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The twelve principles of green chemistry '

Prevention

Atom Economy

Less Hazardous Chemical Synthesis
Designing Safer Chemicals

Safer Solvents and Auxiliaries

Design for Energy Efficiency

Use of Renewable Feedstocks

Reduce Derivatives

Catalysis

0. Design for Degradation

1. Real-Time Analysis for Pollution Prevention
2. Inherently Safer Chemistry for Accident Prevention

‘0'1“0'1“0'1.

Figure 1. The twelve principles of green chemistry.
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AND PRODUCTION

13 faoi 14 wovms 19 oiim 16 Sosnow

1 PARTNERSHIPS
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INSTITUTIONS
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Figure 2. The seventeen goals for sustainable development (SDGs)
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T2, ZOMICHIERDOT I VARKIEE LTTAFAANTA FETAFALRIEL LTH
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Scheme 1. Conventional Aminations: Amination of alkyl and aryl halide with amines, and reductive

amination of carbonyl compounds with amines.

a)
catalyst
T strong base R
+ 3_ > | + HX
R R A oS g2
X = Br, CI waste
R' R? =H, alkyl
b) R3 = alkyl, aryl
catalyst R'
(0] H, (gas) or reductant |
| + 2/N R3
R’I/ \R2 R3 R4 R Y
R4
R', R% R®=H, alkyl
R* = aryl, alkyl
c) Hartwig et. al.
Pd(dba), (1-2 mol%)
SIPr-HBF 4 (1-2 mol%) ]
" KOtBu (1.5 eq.) R
N + Ar—ClI > [\lj +  HCl
17 Np2 DME N o
RR rt, 3-20 h AR
1.2 eq.

R', R%Z = H, alkyl
d) Borner et. al.

[Rh(dppb)Cl]> R?
H o) H, (50 bar) |
lll + > 2/N R?
R "R2 R TR MeOH R Y
rt, 20 h R

R', R?, R®=H, alkyl
R* = aryl, alky!
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EDPOAFLGT LI =T A FAFIMEHTE 3 2 & L ZmETalEE KRN R
BREERBEE LRV LICMAT KIS X VEIERT 2L AV BRBE~EELIKD A TH
LR % %5 (Scheme2a), T3E, MERKDT I VAEBIETH LT ALFAANTA R 2T LF
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T a—VOBKERIGICE Y AR fbayeeEe ) FEHADER T 5 (Step Do
RIC, B LT ANVF=ZMEEME T I VEHOREAIC X D A I VBT 5 (Step 1D %
LCiigic.&@e N Y FkD» o 0Bk R B LR TA I v 2RITLTHNOT I v
DEREKPBEIER T NG, Z LTZne HICRBEEEAFRMIELI AT 2 (Step 11D,
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Scheme 2. Borrowing hydrogen strategy for C-N bond formation.

a)
T catalyst R3
/N\ + R3_OH - ’L + HZO
R"” 'R? R “R2
R', R?=H, Alkyl or Aryl
R3 = Alkyl or Ary
b)
R,
OHH Catalyst NH
J< > H
R" "R?
R" "R?
. A
: [M] :
I - M = Ir, Ru, Co, Mn, Ni, Fe, Cu etc. - m
; [MH,] i
0 RS
) R -
R" “R2 //‘_\\ RJ\W
R3NH, H,0

R', R2=H, Alkyl or Aryl
R3 = Alkyl or Aryl

KB BOG % A7z N-T Vv F AL o el e il & LT, 1980 FEARICHEDD & O U
SINC X o THRT7 4 VML F2AET AT = v AillEE V2T I v e T Ara—Ld N-
7 F AL X 172 (Scheme 3a,3b), 245 DG HWY) DFEIRMED[H ED /-9,
180 D RSB O TV a — VBB L § 5 2 & G A RE 7R E O #iPH 23 RIE &
NTW5 L, ERPOFEREME O L WS EN D - 7z, FIREHIC, Grigg b1 X -
TH, FAT A VNI FEBET ARV VL, A VY TLRLT =V LDERICLE T I ve
T w2 — L O N-7 v F AL 2B E N, S DRISIE 100 UL T TORIETH - 7=
B, AR —=NICEK D N-AF MUK ZEDDOT Lva—icsBnTiEern ) vy DARDK
JGICRE SN TEH D, Hx 2 MR OB AE TNz, Z Dk, BRA RiFFEHE Ml R o
RAICHL Y A, 2006 il Beller HIC X o TH LWHAR T 4 VEMLFRFEHLZT I v &
TN 3=l X5 N-T 2V F AL HEI T . FOGIREE 110 ORI 7 N-7 v F uALds
FERE N7z (Scheme2c), & DI FIHAD b DI R THMWY) % EICER CERICE S
2RI EKIERTH o728, BREEBOT LI —AF A7 4 VT 2RMAIE LT
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BT LICX VL KDEFMHRELCLE)MBERPRI N, 2D, X EE
M 72 S DB SE L O N-7 v F AL D iR DFAFE 28D 5 T & 72,

Scheme 3. N-Alkylation of alcohols with amine catalyzed by Ru catalyst with phosphine ligand.

a) Watanabe et al.

R1
OH o |
RIRENH  + J\ RuH,(PPh3)4 (2.5 mol%) Z/N R
R3 R* 155-180 °C, 6-24 h R Y
R3
b) Murahashi et al.
Arl o
RuCl,(PPh3); (1.0 mol%) Ar >N
Ar—-NH, + R/\OH > \N/\R + )
180 °C, 5 h H R
c) Beller et al.
Ru3(C0O)2 (2.0 mol%) R
OH phosphine ligand (6.0 mol%) | 3
RIRANH + | - Rz’N\/R
R® “R* 110 °C, 24 h

Z DIKFEHEIGIC BT 5 N-T v F AL D% < i3, BEI7kFRLiEFE (Scheme 2b. Step
D) #ET 27201, ifEETH 2E8Ee V) Fiifkoev FY FEgEZR EEE 2 2 L
HELEZONTEY, TNF TICERA A 3BT X € % 7, SEMRALIE D ZE %
B0 LZERTLEEIBTEERREL 22 XM 2&iT s T, WHETH
2%&Ee FY Fififkoe F) FEgEZED LN -0, FL—Mlev vy —Roidh 1
ORISR E R T 4 VbEYIRy sa 2y 2 Y T Vs EOMOET SRR T
BChL 1% H 3 5 s st S T & 7z, 1M

Tz, WOBEBFHGHEE D ORI T LT, BEREERERAI LY (LT NHC) BN F
2% % (Scheme 4a), NHC Bl 113 2 DOERF T LEOIMVE T N2 LOETHELDH 5
e, wA7 4 VHEHEFFEU LoMWETHEREZE LTS, ZAICMAT, Ay
BEESERICECTALR Y OIELEFET N2 LEE~DM o 510X Y o EAEET
% LRI, BESES OO n it 51 X 246D b2, EFICLKELREERIER I
5, HMICIERFF LOEMREALR T2 ICLVERIZHETZ 220, T T o
FOGHR G L TR HRETH 5, & OFRIC, NHC B3 VB it 52 b o L [k
CEBBEE L BOEAIC X Y AN L CERSREEEZ RS 720, ML RS ICF]
Iz ORI 7 & LCGEB XN TE 72 (Scheme 4b), [

2009 FELARE, NHC RO T % D& @ Esik 2 il & 3 2 KSR P 1 5O < Ry N-
TAFMEBRE I NTIE LD, OB WZEMEIC X ZRICHY T % 2 KGR
TOD N-TAFMUBHE SN TE 2, M OMIGITARREAFERAL 2vwizo, FEEYE
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IR TE A ETH 225, TAALF—MBIHICE TR 100 U EOMIGIREZ L E L
Tk Y, B2 LEOMBE R DOFRPLE T NS, 72, Marin-Matute 5 IZ X - T 80 &
UTOEWKIGIRETOT )V —AT I vEeTAa—AD N-T L F L& o 7= 5 iE 1 7 fil
BERBMEE NN B, CORIGICE W TIIRE & U CHBEAL O SR v GH
fMAMETH L, HEHFEAPREINTWS Z L EDOMEEDLRDH -7 (Scheme 4¢),

Scheme 4. (a) Properties of N-heterocyclic carbene ligand and N-alkylation of amines with alcohols

catalyzed by NHC complex of iridium: (b) In water solvent, and (¢) under mild conditions.

a)
n-Back bonding donation
Q o~V :
N
MCDE>CL) TN N
Strong c-donation ability N-Heterocyclic carbene ligand (NHC)
b) B. Royo et. al. ELN E
2
\
R’ o/> N ”\\CI
OH cat. A (2.0 mol%) l . \\g cl
R'IR2NH  + J\ - N R
R R H,0, 110 °C R Y
R3 07 TNEt,
R',R%=H, alkyl cat. A
R2,R* = aryl, alkyl
c) B. Martin-Matute et. al.
—|2+ 2BF,4~
cat. B (2.0 mol%) Ar o~
A—NH, + " gy -~ SN OR o,/
toluene/CH,Cl, H >[ "~NCMe
°© - —nBu
R = anyl. alky! 50 °C, 48-60 h NN .

T DRRIC, IKFE G I EE D < IR N-7 v F AL Ol R OFAF 3R, BT A0
F—%EHRT 5 7= D IR ED [ I X 2805 5 tFic X 2 Al R oRFEC &R O
Mgt 3 2 15K & LCTRMICAFR LT WERE I OBERSE % H\ 72 Kt b B
FaAnTEZ, BB HZ1E, 2010 FiC Kempe 1 X Y BHIREESRGF B TEZ 7Y —AT 2
v & T3 — LD N-7 v F MU0 ERE X 4u7z (Scheme Sa), 1F 72, Beller H1C X 5
PNP v v H—ENiTF % b DO~ v Vil z v 72 SO A3 S 4172, (Scheme 5b) PIZ #1
O O RS EEE R I X 2 RIGRE KT PEFE LTEERa~v vy A v 2 fiHTE 3
RICBW TR REE R Z WA BRARRISR L VWR b, L L, 20b RIS miEH %
LT3 Z &0, AAEOEH, 7V -1 7 I VvEHOADRL NAFE LA #HHT
ERVWEOHESE D H o7- (Scheme 5),
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LETEREICE L WRIGTH 2 /KEMEHEIGICHE D < N-T v F A Lo flR I 30T,
Wi B R O BRI A OG% 2 HIEL TS b BRIRA TN T\»S, BREE
~HCRE L 72 il R DRSS 2 7201 iE, HiA REEA 2B L 2 AR TE L Lo HE
CFOGEITEE, FOGERNL, AL 7s & ORI M % SFHICE % | HFthiF D 5 2
EVEETH B,

Scheme 5. Development of catalytic N-alkylation systems under mild condition.

a) R. Kenpe et. al.

cat. C (0.1-0.4 mol%)
KOBu (110 mol%)

4
g Ly
Ar—NH; &+ N - S R S

HN N

\ [}
diglyme Ph;P—|r~/
70°C, 24 h Ph w
R = aryl, alkyl cat. C

b) M. Beller et. al.

Iz

Br

cat. D (3.0 mol%) Ar 1 Npip
! ' N iPr:
A—NH;  + g7 oy - TR Comin
toluene H pi® | YCO
80 °C, 24 h Pra
co cat. D

R = aryl, alkyl
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14, FrEIASEEIC & 5 KRMEREMIC X 2 M5 N-7 1 F 1l

KEICIZ.EFEEHEVMET 2MEEICEF 2T ra— A e ER7 AM(T I V. 7T VEST)

& DIKFEERBIGIC X 2 fillitiy N-7 v F AAb~DH Y FA IO W CEHHT 2, R TD
PR FE Rk 2 72 SOGHFE ORI E. FTEITEE OB EI/K R LG ICBE 3 2 iff9E 08
HehoTwd, EHOFBMAETIZ. BEICA ) Vv L ERMELZ W7 Lra—1o
WK FEAL OG- R BIK RIS ICE Y #lA T & 72, PIofl & L CTid, 2002 4ELARE, Cp*

(P-_VEAFALT TRV R T ) BN FEET S A4 ) VY AR Cp*IrCL], %
FAWZZE BB I OE M7 IveTra—L, 24— N-T L F ISR
HINTWD (Scheme6), P IC X Y, AEBHFCTRA LTI —LET I VDS
B BRI X CBRIR O . SB=0 T I VOGS REL 7R o T,

Scheme 6. N-Alkylation of amines with alcohols or diols catalyzed by Cp* iridium complex.

a) [Cp*IrCl5]5 (1.0-5.0 mol%)

1
- OH NaHCO; (1.0-5.0 mol%) z y
R'R°NH * > _
R3J\R4 toluene R? Y
90-110 °C, 17 h R3
R' = H, Alkyl, R? = Aryl, Alkyl
R3 = H, Alkyl, R* = Aryl, Alkyl
b) [Cp*IrCl5]5 (1.0-5.0 mol%)
HO™ N_R2 NaHCO; (1.0-5.0 mol%) L~ R2
RINH, + T - RN 4
HO\/(J)” toluene \/(J)n

90-110 °C, 17 h
R', RZ= Aryl, Alkyl

2010 “FICiE, KICHED DKPCRERFHHA Vv LEERMBEZ R L. Z Ofil#ii%
AT CAFREAG T vE=TKEEZERFICH T Lva—1red N-T Ll x R
HLTWD, B o ROBRICL>T, TYE=TKLT I VEHOT LV a—ic X 5K
HICEB T 24 72 N-7 v F AL L 72 (Scheme 7). Z DB I KIC G B DORIETH
27-%, HAHPARETH 2 HLERIBEZ LT L L v & X0 BREE AR oK il %
EWvzd, LELAaRESL, ZOMIGIKE TS 100 EUEDORKIGEEZSHEE 2 2 &%,
HEOK~DEREIME S 0 b H Y | @IS TE 2 REEBHRI N, £, FH—
W7 v EBERNICART 3 2 L Z ofiER CIIERTE Loz,
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Scheme 7. N-Alkylation of nitrogen compounds with alcohols or diols catalyzed by water-soluble Cp*

iridium complex.

a)
cat. E (1.0-3.0 mol%) PN
NH;aqg  + 3 R~ “OH - RTONTOR
140 °C, 24 h k
R = aryl, alkyl in a sealed reactor R
b)
OH 2 2
NH; aq + 2 J\ cat. E (1.0-3.0 mol%)‘ JR\ jR\ 20 -
R' R2 140 °C, 24 h R’ N R
R' = aryl, alkyl R? = alkyl in a sealed reactor H \
Ir—
7 \ NH3
c) 1 HaN- NH,
R
OH " o |
RIRNH + J\ cat. E (1.0-3.0 mol /o)= N R4 cat. E
R “R* H,0 R? \C
R', R® = H, alkyl reflux, 6-24 h R
R2, R* = aryl, alkyl
d)
2 cat. E (1.0-3.0 mol%
RINH,  + HOT S R ( o RIS L
HO\\/JJ)n H,0 \Hin
reflux, 6-24 h

R, R2 = aryl, alkyl

BT, FTEITREIC B W TEFEBMETHRERRIC, v v I REED EERERER A LR
¥ (NHC) BfiF7% A4 Y &7 ZICEUNL & 2 7281 L WIKIENE NHC 4 YV & LSS 23 B %6
X N7z (Scheme8) . PUZ O Ic BT D KPR UPELRHF CIEHICKRETHL LTV
FEZTKETAI—NDIERRE—RNT I VOERICBWTEENE 2R 2 L2352
Lo 7,

CCTHEHTREC LI, BRNICERT I voREREL T 270G TH
o TAa—LET VEZT OMBN N-7 A FAbIX, EFPITHLHE BT I v, K
JGRPTT VEST LA AREE L 2520, BIMIGE LTEHETAFALKTS 25
THRT I VRERLTCLEY EEMT IvIEBLWChEIEOFE 2 HFCREIEI NS, EES
3 BT I VBRI 20, BRHER T vE=TIKEMHHT 5 2 & I0TEE
AL < B % fildit o & 8 O A & LRI & K F 6 HommwEB Tt G RelE Tl 1 %
] X2 NHC Bifii 7% BT 2 M 2B L7z, 20X 5 aRGxaHc X 0 EERNE—
W7 I v EREERL 72,

DX D7 N-T AL DEGE 70 )G IC 381 2 ROGHETTE % flfH 3 2 IS % Z BT
5z ek, AHfED E LAY 2 BINICR 2 L AAlREE 5 T L RRIERIIE LT
DFEFEMZRS T2 LD bR RIGRDFHFEIZHHLE WZ D,

INHLORIGICEWTDH, EHOICRESHE R L LBBEDT v E=TIKEHE
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EFT B YoFEMAIIEIN TV,

Scheme 8. N-Alkylation of aqueous ammonia with alcohols leading to primary amines catalyzed by

water-soluble NHC complex of iridium.

a)
OH cat. F NH,
NH3 aq + J\ > J\ P <
R" "R? 150 °C, 40 h R "R? —| 2t 21
in a sealed reactor ﬁ
R' = aryl, alkyl R \Ir
R? = alkyl N v NH;
Q\/N NHS
b) o R FR=Me
cat. G:R=Pr
NH;aq  +  R”oH R”ONH,
170 °C, 100 h
in a sealed reactor
R = aryl, alkyl

THIT, TNLDNHCENIF2HET 54 ) O Az, B4 7 N-7 v FAALR)G~E
fHE T &7,
TAFAAECTH LT L= A Z ) =BG IEPRA A& N CoOBBFET
IVD N-AFAL, JBET 2 v D N, N-¥ X FAALDFEIRW e SR ZFAFE LT3
(Scheme 9), 2312 D IG5 (il 0 EIR 7 & D KIS DR 72 AT I X - GEIREEZ E
FEICHIHI© & 2R3 B o 72,

Scheme 9. N-Methylation and N, N-dimethylation of primary amines with methanol catalyzed by

NHC complex of iridium.
_I 2+ 2|1~
2) ﬁ
cat. G (0.50 mol%)
K,CO3 (5.0 mol%) H N lr “NH;
— > ~0 NH3
Ar—NH, + MeOH 120 °C. 17 h Ar Me K/
cat. G )
b) ﬁ
cat. H (1.0 mmol) Me P
K,CO3 (5.0 mol%) | N\('R cl
R—NH, + MeOH - _N_
70 °C, 40 h R™ “Me @ o
R = aryl, alkyl cat. H

¥/, CONHC AV A, 2V ku—ned7Ivickax/ ) vEEPSE )+
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IV VvDOERE Vo Te~T B {LEY Z G T 5 N-T L F AL A F LT I v ET L
TI—NEDIRXAFAT I ALKISEENC BT EiEEZ R L7 (Scheme 10),

Scheme 10. N-Alkylation of amines with alcohols catalyzed by NHC complex of iridium: (a) Synthesis
of 1-methylquinoxaline derivatives from glycerol and diamines, and (b) N-dimethyl amination of

aqueous dimethylamine with alcohols.

a) cat. H (1.0 mol%)

| X NH, OH K5,CO3 (1.0 mol%) ©: j/
+

P HO OH

/"7 NH, \)V CF3CH,0H

R
reflux, 20-60 h
R = H, aryl, alkyl iPr
\N |I'\\C|
Cl
b) cat. H (1.0 mmol) §\/N\,P
K,CO3 (5.0 mol%) Me T
NHMe, aq + R/\OH > R ’L cat. H
120°C, 20 h ~ “Me
R = aryl, alkyl

Loz s, MBMHEETIE, 770 —v 7 IR Y —ICif o 784 7K R0 F R
ICHD BRI N-7 v X L2 BT 2 4 ) 00 LEEAMBEORFEICH D LA CTE 72, L
LSO, ThoDMEZEHL-Ch, mifiiis 0 L 3 5 ISP EmRSE: T T Lo
TLEVWRIGDRZED Y, LT EMABORMIIERIN T LbBIRTH L, 2D
. BREGICHCE X N7z L T R A E &2 v RE & 3 2 R - H )~ o & o iR
AR DRHFE L, BREIRE R O ER ORGERE D Rk D —B) & 7 B2 H 5 ST
A%

oy <l

&
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1.5. BT 7 VvORE. AkE. RUEST7 Vit

COfficid, BIE, FA4BETH NG T T VORI &EUTEICO W THEFICHR
R, Z O LETEGTT MO HRER DIERHIC OV TN T B,

BT R BB LEES Ty N7 — 2 oZEMiciitk (k) it o e B TR R
REDWECTH 5, @17 Mk, @ FHOEHRN ESELZ K> T3 b DoffdH Z 0
S DIFHAEZRFFLCTAR Y, ZXRICICE LKL o7 a v A=y a ViR L T
W22 LMTED, CORAFHRMECHERERFCE 2HEICX ), WEREREGERR
DFFIRCEN R LTiER T3 (Figure 3) o 28

Polymer chain

Solvent

Cross-linked point

Polymer gel

Figure 3. The characteristic polymer gel in chemical gel

BT TND—DTH BLFET VI RIIC, €/ = — LZREANIC X 0 BAtRAT 2 v <
)= UALERIC LY ARENG, PIZ OARTIEIC X 2 EH T2 AL, BHEA R
CHETET B SRITR E B ORE & 2 ) . BRIE MR = & SRS LT L E S B
BdHolze ZD0, T ANERORE Z M ICHIH S 2 2 L3, 7 roBEZom bEea=—
7R S M BT E AR R b O Z L B TEMIEAEAICITbT & 72,

BT T NDREEGED 2L LTRANRbDOD DL LTI LV I I ANE
BEPPRBH T OB P, T TlE, Fhfe b SAG SN TR 2 mlfirg A in-Fr 208 S5 5)
B (Reversible Addition-Fragmentation Chain Transfer Polymerization ; RAFT HE) I2o0nT
fliicik~z & 32,

Vv 77y aNEEE R, —RIICED FEHOBER 251 L T 3 25 LB I G 1L
INTHWMEEE L 22 F—~ v ML VN VRERM L OFHIC X > TEIERKICA H %
FREEINH] & v, w5t i & o T FRFH e L 22 HAMKIED I L TH 3,
FEARINC il — K5 S F%HE  (NMRP: Nitroxide-Mediated Radical Polymerization %) . Ji 158}
Kt (ATRP: Atom Transfer Radical Polymerization) . RPLEEBEIERE (RAFT EE) & »
27 3ODHEAHMICHETE 5, Wl — oM L 3, F—~v MEOHARAI ML L
OYPFRHBIC X v 1 D FIICREL C. 7 Y Ao R 2 & CEAETT
LHMETH B, RTINS & (X, F—~ v MEDILERE ICRE A &AM < /FH

17



T3 20 THAREELIC X, ERZE T P HAERERT 2, 2OWfic, F—<v & T
FET 2 07 VEORTFRESBICL o Tl Zkrn 5 2 L TEHAEPETT 55, 207l
RN a 7 VIIHOERRICIYAEN TN —~ v MEIFHAEL CEITT 2HETH
%, % LT, RELEHBBEIEE I, ERE 7Y IABHOES T F—< v bR /E
LT, MBEEEEZ5 2R CCTHSIX N —< v MfICk 32— CHTEOE D RIS ER
BRIV AINE B L CTEHAVETT AT S,

ORIV VI I ANVEADER 3 DOTFEOHTH RAFT EA I EMH L <
1990 FAREE 2 & B A ICIZE DM TN T & T 5, 29031 ATRP 2993212 NMRP 29 331j2 < 5~
T, Scheme 11 IC/R L7z X 9 e FA AL R=n{bLEY)TH 2 HBEBERIZEEDO 7 ) —F
ANEERICIA 27200 & v o 2B 75 OCERIES R B TH 5, 72, BReEEE, = —
PEHAEETH 0, KPP CTOEAAEETH S Z Lo R ~—liK 2 Bttt szt
mEDFE L TH O,

fHLICEIHT 2 & 7V VEAFBANC X 2FERICICE D ZV AADBERL, TVH
NMNRY~w—%4HT 2% (Scheme 11a) . % DK Y ~—KKEEKEDI RAFT Fl~bERAHN-58
WG XY FA AR AFE~MINL, FEC T AL 5885 (R) B8FET S
(Scheme 11b) , % D&, RAFT FlA 54 U7z 7 ¥ A A5 BB KIS IC X 0 R G A5
FTLTRY~—F AN EIBET S (Schemelle) » % LTHUWEY ~—F Y711 & RAFT
& TR AIIN—BIZE G 21T 9 (Scheme 11d) » 2D X 9 ICHR ) <~ —§H[l]TD RAFT &
AriEVRERT LT, F)=—#HooraamsflEInzr) <~—»2»3 56015,
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Scheme 11. RAFT polymerization (Reversible Addition-Fragmentation Chain Transfer

Polymerization)

a) Initiation / Propagation

1
| SYS
1
. . ]
In, - | - P — Pm:> M (monomer) i 7
k |
1

P RAFT agent

b) Chain transfer to RAFT agent

. Ss__S—R Kagd Pm—S.._ S—R kg Pn—S. S
Pm + Y E= \( —_— \’% + R'
Q") Z K.add z Ky z

c¢) Reinitiation / Propagation

M (monomer)
R’ —_— PnD M (monomer)
k

—_—
P

d) Degererative chain transfer / equilibara during propagation

) SaS—Pn  Kad P,—S.. S—Pm  kp P,—S.__S
P, + Y - \( E= \’& + P
Q") z Keaag Z Ky z

RIT, THbD RAFT BEHEEZHWT, ZANEBOME Z % ICKEH L 2ma 7 v o
WERDH 2, B P Y FAA—FA— FEEHT 2 RAFT Al 2 A3 5 2 & <. WilioRiis
RODIHFARICICE Y R 2 —#HPRET 5, 72, CORIGIEF. P FA4AH—FF— M
MCHEMBEEZERL =L EFEIET 228 TES20, BAR2RErboRX ) ~—%HE
ANTBZERAEETHY, 7ay 7R v —DERBAREE b, TN O DFRHEZFIA L T,
Figure 4 IC/3 3 X 91T, ¥ ¥ = AVBEEHIOfEAE T /KR c EREMEUKE~ 7 v CTA (Macro-
Chain Transfer Agent) & N-4 Y 7 A7 27 Y7 I F (LT NIPAAm) & O RAFT A
TS 2 Tma T I v eF w5, TOEMET TR, PNIPAAM 7' 1 v 7 OFEE & 28065
7Y ANRIG L RIRFISET LBl 72446 F 2 4 v (LUF CD) s h s,
E /) <—IC NIPAAmZFHWT 7Y — I HNEETHEEA Furacld, S cIEd
2EUL B L0 T ARHBLTCLEY, L2L, 2OED T, 3TN CD &
AT D 5 T3 & DR CIABEAR 1234 U 5 Z & T X 0 Z94G s R IR B 7 N R G 0 22
b5 &k 325, BERMNABRBEELIE S 2WE#MEZ LS, Z0-0ERICETHH
WEELROWL AV EBBICHIONTWS, 2D XS, @aT7r Ao =XJtiH > /i
EEHETT 52 L CORMTH 2BRG EDOIHO—B & 2 [REEZH LT3 & x5,
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a)

s
I — AIBN \
\/\S/ \S . o
—_—
S. S~ —N
|
s

\ 1,4-dioxane
60 °C, 3 days

. DMAAmM Bifunctional Macro-CTA
Chain Transfer Agent (CTA) (Monomer 1) (Hydrophilic)
b) AT
Bifunctional Macro-CTA yd [
Crosslinker /":
- . L
-0 {
NH —_ QQ 7
Crosslinked domaine formation AT b A
by PISA Hyd.mphlhc. \\/ %
bridging chain LN
NIPAAmM '{/
(Monomer 2) 1

Figure 4. Hydrogel with a thermoresponsive cross-linked domain (CD) structure: (a)Synthesis of
bifunctional macro-CTA, and (b) synthetic scheme via the Polymerization-Induced Self-Assembly
(PISA) process using RAFT polymerization and thermoresponsive change of the internal structure

triggered by water transfer in the network.

