K5 062 FAARES: 10363
= e NI ¥ 5. 2220620122

fBH: ZTHSto,f- AR EEMER 5 B
B TR V. 5 R KPR AT AR )

TITLE: Synthesis of acylimidazole derivatives based

on the tandem reaction of exocyclic o.B-unsaturated

isoxazolones with amidines

FEME A 85T

RS ES U HREE (HER)
£k i

B LT T - AHLE RITIERE

WA REHBE: 2025 £ 5 H 10 H




ZEHIRERFFAR IR

ARNFBEFEY]: PARFAARIERE, 2™ RN PrE2ZHA AR, —ARNE I
fRST, MALBATHT S AR TS A RRCR . BRSO 2B EE AT S| - N &SN, RSO
EAT T HA A NS R O R R B S A S SCR IO B RSO AR B, Boxt
PSRN G5T, I e iR BIA S I IR e R A A&,

B far g 13 47 W
EAS (R N

H 1. 2025 £ 5 H 10 H



LRI IEXRFZ O IAE AR

FALR SR 5e 4 T R2ERA R A A0 SO RLE , AR R AR B I ) E X
SR TBAUAL 16 21 ST S BRI LR, P Vvl ST A BRI B (] o AR N AL 22 B AR K 2
A DL AR S 07 10 SC IR AR B 2 4 25 2 N DRBOE R EAT A 28, TTLASR A S ED L 4R EN B4
AT ) T BARAE AN G AR 2208 S

e O, £ FREEEHARA.
AR R T
ARV

ST \E% § AT M

H#A: 2025 £ 5 H 10 H HiH: 2025 £ 5 A 10 H



S YN 1 e AT

ET IR o,p-A BN EMAER S BK S8 Bk 2 N & AR B
BRI 1T 47

=

WKIEATAE P R L BB B0 PR PUEs % R BURS A E 1, TN
TR S DR R R W E B BT, R, ERDRMAE R — SRR 1) T e
AT, MR T R GlE/ B A G P e I B AR = ) I BEE 1 5 i ek, A
A HLE BLSA R AL SRR A B E N A - BT WKMEEA 54 T R 1 5 U
TR RABANAL B I Hog s BAGE AR, P BE B AR B A7 AE X
BOBFEVEFE I BISON. 2 SN SRAF PR AR R . R, A TTVRAE 4/5-hr
SRR B HH () P 52 1) 2 2 BRI, MHOCHE AARIE BN AR, BA R 2+
N-ml 2-f7 BEEE KPR ) i) 2% o DRI, Gre] TR ACHT A a8 e 38 P o R K A 5 ol
TIERCN T W R, A S TERT ¥ R KRS AL S ) 1) D Re A S B B R
B X SEANE

AV F B TAF R N-BU T B (NIS) (23 NI Ah o, B HE M i
FRITJBR £4) R BB 52 I, 7 T I 7 3 R P JER AR A ol S A R 2 A A R X — R R i) 4R 1)
FEIR AR S 5 WA R BRSO, (ARG T 4/5- TR EDK IR AR o IR 383 V4 771
¥, ol e X B G i SRR SE IR LR 4-TpE ks, AR AR

(1) JEFE—FNIR b o, B-A LR S5 I A ] R JBR A S A8 2R s B, 3 356 e AR
IS IR IR R NMIEE AR EL . S KA I R G ik 0 RS T 5-
Pt LR & R 2R B A 25 1.0 4= I Hb o, B- AN TR S E A L 1.2 M 5 (1 K
1.0 4=/ NIS BLK 200 uL HoO 7EXF R (Vi: Va=1:20) FIN#AZ 80°C
JRBE 12 hy 4-TRIEKPE A R R 2k 1 1.0 AR MIFRSbo, B-AN VAN 57 WE L |
1.2 LEMIK. 1.5 B8 H) NIS LK 200 uL HoO £ ZFEEH] (Vi: Va=1:20) 1,
Tn#E 80 °C M 16 ho

(2) BT S-PRIERIME G Rl i R SR AR R KA, 5-Ih K R4 22 Rl Dy 40 e
30 MY, FRRAE 53-85%, WG LRI REWRIEIE K 0T AL AR LS MR, XL
SERIHEAT RAETHIA o

(3) T A-TRIEKME S B S R SR A R, 4-TH FEPK PR R4 e 27
Y, FEERAE 51-80%, X HEEMHATRIEMIA



S YN 1 e AT

(4) BFXF 5-P HE KPR 4- P LR () g AR 25 1F, DIRERY S R A 51 %6 L gk AT
SERIBOR S, 73l B 80% HIHL 2 45 21| S5-I FEDRIE AT 72% IS 2645 3] 4-Tot
R, RS T 12 5 S S 42

(5) B3 UK PESZES . HR-MS 38 55 S ) St 312 HH v 55 ek S 2
IR PR AR o [ 4 - R B 7K AR 18 R BBk s AL

% N R T PR A5 ) BB THNMR . BCNMR PL K HR-MS, AN¥IEZ%
SERBTERAYE, 2 IR S-TREIE K RAT AR AN 4Tk R K P AT AR A AR
WEHAT X-GHERB AT T, XSS AT IRIE 1 4/5 AL X R A 7R
SEFIFFAE .

g b, BATRE T NIS (i I3 7o, B~ WP K 1 B SN, 7E X — H
RIS R R BT 2] S-TEAEKME,  7E 2SI R R BT A B 4Tk AR
TX AR TRV T ) R RS NSRS, IR R T — Mo &R Bl ik, AT A
JREENAN[F ) SRR IE KR A 4-TRESE ke ATy vk S m Pk b S B T VA TR R 4 1 X
BOR BV R 5 A A R DK AT A M) B AR L, 1207 AT TR ) 4
L AR RS AR AR X IBUR SRS v 4 S0 Ao T2 & Dy It K
WA A R A R 18T LB, TEZGW & U D Re o TR B N
FH AT &

R -
Hhbhon, B-ANEAN ST HERERR . R JEFPE SR DO FEE . AR



S YN 1 e AT

SYNTHESIS OF ACYLIMIDAZOLE DERIVATIVES
BASED ON THE TANDEM REACTION OF EXOCYCLIC
o,B-UNSATURATED ISOXAZOLONES WITH AMIDINES

ABSTRACT

Imidazole derivatives have emerged as pivotal structural units in drug molecule
design and functional material development due to their remarkable biological activities,
including anticancer, antibacterial, anti-tuberculosis, and analgesic properties. Among
these, acyl imidazoles, as a unique class of functionalized derivatives, exhibit superior
reactivity and selectivity compared to traditional ester/amide compounds, holding
significant application value in organic synthesis and asymmetric catalysis. However,
direct acylation methods for synthesizing imidazole derivatives face challenges such as
poor regioselectivity control, side reactions, and harsh reaction conditions, primarily
due to the multiple acylation sites (carbon and nitrogen atoms on the imidazole ring)
and the low electrophilic substitution activity of the imidazole core. Consequently, the
application of direct acylation in synthesizing 4/5-acylimidazoles is significantly
limited, with existing studies predominantly focusing on N- or 2-acylimidazoles. Thus,
the development of novel, efficient, and highly selective synthetic methods for acyl
imidazoles has become a research priority, offering both theoretical and practical
significance for expanding the functional applications of imidazole-based compounds.

This thesis presents a tandem reaction strategy mediated by N-iodosuccinimide
(NIS) to construct 4/5-acylimidazole derivatives via the ring-opening hydrolysis and
aromatization of an in situ generated isoxazoline-spiroimidazoline spirocyclic
intermediate. By modulating the reaction solvent, high regioselectivity was achieved
for the synthesis of either 5-acylimidazoles or 4-acylimidazoles. The key contributions
are as follows:

(1) A model reaction between an exocyclic a,B-unsaturated isoxazolone and an

amidine was established. Systematic screening of halogenating reagents, solvents,
m
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temperatures, reaction times, Molar ratio of reactants and water content led to the
identification of optimal conditions: 5-Acylimidazoles: 1.0 equiv. of exocyclic a,B-
unsaturated isoxazolone, 1.2 equiv. of amidine, 1.0 equiv. of NIS, and 200 pL H20 in
p-xylene (Vi:V2 = 1:20) at 80 °C for 12 h. 4-Acylimidazoles: 1.0 equiv. of exocyclic
o, B-unsaturated isoxazolone, 1.2 equiv. of amidine, 1.5 equiv. of NIS, and 200 uL H.O
in acetonitrile (V1:V2 = 1:20) at 80 °C for 16 h.

(2) Based on the optimum conditions for the synthesis of 5-acyl imidazole, 30
kinds of substrates were successfully expanded in the 5-acyl imidazole systems, with a
yield of 53-85%, covering acetyl, fatty acyl and aromatic acyl, and their structures were
characterized and confirmed.

(3) Based on the optimum conditions for the synthesis of 4-acyl imidazole, 27
substrates were expanded in the 4-acyl imidazole system with a yield of 51-80%, and
their structures were characterized and confirmed.

(4) According to the best conditions of 5-acyl imidazole and 4-acyl imidazole, the
model reaction was taken as an example to carry out gram-scale amplification
experiments, and 5-acyl imidazole and 4-acyl imidazole were obtained in 80% yield
and 72% yield respectively, which confirmed the practicability of the reaction.

(5) The -cascade reaction mechanism of "isoxazoline spiroimidazoline
intermediate-ring-opening hydrolysis" was put forward through the controlled
experiment of heavy oxygen water, HR-MS tracking and control experiment.

In this reaction, the structures of all products have been confirmed by 'HNMR,
BCNMR and HR-MS. In order to verify the accuracy of the structures, two
representative compounds of 5-acyl imidazole derivatives and 4-acyl imidazole
derivatives were selected for X-ray single crystal diffraction analysis, and the structural
characteristics of the 4/5 regional isomers were confirmed by X-ray single crystal
diffraction.

To sum up, we explored the series reaction of exocyclic a,p-isoxazolone and
amidine promoted by NIS. 5-acyl imidazole can be obtained by reaction in p-xylene
solvent and 4-acyl imidazole can be obtained by reaction in acetonitrile solvent.
According to this tandem cascade strategy of solvent adjustment, a metal-free and
controllable method was successfully developed to synthesize 5-acyl imidazole and 4-
acyl imidazole with different structures. This method has achieved the regioselective
synthesis by solvent regulation. Compared with other methods for synthesizing acyl

imidazole derivatives, this method has the advantages of simple raw material
v
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preparation, low catalyst price, simple operation, accurate and controllable
regioselectivity and so on. This strategy provides a new idea for the efficient synthesis
of'acyl imidazole compounds, and has important application prospects in drug synthesis

and functional molecular construction.

KEY WORDS:

Exocyclic  a,B-unsaturated isoxazolone; Amidine; Selective synthesis;

regioselectivity; Tandem reaction.
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Figure 1-1 Drugs containing imidazole skeleton
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Figure 1-2 Repagliptin, a therapeutic drug for type 11 diabetes mellitus
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Figure 1-3 Anti-cancer drug dacarbazine
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Figure 1-4 Survivin inhibitor YM155
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Figure 1-6 Anticancer drug ABI-1
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FE—RERETS, 2 N-RIAREAIUET (NHC) BIFFLE T 551t Ak K ) i
7 BEAT LB R, AR R T BEREBKIRAE AR AE YDA AL, RE &R T
DNA AN FRAEAL T T2 N o

1.3 BEEBKMEAT A VD& BT FURE R

BT BIRSCHRRBE, B OKMERT AV AT T2 I A 03 1 DA R AT L& RStk
MIEENA, PUILZRE SR &Rt &2 ki, AT, RTZRIEWN&
JSHTF FURE JE SCHRAR B B D, B4 L S DK AT AR DR 5 35 2 AT RTINS ik
WEFEDK AT AT, 22 oK N BRI S WK PR AT AR P> 700 R IBG S 5 e
WKPERT AU 7800, AT WG AL 15 B FE K AT A= L A S0 B B DK A AT
A, UL TR RS EA R B BRI 52k . RvE L s, BV RA
—ERRRYE, BIAnE AR AT SN Ry OMIF TG, TR 44
P& T RN 7 B AR IBEHE DK A AT AR V) 0 & BT FTE RE
1.3.1 BRI & B R R AT A D)

2015 £F, Chen UREIAIIEINTF A 1 — b ok £ 22 HURBE L SR IE AT A= M)
W7k, TR o, B-AEANEE /B 21 5IKEAEY) 22 1R AU 5 IRBLERYD,
£ FeCls/L WAL 1A 2R [ 1,10-FEMSMRECAR B B [FIVE TR, SEBI 17 Bt 2k K 1A 1 22 1)
R . N R AR BURRGT 2 75 BBk B AT A AL AT e R AL
R AR AR 7 A s %I R FE B D0 e O S 2 G, AL [ 4+ 112 I A LA EL 4%
P F bR 1 28, SR g o DUS B e T 52 V5 5555 7 (Scheme 1-6).

) R3

1,10-phen, |
Q ﬂ? A FerGFbCf R? N
1,\)J\ , ¥ R3 N,R > | />—R4
R R H 1,2-DCB, 110 °C, 18 h RN
21 22 23
Scheme 1-6

2021 4, Huang BEZHTRIE T — P T-UU T [3+2130 0 B SR ek 14 [X 3k
BEVEB TS BINSEIL T 1,2,4- = HURIKE 5 1,2,5- = AR L PR e 13 1 4%
MUK A 22 SRR 24 AERE, SRABURR (L) #IERIFTINE
HEEA K5 TEMPO, fEAB —SRIERIT T 110 °C B 18 /N, ik A5
BT 1,2,4-=HURBRME 25, T 4 B R Y NI ER 26 B, 38T 5]\ FeCls:6H0
5 LIENERERAAR R, TEMHFENRE S RMVAKT, W24 1,2,5- =88
DRI 27, %SRBSR AR R4 A2 2 SEIL T 30 ez sR RS I A ol (AR
BN XL BENE =) . MUERRE AR B, LAMUAE R e B A NE R PR,
15 FeCl-6H.O JE R RIMEAL, et (i b A i o (R 42 ) B A 5 B A 3 7 SR vy
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BEAL . BT R e RN R, 2R BT st e R, sl %
VRV AT SEHLE AR DK SR AR A, IR K e 1) AR Bt T BT B % (Scheme 1-7).
o

NH (0]
lo, TEMPO
R1JJ\N,R2 + R3JJ\/ 2 > R3/U\[N\>_R1
H 1,2-DCB, 110°C, 18 h N
22 24 25 g2
0O 0] 2
NH l,, FeCly6H,0 R
U Rr2 + 4JJ\/\ - > R4 N
1 -R R N 0
R N 1,2-DCB, 110°C, 18 h | R’
H | 4
N
22 26 27
Scheme 1-7

1.3.2 ZKiE R NA B R KT Y

2017 4F, Cao WRAPITFK T —MIET Ag ALK 2 H 7 2 KV SN K
W, DAy vl ROKE SR 2 ) 22 1 AR TRE K T K 20 B KM SAL S T e T BB R AR . S
BLCARSRAL S 28 2-BRIEFHIEE 29 KlE (HK) =477k, 72 AgNOsfiE
N, B RS R RIS . SRR SIS N, 2B S C=0 5 C=C
P FIR ST, B 2% A 2 AT B ke 32 BY 2075 BERK BT A4 31, (HASTER
7, UK AR A% kR, SNl JEU T A RSt ) A, 2t — 2B i
IR R FE K 32, P FRATIA 58-76%, IR | A& Gl Rk & sl 2 0
I T2 1 D o 3 e PO AR T 2, s PR A 1 A SR A A 2 it 1) B S SR AT R4
Z L 2N C=0 AN C=C i 5 IARIE KA 2 SRR SR AL T — 2% ] FL 1
o BUAh, ZRNLERARGER S T A MR, Ag AT
IHTEMZ L, 557 e R AR LE RS 225 PR 22 oK I B LRI i e I
PRSCHL 7 R e R e, e IR B, 3R AR K0 746 (Scheme 1-8).

CHO N
H 2 g AgOAGc oA N R
/N Ar N T Ar
T )
NH Ar ROH A1 OR
R’ R
28 29 30
AgOAc| H,O
l R' = (CH,),CHg, R'=Ar l TBHP

N N
L M~ A
el I (CHanchg A@,JLLXL\W( r
Ar' Al O
31 32

Scheme 1-8
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2022 ¢, Zhang WEHVIRINRR T — M T L /2 Kk RN TE R
AR 2R, I SEEL T I DK AT AE WD v 285 e 1 RONE ARSI 33 5k 22 1
R IER . BT (L) XN HESA——Ia e /R IR, Bk, 721
FRAZ IR R IEIATF It 07 P —— 8 1 S H R R B S KR 7 2, S B
AR AR A 7 HE D IR T RENE . IRIEIX B RS, AR A
B 7 BEAEDKERTAEY) . 2N EE T EE . KN FHRM T abrEeE . R
YEERT, ANTREAE A & DAL DL R S AR ) A DD A RS T T A S Ak
KA 5 PR RS I < JeR B SR A R PR R PR 8 R BRI v ) 4R (1 R IR LR 5 AR
AR R S o o PRI T A i S0 1 A SRE T AHE T 21 He A 25 22 R ) LA A
W, IFdE B KH R T4 5P (Scheme 1-9).

