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Synthesis of Supported Indazolyl-Pyridyl-Quinoline Iridium
Catalyst and Its Application to N-Alkylation of
2-Aminobenzothiazoles
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(“ Key Laboratory of Synthetic and Biological Colloids, Ministry of Education, School of Chemical and
Material Engineering, Jiangnan University, Wuxi, Jiangsu 214122)
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Abstract The tridentate indazolyl-pyridyl-quinoline ligand was designed and synthesized, and its iridium complex was
successfully loaded on MoS: nanosheets. The resulting IPQ-Ir@MoS:2 was fully characterized by means of scanning electron
microscope (SEM), transmission electron microscopy (TEM), energy dispersive spectrometer (EDS) and X-ray photoelectron
spectrometry (XPS). This iridium composite could realize N-alkylation of 2-aminobenzothiazole with benzyl alcohol under
solvent-free condition. It showed excellent catalytic activity and good tolerance. At the same time, the reaction mechanism was
also explored.
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& % Buchwald-Hartwig 28 X AR Bk 5 v 25151,
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R, BEAE b AR, i SRS SRR A
KA N-JFe Al ) B A OB 05 B i ik, 28 1 i
Heibk 2 B2 K EBRE. 546507750, 2R N R
F 5 e AR 8 4 e A X A B B n B A 2 € ) B A R
Fe AL AR, FRBEAE N EVRATE N 55 HMIE 5
7, HiZNBE 46608 =0 — 8 R N SE R, /e
MREK, RFRAZER, & —FECONSEHR R T
1B,

Me<
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N ~
N
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Cripine A
Cl an anti-tumor drug
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an antihistamine drug
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Figure 1 Pharmaceutically important organic amine

BT B AR = R B AR S & & B AL 5 T ) 3 &
Y EA REFfee tE, H R H B 1) s L A0 i 1,
DRI )32 82 T 350 AE AR S50 A A A 50 0 & B 3T
VR AE T Se A Y D A B T 2 Fh 2 A 2R 1) = A T A,
Ff H Tz H 2 A 25 R DL H U0 ZEFRATTER
AL HTIA TAE R BEA B0, RSBk A T R AR =14
fit#& Indazolyl-pyridyl-quinoline (IPQ, L1, Scheme 1), F
Eﬁkﬂ@%%%*’ﬁnzﬁﬂé’é*%%ﬂ G, [EIEE, Bk
MoS, K BA — & RAF AR, &S E S,
MRS ZRI - HE 1’!5)5H, W H R AR R
AR MoS, gk i b, & 518 2 4k % A 1L
IPQ-Ir@MoS,, FERMZMEFIEAT T 75 MR, 14
AFREE TGV ) 564 T RE 8 S AR 3 05 i 5 2K R V-
B SN, FF I A S PR A A S T A0 2 R R ) 3
P, Bz AIEIE H TLR )R, hRe PREF— & I SOV
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W, & —FhER 2R B I & R N-Ke S S 5.

i N “NH, Br/(j\
Cul L-| prollne \ ! \&
K,COs, Ny, DMSO SN

1a, 92%

N(SiMe3),, 1,4-dioxane
N, 100°C, 8 h

160 °C, 16 h
IPQ (Lq) 78%

B 1 AR L5 55
Scheme 1 Synthesis of ligand L1

1 ZR5TR
1.1 LT IPQ-Ir@MoS: BIRIES#T
AR % e G, K FT & 1) IPQ-Ir@MOS; i
R RAB(SEM). B S BT 2 RMEBI(TEM). X
SR BRIE 7 HT(EDS) X 54 FL B 1E 73 BT (XPS) A H 25
FHEAT RAE.
1.1.1 42489 55(SEM) R AESHT
ER B LBNERE RS X G w et X Al OEe AP
FAE TN 2 FroR). Kl 2a F1 2b f& 84k MoS, 90K F
) SEM &, W LA tH MoS, B N AL (1) iR &5 44,
gk f 2z B BH—E N, AR TR SN, B
2c Al 2d & MoS; 44K F 3L & ¥ IS 1 1 46 57
IPQ-Ir@MoS: ] SEM &, M AT LR R, 90K
KM T RERPURE, RHEEY TR 7 EE
MoS, gk H L.

B 2 (a b) MoS: 41K ) SEM E (c, d)ﬂEi’ﬁH{%ﬂc fl
IPQ-Ir@MoS: ] SEM &

Figure 2 (a, b) SEM images of MoSz; (c, d) SEM images of
TPQ-Ir@MoS:

1.1.2 &5 £ 45(TEM)RAESHT
b5, 4k it 7 5 i AU X 12 A R R A0
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iR AT E— PR RAE AT (Bl 3 FrR). Bl 3a A 3b
RN MoS, 49K F i) TEM B, mf BLiE— 5 WA= F11Z 44
BN EIRGER. B 3¢ Al 3d AL IPQ-Ir@MoS; [
TEM K, 7 10 nmRZS T 0] DOWER 245 B 12 I HOR ok
SPATEFLR, HE— DUl TR R AE %K b, [
BRI T 428 I dR b 25 80, FEIN A% o T~ 35 R) BE R
0.24 nm, JXANSLUGEE A IE 5 4 5K i 11 1] BE Y P9

b R

B3 (a, b) MoS2 44K Fr i1 TEM B; (c, d)AEIIAR AL 1PQ-
Ir@MoS: ] TEM
Figure 3 (a, b) TEM images of MoSz; (¢, d) TEM images of
IPQ-Ir@MoS>
1.1.3 X SR A5 (EDS) EAE ST

N T BE— B SO TR AP B, X
HEAT T EDS FRALWIE 4 FiR). fEICRATS th2k
1.9 /1 9.2 keV Ab Ir JCE [R5 ALV BE IS UE S HE AL 5
Ir JTERAIAFAE. [AIRE, ZATH & A2 Mo, S, C.
N. Cl JTERHRHER SO, Ht— Pl eEi ey e
FIN FUEAE MoSy 4K b RIS, M-It 14 A
WLVEH, P e EmA ) B RS0, WARRA
HRME.