RIT, B TFr VICEREIRIEREEAL 2@ 17 VEERIC X 2 I0HBI & 17 v
it 2 72 OGSO W TN T %, £ 3, BT 7 vich T =0 A2 A S5 2 &ic
X Y. Belouwov-Zhabotinsky (BZ) HHRENIZ L 23 FHHHIC X o THE S iz, Bz oy
NME, VT =T MO LETTRICE T L OREE L CIERI L 2N v ch b, Z
NICX Y ASAF IAT 4y 7R EHPILE % & OERYE O IGEES) 72 & OfFHIC b >
o T3 (Figure 5) o
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R. Yoshida et. al.

2+ 3+
_— ‘
Catalyst Oscillation
- S |
Reduced state Oxidized state

\ 4

—_—
Micro gel L Oscillation

-

Deswelling Swelling

CH,— CH*—CH,-CH'——CH,—CH—
-(-’—[-oﬁ_rc‘ Ty Che

o]
NH 2+/3+ NH
1

=CH;~CH—
Cross-linked
Poly(NIPAAm-co-Ru(bpy)s

Figure 5. Application of the polymer gel having organometallic complexes: Belouwov-Zhabotinsky

gel; self-oscillating polymer gel utilized by oscillatory chemical reaction of ruthenium complex,

72, BT T AN T ROCEEREEMEL 7 ANVESICKXVEAL LGS T
i3 % (Figure6) o T D% H\TH v 7Y v 7 ROGPOICHEAL RGP A3 & 41T
Wb, TNHDRIGICETES 7 ML E ST 7 VO —iEREA L LRI
52 ECHINHAMMAZIT) C e TEIHEARD L, LrL, TNdOfERKISICENTH
FAFTINANDF I EEE CRETENTORHIIRIZLAE RV, 207D, @A TT VDR
<~ —HOMERPHEORZIY ANE Z Ik, H-mEEDES 7 AR ORESE
R OES T 7 VDR RSP E 2150 L 728 L WIS R OB 2T & 2,
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a)A. Kinkul et. al.

5 o o
vj\ HJ\N/\N%
NH, * | H H |l initiated by APS,
AAm MBAA accelarated by
BAA TEMED HN
*
Z
o ><—0 N O — omso
7
N i, [ )>—Pd-N_ )
ﬁH 501 NG /
o R
AMPS NHC-Pd-pyridine

R—QBr + @—B(OH)z

b) J. A. Johnson et. al.

[Pd(MeCN),J[BF ],

1 0 1
PEGPL + 7 oJ:o il
(1 equiv) DMSO
60°C,4h
N’
& [
TEMPO-CL TEMPO-polyCAT
(20 equiv)

TEMPO-polyCAT
Phi(OAc),
CDCl,
25°C,9h

©/\/\OH O/\Ao

Reuse of 5 times

°H

Poly(AAm-AMPS)-NHC-Pd

reaction at 75°C M

Hydrogel based NHC-Pd-pyridine complex

[ >—Pd NC>

Reuse of 5 times

K,CO;,

=
e e
" (L N [Pd(MeCN),J[BF J,

(13 equiv)
PEG-PL + o N T —
(2 equiv) Q = MeCN/DMSO -
P-Ph 60°C,4h
3
AucL
(16 equiv) Au-polyCAT
o Au-polyCAT

o

Reuse of 12 times

e o

D,0
25 °C, 200 rpm

Figure 6. Application of the polymer gel having organometallic complexes: (a) Cross-capping reaction

catalyzed by polymer gel catalysts, and (b) oxidation of alcohols catalyzed by polymer gel catalysts.
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1.6. L OBIE

AEiIClE, AELFR BT 2 EEOMELTHAT 5, chFETIChiRTE2 L5 A
PR R 2 v 72 KRS G (0 B D < R N-7 v F vkl SDGs 7Y — v 7 I X
FY)—DBIE» D DENLTIETH Y ITBEIMIEEIC X VI NS v 77 NHC B
TH S04V Py LR AT A — AT I v n bR R HKEST S LT
DT EWIRIGIC BT 2 BEEY QAR ISR DA T ANV F —{L7s & SDGs 1T 31 2 Hitlhk
MBI ~b D235 LHIff I N2, £72. Th o DERAEZ &0F 7 VB ~JEh 3 2
T T X o THT L Wl R o F I L HThkRE % & DM BB SR T & 2,

F2ETIINHC B % b 24 Vv LeERMEZ V7 7'm + v IERERcoT V2
— L ET IV b DOEEN-T L F ULRIGDOBIFIC O WTk~< 2 (Scheme 12),

BESRCl, KBS FRER IC RO < R N-7 v F A bic s v»CEiEtEZR NHC B 1%
b O&E fﬂ%ﬁmﬁi L 2EMAEFE T oGS 7 b v EREIC X 2 KOS IEtE 7 & 054
HINTWZ, L2 L, WITNORIED EHE RS Z b O ER-CHD i Wil Rr &
DR BETH S Z LRCRONZIEEICOLBEIEHEER LOME R H 272, T D720,
4lal, fiF7 NHC BN Z2Rio4 U &0 e AR 2 7'a b vt e icw s 2 ki
L0, FEE L e D3RR EOBIMAE v B 2 & T RIS T ClEIA VAR i)k, S =k
TV, MOBRRT I VvoeREER L, CoMEERIT. RIGEEOETICL3ET 4L
F—LEZEBH LoD, FHEDIERIAIRE L 7 5 720, AEABTFICE T 2 EROMEY
[FIIRF IC iR © 2 2 BREGHFIME O WG R & W 5,

Scheme 12. Low-temperature N-alkylation of amines with alcohols in protic solvents catalyzed by

iridium complexes bearing N-heterocyclic carbene.

2
OH NHC-Ir catalyst F‘i
RNH O+ N
R >
RE R TFE or HFIP R T B o
R' = Aryl, Alkyl 40-60 °C, 20-40 h R® r\<:|

ON

NHC-Ir catalyst

R? = H, Alkyl

73 examples

v/ Mild condition v A large scope of substrates |
Good yield

v No base v/ Simple synthesis method

B3 ETRTVEZTHRAS L OMERICEZRIREL 3564 VY LA ZEAL 2T/
BREY A A viEEZ BT 24 FaZ A 8RO IC oW TR~ 2% (Figure 7).

23



AREEEEREED T Ay b7 =20 F ) F AL vicillaiAt Z & T S Ao
DIRDBIED 2 Z L BHARF I L5, AR T, I HHIA U Vv LbkE ) ~— %GR L.
BT T NRDE IRl 72T/ F AL VHEE (BEE R A4 v 1 CD) IKHHA Y v v L
ke ) ~—2BAL @O TINAERE LTz, ARLZA4 ) Py Lilithe ) ~—& NA
y7aenr7 s YT IR ERERAZGH L. BUKME ERETE< 2 1 RAFT AlZz w7z
RAFT EATEICE D, 4 VY v LA ERE AL 72 CD it % b DIREICEES L D& RIC AL
WLz 2OA VY LEKREZEAL @07 VIid, BUCERICT v =7 Z &AL CTH]
B mPZE A Z R L, e LCh T I v e T Ara— Lol N-7 A 3 A bIiciEE%
I~ L7z,

Ammonia Sensing

NHs

Hydrophilic
Iridium complex Bridging Chain

Catalytic Reaction

Catalytic Active Site

~SoH + ~NHz

Thermoresponsive CD N

Figure 7. Synthesis of thermoresponsive polymer gels with CD containing iridium complexes for

ammonia sensing and N-alkylation catalysis.

HA4BETIEFE I ETHR LA VUV LR ZEA LGN A4 vigEZ BT 25579
T I DO REERERE 2 3G U 72 BOGESTRE (=7 TAF b, T A F b)) Ick1T 55%E
R 7 N-7 v F UL DR IC O W T~ % (Figure 8).

BT T AL VA I AER T TR Ay P — SO NE R EZ R L 722
== RRICEBEIITH B, FRic, Tty b7 — 7 NOMMBGEHE SR O I ik & %
stk ARG ZTHFA v TE B X5 ICkh b, AL TR, MEEME7 v
D CD F/ fEEICA Y VY LR EHAAL Z LT, BiA Y 4 XD CD &% b 0T
IR Z AR L 720 FNEHOTT ) v ERVIALTLI—AD N-TAF A LEZET
WIS & LTSS o & KSETEEICE T 2 @R 261l 2 2 & 2ikA 7z, @k
W Lo, @aTT D CD BEEDIAERICE D, 4 Y Vv LR~ E DT
2 EGIHT 2 2 e BAREE o7z, ZRICKVEIETZ NN-VRVvIAT =Y v (¥
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TrFAMUE) OERENGIT 2 LB TE, EEYITH DL NNRVYVALT =YY (/T
N AALE) ZEIRICARTE 2 X5 1Chotz, 2D X ST, F/ EEORBEE7 1 %
TR O D F 2 2% &Gt T2 2 itk v, R N-7 A XA LIic BT 35 T
IVEROERM RS TR 5 2 & 2MEEL 72,

KRIELETIR, LRI oW CEHIT 3,

.
.
e,

% Selective
i Formation !!

@,}/O

S

Figure 8. Selective N-alkylation reaction catalyzed by polymer gels with crosslinked domains

containing iridium complexes.
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Scheme 1. Low-temperature N-alkylation of amines with alcohols in protic solvents catalyzed by

iridium complexes bearing N-heterocyclic carbene.
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Scheme 2. (a) Borrowing hydrogen strategy for C-N bond formation. (b) Protonation of imine

acceleraed by coordination of protic solvent to metal hydride complex.
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Scheme 3. N-Alkylation of amines with alcohols catalyzed by organometallic catalysts: (a) Catalyst
bearing NHC ligand. (b), (c), (d) in a protic solvent (2,2,2-trifluoroethanol: TFE).
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Scheme 4. Various N-alkylation of nitrogen compound with alcohols catalyzed by iridium catalyst in

our laboratory.
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AT ClE, BERAREIC X VSO N2 HffiafEEo NHC T2 6% 54 Y ¥V v LA
AL TFE ® 1,1,1333-~F ¥ 7t uf Y 7a8) =)L (HFIP) 72D 7 a b v R
W3 Z 212X D .40~60°C DM T CHADTAF AT I Vv DEMITKIIL 72,
B 03557 7' a b A & B e S % S O NHC fillit o 2 % Fi v 5 88 7x & s
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FHFTFBRERT NI =V ROV A =N X B N-7 A F A L% ERK L CTE D, IRAWEE
~LHWICFRETH 5 Z EARE I N, fERIEL D D EHIEE LCOPHMEDIERICHEII L
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22 ERLEE

2.2.1 RICEHHRAE

TP TV VERVIATAI— L EZETARE L LT, £/ TAFMURIGDEHES
2 FEL 72 (Table1), KIGiE. 7=V ¥(1.0mmol) & X ¥ ¥ LT )L a2 — (1.0 mmol) % 0.5
mL DVESEH . 40°C T 20 FiE#EIE L 7z. NHC Bz T o FEIC,hr2b b, 6 EHD 4 VY
v Il D il EEE & LR L 72 (entry 1-6) o [Cp*IrCL], Z W 7286, N-_v AT =) v
BHBELIEONRD o7 (entry 1), XHRIIC, NHC BAZ 1% b Offhli 1-5 oiE M3 K &
STl L 72 (entry2-6)e TOHTN-RYIAT =) v OINERERD EHD - 7D iF, NHC fic
MFOBRFRFFLICTFAREEZET 24 ) VLl 2 ZH W25 &TH -7 (entry 3),
EEPIOINEIZ, fiiEE% 1.0 225 1.5mol%IcHe$ 2 & T& 5ica kL7 (entry 7)., HFIP
QIR L LTHTH 5722 (entry 10), HFIP X Y b AF2RK S TRRIFN 7% TFE A3 i# 75
BT H B LU L7, 72, HEAMZ 3 2 L CRIGHEIRMET L7 (entry 11), SOGIRE
40°C, G 20 REEIC B W CAERMNIZ RIFRIGE TR 2 2 L 03T & 72 (entry 12,13), %
Q25 °O)TO KIS, RICKRZS 100 R LA EffE 32 € & ¢, BIFRIGET N-_R VI L
T =Y Y ERERL /(entry 14) LA EDOFEERFE R HBAI R EMET COFEFBRET I v O N-7
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WIGHERE (fFl: 40 °C F2EE) THEBPIAEFOND Z L ERBL T3, KIGIRE % TFE &
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RIFBIECTN-_RY AT =) v ERERT 2 Z EB[RETH o 72 (entry 15),
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Table 1. Optimization of conditions for N-alkylation of aniline with benzyl alcohol.
\ Ir— \\ Ir—_
~N 7/

cat. 1 cat. 2 cat. 3

ﬁ ﬁ—l 2% 217
{'r\l N{'THNF
- ] "

cat. 4 cat. 5
NH, ©/\OH catalyst H\/©
+
[ j solvent, temp., time ©/
1.0 mmol 1.0 mmol
entry cat. C?:T']:)(?;j:f)]g solvent temp. (°C) time (h) conv. (%)lb] yield (%)IC]
1 [Cp*IrCll, 1.0 TFE 40 20 3 3
2 cat. 1 1.0 TFE 40 20 39 39
3 cat. 2 1.0 TFE 40 20 83 82
4 cat. 3 1.0 TFE 40 20 60 58
5 cat. 4 1.0 TFE 40 20 46 42
6 cat. 5 1.0 TFE 40 20 15 13
7 cat. 2 1.5 TFE 40 20 97 96
8 cat. 2 1.5 MeOH 40 20 34 34
9 cat. 2 1.5 Toluene 40 20 trace trace
10 cat. 2 1.5 HFIP 40 20 99 82
1 cat. 2 1.5 TFE 40 20 35 34
12 cat. 2 1.5 TFE 40 6 46 44
13 cat. 2 1.5 TFE 30 20 73 72
14 cat. 2 1.5 TFE 25 110 75 75
15 cat. 2 0.10 TFE 78 20 95 89

[a] The reaction was carried out with aniline (1.0 mmol), benzyl alcohol (1.0 mmol) and Ir catalyst in solvent (0.5
mL) under an argon atmosphere. [b] Conversion of benzyl alcohol determined by GC. [c] Yield of N-benzylaniline

determined by GC. [d] The reaction was carried out with K2CO3 (5.0 mol%).
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222, HEBEGHBEOBER1

e\ T, Table 1 DiESlFZ W THRkA LBtk z b oxv AT ra—reT7=) v
@N—7/1/3’\’ﬂ/ﬂ:€’§ﬂ7kbf:o (Table 2), F&EWET L3 —(6b-6n)D F5&ER_E DAL b s,
A ZBL, NI E PSR, BT REIME, ~u s v R AT 2B IR, EEPIER
ﬁ?&ﬂléﬁ“&‘%%ﬂf:o T/, T2 VEERT IRV IAT L a—(6f) TR, FE LB
VI DVEFRIEDME N 7280 VAR % 2.0 mL IS TRHEDR D > 7225, KIGIF RIFICHET L 72,
HEEREC7aul (6g, 6h), = AT (61). MY 7 artuXFdE (6k) LU=t
o3k (6m,6n) O X 5 BRI EAF T 2HE 2 H W2 KIETIE, 50°C 3 XU 60°C D
FmIC T 5 Z L CTRIFICEIT L7z, HEKET IV ERVILT NI =) (6a)L DKIETIE
NN-V 7 FACERPNIZIZ EA EBFLNT, £ TAF U CERYERNICE S Nz,

Xolc, TV vz ra—n o N-TArEafbickh, BroTrdafbin
72T 1 V(60-6y) M ER LTz, TEEEHT V3 —i, 7;:»%%%?5%%%7»:—»@%@
BXOERMTra—Lro8E, RE%E 50~60 °C I LT 2% 2, ISR % 40 Kefiic 3
ZEIick Y, BNOAEBYIZ BIF IR CRonT, £72. &F #&Haﬁﬁﬁﬂ’/v:—w%ﬁ@,’é’f
LT BRIETIE. $10%D NN-U T A X ACAEFYDRER L 72, COfEE, 72U v
YYNT A= NDRIGIZHAR 7 TR AACAEBYIOINE MK AL 7o T,
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Table 2. N-Alkylation of aniline with various alcohols catalyzed by 2.2

H
OH cat. 2 (1.5 mol% 2
Ph—NH, + | ( °) Ph//N\T/R
R!” “R2 TFE 0.5 mL R
40 °C, 20 h
6
1.0 mmol 1.0 mmol Isolated yield (%)
R
=
1« [ : :
N ™
@ P A P A
60, 76%! 6p, 79%[°d]
R=H,6a, 94% H H
= 2-Me, 6b, 93% N e
» 0D, Ph
= 3-Me, 6¢, 85%!"! Ph”” we\
= 4-Me, 6d, 93% 6q, 77%"® 6r, 81%[!
= 4-OMe, 6e, 93%
= 4-Ph, 6f, 82%!°] H H
= 2-Cl, 6g, 89%"-] N\\\//«\\//L\\ N Ph
= 3-Cl, 6h, 88%!°! Ph” Ph”” \\VL”Q;//
= 4-Cl, 6i, 81% 6s, 78%!.dl 6t, 76%[°l
= 4-Br, 6], 83%°
= 4-CF3, 6k, 85%[°! H
H
= 4-CO,CHj, 61, 95%P°] //N\\V//\\//Ph N
= 3-NO,, 6m, 91%-l Ph Ph
= 4-NO,, 6n, 83%!® 11 6u, 65%!°] 6v, 89%!°]
H H
H N N
~
Ph//N\\r%A%F Ph” \\X::i>> Ph
6w, 83%!¢] 6x, 77%! 6y, 71%!

[a] The reaction was carried out with aniline (1.0 mmol), aliphatic alcohol (1.0 mmol) and Ir catalyst (1.5 mol%) in
TFE (0.5 mL) under an argon atmosphere. [b] Reaction time was 40 h. [c] TFE (2.0 mL) was used as solvent. [d]
Reaction temperature was 50 °C. [e] Reaction temperature was 60 °C. [f] The reaction was carried out with cat. 2 (3.0

mol%).

72, BEAGRBEBEEZETET7 ) v ERVYIATAIT—AD N-T A XA LITDNT Y
FEE B ot FEBERD AN M, A &7, ST BEFAEGHR, BRI,
m~a v EE S ORE Tk, PRED O RIF AR CERYASEO Nz, Lo L, ik
DAN M7 maklE b O/E (7)., M7 ueie b o/E (7). T I3AEE

40



HEiEWETFRGMEO= it b o/ (Tk BX U ) oH. IR X ERY %5
3 7= DI IIGIRE R 50°C £7212 60°C I LT3 0B RnH o7z, F72L V8 (Tm) $7-
FAYF 7V VB (Tn) 2d OBEHOYE IR, BREZBMRI ¢ 27201 GIREEZ LT3 C
ETHCR IS A %RD 2 8 TE T,

Table 3. N-Alkylation of substituted arylamine with benzyl alcohol catalyzed by 2.[8]

cat. 2 (1.5 mol%)
S - 1 QD
TFE 0.5 mL -

Ar
40°C,20h
7
1.0 mmol 1.0 mmol Isolated yield (%)
H\/<) O N
| X N._-Ph
A
R 7m, 929!

R =2-Me, 7b, 77%
= 3-Me, 7c, 96%
= 4-Me, 7d, 93% H Ph
= 4-OMe, 7e, 87% XN
= 2-Cl, 7f, 90%!! ©|\/j/
= 3-Cl, 7g, 90%!! N
= 4-CI, 7h, 81% 7n, 68%!°
= 4-Br, 7i, 76%d]
= 4-CF3, 7j, 63%°]
= 3-NO,, 7k, 88%!]
= 4-NO,, 71, 86%[P-¢l

[a] The reaction was carried out with aniline (1.0 mmol), aliphatic alcohol (1.0 mmol) and Ir catalyst (1.5 mol%) in
TFE (0.5 mL) under an argon atmosphere. [b] Reaction time was 40 h. [c] The reaction was carried out with cat. 2 (3.0

mol%). [d] Reaction temperature was 50 °C. [e] Reaction temperature was 60 °C.

I o, REEFICEODWTRATr =T v 7EE% 1T > 7% (Scheme 5a), 7 =1V ¥ (10.0
mmol) & XY YA T T = (10.0mmol)Z RIG X2 & N-XRVIILT =Y V5 89%DILH
THELNZ, p-F VL V7Y a—(1.0mmol)& 7 =1V ¥ (2 mmol)% TFE (1.0 mL)" 40 °C
T 40 WIS E 8 5 L RIFARINET NN-Y 7 2= p-F2 VL v YT I vRBon:

(Scheme 5b),
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Scheme 5. (a) Gram-scale experiments and (b) N,N'-dialkylation of aniline with p-xylyleneglicol

catalyzed by 2.
cat. 2
NH; . ©/\OH (1.5 mol%) H
a >
) TFE 5mL ©/
40 °C, 20 h
10.0 mmol 10.0 mmol Isolated yield 89%
cat. 2 Ph

0) NH»> . \/@/\OH (1.5 mol%) H\/O/\N/
> H
HO TFE 1.0 mL _N
40°c,40h  Ph
2.0 mmol 1.0 mmol Isolated yield 94%

RIT, BoBHTEBET I v 2T AI—=ATNTAIAMMETELICKEZE=H/T I vE
R D FEEE ) GEIFH % L 72 (Tabled4), N-A F A7 =V (1.0 mmol) & B % 7Btk # 4 4
5V YT 3= (L0 mmol)D RS IE, UG 50°C T 40 RfalfEfE3 2 2 Lic X v &
Y CH BEHEZNT I VHRRFRINETHE LN, HEICRXRVIATLa—LviER 0
A3 40°C CHEM A BIFAIGECRS 2 L8 TE72(8a), L2 L. N-ZF LT =Y 8%
W 72581 B0 T B DI MK 5 72,
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Table 4. N-Alkylation of secondary aromatic amines with various substituted benzyl alcohols

catalyzed by 2.2

H | =
N cat. 2 (1.5 mol%) |
©/ N+ R/\OH ©/N N \R

TFE 0.5 mL
50 °C, 40 h 8
1.0 mmol 1.0 mmol Isolated yield (%)
O | O T o L

8a, 83%! 8b, 75% 8c, 84%

N N N
r @ S

8d, 79% 8e, 68% 8f, 83%

O, DT O
89, 68% 8h, 83% 8i, 72%
Et

' ' 33
N N\/éa\/ N

o0 g y

8j, 72% 8k, 83% 81, 20%

[a] The reaction was carried out with N-methylaniline (1.0 mmol), benzyl alcohols (1.0 mmol) and Ir catalyst (1.5

mol%) in TFE (0.5 mL) under an argon atmosphere. [b] Reaction temperature was 40 °C.

o, 7=) v I — N fii N-~TF e B LRIGIC O WT b & L7~ (Table 5),
T=YvEIA—NEENFN 1.0mmol T, filifi 2 (1.5mol%). 0.5mL DA 60°C
T 40 B BUG % AT 2 72 JENGIES A — v (92-9d) % i L 72354, RIFRINER A % 15
LIENTEI, TOMFVED2MICAFNEE SO TR VI A —1O0d) 725/ E
WD UG T RIFICHEST L 720 BEEY A — A OB& I B WL, B8 0 R0 RS % v
k3 27z IO RZPL T (1.0mL) & & TUER I CEFRMER S 2 L2 AlREL L 72 (9f,
9h).
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Table 5. N-Heterocyclization of aniline with various diols catalyzed by 2.1%!

NH, HOD cat. 2 (1.5 mol%) Q
: . - ¢ )
HO TFE 0.5 mL o

60 °C,40h
1.0 mmol 1.0 mmol isolated yields(%)
O~ OO O
9a, 80% 9b, 62% 9c, 84%
o~ OO0 OOy
9d, 76% 9e, 83% 9f, 90%!"!

: g
O~ OO0 O
99, 74% 9h, 70%!! 9i, 51% O

[a] The reaction was carried out with aniline (1.0 mmol), diol (1.0 mmol) and Ir catalyst (1.5 mol%) in TFE (0.5 mL)

under an argon atmosphere. [b] TFE (1.0 mL) was used as a solvent.

2.2.3. RBESRAHE 2

RIT, H—IBIEET 2 v O N-TAFALICOWTHE L2, £ ETAMGE LT~
FUALT IVERVIATLI—ADN-TALFALEBS L7 (Table6)o ~F LT IV
(1.0 mmol), XV AT L3 — (1.0 mmol)B L U4 U ¥ 7 Lfili (1.5 mol%) % iAHHE(0.5 mL)
ISR S ECRIGZRIT o 70 EBPIOIEIZ, '"HNMR SATiEIC X o THEL 72, 3.
FRT I vOTAa—il X b N-TAFAMMEORBESEFEZRET L7z (entry 1), LA L, K
JBIRIE E A ST AR N o2, T, BIRT 2 v oM TR
TFE O 7w b VEIRZE T X2 e TR ERZ G 227207 E2bd, £
T. TFE (pKa=12.5)& 0 b FEEEE D&\ HFIP (pKa=9.3)2 W CRIGRITS 2 & & L7z,
FOGHE L, FFIC[Cp*IrCL], & NHC BLf7 1%  Dfifi 1 35 X 182 (entry2-4) TR E (B
N7z, % LCRICK % 40 K<, il 2 2 w72 KOG i b B AR OINE %R L 7-
729 (entry 8). TN EmiESEMFL Lz,
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Table 6. Optimization of conditions for N-alkylation of hexylamine with benzyl alcohol.?!

cat.
OH (1.5 mol%Ir) PN
NN + _—
NH; solvent H/\©
1.0 mmol 1.0 mmol 40°C, 20 h
entry cat. solvent conv. (%)M yield (%)

1 cat. 2 TFE <1 N.D.