1
NH |,, DMAP N o N
3 > / i |
=\ ¥ RZ”\N/R PhCI, 110 °C, 6 h D re! A
d R N d N g2
H HO - | :
X 3 1 RS
R 1
34 .

X=0,NTs 33 22 35

Scheme 1-9

1.3.3 RER R NLE BB ZE DK PEAT A2 W)

2015 4F, Chen PRABHVTHF R T —Fp 5 T80 AL 1 =y A AL AR R SR BE , RLED
SEHL T o, B- AR 31 5 KSR & 22 WIRSHEREL, NSRRI &) 36
(WER G RTTRE T BNE&E . 7R Cul L7, BL DABCO (1,4-—% 7%
TIN[2.221% k) NECER. TEARER (MnO2) NEALT, FERAMEY TR
FIH, 100 °C RV 36 /NF,  RIRT 5 3 gt J K Wi B8 ) v SSRA S0o ee MELAS R
RS, XM LOKCAME—RI =Y, IR EF&5E. SRMNAEFE T4
Getkrmr . AT AEARER . OB SR IR AT S5 4F £ (Scheme 1-10).

R3 0

NH o) M

AN

111\ _R? /\)J\ Cul, DABCO, MnO, __ N\ R
RUSNT + Ro R* N
H PhCI, N,, 100 °C, 36 h \

R R2
22 31 36
Scheme 1-10

2015 4F, Li PRAHUSENT 7—Fh Ik 22 FIE /R 31 £ L/FeCls 1L 1) %
AR SR PR BE DK () 5 7 o i IROBE E EE 2 il I Fe A 1o X C-H 8 1) B4R
IR A e AL ke, DAY R 31 AR 22 SR}, 7E I/FeCl flEfL T, &K
W, 110 °C F M 10 h 158841 37, 07k HA XKkt m . 773
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(0] R2

’ FeCls, I, R3 N
R1JJ\N'R * R3JJ\/\R4 > | )R
(o]
H PhCI, 110 °C, O,, 10 h AN
22 31 37

Scheme 1-11

2020 4F, Prabhu PRI A 7 — Pl T-HE A0 002 B EMEEE (CDO)
(1 = RS, TSI T T LR AT AR ) B SR B B 12T A DL 1,3-FR 5 i 38
FERRREE 39 NIERL, ERUART (L) ik ~, @ T A& (TBHP)
A S KCOsRIER, T ZHEHRIF 80 °C i ANSKAT T /M 3 h, M
ANFI C-N B mEIS DRI 28 . 2R IE I X C-H B B Sk, SEIT 7
[F1) Bt S A BB 5 A R A M 3 BBk o X X C-HL Ak B 0 Th e Ak SRS 454 T B . i
IR, SRR, DU R 3R 15 31 &S I B K AT 4R ) (Scheme 1-12).

Qo 0
R N R
NH l,, TBHP
+ JJ\ 2 ' Rz% |
R2Z NHyHCI  K2COj, CH3CN, 80°C N
o) H 5
38 39 40
Scheme 1-12

2022 4, lida TRAAPIRIDIRZR T EM L HAHIIE 22 5E/RE 31 2 [A]
AR A B Bk i A TS K 41, TR L 4L CDC M E T4 E ik
R, ART O FERPEA ARS8 AR R . X T 27K 31 Ak 22 1/
N, %N IS R ER B AS C(sp?)-H B, T AN C-N AT Ho0 1E N
P FETRAMUEL R R, UMY C-H s B A SR EAEA, T
XTEUREA 31 FITE A A s R B E . Bh4h, BT HRMNAE, X2 IpH
T RTEFE 1 M BN Or, 774 2 ME M H0 FENE=YI, MIHIE T X R4 7
1EI R 7255 1 (Scheme 1-13).

O R4

o NH flavin, I, 1 q
, o R N

R1J]\/\Rz + R31LN’R4 o | )—R®
N

(o]
H 1,2-DCB, 110 °C, 18 h R2

2 R
I
Me N N O
= \f
j@[ — NH
Me N
(@)
flavin catalyst

Scheme 1-13

31 2 41
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1.3.4 T] WICHEAL & BB EE K AT A2 )

2023 4, Maurya S@HBIEEH 7k T —FP2E T 2,4- ZfH2E K% (2,4-DNP)
M FRLE R TREE, RIISEIL T 2 H 7 — ik a R KT AR, 5K
W lo-fi S 0GB E A 42 5 44 FI2RHE 43 NJERE, 7ERT WERE st
] EH 2 20 0 s I8 1 RARA) SR e S DK R 77 A2 4 45(Scheme 1-14).

0
a 7 W Blue LED R®
- 1
RVM\T;¢\R2 + R%-NH, + R*-CHO 24DNP R'ﬂfﬂ:N>-R4
N CH5CN, rt, 12 h , N/
42 a3 a4 R™ 45
Scheme 1-14

1.3.5 HALEA B B K ERT £

2024 4, He WREHPIRINITR T —Fh oAl 22 2 4050 IR I TE 4 & fie AL
WG, TSI T AT R K ) = RS e 1207V DU AR i Oy SRR, 7R SR
Nl AR B C-N BRI, o e A A R B e AR, D
A2 58 AL DK P B R A 14 2 (Scheme 1-15).

0
1 AN N —
0 Pt(+)[Ni(-), 3mA R \.'Q/U\[ \>_<\:>
N N NH "BuyNI, "BuyNBF, N 7 R2
R‘IL | + 2 R2_| 2 ' o
O N O CH4CN, H,0, HFIP

| rt, undivided cell \
46 47 R? 48

Scheme 1-15

L4 AREHIFIE K. FRATEEX

WKIERT APt — R B S BRI S, BA T Z W AEYENE, BangiE .
PUA Prardy FEIRSE, Hrn Bk mE T A= P I AL A= P B2 25 R AL 7 sk
)2 LT 5 52 508 o 48 BT IR I SCHRIGE , T4 1 I KT AR ) &
JRAT FURE S, B AE RS o SRR, A PR IR MEAL ) . S LT EE Ry« S R (]
Ko TERIREE . MRAEHR ) SCIRIBGE X % BT IR 5 w0055, JRAT TR
e 75 T DA S AL S MR IA S5 AL 2 i A AR A S I B KR AT AR 5 o | R
WRRR PR RFIR S5 4L, F N-O BEARXTHCSS, HIATK T HOT A1, £HHLE
A T R HIPOO s 52 R A, S I IR AR IR P A L [R] I A R SR A A
N/O JE55 B 5y R AT PR RIK g S 7 o BE] G JAT T 1A JE S U PR R ] R AN K A
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ISR 5 R AT i 7 S8R ) ) S B R KW R A P (K i

BT UL, ARSCHRTHIT R T — P3RSk, B- AN 57 VE R 5 K 1 55 1
J N S J WK PR AT AR D 5 9 SRBIL T AN RS L B A R AR T A 0 (1 [X ek 1k
B ZINERA RBFAFRA . JFURHE 575 . e RtE ISl A
(7 o7 B P ik K AT AE D B 3t 1 ) RS i
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SB2F I Fha, B AR R LR 55 K F BB BB S LRI 5T

2.1 LIRS

2.1 1 AX A

INE =S VRS HEFETR
AVANCE ONE

iR (NMR) JEAY 1 [ A e R PR A A
(500 MHz)

X5 28 HL R AT S SMART APEX CCD 2 [H Bruker A 7

T R R A solanX 70 FT-MS 1 E A S R A R A ]

ISR IR N AR F1 9 4%

ZNCL-DLS130*70

P T AR A IR TR L 7

IR 72 EVRAE A 2R DLSB-5L/20 ST T AR PR DT A
T AKX E TR SHZ-D NS T AR R 5T A
figh NAE TR 2XZ-2 R A WA PR A

Jig e 7 A 41K30RA-C ST T A PR DT A F
R PX224ZH/E B CHIND A IRA A
SRS e ] CZX-9146 MBE RS ABR 2 F] BT B
AR DZF-6020 B tEREA AR A F
FARAE M X ZF-7A RIS () HIRAF
AT HTAL ZF-2 VDT T H AR DURAX S8 58 A PR A 7
H25 1A WRS-3 A A AT BR A
B4R ALY 3 AR

LBk TR T VALt A B AR AT R
RN vaiELt A i i A PR A
LTRAN S it A B AR AT R
N-RRAR T 0 A G el A s i A PR A
oI G i 4t I 245 Ak 2R A BR A
R HE vaiELt PR ARR (B HIRAH
Kl G i 4t I 245 Ak SR A R A

H R vaiELt 5] 244 b 2R A BR A
W ZEHTRER (400 ED 4k T S TATBR A #]
HZENRER (200-300 H)  fk2p4l H S AR AR
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2.1.2 R A B
1. 3 ho,B-AEATREEREEE 1 &R (EL 1a 961D
o o 1) HONHyHCI, NaOAc o
//u\v/ﬂ\ EtOH, 78 °C _ N o

OCHs 2) HClg7g(cat) 3 /)L“>:
A 37% B
o]

/’\LO):O cHo piperidine (cat) Ph

+ o —
IPrOH, 50 °C ON_
B c 1a

Scheme 2-1

7R [ B A I N SR ER ¥ A% (15 mmol, 1.04 g) AZERHN (15 mmol, 1.23
g), MEMANCEE, REVEER T 5 28, FEMACBCR O A (10
mmol, 1.30g), MN#EIR, HESREERE N, BE LB AR K A RN 5E4,
AHBFREIMANKREEIR (50uL), R8N 4-6 /N, B2 SHRE AR
Z N5, LIRSS, AR EiRal CaRMEt: ORR ORE=2:1), 1325
—BY) B

WL B FMRHEE C AR, M5 5 A EFIREE (5
uL/mmol), JIFZE 50°C R 3-5 /INEF, NI FE AN A 3 [ ATt ()
R A LB 2R SRR N SE A, YA REIITE S5 13 B S b o, BN T AN S R
122.07 g, /=% 72%.

HADFRA o, B-ANHLFN S REPLER ) A D S 1a.
2. k2 @6 R (BL 2a A
NH

NH, CN
AICI,
eae - oy
120 °C, 60 min H

2a

Scheme 2-2

FAZEHE D (11 mol, 0.93g) HMAZRHEE E (10 mmol, 1.03g), #HFEN#HH
%100 °C, JAA AICI (1.33 @), K RBIEAM4kS AR S 120 °C X 60 min,
SRJE KK S0 mL A BIREIH, (RFE R 5. MANme%WEQMJ
W 14, JFH CHCL 2HBUKE, /KM f5& A NEZLTEK NaaSOs 14,
ﬁ#@&%%’%%%@ﬁi%%%%,ﬁﬁﬁ%ﬁ%%hLﬂguﬁ$%%o

HARRRI & P RS 2a.
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2.1.3 5-BERE DKM AN 4-TBREE BRI (& B R AR ARAL

PAFR b o, B-AN DN S EME IR 12 FPK 22 SR8 i B, R FAS [RIMEALTR) 5 771
IRSE S ISR ME T, SR W) S-BIL K 3aa A1 4-FBE KIS daa (GRS
TN A 5, RSB A, AR AT BRI A P4 3aa A1 4aa.

o 0
Ph |NH talyst | t 1 Fh N
S Ph)\N’Ph YR Y N | )—Pn
N= H temo. ti | )—Ph *
emp, time N
1a 9 Ph N Ph \
a Ph
3aa 4aa
Scheme 2-3
22 R 51k

PAFR Ao, B- AT FD Sl 1 ALK 2a Y g N34T H AR & . 7E
WEH A 0.4 mmol I3 Fho,B-AEFTFRERREE 1a. 0.48 mmol K 2a DL 0.4
mmol N-FAX T - BE0 %/ AL 7, 80°C N HZEAEAH, &M 8h JFilid TLC
PR AR LS JFR IR N SE 4, ORI A i, 53 B8 A, Je d i A R vt B 23 W T 1%
VIR H bR =) 3aa; R KR, FIEFIE SN RGN &K, it TLC
WRAT ISR 5 — VB R A JE T 7 B 4liAb Ja A% e v 1 20 A ml Rz 5
Hbrr=4) daa. FATEL B HETHXSVR S —DHiE, vTUEWE B R
VIBCNFRATN B AR S-BEIE KM 3aa FI 4-FE KM daa . X — R IUA A BRI 2L
WKIEAT AV TERE 7O B2, DRk, AR A RRLBE R L. A7), A
TERE RIS T HZ R SR T AR A
2.2.1 5-BR LRI 4Tk BE kM () 45 M S

G AL S-TREHE KA 4T SRR I o AR ML S AR KL, I XS
28 B AT SN S TN ORGSR I 38 =3 3.3.2 AIZEIUE 4.3.2).
2.2.2 5-BREEIKMEI A AR AR AL

NTIRREGR=Y) 3aa WEAEFAM, BAVEEI o, B-AEFZEEMER 1a
FK 2a 1R AN, 43 B ARERF S 550, ImEE. IFIA). RS EE R L
KBS TAT FA A . 5, RO IFVERIE 2 82K, fE#HE 80 °C
X A AT I, 4348 FH 8 D0 i AR, 40 I NBS. NIS. DBDMH.
PhI(OAc), 5 AR E AL T Centries 1-5), FRATAKIEH NIS 1E e 357
ISR 3aa HIP7 R AL, PPN 51%, BEILIRATWIEE NIS B & iz N
PR IER: 4 R RIS FAT IR, 2R H RS &OR. X ZHZR 1,2- 2%
ZK5Es AR S8 = BRI Centries 6-10), R BUH A — B 2RI 77 2 AT A
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IKH] 60%, PRI HRE o — FREACE TE Dy S N AR VA R T i SON SNz il B #EAT DA
RITHR 2 HRBI AR, 772 A%, Rt s S IR LT A 80 °C
(entries 11-12); 42 FRILATH [E 2 MEATH, Al RE & TIBEKERI—2,
RIS /KR TR REIR M= 2, MK G KB 2 Friest, PRt & K & it
AT, BN 200 pl KIS 7= 2885 £ Centries 13-15); fa, FRATHE W
I 18] DL A BE R EEEAT AL, SEI [R][F) FHR —FF, 2A HARME Ak, Hik
ROV AEREY 12 he 25 EIRATHAE 16 BU™ ) 3aa SN R AESFRAF : 1.0 4
= Sho, - A AN FEEEER 1a (0.4 mmol). 1.2 4 &Ik 2a (0.48 mmol) F
1.0 & A NIS (0.4 mmol) 7EXF ZHIZE (4mL) #EH A 200 uk H20, 80°C
TN 12 h 33729 3aa 72 RGN 82% (entry 20D,

Table 2-1. Optimization of the Reaction Conditions for the Synthesis of 5-
Acylimidazole 3aa“

o) O Ph
07 V= & + /'r\llj Ph [X] N
N_ Ph ”/ solvent, temp | ,\?—Ph
Ph
1a 2a 3aa
entry molar ratio [X] (equiv) solvent H.0 temp  time yield®
(1a:2a) ®h (O () ®)

1 1:1.2 1> (1.0) toluene 80 8 35
2 1:1.2 NBS (1.0) toluene 80 8 30
3 1:1.2 NIS (1.0) toluene 80 8 51
4 1:1.2 DBDMH (1.0) toluene 80 8 38
5 1:1.2 PhI(OACc)2(1.0) toluene 80 8 10
6 1:1.2 NIS (1.0) MeCN 80 8 28
7 1:1.2 NIS (1.0) PhCI 80 8 45
8 1:1.2 NIS (1.0) p-xylene 80 8 60
9 1:1.2 NIS (1.0) DCE 80 8 49
10 1:1.2 NIS (1.0) DMSO 80 8 28
11 1:1.2 NIS (1.0) p-xylene 100 8 50
12 1:1.2 NIS (1.0) p-xylene 120 8 39
13 1:1.2 NIS (1.0) p-xylene 100 80 8 68
14 1:1.2 NIS (1.0) p-xylene 200 80 8 78
15 1:1.2 NIS (1.0) p-xylene 400 80 8 72
16 1:1.2 NIS (1.0) p-xylene 200 80 12 82
17 1:1.2 NIS (1.0) p-xylene 200 80 16 81
19 1:1 NIS (1.0) p-xylene 200 80 12 75
20 1:1.5 NIS (1.0) p-xylene 200 80 12 82
21 1:1.2 NIS (1.2) p-xylene 200 80 12 80
22 1:1.2 NIS (1.5) p-xylene 200 80 12 78

“Reaction conditions: a mixture of 1a (0.4 mmol), 2a, halogenating reagent, solvent (4 mL), and
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H,O (if necessary) was stirred at the given temperature for designated time. “Isolated yield based on
1a.