Intensity

Energy/keV

B4 IPQ-Ir@MoS: AERE G 3 AT il 2k
Figure 4 EDS spectra of IPQ-Ir@MoS:2
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1.1.4 X &AW 4835047 (XPS) AL HT

JE, Wit X R TRIEE AR T IPQ-
Ir@MoS; IR T Ak 5 RS AL 22 e 7 (A B 5 Firs). XPS
HEREUE S AT R AZ7E C. Ny Ov Mo S, Cl Al
Ir JE. R IER TR PR E 5 T0H 8. K
H Ir 4fs0 F1 Ir 47, FRRFEVE/E 64.8 F161.9 eV AL HH I, #E
—HIE & B &Y C D) 5 3] MoS, 49K v F.
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B 5 (a) IPQ-Ir@MoS: i1 XPS Jeith, ALK (b) Ir 4 FIAELH 1
Figure 5 (a) XPS spectrum of IPQ-Ir@MoS2, and (b) high-
resolution of Ir 4f
1.2 #UF IPQ-Ir@MoS: /k RziE 1M

7 J8 B BUAR I 2 2 2R g A7 AR ) B AT E I
B2 EFEIRHIE(2a) S 2-F IR FFHERE(3a) ) N-bEdk
o RIAE AR N, W T 1AL 7] IPQ-Ir@MoS, 1)
S RLEVE.
1.2.1 B A a4

KT IRIFCZR P T SR 25, 5 TR, WA
T Z B s, AR RS R IR 1. FERx
PSR BT RREE R R, e TRV 2 T X
FHEAT T L. S KI8T Nap,COs F1 NaHCO:; fF
AN RO, A IR H FRFE(R 1, Entries 1~
2), 3P KoCOs M S BRI BNT AN BETF 31 45% IR,
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{H24{FH KOBu. Cs:COs+ NaOH B}, % v $R15 55 &
=, Horf NaOH 1E B AT DAZS H i g5 SR GR 1,
Entries 3~6). #4, 2 DA H RN = H 2R N e B
A, 4R R I RENE IR BT 1 P72%(K 1, Entries 7~
8). Bfif5, XTI SR B AN S NI EAT TR I, SEEG R
16 hy 130 “CoRix = B e fd OB (R AR EEGR 1,
Entries 9~12). )&, SR, 76 R IAMEAT 1) %
P, RIVHBARI ML TG (R 1, Entries 13).
R R«

Table 1 Optimization of reaction conditions

diti
©/\ @E S NH _conditions

Sale!

N 5

@

@Ew Yo~

— N !

H 5

Lm"mJ@ __________

Entry Base Time/h Temp./’C  Yield/%

1 Na2COs3 16 130 <5
2 NaHCOs3 16 130 <5
3 K2COs 16 130 45
4 Cs2C03 16 130 85
5 KO7Bu 16 130 82
6 NaOH 16 130 94
7¢ NaOH 16 130 94
8¢ NaOH 16 130 90
9 NaOH 12 130 90
10 NaOH 24 130 94
11 NaOH 16 110 78
12 NaOH 16 150 94
13 — 16 130 <5

@ Reagents and conditions: 2a (1.5 mmol), 3a (0.5 mmol.), IPQ-Ir@MoS; (15
mg, 0.08 mol%, Ir 4.8% loading, w/w), base (0.2 mmol). * Yields of isolated
product. ¢ Toluene (2.0 mL). ¢ Xylene (2.0 mL).

122 RALEMHGH K

e SR R N AR IR, #5588 T 1% NI S
PRI 2 B, Bk, DL 2-B IR FFMEE N I B4,
£ N NICIRZy AN S Y P VS O 2 i
IPQ-Tr@MoS, X T A Z S N IR B g 3 M 3 . 24
7% F R IR (I BURIE TE 18 A2 F AL . A L 25 ik e P U
B, S =R RS T IR, 1% B AR BE LA
IR AG AR RLP) H Rr=20(78%~96%). Frf, 4 2-
IR I EME 5 B g - B ) 2K Y R R I
P RE 1 (4aa~4daq). AR %2 3145 [a) 67 P HZ [ B A
FTiemm, K I ORIR b R SR Dy 2 BUAR B aE 25 HUAR
B, ZNIFE R A BTN B (dar~4at). A, 242K H
Pl Al 55 7 24 A RERT, 12 SN B BB T 3RS AR B H
PRrEY)(4aun). BRULLAAN, E% % T BTN — 2R

622 http://sioc-journal.cn/

© 2022 Chinese Chemical Society & SIOC, CAS

BRI S e, SR 2 AW, A2 AL TR IR 0 T e
RHLH B AT, BAB R R PR AT U
(4av~4dax). feJ, BFFC T AW 5 A AR AR Y
QI 2-B TR I E ML S R 0L, SEIR S5 SRR, %L
TR e R AL H 8 = R R AL T 12 (4ba~4bce).

1.3 REHIBHIRE

FT A IPQ-Ir@MoS, £ 1% 5 87 2 I At
fEAIEYE, it —22 T AT SR N AR, R
FIFLEEEEAT T HRZR.

S, BATZEEA B 3R 2,2,6,6-00 F -1
IRIE S E AN A PI(TEMPO, 1.0 equiv.) %% R AT HL
RIS, SLERFR W, TEMPO 7E/EIAIE T, %KX
JSEAK SR BENGAM AT L U AR A5 2 H AR 774 4aa
(Scheme 2), [KUbHFRR 173X — S Bk 2208 H HidE SR
P BE

S
saNout
N
2a 3a
W
)—NH
N

4aa

IPQ-Ir@MoS,, NaOH
130°C, 16 h

With TEMPO: 89%
Standard conditions: 94%

B2 A
Scheme 2  Control experiments

B, B 112N B ) R 8B 0T 2 s L)
RO, R 2-Z BRI ERE (Ba) TR N B 5 A [EDR
LB A B S B2 (U Scheme 3 fTzR). B 1 h )5,
g GC-MS 73 #7 I 2 Hammett 7572 El (411 6 FiR).
1277 R R W AE S I BT A6 B BOZ AL AR R 2 2 5
BT BRI, RO TUE, R WIAE A IR IA X
A b HARHE g 3 [ IR, o I e 0 BE BRI ST
JR R A, (RS 2-Z FE IR T e g — P 45
A, RN HEAT A A,

S
e - (7
N R

3a 2

@[ S/>_NHﬁ<\:\\
N 4
B3 Bk 4 B K
Scheme 3  Synthesis of ligand 4
A, RN RAEEAT TR 2Rl (L 7
FR). SR 2- IR IR EME (3a) 5 258 FH S (2a) Y SUSE N

IPQ-Ir@MoS,, NaOH
1h, 130 °C
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Table 2 Substrate scope of the reaction

A xS IPQ-Ir@MoS,, NaOH xS /—Q
O e, P NS (A5

= AN 130°C, 16 h Z~N

2 3

4
O i O, e O Cri
4aa, 94% 4ab, 88% 4dac, 90% 4ad, 95% 4ae, 90%
S S /_Q—OME S s /_O_F
@ >—NH @E >—NH @[ >—NH @[ )—NH
N OMe N N F N
4af, 93% 4ag, 96% 4ah, 84% 4ai, 91%
S S S /—Q—CI S
)—NH )—NH @E )—NH @[ )—NH
N cl N o] N N Br
4aj, 88% 4ak, 92% 4al, 94% 4am, 81%
s /_Q_OCFs s s S /—©—CF3
Croo Crpad) Crpa'd, o
N N FsC N CF,4 N
4an, 78% 4ao, 80% 4ap, 84% 4aq, 86%
CF,4 OMe s
AN e
s i oree ) Qg Crpd ™ G
CLy-a 4, o S Lk i
N CF,4 N OMe
4ar, 83% 4as, 83% 4at, 83% 4au, 75% 4av, 92%
i GO O O ors -
/>—NH Me N E N F5CO N
daw, 78% 4ax, 81% 4ba, 90% 4bb, 94% 4bc, 87%

@Reagents and conditions: 2 (1.5 mmol), 3 (0.5 mmol), IPQ-Ir@MoS, (15 mg, 0.08 mol%, Ir 4.8% loading, w/w), Base (0.2 mmol). ® Yields of isolated product.

