirai, Y. Yamada, N. Mizoshita, T. Tani, W.-J. Chun, S.
Muratsugu, M. Tada, A. Fukuoka, S. Inagaki, J. Am. Chem. Soc., 2014, 136, 4003-4011.

Immobilization of Fe(OACc), on bipyridine-based silica
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Fe(OAC)2(BPY-PMO-TMS) (cat. 4-1)

BPy-PMO-TMS (200 mg) was suspended in dry EtOH (25 mL) and stirred at room temperature for 1 h. A solution
of iron acetate (11 mg, 0.06 mmol) in EtOH (10 mL) was added dropwise to the suspension, and the mixture was
stirred at room temperature for 2 h and then stirred at 60 °C for 15 h. The resulting suspension was filtered and
washed with dry EtOH. The solid obtained was dried under reduced pressure to give cat. 4-1 as a pale pink powder
(197 mg).

Fe(OAC)2(BPY-PMO-TMS) (cat. 4-2)

BPy-PMO-TMS (200 mg) was suspended in dry EtOH (25 mL) and stirred at room temperature for 1 h. A solution
of iron acetate (53 mg, 0.3 mmol) in EtOH (20 mL) was added dropwise to the suspension, and the mixture was
stirred at room temperature for 2 h and then stirred at 60 °C for 15 h. The resulting suspension was filtered and
washed with dry EtOH. The solid obtained was dried under reduced pressure to give cat. 4-2 as a pale pink powder
(220 mg).

Fe(OAc)2(BPy-PMO-TMS) (cat. 4-3)

BPy-PMO (200 mg) was suspended in dry EtOH (25 mL) and stirred at room temperature for 1 h. A solution of
iron acetate (11 mg, 0.06 mmol) in EtOH (10 mL) was added dropwise to the suspension, and the mixture was
stirred at room temperature for 2 h and then stirred at 60 °C for 15 h. The resulting suspension was filtered and
washed with dry EtOH. The solid obtained was dried under reduced pressure to give cat. 4-3 as a pale pink powder
(190 mg).

Fe(OAC)2(BPy-PMO-DMES) (cat. 4-4)

BPy-PMO-DMES (200 mg) was suspended in dry EtOH (25 mL) and stirred at room temperature for 1 h. A solution
of iron acetate (46 mg, 0.25 mmol) in EtOH (20 mL) was added dropwise to the suspension, and the mixture was
stirred at room temperature for 2 h and then stirred at 60 °C for 15 h. The resulting suspension was filtered and
washed with dry EtOH. The solid obtained was dried under reduced pressure to give cat. 4-4 as a pale pink powder
(208 mg).

Fe(OAc)2(BPy-Et-PMO-TMS) (cat. 4-5)

BPy-Et-PMO-TMS (200 mg) was suspended in dry EtOH (25 mL) and stirred at room temperature for 1 h. A
solution of iron acetate (5 mg, 0.025 mmol) in EtOH (10 mL) was added dropwise to the suspension, and the mixture
was stirred at room temperature for 2 h and then stirred at 60 °C for 15 h. The resulting suspension was filtered and
washed with dry EtOH. The solid obtained was dried under reduced pressure to give cat. 4-5 as a pale pink powder
(195 mg).
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Fe(OAC)2(BPy-MCM-41-TMS) (cat. 4-6)

BPy-MCM-41-TMS (100 mg) was suspended in dry EtOH (12.5 mL) and stirred at room temperature for 1 h. A
solution of iron acetate (7.5 mg, 0.43 mmol) in EtOH (10 mL) was added dropwise to the suspension, and the
mixture was stirred at room temperature for 2 h and then stirred at 60 °C for 15 h. The resulting suspension was
filtered and washed with dry EtOH. The solid obtained was dried under reduced pressure to give cat. 4-6 as a pale

pink powder (89 mg).

172



Hydrosilylation of Alkynes

(E)-phenyl(styryl)silane (and phenyl(1-phenylvinyl)silane) (4-1a)

x_ SiH,Ph
©/\/ .

82%, 16:1

SiH,Ph

To a 10 mL test tube with screw cap, Fe(OACc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), phenylacetylene
(81 mg, 0.8 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (1 mL) were added in a glove box under nitrogen. The
test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 2 h. After the reaction, the
mixture was filtered through a membrane and the solvent was removed under reduced pressure. The crude product
was purified by silica gel column chromatography (eluent: n-hexane) to give the product as a colorless oil (137 mg,
82%). It was determined that the ratio of B-trans to oo was 16:1 by "H HMR measurement.

The NMR data of the major isomer is provided below.