2.2.3 4-FRFEOKIE F) & A AR AL
FEG ) 3aa B, 8T TLC MM EE K IIEA HAR T WER, FZE5
B Al JE I R R I B T 57 daa, PRIGIRATT AR 75 1] LR B & B )
4aa W AESAT . [F7=Y) 3aa 1)& BERAFAL —FF, FAT0 I s AR VA5
TP TR 2 /K AR DT TR B SR A AT Ik o S XS 74 3aa )6 LSk AT
Ak, FRATRIAZ SRS DA S Bk B a5 ok, DAL, FRAT T S 2 7K & [
SE 9200 ub, A E N NIS, B 50 HE gk 4T ik (entries 1-5), 4{f
H CREVE R BRI & =4 daa 72 285 AE, 73 BS P2 508 58%; [FIRE, N 15
WENIZK B B, AT T — A K P R RLEAT R LG SESS, Hr= 2B 2 R
Centry 6); % T RIATHE— B0k i AGF], KIEH NBS 1A AT,
HNIEBENE LT, AR 4aa 77 R AR, (B )5 2R 9050 R I B SR HOGT I Bk
PRI A, (HIEL=%A g, FHRATRAER: NIS /E xR (entries
7-100; Mg, AT DX B N ADEE R LG DL R NIS s AT %%,
RIHEA 1.5 4581 NIS B H =25 58 70% (entries 11-17); 5J5, FATXS
LN DA R GHEAT AR s R K R S ) R T 7= 4aa (G, 5 SR
KA &2 A AR, KA R 4aa BIEH NI AN 16 h (entries 18-
190, TMHIIAEE 2 7K H 77 28 S il T B Centry 2000 FET FIRSCES, &
Y 4aa WAL 1.0 U2 Sbo, B- A AT LEMAER 1a (0.4 mmol).
1.2 M2 MK 2a (0.48 mmol) A1 1.5 241 NIS (0.6 mmol) 7E ZEVER (4 mL)
HInA 200 pL H20, 80 °C T M 16 h #3274 4aa 7 F i = 4 74% Centry 18D

Table 2-2. Optimization of the Reaction Conditions for the Synthesis of 4-
Acylimidazole 4aa“
0 0

Ph INH ] N
o _
N= * Ph)\N’Ph > Rad
H solvent, temp Ph N
\
1a 2a 4aa Ph
molar ratio H,0 tem time ield®
entry [X] (equiv) solvent 2 P y
(1a:2a) @hH O ) %
1 1:1.2 NIS (1.0) toluene 200 80 12 28
2 1:1.2 NIS (1.0) MeCN 200 80 12 58
3 1:1.2 NIS (1.0) PhCI 200 80 12 25
4 1:1.2 NIS (1.0) DCE 200 80 12 31
5 1:1.2 NIS (1.0) DMSO 200 80 12 trace
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6 1:1.2 NIS (1.0) MeCN / 80 12 35
7 1:1.2 NBS (1.0) MeCN 200 80 12 41
8 1:1.2 12 (1.0) MeCN 200 80 12 6
9 1:1.2 Phl(OAc)2 (1.0) MeCN 200 80 12 trace
10 1:1.2 DBDMH (1.0) MeCN 200 80 12 43
11 1:1.2 NIS (1.0) MeCN 200 60 12 42
12 1:1.2 NIS (1.0) MeCN 200 reflux 12 58
13 1:1 NIS (1.0) MeCN 200 80 12 49
14 1:15 NIS (1.0) MeCN 200 80 12 58
15 1:1.2 NIS (1.2) MeCN 200 80 12 63
16 1:1.2 NIS (1.5) MeCN 200 80 12 70
17 1:1.2 NIS (2.0) MeCN 200 80 12 68
18 1:1.2 NIS (1.5) MeCN 200 80 16 74
19 1:1.2 NIS (1.5) MeCN 200 80 20 73
20 1:1.2 NIS (1.5) MeCN 400 80 16 62

“Reaction conditions: a mixture of 1a (0.4 mmol), 2a, halogenating reagent, solvent (4 mL), and
H,O (if necessary) was stirred at the given temperature for designated time. “Isolated yield based on
1a.

2.2.4 R HLEERTT

BT FR S, AT H BB — PR FT (Table 2-3) . FA 143 A4
3aa fll 4aa (a2 AF AT B AR DR 5250 LR R AR ASS, 9x I BT &
SR, PR UPREAAR, XRIIZRN SRS TN H
3R TEMPO B, 7F=3tJLIPR A SR, X —I GRSV HFIE A B3R

Table 2-3. Exploration experiment of reaction mechanism for the Synthesis of 5-
Acylimidazole 3aa“ and 4-Acylimidazole 4aa“

entry molar ratio [X] (quiv)  solvent  Oxidant HO temp  time yield®(%)

(la:2a) (uL)  (°C) (h) 3aa 4aa
1 1:1.2 NIS (1.0)  p-xylene  Air 200 80 12 82 11
2° 1:1.2 NIS (1.0)  p-xylene / 200 80 12 81 10
3 1:1.2 NIS (1.0) p-xylene TEMPO 200 80 12 79 12
4 1:1.2 NIS (1.5) MeCN Air 200 80 16 18 74
5¢ 1:1.2 NIS (1.5) MeCN / 200 80 16 17 74
6 1:1.2 NIS (1.5) MeCN TEMPO 200 80 16 17 72

“Reaction conditions: a mixture of 1a (0.4 mmol), 2a, halogenating reagent, solvent (4 mL), and
H,O (if necessary) was stirred at the given temperature for designated time. “Isolated yield based on

1a. “Under N; atmosphere.

LU 2D SRR Y], fE No BT, RMNJLFIEA; A H
SEAPF A BT, %R M AN B H 3k SN B S A S AR K
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BT EIRSEIRIRA TR S MALEREAT T AE I, BEARLTR 7R Scheme 2-4:

0]

NH

Ph
O}\l/:i:/ + Ph)J\

2a

1a ‘

N
H

p-xylene, 80 °C l

(0]
(0]
Ph

3alv 3aa !

Scheme 2-4

4

Ph

‘ CH4CN, 80 °C

N
| S—Ppn
N

Ph
o e o
1
T _HO N !
N Wails Ph
Ph N |

Ph
aa

%Y
Ph
Ph

4alll

CO,

NH
H,0 )%erph
- \
N\
PH Ph

4alv

56, Fohon, B- AN FEEMERR 1a FRK 2a % 4230 50 SR IR e 245 3100 %,
HTE R 3al A dal, ZBOEFEME R EARIEIR —2, G 50 R IR s A
7, EROUE 7B RN FLE TS BEE N-BUCT =i (NIS) S Hr[A]
IR Fa-H KA AL 2 N AR S| b R4 3all F1 4all; 2k BAbY & 4551 N 1%
BUAC KON, A6 78 S M I e 2 bk kb 3alllX A1 4alll; Jio £238 14 N-O 42130
BEFR 3 45 2000 (8144 3alV Fl 4alV; 5 &G KRFEAL, ROk i &

W) 5-EFERK I 3aa 1 4-[E LKA 4aa.

AT IR FIANLEE, AT IS S-BEFEPKME 3aa A1 4-FEFEPKM: 4aa
HIFRESAE T [N 45 min 5FH: S SRS Y05 Wli3E4T 7 HR-MS 8690404, it 45

BT
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min=-1.5 max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
328 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:24-24 H:20-20 N:0-30 O:0-100 O Ph
12 N_ _Ph
241101-6-XH-1 31 (0.219) 0 \r 1: TOF MS ES+
T | i 1.07e+006
10 3821558 N N (3alll)
Ph
C24H19N30;
% [M+H]*=382.1556
383.1587
384.1606
o 14918% 3641505 363.1132 375.7628 381.2071 | | 7 366.170 ___404.1384 1707417.2002
' 350.0 ' 360.0 ‘ 370.0 ' 380.0 ' 390.0 400.0 4200
Minimum: -1.5
Max imum: 5.0 10,0 50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
382.1558  382.1556 0.2 0.5 165 8332 n/a n/a €24 1120 N3 02
Figure 2-1
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 50 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
328 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:24-24 H:20-20 N:0-30 0:0-100 o)
12
241101-6-XH-2 21 (0.147) o NYPh 1: TOF MS ES+
1 (4alll) 13164006
100 382.1559 N N
Ph
Ph
C24H19N30;
% [M+H]*=382.1556
383.1586
381.2976
384.1606
361.1309 363.1107366.2295 459 5597 a7Etat9 T 306.1135 3961708 402.8857404.1361405.2821,
360.0 365.0 370.0 375.0 380.0 385.0 390.0 395.0 405.0
Minimum: =1.5
Max imum: 5.0 10,0 50,0
Mass Calc. Mass mDa  PPM  DBE i-FIT  Norm Conf(%) Formula
382.1559 382,1556 0.3 0.8 16,5 B866,6 n/a n/a €24 120 X3 02

Figure 2-2
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min=-1.5 max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
266 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:23-23 H:20-20 N:0-30 0:0-100
12 NH  pp
241101-6-XH-1 8 (0.079) H 1: TOF MSES+
N 9.74e+004
10 338.1658 | /> ph (3alV)
ph” N
Ca3H19N3
o [M+H]*=338.1657
o 337.2728 337.3473 3376421 557 8893 3381032 338.2216 3354903  338.7288  338.9831
337.00 33725 337.50 337.75 338.00 338.25 338.50 338.75 339.00 33925
Minimum: -1.5
Max imum: 5.0 10.0  50.0
Mass Calc. Mass mDa PPM DBE i-FIT  Norm  Conf (%) Formula
338.1658 3381657 0.1 0.3 155 3623 n/a nfa €23 1120 N3
Figure 2-3
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT = 3
Monoisotopic Mass, Even Electron lons
266 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:23-23 H:20-20 N:0-30 O:0-100
241101-6-XH-2 6 (0.068) NH 1: TOF MS ES+
N 1.25e+006
100 338.1658 | \>—Ph
| N
Ph \ (4alV)
339.1558 Ph
o] 336.1500 CZBH‘IQNS
[M+H]*=338.1657
341.1632
337.1532 340.1557
0320.12773260730 328.1126 3303382 41303354357 | | | PAIGTAIMATO0 gu5656, 4BINSI  g5p4e3
325.0 3275 330.0 3325 335.0 3375 340.0 3425 345.0 3475 350.0 3525
Minimum: -1.§
Max imum: 5.0 10.0 50.0
Mass Calc. Mass mDa  PPM  DBE i=FIT  Norm Conf (%) Formula
338, 1658 338.1657 0.1 0.3 15.5 1045.8 n/a n/a €23 H20 N3
Figure 2-4
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Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used fori-FIT = 3
Monoisotopic Mass, Even Electron lons
266 formula(e) evaluated with 1 results within limits (up to 50 dosest results for each mass)
Elements Used:
C: 2323 H:19-19 N:0-30 O:0-100 0o oh
12
241101-6-¥H-1 9 (0.084) NI 1: TOF MS ES+
7.34e+005
(3aa)
10 3301502 | N/>_ Ph
Ph
Ca23H1gN20
[M+H]*=339.1497
9
340.1564
338.1657
R amssmameenr | megose | SSOSW | RO M | M . osn
337.00 33750 338.00 338.50 330.00 330.50 340.00 340.50 341.00
Minimum: -1.5
Mexi mum : q.0 .0 a0.0
Mass Calc. Mass mDa M DEE iFIT Nom (.'qni'f“n) Formul a
339.1502 339.1497 0.5 1.3 15.5 809.9 nfa  n/a €23 118 ¥2 0
Figure 2-5
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
266 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used:
C:23-23 H:19-19 N:0-30 0O:0-100 o
12
241101-6-XH-2 37 (0.250) N 1: TOF MS ES+
N 4.23e+004
100 s ]| Y—Ph
ph” N (4aa)
Ph
Ca3H1gN20
% [M+H]*=339.1497
336.1510
338.1670  341.1277
324.8928 3291200 3331573 444 gqqy 71904 3421315 3448756 3491819 350.8962 352 9962
1
3260 3280 3300 3320 3340 3360 3380 3400 3420 3440 3460 3480 3500 3520
Minimum: =1.5
Max i mum: 5.0 10.0 50,0
Mass Calc. Mass mDa  PPM  DBE =FIT  Norm Conf(%) Formula
339, 1498 3391497 0.1 0.3 15.5 436.4 n/a n/a €23 H19 N2 0

Figure 2-6

L HR-MS W, eI $2 2] 18R FA b [Al4£ 3alll. 4alll Jii #% (5 5 (Figure
2-1. Figure 2-2). W& [a)4& 3alV. 4alV fi%{Z5 ((Figure 2-3. Figure 2-4)
DL e 277 3aa. 4aa 115155 ((Figure 2-5. Figure 2-6).

N T B SR KR B T AMIK, AT — i 1 10 MRERSEES, Sk
5-BRELRKIE 3aa M1 4-FEFLBKIE daa S5 ANAR, W8 P& oK o AL B
A Ho'®0, £ No ORI T N e RS G, FEZET 50 5774 3aa Al 4aa, XfH
AT HR-MS faill, I s] 7 &6 *0 5+ F =M= (Figure 2-7. Figure 2-
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8o

®0  Ph
Ph NH ,[l
— 18
0 + J\ _Ph NIS,H,”0 Ph
\ Ph” N S > | 4
N H p-xylene, 80 °C, 12 h N
Ph
1a 2a 3aa
Scheme 2-5
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 10.0 PPM / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Mencisotopic Mass, Even Electron lons
251 formula(e) evaluated with 1 results within limits (up to 50 best isotopic matches for each mass)
Elements Used: 180
C: 23-23 H:0-101 N:0-200 180: 0-200 Ph
I
241101-6-XH-3 29 (0.189) N 1: TOF MS ES+
1.69e+006
w0 sarssss || p—Ph
ph” N
Ca3H1gN,'80
o [M+H]*=341.1540
342 1572
339.1500
3051595 3111185 519 1009 321 317 3291318 3 MIA602  agmas U0 3831347 362972 576 1085
"7 Tabo ' Tazbo ' aabo ' 3abo ' asbo | asbo | ar00 | 3800
Minimm -1.5
Maximum: 5.0 .o 50.0
Mass Cale. Mass mDa PPH iFIT Norm Conf (%) Formula
3411540 0.5 1.5 897.7 n/a  n/a €23 HI9 N2 180
Figure 2-7
o 180
Ph IN H 1 N
o N—=  « M _pn NIS, H, "0 | H—ph
N= Ph™ N MeCN, 80 °C, 16 h N
Ph \
Ph
1a 2a 4aa
Scheme 2-6
Elemental Composition Report Page 1
Single Mass Analysis
Tolerance = 5.0 mDa / DBE: min = -1.5, max = 50.0
Element prediction: Off
Number of isotope peaks used for i-FIT =3
Monoisotopic Mass, Even Electron lons
266 formula(e) evaluated with 1 results within limits (up to 50 closest results for each mass)
Elements Used: 18
C:23-23 H:19-19 N:0-30 0:0-100 0]
12
241101-6-XH-4 26 (0.173) N 1: TOF MS ES+
N 1.03e+006
- 339.1501 | H—Ph
Ph” N
Ph
341.1543 18
% Ca3H1gN, °0
+H]*=
350L’¥|45H] 341.1540
188.6494 3363420 363.1363 4222937 550.5236
5 _ megeey 1886494 547403 3011407 7 | 9691963 ARV 4613036 599°2% sa7.5493 6384746 6854451
50 100 150 200 250 300 350 400 450 500 550 600 650

Mir

mum: -1.5
Max imum: 5.0 10.0 50,0

Mass

5 mba PPM DBE i-FIT Norm Conf (%) For
339. 1501 ) 5 2.1 n/e

0.4 L2 155 1012.1 n/a n/a  C23 HI9 N2 O

Figure 2-8
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SEAHUBLER 7T LU HI SIS e Sk K T A= W5 O V2 BRI, AT A LR IR
2 WAL KMERT AE VI 5 e ELRER (PN &R B PGB B <E) 55—
WAV B AL I S DK T AL 77778, AR BATRINLEER S A2 v, %%
MR A TOR IS B T PR . KX — R SRR, P
PEFAT A B AE 15 B8 ELBE R S5 IRAE 2 S N e 26 A, 53 Sha, B-AEAT
S — A B A T X SR PR PR I 5-EE R I 4T L KR

Hef ERSEAR, BRATIE SR A Y A AT PR 20 T AE S S-BEAE KT 4- Tt
FLOKME IR B CE 2R T ONE,  BARRBIIR -

Q  Ph

1
NIS, H,0 \/_ N
p-xylene, 80°C, 12h /' \ | N>__Ph

Ph

0
NH
X
[:::I/A\\/JL\ " oy P
H
0 \H 0
N N NIS, H,0 \A,/%E%_
PR N > Ph
N MeCN, 80°C, 16h /\ AN
\
Ph

Scheme 2-7

SN A AGE TLC ARCSRONEE, FEARA T A A, X R o, B- A1
R0 S AR A 7 12 S N e AN AT BR 1Y), (RSS9 30— 220 B 1 2% O ) B
2.3 RE/NG

FT IR S5, RATLLA Sbo, B-AS RN REMERR 1a FOPK 2a {F R
SN, 57 B4R R S-MESEKIE 3aa AT 4-TEIENKIE daa BRI =4, FEVISE R EA%HE
i ISR 5 SO XA A AT — R A R . TS, X Tk R
G A SFAE AT O, JRATT A A s ARG AR TR INFTEDL BRRE
FEIRE . FKESE T T R, B&HE A K 3aa MR N: 1.0 24
= RS o, B- AN AN FEERER 1a (0.4 mmol). 1.2 &=k 2a (0.48 mmol) F
1.0 M2 NIS (0.4 mmol) 7EXF —HK (4mL) ¥ 200 ul HO B 12
h 1551724 3aa 7= K fk; BT 4aa R ES4MHN: 1.0 B2 a,B-A
FSFRERERR 12 (0.4 mmol). 1.2 HJE A 2a (0.48 mmol) A1 1.5 =1 NIS (0.6
mmol) 7EZJEVE (4 mL) HIA 200 pul HaO [ 16 h 7337~ ¥) 4aa 7= % &
o TATRZ SN IALELAT 7RF I, FFi a5 1t a5 L & HR-MS i — B4
VIE s S ALER A HEPE
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SB3E NIS {E#EH) 5-BEEE KM & %