0.2 100,
= p-OCH, y=-0.4287x + 0.00817 .
N R?=0.95677 he
~ 01 A - a
T " —— PhCHO
§ p-CH, A ° —— 4aa
é’ 0.0 2
é P -\ % 50+ N
8 Fo o
o i p .
= 0.1 . )
o N .
Y ] ]
-0.2 4 \. p-CF, '~—r—.,,,,,,,,‘777%7*77%77‘7777 .
T T T T T 0 T T T |7777f777 T7777
-0.2 0.0 0.2 0.4 0.6 0 2 4 6 8 10 12 14 16
o, value Time/h
B 6 Hammett J5F2 B 7 (&Y d4aa GRS FEH TR IT.

Figure 6 Hammett plot equation Figure 7 Intermediate research for the synthesis of 4aa
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PR, FEANFN ) SOSEI I]R, Sii2 &  fk R il it GC-MS
AT AR S o A Ui R I, % R BAE AR I B R A T
IR IR, HE— ARSI T R PR T ORI 6 A 12 S 8
(I EE D IR,

[l REAT 7 9 26 R TR 38 (4 6 HE S 38 (4 Scheme
4 FR). ERTERRIE R BLZAAE TR, DU H B (2a)
NI, SR R ILRENS LA 15% 515 21 v 1a] fA 2K
M. BG, TEARHERPOIRE R, HARFRES 2-E 5Kt
WEWEHEAT IS, RERE == 2R A B o (R . N-CR ek
2-38)-1- KB i%(Sa). 505, Sa 52K HEE 2a TEARE S 1
YRS e B4R 2 H bR 4aa.

Ok

@OH
2a 5%
S S
©/\O + (>:/>—NH2
N
3a
O
L
N

5a, 93%
o . v O
(jn\ *[:[}w
N
2a 5a
W
)—NH
N

4aa, 94%
B 4 Pl iz
Scheme 4 Capture of intermediates

g5 b, 0 (AL A A R S g KA S SCHER R TE Y, HE
A% s S A BRI s S HLER, 0 Scheme S TR, 12 M
i B I LA =P B (D)2 HREAE AL AN ) 1 [
VER R ZPIANEL, TR I I — b 44, (2)2K
S 2-S R I I e A 4 B ] S I 25 — 4 7oK
A Y) Sa; GED) Sa TEMEATIFIIER T &idit
JR A B 24 174 4aa.
1.4 L7 IPQ-Ir@MoS2 [EULEERSEL

NP FCZMEAF IR R RBOR, JATHEAT T4
FRUFR) [N WSCOE R S 56 RRIE 5. W IR S L 485 oA 1) S I A
F 0 I REA T, JER R AN 2 B 1K P
R, TR 5 BRI SR 2 A I B ek, S 25 5K
Scheme 6 filT7~. H Scheme 6 FJ %1, H¥5;F=%) 4aa FINEER
I A R4S R R P 8 I 2 PR 5, SR WAE S B2
TR H A AR PR SR T 1 T I B PRI, R |
G, ZMEATIEIRER 5 REVE, AR TRER T B R
s TE.

IPQ-Ir@MoS,, NaOH
16 h, 130 °C

IPQ-Ir@MoS,, NaOH
16 h, 130 °C

IPQ-Ir@MoS,, NaOH
16 h, 130 °C
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o (10
©/\OH + (:[ />—NH2 ©: NH

Ir]H2
/>—N :
5

H20]

a

B 5 &k 4aa B MALHE

Scheme 5 Reaction mechanism of the synthesis of 4aa

S
OH + @[ />_NH2
N
2a 3a

IPQ-Ir@MoS,
NaOH, 130 °C, 16 h

4aa
Recycled times 0 1 2 3 4 5
Yield/% 94 90 88 85 83 80

BR 6 1L IPQ-Ir@MoS: 1 [ Uik 4

Scheme 6 Recycled experiments of [IPQ-Ir@MoS:
1.5 {ENLE R N-FEFRFH[o]EM-2-% (4aa) 3t BRI

RIE—2 T fRZ AR AR 2- 5 5 O I e
N-BeZEAC R BE MR, AT 7 0 T % B S258 (Scheme 7).
SCIG A R, MR R AT, Bk SRS
[Cp*IrCL]s, FLfA IPQ (La)MAN R MAR ZRE, 1% 5 B g 3R
15 84%I1 =2, RT, SRR IPQ 54 8 R e i fr
e IPQ-Ir 454, FRAZA PN, 7T 723K
3 97%MIF=Y) 4aa. SAEXIMMEALFIAELL, BEIRIESAE
bS5 B REAL TR 7 22 I A B AR, (F [T WA S 56 36 B i A AL
FIAT DAEIE A, WORREFIR I et te, B —
A

S

O
N
2a 3a

Catalyst, NaOH

130°C, 16 h
S
)—NH :
N
4aa
Entry Catalyst Yield/%
1 [Cp*IrCly],, ligand IPQ (L4) 84
2 IPQ-Ir complex 97
3 IPQ-Ir@MoS, 94

B 7 MG 4aa XSG

Scheme 7 Control experiment of catalytic synthesis 4aa
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1.6 LT IPQ-Ir@MoS: L & A N-FE KR

BT EAGITEMEAL 2-F B IR IR 1) N-Je b
LRI A S A R RE, BeE, SR HIEER A2
AR i 5 2K R A R B, S5 SRR, Ak
R IO S AL TE Y, Z RN RE LA 89% K77 2R A3 3
HARr=4) N-"~ K fZ(6a) (Scheme 8).

OH N2 pQ-Ir@Mos,, NaOH
.
130°C, 16 h
N’ i
©/\H

6a

EX 8 IPQ-Ir@MoS: Ak & B N-"FFE 2 i
Scheme 8 N-Benzyl aniline was synthesized by IPQ-Ir@MoS:

2 Zhig

2R FRTIR, ARSI T —F MoS: 4K v Sk 2
AT IPQ-Ir@MoS,, FFit4T T SEM. TEM. EDS.
XPS SERAL. SIGLE FR, Bl A7 2 A KA
R FELER, BRI R 2 Ak MoS, 9Kk A L.
FETCVEFPIRZS T AN 2205 2K - e s 5 5 F
KK N-BedAb e BRI 78 m A v, X%
b e B v s . 30 e o R Sz % v TR F 4
PP 1Z R N LRI T TRER, e Ja A [0
INSEIGIAT THRER. SR RS H ARG NG HLIA 1)
TFVEAR L, A — T 0 0 R AR 0 S B 44 05 i S )
N-BEFEAC SN T 1%, TR & e oAb S AR AT (R J
.