IH NMR (600 MHz, CDCls): § 7.67-7.64 (m, 2H), 7.50-7.47 (m, 2H), 7.46-7.35 (m, 5H), 7.33-7.30 (m, 1H), 7.19
(d, J = 19.0 Hz, 1H), 6.54 (dt, J = 19.0, 3.3 Hz, 1H), 4.73 ppm (d, J = 3.3 Hz, 2H).

BC{*H} NMR (150 MHz, CDCls): 5 149.5, 137.9, 135.6, 131.8, 130.0, 128.8, 128.7, 128.3, 126.8, 119.5 ppm.
298i{1H} NMR (119 MHz, CDCls): & -36.4 ppm.

(E)-(4-methylstyryl)(phenyl)silane (and phenyl(1-(p-tolyl)vinyl)silane) (4-2a)

X SiH,Ph
o
Me

Me
82%, > 19:1

SiH,Ph

To a 10 mL test tube with screw cap, Fe(OAc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), 4-
methylphenylacetylene (93 mg, 0.8 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (1 mL) were added in a glove
box under nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 2
h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane) to give the product
as acolorless oil (147 mg, 82%). It was determined that the ratio of B-trans to a was > 19:1 by "H HMR measurement.
The NMR data of the major isomer is provided below.

IH NMR (600 MHz, CDCl3): & 7.67-7.64 (m, 2H), 7.46-7.36 (m, 5H), 7.19-7.13 (m, 3H), 6.46 (dt, J = 19.0, 3.2 Hz,
1H), 4.71 (d, J = 3.2 Hz, 2H), 2.37 ppm (s, 3H).

BC{*H} NMR (150 MHz, CDCls): 5 149.4, 138.8, 135.6, 135.2, 132.0, 129.9, 129.4, 128.2, 126.8, 118.1, 21.4 ppm.
29Si{*H} NMR (119 MHz, CDCls): & -36.4 ppm.
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(E)-(4-methoxystyryl)(phenyl)silane (and (1-(4-methoxyphenyl)vinyl)(phenyl)silane) (4-3a)

X SiH,Ph
/©/\/ *
MeO

OMe
78%, 18:1

SiH,Ph

To a 10 mL test tube with screw cap, Fe(OAc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), 4-
methoxyphenylacetylene (106 mg, 0.8 mmol), PhSiH; (108 mg, 1 mmol), and toluene (1 mL) were added in a glove
box under nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 2
h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane and ethyl acetate)
to give the product as a colorless solid (150 mg, 78%). It was determined that the ratio of B-trans to a was 18:1 by
'"H HMR measurement.

The NMR data of the major isomer is provided below.

IH NMR (600 MHz, CDCls): & 7.66-7.63 (m, 2H), 7.43-7.38 (m, 5H), 7.12 (d, J = 19.0 Hz, 1H), 6.90-6.87 (m, 2H),
6.35 (dt, J = 19.0, 3.3 Hz, 1H), 4.70 (d, J = 3.3 Hz, 2H), 3.83 ppm (s, 3H).

BC{'*H} NMR (150 MHz, CDCls): & 160.2, 148.9, 135.6, 132.1, 130.9, 129.9, 128.21, 128.16, 116.5, 114.1, 55.4

ppm.
29Si{1H} NMR (119 MHz, CDCls): & -36.3 ppm.

(E)-(4-chlorostyryl)(phenyl)silane (and (1-(4-chlorophenyl)vinyl)(phenyl)silane) (4-4a)

X SiH,Ph
o
Cl

63%, 10:1

SiH,Ph

Cl

To a 10 mL test tube with screw cap, Fe(OAc):(BPy-PMO-TMS) (cat. 4-2) (12.2 mg, 1 mol% Fe), 4-
chlorophenylacetylene (110 mg, 0.8 mmol), PhSiHz (108 mg, 1 mmol), and toluene (1 mL) were added in a glove
box under nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 2
h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane) to give the product
as a colorless solid (123 mg, 63%). It was determined that the ratio of B-trans to o was 10:1 by 'H HMR
measurement.

The NMR data of the major isomer is provided below.

IH NMR (600 MHz, CDCl3): & 7.65-7.62 (m, 2H), 7.46-7.37 (m, 5H), 7.33-7.31 (m, 2H), 7.10 (d, J = 19.0 Hz, 1H),
6.50 (dt, J = 19.0, 3.2 Hz, 1H), 4.70 ppm (d, J = 3.2 Hz, 2H).