3.1 LIS 4y

3.1.1 {XZFEF

AL s CII N ¢

2B 2R B i b B TR A PR A
N-BR Tk TF syl - B AR A PR A
4-FHE S TR Syl [E1 245 B SR AT TR A
3- 2K RS A [ 25 B (AR 4 TR A
AR RS Syl [ 245 B (AR 4T TR A
3-SR syl [ 245 S 2R A4 B A
-G shHi 4l [ 25 S f R A B A
A- BRI syl [ 245 S ) (SR AT PR A
3-JUK R Syl [E1 245 B SR AT TR A
Q- A [ 25 B (AR 4 TR A
A-HUE ML P R Syl [ 245 B (AR 4T TR A
3.4-HIREA IS syl [ 245 S 2R A4 B A
2-MEIL) 4 i [ 25 B R AT B A
1] FF 3 P syl BERAEE AR (L) HIRA A
AFY M LG Syl BB AR () HRAR
E e A R AR (i HRAT
S IR R A BEB AL R (i) IR AT
ETH syl R AR (i HIRA T
B A shHi 4l [ 25 S f R A B A
1] PP 3 syl [ 245 S ) (SR AT PR A
A FBE A Syl [E1 245 B SR AT TR A
st 4 e A [ 25 B (AR 4 TR A
S IR e Syl [ 245 B (AR 4T TR A
1] S Sl [ 245 S R A B A
BEET i [ 25 B R AT B A
3 4- UK syl [ 245 S ) AR AT B A

3.,5- R v Il 24 £ A1 A Al A PR A 7
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LI RiE 1] 245 £ 1 A 24k 4 BR 22 ]
i R gl ] 2 S [ b AR A PR 7
2 EHTRERR (400 HD gl H S AR A A
HEETEERR (200-300 H)  fh54k H S AR A A

e IR R AR LA —

3.2 B¥r= 3 &R (BA 3aa )

(0] (0] Ph
Ph NH .
C = o+ Ph)'\N/Ph NS, | )—Ph
N= H p-xylene, H,0, N
80°C, 12 h Ph
1a 2a 3aa
Scheme 3-1

{E 25 mL MWARE F A 0.4 mmol 354k o, B-AEFT 7 BEREER 1a. 0.48 mmol
K 2a. 0.4 mmol NIS A% —H 2k 4 mL PL& 200 pL H,O fi#ZE 80 °C =3 12 h,
AAEER, IMAEEEERER (200-300 H) EREKRSE, HEH Chi.
LR CTE=4:1) 7 EA27Y) 110.9 mg, 7% A 82%.

33EREIT®

3.3.1 5-BREBKMEAT AV R T

N T RFZR P B E N, AV AR N X R BT IR &, A
A U I (3R b o, - AN AN S A 1 FTBK 2, A5 5-RR L mk ey AR M i = i
AEANE, 4Bl Table 3-1 fias, W LACE MBS rh S 800 . YT PR
Hho, B- AR RERRER 1 F 1) R* B[], 2R3 F3EA A RBUCEER (3ba-3ia), 7™
RIE 53-83% 2 [0], FLrpsmss i3 F-OCH; M= IR S A, 1 W B 73 1 -
Cl. -Br %%, FRRECNAHE; SRR LR BAFK, 40, (8. WAz
V= 2RI T s, X AT e A A AT 0% FRATTIEN R? JE 158 4 g 2 B4 1 E 15y
B (Bia), AR =GR A, FTLLEE] 70%; 115 RATE# 7 H 5o, B-A
VLR E PR 1 R R SR, 2k R BTy 22K (B3ma), AUT 2 (3na)
DA IEIE (30a), FFHIN 62% 69% 51%, X% W]1Z% s S A AT L T
B CTBRFEIRIE 3 ] L) % T Ath i 7 Pk S R el DL B2 5 I Sk e . 2Rk, FRATTEE
BT k2 L3R, woeTERR T R L, PR CRIE, 1E 53%-82%
2 [A] (3ab-3ai), IATHH A 74 3ah 4K TR, SHZP S M HE— 5 1
S8, BELMHWRBH T &R S-SRk 4R TE 4 RS LI, RIRRIOR i
NANEE, 1F 63-80%211] (3aj-3ap). JEILXT S-BEIEBKMAT AV ED Y, IEH
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TSN RA RIS EE HLIFAS R IR T LR mR I, 3 m] R ) 2 HoAt i

JUI5 T FE R A L R 77 T R e AT R AN
Table 3-1. NIS-Promoted Synthesis of 5-Acylimidazoles 3%*
O R4
R1JﬁIN’/>_R3
rZ N

NIS, H,0

o 2
R j\]\H
(0] — + R4 >
N= R3 N7 p-xylene, 80 °C, 12 h
H
Ry
1 2 3
o pp Q  Ph 2 ph ?  Ph 2 ph
1 1/ 1 1
) > b > P
| D)—Ph »D—Ph D—Ph »—Ph
N/>_ Ph N N N N
H,CO cl Br
3aa, 82% 3ba, 53% 3ca, 85% 3da, 81% 3ea, 82%
o py 2 Ph 2 Ph O pp 9 pp
’ 1 1
N N N N N
>—ph | )—Ph | P—Ph | )—Ph | )—Ph
N N N N N
Cl Br
cl Br
3ga, 78% 3ha, 78% 3ia, 75% 3ja, 75%
O pp

3fa, 82%
Ph )
Ph
Q@ pn Q@ Pn
N N N,
I Ph IN/)—Ph | )—pn
P N

(o]
1
N N,
Ph
N/>_ | )—Ph
S N /
Q) ph” N Ph
3ka, 79% 3la, 70% 3ma, 62% 3na, 69% 3o0a, 51%
F Cl Br
o) < ;(; (o) :/j o :/j
N
| )—Ph
N

o) (0]
N N
N N
)iwh )iN/Hh )j% )f[»
ph” N Ph pn” N pr” N Ph
3ad, 80% 3ae, 81% 3af, 80%

3ab, 53% 3ac, 82%
Br B o

o) Q/ . Q/ ) L}_f’» o Q o] Ph

N N _ i bl . N N

| )—Ph »)—Ph — - | )—Ph |N/ cl
P’ N ph” N AN pn” N Ph

.‘/',/ Fg
3ah, 78% ¥ 3ai, 73% 3aj, 80%

3ag, 78%

o) (0] o

Ph Ph ?  Ph f  Ph Ph

N N N N N

/ Br N/ |, / | 4 cl

prv” N Ph b N pr” N pr” N o
3am, 72% 3an, 75% 3ao0, 72%

3ak, 79% 3al, 77%

o pn
N
Al -

ph” N

3ap, 63%
“Reaction conditions: a mixture of 1 (0.4 mmol), 2 (0.48 mmol), NIS (0.4 mmol), p-xylene (4 mL),

and H>O (200 pL) was stirred at 80 °C for 12 h. “Isolated yield based on 1.
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3.3.2 5-BE DK MEAT A= WD B0 S5 M R ALE
1. S-FRFERMAT A=) "H NMR, °C NMR & HR-MS %45 £ 4E
1-(1,2,4-Triphenyl-1H-imidazol-5-yl)ethan-1-one (3aa).
o Q White solid, 82% yield (111.2 mg), mp 156-158 °C; 'H NMR
N (500 MHz, CDCl3) 6 7.67 (d,J=7.1 Hz, 2H), 7.49-7 .42 (m, 6H),
| N/>_© 7.39(d, J=7.5 Hz, 2H), 7.27-7.26 (m, 3H), 7.21 (t,J=7.5 Hz,
2H), 2.09 (s, 3H); *C{'H} NMR (125 MHz, CDCl5) § 190.0,
150.1, 1489, 1379, 1348, 1304, 129.8 (2C), 1294, 129.34
(20), 129.29, 129.2 (2C), 129.0, 128.8, 128.6 (2C), 128.2 (2C), 128.1 (2C), 30 4.
1-(4-(4-Methoxyphenyl)-1,2-diphenyl-1H-imidazol-5-
Q Q yl)ethan-1-one (3ba). White solid, 53% vyield (77.67 mg),
| N)-@ mp 179-181°C; 'H NMR (500 MHz, CDCl3) § 7.61 (d, J =
N 8.2 Hz, 2H), 7.43-7.42 (m, 3H), 7.38 (d, /= 7.6 Hz, 2H),
H3CO 7.29-726 (m, 3H), 7.21 (t,J=7.3 Hz, 2H), 7.01 (d, /=8 .2
Hz, 2H), 3.87 (s, 3H), 2.10 (s, 3H). "*C{'H} NMR (125 MHz, CDCl3) 6 190.0, 160.2,
150.0, 148.9, 138.0, 131.1 (2C), 130.2, 129.5, 129.4 (2C), 129.3, 129.2 (2C), 128.9,
128.2 (2C), 128.1 (2C), 127.1, 114.0 (2C), 55.5, 30.4; HRMS (ESI-TOF) calcd for
C24H21N202 [M+H]" 369.1603, found 369.1617.

1-(1,2-Diphenyl-4-(p-tolyl)-1 H-imidazol-5-yl)ethan-1-one

o @ (3ca). White solid, 85% yield (119.8 mg), mp 190-192°C; 'H
| N/ NMR (500 MHz, CDCl3) 6 7.56 (d,J= 7.5 Hz, 2H), 7.43-7.42

N (m, 3H), 7.38 (d, J= 7.7 Hz, 2H), 7.29-7.25 (m, 5H), 7.21 (t,

J=7.4Hz,2H), 2.42 (s, 3H), 2.11 (s, 3H); *C{'H} NMR (125

MHz, CDCls) 6 190.1, 150.0, 149.1, 138.7, 137.9, 131.8, 130.3, 129.7 (2C), 129.5,
129.4 (2C), 129.3 (3C), 129.2 (2C), 128.9, 128.2 (2C), 128.1 (2C), 30.4, 21.5; HRMS

(ESI-TOF) caled for C24H21N20 [M+H]* 353.1654, found 353.1659.

1-(4-(4-Chlorophenyl)-1,2-diphenyl-1H-imidazol-5-

o @ yl)ethan-1-one (3da). White solid, 81% yield (120.5 mg),

mp 167-169 °C; '"H NMR (500 MHz, CDCl3) 6 7.65 (d, J =
7.5 Hz, 2H), 7.46-7.43 (m, 5H), 7.37 (d, J = 7.6 Hz, 2H),
cl 7.30-7.26 (m, 3H), 7.22 (t, J = 7.4 Hz, 2H), 2.08 (s, 3H);
BC{'H} NMR (125 MHz, CDCl3) 6 189.9, 150.1, 147.2, 137.6, 134.9, 133.1, 131.0

(2C), 130.6, 129.41,129.35(2C), 129.3 (3C), 129.1, 128.8 (2C), 128.3 (2C), 128.0 (2C),
30.5; HRMS (ESI-TOF) caled for C23His*>CIN2O [M+H]*373.1108, found 373.1120.

N

W
N
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1-(4-(4-Bromophenyl)-1,2-diphenyl-1H-imidazol-5-yl)ethan-
Q 1-one (3ea). White solid, 82% yield (136.2 mg), mp 170-172°C;
S‘[N)_@ 'HNMR (500 MHz, CDCl3) 6 7.61 (d, J = 8.6 Hz, 2H), 7.58 (d,
N J =286 Hz, 2H), 7.46-7.41 (m, 3H), 7.37 (d, J = 8.0 Hz, 2H),
7.30-7.25(m, 3H), 7.22(t,J="7.6 Hz, 2H), 2.08 (s, 3H); *C{'H}
NMR (125 MHz, CDCl3) 6 189.9, 150.1, 147.2, 137.6, 133.6, 131.7 (2C), 131.3 (2C),
130.6, 129.40, 129.35 (2C), 129.3 (2C), 129.2, 129.1, 128.3 (2C), 128.0 (2C), 123.2,
30.5; HRMS (ESI-TOF) caled for C23His””BrN2O [M+H]™417.0603, found 417.0605.
1-(1,2-Diphenyl-4-(m-tolyl)-1H-imidazol-5-yl)ethan-1-one
o @ (3fa). White solid, 82% yield (116.1 mg), mp 143-145 °C; 'H
| N,»}—@ NMR (500 MHz, CDCl3) 6 7.52 (s, 1H), 7.43-7.34 (m, 7H), 7.29-
" 7.25 (m, 4H), 7.21 (t. J=7.5 Hz, 2H), 2.43 (s, 3H), 2.11 (s, 3H);
BC{H} NMR (125 MHz, CDCls) 6 190.1, 150.0, 149.2, 138.3,
137.9,134.7,130.30, 130.28, 129.6, 1294 (3C), 129.3, 129.2(2C), 128 9, 128.4, 128 2
(20), 128.0 (2C), 127.0, 30.4, 21.5; HRMS (ESI-TOF) caled for C24H21N20 [M+H]"
353.1654, found 353.1657.
1-(4-(3-Chlorophenyl)-1,2-diphenyl-1H-imidazol-5-yl)ethan-
o) @ 1-one (3ga). White solid, 78% yield (115.9 mg), mp 136-138 °C;
| N/>_© 'H NMR (500 MHz, CDCl3) 6 7.74 (s, 1H), 7.56 (d, J= 6.3 Hz,
N 1H), 7.44-7.37 (m, 7H), 7.30-7.26 (m, 3H), 7.22 (t, /= 7.5 Hz,
2H), 2.10 (s, 3H); C{'H} NMR (125 MHz, CDCls) J 189.8,
cl 150.1, 146 .8, 137.6, 136.4, 134.5. 130.6. 129.73, 129.70, 129.4,
129.3 (2C), 129.24 (2C), 129.19, 129.1, 1289, 128.3 (2C), 128.0 (2C), 127.9, 30.5,
HRMS (ESI-TOF) caled for C23His*>CIN,O [M+H]*373.1108, found 373.1114.
Q 1-(4-(3-Bromophenyl)-1,2-diphenyl-1H-imidazol-5-yl)ethan-
i N 1-one (3ha). White solid, 78% yield (130.2 mg), mp 139-141°C,
| N/>_© 'H NMR (500 MHz, CDCl3) 6 7.90 (s, 1H), 7.61 (d, J= 7.7 Hz,
1H), 7.57(d, /= 8.0 Hz, 1H), 7.44-7.41 (m, 3H), 7.38-7.33 (m,
Br 3H), 7.30-7.26 (m, 3H), 7.22 (t, /= 7.6 Hz, 2H), 2.10 (s, 3H);
BC{'H} NMR (125 MHz, CDCls) 6 189.8, 150.1, 146.8, 137.6, 136.7, 132.6, 131.8,
130.7,130.0, 12943, 129.35 (2C), 129.3 (2C), 129.19, 129.15, 128 4, 128.3 (2C), 128.0
(2C), 122.6, 30.6; HRMS (ESI-TOF) calcd for Ca3His””BrN>O [M+H]* 417.0603,
found 417.0612.
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1-(4-(2-Chlorophenyl)-1,2-diphenyl-1H-imidazol-5-yl)ethan-
0 Q 1-one (3ia). White solid, 75% yield (111.4 mg), mp 154—-156°C;
C;;Ehb_@ 'H NMR (500 MHz, CDCl3) 6 7.61-7.60 (m, 1H), 7.54-7.52 (m,
N 1H), 7.46-7.39 (m, 7H), 7.30-7.26 (m, 3H), 7.21 (t, J = 7.6 Hz,
cl 2H), 2.01 (s, 3H); *C{'H} NMR (125 MHz, CDCl;) 6 188.6,
1505, 146.4, 138.0, 134.6, 134.3, 131.9, 130.8, 1304, 129.9, 129.42, 129.39 (2C),
129.2 (3C), 129.0, 128.2 (2C), 128.1 (2C), 127.2, 29.3; HRMS (ESI-TOF) calcd for
Ca3H15>>CIN,O [M+H]"373.1108, found 373.1120.
1-(4-(2-Bromophenyl)-1,2-diphenyl-1H-imidazol-5-yl)ethan-
0 Q 1-one (3ja). White solid, 74% yield (123.9 mg), mp 133-135°C;
| N}—@ '"H NMR (500 MHz, CDCl3) § 7.72 (d, J= 8.0 Hz, 1H), 7.59 (d, J
" =76Hz, IH), 7.47-7.44 (m,4H), 7.40 (d, /=7.8 Hz, 2H), 7.34-
y 7.26 (m, 4H), 7.21 (t,J= 7.4 Hz, 2H), 1.99 (s, 3H); *C{'H} NMR
(125 MHz, CDCl3) 0 188.4, 150.4, 148.2, 138.0, 136.7, 133.1, 131.8, 130.53, 130.50,
12941, 129.38 (3C), 129.2 (20), 129.0, 128.2 (2C), 128.1 (2C), 127.7, 124.5, 29.5;
HRMS (ESI-TOF) caled for C23His”BrN2O [M+H]" 417.0603, found 417.0613.
1-(4-(3,4-Dimethylphenyl)-1,2-diphenyl-1H-imidazol-5-
g @ yl)ethan-1-one (3ka). White solid, 79% yield (115.9 mg), mp
| N}-@ 158-160°C; 'H NMR (500 MHz, CDCl3) § 7.47 (s, 1H), 7.43—
" 7.40 (m, 3H), 7.39-7.34 (m, 3H), 7.28-7.24 (m, 3H), 7.23-
7.19 (m, 3H), 2.335 (s, 3H), 2.329 (s, 3H), 2.12 (s, 3H); *C{'H}
NMR (125 MHz, CDCl3) 6 190.2, 150.0, 149.3,138.0,137.4, 136.9,132.2, 130.8, 130.2,
1298, 129.5, 129.4 (2C), 129.23, 129.20 (2C), 128.9, 128.2 (2C), 128.1 (2C), 127.3,
30.4, 19.9, 19.8; HRMS (ESI-TOF) calcd for CasHz3N20 [M+H]* 367.1810, found
367.1823.
1-(1,2-Diphenyl-4-(thiophen-2-yl)-1H-imidazol-5-yl)ethan-1-
0 @ one (3la). White solid, 70% yield (96.2 mg), mp 173-175°C; 'H
N NMR (500 MHz, CDCl3) 6 7.67-7.65 (m, 1H), 7.46-7.44 (m,4H),
S | N@ 7.38=7.36 (m, 2H), 7.29-7.23 (m, 5H), 7.15-7.12 (m, 1H), 2.07
AN \ (s, 3H); BC{'H} NMR (125 MHz, CDCls) § 189.8, 149.8, 1415,
1375, 135.9, 130.6, 129.6 (2C), 129.5, 129.4 (3C), 129.1, 128.8, 128.3 (2C), 128.0

