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INVESTIGATION ON SELECTIVE SYNTHESIS OF
SPIROIMIDAZOLINES

ABSTRACT

Spiroimidazoline is a special type of active framework, and many
natural products and chemically synthesized drug molecules with
Important biological activities are some kind of spiroimidazoline or its
derivatives. Therefore, research on the construction and properties of
spiroimidazoline and its derivatives has been attracting wide attention in
the fields of organic synthesis. There have been numerous reports on the
synthesis of spiroimidazoline, and some of them have exhibited fairly
good results. However, most of them still have some limitations to some
extent, such as the use of more complex or not easily available starting
materials, the need to separate and purify reaction intermediates, the use
of expensive and toxic catalysts or promoters, harsh reaction conditions
and so on.

Therefore, we herein developed a simple and efficient method for
diastereoselective synthesis of indolinyl spiroimidazolines using
conventional substrates and inexpensive catalysts: the tandem cyclization
of alkylidene oxindoles with N-arylamidines promoted by inexpensive
and safe NIS or catalyzed by CuCl, to diastereoselectively afford novel

anti and syn spiromidazolines, respectively. The details are as follows:
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(1) A model reaction of alkylidene oxindoles with N-arylamamidine
was established, and the optimal synthetic conditions were screened out
as the following: NIS as accelerator in acetonitrile at 50 °C for
diastereoselective synthesis of (anti)-indolinyl spiroimidazolines, and
CuCl, as catalyst in acetonitrile at room temperature (20 °C) in the
presence of air for diastereoselective synthesis of (syn)-indolinyl
spiroimidazolines, respectively.

(2) The tandem NIS-promoted cyclization reactions of different
alkylidene oxindoles with N-arylamamidines were performed in
acetonitrile at 50 °C, and 21 (anti)-indolinyl spiroimidazolines were
diastereoselectively synthesized in 65~96% vyields.

(3) The tandem CuCl,-catalyzed cyclization reactions of different
alkylidene oxindoles with N-arylamamidines were performed in
acetonitrile at 20 °C, and 21 (syn)-indolinyl spiroimidazolines were
diastereoselectively synthesized in 66~90% vyields.

(4) For these two systems (anti and syn), gram-scale synthesis was
accomplished with satisfactory results from representative examples,
exhibiting very good practicability of the present method. Moreover, the
reaction mechanism was reasonably proposed based on a series of
controlled experiments accompanying with some relevant literatures.

The structures of all the products were fully characterized by

'H-NMR, C-NMR and high-resolution mass spectrometry (HRMS)
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analysis, and the anti/syn spatial configuration was clearly confirmed by
X-ray single crystal diffraction analysis on several representative
compounds.

Compared with other methods for synthesis of indolinyl
spiroimidazoles, this method exhibits several advantages as the following:
using safe, cheap and easily available catalysts, simple work-up and high
efficiency, and mild reaction conditions. In particular, the
diastereoselectivity of the reactions can be regulated by employing
controlled reaction conditions. Therefore, this protocol provides a new

strategy for the construction of spirumidazoline framework.

KEY WORDS:
Alkylidene oxindoles; N-Arylamidine; Diastereoselective synthesis;

Spiroimidazoline; N-lodosuccinimide; Copper chloride
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KL GE R AL B W0 () = T 1% o % T iR T = AP IRAS B B AR =4 & Jex
FIERE 36 FIPR =ATAYD 37 ILHEIN AT 2 4 | =4 38, fe o il A i 75
PRl R 2 B A5 B2k R AL &4 39. %5 R E BRI 2 R iF, JRRft T
— P E ARG IR K MEAL S W) & BT 12 (Scheme 1-6).

o o}
R'] R'I
1 1
R2 R3 _R
+ TONTON HIN
| H H DCM, rt PN
Ar Ar N (@]
R2
36 37 38
0
R! R’
PhI(OAc),
— Ar N/R?’
CH,CN, rt
3 N&
RZ O
39
Scheme 1-6
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11

1.3.4 MUEHES BRI IR &1

2022 4F, Chen 25 NIUDLER CUERZER|M: 40 FIBE 41 NJERL, 76 Cu(l)RIHELL
NE L EH S R T B S E SRR S . e, PR OO SR R PR
SN AE A CUbe IR 42, ARG AR [1,5]- AL R A0 N B AR T4 43. %A R
TEBA R ERNE 53845 . RN AR AR S R A5 S A, gk ieLl
EVIE B 7RI I% 12 (Scheme 1-7) .

_N
. )—Ph
. N
AN . NH-HCI Cu,0, 2,2"-bipyridine N
N R” “NH, g
¥ NEt;, CH3CN(dry) N
0,, 100°C, 12 h R’
40 41 42
[1,5]-sigmatropic shift
Scheme 1-7

1.3.5 LS A UK IRIE I b &1
2023 4F, Sharma % N VR HAL £ WL #5241 53 TRORHBUAR 2R I 44

REANEY) 45, TEREE 46 MFEALEY 47, RNAERBITEE A4 48, il
LTS AR A AR KR e R AL B4 49, TLAERH, 12 SR F A A 4 Fr X e
RGP A e R ik B PR, 200 N Aot B B ST A ipso K ST
Ugi IMESORE, e 25 il 1 BRBKIRE IR A6 S 4 o 1207 SRR U ZEBR- B0 H AR ) 1E
TR ANy 8 B LML B B o XA R AN S R IDK PR T A 5 0 ) 7 v AN FH A
) EACTRTES NG, IR 2R S 1V HRIP PR3 R . X2 —Fhix
G R S AL TT i, BT IZ IRV, 3RS BB S B E M)
—Fh#7i& 1% (Scheme 1-8).
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OMe
| \_R4
= OMe OMe
NH X
“’ MeOH, rt R3 | :_R4 Ry z P
1 e , I < 3
. HO__R ~UNH R GA
R3-CN hil 1
+ N_ _R! R
0 o HFLP — )
RT
47 H o 5 R2 O O R
\l//z 48 49
R
46
Scheme 1-8