BC{*H} NMR (150 MHz, CDCl5):  148.0, 136.3, 135.6, 134.5, 131.5, 130.1, 128.9, 128.3, 128.0, 120.5 ppm.
29Si{*H} NMR (119 MHz, CDCls): & -36.4 ppm.
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(E)-phenyl(4-(trifluoromethyl)styryl)silane (and phenyl(1-(4-(trifluoromethyl)phenyl)vinyl)silane) (4-5a)

X SiHoPh
SO

F3;C

SiH,Ph

40%, 10:1

To a 10 mL test tube with screw cap, Fe(OAc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), 4-
trifluorophenylacetylene (110 mg, 0.8 mmol), PhSiHz (108 mg, 1 mmol), and toluene (1 mL) were added in a glove
box under nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 6
h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane) to give the product
as acolorless solid (89 mg, 40%). It was determined that the ratio of B-trans to oo was 10:1 by 'H HMR measurement.
The NMR data of the major isomer is provided below.

IH NMR (600 MHz, CDCl3): & 7.65-7.62 (m, 2H), 7.60 (d, J = 8.1 Hz, 2H), 7.55 (d, J = 8.1 Hz, 2H), 7.47-7.39 (m,
3H), 7.17 (d, J = 19.0 Hz, 1H), 6.64 (dt, J = 19.0, 3.2 Hz, 1H), 4.72 ppm (d, J = 3.2 Hz, 2H).

BC{'H} NMR (150 MHz, CDCl3): & 147.7, 141.1 (q, J = 1.3 Hz), 135.6, 131.1, 130.4 (q, J = 32.3 Hz), 130.2, 128.4,
127.0, 125.7 (q, J = 3.9 Hz), 124.3 (q, J = 271.9 Hz), 123.3 ppm.

298i{1H} NMR (119 MHz, CDCl3): & -36.5 ppm.

(E)-(2-methoxystyryl)(phenyl)silane (and (1-(2-methoxyphenyl)vinyl)(phenyl)silane) (4-6a)

X SiH,Ph
L
OMe

76%, 8:1

SiH,Ph

OMe

To a 10 mL test tube with screw cap, Fe(OAc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), 2-
methoxyphenylacetylene (106 mg, 0.8 mmol), PhSiHs (108 mg, 1 mmol), and toluene (1 mL) were added in a glove
box under nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 2
h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane and ethyl acetate)
to give the product as a colorless oil (146 mg, 76%). It was determined that the ratio of B-trans to o was 8:1 by 'H
HMR measurement.

The NMR data of the major isomer is provided below.

'H NMR (600 MHz, CDCls): & 7.66-7.64 (m, 2H), 7.61 (d, J = 19.2 Hz, 1H), 7.57-7.55 (m, 1H), 7.44-7.38 (m, 3H),
7.30-7.26 (m, 1H), 6.97-6.94 (m, 1H), 6.91-6.88 (m, 1H), 6.51 (dt, J = 19.2, 3.5 Hz, 1H), 4.72 (d, J = 3.5 Hz, 2H),
3.86 ppm (s, 3H).

BC{*H} NMR (150 MHz, CDCls): & 157.0, 144.0, 135.6, 132.3, 129.9, 129.8, 128.2, 127.1, 126.8, 120.8, 119.8,
111.1, 55.6 ppm.

29Si{*H} NMR (119 MHz, CDCls): & -36.3 ppm.
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(E)-phenyl(2-(trifluoromethyl)styryl)silane (and phenyl(1-(2-(trifluoromethyl)phenyl)vinyl)silane) (4-7a)

SiH,Ph
X _-SiH,Ph
SOEE
CF3 CF;

56%, 7:1

To a 10 mL test tube with screw cap, Fe(OAc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), 2-
trifluorophenylacetylene (136 mg, 0.8 mmol), PhSiHz (108 mg, 1 mmol), and toluene (1 mL) were added in a glove
box under nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 6
h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane) to give the product
as a colorless oil (124 mg, 56%). It was determined that the ratio of B-trans to a. was 7:1 by 'H HMR measurement.
The NMR data of the major isomer is provided below.

IH NMR (600 MHz, CDCly): & 7.72 (d, J = 7.9 Hz, 1H), 7.66-7.63 (m, 3H), 7.60-7.51 (m, 2H), 7.46-7.37 (m, 4H),
6.54 (dt, J = 18.7, 3.1 Hz, 1H), 4.73 ppm (d, J = 3.1 Hz, 2H).

BC{*H} NMR (150 MHz, CDCl3): 8 145.0 (q, J = 2.0 Hz), 135.6, 132.0, 131.2, 130.1, 128.3, 128.2, 127.54, 127.52
(9, J =30.0 Hz), 125.8 (q, J = 5.7 Hz), 125.5, 124.4 ppm (g, J = 273.8 Hz).

298i{1H} NMR (119 MHz, CDCl3): & -36.7 ppm.

HRMS (EI) (m/z): [M]* calcd for CisHi3F3Si: 278.0739, found: 278.0737.