3 LS
3.1 UESHF

BREFERULEA A, FrA il in) 35 B i i S e B AR,
Mut EFmd— L di. ITARAN~YHEH H
NMR. *C NMR #47RAE, LAY H EERELE(TMS) N N AR,
DMSO-ds (‘H NMR A ¢ 2.50, 3C NMR & 6 39.5)5k
CDCl; ("HNMR 4§ 7.26, BC NMR N § 77.1)NE%. K
M 100~400 HERIR(SGF254)i17# =04, 1
230~430 HEER EdHATHZ 5> 5. 1£ Bruker Advance
I HD 400 MHz #%4% 317 'H NMR, '*C NMR Al '°F
NMR Z3#r. &2 $8Fit (HRMS)7E LTQ-FTUHRA Jii it
gt fEHSL S-4800 ¥k B4 M 7 B s Xt
HALFIE T 7 SEM &A1 EDS B0, 7 HAH 1
PRI 24t JEM-2100plus 3% 5 B 7 S5 s b o AL 7713k
1T 7 TEM 73 #fr. XPS 4 tH fL ¥ Re &= 0 HT{X (ESCALAB
250Xi, Thermo Fisher Co, USA)it 3% £ 43 #7.
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32 ZLWHE
3.2.1  BeAR Li 694 %

FRIRAE O SRR v SRR ARAT, B 2-R
FEIEIRR(793 mg, 5.5 mmol)5 2,6- —IRMLAE(1.18 g, 5.0
mmol )2 1,4- 5 N (15 mLyH, BEEIMA(=H
TR S IEHH(1.10 g, 5.5 mmol), T 100 CihBHH
N8 he PSR R A E =, B NAR R
KRG 8 HE(15 mLX 3, & IFH A,
RN SR K BREA VA, oK MgSOs 1, A 4
R 5, AEEEN s oV oowes=28 © DAL=
3335 8 L[ A N-(6-TR ML nE -2-J ) MEmk-2- i (1a) 1.38 g,
FEE 92%. m.p. 126.5~127.6 ‘C; 'H NMR (400 MHz,
CDCls) &: 8.44 (d, J=8.2 Hz, 1H), 7.98 (d, J=8.6 Hz,
2H), 7.85 (d, J=8.4 Hz, 1H), 7.68 (dd, J=8.0, 1.5 Hz,
1H), 7.62 (ddd, J=8.5, 6.9, 1.5 Hz, 1H), 7.53 (t, J=7.9
Hz, 1H), 7.36 (ddd, J=8.0, 6.9, 1.2 Hz, 1H), 7.13 (d, J=
8.9 Hz, 1H), 7.07 (d, J=7.5 Hz, 1H); 3C NMR (101 MHz,
CDCly) 0: 153.59, 152.05, 146.93, 140.24, 139.17, 138.00,
129.94, 127.54, 127.19, 124.65, 124.14, 120.59, 113.56,
110.99. HRMS calcd for Ci4H; BrN; [M-+H]" 300.0136,
found 300.0137.

RS F, ¥ 1a (300 mg, 1.0 mmol), M5ME(118
mg, 1.0 mmol), Cul (19 mg, 0.1 mmol), L-proline (23 mg,
0.2 mmol), K»CO; (276 mg, 2.0 mmol)f&IKINN J B 5
B, T 160 CilHR T SN 16 h. 45 JE K HA
RER, RMBHKER, IMAZZF (S mLX3)3
B, &3FANAE, FRHIEK MgSO, T, 185Kk 4615 31
=, RHEAEENV mum 0V owew=10 1 DAL=
33 L E AR N-(6-(1H-P5| -1 -5 )Lt g -2 - 355 s -2 - i
(IPQ, L1) 263 mg, ;=% 78%. m.p. 154.6~155.4 C; 'H
NMR (400 MHz, CDCl;) é: 8.59 (d, J=8.5 Hz, 1H), 8.07
(s, 1H), 7.85 (d, J=8.5 Hz, 2H), 7.79 (d, J=8.4 Hz, 1H),
7.69~7.60 (m, 2H), 7.57 (d, J=7.9 Hz, 1H), 7.55~7.45
(m, 2H), 7.27 (q, J=7.0 Hz, 3H), 7.11 (t, J=7.3 Hz, 1H);
3C NMR (101 MHz, CDCls) J: 152.64, 152.39, 152.05,
147.07, 140.37, 138.66, 137.79, 136.67, 129.94, 127.64,
127.55, 127.05, 125.98, 124.65, 123.99, 122.38, 120.88,
115.03, 113.92, 108.30, 106.76; HRMS calcd for Co;H 6N
[M+H]" 338.1406, found 338.1404.

3.2.2  #HAK MoS, 4K K 4944

FRAE SCHRHRIE D, R FH KA A B MoS, 9K
Fr. BERIRQ2.28 g, 30.0 mmol)FIEHER %% VU /K &40(1.24
g, 1.0 mmol)iA A2 B T/K(35 mL)H, #FEE 45 mL
B LIEN AT, $3E 30 min J555 8, BCE T KU
MEEH 220 C RN 18 h. RINEEH G, HHAHNE=R
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T, BB TR A 2 KRG K C BBk, BT
133 MoS: 4K Fr(1.10 g).
3.2.3  dE¥ARMEALA] IPQ-Ir@MoS; # #] &

ERTAMAT, ¥ IPQ (709 mg, 2.17 mmol) Al
[Cp*IrCLy], (821 mg, 1.03 mmol)INA KM, BfiJ& hn
A 10 mL E/AKHFEEETR, T 65 CF M 24 h, JRMEEH
&, B EBCEERE. KETEREEBER IR T, 5
MoS, 45K F(5.00 g) & T DMSO 1, 160 ‘C K )3 48 h,
R AP MOS, 40K Ailiid m-n HEARRAE FHIR
Btk &SRR IPQ-Tr@MoS; (5.87 g). HLK
A S8 TR R 61 (ICP-AES) 7 & B, IPQ-
Ir@MoS, #' Ir I FEE N 4.8 wt%.