14 ZRBHFHITLER AEEEX

ZREPTR, DKMEMMEIAME SR LG R BV B PR SA S4
HETZ N A, SRR ) & B S R RE — B A LG BN B R 22 Uk
FIBF AN R o R T IRBKIEI (1 5 BT VA DA i, HIH A — 0 7E S R il
BAFHIROR, BREKER > A A I BT — L8R RYE, L S B Ji R
BRAG G, 28 RN AT A, B D RED, 8 IO e & Bl sl A
SORMEALF, A A AT B AL ), RNV ZEAEANSIRAT, SB[l
Rl VL5 E 2

N Y TEAR BRI, T A L EUREAT R A A T BT B R SRt
P ORA S KPR AR IR L S D 0T R BROTVE R AT I . 53— 7T, $ IR
SN BA AT EAR AT B AR, RNDEHUD, B AR R, O
BOR T, R AT R A0S, T AR IR AT 25 A0 T P 5 28 7 i pRd 2 2
PRIk, S CPRb SRS 2 B T A SR py g 10,

ST UL RS, ARSCEETARWIIT 1 e SRS N-J5 ZE R SR B
MBS, 73 ) SEBI R B s R AL G R MR IR eI AL 5 P RO AR R B & R 1%
JHERARBLAEATF AN SO AR B £ v R 2 G . & oD B L E
L R IR T SRS A, T R DK R IA i 2SR it
— RS T
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BE RXEUBIRS NSRRI R TR

2.1 LIS
2.1.1 £ B AR
INE-ZH S 25 HEFETFK
B IERE (NMR) 84X AVANCEONE (500 MHz) i E A e R R A ]
73 HE TS X ORBITRAP EXPLORIS 120 FEER KRB (PR HIRAA
15 RAX WRS-3 A AR AN ARG TR A F
ARSI INFEE P DF-101D WX T AR PR TR A A
R A ENRIG AT DLSB-5L/20 P FHAES A R T A
TEH AKX AT E SHZ-D WX T HAEA PR TR A A
Jie fr NE A 5R IXZ-2 iR AT RS ARAF
Jie e 75 RAX 41K30RA-C W TR A PR FTEA A
BFRF PX224ZH/E BB CEMD BIRAF
LR T AR CZX-9146 MBE g ERRSE A TR A B RS T )
T EEAE DZF-6020 g —EREEAR A R A F]
FHRALI X ZF-7A THE TS (Bdg) HIRAR
X5 26 B AR AT X SMART APEX CCD F[E Bruker 4]
R kg HEFEFK
Fea sy Hrat [ 25 5 B 2R A BR A 7
G srHTal BRI ER AR (B BRAH
PN srHTat [ 25 5 AL 2R A BR A 7]
LRI srHral ] 25 5 AL 2R A BR 2 7]
=R HEIRE srHTak FER AR (R BIRAA
AfksR Sy Mt | 25 5 AL 2R A A BR A 7
TR R AL TEAl [ 25 5 B 2R G BR A 7
RCTEAT B aIEA R ER AR (B HRAF
iy el srHTat [ 25 5 B 2R A BR A 7
T PR 124k 25 5 B 2R B BR A 7]
R ENTRERE (400 HD 124l H B THRAF
FEENRER (200-300 H)  {L274l BB TARAR
2.1.2 FEREIA R
1\ EXE LG 1 ERK
0 ‘BuO,C
o + _~_OBu CHCl, /
©:‘{& Phsp/jf 60°C, 12 h - o
Ac N
Ac
A B 1a
Scheme 2-1
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PL 1a R, ¥ 2 B EE LT (20 mmol, 1.98 g) A M- 374545571 (22 mmol, 4.34
I ZE] 250 mL [ EJERLEM A, FEI 100 mL &5, 4 SR AP n# & 60°C
PR T R 12 /NI o SR 54 IR ROR G 7A HI A S, INNIE B R R 4
FRAYHEIAE EH 8 (BT VIV LR L8 T=1/8), 73%]5.43 g (7=
#8690 R B[ A SUAEAR G W 1a 2 .

HoAhfe AL BRI A b RS % 1a.

2 N-FSEBK 2 IERL

AICI NH
+ 3 )J\
_Ph
CN NH, 200 °C, 30 min Ph N

C D 2a

Scheme 2-2

PL 2a A, KZAEFEE C (10 mmol, 1.03 g). #% D (11 mmol, 0.93 g) £
AICl3 (1.33 @) A 100 mL P EEKHHEH, 7E 200 °C s S m#Ad £ V. 30-40
min. SR J5 ¥4 E0 2 Z I, NN 10% ) SR ER /K VA, P2 0.6 g i 1t R 4 4 5-10
min AT, SRR R SR BN SR AN K I P R P2 5 min, R E
J5 I R e, T R R IROR R 4G A, 1981 1.72 g (77 3. 88%)
I [ A N-75 5Pk 2a 4l

Hofh N-J5 Bk 10 & BUb R 28 2a.

2.1.3 EALMBIWRER BRI 3 0 4 BIA RREAFAR L 3206

PLE AWk La A1 N-75 5Bk 2a N JEURI SRR )R (Scheme 2-3), R

AN [ 1) e AR PE i 52 VA 70 S FE R O RE, BRERAS U =4 3a Fl da ¥ A= R AT

THo. RMEEHRG, BN LIRS, R S 2i1s 3a Al 4a.
tBU()ZC

Oen O
/ NH 7 Na_Ph

catalyst, solvent . ~Ph -N ;

N . N= (o] N
N H temp, time O o BUO,C Ph
Ac
1a 2a 3a 4a
Scheme 2-3
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2.2 R 5118

TRATOURUT B e SR AN (1a) F1 N-5 K (2a) ARk 23K H br
WEYE . 156, K 1a (0.2 mmol). 2a (0.3 mmol) A1 NIS (0.2mmol) &4,
£ 30 °C I F 2RI P i RE S8 3 h, @i TLC KIZ R A=), 5852l
WG, BRI 'THNMR. PCNMR LA & X-5F 2% 5 AT 5 AT R AE . J@ i 28 8
T CAEL LI H 74— o 0] Bl P ST A S g P AL M R R K IR AL 54, —
T2 S 2 (anti) E AL NG R IR bR 3a, 3 —FE M= (syn) 28 AL 5] R iR K IR bR 4a,
AR IIE K e AL &P & AR T T — 2 A a gt Bk, Azl
Xt 3a 5 da & R AFEET T RGEILAL .