(E)-(3-methoxystyryl)(phenyl)silane (and (1-(3-methoxyphenyl)vinyl)(phenyl)silane) (4-8a)

SiH,Ph

Meo\@/\/Sinph MeO@
+

79%, 16:1

To a 10 mL test tube with screw cap, Fe(OAc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), 3-
methoxyphenylacetylene (106 mg, 0.8 mmol), PhSiHs (108 mg, 1 mmol), and toluene (1 mL) were added in a glove
box under nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 2
h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane and ethyl acetate)
to give the product as a colorless oil (151 mg, 79%). It was determined that the ratio of B-trans to a was 16:1 by 'H
HMR measurement.
The NMR data of the major isomer is provided below.
IH NMR (600 MHz, CDCl3): & 7.66-7.63 (m, 2H), 7.44-7.38 (m, 3H), 7.27 (t, J = 7.9 Hz, 1H), 7.14 (d, J = 19.0 Hz,
1H), 7.06 (d, J = 7.6 Hz, 1H), 7.02-7.00 (m, 1H), 6.88-6.84 (m, 1H), 6.51 (dt, J = 19.0, 3.2 Hz, 1H), 4.71 (d, J = 3.2
Hz, 2H), 3.83 ppm (s, 3H).
BC{'*H} NMR (150 MHz, CDCls): & 160.0, 149.3, 139.3, 135.6, 131.7, 130.0, 129.7, 128.3, 119.9, 119.6, 114.7,
111.8, 55.4 ppm.
29Si{*H} NMR (119 MHz, CDCls): & -36.5 ppm.
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(E)-phenyl(2-(thiophen-3-yl)vinyl)silane (and phenyl(1-(thiophen-3-yl)vinyl)silane) (4-9a)

SiH,Ph

@/\/Sinph . m
S

S
61%, 9:1

To a 10 mL test tube with screw cap, Fe(OAc):(BPy-PMO-TMS) (cat. 4-2) (12.2 mg, 1 mol% Fe), 3-
methoxyphenylacetylene (106 mg, 0.8 mmol), PhSiH; (108 mg, 1 mmol), and toluene (1 mL) were added in a glove
box under nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 2
h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane) to give the product
as a colorless oil (105 mg, 61%). It was determined that the ratio of B-trans to o was 9:1 by 'H HMR measurement.
The NMR data of the major isomer is provided below.

IH NMR (600 MHz, CDCls): & 7.65-7.63 (m, 2H), 7.45-7.37 (m, 3H), 7.32-7.26 (m, 3H), 7.15 (m, 1H), 6.29 (dt, J
=18.9, 3.3 Hz, 1H), 4.69 ppm (d, J = 3.3 Hz, 2H).

BC{*H} NMR (150 MHz, CDCls): 5 143.1, 141.7, 135.6, 131.8, 129.9, 128.2, 126.3, 125.0, 124.0, 119.1 ppm.
298i{1H} NMR (119 MHz, CDCls): & -36.6 ppm.

(E)-hexyl(styryl)silane (and hexyl(1-phenylvinyl)silane) (4-10a)

H, HoSi7~
o SiA
©/\/ 4t

4
76%, > 19:1

To a 10 mL test tube with screw cap, Fe(OAc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), phenylacetylene

(106 mg, 0.8 mmol), n-hexylsilane (114 mg, 1 mmol), and toluene (1 mL) were added in a glove box under nitrogen.

The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 2 h. After the reaction,

the mixture was filtered through a membrane and the solvent was removed under reduced pressure. The crude

product was purified by silica gel column chromatography (eluent: n-hexane) to give the product as a colorless oil

(132 mg,76%). It was determined that the ratio of B-trans to o was > 19:1 by 'H HMR measurement.

'H NMR (600 MHz, CDCls): & 7.46-7.43 (m, 2H), 7.36-7.33 (m, 2H), 7.30-7.26 (m, 1H), 7.09 (d, J = 19.0 Hz, 1H),

6.39 (dt, J = 19.0, 3.3 Hz, 1H), 4.07-4.05 (m, 2H), 1.49-1.43 (m, 2H), 1.40-1.34 (m, 2H), 1.33-1.25 (m, 4H), 1.49-

1.43 (m, 2H), 0.89 (t, J = 7.0 Hz, 3H), 0.85-0.81 ppm (m, 2H).

BC{*H} NMR (150 MHz, CDCls): & 148.0, 138.1, 128.7, 128.5, 126.6, 120.9, 32.7, 31.7, 25.3, 22.7, 14.3, 10.0

ppm.

298if1H} NMR (119 MHz, CDCls): & -34.1 ppm.