2 [Cp*IrCl5], HFIP 31 27

3 cat. 1 HFIP 32 27

4 cat. 2 HFIP 86 81

5 cat. 3 HFIP 12 5

6 cat. 4 HFIP 16 13

7 cat. 5 HFIP <1 trace
gldl cat. 2 HFIP 99 94
gld] [Cp*IrCl,], HFIP 50 48

[a] The reaction was carried out with hexylamine (1.0 mmol), benzyl alcohol (1.0 mmol) and Ir catalyst (1.5 mol%)
in solvent (0.5 mL) under an argon atmosphere. [b] Conversion of benzyl alcohol determined by 'H NMR. [c] Yield of

N-hexylbenzylamine determined by '"H NMR. [d] Reaction time was 40 h.

2.2.4. FEEICHBE OBEER 2

Table 6 DS EE VT, BRA RIBIAIET S v &RV I AT AL a—LEHWAZ N-T L
FAACIC BT G EICHIPA % A L 72 (Table 7). EBNIY VA Fora~b 77
4 — %W CHERKE T 2 2 & TEBYOINEZ KD 72, 13L& A EDEHICE W TRIGK
fll% 40 RFEICHEIX 3 2 & CRIGFARICECHWY 2182 2L ITH I L e E72, RV VLT
I1V10a), m-7 B aXYINT I VA0e), p-t Y T AFBRAFARYINT I V10, 1-7
TZATFAT IVA0h), P u~F LT I A0 EE T 354, JOGKE % 20 FF
MR RINECERYIB B LN,
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Table 7. N-Alkylation of various amines with benzyl alcohol catalyzed by 2.1

NH
R' R2

HFIP 0.5 mL
40°C, 40 h R2

10
Isolated yield (%)

MeO Cl
N._Ph N._Ph N._Ph N._Ph

1.0 mmol 1.0 mmol

10a, 75%!®! 10b, 78% 10c, 73% 10d, 91%
CF,4
/©\/H Ph \©\/H ©\/\N/\Ph
cl ~ N__Ph N
10e, 77%!®! 10f, 68%]°! 10g, 84%
Noen LA N :
N _Ph N_ _Ph /Qg\/N Ph N__-Ph
10h, 96%! 10i, 73% 10j, 88% 10K, 72%
H H H
N._Ph O\/H N._Ph N._Ph
O/ N.__Ph
101, 88% 10m, 88% 10n, 83%]! 100, 74%

[a] The reaction was carried out with aliphatic amine (1.0 mmol), benzyl alcohol (1.0 mmol) and Ir catalyst (1.5

mol%) in HFIP (0.5 mL) under an argon atmosphere . [b] Reaction time was 20 h.

iz, REWiET 2 v LR T v a—d N-T L F bz FiE L7z (Scheme6), > 7 1
~F 7 1V (1.0mmol), 1-~F ¥/ — (1.0 mmol)F L Ol 2 (2.0 mol%) % HFIP(0.5 mL)

H40°C TA0 RIS T E 2 2 LIC XD N-~F vy 7 u~F LT I % HEHIGE 75%
TR LTI,
Scheme 6. N-alkylation of aliphatic amine with aliphatic alcohol catalyzed by 2.

cat. 2

NH, (2.0 mol%) H\/\/\/
O/ + \/\/\/OH >
HFIP 0.5 mL
40°C,40h )
1.0 mmol 1.0 mmol Isolated yield 75%
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2.3. RICEHERARE

23.1. 7u b VBRI 3R OFE

AWFFE TR, 7o b oWASE LT TFE %7213 HFIP Z AW 7284, 2oz co 7L
I—NET IVDO N-TAFMEBRRIFICGETT 2 2 & 2 /I L7z, 22T, MRIGIC KX
TR D RSB % A L 72 (Table 8-11),

T9. e ERBEE LCTFE, RS LTz vy 2 nT, 4 Y Vv L
R X 2 7 v a— @ Oppenaver BUEE(L 2R CT A7 v FHfERZ LK T 2 B8IKE
LG D HH R R % AT > 72 (Table8), X ¥ YT L3 —(1.0mmol), 7'H1 F VY ZEMKE L
T7 & F (20 mmol), fliAE 2 (1.5 mol%) % A (0.5 mL)ICIAME X &, 40 °C T 6 IR UG &
iz, B ZEBICE T B MO RE T 2 &, Z OfERICE W TRBIC X 2B
WZ LRI N (entry 1,2), F7z, 2 ZHH L A WFFICBWTRYXT AT
N A B D UK 134560 THK 2> > 72 (entry 3,4),

Table 8. Hydrogen transfer by Oppenauer oxidation of benzyl alcohol.?!

O
©/\OH .\ 0] cat2. (1.5 mol%)‘ g OH
)j\ solvent, 40 °C, 6 h )\

entry solvent yield of I (%)
1 TFE 15
2 Toluene 11
3lel TFE trace
4lcl Toluene trace

[a] The reaction was carried out with benzyl alcohol (1.0 mmol), acetone (20 mmol) and Ir catalyst 2 (1.5 mol%) in

solvent (0.5 mL) under an argon atmosphere. [b] Yield of benzaldehyde determined by GC. [c] No Ir catalyst 2.

Fe T RIGRTER L 727 V7 & FHEMRICT 3 v BREEAMAIL T4 3 v R 4%
TEBRICOWTHTHET S LT, TFE & P YO RGHEZ KL 7 (Table9), 7=V
¥ (1.0mmol), _¥ X7 /L7 t F(1.0mmol), flZE 2(1.5 mol%)% ¥&E1(0.5 mL)+ 40°C T 30 7>
MG E Rz, Z DFER, WTFROMG b #HPe»ITEITL, 4 2 vk Tch v ) 57
VT =) vERIFRINETHE (entry 1,2), INHLOFMERLD, ZOWEETOREREIC X 2
SOEHE~DRFB B I N o Tee £ 72 il 2 ZFH VR WEHFICB W THERYITH 2
RyVY) T v T =) VOEIZRIFCH o7 (entry 3,4),
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Table 9. Condensation of aniline with benzaldehyde!®

NH, 0 cat. 2 (1.5 mol%)
+ H - Nx
solvent, 40 °C, 30 min ©/

entry solvent yieId of ll (%)[b]
1 TFE 82
2 Toluene 78
3l TFE 79
4le] Toluene 79

[a] The reaction was carried out with aniline (1.0 mmol), benzaldehyde (1.0 mmol) and Ir catalyst 2 (1.5 mol%) in

solvent (0.5 mL) under an argon atmosphere. [b] Yield of benzylideneaniline determined by GC. [c] No Ir catalyst 2.

KIS, AV P LKFE RS ER T 2 4 2 vk oBEKEKIGICE T 5 TFE &
Py DR AT L 72 (Table 10), 4 I vAfElifkE LTy YT v 7=V ¥ (1.0
mmol)., i 2(1.5 mol%), 7'& b viEE LT iPrOH(S 4 8)% v, 7A#0.5 mL)H 40 °C T
St %1T > 72, TFE M TORIGETIE N-RVY AT =) Ve RIFRIECES 2 LB TE -

(entry 1)o —H T, PAZVHRTORIGITHET LD o7 (entry2), 2D L XY, TFE
DEEKBERICE T 2 EEARNTTH L LA REBI N, 70 b VY IABTH 5 TFE
X, 4 I vk E 7 b oAbic k ik e s 2 kT, CofiiRToOT AL E T
VD N-TAERMULDRIGHEZ A EE 27z, L7z, Ml 2 26 L 2w SefE ©RIG25E
Tl L DR L 72 (entry3,4), X 51T, iPrOH ZMATICKIGZEITo72& 25 (entry
S5  N-RYUAT I VRO NGE 0T, TR DRERIT, SUGHA V2T KRV D
FERBICKBE ORI Z N L CEITT 2 2L 2 RB LT3, 72, TFE iBHH i3 gk
FWHEC X 24 ) Py LKA D ERIFE S b 2 &SRB E N7z, Mi%ZIC, HFIP
HTORIGTN-_RYINT =Y VBRI B ONS Z L bR TE 72 (entry 6)o
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Table 10. Transfer hydrogenation of benzylideneaniline.[?]

cat. 2 (1.5 mol%)
- H
Nv@ PrOH (50 eq.) _ N\/@
O/ solvent, 40 °C, 6 h ©

entry solvent yield of HI (%)®!
1 TFE 86
2 Toluene 1
3lc] TFE N.D.
4lcl Toluene N.D.
5ld] TFE N.D.
6 HFIP 85

[a] The reaction was carried out with benzylideneaniline (1.0 mmol), iPrOH (5.0 mmol) and Ir catalyst 2(1.5 mol%) in
solvent (0.5 mL) under an argon atmosphere. [b] Yield of benzylamine determined by GC. [c] No Ir catalyst 2. [d] No
iPrOH.

BB, TFE & PAZ VvHICEWTR Y I AT 3 — L ORBLIEER K E L RIGIC X Y
L7724 Y Py 2kFRIPEEZFH T Ry ) 7T v 7 =) v ORRMIKFE LG 2 A L
72 (Table 11)y RV ATATEFE N-RVIAT =Y vOIEKE GC THIELE Z A,
TFE DB EICHE TR, KIGHPHET L CTAEBIIAE b7z (entry 1), L22L, FPALZ V%
HoGHcseTERYIZIzEA RO Nadr o7 (entry 2), TIH DFERIT, T Dfil
BREH 2T a—nreT7 I vD N-TAFULIC TFE A TH L LR LT 5,
T o DFERIZ, Oberhauser HEIAHE L 724 I v OB KB DAL L FIRk I,
TFE 2RISR D 7a b v R e LT EXEHATE 22 2R L7z,
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Table 11. Hydrogen transfer by Oppenauer oxidation of benzyl alcohol followed by transfer

hydrogenation of benzylideneaniline.?!

0
o H
gOH . Nv@ cat.2 (1.5 mol%) . NQ
©/ solvent, 40 °C, 6 h ©/
I m
entry solvent yield of 1 (%)[°] yield of Il (%)M}
1 TFE 22 20
2 Toluene trace trace
3lcl TFE 3ld] N.D.
4ldl Toluene 2ldl N.D.

[a] The reaction was carried out with benzylalcohol (1.0 mmol), benzylideneaniline (1.0 mmol) and Ir catalyst 2 (1.5

mol%) in solvent (0.5 mL) under an argon atmosphere. [b] Determined by GC. [c] No Ir catalyst 2. [d] By

decomposition of benzylideneaniline.

2.3.2. #EERICHERE

PlEoz & X b g% Scheme 7 1IC/89, 9., 2 & 7 a— LD RIGIC X
DT Aaxy A4 YT LEIVIERT S, AR ahliRcER 7 2 v R RN 2
5Le~I7 I VHRBEBERL, ROTHiKT 2 &4 I VRS AER L 72, 4 3 v hfEs
D C=N fEE1Z, KFEA VvV ICLoTkFElLEIN, A VY TVLT I FEVI 2
L7z, 7a b vIERIEIC X 2 KEBERT I F-Trax y Rz EE L., N-7 v F it
EEYIOE ETAa Xy A ) YL IV OFAEICORS Y, MY 4 2 AR 3,
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Scheme 7. A possible mechanism for the N-alkylation of amines with alcohols catalyzed by 2.

H H
2 17
w;&N/R R' “OH
H [ir] PN
PN N
product O R R o
v H,N—R?
R'OH
R2
/
—N_ H [Irl—H

v
R%H\% -
Vi e

2.4. FEER

AR, EERAGRIEICX VRO 2 HiffiefiiEo NHC BN F 2257 54 U ¥ L5
K& TFE % 1,1,1,333-~F % 7rA+u 4y 7u</) —n (HFIP) D7 u b vikaEs
Hwa etk b, 40~60°C DMl 7= 5&tE T ClRIAVWEH I LTTAF AT I VvERE
FERL 7o, AR T, BESMBESAFRES THLT VI —VHETAFAFE LTV
TV RELORIFICOBRIBEICHIE L BN -G WA 5, HITIZ, THALF—HY
ISR D RIS 22 T % 720 ¢ K B O BIGHIPA DA X CHIC, BARS 7
vV T e RO E A B X RN T e b v R AT T 5 & il &
vy v I aiiis b ) PURESIER L 72, 2 huid, AEERICE T 2%  OffE
ZRIFFICERTE 2270 — v I 2 MY —IicHI L7l d 2 KETH 3,



2.5. SEERTH

2.5.1. EEBREM

FTRTCOKIG L FEFIR, AT T ATV FERKT., BN R 2 L vy 7Bk > TTh
N7z, HEBX O BC{IH} NMR A7 F i, HAET ECS-400, ECS-500 Z-=2 ka X
—X—Tit#k L7z, H#RZBu~< 777 4 =GO, ¥% ¥ 7Y —h 7 L(GL-Sciences
TC-17, InertCap 5)% > 72 GL-Sciences GC4000 # A 7 v~ + /'3 7 Ci{To7, h 7L/ u~
b 27 7 4 —1¥ Wako-gel C-200 %\ TiT»> 72, JTLRAITIEHE K FHED T £ v £ —T
1To 7z IHEIIITHER) Zn FNE CHAME & &, ERHATICZER L 72 [Cp*IrClo]p, 12 11131, 20141 3(1el,
4iel SMelI SRR D IR ICHE > CTHRBLL 72, ZofhoildEizFXclilkdh Tk, AFL
72boxZzoF ML,

Tablel1: 7=U VY eRVIATAI—ADN-TILF AL

TATVERST. A YT LAEO0.1-1.5mol%). 7 =Y ¥(1.0mmol), XV ¥ AT 2
—JL(1.0mmol). HH0.5mL)% 2 NFERE I A 72, IREW % 25-78°C. 20-110 KRR &
iz, Z0%, KIGHEREZY 7aa XA &y 30mL) THRL, NEE#EL LT 7z =L
ZMATGCHIITE Y N-RYIAT =Y vONKEEZRIEL 72,

Table2 : 7=Y) V¢ ZET LI —ALD N-T AL F AL

TAITVERAT. 4V v Ll 2 (1.5 mol%). 7=1Y ¥(1.0 mmol), &7 L3 —
(1.0 mmol), 222-F V) 7AFBm LR/ —N (0.5 mL)% 2 HRBRE A7, BAEYE 40-60
°C. 20-40 Ffilif¥R & 72, 2o, IIGEREZ Y 7 vw X 2 (30mL) CHit L 7z, A%
BRRXEG, BB VAT T L~ s 7T 7 4 — (ERIRE : BEfg=F 1/
~¥¥v) CTHHEEL 72,

Table3 : RET7 =) Ve RVIATALI—AD N-TLF AL
TATVYERGT. 4027 L2 (1.5-3.0mol%), &7 =Y (1.0 mmol), 72—
(L.0mmol), 2,22-+F Y 7 A vz —nA(05ml)% 2 HBRE I 2 7. RGP Z 40-60
°C, 20-40 iR X 27z, 20k, ICERE Y 7 aa X 2y (30mL) T L7z, &5
BRFEE G R YV AT T L u< s 2T 7 4 — (BRI B/
~¥ ) THHEEL 72,

SchemeSa: 7=Y VERVIATLA— LD N-T LI
TATYERRT AV YT L2 (1.5 mol%). 7 =Y »(10.0 mmol), 7 v = — 1V $H(10.0
mmol), 222-F YV 7 AF v T X)) —A(5.0mL)% 2 HEERE 1T 2 72, IBEY % 40°C, 20 I
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it 27z, 2o, RIGERZY 7rr X2y 30mL) CTHiI L 7z, BEZZEFES ¢
et BB E VAT AN AT LI a= Y 7T 7 4 — (EEEE : FFETF L/ ~F5 V)
THREL 72,

Schemes5b : 7=V Ve RVYEV1,4-FV A X)) —ADN-TLF AL

TAITVERGT. 4V 27 A2 (1.5 mol%). 7=1V 2.0 mmol), ¥ -1,4-
A X —=N(1.0 mmol), 222-b VU 7AFuxi/)—A(1.0mL)% 2 ORBEE A2, BE
Y% 40°C, 40 WFfEfIR & €72, Z 0%, IGERZ Y 7 e X 2 (30mL) T L 72,
B A RIEX S0k, BB R VAT A T Lo~ 2T 7 4 — (ERRLE : Bk~ F
NS~F V) CTHEEL 7,

Table4 : N-XFAT =Y Ve Z@ET Va2 —1D N-T A F AL

TAITVERSKT, 4V Y7 L2 (1.5mol%), N-XF L7 =Y v(1.0mmol), 72—
A(1.0mmol),2,22-F U 7 AF v X/ —(05ml)% 2 HERERE I 2 72, IRAY % 50°C,
40 BERSIIR X 272, 20k, RIGAZ Y 7 nu X 2y (30mL) i L 7=, A% 2%
XE, EEWE L) AT AN T u= N T 7 4 — (JBEIAE  BERE T F A/~ %
V) THEEL 72,

Table5: 7=Y V¢ BB A —n1D N-~TFT Bl

TATVERAT. 4 U2 YLl 2 (1.5mol%). 7 =Y (1.0 mmol), &K 4 —1(1.0
mmol), 2,2,2-F Y 7 AF BT =1 (05-1.0 mL) % 2 HEEREICINA 72, HEWE 60 °C.
40 IR X ¥ 72, 2Dk, KIGEKREZ Y 7un 2 &2 30mL) T L7z, A% &%
TRt BRIV AT AN T Lz uw b 7T T 4 — (JEBAE  FEET T~ %4
V) THEEL 7z,

Table6: ~F AT IVERVIATALIA—LDN-TLF L

TATVERGAT A Y YT A2 (1.5 mol%), ~F A7 1Y (1.0mmol), RV ILT
b2 — (1.0 mmol), AHE0.5 mL)% 2 HEABRE IC A 72, AV % 40 °C. 20-40 FFfE L
gz, NNRYIAT =Y VYOIEKIE, ©7 x =2 NERERE & LCHWv7- 'H NMR 27
X VR %,

Table7 : BT IV EeRVIATAI—AD N-TAF AL

TAITVERST., 4V 27 Ll 2 (1.5mol%). &7 I ¥(1.0mmol), R¥ ¥ LT L2
—(1.0mmol), 1,1,1,333-~FH7anu (Y 7aeir7ira—n05ml)% 2 HalBRE i
Z 770 IREY % 40-60 °C. 20-40 FFEIHIR & 72, 2Dk, KIGEKEZY 7aaxx v (30
mL) CTHItH L 72, A ZER S 2%, BB E L VAT AN T LI m~ 777 4 — (B
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BRVAHE « WElik— F v /~F ) THEEL 72,

Scheme 6 : 7 u~FT LT I Ve 1-~FH ) —1LD N-TLF AL

TAITVERST, 40 YT LM 202.0mol%), 7 a~F T IV (1.0mmol), 1-~
*¥9/ —A(1.0mmol), 1,1,1333-~F¥ 70wy o iF7ra—1(0.5ml)% 2 LR
BTz 72, IRAY% 40°C, 40 BFEBIR X 672, 20k, MIGKKRZY 7o Xz (30
mL) CHiItH U7, IS KR S 27, R VAT AN T LI~ 7T 7 4 — (B
FRVALE : BEE = F v/ ~F ) CTHREL 7,

Table 8 : RV AT A I—NLDEEL

TAITVERSAT. 4V Y7 L 2 (0-1.5 mol%). 7+ F ~(20.0 mmol), X¥ I LT L
2 — (1.0 mmol), ¥EHE0.5 mL)% BRI 2 72 IRAW % 40 °C T 6 B X ¢
Too BEWITH 2 XY AT AT PO, ©7 ==V ZNEMFEHEL LTHW 72 GC 2t
X VEHL -,

Table9: 72U Ve RVIATATE FRLDAL I VAR

TAITVERGT. 4 Y27 A 20-1.5mol%), 7=V ¥(1.0mmol), XY AT LTt
F(1.0mmol). {&EE(0.5 mL)% —FERE 1T 2 72, IBAW % 40°CT 30 P S 7=, £
BICTHE N-_VIAT =) YOI, ©7 A %NEEEL LTHWZ GC ofTic
KOREML 7,

Table 10 : 4 I v DKFEL

TAITVERAT. 427 LB 20-1.5 mol%), N-Xv U 77 =19 (1.0 mmol),
2-7'm %) — (5.0 mmol), ABE0.5 mL)%Z —HEEVE ICZ 72, IRAEWZ 40°CT 6 IFfHH
BXez, EEYITHE N-RYyIAT =) YOINKIZ, ©7 2= NEEEE LCTH,
72 GC ofTic X W BHIL 7=,

Table 11 : 4 I ¥ DIKFE{L

TAITVERKT. 427 LMMEE 20-1.5 mol%), N-_Xv ¥ U 77 =19 (1.0 mmol),
XYY NAT 3 —1(1.0 mmol), ELEO0.5 mL)E IFERE IS 2 72, IREWI% 40°CT 6 I
R X g2, BB THE N-R_RVYIALT =Y vOILKIZ, ©7 = L% NGHE# L LT
w7z GCoatric X W EH L 72,
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2.5.2. {LAYIER

Table 2.

N-benzylaniline (Table 2, 6a)'5

'H NMR (400 MHz, CDCls) & 7.39-7.27 (m, 5H, aromatic), 7.19-7.16 (m, 2H, aromatic),6.71 (t, 1H,
J =7 Hz, aromatic), 6.66 (d, J = 7 Hz, 2H, aromatic), 4.33 (s, 2H, CHy), 4.13 (br, 1H, NH). 13C{*H}
NMR (100.5 MHz, CDCIs) 6 148.3 (s, aromatic), 139.6 (s, aromatic), 129.4 (s, aromatic), 128.8 (s,
aromatic), 127.6 (s, aromatic), 127.4 (s, aromatic), 117.7 (s, CHy), 113.0 (s, aromatic), 48.5 (s, CHy).

N-(2-methylbenzyl)aniline (Table 2, 6b)!5*

'H NMR (400 MHz, CDCls) & 7.34 (m, 1H, aromatic), 7.21-7.15 (m, 5H, aromatic),

6.72 (t, 1H, J = 7 Hz, aromatic), 6.64 (d, 2H, J = 8 Hz, aromatic), 4.27 (s, 2H, CHy), 3.99 (s, 1H, NH),
2.34 (s, 3H, CHs). *C{*H} NMR (100.5 MHz, CDCls) 6 148.4 (s, aromatic), 137.1 (s, aromatic),
136.5 (s, aromatic), 130.6 (s, aromatic), 129.4 (s, aromatic), 128.4 (s, aromatic), 127.6 (s, aromatic),
126.3 (s, aromatic), 117.6 (s, aromatic), 112.8 (s, aromatic), 46.5 (s, CHz), 19.1 (s, CHs).

N-(3-methylbenzyl)aniline (Table 2, 6¢)'>

'H NMR (500 MHz, CDCls) & 7.23 (m, 5H, aromatic), 7.09 (m, 1H, aromatic),

6.73 (t, 1H, J = 7.2 Hz, aromatic), 6.49 (d, 2H, J = 8.0 Hz, aromatic), 4.27 (s, 2H, CH>), 3.83 (s, 1H,
NH), 2.37 (s, 3H, CH3). *C{*H} NMR (125.65 MHz, CDCls) & 148.3 (s, aromatic), 139.4 (s, aromatic),
138.4 (s, aromatic), 129.4 (s, aromatic), 128.6 (s, aromatic), 128.4 (s, aromatic), 128.1 (s, aromatic),
124.7 (s, aromatic), 117.6 (s, aromatic), 112.9 (s, aromatic), 48.4 (s, CHy), 21.6 (s, CHs).

N-(4-methylbenzyl)aniline (Table 2, 6d)'>

'H NMR (400 MHz, CDCls) § 7.27-7.25 (m, 2H, aromatic), 7.19-7.14 (m, 4H, aromatic),

6.73 (t, 1H, J = 7 Hz, aromatic), 6.64 (d, 2H, J = 7 Hz, aromatic), 4.28 (s, 2H, CHy), 3.97 (s, 1H, NH),
2.34 (s, 3H, CHs). C{*H} NMR (100.5 MHz, CDCls) & 148.4 (s, aromatic), 137.0 (s, aromatic),
136.5 (s, aromatic), 129.4 (s, aromatic), 129.4 (s, aromatic), 127.6 (s, aromatic), 117.6 (s, aromatic),
113.0 (s, aromatic), 48.2 (s, CH>), 21.2 (s, CHj3).

N-(4-methoxylbenzyl)aniline (Table 2, 6¢)'?

'H NMR (400 MHz, CDCls) & 7.38-7.14 (m, 4H, aromatic), 6.89-6.63 (m, 2H, aromatic), 6.73-6.28
(m, 3H, aromatic), 4.25 (s, 2H, CHy), 3.94 (br, 1H, NH), 3.80 (s, 3H, OCH3). *C{*H} NMR (100.5
MHz, CDCls) 6 158.9 (s, aromatic), 148.3 (s, aromatic), 131.5 (s, aromatic), 129.4 (s, aromatic), 129.0
(s, aromatic), 117.6 (s, aromatic), 114.1 (s, aromatic), 112.9 (s, aromatic), 55.4 (s, aromatic), 47.9 (s,
CHy).
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N-(4-phenylbenzyl)aniline (Table 2, 6)!5f

"H NMR (400 MHz, CDCl3) & 7.60 (m, 4H, aromatic), 7.45 (m, 4H, aromatic), 7.36 (m, 1H, aromatic),
7.21 (m, 2H, aromatic), 6.75 (t, I|H, J=7 Hz, aromatic), 6.67 (d, 2H, J = 8 Hz, aromatic), 4.37 (s, 2H,
CH,), 4.07 (br, 1H, NH). C{'H} NMR (100.5 MHz, CDCl3) & 148.2 (s, aromatic), 140.9 (s, aromatic),
140.3 (s, aromatic), 138.6 (s, aromatic), 129.4 (s, aromatic), 128.9 (s, aromatic), 128.0 (s, aromatic),
127.5 (s, aromatic), 127.4 (s, aromatic), 127.2 (s, aromatic), 117.7 (s, aromatic), 113.0 (s, aromatic),
48.1 (s, CHa).