3.2.4 IPQ-Ir@MoS, 1B 2- R I K ool 555K F 7
&) N-BtAAC R L

7E 25 mL FRERME T, RKIIAZL I 2a (162
mg, 1.5 mmol), 2-ZFIRIHEHEM(75 mg, 0.5 mmol), fHE{L
7 IPQ-Ir@MoS> (15 mg, 0.08 mol%, Ir 4.8% loading,
ww) T 130 Ciase s XM 16 h, RMIEFEHH
TLC HUBES R NMBEE, RN R, FrdH 2 i,
WK K, 2B ZB8(5 mLX3)ZEEL, &3FANAHE, IF
FTEK MgSOs T8, WU M 4 15 I R ™ 5 A 2 47
GtV w2V cmew=5 1 1), 13277 4aa (112 mg,
94%).

N-FFERIE[d]MEME-2- 1% (4aa)! 1) 112 mg A (A E 1A,
FEH 94%. mp. 157.2~157.9 C (Lit.[""1 157~158 C);
'H NMR (400 MHz, DMSO-dj) : 8.55 (t, J=5.8 Hz, 1H),
7.69 (dd, J=7.9, 1.3 Hz, 1H), 7.51~7.33 (m, 5H), 7.32~
7.19 (m, 2H), 7.04 (td, J=7.6, 1.2 Hz, 1H), 4.63 (d, J=5.4
Hz, 2H); *C NMR (101 MHz, DMSO-ds) &: 166.72,
152.94, 139.42, 130.91, 128.86, 127.87, 127.51, 126.03,
121.46, 121.43, 118.59, 47.69.

N-(2- FF 45 35 ) SR I [ ] P Pk -2- i (4ab)USP): 111,92
mg FEE, 775 88%. m.p. 157.7~158.9 C (Lit.'s"
157~158 “C); '"H NMR (400 MHz, DMSO-ds) 6: 8.39 (t,
J=5.2 Hz, 1H), 7.65 (d, J=6.5 Hz, 1H), 7.41 (d, J=8.1
Hz, 1H), 7.36~7.30 (m, 1H), 7.24~7.12 (m, 4H), 7.05~
6.97 (m, 1H), 4.59 (d, J=4.8 Hz, 2H), 2.33 (s, 3H); 1*C
NMR (101 MHz, DMSO) J: 166.52, 153.01, 136.98,
136.46, 130.97, 130.55, 128.32, 127.66, 126.30, 126.01,
121.43, 121.40, 118.58, 46.00, 19.15.

N-(3- F JEH5 38 ) JF [ EME-2- 1% (4ac)>): 114 mg
O, PP 90%. mp. 164.4~165.7 ‘C; '"H NMR
(400 MHz, DMSO-de) d: 8.51 (t, J=5.7 Hz, 1H), 7.69 (dd,
J=17.8, 1.3 Hz, 1H), 7.42 (d, J=8.0 Hz, 1H), 7.31~7.15
(m, 4H), 7.13~6.98 (m, 2H), 4.59 (d, J=5.4 Hz, 2H),
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2.31 (s, 3H); 3C NMR (101 MHz, DMSO-ds) J: 166.73,
152.97, 139.29, 137.94, 130.92, 128.86, 128.78, 128.45,
128.16, 126.02, 124.98, 121.42, 118.57, 47.72, 21.51.

N-(4-FF BRI 2R I [d] e -2- iz (4ad) Y 121 mg
FOE AR, 7R 95%. mp. 188.3~189.1 C (Lit.['s
188.9~189.4 °C); '"H NMR (400 MHz, DMSO-ds) d: 8.50
(t, J=5.8 Hz, 1H), 7.71 (dd, J=7.9, 1.3 Hz, 1H), 7.43 (dd,
J=8.2, 1.2 Hz, 1H), 7.31 (d, J=8.0 Hz, 2H), 7.27~7.23
(m, 1H), 7.20 (d, J=7.8 Hz, 2H), 7.06 (td, J=7.5, 1.2 Hz,
1H), 4.59 (d, J=5.7 Hz, 2H), 2.33 (s, 3H); 3C NMR (101
MHz, DMSO-ds) 6: 166.68, 152.94, 136.59, 136.33,
130.86, 129.39, 129.06, 127.86, 126.00, 121.40, 118.53,
47.46, 21.15.

N-Q2- FRAA LR B 2R I [d]WEME-2- i (4ae)l'>): 121
mg FHOEAE, P2F 90%. mp. 178.3~179.4 C; 'H
NMR (400 MHz, DMSO-ds) J: 8.26 (t, J=5.6 Hz, 1H),
7.58 (dd, J=17.9, 1.3 Hz, 1H), 7.30 (dd, J=8.0, 1.2 Hz,
1H), 7.23 (dd, J=7.5, 1.7 Hz, 1H), 7.20~7.10 (m, 2H),
6.97~6.90 (m, 2H), 6.83 (td, J=7.5, 1.1 Hz, 1H), 4.49 (d,
J=54 Hz, 2H), 3.75 (s, 3H); *C NMR (101 MHz,
DMSO-ds) d: 166.72, 157.34, 152.98, 130.91, 128.86,
128.48, 126.70, 125.98, 121.37, 120.63, 120.51, 118.52,
111.05, 55.81, 42.95.

N-(3- AR 5L 2K I [ e ME-2- i (4a) 1) 126 mg
HEE R, 72% 93%. mp. 179.8~180.9 ‘C; 'H NMR
(400 MHz, CDCls) §: 7.44 (dd, J=7.9, 1.3 Hz, 2H), 7.23
(dd, J=8.1, 1.2 Hz, 1H), 7.13 (dt, J=8.1, 7.0 Hz, 2H),
6.96 (dd, J=17.6, 1.2 Hz, 1H), 6.90~6.86 (m, 1H), 6.84 (t,
J=2.1 Hz, 1H), 6.75~6.69 (m, 1H), 4.47 (s, 2H), 3.62 (s,
3H); *C NMR (101 MHz, CDCl:) 6: 168.37, 160.02,
152.19, 139.19, 130.25, 129.88, 126.00, 121.47, 120.89,
119.88, 118.63, 113.38, 113.10, 55.23, 49.49.

N-(4- B S5 8 28 ) O I [ W Ik -2- fi%Z (4ag) 59 130
mg WK O E AR, 773 96%. m.p. 173.3~174.2 °C (Lit.['5"]
170~171 “C); '"H NMR (400 MHz, CDCls) &: 7.50 (dd,
J=17.9, 1.3 Hz, 1H), 7.40 (dd, J=8.1, 1.2 Hz, 1H), 7.27~
7.19 (m, 3H), 7.01 (td, J=7.6, 1.2 Hz, 1H), 6.84~6.78 (m,
2H), 6.06 (s, 1H), 4.48 (s, 2H), 3.73 (d, J=2.6 Hz, 3H);
13C NMR (101 MHz, CDCls) &: 166.27, 158.30, 151.19,
128.36, 128.07, 127.63, 124.95, 120.61, 119.80, 117.90,
113.17, 54.29, 47.88.