(20), 127.6, 127.5, 30.2; HRMS (ESI-TOF) calced for C21Hi17N2OS [M+H]" 345.1062,
found 345.1069.
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1-(1,2,4-Triphenyl-1H-imidazol-5-yl)propan-1-one  (3ma).
0 Q White solid, 62% yield (87.8 mg), mp 182-184 °C; '"H NMR
E :[ N/>_© (500 MHz, CDCl3) 6 7.40 (d, J = 8.2 Hz, 2H), 7.32-7.23 (m,
N 11H), 7.01 (d,J= 8.1 Hz, 2H), 3.19 (q,/=7.3 Hz, 2H), 1.19(t,
J = 7.3 Hz, 3H); BC{'H} NMR (125 MHz, CDCls) § 197.8,
146.7, 138.1, 137.1, 136.2, 130.9 (2C), 129.9, 129.3 (2C), 129.1 (3C), 128.9, 128 .8,
128.6, 128.32 (2C), 128.25 (2C), 127.8 (2C), 33.2, 8.0; HRMS (ESI-TOF) calcd for
C24H21N>O [M+H]" 353.1654, found 353.1655.
Q 2,2-Dimethyl-1-(1,2,4-triphenyl-1H-imidazol-5-yl)propan-
it I-one (3na). White solid, 69% yield (104.7 mg), mp 178-180
I N)—@ °C; "H NMR (500 MHz, CDCl3) § 7.60 (d, J = 7.4 Hz, 2H), 7.43
: (t.J=7.5Hz, 1H), 7.39-7.36 (m, 2H), 7.35-7.32 (m, 5H), 7.15
(t,J=7.8 Hz, 2H), 7.07 (t, J=74 Hz, 1H),6.77 (d, /= 7.8 Hz,
2H), 1.58 (s, 9H); PC{'H} NMR (125 MHz, CDCl3) § 174.8,171.9,163.3,139.1, 136.2,
131.1,129.6, 129.3 (2C), 129.1 (2C), 128.9, 128.8 (3C), 128.6 (2C), 127.5(2C), 126.2,
124.8(2C), 36.1,30.0 (3C); HRMS (ESI-TOF) caled for C26H2sN>0 [M+H]" 381.1967,
found 381.1974.
Phenyl(1,2,4-triphenyl-1H-imidazol-5-yl)methanone (30a).
0 Q Yellow solid, 51% yield (81.6 mg), mp 183-185°C [Lit.> 183—
N/)_@ 184 °C]; "H NMR (500 MHz, CDCls) 6 7.70 (d, J = 7.4 Hz,
N 2H), 7.50-7.48 (m, 2H), 7.46 (d, J= 7.3 Hz, 2H), 7.37-7.24
O (m,9H), 7.19-7.14 (m, 5H); "*C{'H} NMR (125 MHz, CDCl;)
0187.8,149.9,146.8,137.8,137.2,133.5,133.1, 130.0 (2C), 129.6, 129.4 (2C), 129.30
(20), 12925, 1292 (3C), 129.0, 128.4 (2C), 1282 (2C), 128.1 (2C), 127.93 (2C),
127.90.
1-(1-(4-(tert-Butyl)phenyl)-2,4-diphenyl-1H-imidazol-5-
yl)ethan-1-one (3ab). White solid, 53% yield (84.0 mg), mp
o 166—168 °C; '"H NMR (500 MHz, CDCl5) § 7.67 (d, J= 7.1 Hz,
I N)_@ 2H), 7.49-7.45 (m, 3H), 742 (d, J = 8.6 Hz, 2H), 738 (d. J =
N 7.5Hz, 2H), 7.29-7.26 (m, 1H), 7.22-7.17 (m, 4H), 2.09 (s, 3H),
1.35 (s, 9H); BC{'H} NMR (125 MHz, CDCl3) § 190.3, 152.2,
150.2, 148.8, 135.2, 134.9, 130.5, 129.8 (2C), 129.6, 1294 (2C), 129.3, 128.9, 128.6

(2C), 128.3 (2C), 127.6 (2C), 126.2 (2C), 35.0, 31.5 (3C), 30.6; HRMS (ESI-TOF)
caled for C27H27N20 [M+H]" 395.2123, found 395.2125.
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White solid, 82% vield (115.5 mg), mp 154—156°C; "H NMR (500

| N/>_© MHz, CDCl3) 6 7.67 (d, J= 7.3 Hz, 2H), 7.49-7.43 (m, 3H), 7.41

N (d,J=7.6 Hz, 2H), 7.30-7.26 (m, 1H), 7.24-7.21 (m, 4H), 7.15 (d,

J = 8.1 Hz, 2H), 2.41 (s, 3H), 2.09 (s, 3H); 3C{'H} NMR (125

MHz, CDCl3) 6 190.2, 150.0, 148.8, 139.0, 135.2, 134.8, 130.5, 129.9 (2C), 129.8 (2C),

129.6, 1294 (2C), 129.2, 128.8, 128.6 (2C), 128.2 (2C), 127.7(2C), 30.5, 21.4; HRMS

(ESI-TOF) caled for C24H2iN20 [M+H]* 353.1654, found 353.1658.

F 1-(1-(4-Fluorophenyl)-2,4-diphenyl-1H-imidazol-5-yl)ethan-

o Q 1-one (3ad). White solid, 80% yield (114.2 mg), mp 161-163°C;

;L N 'H NMR (500 MHz, CDCl3) 6 7.65 (d, J = 6.8 Hz, 2H), 7.50—

| N/>_@ 7.45 (m, 3H), 7.39 (d, J=7.3 Hz, 2H), 7.30 (t, J = 7.3 Hz, 1H),

7.26-7.23 (m,4H), 7.11 (t,J= 8.5 Hz, 2H), 2.11 (s, 3H); C{'H}

NMR (125 MHz, CDCls) § 189.9, 162.3 (d, J = 250.0 Hz, 1C), 150.4, 149.3, 134.7,

133.9(d,J=3.5Hz, 1C), 130.2, 129.9, 129.84, 129.79 (2C), 129.5, 1294 (2C), 129.2,

129.0, 128.6 (2C), 128.4 (2C), 116.3, 116.1, 30.4. 'F NMR (471 MHz, CDCls) 6 -

111.77; HRMS (ESI-TOF) caled for Ca3H;s!°FN,O [M+H]* 357.1403, found 357.1415.

cl 1-(1-(4-Chlorophenyl)-2,4-diphenyl-1H-imidazol-5-yl)ethan-

o @ 1-one (3ae). White solid, 81% yield (119.9 mg), mp 163-165°C;

N 'H NMR (500 MHz, CDCls) 6 7.64 (d,J= 7.4 Hz, 2H), 7.50-7.45

gr\f}_@ (m, 3H), 7.43-7.38 (m, 3H), 7.36-7.29 (m, 3H), 725 (t, J= 7.6

Hz, 2H), 7.17 (d, J = 7.8 Hz, 1H), 2.11 (s, 3H); *C{'H} NMR

(125 MHz, CDCl3) ¢ 189.7, 150.2, 149.4, 139.0, 134.7, 134.6, 130.13, 130.07, 129.8

(20), 129.6, 129.3 (3C), 129.0 (2C), 128.6 (2C), 128.38 (2C), 128.36, 126.5, 30.3;
HRMS (ESI-TOF) caled for C23H1s*CIN,O [M+H]" 373.1108, found 373.1121.

Br 1-(1-(4-Bromophenyl)-2,4-diphenyl-1H-imidazol-5-yl)ethan-

o Q 1-one (3af). White solid, 80% yield (133.2 mg), mp 166-168 °C;

/jU\ N 'H NMR (500 MHz, CDCl3) 6 7.64 (dd, J=7.8, 1.4 Hz, 2H), 7.55

| N@ (d,J= 8.6 Hz, 2H), 7.50-7.44 (m, 3H), 7.38 (d, J= 7.3 Hz, 2H),

732 (t,J=7.3Hz, 1H), 726 (t, /=74 Hz, 2H), 7.14 (d, J= 8.6

Hz, 2H), 2.11 (s, 3H); *C{'H} NMR (125 MHz, CDCl5) § 189.9, 150.2, 149.4, 137.0,

134.6, 132.5 (2C), 130.2, 129.83 (2C), 129.75 (2C), 129.6, 1294 (2C), 129.1, 129.0,

128.7 (2C), 1284 (2C), 123.0, 30.4; HRMS (ESI-TOF) caled for CasHis"BrN2O
[M+H]™ 417.0603, found 417.0608.

1-(2,4-Diphenyl-1-(p-tolyl)-1 H-imidazol-5-yl)ethan-1-one (3ac).
0 gﬁ
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1-(2,4-Diphenyl-1-(m-tolyl)-1H-imidazol-5-yl)ethan-1-one
0 Q/ (3ag). White solid, 78% yield (109.4 mg), mp 149-151°C; 'H
| ,>_® NMR (500 MHz, CDCls) 6 7.67 (d, J = 7.5 Hz, 2H), 7.49-7.43
(m, 3H), 7.41 (d, J = 9.0 Hz, 2H), 7.32-7.21 (m, 5H), 7.08 (s,
2H),2.36 (s, 3H), 2.09 (s, 3H); *C{'H} NMR (125 MHz, CDCl;)
0190.1, 149.9, 148.7, 139.3, 137.7, 134.8, 130.4, 129.8, 129.7 (2C), 129.5, 129.3 (2C),
1292, 129.0, 128.8, 128.54 (2C), 128 .46, 128.2 (2C), 125.1, 30.5, 21.4; HRMS (ESI-
TOF) caled for C24H2iN20 [M+H]" 353.1654, found 353.1663.
B 1-(1-(3-Bromophenyl)-2,4-diphenyl-1H-imidazol-5-yl)ethan-
(o) 1-one (3ah). White solid, 78% yield (129.7 mg), mp 154-156°C;
| N/>_® 'H NMR (500 MHz, CDCl3) § 7.64 (d, J = 7.4 Hz, 2H), 7.57 (d,
g :N J =178 Hz, 1H), 7.50~7.44 (m, 4H), 7.39 (d, J = 7.7 Hz, 2H),
7.33-7.21 (m, 5H), 2.11 (s, 3H); *C{'H} NMR (125 MHz,
CDCls) 0 189.6, 150.1, 1493, 139.1, 134.6, 132.1, 131.1, 130.2, 130.1, 129.7 (20C),
1295, 129.3 (2C), 128.93, 128.92, 128.5 (2C), 128.3 (2C), 126.9, 122.4, 30.2; HRMS
(ESI-TOF) calcd for C23His””BrN20 [M+H]* 417.0603, found 417.0615.
1-(2,4-Diphenyl-1-(o-tolyl)-1H-imidazol-5-yl)ethan-1-one
0 (3ai). White solid, 73% yield (103.0 mg), mp 104-106 °C; 'H
E!i N@ NMR (500 MHz, CDCls) 6 7.68 (d, J = 6.8 Hz, 2H), 7.50~7.45
N (m,3H),7.41(d,J=74Hz 2H), 737 (t,J=7.0Hz, 1H), 7.30—
7.26 (m, 3H), 7.23-7.20 (m, 3H), 2.09 (s, 3H), 2.03 (s, 3H);
BC{'H} NMR (125 MHz, CDCls) ¢ 189.7, 149.6, 149.3, 137.3, 135.9, 135.0, 131.0,
129.89, 129.86 (2C), 129.5, 129.42,129.39, 128.9, 128.8 (2C), 128.6 (2C), 128.3 (2C),
128.2, 126.9, 30.1, 17.7; HRMS (ESI-TOF) calcd for C24H21N,O [M+H]" 353.1654,
found 353.1657.
1-(2-(4-Chlorophenyl)-1,4-diphenyl-1H-imidazol-5-
0 Q yl)ethan-1-one (3aj). White solid, 80% yield (120.5 mg),
N mp 156-158°C; 'H NMR (500 MHz, CDCls) § 7.65 (d, J =
| N/>_<i>7CI 7.4 Hz, 2H), 7.50-7.44 (m, 6H), 7.32 (d, J = 7.9 Hz, 2H),
726 (d, J= 6.3 Hz, 2H), 7.19 (d, J = 8.1 Hz, 2H), 2.09 (s,
3H); BC{'H} NMR (125 MHz, CDCls) ¢ 190.0, 149.0, 148.9, 137.7, 135.6, 134.62,
130.55 (3C), 129.7 (2C), 1294 (2C), 129.2, 129.0, 128.64 (2C), 128.58 (2C), 128.0

(2C), 127.9, 30.4; HRMS (ESI-TOF) calcd for C3H;s3CIN,O [M+H]* 373.1108, found
373.1116.
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1-(2-(4-Bromophenyl)-1,4-diphenyl-1H-imidazol-5-

o Q yl)ethan-1-one (3ak). White solid, 79% yield (131.7 mg),

N mp 169-171°C; 'H NMR (500 MHz, CDCls) 8 7.65 (d, J

| N/>—©—Br =72Hz, 2H), 7.50-7.44 (m, 6H), 7.35 (d, J= 8.4 Hz, 2H),

7.27-7.25 (m, 4H), 2.09 (s, 3H); 3C{'H} NMR (125 MHz,

CDCl3) ¢ 190.0, 137.7, 1346, 131.5 (2C), 130.8 (3C),

130.6, 129.7(2C), 129.4 (2C). 129.2, 129.0, 128.6 (3C), 128 .4, 128.0 (2C), 124.0, 30.4;

HRMS (ESI-TOF)caled for C23Hs”BrN,O [M+H]"417.0603, found 417.0614.

1-(1,4-Diphenyl-2-(m-tolyl)-1 H-imidazol-5-yl)ethan-1-one

o) Q (3al). White solid, 77% yield (108.0 mg), mp 139-141°C; 'H

| “»_d NMR (500 MHz, CDCl3) § 7.67 (d, J= 7.1 Hz, 2H), 7.49-7.40

N (m, 6H), 7.37 (s, 1H), 7.27-7.26 (m, 2H), 7.10-7.04 (m, 2H),

7.0(d,J=7.5 Hz, 1H),2.24 (s, 3H),2.09 (s, 3H); 3C{'H} NMR

(125 MHz, CDCl3) 6 190.0, 150.2, 149.0, 138.1, 138.0, 134.8, 130.3 (2C), 130.1, 129.8

(2C), 129.24, 129.19 (2C), 128.9, 128.8, 128.6 (2C), 128.1 (2C), 128.0, 126.2, 30.4,
21.4; HRMS (ESI-TOF) calcd for C24H21N20 [M+H]" 353.1654, found 353.1670.

1-(1,4-Diphenyl-2-(o-tolyl)-1 H-imidazol-5-yl)ethan-1-one
o}

(3am). White solid, 72% yield (101.8 mg), mp 115-117°C; 'H

N
i ,>_© NMR (500 MHz, CDCl3) 6 7.71 (d, J = 7.2 Hz, 2H). 7.48-7.41
N (m, 3H). 7.30-7.29 (m, 3H), 7.19 (t.J = 7.5 Hz. 1H), 7.13-7.11

(m, 4H), 7.04 (t, J = 7.5 Hz, 1H), 2.23 (s, 3H), 2.15 (s, 3H);

BC{'H} NMR (125 MHz, CDCl3) § 190.3, 150.9, 148.2, 138.1, 137.2, 134.6, 130.8,

130.2, 129.8(2C), 129.5, 129.44, 129.39, 128.85 (2C), 128.77, 128.49, 128.46 (2C),

127.4 (2C), 1252, 30.4, 20.3; HRMS (ESI-TOF) caled for CasH21N2O [M+H]"
353.1654, found 353.1659.