N-(2-chlorobenzyl)aniline (Table 2, 6g)'*"

'H NMR (400 MHz, CDCls) & 7.43-7.36 (m, 2H, aromatic), 7.23-7.15 (m, 4H, aromatic),

6.72 (t, 1H, J =7 Hz, aromatic), 6.63 (d, 2H, J = 8 Hz, aromatic), 4.44 (s, 2H, CHy), 4.19 (br, 1H, NH).
BC{*H} NMR (100.5 MHz, CDCls) & 147.9 (s, aromatic), 136.8 (s, aromatic), 133.3 (s, aromatic),
129.6 (s, aromatic), 129.4 (s, aromatic), 129.1 (s, aromatic), 128.5 (s, aromatic), 127.1 (s, aromatic),
117.9 (s, aromatic), 113.0 (s, aromatic), 46.0 (s, CH>).

N-(3-chlorobenzyl)aniline (Table 2, 6h)%

'H NMR (400 MHz, CDCls) 6 7.37 (s, 1H, aromatic), 7.30-7.15 (m, 5H, aromatic), 6.75 (t, 1H, J =7
Hz, aromatic), 6.62 (d, 2H, J = 8 Hz, aromatic), 4.32 (s, 2H, CHy), 4.08 (br, 1H, NH). 3C{*H} NMR
(100.5 MHz, CDClIs) 6 147.9 (s, aromatic), 141.8 (s, aromatic), 134.6 (s, aromatic), 130.0 (s, aromatic),
129.4 (s, aromatic), 127.5 (s, aromatic), 127.4 (s, aromatic), 125.5 (s, aromatic), 117.9 (s, aromatic),
113.0 (s, aromatic), 47.8 (s, CH>).

N-(4-chlorobenzyl)aniline (Table 2, 6i)'

'H NMR (500 MHz, CDCls) 6 7.30 (s, 4H, aromatic), 7.19-7.15 (m, 2H, aromatic), 6.72 (t, 1H, J =7
Hz, aromatic), 6.62 (d, 2H, J = 7 Hz, aromatic), 4.31 (s, 2H, CH>), 4.04 (br, 1H, NH). 3C{*H} NMR
(125.65 MHz, CDCIs3) & 148.0 (s, aromatic), 138.1 (s, aromatic), 133.0 (s, aromatic), 129.4 (s,
aromatic), 128.9 (s, aromatic), 128.8 (s, aromatic), 118.0 (s, aromatic), 113.0 (s, aromatic), 47.8 (s,
CHy).

N-(4-bromobenzyl)aniline (Table 2, 6j)*®

'H NMR (400 MHz, CDCls) § 7.46 (m, 2H, aromatic), 7.21 (m, 5H, aromatic), 7.19 (t, 2H, J = 8 Hz,
aromatic), 6.74 (t, 1H, J = 7 Hz, aromatic), 6.61 (d, 2H, J = 8 Hz, aromatic), 4.29 (s, 2H, CH>), 4.07
(s, 1H, NH). 3C{*H} NMR (100.5 MHz, CDCls) & 147.9 (s, aromatic), 138.7 (s, aromatic), 131.8 (s,
aromatic), 129.4 (s, aromatic), 129.2 (s, aromatic), 121.1 (s, aromatic), 118.0 (s, aromatic), 113.0 (s,
aromatic), 47.8 (s, CHy).
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N-(4-trifuloromethylbenzyl)aniline (Table 2, 6k)°

'H NMR (400 MHz, CDCls) 6 7.60 (d, 2H, J = 8 Hz, aromatic), 7.49 (d, 2H, J = 8 Hz, aromatic), 7.20
(t, 2H, J =7 Hz, aromatic), 6.77 (t, 1H, J = 7 Hz, aromatic), 6.61 (d, 2H, J = 8 Hz, aromatic), 4.42 (s,
2H, CHy), 4.17 (br, 1H, NH). *C{*H} NMR (100.5 MHz, CDCls) § 147.8 (s, aromatic), 143.8 (s,
aromatic), 130.0 (g, J = 32.5 Hz), 129.5 (s, aromatic), 128.4 (g, J = 272 Hz), 127.5 (s, aromatic), 125.7
(9, J = 3.8 Hz, CF3), 118.0 (s, aromatic), 113.0 (s, aromatic), 47.8 (s, CH>).

N-(4-metoxycarbonylbenzyl)aniline (Table 2, 61)'5"

'H NMR (400 MHz, CDCls) 6 8.02 (d, 2H, J = 8 Hz, aromatic), 7.45 (d, 2H, J = 7 Hz, aromatic), 7.19
(t, 2H, J =7 Hz, aromatic), 6.75 (t, 1H, J = 7 Hz, aromatic), 6.62 (d, 2H, J = 7 Hz, aromatic), 4.41 (s,
2H, CHy), 4.14 (br, 1H, NH), 3.91 (s, 3H, CH3). *C{*H} NMR (100.5 MHz, CDCls) & 167.1 (s, 0=C),
147.9 (s, aromatic), 145.1 (s, aromatic), 130.1 (s, aromatic), 129.4 (s, aromatic), 129.2 (s, aromatic),
127.2 (s, aromatic), 117.9 (s, aromatic), 113.0 (s, aromatic), 52.2 (s, CHs), 48.1 (s, CHy).

N-(3-nitrobenzyl)aniline (Table 2, 6m)'S

'H NMR (400 MHz, CDCls) & 8.24 (s, 1H, aromatic), 8.12 (d, 1H, J = 7 Hz, aromatic), 7.72 (d, 1H, J
=7 Hz, aromatic), 7.52 (t, 1H, J = 8 Hz, aromatic), 7.19 (t, 2H, J = 7 Hz, aromatic), 6.76 (t, 1H,J=7
Hz, aromatic), 6.61 (d, 2H, J = 8 Hz, aromatic), 4.46 (s, 2H, CHy), 4.25 (s, 1H, NH). 3C{*H} NMR
(100.5 MHz, CDCIs) 5 148.6 (s, aromatic), 147.4 (s, aromatic), 142.1 (s, aromatic), 133.3 (s, aromatic),
129.7 (s, aromatic), 129.5 (s, aromatic), 122.4 (s, aromatic), 122.1 (s, aromatic), 118.3 (s, aromatic),
113.0 (s, aromatic), 47.6 (s, CH>).

N-(4-nitrobenzyl)aniline (Table 2, 6n)!5

'H NMR (400 MHz, CDCls) 6 8.20 (d, 2H, J = 8 Hz, aromatic), 7.55 (d, 2H, J = 8 Hz, aromatic), 7.19
(t, 2H, J =7 Hz, aromatic), 6.77 (t, 1H, J = 7 Hz, aromatic), 6.59 (d, 2H, J = 7 Hz, aromatic), 4.49 (s,
2H, CHy), 4.24 (s, 1H, NH). B3C{*H} NMR (100.5 MHz, CDCls) & 147.7 (s, aromatic), 147.4 (s,
aromatic), 147.2 (s, aromatic), 129.4 (s, aromatic), 127.8 (s, aromatic), 123.9 (s, aromatic), 118.2 (s,
aromatic), 113.0 (s, aromatic), 47.6 (s, CHy).

N-butylaniline (Table 2, 60)'5

"H NMR (400 MHz, CDCl3) 6 7.20 (m, 2H, aromatic), 6.71 (t, 1H, J = 7 Hz, aromatic), 6.62 (d, 2H, J
= 7 Hz, aromatic), 3.60 (br, 1H, NH), 3.13 (t, 2H, /=7 Hz, NCH>), 1.64 (m, 2H, CH>), 1.48 (m, 2H,
CH>), 0.98 (t, 3H, J=7 Hz, CH3). 3C{'H} NMR (100.5 MHz, CDCI3) & 148.6 (s, aromatic), 129.3 (s,
aromatic), 117.1 (s, aromatic), 112.8 (s, aromatic), 43.8 (s, CH»), 31.7 (s, CH»), 20.4 (s, CH»), 14.1 (s,
CHs3).
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N-hexylaniline (Table 2, 6p)'5¢

'H NMR (400 MHz, CDCls) 6 7.17 (t, 2H, J = 7 Hz, aromatic), 6.68 (t, 1H, J = 7 Hz, aromatic), 6.61
(d, 2H, J = 7 Hz, aromatic), 3.59 (br, 1H, NH), 3.10 (t, 2H, J = 7 Hz, NCH>), 1.65-1.58 (m, 2H, CHy),
1.44-1.27 (m, 6H, CHy), 0.90 (t, 3H, J = 7 Hz, CH3). BC{*H} NMR (100.5 MHz, CDCls) & 148.6 (s,
aromatic), 129.3 (s, aromatic), 117.1 (s, aromatic), 112.8 (s, aromatic), 44.1 (s, CHy), 31.8 (s, CHy),
29.6 (s, CH2), 27.0 (s, CHy), 22.8 (s, CH2), 14.2 (s, CH3).

N-octylaniline (Table 2, 6q)'>

'H NMR (400 MHz, CDCls) 6 7.17 (t, 2H, J = 7 Hz, aromatic), 6.69 (t, 1H, J = 7 Hz, aromatic), 6.62
(dd, 2H, J=8.0 and 8.0 Hz, aromatic), 3.72 (br, 1H, NH), 3.10 (t, 2H, J =7 Hz, NCH), 1.65-1.58 (m,
2H, CH,), 1.41-1.28 (m, 10H, CH>), 0.89 (t, 3H, J = 7 Hz, CH3). 3C{*H} NMR (100.5 MHz, CDCl5)
0 148.7 (s, aromatic), 129.3 (s, aromatic), 117.2 (s, aromatic), 112.8 (s, aromatic), 44.1 (s, CHy), 32.0
(s, CH2), 29.7 (s, CH>), 29.6 (s, CH>), 29.4 (s, CHy), 27.3 (s, CH>), 22.8 (s, CH>), 14.3 (s, CH>).

N-(3,3-dimethylbutyl)aniline (Table 2, 6r)'>

'"H NMR (400 MHz, CDCl3) 8 7.20-7.15 (m, 2H, aromatic), 6.71-6.67 (t, 1H, J = 7 Hz, aromatic),
6.62-6.59 (m, 2H, aromatic), 3.50 (s, 1H, NH), 3.13-3.09 (m, 2H, NCH>), 1.55-1.51 (m, 2H, CH>),
0.97 (s, 9H, CH3). BC{'H} NMR (100.5 MHz, CDCl5) & 148.6 (s, aromatic), 129.3 (s, aromatic), 117.2
(s, aromatic), 112.8 (s, aromatic), 43.6 (s, CHy), 40.4 (s, CH>), 30.1 (s, CH), 29.7 (s, CH3).

N-(5-metylpentyl)aniline (Table 2, 6s)'54

'H NMR (400 MHz, CDCls) & 7.18 (m, 2H, aromatic), 6.68 (t, 1H, J = 7 Hz, aromatic), 6.58 (dd, 2H,
J = 8.8 and 8.8 Hz, aromatic), 3.49 (br, 1H, NH), (t, 2H, J =7 Hz, NCHy), 1.61 (m, 1H, CH>), 1.47
(m, 5H, aromatic), 1.18 (d, 3H, J = 7 Hz, CHs), 0.92 (t, 3H, J = 7 Hz, CHa3). 33C{*H} NMR (100.5
MHz, CDCl3) & 147.8 (s, aromatic), 129.4 (s, aromatic), 116.8 (s, aromatic), 113.2 (s, aromatic), 48.5
(s, CH), 37.1 (s, CHy), 28.5 (s, CHy»), 22.9 (s, CH>), 20.9 (s, CHy), 14.2 (s, CHs3).

N-(4-phenylbutyl)aniline (Table 2, 6t)'5P

"H NMR (400 MHz, CDCl3) 6 7.30 (m, 2H, J = 7 Hz, aromatic), 7.21 (m, 5H, aromatic), 6.70 (m, 1H,
aromatic), 6.58 (dd, 2H, J = 8 and 8 Hz, aromatic), 3.55 (br, 1H, NH), 3.13 (t, 2H, J =7 Hz, NCH>),
2.67 (t, 2H, J = 7 Hz, CHa), 1.77 (m, 4H, CHy). *C{'H} NMR (100.5 MHz, CDCls) & 148.5 (s,
aromatic), 142.3 (s, aromatic), 129.3 (s, aromatic), 128.5 (s, aromatic), 128.5 (s, aromatic), 125.9 (s,
aromatic), 117.2 (s, aromatic), 112.8 (s, aromatic), 43.9 (s, CH»), 35.8 (s, CH»), 29.2 (s, CH»), 29.1 (s,
CH,).
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N-(3-phenylpropyl)aniline (Table 2, 6u)'>°

'H NMR (400 MHz, CDCl3) & 7.31 (m, 2H, aromatic), 7.21 (m, 5H, aromatic), 6.71 (t, 1H, J = 7 Hz,
aromatic), 6.59 (d, 2H, J = 8 Hz, aromatic), 3.61 (br, 1H, NH), 3.17 (t, 2H, J = 7 Hz, NCH>), 2.76 ({,
2H, J = 7 Hz, CHy), 1.99 (m, 2H, CH). BC{*H} NMR (100.5 MHz, CDCls) & 148.5 (s, aromatic),
141.8 (s, aromatic), 129.4 (s, aromatic), 128.6 (s, aromatic), 128.6 (s, aromatic), 126.1 (s, aromatic),
117.4 (s, aromatic), 112.9 (s, aromatic), 43.6 (s, CH>), 33.6(s, CHy), 31.2 (s, CHy).

N-(cyclohexylmethyl)aniline (Table 2, 6v)'*"

'H NMR (400 MHz, CDCls) & 7.19 (m, 2H, aromatic), 6.69 (m, 1H, aromatic),

6.61 (m, 2H, aromatic), 3.71 (s, 1H, NH), 2.96 (d, 2H, J =7 Hz, NCH), 1.84 (m, 2H, CH_), 1.78 (m,
3H, aromatic), 1.63 (m, 1H, CH,), 1.31 (m, 3H, CH), 1.03 (m, 2H, aromatic). **C{*H} NMR (100.5
MHz, CDCls) 6 148.7 (s, aromatic), 129.3 (s, aromatic), 117.0 (s, aromatic), 117.0 (s, aromatic), 112.7
(s, aromatic), 50.7 (s, CH>), 37.6 (s, CHy), 31.4 (s, CH>), 26.7 (s, CH>), 26.1 (s, CH3).

N-(1-methylpentyl)aniline (Table 2, 6w)!5™

'H NMR (500 MHz, CDCls) 6 7.19 (t, 2H, J = 8 Hz, aromatic), 6.71 (t, 1H, J = 7 Hz, aromatic), 6.61
(d, 2H, J =7 Hz, aromatic), 3.62 (br, 1H, NH), 3.10 (t, 2H, J = 7 Hz, NCH>), 1.65 (m, 3H, CH>), 1.31
(m, 2H, CHy), 0.91 (d, 6H, J = 7 Hz, CH3). BC{*H} NMR (125.65 MHz, CDCls) 5 148.6 (s, aromatic),
129.3 (s, aromatic), 117.2 (s, aromatic), 112.8 (s, aromatic), 44.4 (s, CHy), 36.5 (s, CH2), 28.0 (s, CHy),
27.6 (s, CHy), 22.7 (s, CHa).

N-phenylcyclopentanamine (Table 2, 6x)'5

'H NMR (400 MHz, CDCls) § 7.19 (m, 2H, aromatic), 6.69 (t, 1H, J = 7 Hz, aromatic), 6.61 (d, 2H, J
= 8 Hz, aromatic), 3.81 (m, 1H, NCH), 3.65 (br, 1H, NH), 2.06 (m, 2H, CH), 1.77 (m, 4H, aromatic),
1.52 (m, 2H , CHy). 3C{*H} NMR (100.5 MHz, CDCl3) & 148.1 (s, aromatic), 129.3 (s, aromatic),
116.9 (s, aromatic), 113.2 (s, aromatic), 54.7 (s, CH>), 33.7 (s, CH>), 24.2 (s, CHs).

N-phenylcycloheptanamine (Table 2, 6y)!*?

'H NMR (400 MHz, CDCls) 6 7.18 (t, 2H, J = 7 Hz, aromatic), 6.68 (t, 1H, J = 7 Hz, aromatic), 6.56
(d, 2H, J =8 Hz, aromatic), 3.59 (br, 1H, NH), 3.48 (m, 1H, NCH>), 2.01 (m, 2H, CHy), 1.71 (m, 10H,
CHy). BC{*H} NMR (100.5 MHz, CDCls) & 147.4 (s, aromatic), 129.4 (s, aromatic), 116.9 (s,
aromatic), 113.3 (s, aromatic), 53.7 (s, CH), 34.9 (s, CH,), 28.5 (s, CH2), 24.5 (s, CHy).
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Table 3.

N-benzyl-2-methylaniline (Table 3, 7b) !5

'H NMR (400 MHz, CDClz) & 7.40 (m, 4H, aromatic), 7.30 (m, 1H, aromatic), 7.12 (m, 2H, aromatic),
6.69 (t, 1H, J =7 Hz, aromatic), 6.62 (d, 1H, J = 8 Hz, aromatic), 4.37 (s, 2H, CHy), 3.86 (br, 1H, NH),
2.17 (s, 3H, CHs). BC{*H} NMR (100.5 MHz, CDCls) & 146.2 (s, aromatic), 139.6 (s, aromatic),
130.2 (s, aromatic), 128.8 (s, aromatic), 127.7 (s, aromatic), 127,4 (s, aromatic), 127.3 (s, aromatic),
122.0 (s, aromatic), 117.3 (s, aromatic), 110.1 (s, aromatic), 48.4 (s, CHy), 17.7 (s, CHs).

N-benzyl-3-methylaniline (Table 3, 7¢)'5¢

'H NMR (400 MHz, CDCls) 8 7.38-7.25 (m, 5H, aromatic), 7.08 (t, 1H, J = 7 Hz, aromatic),

6.55 (t, 1H, J = 7.2 Hz, aromatic), 6.47 (m, 2H, aromatic), 4.32 (s, 2H, CH>), 3.96 (s, 1H, NH), 2.27
(s, 3H, CH3). BC{*H} NMR (100.5 MHz, CDCls) & 148.4 (s, aromatic), 139.7 (s, aromatic), 139.1 (s,
aromatic), 129.3 (s, aromatic), 128.8 (s, aromatic), 127,7 (s, aromatic), 127.3 (s, aromatic), 118.6 (s,
aromatic), 113.8 (s, aromatic), 110.1 (s, aromatic), 48.4 (s, CH>), 21.8 (s, CHj3).

N-benzyl-4-methylaniline (Table 3, 7d)'?

'H NMR (400 MHz, CDCls) & 7.38 (m, 4H, aromatic), 7.29 (m, 1H, aromatic),

6.99 (d, 2H, J = 8 Hz, aromatic), 6.58 (d, 2H, J = 8 Hz, aromatic), 4.31 (s, 2H, CH>), 3.92 (s, 1H, NH),
2.24 (s, 3H, CHs). *C{*H} NMR (100.5 MHz, CDCls) 6 146.0 (s, aromatic), 139.8 (s, aromatic),
129.9 (s, aromatic), 128.7 (s, aromatic), 127.6 (s, aromatic), 127.3 (s, aromatic), 126.9 (s, aromatic),
113.1 (s, aromatic), 48.7 (s, CH>), 20.5 (s, CH3).

N-benzyl-4-methoxylaniline (Table 3, 7¢)!?

'H NMR (400 MHz, CDCl3) & 7.39 (m, 5H, aromatic), 6.78 (m, 2H, aromatic), 6.63 (m, 2H, aromatic),
4.29 (s, 2H, CHy), 3.74 (s, 3H, OCHs). BC{*H} NMR (100.5 MHz, CDCl3) & 152.1 (s, aromatic),
142.5 (s, aromatic), 139.7 (s, aromatic), 128.7 (s, aromatic), 127.6 (s, aromatic), 127.3 (s, aromatic),
114.9 (s, aromatic), 114.2 (s, aromatic), 55.8 (s, OCHs), 49.3 (s, CH>).

N-benzyl-2-chloroaniline (Table 3, 7f)!5

'H NMR (400 MHz, CDCl3) 6 7.37 (m, 4H, aromatic), 7.31 (m, 1H, aromatic), 7.11 (td, 1H, J = 7 Hz,
aromatic), 6.68 (m, 2H, aromatic), 4.74 (s, 1H, NH), 4.41 (d, 2H, J =7 Hz, CH,). *C{*H} NMR (100.5
MHz, CDCls) 6 144.0 (s, aromatic), 138.8 (s, aromatic), 129.2 (s, aromatic), 128.8 (s, aromatic), 127.9
(s, aromatic), 127.5 (s, aromatic), 127.4 (s, aromatic), 119.2 (s, aromatic), 117.5 (s, aromatic), 111.6
(s, aromatic), 47.9 (s, CHy).
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N-benzyl-3-chloroaniline (Table 3, 7g)!5

"H NMR (400 MHz, CDCl3) & 7.38 (m, 5H, aromatic), 7.08 (t, 1H, J = 8 Hz, aromatic), 6.69 (m, 1H,
aromatic), 6.62 (t, 1H, J= 7 Hz, aromatic), 6.51 (m, 1H, aromatic), 4.31 (s, 2H, CH3), 4.12 (br, 1H,
NH). BC{'H} NMR (100.5 MHz, CDCls) & 149.3 (s, aromatic), 138.9 (s, aromatic), 135.1 (s,
aromatic), 130.3 (s, aromatic), 128.8 (s, aromatic), 127.6 (s, aromatic), 127.6 (s, aromatic), 117.5 (s,
aromatic), 112.6 (s, aromatic), 111.2 (s, aromatic), 48.2 (s, CH>).

N-benzyl-4-chloroaniline (Table 3, 7h)'5?

'H NMR (400 MHz, CDCls3) & 7.30-7.21 (m, 5H, aromatic), 7.06 (d, 2H, J = 8 Hz, aromatic), 6.49-
6.45 (m, 2H, aromatic), 4.22 (s, 2H, CHy), 4.00 (s, 1H, NH). 33C{*H} NMR (100.5 MHz, CDCl3) &
146.8 (s, aromatic), 139.1 (s, aromatic), 129.2 (s, aromatic), 128.8 (s, aromatic), 127.6 (s, aromatic),
127.5 (s, aromatic), 122.2 (s, aromatic), 114.0 (s, aromatic), 48.5 (s, CHy).

N-benzyl-4-bromoaniline (Table 3, 7i)!

'H NMR (400 MHz, CDCls) § 7.34-7.21 (m, 7H, aromatic), 6.50-6.46 (m, 2H, aromatic), 4.28 (s, 2H,
CH,), 4.07 (s, 1H, NH). *C{*H} NMR (100.5 MHz, CDCls) 5 147.1 (s, aromatic), 138.9 (s, aromatic),
132.0 (s, aromatic), 128.8 (s, aromatic), 127.5 (s, aromatic), 114.5 (s, aromatic), 109.2 (s, aromatic),
48.3 (s, CHy).

N-benzyl-4-trifluoromethylaniline (Table 3, 7j)!5¢

'H NMR (400 MHz, CDCls) 6 7.40-7.27 (m, 7H, aromatic), 6.49 (d, 2H, J = 8 Hz, aromatic), 4.37 (s,
2H, CHy). B3C{*H} NMR (100.5 MHz, CDClIs) & 150.6 (s, aromatic), 138.6 (s, aromatic), 128.9 (s,
aromatic), 127.6 (s, aromatic), 127.5 (s, aromatic), 126.7 (g, aromatic), 123.7 (s, aromatic), 119.3 (q,
J=32.6 Hz, CF3), 112.1 (s, aromatic), 47.9 (s, CHy).

N-benzyl-3-nitroaniline (Table 3, 7k)'5d

'H NMR (500 MHz, CDCls) § 7.55-7.53 (m, 1H, aromatic), 7.45 (t, 1H, J = 2 Hz, aromatic), 7.38-
7.36 (m, 3H, aromatic), 7.34-7.29 (m, 2H, aromatic), 7.27-7.25 (m, 3H, aromatic), 6.90-6.87 (m, 1H,
aromatic), 4.40 (s, 2H, CH,). *C{*H} NMR (125.65 MHz, CDClz) & 149.5 (s, aromatic), 148.9 (s,
aromatic), 138.1 (s, aromatic), 129.9 (s, aromatic), 129.0 (s, aromatic), 127.8 (s, aromatic), 127.6 (s,
aromatic), 118.8 (s, aromatic), 112.3 (s, aromatic), 107.0 (s, aromatic), 48.2 (s, CH>).

N-benzyl-4-nitroaniline (Table 3, 71)'5

'H NMR (500 MHz, CDCls) & 8.10 (d, 2H, J = 8 Hz, aromatic), 7.40 (m, 5H, aromatic), 6.59 (d, 2H,
J = 8 Hz, aromatic), 4.83 (s, 1H, NH), 4.44 (d, 2H, J = 7 Hz, CHy). C{*H} NMR (125.65 MHz,
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CDCl3) 6 153.1 (s, aromatic), 138.5 (s, aromatic), 137.5 (s, aromatic), 129.1 (s, aromatic), 128.0 (s,
aromatic), 127.5 (s, aromatic), 126.5 (s, aromatic), 111.5 (s, aromatic), 47.8 (s, CHy).

N-benzylnaphthalen-1-amine (Table 3, 7m)'®

'H NMR (400 MHz, CDCls) 6 7.84-7.79 (m, 2H, aromatic), 7.48-7.25 (m, 9H, aromatic), 6.64 (d, 1H,
J =7 Hz, aromatic), 4.71 (br, 1H, NH), 4.50 (s, 2H, CH2). *C{*H} NMR (100.5 MHz, CDCls) § 143.3
(s, aromatic), 139.2 (s, aromatic), 134.4 (s, aromatic), 128.84 (s, aromatic), 128.81 (s, aromatic), 127.9
(s, aromatic), 127.5 (s, aromatic), 126.7 (s, aromatic), 125.9 (s, aromatic), 124.9 (s, aromatic), 123.5
(s, aromatic), 120.0 (s, aromatic), 117.7 (s, aromatic), 104.8 (s, aromatic), 48.7 (s, CH>).

N-benzylquinolin-3-amine (Table 3, 7n)'5?

'H NMR (400 MHz, CDCls) 6 8.50 (s, 1H, aromatic), 7.95 (s, 1H, aromatic), 7.58 (s, 1H, aromatic),
7.435 (m, 7H, aromatic), 7.04 (s, 1H, aromatic), 4.46 (m, 2H, CHy), 4.39 (s, 1H, NH). BC{*H} NMR
(100.5 MHz, CDCls) 5 143.4 (s, aromatic), 142.3 (s, aromatic), 141.5 (s, aromatic), 138.3 (s, aromatic),
129.5 (s, aromatic), 129.1 (s, aromatic), 129.0 (s, aromatic), 127.7 (s, aromatic), 127.6 (s, aromatic),
127.1 (s, aromatic), 126.1 (s, aromatic), 125.1 (s, aromatic), 110.5 (s, aromatic), 48.1 (s, CHy).