2.2.1 724 3a K 4a BRIESHIRAL R A BURRIN BT

1. X-GH&B@aER RIS

(1) 3a W X-SZR @y inaER 2T

SR N 3a B E M NEIAIE Okt (VIV = 12) (IR EFI AR,
PESTRE T UK A SR T (4 3-5°C) E18iEL, HREEH MM
. PEIE R 3a B . B4 SR # 0 MoKo #25T (A=0.71073 A) CCD R4
BRI ZSATHAL (Bruker APEX-11), 1 3.872<20<49.998 ¥4 vu [ FillE, 753
o X SHRATH S5 Table 2-1 K Table 2-2 . 4 SHELXT Structure
Solution HJAAEAAALIZAN SHELXL FsAb B A i /s — et i Ak &4 3a BIHy
R, SRAKZER I Figure 2-1 o,

M R EIR, 5 CO R A AN W 4h #4510 HH BB (C=0) [M4ME,
M5 C24 HEH AU T BEpEE (C=0) S BAEN, AT RM. B,
TR A2 I 2 (anti ) FE X6 Bt S #4) 42

) ?Zc. . e )c
Al Hoz ar
co,Bu Tk, Y
- RS oed-
g _ © ce > .rm e ¢ Yers
Ac’Nﬁ/\N = \C o fon {/J\Q
T \= ar At i
~\\,\/ o Qh i ‘, (Bexn
o Lo
Figure 2-1
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Table 2-1. Crystal data and structure refinement for 3a

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

(o]

o/
pr°

y/°

Volume/A®

Z

pcalcg/cm3

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 / ¢ A~

Ca9H27N304

481.53

297.15

monoclinic

P2,/n

13.995 (6)

9.593 (4)

20.145 (8)

90

99.788 (15)

90

2665.2 (19)

4

1.200

0.081

1016.0

MoKa (A =0.71073)

3.872 to 49.998
-16<h<16, -11<k=<11, -23<1<23
52695

4666 [Rin; = 0.1091, Rgigma = 0.0517]
4666/0/331

0.948

R; =0.0822, wR, =0.2514
R;=0.1198, wR; =0.2928
0.80/-0.68
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g

Table 2-2. Fractional

displacement parameters (A2x103) for 3a

ctomic coordinates (x104) and equivalent isotropic

Atom X y z U(eq)
€l 2148 (3) 6205 (4) 4989 (2) 89.7 (12)
c2 2068 (2) 4668 (3) 5089.0 (15) 63.7 (8)
€3 1237.4 (18) 2427 (3) 4657.6 (13) 50.4 (7)
C4 1689 (2) 1442 (3) 5112.5 (15) 60.2 (8)
C5 1449 (2) 47 (3) 4985.8 (17) 69.3 (9)
Cé6 782 (2) -359 (3) 4435.0 (18) 69.7 (9)
C7 327 (2) 640 (3) 3988.6 (16) 61.2 (8)
C8 566.6 (18) 2025 (3) 4101.0 (13) 51.0 (7)
c9 187.8 (19) 3292 (3) 3695.1 (13) 49.1 (7)
C10 677.5 (19) 4501 (3) 4121.1 (14) 56.1 (8)
Cl11 -1193.2 (18) 3252 (3) 2959.8 (13) 45.1 (7)
C12 -2242.4 (18) 3189 (3) 2675.5 (13) 47.0 (7)
C13 -2900 (2) 3877 (3) 3011.7 (16) 57.6 (8)
Cl4 -3873 (2) 3839 (4) 2754 (2) 72.3 (10)
C15 -4205 (2) 3088 (4) 2169.8 (18) 71.1 (10)
Cl16 -3564 (2) 2401 (3) 1840.9 (16) 65.0 (9)
C17 -2584.6 (19) 2455 (3) 2087.1 (13) 54.7 (7)
C18 -629.4 (18) 3658 (3) 1866.3 (13) 50.8 (7)
C19 -1004 (2) 4988 (3) 1736.2 (14) 62.1 (8)
C20 -1127 (3) 5526 (4) 1086.1 (18) 79.5 (10)
C21 -863 (3) 4756 (5) 572.2 (18) 87.9 (13)
C22 -479 (3) 3443 (5) 695.3 (18) 88.1(12)
C23 -355(2) 2883 (4) 1349.3 (15) 69.9 (9)
C24 443.0 (17) 3379 (3) 2963.8 (13) 48.7 (7)
C25 1253.1 (19) 2385(3) 2848.6 (15) 58.6 (8)
C26 3027 (2) 2185 (4) 3209 (2) 79.8 (10)
€27 2978 (3) 754 (5) 3530 (2) 96.4 (13)
C28 3701 (3) 3148 (6) 3664 (3) 125'(2)
€29 3271 (3) 2115 (6) 2510 (3) 117.9 (18)
N1 1340.4 (16) 3929 (2) 4658.0 (11) 53.7(7)
N2 -877.7 (16) 3381 (3) 3596.0 (11) 53.4(7)
N3 -493.4 (15) 3086 (2) 2537.7 (10) 48.7 (6)
0] 2599 (2) 4046 (3) 5516.0 (13) 93.3(10)
02 531.5(18) 5726 (2) 4005.7 (13) 84.3 (9)
03 1158.7 (17) 1333(3) 2524.6 (13) 80.5 (8)
04 2079.3 (13) 2912.(2) 3184.8 (11) 65.9 (7)
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(2) 4a W9 X-SHE B R DL RKL T

P Aa B IR TR AR A XS 25 g o0 O R R HTE B 74 3a. A
ZER 0 Figure 2-2 Fis

MESEREIR, 5 CO MR ALMIEE BT HkIE (C=0) M5 C24
BT Berh B FkEE (C=0) LT[R, JERC S ME(syn) 3R 7 fg 4

- Wy
@ N\ A e den Pen
o i 2
N N\ Ph — t{z—;\c\i N
Ac— 7/ = - \j‘/’n
WA ‘g
\ s o, g cas .
Buo,c’ P &g/ ©. !\ S
o 2
Figure 2-2