HRMS (EI) (m/z): [M]" calcd for CisH2,Si: 218.1491, found: 218.1489
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(E)-methyl(phenyl)(styryl)silane (and methyl(phenyl)(1-phenylvinyl)silane) (4-11a)

©/\/SiHMePh
+

81%, >19:1

SiHMePh

To a 10 mL test tube with screw cap, Fe(OACc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), phenylacetylene
(81 mg, 0.8 mmol), PhSiHz (5.4 mg, 5 mol%), and toluene (1 mL) were added in a glove box under nitrogen. The
test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 2 h. After cooling to room
temperature, PhMeSiH; (122 mg, 1 mmol) was added to the mixture, which was further stirred at 100 °C for 2 h.
After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane) to give the product
as acolorless oil (145 mg, 81%). It was determined that the ratio of B-trans to a was > 19:1 by "H HMR measurement.
The NMR data of the major isomer is provided below.

IH NMR (600 MHz, CDCly): § 7.63-7.60 (m, 2H), 7.49-7.45 (m, 2H), 7.42-7.38 (m, 3H), 7.37-7.33 (m, 2H), 7.30-
7.27 (m, 1H), 7.06 (d, J = 19.0 Hz, 1H), 6.58 (dd, J = 19.0, 3.0 Hz, 1H), 4.56-4.72 (m, 1H), 0.53 ppm (d, J = 3.8
Hz, 3H).

BC{*H} NMR (150 MHz, CDCls): 6 147.3,138.1, 135.7,134.8, 129.6, 128.7, 128.5, 128.1, 126.7, 123.9, -5.0 ppm.
298i{1H} NMR (119 MHz, CDCl3): & -20.6 ppm.

(E)-(2-(cyclohex-1-en-1-yl)vinyl)(phenyl)silane (and (1-(cyclohex-1-en-1-yl)vinyl)(phenyl)silane) (4-12a)

. SiH,Ph
O/\/ .

76%, > 19:1

SiH,Ph

To a 10 mL test tube with screw cap, Fe(OAc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), 1-
ethynylcyclohexene (85 mg, 0.8 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (1 mL) were added in a glove box
under nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 6 h.
After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane) to give the product
as acolorless oil (130 mg, 76%). It was determined that the ratio of B-trans to a was > 19:1 by "H HMR measurement.
The NMR data of the major isomer is provided below.

'H NMR (600 MHz, CDCls): & 7.61-7.58 (m, 2H), 7.42-7.35 (m, 3H), 6.79 (d, J = 18.8 Hz, 1H), 5.90-5.87 (m, 1H),
5.76-5.71 (m, 1H), 4.61 (d, J = 3.3 Hz, 2H), 2.20-2.15 (m, 4H), 1.71-1.66 (m, 2H), 1.64-1.58 ppm (m, 2H).
BC{'*H} NMR (150 MHz, CDCls): 6 153.3, 137.4, 135.6, 133.0, 132.5, 129.7, 128.1, 114.2, 26.1, 24.1, 22.6, 22.5

ppm.
29Si{*H} NMR (119 MHz, CDCls): & -36.5 ppm.
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(E)-(2-cyclohexylvinyl)(phenyl)silane (and (1-cyclohexylvinyl)(phenyl)silane) (4-13a)

. SiH,Ph
O/\/ .

82%, 16:1

SiH,Ph

To a 10 mL test tube with screw cap, Fe(OAc):(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe),
cyclohexylacetylene (86 mg, 0.8 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (1 mL) were added in a glove box
under nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 2 h.
After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane) to give the product
as a colorless oil (141 mg, 82%). It was determined that the ratio of B-trans to o was 16:1 by "H HMR measurement.
The NMR data of the major isomer is provided below.

IH NMR (600 MHz, CDCl3): & 7.60-7.57 (m, 2H), 7.42-7.35 (m, 3H), 6.34 (dd, J = 18.6, 6.1 Hz, 1H), 5.71-5.66 (m,
1H), 455 (d, J = 3.2 Hz, 2H), 2.11-2.04 (m, 1H), 1.82-1.72 (m, 4H), 1.70-1.64 (m, 1H), 1.34-1.24 (m, 2H), 1.22-
1.08 ppm (m, 3H).

BC{'*H} NMR (150 MHz, CDCls): 6 159.6, 135.5, 132.6, 129.7, 128.1, 116.8, 44.4, 32.2, 26.3, 26.1 ppm.
298i{1H} NMR (119 MHz, CDCls): & -37.2 ppm.