N-(3-5 % 3) A I [d]MEME-2-F% (4ah)5T: 108 mg A
E AR dah, F°F 84%. m.p. 141.1~142.2 C (Lit.'"
141~143 °C); '"H NMR (400 MHz, DMSO-de) &: 8.55 (d,
J=52 Hz, 1H), 7.64 (dd, J=7.8, 1.2 Hz, 1H), 7.44~7.37
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(m, 1H), 7.33 (td, J=8.0, 6.1 Hz, 1H), 7.25~7.13 (m,
3H), 7.08~6.93 (m, 2H), 4.62 (d, J=4.9 Hz, 2H); 1*C
NMR (101 MHz, DMSO-dg) J: 166.70, 162.76 (d, J=
243.6 Hz), 152.88, 142.56 (d, J=7.0 Hz), 130.99, 130.78
(d, J=8.3 Hz), 126.07, 123.77 (d, J=2.8 Hz), 121.59,
121.45, 118.72, 114.46 (d, J=21.4 Hz), 114.23 (d, J=21.0
Hz), 47.12 (d, J=2.0 Hz); '°F NMR (376 MHz, DMSO-ds)
5. —113.21.

N-(4-57 38 A I [d] HEME-2- [ (4ai) ' 5): 118 mg A {1
44, P23 91%. m.p. 148.0~148.9 C (Lit.'* 148.0~
149.2 “C); '"H NMR (400 MHz, DMSO-ds) 6: 8.53 (d, J=
5.3 Hz, 1H), 7.65 (d, J=7.8 Hz, 1H), 7.48~7.35 (m, 3H),
7.26~7.09 (m, 3H), 7.00 (t, J=7.6 Hz, 1H), 4.59 (d, J=
5.1 Hz, 2H); *C NMR (101 MHz, DMSO-de) J: 166.66,
161.82 (d, J=242.6 Hz), 152.93, 135.62 (d, J=3.0 Hz),
130.95, 129.87 (d, J=8.1 Hz), 126.04, 121.51, 121.42,
118.65, 115.58 (d, J=21.3 Hz), 46.97; '9F NMR (376
MHz, DMSO-ds) 6: —115.68.

N-Q2-FF 5 A FE[d]EME-2- 1% (4aj)! 5 120.89 mg
H @ E A, 72%R 88%. mp. 134.5~1353 C (Lit['"
134.7~135.2 °C); '"H NMR (400 MHz, DMSO-ds) : 8.55
(d, J=4.8 Hz, 1H), 7.65 (d, J=7.8 Hz, 1H), 7.52~7.35
(m, 3H), 7.33~7.22 (m, 2H), 7.19 (t, J=7.6 Hz, 1H), 7.00
(t, J=7.6 Hz, 1H), 4.68 (d, J=4.3 Hz, 2H); *C NMR (101
MHz, DMSO-ds) J: 166.53, 152.85, 136.42, 132.86,
131.05, 129.73, 129.54, 129.32, 127.69, 126.05, 121.62,
121.46, 118.77, 45.54.

N-(3-5 W FE) A I [d] e mE-2- [l (4ak)!15): 126 mg H
B E 14 4ak, 773 92%. m.p. 144.8~145.7 C; '"H NMR
(400 MHz, DMSO-ds) o: 8.61 (d, J=5.6 Hz, 1H), 7.69 (d,
J=17.8 Hz, 1H), 7.52~7.41 (m, 2H), 7.41~7.29 (m, 3H),
7.24 (t, J=17.7 Hz, 1H), 7.05 (t, J=7.6 Hz, 1H), 4.65 (d,
J=5.1 Hz, 2H); *C NMR (101 MHz, DMSO-ds) o:
166.66, 152.85, 142.13, 133.60, 130.98, 130.70, 127.59,
127.43, 126.46, 126.07, 121.60, 121.45, 118.73, 47.07.

N-(4-5F 3 25 [d]HEME-2- i (4al) <) 130 mg H
O [F K, P2 % 94%. mp. 188.1~189.2 C (Lit.['
188.2~188.8 °C); 'H NMR (400 MHz, DMSO-dq) J: 8.55
(t, J=5.7 Hz, 1H), 7.68 (dd, J=7.8, 1.3 Hz, 1H), 7.52~
7.34 (m, 5H), 7.23 (td, J=7.7, 1.3 Hz, 1H), 7.03 (td, J=
7.6, 1.2 Hz, 1H), 4.61 (d, J=5.6 Hz, 2H); '*C NMR (101
MHz, DMSO-ds) J: 166.63, 152.86, 138.55, 132.06,
130.93, 129.67, 128.80, 126.04, 121.55, 121.44, 118.67,
46.93.

N-(3-JRIRIE) A [d]WEME-2- % (4am)'5): 129 mg
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EE, 7% 81%. 'H NMR (400 MHz, DMSO-ds) o:
8.55 (t, J=5.7 Hz, 1H), 7.67 (dd, J=7.9, 1.2 Hz, 1H), 7.58
(d, J=1.9 Hz, 1H), 7.48~7.36 (m, 3H), 7.29 (t, J=7.8
Hz, 1H), 7.25~7.19 (m, 1H), 7.02 (td, J=7.6, 1.2 Hz,
1H), 4.62 (d, J=5.3 Hz, 2H); '3C NMR (101 MHz,
DMSO-ds) d: 166.62, 152.83, 142.41, 131.04, 130.95,
130.47, 130.34, 126.87, 126.08, 122.21, 121.61, 121.48,
118.72, 46.98.

N-(4-( =980 P S ) 28 [ o] W IR -2- i (4am) 159 126
mg HEFEE, 72% 78%. m.p. 149.8~150.7 ‘C (Lit.['>]
149.8~150.7 ‘C); 'H NMR (400 MHz, DMSO-ds) J: 8.62
(d, J=5.2 Hz, 1H), 7.69 (d, J=7.8 Hz, 1H), 7.54 (d, J=
8.2 Hz, 2H), 7.46 (d, J=8.0 Hz, 1H), 7.34 (d, /=82 Hz,
2H), 7.25 (t, J=7.7 Hz, 1H), 7.05 (t, J=7.6 Hz, 1H), 4.69
(d, J=4.4 Hz, 2H); 3C NMR (101 MHz, DMSO-ds) o:
166.69, 152.92, 147.90, 147.88, 138.98, 131.00, 129.65,
126.01, 124.43 (q, J=254.6 Hz), 121.54, 121.41, 118.71,
46.93; '°F NMR (376 MHz, DMSO-ds) 9: —57.02.