79 3h Jz Ah A RAL X-SF 2R B g A s SR, ORI 0 2 2 K B A
43540 Figure 2-3 J% Figure 2-4 fiR:

(i“cz @ o1
hC14 c“: ?“\‘ ir‘ ‘
COZEt = T\;“cun & c10 /2—\'\‘
,Ph e c12 : L
Ac*N N — \J\,./j\\/ \‘\7(& A.
0 N= = 25 SR
"{g i",’/"’ c\'czs m»oc -
% \\}ﬁz Eos & -
Figure 2-3
.. £ F f
/ N\ c: \ms /‘i{‘{ \Lc:‘u/ 4 ,.Q ot
N — ol T o
S N
EtO,C  Ph o .
INE2 T @& £ J/C\“
Figure 2-4
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Ju

Table 2-3. Crystal data and structure refinement for 4a

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

o/°

pre

Y/°

Volume/A®

Z

pca|cg/cm3

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 ()]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A~

Ca9H»7N304

481.53

273.15

triclinic

P-1

9.5305 (3)

11.3091 (3)

12,3137 (3)

78.2500 (10)

74.2790 (10)

86.3290 (10)

1250.72 (6)

2

1.279

0.086

508.0

MoKa (A =0.71073)

6.53 to 54.96

-12<h=<12, -14<k<14, -15<1<15
44012

5480 [Rin = 0.0575, Ryjgma = 0.0353]
5480/0/329

1.028

R; =0.0522, wR, = 0.1395
R; =0.0576, wR, = 0.1449
0.22/-0.20

20



KRR IR A0 55 W B 1R B 1 5 BRATT 9T B

Table 2-4. Fractional atomic coordinates (x104) and equivalent isotropic

displacement parameters (A2x103) for 4a

Atom Ull 122 U33 U23
Cl 85.3 (11) 87.0 (12) 58.4 (9) -14.6 (8)
C2 71.7 (9) 60.7 (8) 39.2 (6) -13.6 (5)
(6 45.1 (6) 36.3 (5) 38.6 (6) -11.6 (4)
c4 51.7 (7) 50.4 (7) 43.1 (6) -12.9 (5)
Cs 433 (7) 59.8 (8) 63.1 (8) -13.8 (6)
cé6 44.3 (7) 65.2 (8) 69.7 (9) -10.7 (7)
c7 50.4 (7) 59.6 (7) 47.6 (7) 8.5 (6)
R 42.2 (6) 40.0 (5) 38.2 (6) -10.0 (4)
9 42.1 (6) 40.7 (5) 34.6 (5) -10.4 (4)
C10 45.7 (6) 40.6 (5) 37.8 (6) -10.1 (4)
Cl1 40.6 (5) 43.4 (6) 36.0 (5) -10.0 (4)
C12 44.5 (6) 51.4 (6) 36.0 (5) -14.4 (5)
C13 59.3 (8) 58.8 (8) 51.7 (7) 22.9 (6)
Cl4 78.3 (10) 66.8 (9) 71.2 (10) 37.9 (8)
C15 71.3 (9) 89.2 (12) 56.0 (8) 42.3 (8)
C16 55.2 (8) 92.1(11) 38.1 (6) -19.8 (7)
C17 48.9 (7) 65.3 (8) 37.1 (6) 9.8(5)
I8 49.2 (6) 52.0 (7) 35.2 (6) 7.6 (5)
C19 70.9 (9) 68.9 (9) 65.6 (9) 23.4(7)
C20 105.7 (14) 107.4 (16) 73.8 (11) 44.1 (11)
C21 113.1 (16) 100.8 (15) 45.6 (8) -11.9 (9)
2 107.3 (15) 72.6 (11) 59.2 (10) 11.9 (8)
C23 83.2 (11) 57.6 (8) 59.0 (9) 52(7)
C24 42.9 (6) 40.8 (6) 37.4 (5) -10.0 (4)
C25 49.4 (6) 44.6 (6) 43.3 (6) -10.3 (5)
C26 82.4 (10) 52.6 (8) 61.5 (9) -19.9 (6)
27 136.9 (19) 57.4 (10) 89.5 (14) 7.5 (9)
C28 124.9 (17) 75.9 (11) 76.3 (12) -43.1 (10)
C29 94.2 (14) 101.3 (15) 93.7 (14) D8.5(19)
N1 47.9 (5) 44.3 (5) 35.0 (5) 11.2 (4)
N2 51.6 (6) 41.9 (5) 35.9 (5) -12.1 (4)
N3 54.2 (6) 42.7 (5) 34.3 (5) 8.3 (4)
o1 84.2 (9) 169.0 (15) 48.4 (6) -48.3 (8)
02 427 (5) 70.1 (6) 53.2 (5) -13.0 (4)
03 51.5(6) 80.3 (7) 60.5 (6) 21.2(5)
04 59.3 (5) 49.0 (5) 50.1 (5) -19.6 (4)

21



KRR IR A0 55 W B 1R B 1 5 BRATT 9T

(*HNMR) XfEE 5 4R

Exkr

S

BHEEE R
Y 3a 5 4a HIRLREER

2.

N

% (*H NMR) 233340 Figure 2-5 X Figure 2-6 Jit

i/
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[
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Figure 2-6
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S E 3a A da HILIREIE M S AR L 3a TR A
It A0 % 4.98 ppm, 1T 4a 5t Ik AR I A LA AE 4.71 ppm; 3a LT
HAMFAALFZAE 0.97 ppm, da XU T RAMFALAEAE 1.40 ppm. 455
Fi& 3a F1 da Y HRATSS I, BT Ba g ieat, CO BRI (C=0) @R T
FHEEIT RIS da 2INat, CO HERZAIHRkIE (C=0) FETHT HfHim Bk
A, XA da BT EZBIHFERRT 3a i, (LR TR ARG eRER, DRk
TERIES, ARS8, AR, R, XS da P2 BIHEF1F
FINT 3a i, SRR T RAREERE RN, Bk AR, msiatesh, faEfn
MU/ ]N o

(3) MRESEARmRRE (C NMR) XF LT
) 3a 5 da FIRZRESHRRRE (1°C NMR) 23340 Figure 2-7 A Figure 2-8
Fi7R:

5 $E§ F% STE2HESH 292885 53
z R EZ FEAIRSEIER R ag
B gEd 99 SEARERRA gregay 54
[ [T =Sram== [ S Y.