Scheme 4.

N,N’-diphenyl-p-xylilenediamine(Scheme 4b)'>’

'H NMR (500 MHz, CDCls) & 7.35 (s, 4H, aromatic), 7.2-7.15 (m, 4H, aromatic), 6.72 (t, 2H, J =7
Hz, aromatic), 6.65 (d, 4H, J = 7 Hz, aromatic), 4.32 (s, 4H, CHy), 4.06 (br, 2H, NH). 3C{*H} NMR
(100.5 MHz, CDCls) 5 148.1 (s, aromatic), 138.5 (s, aromatic), 129.4 (s, aromatic), 127.9 (s, aromatic),
117.6 (s, aromatic), 112.9 (s, aromatic), 48.0 (s, CH>).

Table 4.

N-benzyl-N-methylaniline (Table 4, 8a)'5

'H NMR (400 MHz, CDCls) & 7.33-7.30 (m, 2H, aromatic), 7.24-7.20 (m, 5H, aromatic), 6.76-6.70
(m, 3H, aromatic), 4.54 (s, 2H, CH>), 3.02 (s, 3H, CHs). *C{*H} NMR (100.5 MHz, CDCls) & 149.8
(s, aromatic), 139.1 (s, aromatic), 129.3 (s, aromatic), 128.6 (s, aromatic), 126.9 (s, aromatic), 126.8
(s, aromatic), 116.6 (s, aromatic), 112.4 (s, aromatic), 56.6 (s, CH>), 38.6 (s, CHz).
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N-methyl-N-(2-methylbenzyl)aniline (Table 4, 8b)*>

'H NMR (400 MHz, CDCls) & 7.25-7.10 (m, 6H, aromatic), 6.72-6.69 (m, 3H, aromatic), 4.46 (s, 2H,
CHy), 3.04 (s, 3H, NCH3), 2.32 (s, 3H, CH3). *C{*H} NMR (100.5 MHz, CDCls) & 149.8 (s, aromatic),
136.4 (s, aromatic), 135.6 (s, aromatic), 130.4 (s, aromatic), 129.3 (s, aromatic), 126.8 (s, aromatic),
126.3 (s, aromatic), 126.2 (s, aromatic), 116.4 (s, aromatic), 112.1 (s, aromatic), 54.8 (s, CHy), 38.5 (s,
NCHs3), 19.1 (s, CHa).

N-methyl-N-(3-methylbenzyl)aniline (Table 4, 8c)*"

'H NMR (400 MHz, CDCl3) § 7.25-7.18 (m, 3H, aromatic), 7.06-7.02 (m, 3H, aromatic),

6.76-6.69 (m, 3H, aromatic), 4.49 (s, 2H, CH,), 3.01 (s, 1H, NCHz), 2.33 (s, 3H, CH3). *C{*H} NMR
(100.5 MHz, CDCls) 5 149.9 (s, aromatic), 139.2 (s, aromatic), 138.3 (s, aromatic), 129.3 (s, aromatic),
128.6 (s, aromatic), 127.7 (s, aromatic), 127.5 (s, aromatic), 123.8 (s, aromatic), 116.5 (s, aromatic),
112.4 (s, aromatic), 56.7 (s, CH>), 38.6 (s, NCH3), 21.6 (s, CH3).

N-methyl-N-(4-methylbenzyl)aniline (Table 4, 8d)*

'H NMR (400 MHz, CDCls) & 7.24-7.20 (m, 2H, aromatic), 7.12 (s, 4H, aromatic),

6.76-6.69 (m, 3H, aromatic), 4.50 (s, 2H, CH,), 3.00 (s, 1H, NCH3), 2.33 (s, 3H, CH3). *C{*H} NMR
(100.5 MHz, CDCls) 5 149.8 (s, aromatic), 136.5 (s, aromatic), 136.0 (s, aromatic), 129.3 (s, aromatic),
129.2 (s, aromatic), 126.8 (s, aromatic), 116.5 (s, aromatic), 112.4 (s, aromatic), 56.4 (s, CHy), 38.5 (s,
CHa), 21.2 (s, CHa).

N-methyl-N-(4-methoxylbenzyl)aniline (Table 4, 8e)*

'H NMR (500 MHz, CDCls) § 7.25-7.19 (m, 2H, aromatic), 7.17-7.13 (m, 2H, aromatic), 6.87-6.83
(m, 2H, aromatic), 6.77-6.69 (m, 3H, aromatic), 4.47 (s, 2H, CHy), 3.79 (s, 3H, NCHs3), 2.98 (s, 3H,
OCHg3). BC{*H} NMR (125.65 MHz, CDCl3) & 158.6 (s, aromatic), 149.8 (s, aromatic), 130.9 (s,
aromatic), 129.2 (s, aromatic), 128.0 (s, aromatic), 116.6 (s, aromatic), 114.0 (s, aromatic), 112.5 (s,
aromatic), 56.0 (s, CHy), 55.3 (s, CH3), 38.4 (s, OCHj5).

N-methyl-N-(2-chlorobenzyl)aniline (Table 4, 8f)'%

'H NMR (500 MHz, CDCls) & 7.33-7.35 (m, 1H, aromatic), 7.10-7.19 (m, 5H, aromatic), 6.63-6.70
(m, 3H, aromatic), 4.54 (s, 2H, CH>), 3.01 (s, 1H, NCH3). *C{*H} NMR (125.65 MHz, CDCls) &
149.3 (s, aromatic), 140.0 (s, aromatic), 132.9 (s, aromatic), 129.6 (s, aromatic), 129.3 (s, aromatic),
128.1 (s, aromatic), 127.8 (s, aromatic), 126.9 (s, aromatic), 116.7 (s, aromatic), 112.0 (s, aromatic),
54.7 (s, CHy), 38.8 (s, CH3).
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N-methyl-N-(3-chlorobenzyl)aniline (Table 5, 8g)*

'H NMR (400 MHz, CDCls) & 7.26-7.20 (m, 5H, aromatic), 7.13-7.10 (m, 1H, aromatic), 6.75-6.72
(m, 3H, aromatic), 4.50 (s, 2H, CHy), 3.02 (s, 1H, NCHa). 3C{*H} NMR (100.5 MHz, CDCls) & 149.6
(s, aromatic), 141.5 (s, aromatic), 134.6 (s, aromatic), 130.0 (s, aromatic), 129.4 (s, aromatic), 127.2
(s, aromatic), 126.8 (s, aromatic), 124.9 (s, aromatic), 117.0 (s, aromatic), 112.5 (s, aromatic), 56.5 (s,
CHy>), 38.8 (s, CH3).

N-methyl-N-(4-chlorobenzyl)aniline (Table 4, 8h)*s

'H NMR (500 MHz, CDCls) & 7.29-7.15 (m, 6H, aromatic), 6.74-6.71 (m, 3H, aromatic), 4.49 (s, 2H,
CHy), 3.01 (s, 1H, NCHs). *C{*H} NMR (125.65 MHz, CDCls) & 149.6 (s, aromatic), 137.6 (s,
aromatic), 132.6 (s, aromatic), 129.3 (s, aromatic), 128.8 (s, aromatic), 128.2 (s, aromatic), 116.9 (s,
aromatic), 112.5 (s, aromatic), 56.2 (s, CHy), 38.7 (s, CHz).

N-methyl-N-(4-trifluoromethylbenzyl)aniline (Table 4, 8i)!5"

'H NMR (500 MHz, CDCls) § 7.58 (d, 2H, J = 8 Hz, aromatic), 7.36 (d, 2H, J = 8 Hz, aromatic), 7.25-
7.21 (m, 2H, aromatic), 6.76-6.71 (m, 3H, aromatic), 4.58 (s, 2H, CH,), 3.04 (s, 1H, NCHs). 3C{*H}
NMR (125.65 MHz, CDCls) 6 149.5 (s, aromatic), 143.5 (s, aromatic), 129.8 (g, aromatic), 129.4 (s,
aromatic), 128.4 (g, J = 271 Hz, aromatic), 127.0 (s, aromatic), 125.7 (g, J = 2.9 Hz,), 124.9 (s,
aromatic), 117.1 (s, aromatic), 112.4 (s, aromatic), 56.5 (s, CH>), 38.8 (s, CHj3).

N-methyl-N-(2-phenyethyl) aniline (Table 4, 8j)'%

'H NMR (500 MHz, CDCls) & 7.25-7.21 (m, 7H, aromatic), 6.71-6.67 (m, 3H, aromatic), 3.51 (t, 2H,
J=8Hz, CHy), 2.81 (s, 3H, NCHs3), 2.80 (s, 2H, J = 8 Hz, CH>). *C{*H} NMR (125.65 MHz, CDCl>)
& 148.8 (s, aromatic), 139.8 (s, aromatic), 129.3 (s, aromatic), 128.8 (s, aromatic), 128.5 (s, aromatic),
126.2 (s, aromatic), 116.2 (s, aromatic), 112.2 (s, aromatic), 54.8 (s, CHy), 38.5 (s, CH3), 32.9 (s, CHy).

N-methyl-N-octylaniline (Table 4, 8k)2

'H NMR (500 MHz, CDCls) & 7.21-7.18 (m, 2H, aromatic), 6.67-6.63 (m, 3H, aromatic), 3.26 (t, 2H,
J=8Hz, CHy), 2.88 (s, 3H, NCH3), 1.54 (m, 2H, CH>), 1.29-1.71 (m, 10H, CH,) , 0.88 (m, 3H,J =7
Hz, CHs). ¥C{*H} NMR (100.5 MHz, CDCls) & 149.4 (s, aromatic), 129.2 (s, aromatic), 115.9 (s,
aromatic), 112.1 (s, aromatic), 52.9 (s, CH>), 38.3 (s, CH3), 32.0 (s, CHy), 29.7 (s, CH2) 29.5 (s, CH>),
27.3 (s, CHy) 26.8 (s, CHy), 22.8 (s, CH,) 14.2 (s, CHs).
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N-ethyl-N-bnzylaniline (Table 4, 81)**

'H NMR (400 MHz, CDCls) 6 7.30-7.16 (m, 7H, aromatic), 6.70-6.64 (m, 3H, aromatic), 4.51 (s, 2H,
CHy), 3.46 (g, 3H, J = 8 Hz, NCH,), 1.20 (t, 3H, J = 8 Hz, CH3). 1*C{*H} NMR (100.5 MHz, CDCls)
0 148.6 (s, aromatic), 139.4 (s, aromatic), 129.4 (s, aromatic), 128.6 (s, aromatic), 126.9 (s, aromatic),
126.7 (s, aromatic), 116.1 (s, aromatic), 112.2 (s, aromatic), 54.0 (s, CHy), 45.2 (s, CH3), 12.2 (s, CH3).

Table S.

1-phenylpyrrolidine (Table 5, 9a)!5d

"H NMR (400 MHz, CDCl3) 6 7.25-7.20 (m, 2H, aromatic), 6.65 (t, 1H, J = 7 Hz, aromatic), 6.58 (d,
2H, J = 8 Hz, aromatic), 3.28 (t, 4H, J =7 Hz, CH>), 2.03-1.95 (m, 4H, CH»). 3C{'H} NMR (100.5
MHz, CDCl3) 6 148.1 (s, aromatic), 129.2 (s, aromatic), 115.4 (s, aromatic), 111.7 (s, aromatic), 47.7
(s, CH>), 25.6 (s, CH»).

1-Phenylpiperidine (Table 5, 9b)!5t

'H NMR (400 MHz, CDCls) § 7.27-7.22 (m, 2H, aromatic), 6.96 (d, 2H, J = 8 Hz, aromatic), 6.82 (t,
1H, J = 7 Hz, aromatic), 3.15 (t, 4H, J = 7 Hz, CHy), 1.74-1.69 (m, 4H, CHy), 1.60-1.55 (m, 2H, CH,).
BC{*H} NMR (100.5 MHz, CDCls) & 152.4 (s, aromatic), 129.1 (s, aromatic), 119.3 (s, aromatic),
116.6 (s, aromatic), 50.8 (s, CH2), 26.0 (s, CH>), 24.4 (s, CHy).

1-phenylazepane (Table 5, 9¢)'5"

'H NMR (400 MHz, CDCls) § 7.22-7.18 (m, 2H, aromatic), 6.69 (d, 2H, J = 8 Hz, aromatic), 6.62 (t,
1H, J = 7 Hz, aromatic), 3.45 (t, 4H, J = 7 Hz, CHy), 1.78 (m, 4H, CH>), 1.57-1.51 (m, 4H, CHy).
BC{*H} NMR (100.5 MHz, CDCls) & 148.9 (s, aromatic), 129.3 (s, aromatic), 115.2 (s, aromatic),
111.2 (s, aromatic), 49.1 (s, CHy), 27.9 (s, CHy), 27.2 (s, CHy).

3-methyl-1-phenylpyrrolidine (Table 5, 9d)'Y

'H NMR (400 MHz, CDCls) § 7.24-7.20 (m, 2H, aromatic), 6.64 (t, 1H, J = 7 Hz, aromatic), 6.55 (d,
2H, J = 8 Hz, aromatic), 3.45-3.41 (t, 1H, CH), 3.38-3.26 (m, 2H, CH>), 2.87-2.83 (m, 1H, CH), 2.45-
2.32 (m, 1H, CH), 2.16-2.08 (m, 1H, CH), 1.66-1.54 (m, 1H, CH), 1.31 (d, 3H, J = 7 Hz, CH3). 3C{'H}
NMR (100.5 MHz, CDCls) 4 148.0 (s, aromatic), 129.2 (s, aromatic), 115.3 (s, aromatic), 111.4 (s,
aromatic), 55.0 (s, CHy), 47.5 (s, CHy), 33.6 (s, CH), 33.4 (s, CHy>), 18.6 (S, CHs3).

2-phenylisoindoline (Table 5, 9¢)'5"
"H NMR (400 MHz, CDCl3) & 7.36-7.29 (m, 6H, aromatic), 6.76 (t, 1H, J= 7 Hz, aromatic), 6.71 (d,
2H, J = 8 Hz, aromatic), 4.66 (s, 4H, CH»). *C{'H} NMR (100.5 MHz, CDCl3) & 147.2 (s, aromatic),
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138.0 (s, aromatic), 129.5 (s, aromatic), 127.3 (s, aromatic), 122.8 (s, aromatic), 116.4 (s, aromatic),
111.8 (s, aromatic), 54.0 (s, CHy).

5-methyl-2-phenylisoindoline (Table 5, 9f)

'H NMR (400 MHz, CDCls) & 7.33-7.29 (m, 2H, aromatic), 7.24-7.11 (m, 3H, aromatic), 6.74 (t, 1H,
J =7 Hz, aromatic), 6.69 (d, 2H, J = 8 Hz, aromatic), 4.62 (s, 4H, CHy), 2.40 (s, 3H, CH3). BC{*H}
NMR (100.5 MHz, CDCIs) 6 147.3 (s, aromatic), 138.2 (s, aromatic), 137.0 (s, aromatic), 135.1 (s,
aromatic), 129.5 (s, aromatic), 128.0 (s, aromatic), 123.3 (s, aromatic), 122.4 (s, aromatic), 116.1 (s,
aromatic), 111.6 (s, aromatic), 53.7 (s, CHy2), 53.6 (s, CHy), 21.5 (s, CH3). Anal. Calcd for CisH1sN:
C, 86.08; H, 7.22; N, 6.69. Found: C, 85.92; H, 7.21; N, 6.57.

5-fluoro-2-phenylisoindoline (Table 5, 9g)

'H NMR (400 MHz, CDCls) & 7.34-7.26 (m, 4H, aromatic), 7.06-6.98 (m, 2H, aromatic), 6.77 (t, 1H,
J =7 Hz, aromatic), 6.68 (d, 2H, J = 8 Hz, aromatic), 4.64 (s, 2H, CHy), 4.61 (s, 2H, CHy). BC{*H}
NMR (100.5 MHz, CDCls) 6 163.7(s, aromatic), 161.3 (s, aromatic), 147.0 (s, aromatic), 140.0 (s,
aromatic), 139.9 (s, aromatic), 133.5 (s, aromatic), 129.5 (s, aromatic), 123.9 (s, aromatic), 123.8 (s,
aromatic), 116.5 (s, aromatic), 114.5 (s, aromatic), 114.3 (s, aromatic), 111.6 (s, aromatic), 110.0 (s,
aromatic), 109.8 (s, aromatic), 53.7 (s, CHy), 53.2 (s, CH2). Anal. Calcd for C14H12FN: C, 78.85; H,
5.67; N, 6.57. Found: C, 78.71; H, 5.69; N, 6.56.

2-phenyl-2,3-dihydro-1H-benzo[f]isoindole (Table S, 9h)

'H NMR (400 MHz, CDCls) § 7.87-7.84 (m, 2H, aromatic), 7.80 (s, 2H, aromatic), 7.49-7.46 (m, 7H,
aromatic), 7.36-7.32 (m, 2H, aromatic), 6.80-6.75 (m, 3H, aromatic), 4.80 (s, 4H, CHy). BC{*H}
NMR (100.5 MHz, CDCIs) 6 147.3 (s, aromatic), 136.9 (s, aromatic), 133.2 (s, aromatic), 129.6 (s,
aromatic), 127.9 (s, aromatic), 125.8 (s, aromatic), 121.1 (s, aromatic), 112.0 (s, aromatic), 53.4 (s,
CHpy). Anal. Calcd for C1gH1sN: C, 88.13; H, 6.16; N, 5.71. Found: C, 87.98; H, 6.05; N, 5.69.

6-phenyl-6,7-dihydro-5H-dibenzo|[c,e]azepine (Table 5, 9i)'*

'H NMR (400 MHz, CDCls) 6 7.56 (m, 2H, aromatic), 7.47-7.42 (m, 2H, aromatic), 7.36-7.34 (m, 4H,
aromatic), 7.31-7.27 (m, 2H, aromatic), 7.01-6.99 (m, 2H, aromatic), 6.81 (t, 1H, J = 7 Hz, aromatic),
4.14 (s, 4H, CHy). *C{*H} NMR (100.5 MHz, CDCls) & 149.6 (s, aromatic), 140.8 (s, aromatic),
134.9 (s, aromatic), 129.7 (s, aromatic), 129.3 (s, aromatic), 128.4 (s, aromatic), 128.2 (s, aromatic),
127.8 (s, aromatic), 118.3 (s, aromatic), 115.0 (s, aromatic), 52.2 (s, CHy).
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Table 7.

N,N-dibenzylamine (Table 7, 10a)!¢¢

'H NMR (400 MHz, CDCls) § 7.35-7.23 (m, 10H, aromatic), 3.82 (s, 4H, CH,). BC{*H} NMR (100.5
MHz, CDCl3) & 140.5 (s, aromatic), 128.5 (s, aromatic), 128.3 (s, aromatic), 127.1 (s, aromatic), 53.3
(s, CH>).

N-benzyl-1-(3-methylphenyl)methanamine (Table 7, 10b)!¢

'H NMR (400 MHz, CDCls) 8 7.30-7.01 (m, 9H, aromatic), 3.75 (s, 2H, CHy), 3.72 (s, 2H, CHy), 2.31
(s, 3H, CH3). BC{*H} NMR (100.5 MHz, CDCls) & 140.3 (s, aromatic), 140.2 (s, aromatic), 137.9 (s,
aromatic), 6 128.9 (s, aromatic), 128.4 (s, aromatic), 128.3 (s, aromatic), 128.2 (s, aromatic), 127.7 (s,
aromatic), 126.9 (s, aromatic), 125.2 (s, aromatic), 53.2 (s, CHy), 53.1 (s, CH>), 21.4 (s, CHs).

N-benzyl-1-(4-methoxyphenyl)methanamine (Table 7, 10¢)!%?

'H NMR (400 MHz, CDCls) & 7.43-7.31 (m, 4H, aromatic), 7.27-7.23 (m, 3H, aromatic), 6.89-6.86
(m, 2H, aromatic), 3.80-3.79 (s, 5H, CHz and OCHs), 3.75 (s, 2H, CH,). ¥C{*H} NMR (100.5 MHz,
CDCl3) 6 158.7 (s, aromatic), 140.5 (s, aromatic), 132.6 (s, aromatic), 129.4 (s, aromatic), 128.5 (s,
aromatic), 128.3 (s, aromatic), 127.0 (s, aromatic), 113.9 (s, CHy), 56.4 (s, CH>), 53.2 (s, CH>), 52.7
(s, CHg3).

N-benzyl-1-(2-chlorophenyl)methanamine (Table 7, 10d)'¢¢

'"H NMR (400 MHz, CDCl3) & 7.43-7.18 (m, 10H, aromatic), 3.91 (s, 2H, CHz), 3.81 (s, 2H, CH>).
BC{'H} NMR (100.5 MHz, CDCls) & 140.1 (s, aromatic), 137.6 (s, aromatic), 133.8 (s, aromatic),
130.2 (s, aromatic), 129.5 (s, aromatic), 128.4 (s, aromatic), 128.3 (s, aromatic), 128.2 (s, aromatic),
127.0 (s, aromatic), 126.8 (s, aromatic), 53.1 (s, CHz), 50.7 (s, CHy).

N-benzyl-1-(3-chlorophenyl)methanamine (Table 7, 10e)'¢f

'H NMR (400 MHz, CDCls) & 7.36-7.20 (m, 9H, aromatic), 3.80 (s, 2H, CHy), 3.79 (s, 2H, CH,).
BC{*H} NMR (100.5 MHz, CDCls) & 142.6 (s, aromatic), 140.2 (s, aromatic), 134.3 (s, aromatic),
129.7 (s, aromatic), 128.5 (s, aromatic), 128.3 (s, aromatic), 128.2 (s, aromatic), 127.2 (s, aromatic),
127.1 (s, aromatic), 126.3 (s, aromatic), 53.2 (s, CH2), 52.6 (s, CHy).

N-benzyl-1-(4-trifluoromethylphenyl)methanamine (Table 7, 10f)'¢f

IH NMR (400 MHz, CDCls) & 7.59-7.46 (dd, 4H, J = 8 and 45 Hz, aromatic), 7.35 (d, 4H, J = 4 Hz,
aromatic), 7.30-7.25 (m, 1H, aromatic), 3.87 (s, 2H, CH>), 3.81 (s, 2H, CHy). 2*C{*H} NMR (100.5
MHz, CDCls) 6 144.6 (s, aromatic), 140.2 (s, aromatic), 129.5 (s, aromatic), 129.2 (s, aromatic), 128.6
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(s, aromatic), 128.5 (s, aromatic), 128.3 (s, aromatic), 127.3 (s, aromatic), 125.5 (g, J = 3.8 aromatic),
53.3 (s, CHy), 52.7 (s, CHy).

N-benzyl-2-phenylethan-1-amine (Table 7, 10g)6"
'H NMR (400 MHz, CDCls) & 7.33-7.20 (m, 10H, aromatic), 3.81 (s, 2H, CHy), 2.93-2.82 (m, 4H,
CH2CHy). B3C{*H} NMR (100.5 MHz, CDCl3) & 140.4 (s, aromatic), 140.1 (s, aromatic), 128.8 (s,
aromatic), 128.5 (s, aromatic), 128.4 (s, aromatic), 128.1 (s, aromatic), 127.0 (s, aromatic), 126.2 (s,
aromatic), 53.9 (s, CHy), 50.6 (s, CH>), 36.5 (s, CH>).

N-benzyl-1-phenylethan-1-amine (Table 7, 10h)!¢2

IH NMR (400 MHz, CDCl3) & 7.37-7.22 (m, 10H, aromatic), 3.81 (g, 1H, J = 6 Hz CH), 3.63 (q, 1H,
J=13Hz CH,), 1.37 (d, 3H, J = 4 Hz, CH3). 3C{*H} NMR (100.5 MHz, CDCl3) & 145.7 (s, aromatic),
140.8 (s, aromatic), 128.6 (s, aromatic), 128.5 (s, aromatic), 128.3 (s, aromatic), 127.1 (s, aromatic),
127.0 (s, aromatic), 126.8 (s, aromatic), 57.6 (s, CH), 51.8 (s, CHy), 24.7 (s, CHa).

N-benzylbutan-1-amine (Table 7, 10i)!6

'H NMR (400 MHz, CDCls) § 7.33-7.30 (m, 4H, aromatic), 7.28-7.21 (m, 1H, aromatic), 3.79 (s, 2H,
CHy), 2.63 (t, 2H, J = 7 Hz, CHy), 1.54-1.46 (m, 2H, CH>), 1.40-1.30 (m, 2H, CH), 0.91 (t, 3H,J=7
Hz, CH3). 3C{*H} NMR (100.5 MHz, CDCls3) & 140.7 (s, aromatic), 128.5 (s, aromatic), 128.2 (s,
aromatic), 126.9 (s, aromatic), 54.2 (s, CH>), 49.3 (s, CH>), 32.4 (s, CH>), 20.6 (s, CH>), 14.1 (s, CH3).

N-benzylhexan-1-amine (Table 7, 10j)'

'H NMR (400 MHz, CDCls) § 7.33-7.31 (m, 4H, aromatic), 7.28-7.22 (m, 1H, aromatic), 3.79 (s, 2H,
CHo), 2.62 (t, 2H, J = 7 Hz, CHy), 1.54-1.47 (m, 2H, CHy), 1.35-1.22 (m, 7H, CH2and NH), 0.88 (t,
3H, J = 7 Hz, CHs). BC{*H} NMR (100.5 MHz, CDCls) & 140.7 (s, aromatic), 128.5 (s, aromatic),
128.2 (s, aromatic), 127.0 (s, aromatic), 54.3 (s, CH>), 49.7 (s, CH>), 31.9 (s, CH>), 30.2 (s, CH>), 27.2
(s, CH2), 22.8 (s, CH), 14.1 (s, CH).

N-benzyloctan-2-amine (Table 7, 10k)'

'H NMR (400 MHz, CDCls) & 7.33-7.31 (m, 4H, aromatic), 7.26-7.23 (m, 1H, aromatic), 3.84-3.72
(dd, 2H, J =13, 38 Hz CHy), 2.69-2.63 (m, 1H, CH), 1.50-1.46 (m, 2H, CH), 1.34-1.27 (m, 8H, CH>
and NH), 1.09-1.06 (m, 3H, CH3), 0.90-0.86 (m, 3H, CH3). *C{*H} NMR (100.5 MHz, CDCls) &
141.0 (s, aromatic), 128.5 (s, aromatic), 128.2 (s, aromatic), 126.9 (s, aromatic), 52.6 (s, CH2), 51.5 (s,
CH), 37.2 (s, CH2), 32.0 (s, CH2), 29.6 (s, CHy), 26.1 (s, CHy), 22.7 (s, CH2), 20.4 (s, CH2), 14.2 (s,
CHa).
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N-benzylcyclopentanamine (Table 7, 101)!6¢

'H NMR (400 MHz, CDCls) 6 7.33-7.32 (m, 4H, aromatic), 7.25-7.22 (m, 1H, aromatic), 3.77 (s, 2H,
CHy), 3.15-3.09 (m, 1H, CH), 1.90-1.33 (m, 8H, CH,). *C{*H} NMR (100.5 MHz, CDCls) & 140.9
(s, aromatic), 128.5 (s, aromatic), 128.3 (s, aromatic), 126.9 (s, aromatic), 59.3 (s, CH), 52.9 (s, CHy),
33.3(s, CHy), 24.2 (s, CH>).