N-Q2-( =58 3 ) 7 25 ) 28 I [d] M W -2- 1% (4a0): 123
mg HEBAE, 72% 80%. 'H NMR (400 MHz, DMSO-ds)
0: 8.57 (d, J=5.1 Hz, 1H), 7.70 (d, J=7.8 Hz, 1H), 7.67~
7.56 (m, 3H), 7.47~7.35 (m, 2H), 7.19 (td, J=7.7, 1.3 Hz,
1H), 7.00 (td, J=7.6, 1.2 Hz, 1H), 4.80 (d, J=5.0 Hz,
2H); 3C NMR (101 MHz, DMSO-ds) J: 166.58, 152.77,
137.63, 133.16, 131.05, 129.42, 129.06(q, J=273.0 Hz),
128.04, 127.43 (q, J=3.4 Hz), 126.40 (g, J=6.0 Hz),
126.05, 121.67, 121.46, 118.82, 44.23; "F NMR (376
MHz, DMSO-ds) 0: —58.82. HRMS calcd for C;sHjz-
F3N2S [M+H]" 309.0673, found 309.0672.

N-(3-( =30 H 25 R 25 A I [d] e M -2- iZ (4ap): 129
mg F A, 723 84%. 'TH NMR (400 MHz, DMSO-ds)
d: 8.65 (t, J=5.9 Hz, 1H), 7.79 (s, 1H), 7.76~7.70 (m,
2H), 7.65 (dt, J=15.0, 7.5 Hz, 2H), 7.43 (d, J=8.0 Hz,
1H), 7.26 (td, J=7.7, 1.3 Hz, 1H), 7.07 (td, J=7.6, 1.2 Hz,
1H), 4.75 (d, J=5.7 Hz, 2H); C NMR (101 MHz,
DMSO-ds) d: 166.59, 152.77, 141.06, 131.97, 130.92,
130.03 (q, J=31.0 Hz), 129.94, 129.55, 128.38, 126.08 (q,
J=271.0 Hz), 12433 (q, J=3.4 Hz), 121.64, 121.51,
118.69, 47.04; 'F NMR (376 MHz, DMSO-ds) o:
— 61.05. HRMS caled for C;sHpFsN,S[M + H] °
309.0673, found 309.0676.

N-(4-( = 900 F R ) 7R 35 ) 2R JF: [ W e -2- iz (4aq)[52):
105 mg HEMEE, =% 86%. mp. 164.1~164.9 C
(Lit.['5 164.2~164.8 C); 'H NMR (400 MHz, CDCls) ¢:
7.63~7.56 (m, 3H), 7.51 (d, J=8.0 Hz, 2H), 7.41 (dd, J=
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8.1, 1.2 Hz, 1H), 7.30~7.25 (m, 1H), 7.09 (td, J=7.7, 1.1
Hz, 1H), 4.70 (s, 2H); '*C NMR (101 MHz, CDCL) ¢:
167.57, 151.79, 141.62, 130.28 (q, J=32.2 Hz), 129.43,
127.79, 126.17, 125.78 (q, J=3.8 Hz), 125.39 (q, J=271.1
Hz), 121.98, 120.97, 118.88, 48.77.

N-(3,5- 00 (= 9 Y 35k ) % 6 ) 2K JF: [0 Wk M2 -2- JF2 (4aar)
156 mg H WA, 7% 83%. 'H NMR (400 MHz,
CDCl;) d: 7.85 (d, J=1.8 Hz, 2H), 7.79 (s, 1H), 7.57 (dd,
J=179, 1.2 Hz, 1H), 7.36 (dd, J=8.1, 1.2 Hz, 1H), 7.25
(ddd, J=8.2, 5.5, 1.3 Hz, 1H), 7.10 (td, J=7.6, 1.2 Hz,
1H), 4.75 (s, 2H); 3C NMR (101 MHz, CDCls) d: 167.55,
151.71, 140.47, 132.10 (q, J=33.4 Hz), 130.20, 127.66,
127.24 (q, J=271.4 Hz), 126.23, 122.15, 121.89 (q, J=3.6
Hz), 121.06, 118.81, 48.36. HRMS calcd for CsH;1FsN2S
[M+H]" 377.0547, found 377.0544.

N-(3,5- - PR L 0 0 ) 8 JF: [ W e -2- iz (4as): 125
mg FGEE, 775 83%. m.p. 144.3~145.2 C; '"H NMR
(400 MHz, DMSO-de) d: 8.50 (t, J=5.6 Hz, 1H), 7.68 (dd,
J=179, 1.2 Hz, 1H), 7.41 (d, J=7.9 Hz, 1H), 7.23 (td, J=
7.7, 1.3 Hz, 1H), 7.03 (td, J=7.6, 1.2 Hz, 1H), 6.58 (d, J=
2.3 Hz, 2H), 6.42 (t, J=2.3 Hz, 1H), 4.56 (d, J=5.3 Hz,
2H), 3.73 (s, 6H); *C NMR (101 MHz, DMSO-ds) o:
166.75, 161.03, 152.92, 141.79, 130.92, 126.03, 121.47,
121.41, 118.59, 105.85, 99.11, 55.58, 47.79. HRMS calcd
for C16H1702N,S [M+H]" 301.1011, found 301.1013.

N-(Z5-1-FE I R IF [d]WE e -2- % (4at)l'™): 121 mg
A, 773% 83%. mp. 150.1~150.9 C (Lit.['5
150.1~150.8 °C); 'H NMR (400 MHz, DMSO-ds) J: 8.59
(t, J=5.1 Hz, 1H), 8.21~8.11 (m, 1H), 7.96 (dd, J=17.9,
1.7 Hz, 1H), 7.87 (d, J=8.2 Hz, 1H), 7.69 (dd, J=7.8, 1.3
Hz, 1H), 7.63~7.52 (m, 3H), 7.51~7.43 (m, 2H), 7.25
(td, J=7.7, 1.3 Hz, 1H), 7.04 (td, J=7.6, 1.2 Hz, 1H), 5.11
(d, J=4.8 Hz, 2H); 3C NMR (101 MHz, DMSO-ds) &:
166.52, 153.00, 134.49, 133.87, 131.52, 131.01, 129.06,
128.34, 126.86, 126.38, 126.16, 126.08, 125.96, 124.03,
121.53, 121.47, 118.67, 45.92.