Cd—|

T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 80 B0 70 60 50 40 30 20 10 0
£1 (ppm)

Figure 2-7
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[ el L =3 |~ . O e
£z3%2 5 g SESREE )
YEsT g8 RN R 23
£EGS s & SRS S 59
TN |1 [ = N
< b
7 N
ac-No A 37 c
N\
0=¢ @ Ph
O\ﬁb
b
4a b
1 | ca ‘
|
1
1 1 1
L1 l \ L
]:ED 170 1 éD 1 L‘;D liD léD ]éD Jl‘D l[I)D SID EID T"D E‘D 5ID 4ID "A‘D Z‘D JID IIJ
£1 (ppm)
Figure 2-8

WL XTHE 3a A1 da B A HER . 3a H R BRI SE AL RS N 82.8 ppm,
M 4a FIk LR (AL 2200 F2 0 83.4 ppm; 3a HRUT HE A FR LR AL 2 T A
27.3 ppm, 4a HRUT FE I R R R AL 2= F h 28.0 ppm. S5 G HTIE 3a FH 4a [
afiTT L BT 3a 2R, CO RN (C=0) TR T 5: 4a 2,
CO EHMBIL (C=0) TR T I, XEF 4a AT EZ R WHFIEHRT 3a
¥, (R TR2RS0ER, FrRER RS, mafs), Wi, bTig
A TIANTE, da X EEBRZ BIHEFER KT 3a 1y, MR TS 8REE, b
MAEFES, WK, R k.
2.2.2 =¥ 3a BI& KA

AT LA A ARGk La AT N-75 5610k 2a VE SR S BERYD, J8 it 2R ]
R BERMOREEG  IARARTR S VAT S I I SR i o e A S B Ao 15k
¥ 1a (0.2 mmol). 2a (0.2 mmol) HINIS (0.2mmol) J&& TR+, 7
50 °C LR 3 h, 133 3a [115) 5577 %0 66%. FATHE e 1A [F AL p AR
A, AHE NIS. 1. Ph(OAC), LA NBS (entries 1-4). £55R R BT NIS VEEHE
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A 3a G SR B . BE, FAVFILET la. 2a F R BRLEL, R
H 1.5 f5 451 2a Al 1 A5 451 s AR Al 1a 285842 (entries 5-8). 2 5,
FRATISO0S S SL VR EAT T e, M2 AT LA R A R SEAE C 5 H I BOR B
. (entries 9-15) T Ja, AT RNREBAT 7 %5, KINBURKIRE & S
SSPR BRI Hoas A e 2 1) da, TR S v 0 S 2 A A A0 G bk 1a o0 i, e
(¥ s BRI 9 50 °C Centries 16-17) . fxefa FRATERES 1 S 8], 255 7% 1& )50k
A A 23 S S L R e, R L S L e [ 1178 3 h i &4 R # f Centries 18-20)
gi b, BRATHIEHSLE K 3a BB . 1.0 HEEAmINE, 1.5 HEK
1.0 ME NISIBE T ZIEHFAE 50 °C R HtFE N 3 /i Centry 100, 15
F| 3a M7 &= 3 90%.
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Table 2-5. Optimization of the reaction conditions for synthesis of 3a®

tBU02C

/ QOZtBU
NH ) $:

+ _Ph > > ~Ph
© Ph)J\N Ac-N %N
N H solvent, temp

\ (o) N:<
Ac Ph
1a 2a 3a
Molar . Tem Time Yield®

Entry Ratio(1a:2a:X) [X] (1 equiv)  Solvent °C) P () (%)
1 1:1:1 NIS Toluene 50 3 66
2 1:1:1 NBS Toluene 50 3 52
3 1:1:1 P Toluene 50 3 20
4 1:1:1 PhI(OACc), Toluene 50 3 0
5 1:15:1 NIS Toluene 50 3 72
6 1:2:1 NIS Toluene 50 3 72
7 1:1.5:0.5 NIS Toluene 50 3 51
8 1:1.5:15 NIS Toluene 50 3 72
9 1:1.5:1 NIS Chloroform 50 3 75
10 1:15:1 NIS MeCN 50 3 90
11 1:1.5:1 NIS DMSO 50 3 53
12 1:1.5:1 NIS THF 50 3 34
13 1:1.5:1 NIS DCE 50 3 54
14 1:1.5:1 NIS DMF 50 3 44
15 1:15:1 NIS Acetone 50 3 62
16 1:1.5:1 NIS MeCN 30 3 46
17 1:1.5:1 NIS MeCN 80 3 76
18 1:1.5:1 NIS MeCN 50 1 56
19 1:1.5:1 NIS MeCN 50 2 77
20 1:1.5:1 NIS MeCN 50 4 90

®Reaction conditions: a mixture of 1a (0.2 mmol), 2a (0.3 mmol), halogenate reagent (0.2 mmol),
and solvent (2 mL) was stirred at the given temperature. "Isolated yield based on 1a.