N-benzyl-1-cyclohexylmethanamine (Table 7, 10m)'6¢

'H NMR (400 MHz, CDCls) 6 7.32-7.31 (m, 4H, aromatic), 7.25-7.22 (m, 1H, aromatic), 3.77 (s, 2H,
CHy), 2.47 (d, 2H, J =7 Hz, CHy), 1.77-1.65 (m, 5H, CH), 1.54-1.43 (m, 1H, CH), 130-1.09 (m, 3H,
CHy), 0.96-0.87 (m, 2H, CH). 3C{*H} NMR (100.5 MHz, CDCls) 5 140.8 (s, aromatic), 128.5 (s,
aromatic), 128.2 (s, aromatic), 126.9 (s, aromatic), 56.4 (s, CHy), 54.3 (s, CH>), 38.1 (s, CHy), 31.6 (s,
CH>), 26.8 (s, CH>), 26.2 (s, CH2).

N-benzylcyclohexanamine (Table 7, 10n)16¢

'H NMR (400 MHz, CDCls) § 7.32-7.30 (m, 4H, aromatic), 7.25-7.22 (m, 1H, aromatic), 3.81 (s, 2H,
CHy), 2.52-2.45 (m, 1H, CH), 1.76-1.72 (m, 2H, CHy), 1.63-1.59 (m, 1H, CH), 1.31-1.07 (m, 5H,
CH,). ¥C{*H} NMR (100.5 MHz, CDCl3) & 141.1 (s, aromatic), 128.5 (s, aromatic), 128.2 (s,
aromatic), 126.9 (s, aromatic), 56.3 (s, CH>), 51.2 (s, CH>), 33.7 (s, CH>), 26.3 (s, CH>), 25.1 (5, CH>).

N-benzylcycloheptanamine (Table 7, 100)'¢¢

'H NMR (400 MHz, CDCls) 67.32-7.30 (m, 4H, aromatic), 7.25-7.21 (m, 1H, aromatic), 3.77 (s, 2H,
CHy), 2.72-2.65 (m, 1H, CH), 1.89-1.81 (m, 2H, CH>), 1.71-1.37 (m, 11H, CH>). 3C{*H} NMR (100.5
MHz, CDCl3) & 141.0 (s, aromatic), 128.5 (s, aromatic), 128.2 (s, aromatic), 126.9 (s, aromatic), 58.4
(s, CH2), 51.7 (s, CHy), 34.9 (s, CH>), 28.4 (s, CH2), 24.5 (s, CHy>).

Scheme 5.

N-Cyclohexyl-N-hexylamine (Scheme 5)!6"

'H NMR (400 MHz, CDCl3)  2.60 (t, 2H, J = 7 Hz CHa), 2.43-2.36 (m, 1H, CH), 1.90-1.86 (m, 2H,
CHa), 1.75-1.70 (m, 2H, CHa), 1.64-1.60 (m, 1H, NH), 1.48-1.43 (m, 2H, CHa), 1.34-1.00 (m, 12H,
CH>), 0.90-0.87 (m, 3H, CHs). '3C{'H} NMR (100.5 MHz, CDCl) 5 57.0 (s, CH), 47.2 (s, CH2), 33.8
(s, CHy), 31.9 (s, CH), 30.6 (s, CHa), 27.3 (s, CHz), 26.3 (s, CHs), 25.2 (s, CHa), 22.7 (s, CH), 14.1
(s, CH3).
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RECRESNICIE D K WREW 2D 72NN 7 77 v b 7 =il b LRI LT 3, BIZ
DODHEZENRT 57201013, R ~—3 v b7 =27 DF &% R ICERET L., B4 7nbERE
WonrenA 7Yy MLT 208035 5, B

NATY XA =V avikERL L ARSEIEAITIZ D= — 7 RERKVEE.
PR IE, MBEEEIC X o CR )~ — TV OEREZILR ¢ 2 nlaetEn H 5, Bl 21X, &

5 (%, Belousov-Zhabotinsky St % fift#it 3~ 2 v 7 = v LEEAR DAL L U TG D H 31 70
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L ERB 2. @ F 7 A~NGHT 2 2 & CEMRN R & IR ICZ# L 7= BIRE 7 v %
FAFE L7z, WE 7=, Johnson B ix. NV ~—3v b7 — 27 OWEEWZ T CTZ 248G & L
THHEERE T — %&b XY ~—F v b7 — 27 ZBF L. FIIRE RS2 2 L 72, 1)
TNLDIFEI L TOMNNTH 25, RIBHEROAEZFIM L 2R 5517 v O
HHNIRONT WD, X5, fillite ~4 7V v FL L 2HEUCE TS vz, RE—%0s
WD HERDFHATH 2 ) 4 7 WVEDR G T T, BOEREEZ L 26T 2=
— 7 OGO L 72 0152 53, FAHEN B R D BR & 72 L 2esE T uT v v, D7 Ak}
DFFEHCICHBEEDIEZ AT 2 720D X 57 2HU 0 A & LT, ARSI H Rk o Hi
RE R RIS B E TS NV ~EA T 2 7R ORI L EAR R TH 5, = D=0, AHESRISHE
DHEREZ FEIRT 2 L W AMBHC AR Z B AT 2 7213, W AREEEN: & K )G
FHRTEWEERE I D OSBRI E TN D,

@I FeE T, KMEEHTTT vE=T7 & T A — L OMIER N-7 A FA{tic X v&E
FINCE BT I v 2 RINETHLI LB TEIERATBE L VKFTRERA D Vv LEE
RERF L7, BICORIGICHERE NS A U Py L85 AT, AL 1,2,3,4,5-%Y & X
Fryvrzuvryz=n (Cp*) LEEREHRFAI LY (NHC) BT, BXU220
AT AT v I VEN T2 SN 3, ZoMiiiE, Cp*. NHC BX U 2203 vHE
FCOL 1% 3 % BiBREE AR 2 O IO TARRIRGIC X o TR BICE L e B8 TE B, $72, 2D
AV Yy LEERIE, 2 vHELET IV ALEY L ORI RESOCIC X o TR bR I
ft322Lhb, TORBHEIT N-TAFALABE T2 T, BFZICX ¢
V=L LTOHGTRMICODAHTH 2L EZOND, 2D X HIC, ZBRLKICKER N
LAYV LEEERE | BEFE NS EEAA Fr s e 2l G DE 5 T L, ER
i) 75 bt B S R0 73 -5 % T 3T 72 e R RE MM Rt O BRFE I R T 2 WIREME DS B B, Il 2 1E,
B Fociic K 2 taoZfbid, 7 v E=T 2 &LKPOMAL 5T IV RIGRVE ORIRE
LUORMEIREECO R v o v I RER~ L GBS CT X 3,

DX ha=— N BHKET 572013 NERF / BhE 2 KB ISR 2 2 L A E
TCH 5, FHOICK YR, WEHICHEL7- CDMEEZ b B, 2= — 27 ZRFMEE & B
WRHEZ R T~ A F e assilid S i, PRRC, REISEN CD 2 F3 5 7 vid, Kiciz
HIE TR WIREET, JTOTIR, B, @AM Z HERE L 72 RB8©, 225 CilREISE D
BRI TR L 2R L7z, Az o IREMEIX. CD &2y b7 — 27 NOBUKHEZRG S 7 T &
DIDKIBEINC L 2D DTH o7z, FHLIFE /-, CDEEICKRER v F 2flAAL L
T, COEDTTAVOREL UCTEMIEESE 74 PV I 4y v v ADEIRFICENT 2 C
EEEL I DAL Fursaroa=—2 adg—Ic B L 728E 1. W&k o
BIFIC & o THIBEN D DTH Y picib 74 Vv aihE conf FasrroF/ F
A A VIEEICHAAD & & T B o TRRak & FERE Y e Al SO T 0 B & ARE L 72

KWFZE TR, DTt vy v 7 BERIGD 729 1c, A%EEIEE%Z & DEUGETE CD M
b OFHLT AMEL %3G L7 (Scheme 1), 7YV ANVEGHDA Y Uy LEikERE /) <
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—ZHR L. ZERERIYIWN-YAF AT 27 VAT I F)PDMAAM) macro-i8 $5 5% ) &
(CTA) % F 72 i A N -BHZGEBER B (RAFT)E G2 W5 2 & T, 4 U Vv L§k{kD
LB CD WEERNICRTEL 72 4 F a7 A% &R L 72(Scheme 1), 15 5 3172 7 L D 13,
K DRZEEIE . X BUNAEGEL (SAXS) FEBR, —iih7 [5RERIC X > CEHifiL 7z, 2 L T,

INOLDTAMERR, KFTDT vE=T ORI GHIZNIC X 20T, HEET
IveTra—r e O N-7 VX AAURISOflEEE LT H 7 EZ AL Tw5 Z

LR L7,
Scheme 1. Synthesis of a hydrogel with thermoresponsive CD containing iridium complex.

—N in 1,4-dioxane
A\ 60°C

s = |
AIBN
\/\SJ‘LS/\©\, + ~>=0
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g ~N
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Ir Complex
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CM1: X =ClI
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Hydrophilic
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Thermoresponsive CD
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32. R LEE

32.1. £ VYV LEEERE ) ~—DEK

FTalz, T3 FVANVEBICLoTEFY =3y b7 =2 IHAAL O OHHA VY
T LEERE ) v —Zikat L7zo NHC BAfL DBV EED 720, A~V -4 ) VT L&
7V ANEET e AT 5 2 AlReEZ A C, EATNITH 5 = H ik NHC Bz
T LEORRF T E~BfLE LTEAICTZ 2L e Lz, 22T, $9 NHC FEOL1RiBR{A
ELTN-E=ZNVN-TFNA IX)—=LEEHEHL (Scheme?2). [Cp*IrCl], % V72 AgO %
AW P TV AAZMURIGIC L > TA Y P L L X ¥ 7 (Scheme 3), Bbh7-F4
L v U ofbi CMI iE, 'H 3 X U BCNMR., JTESNT. X AEEMEITICX Y, B4 Y
VULHRE ) v —Th LI R L (LEYMT —22H), T 5. CMI R ENL T
fadetb e LGHEEIED Nal TUBT 2 L, HREDE /) v —CM2 BRIFZIGETERL 72

(Scheme 3), CM2 DEEICHEWTH, H I XU 3CNMR 0. JTCESH. X SRS AT

KXo THHERLS (bEMT—4220), 2o X5icL T, R ~—HAAL -0 DR
B5EOFHA Y Y LHRE ) ~— %5 LITEIIL 72,

Scheme 2. Synthesis of N-vinyl-N’-ethylimidazolium iodide.

Etl 2 eq. N
N
=

&)N MeCN C r;llj_

110°C, overnight

Scheme 3. Synthesis of the N-heterocyclic carbene pentamethylcyclopentadienyl iridium complex
monomers, CM1 and CM2.

=\ Ag;,0  [CpIrClyl,
N 0.5 eq. 0.5eq. — Nal 6 eq.
N -\ o

a———
N Ir\ \\N Irw
+ Et CH,Cl, rt.,4h N\‘/ acetone \‘/ \ |
rt,3h «/ reflux, 18 h &/N I
" Et
CM1 CM2
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Figure 2. Structure of CM1 obtained from X-ray diffraction. Hydrogen atoms are omitted for clarity.
Ethyl and vinyl groups on the imidazolidene ligand have a substitutional disorder with each other.

322.RAFTERICK 34 VYV LEFREEAL BT F 7 VOERK

B L7724 ) Py Like ) ~—D RAFT EAICE T 3 GRS 2720,
ERIEGLE FCOTX VAR DET V)G IT> 72 (Scheme 4), BB CTA ZH Wiz
RAFT EAIC X V%L 72 PDMAAm macro-CTA % > (DP = 408, ¥°F¥ 57 &: M, =
40,800, %45 EXESER: M/M, = 1.23 by 'H NMR, Figure 3) <, CM1 & NIPAAm % DMF
60 'C CHAT LI LTHROAL VIBOKRY v =%, fFo17zF Y ~v—d SEC (Size
Exclusion Chromatography) HH#RIZ. B GITFEBOM (MM, =1.64) % b DHilEMET
HYH, ¥—7 b v 7iZ PDMAAmM macro-CTA O b D> L5 2212 7 b LTHE D, macro-
CTA 2»b RAFT EAKICHHE T L7222 2R LT3 (Figure 49, 'HNMR 7747 T,
PDMAAm macro-CTA 2> 5 ® PNIPAAm DERRIGHZFFE Nz, T HIT, ICP F#&NIor
s X UTCEMTICI D, ERRY) ~—~DA ) Py LEKROBEABHER SN, 4 VPV L
RO E D THA~DEARIIFRHEARD 64% & EH L 7= GEMll 722 315 #E I3 EBRIEIC R
H)o 2O EHL, CMLIFA V VY LHERER) v —HICEAT 27200/ v—2L LT
HHTHBZ EBRBINT,
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Scheme 4. RAFT random polymerization of CM1 and NIPAAm using PDMAAm macro-CTA as a

Ve

model reaction for gel synthesis.

— PDMAAmM |
== i —3,=0 Macro-CTA
_—l-
% —_—

AIBN
in DMF, 60°C

[ | | 1
108 105 104 103
MW (PMMA)

Figure 3. SEC curve of PDMAAmM macro-CTA. Reaction condition: [DMAAm] = 3000 mM, [CTA]
=10 mM, [AIBN] = 1.0 mM in 1,4-dioxane at 60 °C for 160 h (monomer conversion: 90%).

106 10° 104 103
MW (PMMA)
Figure 4. SEC curves of (blue solid line) the product polymer obtained by RAFT polymerization of
CM1 and NIPAAm using PDMAAm macro-CTA, and (black dashed line) PDMAAm macro-CTA.

Reaction condition: [DMAAm] = 1000 mM, [NIPAAm] = 1000 mM, [CM1] = 15 mM, [AIBN]=5.0
mM in DMF at 60 °C for 16 h (monomer conversion: 88%).
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CM1 D7V hHNVEAE/) =L LCOEEZRHERL 72729, XRIZ, £/ ~—NIPAAm &
macro-CTA 1 DMAAm == FDREZ —EICL T, EFEFAL LTHKYIZFL v 7Y a
=Y 727 YL —1F (PEGDA: M, =250) DfE{E F. NIPAAm & CM1 @ RAFT EH&IC X %
BT T NADEKEFE L7 (Scheme 1, Table 1), 9. —EHRED CM1 (5.0 mM ; Table
1,entry 1-3) ZHWT, 7 AACEENCH 3 5 ZEREHIRE D28 % § < 7=, PEGDA IR 23 10
mM %z % & ROGAIRIZ 7 VIRREICE L 7248, [PEGDAJ=10 mM T 5 3172 7 L (entry 2)
. IEHEICFE L2 FIRABR A DX LR MEERITIICEMA 2 2 L2 HL WD DOTH
572, [PEGDA]=20mM TDAKYITH % Bt/ ) [Table 1, entry 3, Figure 5a. Gsci 5 7 Vi
Bl Gy x4 VY vLaE/ v—DHHRIRE, y: 4V VY Liifkhonr VET) &R
LT 23, SROMEICHIRBEELE LT 7-o, [EEIEAEEZ 20 mM & L7z,
ZEKEH| & LT N,N -methylene-bis-acrylamide(BIS)IC 51> C Gt L 7223, ZEFEHIEE 20 mM
TIRIGHIZ T ML L 722> 72 (Entry 4)s 2@ X 5 72 PEGDA & BIS @7 AALZEE) D& >
2. © = VHEE O FEEE O E W R E AR O BBEE A EIL O VA AREE~EE L b EE
bbb, 72, A VY VLEEEKE ) ~—DBEMWOL LTI MV ERBE L 72 (entry 5,6), HFRE
FAVYVLE)~—DBBEEEZEMI T2 & Honz7 VT X VAL v Ptk
-7z (Figure 5b,5¢), [AEkIC, CM1 (entry7) Ofb Y icCM2 (ZVHEEHA VY VLT
~—) xHwgATIE, Ko v (Figure 5d) 2R TE 72,

Table 1. Synthesis of polymer gels with thermoresponsive crosslinked domains containing iridium

complex by RAFT polymerization.”

Entry  Ir monomer [Ir monomer] Crosslinker [Crosslinker] Gelation Gel
(mM) (mM) behavior codeb

1 CM1 5.0 PEGDA 5.0 No Gelation
2 CM1 5.0 PEGDA 10 Gelation
3 CM1 5.0 PEGDA 20 Gelation Gscl
4 CMm1 5.0 BIS 20 No Gelation
5 CMm1 15 PEGDA 20 Gelation Giscl
6 CMm1 30 PEGDA 20 Gelation Gaocl
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7 CM2 15 PEGDA 20 Gelation Gisl

8 - - PEGDA 20 Gelation Go

2 Reaction condition: [NIPAAmM] = 1000 mM, [DMAAmM unit] = 1000 mM, [AIBN] = 5.0 mM in DMF for 16 h. ® In
the gel sample code, Gxy, X and y stand for the feed concentration of iridium monomer and halogen ligand in the iridium

complex, respectively.

Figure 5. Appearances of polymer gels containing iridium complex: (a) Gsci, (b) Giscl, (¢) Gsoc, (d)
Gas1 and (e) Go.

3.2.3. BT 7 OREREN (—ih5 5RFER, SAXS)

Gisa & 4 VYU LEHRZIIML TWwis\ Gy (Table 1, entry 8, Figure Se) @ —¥Hili5|5E 5k
2TV, ZNZEND T NOEEIC DO W THIEZ{T o7z, ZDREFR. 4 ) ¥V LHKED CD ~
DEAIC XY EDTFT N ORI R ZE 5 2 i3\ LS 2 & 72 572 (Figure
6, Table2), T DFERIT, TNHDOFT LA CML % 15 mM EA L 728554 & 1313 1A UL ERHSE
ELDOT ERRBINDG,
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Stress (kPa)

0 5 10 15 20
Strain (%)

Figure 6. Stress-strain curves obtained by uniaxial tensile tests of Gisci and Go

Table 2. Elastic moduli and breaking strains obtained from uniaxial tensile tests of Go and Giscl.

Gel code Elastic modulus (kPa) Breaking Strain (%)
Go 222 +15 142+ 3.7
Gisci 243 + 18 11.7+ 8.6

AV Y LEEREEANL 7 VORNEESEZ IO ICHLPICT 2720 G- LZ2E D
Gisa & GolZ DWW T SAXS HIE %17 - 72 (Figure 7)o Gisa DELEL 7 2 7 7 4 13 q=0.19 nm-
VISR R Z R L7285, Go 13 q=022nm ICHiKZ R L 72, 2RO DFERL S, M
Theb A )Ty LERE ) 2 —DFEICEED LT 1RIT - E DR E b OB FEE O
IR TS BA-IC/HBEIL 72 CD) 23D L ARBE N7z, BEDHE Tld. PNIPAAm
DI IRELL EC NIPAAm # /K CEAT 2 Z itk b, EAFEACHBL (PISA) i
2% 2 CROENE CD M AR S e, De%—J5 0 KRIfF9E T3 PNIPAAm O BRI CTH %
DMF Z EHEER L LTHW 720, FEPISASKH T CrArAKzZ{To T3, ZDX I,
SolofERIZ, ZEREM: macro-CTA Z H\WZEHAIC X V| WE-LEE ICEfR 7 <. CD #hidE
BDELKGELET AR GoNE Z 2R, H—0EiEEZ 27 AWMl OGO IE % A
F7z,
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Figure 7. SAXS profiles of Gisc1 and Go.
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Table 3. Structural parameters of the gels with CD structure obtained from SAXS analysis.*

Gel code Qmax (nm-1) D (nm)b rco (nm)e Ccp (mM)d Nppmaam®
Gisc 0.19 32 8.9 0.29 17
Go 0.22 28 6.9 0.61 8.1

@ The calculation method of each parameter is described in our previous study.* » The distance between CDs obtained
from SAXS profile (= 21/gmax). © The average radius of CD, which is calculated from D and the end-to-end distance of
PDMAAmM with DP, = 408, dp (= 14.6 nm; this value corresponds to the value of polyacrylamide with same DPy in
water®): rcp = (D - dp)/2. ¢ The concentration of CD in the network, which is calculated from the volume of a single
CD and volume fraction of CDs in the network on the assumption that each CD is spherical and the volume fraction
corresponds to the molar ratio of monomeric units. ¢ The average number of PDMAAm chains connected to one CD,

which is calculated from Ccp and the feed concentration of PDMAAm macro-CTA at the gel preparation.

Bk 5 2 WERKL TR 0PI 8EHE D (=2n/qma) ZETHE L 72 & 250 Gisa Tl 32nm. Gy T
IZ28nm TH 57z (Figure 7, Table3), T HDfE2 S, CD 2 EKETH Y, BEET 5 CD
SR OiEEE (dp) 25 PDMAAm & 7' X v + Dl bl ¥ COREHHCHY 32 L {E L <.
% CD DA X KREPICHED 272, ZOMEkZ,. BAS OK) HCHL DPn % b OF
V7297 I FMOE2 LRI I NS, Gisa & Gy D CD ¥ (rep)iFZNE A 8.9 nm &
6.9nm TH o7, X HIT, Gisa TIHFI 17l PDMAAmM $HAH34% CD ICHE S LT 7228,
Go Tl 8 ffl> PDMAAm 2545 E LT 7z (Table3), Z41H DFERIZ. Gisa® CD D% 4
AW G LDDBREVWZTLERLTCNS, %5, NHC BT D N-v = i % KGHES
P 324 Y)YV yLERE ) ~—ICHKT 5 Gisa DEBENER DT P IE W20 72 L& 2
bhd, UEDZ 26, Gisa 134V Vv LEEEAEZEAL T CD HHEHRE—ICEL L T
LT LDBHLD Lo T,

324. T VESTREEHOHE

AV LEEREBA LA PRI T VvEZTICEIbFTCLICLVBOZE({LE L
T, BFev v 7 oRER R L7z (Figure 8, Table4), Gsoald. EIR TS M7 vE=T
KIFHITIRT &, TCICAL Y I bEmicZEr L7 (Figure 8a), D X 5 RIEH ICEH
toZiz, 4 VYT LEERDOERMN F ORI N eEZ N0, X5, 2
TN T & 354 ) P LHEEREED Gis 1d. Gaa £V b A ) Vv LaiikosHR
BHRICh b b3, TYESTKERICS HERET 5 &, Rarbifa~2 I 51
S eHRZL R R L7z (Figure8b), F 7z, Gisi 13A/KIC 24 FEfEiRE L COEBE T, 7
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v E = TR OFRIEL R X - (Figure 8¢), 7 LD BOZEALIX, ~v 7 VENIFH2T
v I VBT L RS B RO D4 Y O LEHRDZEEN TG LT Y B Flfi 1A i
BT T ARAENTZA VY LR ETCECTWE EFEZ NS (Figure 9a), Bl
Wz b, R L &b, FADiMll 5 W~ &R 2 IC 2 b LT SRk %
BT 2L TE, TNEF, TVYEZTHBI AR Y M T =2 ICRIET 5D IR D
HHEP IR TH 5 (Figure 9b), AL IR ARZ{L#EHA T2 X 51, TvE=TK
N DIRERT LIRBR D F57 17 D UV-vis AW TlE, BRDZPINA~T P ABFEoNn
7z (Figure 10) D X512, A DKEIL @17 vid, K cofidattkle L<+
FICHRBEZ TR Lz, 72, 7TV I VENLFIIAIGT 2185074 U ¥ v Lk ETcora s vic
ReZEBTELE0, SRIOTNRITTFRBICHEV R LAIHATE 2 0[R2 H 5,

NH; aq. (28%)

(a) rm — el
— 5 min. e
' NH; aq. (28%)
(b) ” —— i
- 5 min. St
H20
(© g — g‘
24 h J

—= - —— —

Figure 8. Images showing the gel color changes: (a) Gaoci and (b) Gis after immersion in agueous

ammonia solution for 5 min. (c) Gis after immersion in pure water at room temperature for 24 h.
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Table 4. Comparison of the volume change and color shift of gels (Gisi) in water and ammonia 28%

aqueous solution after 24 hours.

Volume change of the gel
(%)

Ho 4l | \!‘ 106

Solvent Initial After 24 h

NH; aq n e 77

(b)

4 min. 5 min.

Figure 9. Schematic depiction and polymer gel images of Ir-containing gels upon immersion in
aqueous ammonia: (a) Ligand exchange from iodine to ammonia inside the polymer network. (b) Time

lapse showing the color shift as ammonia diffuses into the polymer network.
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350 450 550 650 750
Wavelength (nm)

Figure 10. UV-vis spectra of Gis1 before and after immersion in ammonia aqueous solution (28%)

3.2.5. BEREES TRBOHRE

RITIKRTDA Y Py L EEEAL 27 VD T v & = 7 BHEEE) O R TE N & 2
L7ze T3, ALz v RN T2D 204 ) YU LK EEAL - Gis & 25 °C T DMF
2> HAKICTRIEASHA L . F VN R IRIEERL L 72, KT v % 60°C 1B 2 &, R 72
a2 EZ 7z (Figure 11 : 60 °C TOZ A OEEIIFAHED 58%), D7 i,
NIPAAmM DEED 50% & mWIZ D 2222 53, 60 °C DK CRIERINEN L T b EHOREE
RO ERTE, BUCEN CD BEX LML T kit X 2 ERERTRR T E -

(Figure 11), BHIRZENC LT, 2DOT A% 60°C DT VEZTKBKICIET L, 10 0% T
bA L v UEHBHERF S N7z, HiR (25°C) ImHlT L. ST CIcifF I L a EICE
b L7 (Figure8b), Z DOZE(LDENIX, 4 V¥ 7 LEE{KE & T PNIPAAM CD D ESE
PENGEIC X 0 LT RIED 72017 V=T 1084 VY U LHRICT 7 2 T&E L 7
STz EEZLND, DX T A Y T T LEREEAL ZIREICEEANA Ve,
BRI L 20 T E R L7z, SO0 T vESTRHBOMBEIZ, 4V Yy aslkEC
DN T RISIC A 2 AL EPNCGERRECH 2 2 &b, Zrry P 7 —27 OB Y
A RICHD A T I ALEYI DY A BRI TR#EM L L CoRREE D RB I N5,
BEIC, PERDEREMES MIC R T, B CDEIC X 2 RE L 2ERE2 L &R T T
BHAZLOMIB D FRETH 2,
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Figure 11. Images and schematic depiction of hydrogel response to heat and exposure to aqueous
NHs.