1-(1-(3,5-Dimethylphenyl)-2,4-diphenyl-1H-imidazol-5-

o) yl)ethan-1-one (3an). White solid, 75% yield (109.4 mg), mp

N 171-173 °C; '"H NMR (500 MHz, CDCl5) § 7.67 (d, J= 7.5 Hz,

>_@ 2H), 747 (t,J=7.3 Hz, 2H), 7.44-741 (m, 3H), 7.30-7.21 (m,

3H), 7.06 (s. 1H), 6.88 (s, 2H), 2.31 (s, 6H), 2.08 (s, 3H);

BC{'H} NMR (125 MHz, CDCl5) § 190.2, 149.7, 148.5, 139.0, 137.6, 134.8, 130.7,

130.5, 129.7 (2C), 129.6, 129.21 (2C), 129.18, 128.7, 128.5 (2C), 1282 (3C), 125.5

(2C), 30.5,21.3 (2C); HRMS (ESI-TOF) calcd for C25H23N20 [M+H]" 367.1810, found

367.1814.

.
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cl 1-(1-(3,4-Dichlorophenyl)-2,4-diphenyl-1H-imidazol-5-

Q/ cl ylethan-1-one (3a0). White solid, 72% yield (117.8 mg), mp

1 N 191-193 °C; 'H NMR (500 MHz, CDCls) § 7.62 (dd, J = 7.9,

| N/>_® 1.5 Hz, 2H), 7.51-7.46 (m, 4H), 7.41 (s, 1H), 7.39 (d, J = 2.1

Hz, 2H), 7.35-7.32 (m, 1H), 7.30-7.26 (m, 2H), 7.14 (dd, J =

8.6, 2.4 Hz, 1H), 2.12 (s, 3H); *C{'H} NMR (125 MHz,

CDCl3) 0 189.6, 150.4, 149.7, 137.3, 134.5, 133.4, 133.1, 130.8, 130.1 (2C), 129.83

(2C), 129.81, 129.4 (2C), 129.1, 128.8, 128.7 (2C), 128.6 (2C), 127.7, 30.3; HRMS
(ESI-TOF) caled for C23H17°CLN2O [M+H]" 407.0718, found 407.0726.

1-(1,4-Diphenyl-2-propyl-1H-imidazol-5-yl)ethan-1-one (3ap).

O Q Orange oil, 63% yield (76.5 mg), '"H NMR (500 MHz, CDCl;) 6

| N/>I 7.63—7.60 (m, 2H), 7.53-7.43 (m, 6H), 7.28-7.25 (m, 2H), 2.50

N (t, J=7.8 Hz, 2H), 2.04 (s, 3H), 1.74-1.67 (m, 2H), 0.90 (t, J =

7.4 Hz, 3H); *C{'H} NMR (125 MHz, CDCl3) 6 189.2, 153.1,

148.8, 137.6, 135.0, 129.8 (2C), 129.4, 129.3 (2C), 129.0, 128.7, 128.4 (2C), 127.4

(20),29.9,29.1, 21.5, 14.0; HRMS (ESI-TOF) calcd for C20H21N>O [M+H]" 305.1654,
found 305.1668.

2. 5-FRFEBKIRATA ) 3ah () X-5HEL R ATE R AL

1E 3-5°C N WNAEH/ IE CRERE Y S8 15 KSR KA 3ah BT, A &0
8 MoKo 485 (A = 0.71073 A) CCD THI FFRIM # A7 44X (Bruker APEX-1D, 41
FEYE Y 4.902 < 20 < 55.034<13 ZJKY) 3ah AR W Table 3-2 fiw, &
SHELXT Structure Solution FJASAEFIN LA SHELXL #5084 B B /s — Ty fi
Mriife&4) 3ah FRL, SRS FIWT Figure 3-1 s

I
\
\
X

Figure 3-1
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Table 3-2. Crystal Data and Structure Refinement for 3ah

Identification code CCDC 2379367
Empirical formula C23H17N20Br
Formula weight 417.29
Temperature/K 294

Crystal system triclinic

Space group P-1

a/A 9.0223 (7)

b/A 10.0152 (7)

c/A 11.8342 (9)

of/° 103.506 (2)

B/ 112.130 (2)

v/° 90.395 (2)
Volume/A? 957.81 (12)

Z 2

Pealcg/cm’ 1.447

w/mm-! 2.161

F(000) 424.0

Radiation 0.12 x0.11 x 0.1

20 range for data collection/® MoKa (A =10.71073)
Index ranges 4.902 to 55.034
Reflections collected -11<h<11,-12<k<13,-15<1<15
Independent reflections 31580
Data/restraints/parameters 4401 [Rine = 0.0694, Rsigma = 0.0458]
Goodness-of-fit on F? 4401/0/245

Final R indexes [[>=2c ()] 1.063

Final R indexes [all data]
Largest diff. peak/hole / e A

R1=0.0513, wR> =0.1493
R1=0.0618, wR> =0.1587

333K () &M

IR ER W, ZNAEZ R P ROR A, BIHERATT AT TR
() R ARFC R BAE A B I SE A . A DAL G 3aa 16 BN AT
WK CGa2l) B (Scheme 3-2). 24 1a (6 mmol) F12a (7.2 mmol) TE&HHFK
NP, 3 B AEATT 4372 3aa 2308 80% (1.62 gD
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(0] 0 Ph
Ph NH A
i * X P NIS, Hp0 > =il
N= Ph ” p-xylene, 80 °C, 12 h N
Ph
1a 2a 3aa
1.12 g (6 mmol) 1.41 g (7.2 mmol) 1.62 g, 80%

Scheme 3-2

3.4 RE/NG

Zx bR, AR EE DI Sho, B- A AR EEAER 1 5K 2 AJERL, R Rk S5-I
WKIEATAY) 3 W B 26 T 2 1.0 A B3R b o, B- A AT R REMARER | 1.2 4 &K
1.0 B & H NIS BLK 200 pl HoO #EXF = HIZRIE A (Vi:Va=1:20), Ji# & 80°C
SN 12 h, S B ARAT T AR ST I R, AR R X NS & M. X T
X— N HEYY R, BATBEE R 3 KA S-BrIEBRMATAY 30 4, Hilk
BECUF, 1 51-85% 2 7], iX R B R BLAEIEA AN [F HUREE I 20 R 4 (& 1,
Hor F5 2R R A B2, AT A B SRR, I8 Dl % 17 H AR Mg
177 P R K e DL R 5 P KM, X kB AR T TR N E M T TR IR,
A1 T 'THNMR. *CNMR PL & HR-MS RAE, iFBHZ R Y045 7 i IR
Bk DASE, SAERA S S S, FRATIEHEAT T OR () RN, DALE4) 3aa
A BN S B, BB AS 3] TR A 80% (1.62 g) HIF=4) 3aa, IX—HAIK)
PR R LR BB RAFISCHPE . T FIRSLIGRE, Z 52— P A6 ak
S-PREEKPR R Tk, B BRI IE M DA SE M, ISP ERFE R JERL 515 B
WCERIRGT, N 5-TE LK RAT A M & AR A 1 BB AR
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SBATE NIS {REER) 4-BEEEBK M) &

4.1 SEESER 4y

4.1.1 {CE ARG

=R B aipF A= FK

T 2.1 2.8 Syt T ik F R PR A R
3R 3L PR T Syrat BT ik F R PR A F
B IR 2,1 Syt T i F R PR A R
HHEA XAl [ 2552 A2 R A R A A
VE R fh2al [ 244 AL 2 WU B A )
R ENTRER: (400 HD {2t L TR AT
FEEEHTRER (200-300 H)  fhae4b L AR AR

T SRR B AR A =

4.2 Hi5r=W) 4 WAL (BA 4aa A1)

0 0
Ph NH
_ NIS N
o) + UL _pn >~ N\
}\,)—i_/ Ph™ "N MeCN, H,0, | N>_Ph
0 Ph
80°C, 16 h b
1a 2a 4aa
Scheme 4-1

7£ 25 mL SR E I 0.4 mmol P 5bo, B-A AT REEREER 1a+ 0.48 mmol
Pk 2a. 0.6 mmol NIS 1 Z 5 4 mL A% 200 uL H,O, J#AE 80°C M 16 h, 4R
A HEEE, IMAEERENER (200-300 B) JGHE0ER %, 2T CRH
f: PR CEE=4:1) 4y B 2174 100.10 mg, 7=ZN 74%.
43 R 58
4.3.1 4-BREBKAT VIR R R

Rt — DR A N 4-TEFEDRMART A W) ] & v, FRATTAE A Al 4-ToEFE K
WEAT VIR RS T (1.0 B IR S o, B- A AT REMEER . 1.2 {EAIK. 1.5

ZEM NIS. 200 pL H20 7£ 4 mL ZJF¥H T 80 °C NI 16 h) X AT
i I AR Do, BN LR SRR 1 RK 2 MIIUARIE, SRR R
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A7 BE SN DA B LT RS 1% 28 S B (R RE A o BT 40 iz (Table 4-1), 84T
T T I Ao, B- AN AN SR EEEER 1 1) R2FE[F] (4ba-dla), YHRAE 55%-73%
Z 18], SRZy T F-OCH: MISCREHICA 55% (4ba), [FIFE, FRATHY & T 4434
PRV, 2 R B MENy BT, AR B 65% 1) (4lad; T o AT
e 7 I oho, B- AR S REREE 1 g RYIER], BARIA] S-TRIE KT A )
P RE—8, BT R'EFAFEEONRUT I, . 23, HERFAHE, [ s-
P S DK PRATT AR 0 () A BRSO AN R, 4- B JE KPR T AR 0 () 4 B n PR, DRIBRAR 2
B 1) 5 A AR e A BIFRA TR =4, WA WSS 2 7 J5 R ALK doa, W2
N 51%. F2 TR, TATSCLK 2 ERERE, B scl RY BT, PR R AE 62%-
80% [H] (dac-dai), Frp, FRATKEY dae KT W4, L X-F28 5 RATH
SPLFE R IEAT TP TR A ISR R B3R ASHT IR R, 7
YICRTE 51%-72%2 18] (4aj-d4ap). %L, ALY 724 27 A, JELEX 4-FE
FERR AT AE M R R, UERA T %R N A R IR E
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Table 4-1. NIS-Promoted Synthesis of 4-Acylimidazoles 44°

o}
_K NH NIS, H,0 RN
Q * 3IJ\ _R* —t Ll | \>_R3
N= R N MeCN, 80 °C, 16 h 2N
H R \
R4 R*
1 4
o o} o
N N
\>_Ph \)—Ph \)—Ph | )—pnh | »—Ph
N N
Ph Ph
H,CO Br
4aa, 74% 4ba, 55% 4ca, 73% 4da, 72% 4ea, 72%
o} o o
J J N N
\>—Ph )‘Ph )—Ph | H—Ph | D—pn
N N
Ph Ph
Cl Br
4fa, 71% 4ga, 71% 4ha, 69% 4ia, 65% 4ja, 63%
o} o o o
N, N N
A\ A\
|N>—Ph \)—Ph O \)—Ph Rai | D—Pn
b S \ ph” N pn” N
N\
40a, 519 F
4ka, 70% 4la, 65% 0a, 51% 4ac, 74% 4ad, 71%
0 : (e} [0} (e}
N .39""‘[\‘ ; N N N
| H—Ph N/ | D—Pn | »—Pn | H—Ph
pr” N = a4 P N P N pn” N
e ; \v...,
Gt 4\
\ Br
Cl \ Br
4ae, 74% 4af, 80% 4ag, 70% 4ah, 68%
0
N 0 o) 0 Q
Rl N N N, N
P N pr” N Ph” N PR™
Ph Ph Ph Ph
4ai, 62% 4aj, 69% 4ak, 67% 4al, 68% 4am, 60%
9 o o
N
N N
AN
*ircé DSV ' o8
PR, pn” N P N
Ph ol Ph
4an, 72% 4ao, 69% 4ap, 51%

“Reaction conditions: a mixture of 1 (0.4 mmol), 2 (0.48 mmol), NIS (0.6 mmol), CH;CN (4 mL),
and H>O (200 pL) was stirred at 80 °C for 16 h. “Isolated yield based on 1.

41



S YN 1 e AT

4.3.2 4-BRZEPRMEAT A= WD 45 M RAE
1. 4-BREEDKPERT AP0 "TH NMR, °C NMR A& HR-MS %4 & 1E
o 1-(1,2,5-Triphenyl-1H-imidazol-4-yl)ethan-1-one (4aa).
E Il N\>_© White solid, 74% yield (100.4 mg), mp 172-174 °C; 'H NMR
N (500 MHz, CDCl3) 0 7.38 (d,J=7.3 Hz, 2H), 7.28-7.20 (m, 11H),
@ 6.97 (d, J= 7.7 Hz, 2H), 2.60 (s, 3H); *C{'H} NMR (125 MHz,
CDCl3) 0 194.8, 146.9, 138.4, 137.5, 136.2, 130.9 (2C), 129.8,
129.31 (2C), 129.1 (3C), 128.9, 128.8, 128.7, 128.3 (2C), 128.3 (2C), 127.9 (2C), 28.3;
HRMS (ESI-TOF) calcd for C23Hi19N2O [M+H]" 339.1497, found 339.1502.
0 1-(5-(4-Methoxyphenyl)-1,2-diphenyl-1H-imidazol-4-
/@é‘j:%_@ yl)ethan-1-one (4ba). White solid, 55% yield (80.5 mg), mp
N 209-211 °C; '"H NMR (500 MHz, CDCl3) 6 7.37 (d, J = 7.4
@ Hz, 2H), 7.31-7.22 (m, 6H), 7.13 (d, /= 8.6 Hz, 2H), 6.98 (d,
J="1.5Hz, 2H), 6.77 (d, J = 8.6 Hz, 2H), 3.76 (s, 3H), 2.60
(s, 3H); *C{'H} NMR (125 MHz, CDCls) § 194.9, 159.8, 146.7, 138.4, 137.4, 136.3,

132.2 (2C), 129.9, 129.4 (2C), 129.1 (2C), 128.9, 128.8, 128.3 (4C), 121.0, 113.4 (2C),
55.2,28.3; HRMS (ESI-TOF) caled for C24Ha1N20, [M+H]" 369.1603, found 369.1609.

Q 1-(1,2-Diphenyl-5-(p-tolyl)-1 H-imidazol-4-yl)ethan-1-one
N
/@?‘\/E \>_© (4ca). White solid, 73% yield (103.3 mg), mp 194-196 °C; 'H
N

H5CO

NMR (500 MHz, CDCl3) 6 7.37 (dd, J = 7.6, 1.3 Hz, 2H),

7.30-7.21 (m, 6H), 7.08 (d, J = 8.1 Hz, 2H), 7.04 (d, /= 8.0

Hz, 2H), 6.98 (d, J= 7.1 Hz, 2H), 2.59 (s, 3H), 2.28 (s, 3H);

BC{'H} NMR (125 MHz, CDCls) 6 194.8, 146.8, 138.6, 138.6, 137.5, 136.3, 130.7

(2C), 129.9,129.3 (2C), 129.1 (2C), 128.9, 128.8, 128.6 (2C), 128.29 (2C), 128.26 (2C),

126.0, 28.3, 21.4; HRMS (ESI-TOF) caled for C24H21N2O [M+H]" 353.1654, found
353.1657.

9 1-(5-(4-Chlorophenyl)-1,2-diphenyl-1H-imidazol-4-

| N\>_© yl)ethan-1-one (4da). White solid, 72% yield (107.4

mg), mp 183-185 °C; 'H NMR (500 MHz, CDCls) 6

Cl @ 7.36 (d, J=7.9 Hz, 2H), 7.33-7.24 (m, 6H), 7.21 (d, J

=8.2 Hz, 2H), 7.13 (d, /= 8.3 Hz, 2H), 6.97 (d, J=7.8

Hz, 2H), 2.65 (s, 3H); *C{'H} NMR (125 MHz, CDCls) 6 195.2, 147.1, 137.7, 136.9,

136.0, 134.9, 132.3 (2C), 129.7, 129.6 (2C), 129.13 (2C), 129.09 (2C), 128.4 (20),

128.23 (2C), 128.22 (2C), 127.5, 28.2; HRMS (ESI-TOF) calcd for C23H;s>>CIN,O
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[M+H]" 373.1108, found 373.1115.

o 1-(5-(4-Bromophenyl)-1,2-diphenyl-1H-imidazol-4-
N yl)ethan-1-one (4ea). White solid, 72% yield (119.7 mg),
>_© mp 204-206 °C; 'H NMR (500 MHz, CDCl3) § 7.36 (d, J
@ =8.0 Hz, 4H), 7.34-7.23 (m, 6H), 7.07 (d, J= 7.4 Hz, 2H),
6.97 (d, J = 8.0 Hz, 2H), 2.65 (s, 3H); *C{'H} NMR (125
MHz, CDCl3) 6 195.2, 147.1, 137.7, 136.8, 136.0, 132.5 (2C), 131.1 (2C), 129.7 (2C),
129.6 (2C), 129.11 (2C), 129.07, 128.4 (2C), 128.2 (2C), 128.0, 123.2, 28.2; HRMS

(ESI-TOF) caled for C23His”BrN>O [M+H]* 417.0603, found 417.0610.