2.2.3 724 4a B RFAERA

PLE CE AN WE 1a (0.2 mmol) 5 N-F53k 2a (0.2 mmol) 1) e NAE A
B DR & ) da BB B Z6 A E5G, BL CuCly (0.05 mmol) Jyfi
3, DL ZEONYE, fE 20 °C RN 12 h JE 2 B 5177 & 34%I 724 4a.
2% & B AL AR £ (287, §ii% T CuCl,. CuBrp f1 CuSO4 §H,0, & K HL CuCl,
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AL RO S fE: (entries 1-3). BEJ5, ik 7 OV EIECEEL, 7E 1la 5 2a B ELH)
N 1:1.5 i la "] 541k (entries 4-5). 2 N ORIME N AR, KILLKEERN
RIE IR A (entries 6-10), TEHARVAEF P ERFIRE L, KNSR
XFELZE o 2 G XOE T IR R AR R R, I il AR T AAE — B RS
AR da PR EE, ER R IR 2 I e SCAEAGIG M La IR o, RIS
B2 PR RN 3a, ff da AN BIFRARM AR, IR R E R 20 °C
VERRBRIE . BEJE, ST 7L, RILX LA BRI B =R
Ufo BOGERERREL, KI: 2RPBHEATE] 6 h i ERR R TE4r, 18 h i R
#1512 hif—FF. RAEFEE N da IRAE R A: 1.0 28k AT
la. 1.5 248 N-J5 2K 2a F1 0.25 243 CuCl, 7£ 20 °C Z BV 77 M 28 SR 4 S B
12 /B Centry 100, 153 4a 153 B 7234 81%.

IbAh, BT 7 TEMPO H BRI SRS (entry 13), 45 KB H XS 411
A RSB I R RAIEIE A, U RN B R RN FEERRT R I
ST AE DL AR 5= 3R A i H FR P 4 Centries 14-16), BT faf 8457 HL&
SAR A T ILEAE R 4 Centry 17) 0 3% B0 45 il 1 256 45 oM e AL HE

R TE IRt 7 BB
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Table 2-6. Optimization of the reaction conditions for synthesis of 4a®

‘BuO,C

@E/Z/ZO + Ph)T_'N/Ph [Cu], oxidant . AC/%YP"
N H solvent, temp 0 N,
Ac 'BuO,C'  Ph
1a 2a 4a

- — 5
Entry gﬂa(;:zzlaﬂa) [Cu] (mol%) Solvent  Oxidant z;zr;]p E)m © 22/:3'(1
1 1:1 CuCl; (25) Toluene  Air 20 12 34
2 1:1 CuBr; (25) Toluene  Air 20 12 12
3 1:1 CuSO4 5H,0 (25) Toluene  Air 20 12 Trace
4 1:15 CuCl; (25) Toluene  Air 20 12 49
5 1:2 CuCl; (25) Toluene  Air 20 12 49
6 1:15 CuCl; (25) Acetone  Air 20 12 25
7 1:15 CuCl; (25) DMSO Air 20 12 0
8 1:15 CuCl; (25) DCE Air 20 12 Trace
9 1:1.5 CuCl; (25) THF Air 20 12 16
10 1:15 CuCl; (25) MeCN Air 20 12 81
11 1:15 CuCl; (25) MeCN Air 40 12 45
12 1:15 CuCl; (25) MeCN Air 70 12 38
13° 1:1.5 CuCl; (25) MeCN TEMPO 20 12 72
14° 1:15 CuCl, (25) MeCN LPO 20 12 53
15° 1:1.5 CuCl, (25) MeCN  BPO 20 12 54
16° 1:1.5 CuCl, (25) MeCN  DTBP 20 12 61
17° 1:15 CuCl; (25) MeCN / 20 12 Trace
18 1:15 CuCl; (25) MeCN Air 20 6 56
19 1:15 CuCl; (25) MeCN Air 20 18 81

®Reaction conditions: a mixture of 1a (0.2 mmol), 2a (0.3 mmol), copper salt (25 mol%), and
solvent (2 mL) was stirred at the given temperature. °lsolated yield based on la. “Under N,
atmosphere.

2.2.4 RNHLERR

NIS fiedt I e 3 (anti) S A | A BRIK IR (LA 3a ) [ e AL EE A
R L, BAA4D Scheme 2-4 F:
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tBUOzC

N BuOC [ Ox V20 BUOC CO,'Bu
\ o N a3

Ph
Ac o a2 _Ph
1a @EEO NH \: ";ITH B T_“ ~ Ac NW/(N;’\\]
N 07N 0 °© . Ph
a

Scheme 2-4

W5, la F 2a KA TO/RIMNELS N O B2 BN ey a4 1, wrajk o
G A etk o-H BB RI A NIS BIACTHE BorE B2 B IR )& 1L, wp )ik 11 fa
RERET N2> 7 SR IR SRR, B 281 R . ) 280 MG W R K P k- 3
FEFRME 1 050 F A SRR BRI R, SRR IS 7 1 50T Bkt
CO,Bu A TR (#e 752, MIMEIAHIE C=0 51T Fadt CO,'Bu ibTHMmD i,
PRI N JE 0 P PR B Bl i oufiie 53 A% B o7 BELAEL T80 /0N - DR T 3 246 T UM | W A i ik 15
BT ERFE AL T 50 ) S 20

454y Table 2-6 (2 MESEER 45 5 (entries 13-17) LL&HEE ik P89, 3k
II%F CuCly FEAL T TE BB AL G| BRI e bk (L da 9l 1 [ Midg 1 4n
Scheme 2-5 7 ) S RLATLEE :

tBUOQC

/ " (cat) >/: N.__Ph
Ot oAyt —— Ac-N_X S+ H0
N Ph N 0, (air) I N
| .
1a Ac 2a BUO,C N

lMichael addition 4a
BuO,C Ph
2HCI, O, I

Ph '
H T T h0 'BuO,C N Ph
NH\/
N
e L—
>
N
Ac v
-H
{ Ph l
BUOzC \n/ tBUC)ZC \H/Ph
N —~ N
\ OH

v

Scheme 2-5
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T, e XM E R 1a A5 B KRR 2a &A= Michael AU R, B
FE S BRI e S S R LR 1, B SR TR | IR K45 44 B e B ZEURUsEE (C=ND
Ef N TS CuCl, 1 ¥ Cu()i AT, TR S hIak 11, 7Ethd A
A28 HCL BB K . ZE YRR 11 5 2 PR ERAL Cu(I)2 &4
A IV AFE. A IV BERI S R A 7T N SRR R S, (RIT: B e
T A Cu SERZEZO, RIS TCI S 1 Cu() 2 &P IRk V, R
B — S4B HCL. §5, /STH Cu(IZ8 b ek v R A B JE R B, AT
TERMEARIC RN, AR 4a, FEREBUE Cu(0). 7EZ SRS MATIARE
HCHI HCL 7278 F, Cu(O)#AL 1B £ CuCly M SEBLEEMIEILIEFR . RN R
RO R, HoO RME—HIEF=4 (BA H 205k B bk 2a HI# A N R, O 3k
H AP, B R R R AR S (0 R 22 G M RS At 1