(E)-phenyl(3-phenylprop-1-en-1-yl)silane (and phenyl(3-phenylprop-1-en-2-yl)silane) (4-14a)

©M3iH2Ph
+ SiH,Ph

83%, 5:1

To a 10 mL test tube with screw cap, Fe(OAc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), benzylacetylene
(93 mg, 0.8 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (1 mL) were added in a glove box under nitrogen. The
test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 2 h. After the reaction, the
mixture was filtered through a membrane and the solvent was removed under reduced pressure. The crude product
was purified by silica gel column chromatography (eluent: n-hexane) to give the product as a colorless oil (148 mg,
83%). It was determined that the ratio of B-trans to oo was 5:1 by 'H HMR measurement.

The NMR data of the isomer mixture is provided below.

'H NMR (600 MHz, CDCls): 6 7.60-7.57 (m, 2H), 7.53-7.50 (m, 2H"), 7.43-7.31 (m, 5H+4H"), 7.30-7.27 (m, 2H"),
7.25-7.20 (m, 3H), 7.15-7.12 (m, 2H"), 6.52 (dt, J = 18.3, 6.2 Hz, 1H), 5.83-5.77 (m, 1H+1H"), 5.66-5.65 (m, 1H"),
457 (d, J=3.2 Hz, 2H), 4.47 (s, 2H"), 3.56-3.53 ppm (m, 2H+2H").

BC{'H} NMR (150 MHz, CDCls): & 151.8, 144.5, 139.4, 139.3, 135.7, 135.5, 132.1, 131.4, 130.9, 129.9, 129.8,
129.4,129.0, 128.6, 128.4, 128.2, 128.1, 126.4, 126.3, 121.9, 43.7, 43.4 ppm.

29Si{*H} NMR (119 MHz, CDCls): 6 -33.9, -38.0 ppm.
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(E)-phenyl(1-phenylprop-1-en-2-yl)silane (and (£)-phenyl(1-phenylprop-1-en-1-yl)silane) (4-15a)

SiH,Ph
mSIHZPh \
+
Me Me

90%, 5:1

To a 10 mL test tube with screw cap, Fe(OAc):(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe),
methylphenylacetylene (93 mg, 0.8 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (1 mL) were added in a glove
box under nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 12
h. After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane) to give the product
as a colorless oil (161 mg, 90%). It was determined that the ratio of B-trans to a. was 5:1 by 'H HMR measurement.
The NMR data of the major isomer is provided below.

IH NMR (600 MHz, CDCls): & 7.66-7.63 (m, 2H), 7.45-7.32 (m, 7H), 7.27-7.23 (m, 1H), 7.02 (s, 1H), 4.66 (s, 2H),
2.04 ppm (d, J = 1.7 Hz, 3H).

BC{'*H} NMR (150 MHz, CDCls): 6 142.6, 137.9, 135.8, 132.8, 131.7, 130.0, 129.2, 128.28, 128.25, 127.2, 17.6

ppm.
29Si{1H} NMR (119 MHz, CDCls): & -27.6 ppm.

(E)-phenyl(6-phenylhex-2-en-2-yl)silane (and (E)-phenyl(6-phenylhex-2-en-3-yl)silane) (4-16a)

Me Me
Q/Msimph /
.
SiH,Ph
92%,3:1

To a 10 mL test tube with screw cap, Fe(OAc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), 6-Phenyl-2-
hexyne (126 mg, 0.8 mmol), PhSiH; (108 mg, 1 mmol), and toluene (1 mL) were added in a glove box under
nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 12 h. After the
reaction, the mixture was filtered through a membrane and the solvent was removed under reduced pressure. The
crude product was purified by silica gel column chromatography (eluent: n-hexane) to give the product as a colorless
oil (195 mg, 92%). It was determined that the ratio of B-trans to o was 3:1 by 'H HMR measurement.
The NMR data of the isomer mixture is provided below.
'H NMR (600 MHz, CDCls): & 7.60-7.57 (m, 2H+2H"), 7.43-7.36 (m, 3H+3H"), 7.32-7.26 (m, 2H+2H"), 7.22-7.17
(m, 3H+1H’), 7.13-7.11 (m, 2H), 6.18-6.14 (m, 1H), 6.10-6.06 (m, 1H), 4.56 (s, 2H"), 4.54 (s, 2H), 2.67-2.63 (m,
2H), 2.60-2.57 (m, 2H"), 2.29-2.24 (m, 2H’), 2.24-2.18 (m, 2H), 1.79-1.67 ppm (m, SH+5H").
BC{*H} NMR (150 MHz, CDCls): 5 145.6, 142,50 142.46, 140.5, 135.7, 135.6, 135.0, 132.6, 132.3, 129.72, 129.68,
129.4,128.57, 128.50, 128.42, 128.36, 128.13, 128.11, 125.9, 125.8, 35.9, 35.7, 30.92, 30.87, 29.7, 28.5, 15.7, 14.8
ppm.
29G8i{H} NMR (119 MHz, CDCl3): & -29.7, -31.6 ppm.
HRMS (EI) (m/z): [M]" calcd for CisHaSi: 266.1491, found: 266.1486
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(E)-oct-4-en-4-yl(phenyl)silane (4-17a)