3.2.6. fRBEEMERE

RIS, A VY YL EAL 22ma 7 A OMBEREIC O WTHE L2, 41 VYV A
FEARCML I, 7IvEeTALa—LDN-TAFMMEEMEST 2 2 L 23H LN TWBE, 2 Z
T, 2,2,2-Trifloroethanol (TFE) %GB E LT, RY AT Aa— AT =) VYIFHEFT
D CM1 ZEA L 727 A Ofildit it % FHE L 72 (Scheme 5), Gisan % il & L€ SIGHRE 80
°C, 100 RffEIIGX# 2 Z L TN-RVYIAT =Y VEIGE 41%TEBLZZ D5, Gisa
DR SO L AIRE NIz, ETo. REETASICDERY) (4 V) 27 LAY IA
BRI 1 64%) D ICP B X UOITLHES 26 KICH DR X 1.4 mol%. flit[FlEEE 1% 29 [A]
CHETE X 7z, RIFEIE TFE Hh CRMERIG 21T - 72 23, FERE & - il X, /7 F 2
A VS ZED I AMIBEOMERFEIETH 5, & bic, K TOBSEM ) 1723 & s
A GbEBE LT, F~w—F v PV — 27 OREECTEY L o BAEE X S IcEEICH
L. SFEIRMB/ERAZ RITHL W Ly 2T LOBFICENT 2 2 &AL S,

Scheme 5. N-alkylation of aniline with benzyl alcohol catalyzed by the Gisci polymer gel containing

CML1. Reaction conditions: benzyl alcohol (1.0 mmol), aniline (1.0 mmol), trifluoroethanol (1.0 mL),

Gisci (Ir complex: estimated to be 1.4 mol%), 80°C, 100 h.
NH, G15c| Catalyst /@
oH N 4 o
TFE

80 °C, 100 h Yield 41%
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3.3. T

B2 B L7 F 7 fEERICA UV Oy LA R EA L 728 L\ 2 4 T DT AR,
B L G2 R 3 2 L BEK L7z, FTHlRA Y YU LEERE, v —CM1 & CM2 Of
JICEE) L. NIPAAm €/ < — & 22457 % fif 1 L 72 PDMAAm B HEME: macro-CTA % v
7ZRAFTEAICL D, 2N bxEmDT7 L OBICEN: CD BhE~RFTiICE A L 72, Z26E4
HELETTOETAERENL O A ) VY LEHEE ) v~ — DB ANCRIIPRETH 5 2 L %
BL7z, BiC, ERLAEA VP LZEALZT VIE, SAXS T ChER S iz Xk S, 8
—ICRL72CDEEEZ AT AL MR TE L, 2OA VY YLEERT VI, TVvE=ST
KIBRICIRIET 2 L AV YU LER LD u T vy h T vEST ~DORGTRMIC X Y
FABZAC L 7o, FRICHIRE NS L 1X, 2D X ) by o v ZEBERREKFHNTHE LT
»H Y. PNIPAAm DR ELL o iR CEFZLOELESBE I N, I HIC, A VY
LEHAREA L7 NME, T2 Vv ERVYIALTAT—AD N-T A F LI B Thllg
MERLT, 20X 51T, RFFRIGERN 20 7l L it SO0 2R3 #HHYy 7 b ~7 0 7
LDELRLEAFICHT T A Fasrrod ) P24 vicE#RESBEHEREZHAGALZ D
HEWEZELSZFTI2D0TH L A D,
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3.4. EERH

3.4.1. EEREMF

NIPAAm (Y6, 98.0%LA L) % P A v/p-~FH v bEREN L TREEL 2, 2 THIC
220D b FAH—FA— bEEE DD RAFT EHH CTA X, SCHRIIclE SN T3 XD
ICHHBLL 72, [Cp*IrCLL (X CHRI D FT I o TIB L 72, N-v = v 4 I XY — (FDE,
>98.0%), —FxT &y (A, >98.0%). T F="1F UL (FIX., >98.0%), Y7 au X
& v (FE. >98.0%). ME{LER (A6, >98.0%). DMAAm (TCL, >98.0%). N,N-X* F L
YERTZ7IUAT IF (BIS) (TCL, >99.0%). 22-7 VXA Y 75um="FYL (AIBN;
e, >98.0%), KV (=FL v Ya—n) Y727V L—1 (PEGDA ; Aldrich, #0735
T8 M, =250, >99.0%).1234-7 F 7k FuF 721y (F F 7Y v;Aldrich, 99.0%).
1L4-V A X3 v (R, AEAEEA. >99.5%), NN-Y A FhrsnT I F (DMF ;5 fE,
99.5%), YIFAI—FN (FHTA4, >99.0%), 7T VEZTKER (FHT7 4., 28wt%.
EEAERIE) . 7=0 v (FDE, >99.0%). Rv AT ra—n (Fh74, >99.0%). &
XU222-b Y 7rFtux &/ — (TFE; TCIL, >99.0%) ¥, Z -7z d D EHEHL 72,

BISE & ST

K~ — 0P T8R (M) BXO%HEIERE (MUM,) X 3EKOEY 2FL v 7
N L (Shodex KF-805L) % FHWC. ABER & LC 10mM LiBr % & DMF H', 40 °C T
YA XPrRZ v~ + 77 7 4 — (SEC ; HHBAFHTH Prominence ¥ A7 L, LC-20AD %
RV 75 XU RID-20A JEITEMHER 2 570 25) KX VMIE L (G 1.0mL/5). 174
1T, BEHERY (XX 2 UAEAF L) v 70 (Agilent, Mn=1.86x103 ~ 1.68x106) IC
HLTFr ) TL—vavli,

H X Of BC{HIEAILE (NMR) 2= 72 b A id, JEOLECX-500 3 X UF ECS-400 A ~<
7 bva A —2—Titsk L7z,

A a~ 777 4— (GC) HHriE, Fx¥ v 7V —4 72 (InertCap for Amines ¥ 7 1%
InertCap Pure WAX) % fif§ 2 7= GL-Sciences GC-4000 Plus CTfT - 7=,

HEAE G 77 X< (CPYRI Tz, WEF/ 7V v X#E)THIZ PS3520UVDD 11
ZHWCHIE L 72,

TCRIIT IR EME ST v X —TlT o 72,

— il | IR I B AR EAT L EZ-SX & v, £ 1x10x20 mm O RS TEO B % F T
fTo72, 78R~y FHEEIL 5.0 mm/min TH - 7=,

INFECEL R IL. D L ITTHIC D B 18 T v F — INE SR S B O i & R S i oo 7
Abv 777 ) =D =474 BL-6A OREHE (X fREE: 1.50 A) Z#HWTir-> 72,
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T RICHLELIEIR 1X Dectris PILATUS IM B HH#R CINEE L 72, —KJT SAXS 7'm 7 7 £ VI,
T RICHHR DU X o TR b L7z, BRELA X, 5.838 nm DJEIHREE % & D~ V&
REFHCTIRIEL 72, BUELR 27 vl q = @u/)sin(02) & EFR L7z, 2T T, A & 01ZZN
ZNEELA & AH X RO ETH 5,

N-ZFN-N-Bofbe =4 I X)) v LEANFDOERM,

N-E =4 I XY= (593 mg, 6.30 mmol), ZF— FT X ¥ (1.0mL 12.6 mmol)¥ £ 7+
F=FUnA (10mL) % 50mL HMET7 7 23T AN, BEYZ 110°C TERL 72, Z D,
BAVZRRECARIL, P2FALI—FATHEE LT, BRI S CTEEM L7

(1.52 g, 6.11 mmol, I : 97%),

BB FEE T34 ) Vv LiiEE ) ~—(CM)DERK

N-ethyl-N'-vinylimidazolium iodide (0.374 g, 1.50 mmol), FE{LER (0.175 g, 0.755 mmol), ¥ 7
noAZY (120ml) % 50 mL AUK7 7 2 aic AR, EiRc 3 BR#ERLZ, Xic,
[Cp*IrCl2]2 (0.595 g, 0.746 mmol) & M 2. FEi#L T 4 BEEIEIE L 72, IREWE T T AT 4 L& —
THEE L, A AR R LA PI(Cp*Ir(NHC- £ =)L, Et)Cly; Scheme 2 CM1) % 572,
HEBYIOY 7um X2 VERICR Y 2 v W o DRS¢ CHERT 2 &, Mk
CM1 234 L vy taoftihe LTiEL 7z (0.702 g, 1.35 mmol, 90%) .

VIR T T340 VY LEHEE ) ~—(CM2)DARK

CM1 (0.303g. 0.582mmol), Nal (0.560g, 3.74mmol) ¥ X U7+ F ¥ (30mL) % 200mL
7 7 AIICAN, BEVEERRF TR L 72 (KA AN ZRE, 85°C), i THi
%, BEMEH T RATANZE—=THE LT, HTRAT 4 NMZ—LEOREZ/K Q0mL), 7+&
Py (6mL), YT FArT—FTN (6mL) THHF L., HAEKY (Cp*Ir (NHC-v =, Et)
I, ; Scheme2 CM2) %f57z, HAERYID 7 v a RV ABRICR Y 2 v 2@ - D IRELE &
TSRS 2 L. Mk eM2 28R Wi & LTS N7z (0.244 g, 0.347 mmol, 60%) .

PDMAAmM macro-CTA D H& L

DMAAm (7.7 mL, 75 mmol), CTA (102 mg, 0.250 mmol), AIBN (4.1 mg, 0.025 mmol), 7 + 7
Uy (125mL),1,4-YFF %> (133mL) % 50mL AUE 7 7 Ra~z, =2y 7 ic#Ek
L. TAIVTI0 0N T Y v 7 LT, 2Dk, A4V NZAHFT 60 °C, 160 il & & 72,
Z D%, RICIEAY %-196°CICEHIT 2 2 L IC X W RIGEKT Lz, &/ < —i5fbKiz, W
A (7T ) ) RHEHEL LCHNMR CHIE L 72 e /) ~—BE»LIREL 2, %
D%, MIGEGEY %Y T F LT —F VI E, fEE PDMAAm (626g) %1572,
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RAFT E&C X 3 PDMAAmM macro-CTA 2272 NIPAAm & 4 V) VU LA E ) ~—DE

=

R 7005 % LU F 12783, PDMAAmM macro-CTA[E & £ (DPn)=408 & X U Mn=40,800, \»
FH b 'THNMR 41 X 0 5B 600 mg, 6.0 mmol ® DMAAm Hif7 % & macro-CTA 0.015
mmol], NIPAAm (679 mg; 6.0 mmol), X U4 V¥ v LEHAE 7 ~—CM1 (46.7 mg; 0.090
mmol)% 5.4 mL @ DMF IC#EfEL 72, 2 DIEWRIC, 0.60 mL @ AIBN ® DMF &R (0.030
mmol @ AIBN % &%) Zhlx. BAWE T AT Y TI0HEIANTY v 7Lz, KSR %
F A NoNZH 60 °C T 16 KfERFF L 7218, RIGRAY Z Y T F VT — T VICEE, AW
0.975 9) % 157,

RAFT EAIC X 35 VAR

R 7245 % LA 1278 9, PDMAAm macro-CTA [DPn=408 3 X UF Mn=40,800, \»3 i1 %
'H NMR Zr#ric X b BH s DMAAm == I 1.5 mmol # & macro-CTA 150 mg, 3.7 x 1073
mmol], NIPAAm (170mg; 1.5mmol), CM1 (11.7mg;0.023 mmol) 3 X Uf PEGDA (0.19 mL;
0.060 mmol) % 7% DMF 1.35 mL IZiAfi# L 72, C DIAHRIC, AIBN @ DMF &R (7.5 x 1073
mmol ® AIBN 2 &%) 0.15mL 2%, IBREWE T ATV TI00EANT ) v 27 L, RIS
BEVZ A A Vo2 60°C T 16 RifEfRFF L. 7 LIREBICHE X & 72,

7‘/-?&:.70)&,’;[;,‘

ANATOUVHRICTAB L 2R o 7 v (B 18mm, & & 2 7.0mm) % 457D 1 1YL
oo TOTFNREERE (B 1360°C) OL%EBOT VE=TKERIGREL., £
)BT, GTHEIIWH 2 S L 7z,

AV VY LEHRERRY v~ — AT X B N-T A F A LRIG

BRI TFE2ET 24V YV LEHE Gisa &R TF7 V% LRl FIE & FHERAE L 7,
BT VR EIRED 7 v koL LT 24 R (2 []) BEE L TRV IR LEE L 72, 2k L
72 §ZHRT (712 mg), X ¥ ¥ T v 2 — 1 (108.1 mg, 1.0 mmol), 7 = Y >(93.3 mg, 1.0 mmol),
B X TFE(1.0mL)% N4 TS ANz, BB % 7 mmtkr s (S0mL) CTHIEL, ©7 =
SV NEREERE L L C GC 8T TR L 72,
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3.4.2. {LEYER

N-ZFN-N-Fofte=nr4 I£V) v LEHT

'H NMR (500 MHz, DMSO-de): & 9.46 (s, 1H, NCH=N), 8.16 (s, 1H,CH=CH-N(Et)), 7.92 (s,
1H,CH=CH-N(Et)), 7.26 (dd, J 9, 16 Hz, 1H, N(vinyl)-CH=CH,), 5.93 (d, J 16 Hz, 1H, N(vinyl)-
CH=CH>), 5.39 (d, J 9 Hz, 1H, N(vinyl)-CH=CH.), 4.20 (q, J 7 Hz, 2H, NCH>), 1.41 (t, J 7 Hz, 3H,
Me).

10.0
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Figure 12.  '"H NMR spectrum of N-vinyl-N -ethyl imidazolium iodide.

Bt 2E T34 ) VU Liihke /) ~—(CM1)

'H NMR (500 MHz, CDCL): & 8.24 (dd, J 9, 16 Hz, 1H, N(vinyl)-CH=CH,), 7.35 (s, 1H,
CH=CH-N(Et)), 7.05 (s, IH, CH=CH-N(EY)), 5.15 (d, J 16 Hz, 1H, N(vinyl)-CH=CH.), 4.93 (d, J
10 Hz, 1H, N(vinyl)~CH=CH>), 4.87 (m, 1H, NCH.), 3.96 (m, 1H, NCH>), 1.81 (s, 15H, CsMes), 1.49
(t,J 7 Hz, 3H, Me). 3C{'H} NMR (125.65 MHz, CDCls): & 153.5 (carbene), 139.7 (CH»=CH-), 121.8
(CH»=CH-), 118.7 (N(vinyl)-CH=CH-N(Et)), 101.0 (N(vinyl)~CH=CH-N(Et)), 90.5 (CsMes), 49.1
(—~CH2—CH3), 16.8 (-CH,—CH3), 10.5 (CsMes). Anal. Caled. for Ci7HasINoIr: C, 29.03; H, 3.58; N,
3.98. Found: C, 28.75; H, 3.60; N, 3.91.
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Figure 14. 3C NMR of spectrum of CM1.
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X HRAE IR T — &

CM1 D&, F 17 — £ 1 Rigaku/R-Axis Rapid [B1#T51CULEE L . CrystalClear (Rigaku, Tokyo,
Japan) CHLH L 72, CM2 D fE&F 17 — 21X, Rigaku/Saturn 70 CCD [EI#T&FCULE L |
CrystalClear (Rigaku, Tokyo, Japan) CULH L 7z, CM1 & CM2 DEIEIZ, Olex2 V7 b v =7
Xy - — (Ver.1.2.10, OlexSys Ltd., Durham, UK) % F\»CTHT 5 7z, 19
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Table 5. Crystal data of CM1.

CCDC number
Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal System
Crystal Size (mm?)
Lattice Parameters
a(A)

b(A)

c(A)

a(®)

B ()

7 (%)

V(A%

Space Group

Z value

Dcalc (g cm—S)

Fooo

Radiation

Temperature (°C)
6 range for data collection

No. of Reflections Measured

Structure Solution
Refinement

No. Observations (All reflections)

No. Variables
No. Restraints
Reflection/Parameter Ratio

Residuals: R;; wR, (1> 2.000(1))
Residuals: R; wR> (All reflections)

Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map (e A-)
Minimum peak in Final Diff. Map (e- A %)

2237693
CnstNzII‘Clz
520.49
orange, block
orthorhombic
02x02x0.2

15.0787(4)

15.4885(4)

7.6842(2)

90

90

90

1794.62(8)

Pnma(#62)

4

1.926

1008

MoKo (A =0.71075 A)
graphite monochromated
-100.0
3.01°<H<27.42°

Total: 17577

Direct Methods (SHELXT ver. 2015)
Full-matrix least-squares on /7 (SHELXL ver.
2015)

2107

116

0

18.16

0.0266; 0.0555

0.0278; 0.0560

1.167

0.001

1.830

—0.694

avitERATFE T34 ) VY LdhE ) ~—(CM2)

'H NMR (500 MHz, CDCl;): & 8.12 (dd, J 9, 16 Hz, 1H, N(vinyl)-CH=CH2), 7.34 (s, 1H,
CH=CH-N(EY)), 7.04 (s, IH, NCH=CH-N(Et)), 5.17 (d, J 16 Hz, IH, N(vinyl)~CH=CH,), 4.89 (d, J
9 Hz, 1H, N(vinyl)~CH=CH>), 4.72 (m, 1H, NCH), 4.07 (m, 1H, NCH>), 1.57 (s, 15H, CsMes), 1.47
(t,J 7 Hz, 3H, Me). 3C{'H} NMR (125.65 MHz, CDCl): 5 158.0 (carbene), 136.4 (CH,=CH-), 121.7
(CH=C), 118.5 (N(vinyl)~CH=CH-N(Et)), 101.3 (N(vinyl)~CH=CH-N(EL)), 89.2 (CsMes), 43.3
(~CHy~CHs), 16.9 (~CHy~CHs), 9.1 (CsMes). Anal. Caled. for C17HosCLNIr: C, 39.23; H, 4.84; N,
5.38. Found: C, 39.06; H, 4.86; N, 5.20.
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Figure 15. "H NMR spectrum of CM2.
Z] a b § h
§\ C Ir/
N \\|
d NN 1
L
= ¢]
2_
h
i
" b 4g°¢ a " !
g c
- el ——

T T T T T T T T T T T T T T T T T T T T T T T T T
220.0210.0200.0190.0180.0170.0160.0150.0140.0130.0120.0110.0100.090.0 80.0 70.0 60.0 50.0 40.0 30.0 200 10.0 0 =-10.0-20.(

Figure 16. 3C NMR of spectrum of CM2.
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Figure 16. Structure of CM2 obtained from X-ray diffraction. Hydrogen atoms are omitted for
clarity. Ethyl and vinyl groups on the imidazolidene ligand have a substitutional disorder with

each other.
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Table 6. Crystal data of CM2.

CCDC number
Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal System
Crystal Size (mm?)
Lattice Parameters
a(A)

b(A)

c(A)

a(®)

B ()

7 (%)

V(A%

Space Group

Z value

Dcalc (g cm—S)

Fooo

Radiation

Temperature (°C)

6 range for data collection
No. of Reflections Measured
Structure Solution
Refinement

No. Observations (All reflections)

No. Variables
No. Restraints
Reflection/Parameter Ratio

Residuals: R;; wR, (1> 2.000(1))
Residuals: R; wR> (All reflections)

Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map (e A-)
Minimum peak in Final Diff. Map (e- A %)

2237692
C17H25NaIrl2
703.39

red, block
orthorhombic
0.2x0.2x0.2

14.079(8)

16.359(9)

8.675(5)

90

90

90

1997.9(19)

Pnma(#62)

4

2.338

1296

MoKo (A =0.71075 A)
graphite monochromated
-100

3.4°<0<27.5°

Total: 15600

Direct Methods (SHELXT ver. 2015)
Full-matrix least-squares on /7 (SHELXL ver. 2015)
2348

128

16

18.34

0.0509; (0.1196)

0.0576; (0.1240)

1.137

0.001

2.597

-1.736
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Figure 17. '"H NMR spectrum of PDMAAm macro-CTA. DP, nvr was calculated using the peak
intensity of c and b’ (methyne protons of terminal DMA Am units adjacent to trithiocarbonate groups).
Reaction condition: PDMAAm macro-CTA. Reaction condition: [DMAAm] = 3000 mM, [CTA]=10
mM, [AIBN] = 1.0 mM in 1,4-dioxane at 60 °C for 160 h (monomer conversion: 90%).
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Figure 18. "H NMR of spectrum of the product polymer obtained by RAFT polymerization of CM1
and NIPAAm using PDMAAm macro-CTA. Reaction condition: PDMAAmM macro-CTA
[DMAAmM] = 1000 mM, [NIPAAm] = 1000 mM, [CM1] = 15 mM, [AIBN] = 5.0 mM in DMF at 60

°C for 16 h (monomer conversion: 88%).

ICP BB L OTRAMICL 34 Y Yy rthke ) ~—DBEAKOEH
PDMAAm macro-CTA % FI\»T CM1 & NIPAAm % RAFT B L 72 ISAERY) (K65
ff: Figure 18) % ICP N KT L CILHEANT 21T o 72, ICP FRD AT ORER, &
AR Y = =123 A4 VYU LS 095wt TN TE D | TTREIMTOMEER, ClERFOHEL
12 035wt% TH o7z, TNHLDfEIZ, CM1 2=y bHDA VYT LFT & CLRTFDOELLL
(Ir:Cl=1:2) & XL~ L7 B, ARF Y v—I12 1 #HH 72 Y 326 D NIPAAm =
=y b& 408 il DMAAMm 2= F 2 &ATEY, TNiE 'HNMR A7 b LiCET 3
DMAAm = } & NIPAAm 2= v + DS HEIR I (Figure 18), Z4UH OFER
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o, HPOA YV VY LEHAE )~ —2 =y FOEEEIL 39 LiEEI N, IR A Y
PULEEEE ) = —D 64%ICHHU L (4 VU YT LHKE ) < — DOMRIEE X macro-CTA
D DMAAM 2=y MIZXF LT 1.5mol%TH Y, EERIGTIZ6.12 2=y FBEVIATN

72)o
B
/\

Estimated structure of the product polymer.
Calculated mass ratio: C 61%, H 9.3%, C10.35%, Ir 0.95%, N 13%, O 15%, S 0.24%
Experimental: (ICP) Ir 0.95%, (Elemental analysis) C 58%, H 9.1%, N 12%, C1 0.35%
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B

AifgEC, FEHEFEIECTHRLZA VYV LEEEREEANLZZEME N 2 4 v (CD) &%
BT Ve LTHWS 28T, FhT I v oERNAEN-T v X %5
F L 7= (Figure 1), 5 2 B CIIEERNR-C SOCEM O offtic X 2 @ IRERE —HJ7 I v
BEEFEFL T A, —HT, migthEsfiEzHvwcns e o, Y7 AFAUETH
ZEHEEMT I VORIEDHEREIN T, LA L, AR IZ, 4V VT L8EPEA I
Ea T ANE O CD #EofE Y 4 X mEic kv, BEoEE N ~D T 7 %
2xGIHT 2 AL o T, ZTNICK D EEVWEZMT I voRIEZIHITE 5K
JGESTEE (£ /7 TAF b, T AF L) ZHIEIL 7288 8T I v OFIR S ZZR L
726

% Selective
i Formation !!

®>/O

S

Figure 1. Selective N-Alkylation reaction catalyzed by polymer gels with crosslinked domains

containing iridium complexes.

4.1. FFER

BT R BEEES (R <—8#) LR (NERESD W2 Richiks 22
== 7 RHEIC XY, BRAGHRICH bR TW NI ZEMEICH 5, I, @17
N DORKE RO —o 1k, WHZERZHT 22 & LA RETH2ICh20bbTA
B O EZHM L 2D ok e LToRMTH 5, F v b7 —7kmEdic
HHEEEE R 2 & T 7 MBI, ARSI L C oY - HAHO S TELTE D,
Bl 21, SR-EH A v 7)) v OGP eI IC X 2 BRAESUGE 8 &~ DRI 23RS & T
W5, HIC, ROCERAL A oG & 186 & BE & B2 @Y)ICEREH T 5 2 & T )
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SO R RSB IC B W CREE R T2 RICR EHAE T2 L 2Wiffc& 2, L2 L, &7
TN DREEFFHCEE D K HRLS VIR OBIR IS £ TIZIZE A LHED LT,

ENERI 72 SOGR 2 BHS 2 S 2 7 Ml o B I X S F 7 v o NE T #hidE % k
FICHEH L, BB ICHEET 2 2L PLETH 5, F3ETHB72E Y CD A — I8
L7zl E o v 7 v 2B S 38E L <l Y, SIS IC 31 2 StEEE» IR ©
X2, Moz 4 7oz, flxid, BUSEWE CD &, CD ME 2% CHUKER Y < —#
2> HRERE I, EIANE L BRI 2 HERE L 72 £ 2. KR ORI RS E AR L, 2R
RS EME OB R 2R3, X 51T, 2D CD F AV dBEEN T L DfflA A b B
CEDARETH B, Bl B —F Py FEED CD Z i, REEICSE LT
IR & SO 2 R IC B L X 872, BIX SICRIE T, &L 724 U Vv alike
)~ =% HoC REINEN CD ICHAERATA ) VY LR EMAAALZHT L WES T
NEAEB LT (Figure2a), O1Z &7 vid, KR TT v E=T 1D AfRN a7 18k
MEE LTHEEL . 72U v ERYIATAT—AD N-T I F WAV ELER 75 il %
L7225, GRS T b T Wik TH o 7z,

A DS T CD Z A ~DIAIAREZBRET L7724 V) V0 LghRE ) ~— 3, BEICEL »
RIGH %2 BB T 2 e LCEMEEICB W CHEINAEEATCH 2, Z DRI,
12345V AXAFAL 70y X TN (Cp*), BEFERBHINVVYNHO)F L U2 2
DENL FRILDE G e ~a 7 VB F 2 D I TE D . BORERLELE S X VIKLE
WAL Farr~0BACHLTWE EEZLND, 208K, BT I vILEY
LT =D N-TAFMMUICEWIEEZ R T2, oIS Tid, M7 I v
72T, BIEBE LTEZMT I vBERT 3 2 e BB o7, TRIIRIGRTT
B LB RT IvBTAa—LeD N-TAFALICE T 2 ERKFE R VAL 04T
TLE S, MMIGEREOBS 25, 20 X5 REIRISEIHT 2 72012k, 4V 27 Lfil
D KIGERA O EECTH 0, BER >/ ZlE AT 28077 M E, EEIRW 2 ]G
ERT 272008 BMED 7T v b 74 — 4 & 7 B AREM IR & iz,

AR TIZ AV T LEEZEALZCD I ADF ) EEDOY 4 X2 B3 LI
X0, HETHDT I vEeTAa— LR N-7 v X AL oiftk &R ZFIHT 2
ExEHIE L, FRiC, BT 7 Ao CD#EED I A X &l 325 2 & T, LD
RERIR DI S S I RIE T3 B 2 A L 72 (Figure 1b),
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Figure 2. (a) Synthetic scheme of amphiphilic gel with CD structure containing iridium complexes
and (b) selectivity control of the catalytic N-alkylation of benzyl alcohol with aniline using a CD gel

containing iridium complexes.