M RN AT DU MR RO Csyn) PidExt ek 3. Hikm s, 4
RAVBER IR T e AE (COBu) SEULMIMEH B (C=0) 4T RIMIE, BEkE
ORI E S, AR T4 AR 1V ISR Cu(I) iR BCR TE
RN TCH LI AS B Cu(I) a4 v, AT 56 B 25 B R B As 2R 5 A5 74 o
2.3 RENG

5 LTI, A g DUBUT Be ke SCEEISI Wk 1a 55 N-J57 366k 2a 1R AR M,
B3R 3a 1 4a, 'HNMR.BCNMR DR X-5 25 o S AT 50 20 b 46 SRR 1,
3a Jy Sz 2 (anti) AL P RERBK I, da s (syn) EALHG DR KR . 45 TR,
I X SR EAGTR . SRS ARR G SOSIA A ORI S AT S R (]
ST IR IE R, B8 3a RS A 1.0 4 E Ak SR AL
e, 1.5 B N-J53E 8K K 1.0 L& NIS 7E Z B+ T 50 °C T &5 3 h; B rs
Yy da M tEA ARy 1.0 i ke SUALIIME . 1.5 5 (¥ N-J5 bk & 0.25
M) CuCly 7 25 B2 S SUA T 20 °C NI 12 he 774 3a #1 4a (45 HiE
WL IR AN . BRUE S o BT R T T R AE, Hx X Cant) 5 (syn)
SRR BRI XS4 5 AT S A BT AT T . [RDERE, 3 I o 1 S e SR
VAR, $RH T ARSI

30



KRR IR A0 55 W B 1R B 1 5 BRATT 9T B

B NISBETRR (ant /) EHUBIRIRPEILHEY & RE

3.1 SIS 4y

3.1.1 A B AR

ALK kg AEFET R

5-FAA L e o3 HT 4l [ 26 4 4 2457 A TR A 7]
S-FABELL DA IRAY [ 26 5 4k 2457 R A 7]
5-IREELL ATt I 25 8 A 2257 A TR A A

A8 H 2K G DA TELl R EEER (B BIRAE
[i] FH 3 2 R Jfg o3 HTat BB AR AR (B BIRAFE
X B R H i ATt B2 E R (B BIRA A
X YRR H i Srral e B EEE R (B BIRAE
[ FH 2 4% i PARIEAl I 25 4 A 2257 A R A A

X B LR WA IRAY [ 26 5 A4k 24857 R A 7]

X S P 2 2R ATt [ 265 4 B4k 22857 R A &
3,5- WK fi ATt Il 25 S 2=l A A PR A F
Ji) S ATt [ 245 48 4k 2557 A R A =]

X H AR A R fi% ATt I 265 4 B4k 2257 TR A 7]
& ATt ] 24 S A A 2=l A FR A F]

X i 22 2R s34t ] 24 £ [ 1k 22 55 A PR A 7]

X RN STt ] 24 45 [ 1k 22355 PR A A
MR S HT 4t e B AR (B HIRAE
3,4- KNG ATt R EEE R (Bl BIR A
WRFR g DA IRAY R ER (B BIRAE
R H s ATl BB 2ER AR (i) BIRAH]

e SER A KA S W .

3.1.2 B9 3 AR (BA 3a )

tBLIOQC

// CO,'Bu

NH NIS, MeCN @ 2
o + )J\ _Ph > -, _Ph

Ph™ N 50 °C, 3 h Ac—N N

N H ’ 0 N:<

Ac Ph
1a 2a 3a

Scheme 3-1
r] 25 mL f s SO A I B SCEE AR Ik (1a, 86.1 mg, 0.2 mmol). N-75 2
fk (2a, 58.8 mg, 0.3 mmol). NIS (51.6 mg, 0.2 mmol) Al ZJiE (2mL), 7 50 °C
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IHGEAE TR B 3 he REAHE=R, IMAEEMHENfER (200-300
HD, BEIRYE, SRAYESHEN (VIV ZBRARE: fhE =1: 4) 73 EE3|
86.6 mg H tu[E {4, F7Z A 90%.

Ho jz 2 Cantid LI RERBK L RRAL 5 01K & i 2 3as

3.1.3 R (anti) AL WRUR KA L 54 3 HISRAE

(anti)-tert-Butyl-1'-acetyl-2'-oxo-1,2-diphenyl-1,5-dihydrospiro[imidazole-4,3'-in-
doline]-5-carboxylate (3a)

CO, By Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish

AC/@ o -Ph  solid, 90% yield (86.6 mg), mp 141-143 °C; *H NMR (500
o N={ MHz, CDCls) § 8.25 (d, J = 8.2 Hz, 1H), 7.55 (s, 1H), 7.37 (d,

a J=7.2Hz, 1H), 7.34 (d, J = 7.9 Hz, 1H), 7.31 (d, J = 7.7 Hz,

1H), 7.26 (d, J = 2.3 Hz, 2H), 7.25 (s, 2H), 7.18 (td, J = 7.9, 3.1 Hz, 2H), 7.14 (d, J =
7.6 Hz, 1H), 7.09 (t, J = 7.6 Hz, 1H), 5.00 (s, 1H), 3.81-3.72 (m, 2H), 2.76 (s, 3H),
2.25 (s, 3H), 0.71 (t, J = 7.2 Hz, 3H); °C NMR (125 MHz, CDCls) & 177.6, 170.7,
168.1, 166.5, 142.8, 140.2, 130.8, 130.3, 129.5 (2C), 129.4, 129.3 (2C), 128.2 (2C),
1275, 127.2 (2C), 127.0, 125.8, 125.4, 116.6, 82.8, 77.2, 75.8, 27.3 (3C), 26.7;

HRMS (ESI-TOF) m/z: [M + H]" Calcd for Co9H2sN304 482.2080, found 483.2113.