90%
To a 10 mL test tube with screw cap, Fe(OACc)2(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe), 4-Octyne (88
mg, 0.8 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (1 mL) were added in a glove box under nitrogen. The test
tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 24 h. After the reaction, the
mixture was filtered through a membrane and the solvent was removed under reduced pressure. The crude product
was purified by silica gel column chromatography (eluent: n-hexane) to give the product as a colorless oil (156 mg,
90%).
IH NMR (400 MHz, CDCly): & 7.61-7.56 (m, 2H), 7.43-7.34 (m, 3H), 6.04 (t, J = 7.1, 1H), 4.55 (s, 2H), 2.21-2.11
(m, 4H), 1.49-1.32 (m, 4H), 0.94 (t, J = 7.1, 3H), 0.88 (t, J = 7.1, 3H) ppm.
BC{*H} NMR (150 MHz, CDCls): 6 146.3, 135.6, 134.1, 132.8, 129.5, 127.9, 32.5, 30.9, 22.7, 22.5, 14.2, 13.9

ppm.
29Si{1H} NMR (119 MHz, CDCls): & -31.4 ppm.

(E)-(1,2-diphenylvinyl)(phenyl)silane (4-18a)

l ~-SiHzPh

92%
To a 10 mL test tube with screw cap, Fe(OAc):(BPy-PMO-TMS) (cat. 4-2) (6.1 mg, 0.5 mol% Fe),
diphenylacetylene (152 mg, 0.8 mmol), PhSiH3 (108 mg, 1 mmol), and toluene (1 mL) were added in a glove box
under nitrogen. The test tube was sealed tightly at room temperature. The mixture was heated at 100 °C for 24 h.
After the reaction, the mixture was filtered through a membrane and the solvent was removed under reduced
pressure. The crude product was purified by silica gel column chromatography (eluent: n-hexane) to give the product
as a colorless solid (210 mg, 92%).
'H NMR (600 MHz, CDCls): § 7.59-7.57 (m, 2H), 7.43-7.40 (m, 1H), 7.38-7.34 (m, 2H), 7.28-7.25 (m, 2H), 7.21-
7.18 (m, 1H), 7.14-7.11 (m, 3H), 7.09-7.06 (m, 3H), 7.04-7.01 (m, 2H), 4.79 ppm (s, 2H).
BC{*H} NMR (150 MHz, CDCls): & 142.4, 141.5, 138.7, 137.0, 135.9, 131.5, 130.0, 129.7, 128.9, 128.2, 128.1,
127.9, 127.7, 126.5 ppm.
29Si{*H} NMR (119 MHz, CDCls): & -27.9 ppm.

181



EhE

General Information
Unless stated otherwise, all of the chemicals were purchased from Sigma-Aldrich, Tokyo Chemical Industry or
Wako Chemicals, stored under N2 and used as received.

All of the oxygen-free operations were done in a glovebox. Products were isolated with a Yamazen Al-580 Single
Channel Automated Flash Chromatography System by using n-hexane and ethyl acetate as eluents. *H and **C{*H}
NMR spectra were recorded on a Bruker AVANCE Il NMR spectrometer (*H NMR at 400.1 MHz; 3C{*H} NMR
at 100.6 MHz; 2°Si{'H} NMR at 79.5 MHz). 13C cross-polarization (CP) MAS and ?°Si dipolar decoupling (DD)
MAS NMR measurements were performed using ZrO; rotor at a sample spinning frequency of 8 kHz using a Bruker
AVANCE Il NMR spectrometer (**C CP/MAS NMR at 100.6 MHz; 2°Si DD/MAS NMR at 79.49 MHz). Nitrogen
adsorption and desorption isotherms were measured using a MicrotracBEL BELSORP mini instrument. BET
surface areas were calculated from the linear sections of BET plots (P/Po = 0.1-0.2). Pore-size distributions were
calculated using the BJH method.
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Synthesis of CIMgCH.Si(0i-Pr);

Mg, powder
13.7 mmol
CICH,Si(O-iPr)3 CIMgCH,Si(0i-Pr)3
12.5 mmol THF (18.1 mL)
’ R.T. 4h