N-( VW Wy -2- 2 PP ) SR T (o] W I -2- JFZ (4aun)[15e): 92
mg HEFEE, 2% 75%. mp. 198.9~199.9 C (Lit.!'%
199~201 ‘C); '"H NMR (400 MHz, DMSO-ds) J: 8.59 (t,
J=5.6 Hz, 1H), 7.72 (d, J=7.8 Hz, 1H), 7.53~7.41 (m,
2H), 7.31~7.25 (m, 1H), 7.14 (d, J=3.4 Hz, 1H), 7.08 (t,
J=7.6 Hz, 1H), 7.05~6.99 (m, 1H), 4.82 (d, J=5.4 Hz,
2H); *C NMR (101 MHz, DMSO-ds) 6: 166.30, 152.78,
142.28, 130.98, 127.20, 126.37, 126.06, 125.71, 121.60,
121.47, 118.72, 42.64.
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N-1E T R IE[d]EME-2-J1Z (4av)['5e): 95 mg [ (rL[H]
&, P2 92%. mp. 69.7~709 C (Lit['g 69.6 ~
70.6 C); 'H NMR (400 MHz, CDCls) 8: 7.56 (dd, J=7.9,
1.3 Hz, 1H), 7.49 (dd, J=8.1, 1.1 Hz, 1H), 7.27 (ddd, J=
8.2,7.4,1.3 Hz, 1H), 7.04 (td, J=7.6, 1.2 Hz, 1H), 3.36 (t,
J=17.1 Hz, 2H), 1.70~1.60 (m, 2H), 1.46~1.34 (m, 2H),
0.92 (t, J=7.4 Hz, 3H); 3C NMR (101 MHz, CDCl;) &:
168.46, 152.44, 130.18, 125.93, 121.21, 120.84, 118.41,
45.60, 31.64,20.10, 13.77.

N-C I I [d)HEME-2- i (4aw): 91 mg [ €[] 44, 7=
# 78%. m.p. 58.4~59.3 C (Lit.'’% 58.5~59.4 C); 'H
NMR (400 MHz, CDCls) 6: 7.57 (dd, J=7.9, 1.2 Hz, 1H),
7.50 (dd, J=8.1, 1.1 Hz, 1H), 7.27 (ddd, J=8.2, 7.3, 1.3
Hz, 1H), 7.05 (td, J=7.6, 1.2 Hz, 1H), 3.37 (t, J=7.1 Hz,
2H), 1.66 (p, J=7.5 Hz, 2H), 1.43~1.32 (m, 2H), 1.31~
1.20 (m, 4H), 0.92~0.81 (m, 3H); 3C NMR (101 MHz,
CDCls) d: 168.38, 152.41, 130.18, 125.93, 121.22, 120.83,
118.45, 45.90, 31.47, 29.54, 26.59, 22.58, 14.03.

N-CA L B ) K I [ ] WE WE-2- iz (4ax)1M: 100 mg
HEE K, P2% 81%. mp. 134.3~135.1 ‘C; 'H NMR
(400 MHz, DMSO-ds) 6: 8.01 (t, J=5.4 Hz, 1H), 7.64 (dd,
J=17.9, 1.3 Hz, 1H), 7.39 (dd, J=8.1, 1.2 Hz, 1H), 7.21
(ddd, J=8.1, 7.4, 1.3 Hz, 1H), 7.00 (td, J=7.5, 1.2 Hz,
1H), 3.27~3.19 (m, 2H), 1.80~1.57 (m, 6H), 1.29~1.10
(m, 3H), 1.02~0.87 (m, 2H); *C NMR (101 MHz,
DMSO-ds) d: 166.85, 153.19, 130.69, 125.89, 121.21,
121.11, 118.30, 50.81, 37.63, 30.88, 26.51, 25.87.

N-F-S-FH R IR [d]EME-2- 1% (4ba)l59): 114 mg 1
B, 7223 90%. m.p. 179.9~181.1 C (Lit.l'%?) 179.7~
180.2 C); 'H NMR (400 MHz, DMSO-ds) J: 8.43 (t, J=
5.7 Hz, 1H), 7.51 (d, J=1.8 Hz, 1H), 7.44~7.35 (m, 4H),
731 (d, J=7.9 Hz, 2H), 7.07 (dd, J=8.2, 1.8 Hz, 1H),
4.62 (d, J=5.7 Hz, 2H), 2.36 (s, 3H); *C NMR (101 MHz,
DMSO-ds) d: 166.02, 150.76, 139.49, 130.94, 130.58,
128.84, 127.85, 127.48, 127.03, 121.37, 118.24, 47.65,
21.22.

N-"RFE-5-F I [d]HEME-2-i% (4bb)154): 121 mg #&
AR, 773 94%. m.p. 181.2~182.5 ‘C (Lit.['¥ 180~
184 °C); 'H NMR (400 MHz, DMSO-ds) d: 8.47 (s, 1H),
7.58 (d, J=8.8 Hz, 1H), 7.32 (d, J=8.3 Hz, 5H), 7.24 (d,
J=6.8 Hz, 1H), 7.02 (t, J=9.4 Hz, 1H), 4.55 (s, 2H); 1*C
NMR (101 MHz, DMSO-ds) ¢: 166.63, 157.73 (d, J=
236.4 Hz), 149.64, 139.38, 131.98 (d, J=11.1 Hz), 128.96,
127.94, 127.62, 119.03 (d, J=8.7 Hz), 113.40 (d, J=23.5
Hz), 108.48 (d, J=27.2 Hz), 47.70; "°F NMR (376 MHz,
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DMSO-ds) 5: —121.80.

N-"RFE-5-( =80 AU ) R [ MR M -2- JiZ (4be) el
141 mg HEMEAE, =% 87%. mp. 176.6~177.8 C
(Lit.l'58) 176.2~177.1 ‘C); 'H NMR (400 MHz, DMSO-
ds) 0: 8.69 (t, J=5.8 Hz, 1H), 7.86~7.77 (m, 1H), 7.44 (d,
J=8.8 Hz, 1H), 7.41~7.34 (m, 4H), 7.31~7.25 (m, 1H),
7.23~7.18 (m, 1H), 4.62 (d, J=5.7 Hz, 2H); 3C NMR
(101 MHz, DMSO-ds) 6: 167.88, 152.07, 142.72 (q, J=2.0
Hz), 139.12, 131.98, 128.89, 127.86, 127.58, 124.54 (q,
J=254.0 Hz), 119.56, 118.84, 115.00, 47.70.

N-FRIEFEE(6a) % 81.5 mg M MHPIRIA, =%
89%. '"H NMR (400 MHz, CDCls) d: 7.76~7.59 (m, 5H),
7.58~7.50 (m, 2H), 7.11 (tt, J=7.3, 1.1 Hz, 1H), 7.00~
6.91 (m, 2H), 4.59 (s, 2H), 4.17 (s, 1H); 3C NMR (101
MHz, CDCls) 6: 148.60, 139.97, 129.70, 129.03, 127.88,
127.60, 117.91, 113.29, 48.56.
32.5 IPQ-Ir@MoS; 1t 2- R Ik K FFeiked 55 K ¥ B
89 N-J AR R o] i 55 B

fE EIRB R =R AR AE RPN S mL 2R 4
B, SRJ5 B0 IFICER AR, k£ B 7K (5 mLX3).
FE (5 mL X 3) Jo/K ZFE(5 mL X 3)Peids, Wk ik, &
25 -1 3 B S AL 7] IPQ-Ir@MoS; (14 mg).

4 B ¥l (Supporting Information) 74 ff 4% i JL 4R
A BRI A AU . LA RL AT DL S B DA T 1 3
(http://sioc-journal.cn/) . N %K.
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