4.2, ERLEE

421. AV VY LEEEEAL BT TFITNVDERK
BREM CTA % v, nlry A in-Fa S E sHF2 B

¥ 3. Figure 2alNC/RT X 5 7 2 ERE
(RAFT) EAICXOFRY (WN-YAFALTZ7IULT IF) (PDMAAmM) macro #5HFSENH]

(macro-CTA) % &L 72 (Figure 2a), ) [EAE (DPn) =403, BCFHHFE (Mn) =

40,300, 3D TH NMR 47 & O &EH 5 ZoiidEfasl wMn) =1.16. %4 XHEkR
TniE, YA XPRI7 v~ b7 7 4

rsu<= 2777 4— (SEC) HIEICXVELNT
— (SEC) HIE I X v B o= nEdEs Mw/Mn) =116 TH 5, RiZ, Hohlz~7
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O CTA %, ZHEHIE LCHEYV ZFL vV a—AY 72U L—+ (PEGDA) DT,
N-AY7aerr7 7Yy IF (NIPAAm) LRI TFA2HT 24 V) Vv LEEKE <
—CM %, DMAAm ==y b & NIPAAm &/ v —DEEH %2 Z 275 RAFTEAT 5 C
Xy, FAEE R~ (Figure 2a, Table 1), Table 1 ISR 3 & 51, AT CHET L
e F_XCoFEMET, MRHICREFRR S I AABRICEI L7 (3 b7z 7 vid, NIPAAm O
BERRIREE 2 I\ C Gsoow Grson Grooo & FRil)o KD 729, Gioeo & [6 U NIPAAmM & Z2AEH]
HEE DL T, NIPAAME CM D7 ) — 5V ANHEHZIC L3 T7AEK LT (2B
N7z 7 % NG & Fil) o

108 10° 10 103
MW (PMMA)

Figure 3. SEC curve of PDMAAmM macro-CTA. Reaction condition: [DMAAm] = 3000 mM, [CTA]
=10 mM, [AIBN] = 1.0 mM in 1,4-dioxane at 60 °C for 72 h (monomer conversion: 90%).

Table 1. Synthesis of amphiphilic polymer gels with iridium complexes introduced into the CD
stracture; Gsoo, G7s0, and Gioo were synthesized by RAFT polymerization method using Macro-CTA.

D and r, were analyzed by SAXS measurements. ] NGygoo was synthesized by free radical

polymerization.
[monomer unit] (mM) Gel Cross-linked Domein Size
e
Entr nm-*
y Code Qmax ( )
NIPAAmM DMAAmM D (nm) rn (nm)
1 500 1,500 Gsoo 0.222 28.3 6.86
2 750 1,250 G50 0.212 29.6 7.52
3 1,000 1,000 G000 0.212 29.6 7.52
4 1,000 - NGa1o00 - - -
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4.2.2. X BU/NABELHIE (SAXS)

R, @17 v (Gseos Grson Grooo) D NTRHEE X, X AVNAEGEL (SAXS) HIEIC X Y
Al L 7= (Figure4), Z A OBEL 70 7 7 4 33T, # 02nm! DEEL 2 F A (q)TH
MERREMAZ /R L, $XNTOXAPIRIE—EDHEER b DB T 0@ NERR i
ZH O EA/RENS (Tablel,Table2), 2D X 5 ic, Bohz7r A Tid, MBI 220
53 BEICHE L7 CDBGERTER I N T2 & L3R I Nz, BT 2 NERk TR o
EIREBE D (= 20/Qmax) BT VIO WTHREL, 2N DfESL S CD DX (rep) %5 3 BT
DELHE L 72 /7EICE > TR L 720 2 OfER. NIPAAm &R0 R D K7 W(Gseo) 1F, 1Z1F
[FEFEEE D A X (7.5 nm)D CD % b2 Grs0 X Grooo £ Y b /N 72 CD (6.9 nm)TH - 7z(Table
1, Table 2), NIPAAm €/ = — OGRS FE VI L, XY K& 74 CD 2B E . [FIFIC 1
DD CD It 3 % macro-CTA DER Vel holeeE2 N, TNLHLDNT VAP CD
MEORZIZREL TS EEZLNS, E7-. PEGDA BEHIORE L —EICLTr v

ZHET 5 LT, D CD MEDOREHE 2 2L T ¢ 7,

@qp8— - (b) 03,
i ] - Grso

102} 102}

l(q) (a.u.)
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Figure 4. SAXS profiles of (a) Gsoo, (b) G750 and (c) Giooo.
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Table 2. Structural parameters of the gels with CD structure obtained from SAXS analysis.?

Gel code Qmax (NM™) D (nm)® reo (Nm)° Ccp (mM)? Npomaam®
Gsoo 0.22 28 6.9 0.31 24
Grso 0.21 30 7.5 0.35 18
G000 0.21 30 7.5 0.47 11

2 The calculation method of each parameter is described in our previous study [, ® The distance between CDs obtained
from SAXS profile (= 27/gmax). © The average radius of CD, which is calculated from D and the end-to-end distance of
PDMAAm with DPy = 403, dp (= 14.6 nm; this value corresponds to the value of polyacrylamide with same DP in
water [5]): 7cp = (D - dp)/2. ¢ The concentration of CD in the network, which is calculated from the volume of a single
CD and volume fraction of CDs in the network on the assumption that each CD is spherical and the volume fraction
corresponds to the molar ratio of monomeric units. © The average number of PDMAAm chains connected to one CD,

which is calculated from Ccp and the feed concentration of PDMAAm macro-CTA at the gel preparation.

4.23. $Etke ) ~—DEHTEH~DOEAFHE

KIT, Gsoo & Grso LA LE/ v —REFEMFICE T, ZEAZHCTICEAZITVL, &
CODTZNICEBEAINSEA Y Y YLiEKE ) ~—B% D 272 (Scheme 2, Table 3 ;5 Gooo P
ETNRIGIEE 2 ECitid), ZoIGTIE, FHINAEESETT 2L, SMllo A 7R
v 7 3 PNIPAAM/CM)2> 572 O . Ao B 71 v 7 28 PDMAAm 2» 572 %5 ABA +Y 7 v
IRY~—=DBER LTz, FONZRY v — DT BT IFHIELIIE < | macro-CTA X Y b HH
SCESTREICE =2 by TEIR LD, NIPAAm B & WS4 ToERYICIT
IR S T B PBIE 7z (Figure5) b DFER 25, NIPAAm & CM D
HlE. £/ ~—BEZMFICBER R < . macro-CTA ORI SHlHl X - cilEfT5 2 &
PIRENTz, COHEIENZEAICXD, SAXS 77 7 A LCHIE Iz X ST, HHEIC
SELL 72 CD BSEBER I Nz E 2 b5 (Figure 4) X612, oz RY~—D H
NMR 2727 b, RSN B L CFERES 77 X~ (ICP) ST OFERL L. CM OE AR
REAELZEZ A, K 60%TH -7z (Table3 ; stHE OGN, {LEWIT — 2 Cid#), o
X 91, PDMAAmmacro-CTA % F\> 72 RAFT EHAIC X 0, 4 U P U LSERDE A ICHKIN L
72 BRI Tz,
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Scheme 2. RAFT random polymerization of CM and NIPAAm using PDMAAmM macro-CTA in the

absence of the crosslinker as a model reaction for gel synthesis.

— PDMAAmM
0 Macro-CTA
—b.

+ HN  ——_—
—_—
:’ AIBN

NIPAAmM

Table 3. The molecular weights and the incorporation ratio of iridium complex of the polymers

obtained by the model reaction of the gel synthesis. ?

[NIPAAM] [DMAAmM unit] Ir incorporation
Code MpP° Mu/MpP
(mM) (mM) (%)
BPsoo 500 1500 38,500 1.25 58
BP7s0 750 1250 35,700 1.43 60
BP1000° 1000 1000 33,300 1.64 64

aReaction condition: [CM] = 15 mM, [AIBN] = 5.0 mM in DMF at 60 °C for 16 h (monomer conversion: 88% for

BPso0 and 88% for BP7s0). "Measured by SEC analysis. °The values are from our previous report. 7]

108 105 10* 103
MW (PMMA)

Figure 5. SEC curves of PDMAAmM macro-CTA (black dashed line) and the product polymers (green:
BPsg0, purple: BP7so, and blue: BP1go0) obtained by RAFT polymerization of CM and NIPAAm using
PDMAAmM macro-CTA. Reaction conditions: see Table 4.

112



4.2.4. BT VA% W RIGHAE

BEWT, A VY L2 WETo) vy IATALI—ALD N-TAFAITBT
2 ROSHEIC XT3 CD #i&E 028 % J7 L 72 (Scheme 1, Table 4), HE D728, CD &%
7z A ) U LEEREEA L 72 PNIPAAm 7 v NGiog &+ XIGT 285 TFDA V¥
LEER (Table4 @ IC) Z W72 6D HET L 720 Gsoo 2> 5 Groeo ™~ CD OfH Y 4 X% kK %
F2L, HETHLERV AT Va— VDA LR L HNE T 258 k7T I VERY
THDHNRVILT =YV (SA) OUCEEN L7z (Table 4, entryl-3), D X 5 7 IGE
DIEME 1E. Grooo P & 5 2K E REY A XD CD Tl GBS ICBRBICT 7
Y ATEL0LEZLNE, FHIREZ LIE, CD ZF A% W72 KIG Tk, 5=/
TIVTHDLNN-YRYIALT =YV (TA) BAERL o070kt L, #EH 4 XHA
¥)—75 NGiooo TlED 70 DED TA PAEK L7 L TH 2 (Table 4, entry 4 ; Scheme 3)
NGiooo & [FIEEDZEEN X SHIG 3 2 K0 Tl 1IC % v 723 R KIG T b 815 & 17z (Table
4,entry 7). TA DAL, Scheme 4 & Scheme 5 IC/RT X HIC, 7=V VDRV I )LT Lo
— XD N-TAFAMMUIC K 5 THERL SA L DI OLRZMIGICLVEIKLAZb D L&
Abd, TNbOFERIZ, CD HEEDOWNERF 7 ZZRI3, 4 )V LfillE~D SA DT 7 &
AR L, ZRIC X o CRICESPICE EREZ 725 L2 L 2R LT 5,

FOGEIRMEICN T2 CDEORELZ I L ICHET 2720, 2ffBOR VY Y LT La—L
ZHWTKIGEETT > 72 (Table4,entry5,6), Z DT TlE. G ZfillE L L CTHW5E
IT1E SA DA DERK L 72725, NGrooo TIEIEBYITH 5 TA DICEBEIML 72,
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Table 4. N-Alkylation of benzyl alcohol with aniline catalyzed by gel catalysts embedding iridium

catalysts?
NH Ir cat. o~ Ph
OH 2 (2.25 mol%) _Ph Ph~ >N~
O ol SR
TFE 1.0 mL H Ph
80°C, 100 h
SA TA
Cross-linked Domain size . . .
Entry Ir cat Benzyalcohol Aniline conv SAyield TA yield
. N 0, 0,
D (nm) r, (nm) (mmol) (mmol) (%) (%)
1 Gso0 28.3 6.86 1 1 1 1 N.D.
2 G750 29.6 7.52 1 1 17 5 N.D.
3 G000 29.6 7.52 1 1 42 37 0
4 NG00 - - 1 1 99 60 28
5 G000 29.6 7.52 2 1 29 26 0
6 NG000 - - 2 1 88 9 60
7° Cat. 1 - - 1 1 99 67 18

(a) Determined by GC analysis. (b) Using the catalyst 1 (1.0 mol%) for 20 hours.

7, SA HEL L, RVYUAT A= L DNIG%R Scheme3 1R S Giooo, NGiooo, IC
FHOTHELRZLEZA, Guw ZHVZEAIR, TA ZIEEAEER LA > 7zDicx L
T, NGuooo,IC ZH 7286 TlE, BIETTA BEKL 72, 2o ORI, & Fr v
D CD #EDWERF/ 2223, S PEERAL ~DIE D 7 7 & A% SRR HIE L .
EEYOEREZREESE2 L0 FRROEREXFFT2bDTH 72,

Scheme 3. N-Alkylation of benzyl alcohol with secondary amines of bulky structure catalyzed by

G1000, NG1ooo, IC.
/@ CDgelorliC /©
[~ :] OH [:/ N
+ ©/\N >
H TFE 1.0 mL

80°C, 100 h

1.0 mmol 1.0 mmol GC Yield

Gioo0s 1%
NG00, 72%
IC, 86%
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4.2.5. #EERICHERS

Scheme 4. Possible mechanism for the N-alkylation of primary amines with alcohols catalyzed by

iridium gel complex. (1%

o

|r——‘C|

Q"
)

l R' OH
Primary amine as substrate

R1
R2NH, A
H H 2 (o]
R“NH 1

NP W

[|I']\

E B H

Secondary amine
as product
H,0
R'SOH R? R’
\ H /N—_\/

AV LA X AT I T AT —LD N-TAFACDEEINE XA
=X L% Scheme 4 I3, VIRIEDHE—BERECIZ, 7IvEeRMLAEZTAIFVA VDY
LT A DB END, TraxyHno BoKERBESKEZ Y, 7TIvEeTAT e FIChHL
L7zA VYT LKF B HBERLT 5, 4 I VD C=NBA VY7 LIKFREPFEAITHA X
N2, 7IVFVAYVYILED BAERT 2, £ CGEHMT Iv) OilifixfE> DOT
IF-Trade P, 7IVOE~ORNERL TR Y, MBIEERE A 235F4 T
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%o

Scheme 5. Possible mechanism for the N-alkylation of secondary amines with alcohols catalyzed by

iridium gel complex. 119

lWADH
Secondary amine as substrate

R1
R2R3NH
F
H H 2p3 o
R2R3NH N pf
< o X R
[lr]\
J G H
H+
Tertiary amine
as product
H,0
R OH 2 B3 R3 R
R? R NE) ,
\/ H N=
H R?

AV LA X A IR T I v T AT —AD N-TAFAUDHERA N =R L%
Scheme 5 IC/R 3, NIZ D AN =X LFFE—RT I voRIGEFRKETH S, LrL, FEHMT
IVETATE FOMAEIE 70 b v OREERZ T A I =T LAFVERM LA VT L
IKFBIIH BT 5, ROT, A IV LA F YD C=NBA Y Y LIKEFE A
AINB T LI IDERL, v TERY GE=MT 1 v) ol S J of4s
M Z %,
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4.3. FEER

B3ECTHMICHIIL 724 V) Uy atlitk% B AL CD fiiEx BT 5@ma 7 vERW
TRYYAT A= ET =Y v OB N-7 v 3 ALKIGIC B0 GERI 2 58 )T 2
VARSI U 7z AR X, FTElE S T VO NE o CD oM H 4 X 2%
b3z eT, FEOMBEIEIEIRN~DT 7 2% Hlffll+2 2 L BARETHZ L E2E
AEL 7z, fERDT v a—n T I VOl N-7 v A bics it AT 28 M7
VATV v EBAETARE LAY, MARIBICE VE=MT I v b B S 2 AlREN:
DEEEINT Wz, L L, AR, BEICKE S Wm0 o NEE ~ BT ic
AV Y LEEANT L LI XY EGT T AN OSARRES 2 G L 7297 7 SOGYE & 8%
ST enTE, VANICERVESRT I voERENSIT 2 Z LI L 72, 2hid,
PR DENLF-EXEF D BT X 2 RIS HR DEkEr OMifiE# % )4 2 il R TH O (AR RIEHR D
BB 7 0 T EBSE~ D IO e Z K L S # 2R ES 2 5,
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4.4. EEIH

4.4.1. EBREMH

N-4 Y 7waenrr 27 Y7 I FNIPAAm; Wako, >98.0%)i%., FPLIZV/in-~FH V6D
FAERICX OB L2, 2 THNIC2 20 M) F4h—F4— bEEHT % RAFT ELHE
HRENA] (CTA) B 4V 27 L AE ) ~ —[Cp*Ir(NHC-vinyl)Cl; CM] Bl X U84 ) &
L EER[Cp*Ir(NHC-ethyl)Cla; ICTHONIXRRCEREF I LT W5 X S 1B L 72z, NN-Y XA F L
727 YUAT7 I F (DMAAm; TCI, >98.0%), 22-7 V€ 2Z4 Y 7Fu=F U (AIBN; Wako,
>98.0%). KV (=FL v 7Y a—n) Y727 YL — b (PEGDA;Aldrich, Mn=250,>99. 0%).
123477 FuaF72L (7 7Y v, Aldrich, 99.0%). 1,4-2 4 %% v (R, A
B, >99. 5%). NN-PXFLHRALLT I F (DMF ; fIdE. 99.5%), YZFrz—F0 (F
N T4 >99.0%). T=V v (A, >99.0%), RV ATra—i (FhI4, >99.0%).
N-_Rv Y7 =Y v (TCL, >99.0%) BX U+ 7tk / — (TFE; TCL, >99.0%)
A AR L 72,

BISE & ST

BT OB ST B M) B X S D EUERER MM X, KD Z2FL VI Ah A
(Shodex KF-805L)3 A% T, #A#E#R & LT 10 mM LiBr % &1 DMF 1, 40°CTH 4 X
b7 wm<t 25 7 4 —(SEC; LC-20AD &% K v 7' L RID-20A JEITHEMHERD O 72 5 BT
24 YAV AT LK DWGE L ZZGRE: 1.0mL/min), 77 7 L%, HHERY (XFAx 7
YL—1) v 7 (Agilent, Mn=1.86x 103 ~ 1.68 x 106) < L CTHIE L 7=,

H X Of BC{HIEAILE (NMR) Z~<72 b A id, JEOLECX-500 3 X UF ECS-400 A ~<
7 buA—2—TiHkL 7,

A a~ 777 4— (GC) HHriE, Fx¥ v 7V —4 72 (InertCap for Amines ¥ 7 1%
InertCap Pure WAX) % fif§ 2 7= GL-Sciences GC-4000 Plus TfT - 7=,

FEEG 77 X< (ICPYFI etz ZFH 2 77 U v A(FK)THIZ PS3520UVDD I
ZHOCTHIE L 72,

TCRIIT IR EME ST v X —TlT o 72,

X BUNAEGEL (SAXS) FEBRIZ, 2 IFHICH 2 & T A L ¥ — IE AR Fe i e i i Rt
W7+ v 777 ) =D —LT 4 Y BL-6A ICBWT, BEHDEEHAWTIT- 72,
T RICHCELIEIR 13 Dectris PILATUS IM #H#R TR L 72, —RIC SAXS 7’1 7 7 4 Vi,
TRICHR DRI X o TR B e, BELA I, 5.838 nm D JEIIREE & b DR~ Vg
RAEHOCTRIEL 72, BUELR 27 vl q = @u)sin(0R2)E EFE L7z, 2T T, A & 01FZN
ZNEELA L AH X O RETH 5,
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PDMAAmMm macro-CTAH D &%

DMAAm (7.7 mL, 75 mmol). CTA (102 mg, 0.250 mmol), AIBN (4.1 mg, 0.025 mmol), 7 F
ZUY (050 mL)B XU 14-PFFH v (11.6 mL)Z 50 mL AUE7 7 22Tz, E€HET10
DA TY v 7 LTz, 2 OBMIGIEEY % 60°C, 72 BEENEEIE L. MIGIEREY %-196°C
CHAHIT 22 LI X WV RIBHRKT Lz, £/ < —BLRix, NEMESE (579 v) %3
E LT 'HNMR CTHIE L7ZEEE ) ~—IRE»ORE LT, Z0%, RIGEGME Y =5
NI =T VICHEE, K PDMAAmM (7.17g) %157,

RAFT E&C X 3 PDMAAmM macro-CTA 2272 NIPAAm & 4 V) VU AR E ) ~—DE

=

BRI 725 & L T BPsoo D £ % LA N 1278 3%, PDMAAmM macro-CTA [ 4 % (DPn) = 403,
Mn=40,300. \»3#H 'THNMR ZH7ric X 0 2 H : DMAAm == F % 4.5 mmol & %% macro-
CTA 450 mg. 0.011 mmol], NIPAAm (170 mg, 1.50 mmol) 3 X I8 CM (23.4 mg. 0.045 mmol)
% DMF 2.7 mL IC&fARE L 72, & DIRWIC, 0.30mL @ AIBN @ DMF i&#% (0.030 mmol @ AIBN
ET) BMZ. REVET ATV TI00ENTY v 7 Lz, RIGREY % A A VYA
60 °C T 16 BfEMEE L 728, RIGIEEW %2 P2 F A —F VI E, Y BPse (0.390 )
157,

AV VY LeEEREBALZ CD FLVDEK

HIRP 725 & LT Gsoo DETEK % AT 1278 3% PDMAAm macro-CTA[DPn =403, Mn=40,300,
WD TH NMR 4TI X Y BH 5 DMAAm == > } 2.3 mmol % & ¥ macro-CTA 225 mg,
5.6 x 10-3 mmol]. NIPAAm (85 mg; 0.75 mmol), CM (11.7 mg; 0.023 mmol). PEGDA (0.19 mL;
0.060 mmol)% 7% DMF 1.35 mL IC/Afi# L 72, T DIEWRIC, AIBN @ DMF &% (7.5 x 10-3
mmol @ AIBN % &%) 0.15mL ZMMzx. BEVEZT ATV TI07EANTY v 7 Lz, KIG
BEVZ A A oz 60°C T 16 RifERFF L. 7 LR ICHE X & 72,

4 Y O LeEEEEAL 72 PNIPAAmM 7 L DA

NIPAAm (170 mg; 1.5 mmol), CM (11.7 mg; 0.023 mmol), PEGDA (0.19 mL; 0.060 mmol) %
1.35mL D 7% DMF IS L 72, Z DIEIRIC, AIBN @ DMF i (7.5 x 10-3 mmol @ AIBN
&) 015 mL iz, BEWET ATV T10 DA TY v 7 L1, RIGEAY % 44
LN ZH 60 °C T 16 RFEIERFF L. 7 AMALIRBBICELE X ¢ 72,

AV Y LERESEESIT I NMEIC X 5 N-T A F AL

AV Yy LR EEGE TV E LREFIEE FE Tl L 72, ERI V2 ERED 7 1
TV LIC 24 RE] (2 [0]) ERET A S L AR VIR L CHER L, B L 7z, B, Ry Y
LT 2 —(1.0-2.0 mmol), 7 =Y (1.0 mmol)3 X ¥ TFE(1.0 mL)% ¥4 7L 1c A7z,
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AR E 7 maR L LAGOmL) T L. B 7 = = A 2 NEEHE & L C GC o TRl L 72,
ETNARIGTIE, TABED D I IC ZfEH L 7,
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4.4.2. {LEYER
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Figure 5. '"H NMR spectrum of PDMAAm macro-CTA. DP, nvr was calculated using the peak
intensity of c and b’ (methyne protons of terminal DMA Am units adjacent to trithiocarbonate groups).

Reaction condition: see Figure 2.
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Figure 6. '"H NMR spectrum of the product polymer (BPsg) obtained by RAFT polymerization of CM
and NIPAAm using PDMAAm macro-CTA. Reaction condition: see Table 3.

122



OI'?
<\//>
(DO_
=<UJ
© =
Q

06
/
—=
(o]
-
>_I
=
(@]
T 9
-
12%
3
I

0.5

0.4

0.3

0.2

0.1

abundance

X : parts per Million : Proton

Figure 7. '"H NMR spectrum of the product polymer (BP7s9) obtained by RAFT polymerization of CM
and NIPAAm using PDMAAm macro-CTA. Reaction condition: see Table 3.

ICP FH DB L UOTCEMMTICE 34 ) P yngike ) ~— DB ARDOEH

PDMAAmM macro-CTA % fl\>72 CM & NIPAAm @ RAFT EADKISAEBY) (OGS %
Table 3 IC/RT) % ICP FENXTHANT & TR AT 2 720 ICP FED AT ORER. AWK
RY~—1CiFA ) T LFET20.8Twt% & 0.90wt%Z TN TH Y | TTRAMOFER. ClET
DHEELIT BPsoy 2° 0.33wt%. BP7sp 28 0.35wt% TH o7z, TN HLDfHIZ, CM 2= FtH D
AVYTLRTE CLETFOEALL (Ir:Cl=1:2) & XL TWwWi, 5, ERFRY
~ — X BPsgg & BP75) TZ ILZ 4184 & 173 O NIPAAm Hifif % &4 1§ 72 ) 403 O DMAAm
2=y b EEATWZ, 2N, 'THNMR 22 FLIiZE T 5 DMAAm == + & NIPAAm
2=y b OSSO EIR I N (Figure6,7). TNHDEREH V2 L, HPD 4 VY'Y
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LiEthE )~ —2=y FOVFEEIT 232 B L U288 EHEE XL, TAITEERA Y O Ll
e /) =—DFNF N BPso B L U BP1sy D 58%F L N 60%ICHHY L7= (427 LitkE
) = — DGR 1Z. macro-CTA 7D DMAAmM 2= FIZHR LT 1.5mol%TH > 72),

B
>

BPs00

Estimated structure of the product polymer.
Calculated mass ratio: C 61%, H 9.1%, C10.32%, Ir 0.87%, N 13%, O 15%, S 0.38%
Experimental: (ICP) Ir 0.87%, (Elemental analysis) C 56%, H 9.4%, N 12%, C1 0.33%

B
>

BP7s0

Estimated structure of the product polymer.
Calculated mass ratio: C 61%, H 9.2%, C10.33%, Ir 0.90%, N 13%, O 15%, S 0.31%
Experimental: (ICP) Ir 0.90%, (Elemental analysis) C 58%, H 9.9%, N 13%, C10.33%
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Figure 8. GC charts for the N-alkylation reactions: (a) entry 3 and (b) entry 4 in Table 4.
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