9 1-(1,2-Diphenyl-5-(m-tolyl)-1 H-imidazol-4-yl)ethan-1-one
N

B (4fa). White solid, 71% yield (99.8 mg), mp 168-170 °C; 'H

N? NMR (500 MHz, CDCl3) 6 7.38 (d, J = 7.1 Hz, 2H), 7.30-7.23

Br

(m, 6H), 7.12 (t, J= 7.6 Hz, 1H), 7.07 (d, J = 7.6 Hz, 1H), 7.03

(s, 1H), 6.99-6.97 (m, 3H), 2.59 (s, 3H), 2.24 (s, 3H); *C{'H}

NMR (125 MHz, CDCls) 0 194.9, 146.8, 138.7,137.6, 137.5, 136.4, 131.6, 130.0, 129.6,

129.3 (2C), 129.2 (2C), 129.0, 128.9, 128.8, 128.3 (4C), 128.0, 127.8, 28.3, 21.4;
HRMS (ESI-TOF) caled for C24H21N2O [M+H]" 353.1654, found 353.1659.

o 1-(5-(3-Chlorophenyl)-1,2-diphenyl-1H-imidazol-4-yl)ethan-

N 1-one (4ga). White solid, 71% yield (106.3 mg), mp 168-170 °C;

| N\>_© "H NMR (500 MHz, CDCl3) ¢ 7.37 (d, J = 7.4 Hz, 2H), 7.34—

@ 7.29 (m, 4H), 7.27-7.24 (m, 3H), 7.21 (s, 1H), 7.17 (t,J= 7.8 Hz,

Cl 1H), 7.07 (d, J= 7.7 Hz, 1H), 6.99 (d, J = 7.3 Hz, 2H), 2.66 (s,

3H); BC{'H} NMR (125 MHz, CDCl;) ¢ 195.1, 147.1, 137.8, 136.5, 135.9, 133.7,

131.0, 130.9, 129.7, 129.5 (2C), 129.13 (2C), 129.10 (4C), 128.9, 128.4 (2C), 128.2

(20), 28.2; HRMS (ESI-TOF) calcd for Ca3His*>CIN.O [M+H]" 373.1108, found

373.1114.

Q 1-(5-(3-Bromophenyl)-1,2-diphenyl-1H-imidazol-4-

| N\>_® ylethan-1-one (4ha). White solid, 69% vield (114.8 mg), mp

N 174-176 °C; '"H NMR (500 MHz, CDCls) § 7.40-7.35 (m,

@ 4H), 7.33-7.24 (m, 6H), 7.13-7.10 (m, 2H), 6.99 (d, J=7.2

o Hz, 2H), 2.65 (s, 3H); *C{'H} NMR (125 MHz, CDCl3) §

195.1, 147.1, 137.8, 136.4, 135.9, 133.8, 131.8, 131.1, 129.7, 129.59, 129.55 (2C),

129.3,129.2,129.1 (3C), 128.4 (2C), 128.2 (2C), 121.8, 28.2; HRMS (ESI-TOF) calcd
for C23H1s”"BrN>O [M+H]" 417.0603, found 417.0612.
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0 1-(5-(2-Chlorophenyl)-1,2-diphenyl-1H-imidazol-4-
| N\>_® yl)ethan-1-one (4ia). White solid, 65% yield (97.1 mg), mp
N 129-131 °C; 'H NMR (500 MHz, CDCls) § 7.60 (dd, J = 5.6,
cl @ 3.6 Hz, 1H), 7.54-7.51 (m, 1H), 7.46-7.39 (m, 7H), 7.30-
7.26 (m, 3H), 7.21 (t,J= 7.5 Hz, 2H), 2.01 (s, 3H); *C{'H}
NMR (125 MHz, CDCl3) 6 188.6, 150.5, 146.4, 138.0, 134.6, 134.3, 132.0, 130.9, 130.4,
130.0, 129.4 (3C), 129.26, 129.23 (2C), 129.0, 128.3 (2C), 128.1 (2C), 127.2, 29.3;
HRMS (ESI-TOF) calcd for C23His*>CIN2O [M+H]" 373.1108, found 373.1113.
o 1-(5-(2-Bromophenyl)-1,2-diphenyl-1H-imidazol-4-
| N\>_© ylethan-1-one (4ja). Yellow solid, 63% yield (105.7 mg),
:)E:N mp 129-131 °C; 'H NMR (500 MHz, CDCl3) § 7.72 (d, J =
Br @ 8.0 Hz, 1H), 7.59 (dd, J = 7.5, 1.4 Hz, 1H), 7.46-7.42 (m,
4H), 7.41 (s, 1H), 7.39 (d, J = 1.2 Hz, 1H), 7.32-7.26 (m,
4H), 7.21 (t, J= 7.5 Hz, 2H), 1.99 (s, 3H); *C{'H} NMR (125 MHz, CDCls) § 188.3,
150.4, 148.1, 138.0, 136.7, 133.1, 131.8, 130.5, 129.42,129.40 (3C), 129.2 (3C), 129.0,
128.2 (2C), 128.1 (2C), 127.7, 124.5, 29.5; HRMS (ESI-TOF) calcd for C23His’’BrN,O
[M+H]" 417.0603, found 417.0610.
o) 1-(5-(3,4-Dimethylphenyl)-1,2-diphenyl-1H-imidazol-4-
| N\>_© ylethan-1-one (4ka). White solid, 70% yield (103.1 mg), mp
N 154-156 °C; 'H NMR (500 MHz, CDCls) 6 7.38-7.36 (m, 2H),
@ 7.30-7.21 (m, 6H), 6.99-6.97 (m, 4H), 6.89 (d, J= 7.7 Hz, 1H),
2.58 (s, 3H), 2.18 (s, 3H), 2.14 (s, 3H); *C{'H} NMR (125
MHz, CDCl3) 6 194.8, 146.7, 138.8, 137.4, 137.3, 136.3, 136.0, 132.0, 130.9, 129.23
(20), 129.15, 129.1 (2C), 128.8, 128.7, 128.3 (2C), 128.24 (2C), 128.17, 126.3, 28.3,
19.74, 19.73; HRMS (ESI-TOF) calcd for CosH2sN>O [M+H]" 367.1810, found
367.1815.
O 1-(1,2-Diphenyl-5-(thiophen-2-yl)-1H-imidazol-4-yl)ethan-
<3‘):N\>_@ 1-one (4la). White solid, 65% yield (88.9 mg), mp 194-196 °C;
S N '"H NMR (500 MHz, CDCl3) 6 7.39-7.35 (m, 3H), 7.33-7.30
\ | @ (m, 3H), 7.28 (d, J = 7.2 Hz, 1H), 7.26-7.22 (m, 2H), 7.09—
7.07 (m, 3H), 6.92 (dd, J = 5.0, 3.7 Hz, 1H), 2.64 (s, 3H);
BC{'H} NMR (125 MHz, CDCl3) § 194.8, 147.4, 138.6, 136.2, 131.4, 131.3, 129.6,

129.5 (2C), 129.3, 129.08, 129.05 (2C), 128.7, 128.5, 128.4 (2C), 128.3 (2C), 126.6,
28.3; HRMS (ESI-TOF) calcd for C21H7N,0S [M+H]" 345.1062, found 345.1067.
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0 Phenyl(1,2,5-triphenyl-1H-imidazol-4-yl)methanone (40a).
N\>_@ Yellow solid, 51% yield (81.1 mg), mp 167-169 °C; 'H NMR
O N (500 MHz, CDCl3) 6 8.26 (dd, J = 8.1, 1.0 Hz, 2H), 7.50-7.47
@ (m, 1H), 7.41-7.40 (m, 4H), 7.30-7.19 (m, 11H), 7.06—7.04 (m,

2H); 3C{'H} NMR (125 MHz, CDCls) § 189.0, 146.7, 140.5,

138.3, 137.6, 136.4, 132.3, 131.0 (2C), 130.9 (2C), 130.0, 129.4 (2C), 129.2 (30C),
128.91, 128.90, 128.5, 128.4 (2C), 128.3 (2C), 128.0 (2C), 127.9 (2C); HRMS (ESI-

TOF) calcd for C2sH21N2O [M+H]" 401.1654, found 401.1658.
1-(2,5-Diphenyl-1-(p-tolyl)-1 H-imidazol-4-yl)ethan-1-one

O
| N\ (4ac). White solid, 74% yield (104.9 mg), mp 184-186 °C; 'H
i§ N NMR (500 MHz, CDCl3) 6 7.39 (d, J = 7.6 Hz, 2H), 7.29-7.23
(m, 6H), 7.20 (d, J = 6.5 Hz, 2H), 7.02 (d, J = 8.1 Hz, 2H), 6.85
(d, J = 8.0 Hz, 2H), 2.59 (s, 3H), 2.29 (s, 3H); *C{'H} NMR
(125 MHz, CDCl3) 0 194.8, 146.9, 138.8, 138.5, 137.5, 133.6,
130.9 (2C), 130.0, 129.9 (2C), 129.2, 129.1 (2C), 128.9, 128.7, 128.3 (2C), 127.92 (2C),
127.85 (2C), 28.2, 21.2; HRMS (ESI-TOF)caled for Co4H2N2O [M+H]" 353.1654,
found 353.1659.
Q 1-(1-(4-Fluorophenyl)-2,5-diphenyl-1H-imidazol-4-yl)ethan-
| N\>_© 1-one (4ad). White solid, 71% yield (101.6 mg), mp 189-191 °C;
\ 'H NMR (500 MHz, CDCls) 6 7.38 (d, .J = 7.0 Hz, 2H), 7.32—
Q 7.26 (m, 6H), 7.19 (d, J = 6.4 Hz, 2H), 6.97-6.91 (m, 4H), 2.60
F (s, 3H); *C{'H} NMR (125 MHz, CDCl3) 6 194.7, 163.2, 161.2,
146.9, 138.4, 137.6, 132.28, 132.25, 130.9 (2C), 130.02, 129.95, 129.7, 129.12 (2C),
129.10, 129.0, 128.9, 128.4 (2C), 128.0 (2C), 116.6 116.4, 28.2; ’F NMR (471 MHz,
CDCls) § -111.27; HRMS (ESI-TOF) calcd for C23His'"FN,O [M+H]" 357.1403, found
357.1412.
o 1-(1-(4-Chlorophenyl)-2,5-diphenyl-1H-imidazol-4-yl)ethan-
| N\>_© 1-one (4ae). White solid, 72% yield (107.1 mg), mp 200-202 °C;
i§ N "H NMR (500 MHz, CDCl;3) § 7.38-7.36 (m, 2H), 7.33-7.26 (m,
Q 6H), 7.22-7.17 (m, 4H), 6.90 (d, J = 8.6 Hz, 2H), 2.59 (s, 3H);
5 BC{'H} NMR (125 MHz, CDCl3) J 194.8, 146.8, 138.2, 137.7,
134.82, 134.78, 130.9 (2C), 129.6 (3C), 129.5 (2C), 129.2 (3C),

129.0, 128.9, 128.5 (2C), 128.1 (2C), 28.2; HRMS (ESI-TOF) calcd for C23His3CIN2O
[M+H]" 373.1108, found 373.1114.
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1-(1-(4-Bromophenyl)-2,5-diphenyl-1H-imidazol-4-yl)ethan-
1-one (4af). White solid, 80% yield (137.4 mg), mp 215-217 °C;
"H NMR (500 MHz, CDCls) § 7.37-7.35 (m, 4H), 7.33-7.24 (m,
6H), 7.19-7.17 (m, 2H), 6.83 (d, J = 8.6 Hz, 2H), 2.59 (s, 3H);
BC{'H} NMR (125 MHz, CDCI3) 6 194.8, 146.8, 138.1, 137.7,
135.3, 132.6 (2C), 130.9 (2C), 129.8 (2C), 129.6, 129.2 (3C),

129.0, 128.8, 128.5 (2C), 128.1 (2C), 122.9, 28.3; HRMS (ESI-TOF) calcd for
C23Hi1s””BrN,O [M+H]" 417.0603, found 417.0618.

i

1-(2,5-Diphenyl-1-(m-tolyl)-1 H-imidazol-4-yl)ethan-1-one
(4ag). White solid, 70% yield (99.1 mg), mp 237-239 °C; 'H
NMR (500 MHz, CDCl3) 6 7.35 (d, J = 7.1 Hz, 2H), 7.26-7.18
(m, 6H), 7.15 (d, J = 6.2 Hz, 2H), 7.09-7.02 (m, 2H), 6.73 (d, J
= 6.3 Hz, 2H), 2.55 (s, 3H), 2.14 (s, 3H); *C{'H} NMR (125

MHz, CDCl3) ¢ 194.9, 146.8, 139.4, 138.5, 137.6, 136.2, 130.9 (2C), 130.0, 129.6,
129.2,129.1 (2C), 129.0, 128.9, 128.8, 128.7, 128.3 (2C), 127.9 (2C), 125.4,28.3,21.3;
HRMS (ESI-TOF) calcd for C24H21N20 [M+H]" 353.1654, found 353.1661.

F30

1-(1-(3-Bromophenyl)-2,5-diphenyl-1H-imidazol-4-yl)ethan-
1-one (4ah). White solid, 68% yield (113.8 mg), mp 174-176 °C;
"H NMR (500 MHz, CDCl3) § 7.42 (d, J= 7.9 Hz, 1H), 7.38 (d,
J=17.0 Hz, 2H), 7.33-7.26 (m, 6H), 7.19 ((d, J = 5.8 Hz, 2H),
7.14 (s, 1H), 7.11(d, J = 7.9 Hz, 1H), 6.92 (d, J = 7.8 Hz, 1H),

2.60 (s, 3H); 3C{'H} NMR (125 MHz, CDCL3) § 194.8, 146.8, 138.2, 137.7 137.5,
132.1, 131.3, 130.9 (2C), 130.5, 129.5, 129.3, 129.2 (2C), 129.1, 128.7, 128.5 (2C),
128.1 (2C), 127.1, 122.6, 28.3; HRMS (ESI-TOF) calcd for Co3HisBrNO [M+H]*
417.0603, found 417.0610.

i

1-(2,5-Diphenyl-1-(o-tolyl)-1 H-imidazol-4-yl)ethan-1-one
(4ai). White solid, 62% yield (86.8 mg), mp 179-181 °C; 'H
NMR (500 MHz, CDCls) ¢ 7.40 (d, J = 7.5 Hz, 2H), 7.29-7.19
(m, 9H), 7.15-7.08 (m, 3H), 2.63 (s, 3H), 1.84 (s, 3H); *C{'H}
NMR (125 MHz, CDCIl3) ¢ 194.9, 146.7, 138.4, 137.6, 135.8,

135.4, 131.3, 130.6 (2C), 130.0, 129.6, 129.2, 129.01, 128.96, 128.8, 128.39 (2C),
128.37 (20), 127.8 (2C), 126.9, 28.3, 17.7; HRMS (ESI-TOF) caled for CasHziN2O
[M+H]" 353.1654, found 353.1658.
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o 1-(2-(4-Chlorophenyl)-1,5-diphenyl-1H-imidazol-4-
Oé‘\/[N\ C N yl)ethan-1-one (4aj). White solid, 69% yield (103.2 mg),
N mp 179-181 °C; 'H NMR (500 MHz, CDCls) § 7.31 (t, J
@ =8.3 Hz, 3H), 7.28-7.25 (m, 4H), 7.23 (d, /= 5.3 Hz, 2H),
7.20-7.18 (m, 3H), 6.99-6.97 (m, 2H), 2.58 (s, 3H);
BC{!H} NMR (125 MHz, CDCls) 6 194.6, 145.7, 138.6, 137.7, 136.0, 135.1, 130.8
(2C), 130.3 (2C), 129.5 (2C), 129.1, 128.9, 128.8, 128.6 (2C), 128.3, 128.2 (2C), 127.9
(2C), 28.2; HRMS (ESI-TOF) caled for C23His*CIN,O [M+H]* 373.1108, found
373.1119.
o] 1-(2-(4-Bromophenyl)-1,5-diphenyl-1H-imidazol-4-
E Il N\>_©78r yDethan-1-one (4ak). White solid, 67% yield (112.0 mg),
N mp 191-193 °C; 'H NMR (500 MHz, CDCl3) 6 7.38 (d, J =
@ 8.3 Hz, 2H), 7.32-7.22 (m, 8H), 7.18 (d, J = 7.2 Hz, 2H),
6.97 (d, J = 8.0 Hz, 2H), 2.58 (s, 3H); *C{'H} NMR (125
MHz, CDCl3) ¢ 194.6, 145.7, 138.7, 137.7, 136.0, 131.6 (2C), 130.9 (2C), 130.5 (20),
129.5 (20), 129.1, 128.87, 128.86, 128.76, 128.2 (2C), 127.9 (2C), 123.5, 28.2; HRMS
(ESI-TOF) caled for C23His""BrN>O [M+H]" 417.0603, found 417.0608.
o 1-(1,5-Diphenyl-2-(m-tolyl)-1 H-imidazol-4-yl)ethan-1-one
| N\>_C§ (4al). White solid, 68% yield (95.3 mg) , mp 164-166 °C; 'H
( § N NMR (500 MHz, CDCls) ¢ 7.36 (s, 1H), 7.30-7.23 (m, 6H),
@ 7.20 (d, J = 6.4 Hz, 2H), 7.11-7.06 (m, 2H), 7.00-6.97 (m,
3H), 2.60 (s, 3H), 2.27 (s, 3H); *C{'H} NMR (125 MHz,
CDCl3) 0 194.9, 147.1, 138.4, 138.2, 137.5, 136.3, 130.9 (2C), 130.0, 129.7 (2C), 129.3
(2C), 129.2, 128.8, 128.7, 128.3 (2C), 128.0 (2C), 127.9, 126.1, 28.3, 21.5; HRMS
(ESI-TOF) caled for C24H21N>,O [M+H]" 353.1654, found 353.1663.
o 1-(1,5-Diphenyl-2-(o-tolyl)-1 H-imidazol-4-yl)ethan-1-one
| N\>_© (4am). White solid, 60% yield (84.9 mg), mp 137-139 °C; 'H
( i N NMR (500 MHz, CDCl3) 6 7.26-7.23 (m, 5H), 7.21 (d,J=7.5
@ Hz, 1H), 7.17-7.12 (m, 5H), 7.07 (t, J= 7.5 Hz, 1H), 6.83 (d,
J=7.1Hz,2H), 2.63 (s, 3H), 2.23 (s, 3H); *C{'H} NMR (125
MHz, CDCls) ¢ 195.1, 147.1, 138.3, 137.1, 137.0, 135.7, 131.1, 131.0 (2C), 130.4,