All reagents were charged in the glove box. A THF solution of CICH,Si(Oi-Pr); (3.18 g, 12.5 mmol) in THF (18.1
mL)] was prepared in advance. Magnesium powder (332 mg, 13.7 mmol) was added to a 50 ml two-necked flask.
To the two-necked flask, the THF solution (9.4 mL) of CICH.Si(Oi-Pr); was added dropwise with a syringe.
Subsequently, the reaction vessel was taken out of the glove box, and the condenser was connected under an argon
air flow. Then 3 drops of dibromoethane was added to the reaction vessel. The reaction vessel was heated at 80 °C
for 1 min without stirring. The remaining THF solution (12 mL) of CICH,Si(Oi-Pr); was then added dropwise over
10 min. After the addition, the mixture was stirred at room temperature for 4 h. The two-necked flask containing

the Grignard reagent was placed in a glove box for use in the next coupling reaction.

Synthesis of Phen-PMO precursor

Ni(dppp)Cl,, 6 mol%
— — CIMgCH,Si(Oi-Pr)3, 12.5 mmol o
Br—\ ~#/—\ —Br J i
N N THF (50 mL), 17 h
(i-PrO);Si =N N=

125 mL autoclave

4.4 mmol

3,8-Dibromo-1,10-phenanthroline (1.49 g, 4.4 mmol) and a stir bar were added to a 125 ml autoclave. The reaction
vessel was placed in a glove box, and Ni(dppp)Cl2 (6 mol%, 138 mg) and THF (50 mL) were added in sequence.
Then, the Grignard reagent previously prepared was added dropwise to the reaction vessel over 3 min with stirring.
The reaction vessel was sealed, stirred at room temperature for 1 h, and then heated at 140 °C for 17 h. The resulting
mixture was cooled down to room temperature and was transferred to a 1 L separatory funnel. Distilled water (100
mL) was added to the separatory funnel and the mixture was quenched. After extraction with CHCI3 (150 mLx3),
the organic layer was washed with brine and dried over Na2SOa. The organic layer was filtrated by cotton fiber, the
solvent was removed by rotary evaporation. The obtained crude product was redissolved in hexane (330 mL) and
stirred for 15 min. The solution was filtrated by Celite and the solvent was removed by rotary evaporation. The
crude product was purified by silica gel column chromatography (YAMAZEN silica gel column 3L, hexane: ethyl
acetate = 7: 3 (12 min) — 6: 4 (13 min), flow velocity: 60 mL/min) to give the product as a pale yellow solid (1.11
g, 41%).

'H NMR (400 MHz, CDCls): & 9.00 (d, J = 2.1 Hz, 2H), 8.00 (d, J = 2.1 Hz, 2H), 7.64 (s, 2H), 4.20 (sep, J = 6.1
Hz, 6H), 2.35 (s, 4H), 1.15 (d, J = 6.1 Hz, 36H) ppm.

13C {{H} NMR (100 MHz, CDCl3): 8 151.7, 143.7, 134.7, 133.3, 127.8, 126.1, 65.6, 25.5, 19.4 ppm.

2Si {'"H} NMR (79.5 MHz, CDCl3): § 56.5 ppm.
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Synthesis of Phen-Et-PMO

"o
Si(O-iPr i
(iPr-0)3Si =N N= 1. P123, KCl, conc. HCI / H,0 o N

[« \ = ?
0% e _OH
Phen-PMO precursor 45°C, 24 h then 100 °C, 24 h L si”e 7~
2.2 M HCI/ EtOH k/&\ ) 0o
+ rt, overnight o——Si) .\Si/. /
~_Si(OEt) No T S
(Et0);Si ¢

Phen-Et-PMO
BTEE

To a 110 mL vial set with a stir bar, P123 (0.811 g), KCI (5.17 g), distilled water (28.5 mL) and concentrated
hydrochloric acid (4.05 mL) were added and seal with a screw cap. The mixtures were cooled down to 0 °C until
the surfactant is completely dissolved. Then, the mixtures were heated at 45 °C for 30 minutes with stirring. Ethanol
solution (I mL) of the Phen-PMO precursor (384 mg, 0.623 mmol) and BTEE (1.25 g, 3.52 mmol) was added to
the mixtures at 45 °C, and then the mixture was stirred at 45 °C for 1 day. Then, the reaction mixture was allowed
to stand and heated at 100 °C for 1 day. After cooling to room temperature, the obtained pale pink precipitate was
recovered by pressure filtration, washed with distilled water (30 mL), and dried under vacuum at 50 °C. A solution
[2 M HCI (2.8 mL)/EtOH (100 mL)] was added to the precipitate and the mixtures were stirred overnight. The
obtained pale pink precipitate was collected by pressure filtration, washed with distilled water (30 mLx3) and
ethanol (30 mLx3), and dried under vacuum at 50 °C (667 mg).
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