129.8,129.4,129.1, 128.9 (2C), 128.7, 128.3, 127.9 (2C), 127.7 (2C), 125.5, 28.3, 20.3;
HRMS (ESI-TOF) calcd for C24H21N20 [M+H]" 353.1654, found 353.1655.
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o 1-(1-(3,5-Dimethylphenyl)-2,5-diphenyl-1 H-imidazol-4-
| N\>_© ylethan-1-one (4an). White solid, 72% yield (105.5 mg), mp

/\?/IF :N 179-181 °C; 'H NMR (500 MHz, CDCl3) 6 7.42 (d, J = 7.8

Q\ Hz, 2H), 7.30-7.20 (m, 8H), 6.89 (s, 1H), 6.58 (s, 2H), 2.59

(s, 3H), 2.15 (s, 6H); *C{'H} NMR (125 MHz, CDCl;) ¢

194.8, 146.7, 139.0, 138.6, 137.4, 136.0, 130.9 (2C), 130.5, 130.0, 129.3, 129.0 (20C),

128.9, 128.7, 128.2 (2C), 127.8 (2C), 125.9 (3C), 28.3, 21.1 (2C); HRMS (ESI-TOF)
calcd for C2sH23N>O [M+H]" 367.1810, found 367.1817.

o] 1-(1-(3,4-Dichlorophenyl)-2,5-diphenyl-1H-imidazol-4-
| N\>_© yl)ethan-1-one (4a0). White solid, 69% yield (111.9 mg), mp
179-181 °C; 'H NMR (500 MHz, CDCl3) 6 7.39-7.37 (m, 2H),

Q\CI 7.35-7.21 (m, 7H), 7.20-7.18 (m, 2H), 7.08 (d, J = 2.3 Hz, 1H),

& 6.82 (dd, J = 8.5, 2.3 Hz, 1H), 2.60 (s, 3H); 3C{'H} NMR (125

MHz, CDCls) 6 194.6, 146.7, 138.0 137.7, 135.5, 133.30, 133.29, 131.0, 130.8 (20),

129.9, 129.4, 129.2, 129.13, 129.10 (2C), 128.6 (2C), 128.5, 128.2 (2C), 127.5, 28.2;
HRMS (ESI-TOF) caled for C23H17°°CILN2O [M+H]" 407.0718, found 407.0723.

O 1-(1,5-Diphenyl-2-propyl-1H-imidazol-4-yl)ethan-1-one (4ap).

Il N\>1 White solid, 51% yield (62.1 mg), mp 124-126 °C; '"H NMR (500

N MHz, CDCl3) 6 7.35-7.32 (m, 3H), 7.22-7.17 (m, 5H), 7.08-7.05

@ (m, 2H), 2.58 (t, J=7.8 Hz, 2H), 2.49 (s, 3H), 1.71-1.63 (m, 2H),

0.89 (t,J=7.4 Hz, 3H); *C{'H} NMR (125 MHz, CDCl3) 6 194.5,

149.1, 137.5, 136.6, 135.7, 130.7 (2C), 129.4 (3C), 129.0, 128.5, 128.0 (2C), 127.8

(20), 29.5,28.3, 21.6, 14.0; HRMS (ESI-TOF) calcd for C2oH21N2O [M+H]* 305.1654,
found 305.1658.

2. A-PRFEBRMEATAEY) 4ae 1) X-HH 2R B AT SR AE

£ 3-5°C T MWNER/IE Che i &P h 21845 K A3 2 IS 4ae B, IR A S5
% MoKo 485 (A = 0.71073 A) CCD TH FEHRMI 5 HT 41X (Bruker APEX-1D, #7
WYL N 4.53 <20 <54.98 <15 2KV 4ae HL A EIE N Table 4-2 78, 4 SHELXT
Structure Solution [RIASEARSIVER SHELXL 540841 /> — ek gt B4k &
V) 4ae FIFZY, GRS HIUN Figure 4-2 s
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Figure 4-2

Table 4-2. Crystal Data and Structure Refinement for 4ae

Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o

of
pre

vI°

Volume/A?

Z

Pealeg/cm’

w/mm-!

F(000)

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A7

CCDC 2379368
C23H17CIN2O
417.29

294

monoclinic
C2/c

19.910 (4)
10.374 (2)
20.720 (3)

90

115.397 (5)

90

3866.1 (12)

8

1.285

0.212

1560.0
0.3x0.2x%x0.2
MoKa (A =10.71073)
4.53 to 54.98

-25<h<25,-13<k<13,-26<1<26

50906

4429 [Rint = 0.0807, Rsigma = 0.0227]

4429/0/245

1.223

R1=10.0959, wR> = 0.1577
R1=0.1264, wR>=0.1724
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433 K () &M

BT BIRSES, FRA T — PR TOX R N RSP, TR R R N AR A T 4 LA
K15 £%, CAF=4) 4aa (& BORBIEATIOR (5290 KB (Scheme 4-2). 24 1a
(6 mmol) #12a (7.2mmol) 7EfgfEFM T RMNE, 7 &4t n] 13 r=4) 4aa 1)/~
FNT2% (1.468),

O (0]
Ph INH N
(o) — NIS, H,O
v * Ph)\N,Ph f - | )—Ph
N H CH3CN, 80 °C, 16 h N
Ph \
Ph
1a 2a 4aa
1.12 g (6 mmol) 1.41 g (7.2 mmol) 1.46 9, 72%

Scheme 4-2

4.4 A BING

g FRTR, AT DL Sbo, B-AEAN R LEREER 1 5K 2 N ERL, TEA R 4-T Ak
WKIERTAEA) 4 (P B A 254 T (1.0 MR [ Sbo, B- A AN R REMEER L 1.2 M 1k
1.5 24E ) NIS L A% 200 pul HoO 7€ 4 mL Z 557 F, In#E 80 °C KM 16 h)
BEATIROY &, WARFRBARE = rsgm, 943 27 NEY, F=R1E
51-80% [a], UFBA T iZRMNEA REFHEErE, S Tra Ry, ®A1aEd 7
'HNMR. *CNMR Pl HR-MS RAE, iEHZRYEM P IEFE. sbsh, ANiEH
R PSR, BATIEHEAT THOR G KRB, LMEAY) 4aa (6 BONRAR
SN, AR TICEN 72% (1.46g) HIF=4) 4aa, X—45 BRI IZ N EA R
TP SE R FE T BIRSREG, FRATRINAR 2] T — Pl B B il 25 4-Th LK AT AR )
BT ik, 27 R R E YA ST M, BSOSk B, B i 4 Ak 5
IR, AR A-BEIE R AT AE R T TR
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BEEGRERE

5.1 45

WKIEAE A D RE 73 3~ Hh i — SR B BRI G5 M, FEAEWIR 24555 A 2 U A A )
ZHINIHT, Forr, P E R MEAT A=V A2 A P VR AT LS T B A R R
R, SEHRAGHLE B, oy 1 Ba/BEL s & A, g 2 N AR E
JRATIE . ST F AT, XTI KT AE M S ORIk B R, BRI AR
—REMRRYE, anER R SRR A N

DRI, AT el — ol SO f] B, S P B AR fREA ) T B 5 19 5 L S K
AT AE DR 7 i 83 B A o, B~ TR R S A e 0 DR ) ER R S, e B
5-Pj L K EAT AR AN 4-TBE S KT A )

R4

/
NIS, H 1 N

2 > R J‘T />_R3
p-xylene, 80 °C, 12 h N

R2

R2 1\“4 5-acylimidazoles
(0] + J\ /R4
\ R® °N
N= H

R' N
NIS, HO R1lt -
MeCN, 80 °C, 16 h =N
R \
R4

4-acylimidazoles

Scheme 5-1

HAANEWT:
(1) MR Fha, B- AT EEMEER 1a APK 22 EBBUS N, AE R

B 1R 2P 3aa Fl 4aa, ET 'THNMR. PCNMR UL X-Bi28 B S AT 0 P2 45

PRI — 20 WA= S5-Ik S5 K 3aa AT 4-EFEDKPE daa . 383 X s B A
TS VRS KR R BT BER LS A T, #f e & i B bR 74 3aa
PREERAEN: 1.0 RIS o, B- A FEEEER 1a (0.4 mmol). 1.2 &=
Pk 2a (0.48 mmol) 1 1.0 Z4E ) NIS (0.4 mmol) 7EX} HZE (4mL) #HR AN
A 200 puL H2O XM 12 h 1321724 3aa 72 R i N 82%; 1 A 1 B AR7=4) 4aa
M AESRM N 1.0 MBI IR o, B-AEFFEEMR 1a (0.4 mmoD). 1.2 X&)
Pk 2a (0.48 mmol) F1 1.5 24 &) NIS (0.6 mmol) 7E ZFEWE (4 mL) FhmA
200 pL H20 B 16 h 33724 daa 7= R 5 =N 74%. W% S HLELRE— 5 505
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BGAE, FFiEIE HR-MS W S B L & B

(2) DA b, B-AEAN R EEREER 1 APk 2 AJREL, SR 5-FAE K 3aa
PR FE SRR T RMT IR &, @I X3 Ah o, B- A AN S EERE AR 1 AT 2 B
A, AR E AT TL, IERCT 30 MR, FUERAE 53-85% 18], {A
FERERI, AN SELEK PR I D EAT I 2, 3 St oAt AR J ot R ok
W DL R 5 Tt e WK PR PR 1) 6, AEAZ 07V T R AT AR B ih S8 B IS R, & il
17 Tt 25k PR A AR %5 T R R B 3L 1 v, FRATTET & U BT B PR g5 R it T

'"HNMR. “CNMR Pl HR-MS, FSZ TiZ&5 0 EmtE . s, NIIF

SSESE M, FATEHAT 1 e GO 5, B alifh 5 R Tk 80%.

(3) LAIRAhon, B-ANHLRT S BERE R 1 FOfK 2 A5k}, B4 BR 4-T LK daa (1)
B FHHTIRYIY R, JBIE X IR oho, B- AN AT S BEMER 1 A1k 2 - HURIE R
B, X RN E AT, AT 27 NEY), PRERAE 51-80% 2 7], 5 5-
BRI AR A, BR Ok ah, FRAVNAZ B 7 5 Bk, HoRk
JIi F7 T JE K R BB Bl 5 s, 3 AT R I SATLER S 40 O, JE AT RE A2 BT 6
AT L R I I P 52 7 2% AP 2SR BE O P, BSOMEIR A AR IR DT Ik B ket . JRATT P&
R T PR A iR 7 THNMR . *CNMR BLK HR-MS, ESE T %456 1) IEf

Mo TERAESIER, NIIERNIEEN:, BATEIT T W gsoRREe, »saitk
JEWCRTTIA 72%.

IR TAE A B KSR AL 1 f 70, ROV EERE A () TR
VAT S-TEILIBRIEAD 4-ToR LK e () X SO FEMEA B (b)) 43 A8 PR Fh 73245 2]
WCRERUF I S-THE IR RN 4-FRBEmRIdE s (o) Z 7 VEAMN AT DAFH SRl £ 2. 2 K
M, 3 TP T ) £ A TG 7 TR S R e A O TR SRR DR e, OGRS (D) iR R
AIRRLE R 5 A s, ARSI AR, JRE ) S

5.2 RE

ARV S ZEWETC T IR Fh o, B- AN VAN S7: W WA I R IBK 0 A5 10 S I 15 ol I 2k K e
A, WS R FEE AT 2 1 S-IE I DKM 4-TBE SR E . 1% 5 BTV R
A XIGEFENELF . RN B 5 S, AT AR AR D7 ik Tl S R AR SR A
I T8 GBOR S CUEWIZ 7 I H % 1 I RRUREA: P (R RE 77 o 3125 VA R 22 A
SERKIE R SR, WT LA N T A B 24 DA A WL A R ANKERR & AT, 228
R SE DK RT AV AT I& o JE LA 55 5 AR RE KIERT A= F 7 S8 8, JRATTIE
A DLE R S o, B- AR, R AR IA T B A4, 1 J5 221 T 3 )55 21 3
bR, X IR E AR B AR T
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Figure S6. 13C{'H} NMR (125 MHz, CDCl;3) of compound 3ca
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Figure S33. 'H NMR (500 MHz, CDCI3) of compound 3ac
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Figure S34. BC{'H} NMR (125 MHz, CDCls) of compound 3ac
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Figure S35. '"H NMR (500 MHz, CDCl3) of compound 3ad
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Figure S36. 3C{'H} NMR (125 MHz, CDCI;) of compound 3ad
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Figure S38. 'H NMR (500 MHz, CDCI3) of compound 3ae

PBE 08—

L906'9L
009L'LL
ErlyLL

96059241
095821
CYBTETL
ZG09'8Z1
SPREETI
SLPTETL
69ZT 6T
GLBS 6T
S6LLBTL
99900}
SLELOEL
5065 VSl
9T6IEL
9866851
879T 67k~
£891°06L

£558'68)L —

{
095924~ ﬂL

£r8eeTL” T
2509821 —-————

YBe' 8L — —

SLPT 6L~ —
69ge el

5185621 — -

CBLLBLL ————

99800~ -
Sleloel—

129.2 128.8 128.4
£l (ppm)

129.6

120.0

-10

a0 20 10

40

=
B

80

B0

0

120 110 100
£l (ppm)
78

130

140

Figure S39. 3C{'H} NMR (125 MHz, CDCls) of compound 3ae

200

210



S YN 1 e AT

00000—

L6oLT—

Zvel's
elglL
8erz L
0652 2
5671
0L0g' L
551€4
POEE L1
€L
108E 1
SPBE L
9LEY 1
SESY LA
BGIY £~
80LY L
6381 L
888y .
085 24
Zpss L
80592
Nmmmi
e
769 L

Br

Zpel L—
elsLLi—

8EPT L~
0652 L—
SELT LT
0L0% L~
S5LTL—
POST L7

SLLT PN,
L08E L~
svee L’
QLEY Ln
ST i~
859 i~
mo&iw
B5aY L

B85V L

048G 47
ZPss L7

momw,n
wwmw,nM
09r9 L7
wmvm,n\

rooe

A

=00'¢

96°L
P9Z
S0'L
€0’k
lA”om.o
Lhe
ooe
ooz

3.5

Figure S40. '"H NMR (500 MHz, CDCl3) of compound 3af
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Figure S44. '"TH NMR (500 MHz, CDCI3) of compound 3ah
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Figure S45. 3C{'H} NMR (125 MHz, CDCl3) of compound 3ah
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Figure S48. 'H NMR (500 MHz, CDCI3) of compound 3aj
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Figure S48. 3C{'H} NMR (125 MHz, CDCls) of compound 3aj
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Figure S52. '"H NMR (500 MHz, CDCIls3) of compound 3al
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Figure S53. 3C{'H} NMR (125 MHz, CDCls) of compound 3al
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Figure S54. '"H NMR (500 MHz, CDCI3) of compound 3am
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Figure S55. BC{'H} NMR (125 MHz, CDCls) of compound 3am
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Figure S56. '"TH NMR (500 MHz, CDCl3) of compound 3an
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Figure S57. BC{'H} NMR (125 MHz, CDCl3) of compound 3an
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Figure S58. 'H NMR (500 MHz, CDCIl3) of compound 3ao
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Figure S60. '"H NMR (500 MHz, CDCI3) of compound 3ap
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Figure S86. 'H NMR (500 MHz, CDCI3) of compound 40a
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Figure S88. 'H NMR (500 MHz, CDCI3) of compound 4ac
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Figure S110. 3C{'H} NMR (125 MHz, CDCI3) of compound 4am
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Figure 113. 'H NMR (500 MHz, CDCIl3) of compound 4ao

§e6L'82— Z

@)

0091°4d
Sl

828b 221
516182}
£L8r'8Z)
5hL5'82)
8/80'62}
792162}
LPbZ 6z
£750'62)
7EPE 621
7150051
5.6 05}
LBz SShk
LP0EEElt
0Ll —

iPLLIEh —_—
%5.5% 6L61'8Z)
LZhLarh—

Nmom.mhw

£L8yr'8Zl~
SLLSBZL—

9L60'6Z1~
29zl'ezL”
Pz 6zl
€eee'6el

58651761 —
pepe' 6zl —

Cl
Cl

4ao

L

u_J

|

- J

EE—— N

a0

1 o
Figure S114. BC{'H} NMR (125 MHz, CDCIl3) of compound 4ao
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Figure 115. '"H NMR (500 MHz, CDCls) of compound 4ap
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Figure S116. *C{'H} NMR (125 MHz, CDCl3) of compound 4ap
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