(anti)-Ethyl-1'-acetyl-5'-methoxy-2'-o0x0-1,2-diphenyl-1,5-dihydrospiro[imidazole
-4,3'-indoline]-5-carboxylate (3b)

Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish

OI\E;ZEt solid, 77% vyield (74.4 mg), mp 105-107 °C; *H NMR (500

AC/N%NzPh MHz, CDCl3) & 8.18 (d, J = 8.8 Hz, 1H), 7.63 (d, J = 7.1 Hz,

o N:<Ph 2H), 7.36 (t, J = 7.4 Hz, 1H), 7.28 (d, J = 8.8 Hz, 2H), 7.26

(d, J = 2.9 Hz, 2H), 7.24 (d, J = 6.9 Hz, 2H), 7.19 (t, J = 7.1

Hz, 1H), 6.91 (d, J = 2.6 Hz, 1H), 6.88 (dd, J = 8.9, 2.8 Hz, 1H), 4.97 (s, 1H),

3.86-3.79 (M, 2H), 3.77 (s, 3H), 2.74 (s, 3H), 0.77 (t, J = 7.1 Hz, 3H); *C NMR (125

MHz, CDCls) ¢ 177.4, 170.5, 168.2, 167.9, 157.6, 142.5, 133.7, 131.0, 129.6 (4C),

129.3, 128.5, 128.3 (2C), 127.1, 126.9 (2C), 117.8, 115.8, 110.3, 77.5, 75.1, 61.6,

55.9, 26.6, 13.6; HRMS (ESI-TOF) m/z: [M + H]" Calcd for CgH26N30s 484.1872,
found 485.1906.
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(anti)-Ethyl-1'-acetyl-5'-chloro-2'-oxo-1,2-diphenyl-1,5-dihydrospiro[imidazole-4,
3'-indoline]-5-carboxylate (3c)

@ Cout Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 94%
AN %szh yield (91.6 mg), mp 108-109 °C; *H NMR (500 MHz, CDCls) ¢

© N%Ph 8.22 (d, J = 9.4 Hz, 1H), 7.61 (d, J = 7.3 Hz, 2H), 7.37 (d, J =
7.4 Hz, 1H), 7.34 (d, J = 7.2 Hz, 2H), 7.27 (dd, J=7.7, 2.1 Hz, 4H), 7.23 (d, J =
7.5 Hz, 3H), 7.20 (d, J = 7.2 Hz, 1H), 4.99 (s, 1H), 3.92-3.82 (m, 2H), 2.75 (s, 3H)
,0.81 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCl;) 5§ 176.7, 170.6, 168.3,
167.9, 142.2, 138.8, 131.2, 131.1, 130.3, 129.6 (2C), 129.5 (2C), 129.1, 129.0, 128.3
(2C), 127.2, 127.0 (2C), 125.2, 118.0, 77.0, 75.0, 61.8, 26.7, 13.6; HRMS (ESI-TOF)

m/z: [M + H]" Calcd for C,;H23CIN3O4 488.1377, found 490.1348.

(anti)-Ethyl-1"-acetyl-5'-bromo-2'-oxo-1,2-diphenyl-1,5-dihydrospiro[imidazole-4,
3'-indoline]-5-carboxylate (3d)

Br Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 93%
CO,Et

& n=( 8.16 (d, J = 8.5 Hz, 1H), 7.61 (d, J = 7.2 Hz, 2H), 7.49 (d, J =

" s Hz, 2H), 7.37 (t, J = 7.4 Hz, 1H), 7.27 (d, J = 8.5 Hz, 4H),

7.24 (d, J = 5.7 Hz, 2H), 7.22 (d, J = 1.0 Hz, 1H), 7.20 (d, J = 7.1 Hz, 1H), 4.98 (s,
1H), 3.93-3.82 (M, 2H), 2.75 (s, 3H), 0.82 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz,
CDCls) § 176.6, 170.6, 168.3, 167.9, 142.2, 139.3, 133.2, 131.2, 129.6 (2C), 129.5
(2C), 129.4, 129.0, 128.3 (2C), 128.0, 127.2, 126.9 (2C), 118.7, 118.3, 77.0, 75.0,
61.8, 26.7, 13.6; HRMS (ESI-TOF) m/z: [M + H]" Calcd for Cp7H»3BrNsO4 532.0872,

yield (98.8 mg), mp 104-106 °C; *H NMR (500 MHz, CDCls) ¢

found 534.0851.

(anti)-Methyl-1"-acetyl-2'-oxo0-1,2-diphenyl-1,5-dihydrospiro[imidazole-4,3'-indo-
line]-5-carboxylate (3e)

@ co,Me Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish
AC/N%N/Ph solid, 90% yield (79.0 mg), mp 114-116 °C; *H NMR (500
° N:<Ph MHz, CDCl3) 6 8.26 (d, J = 8.2 Hz, 1H), 7.62 (d, J = 7.2 Hz,

2H), 7.35 (dd, J = 10.7, 4.0 Hz, 3H), 7.26 (d, J = 7.2 Hz, 3H), 7.23 (d, J = 6.0 Hz,
2H), 7.21 (d, J = 6.7 Hz, 2H), 7.18 (d, J = 7.1 Hz, 1H), 5.00 (s, 1H), 3.29 (s, 3H), 2.76
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(s, 3H); °C NMR (125 MHz, CDCls) ¢ 177.2, 170.8, 168.8, 167.7, 142.4, 140.2,
131.0, 130.3, 129.6 (2C), 129.5 (2C), 129.2, 128.3 (2C), 127.2, 127.0, 126.8 (2C),
125.6, 124.7, 116.7, 77.3, 75.1, 52.2, 26.8; HRMS (ESI-TOF) m/z: [M + H]* Calcd
for CasH2oN304 440.1610, found 441.1644.

(anti)-Ethyl-1"-acetyl-2'-0x0-1,2-diphenyl-1,5-dihydrospiro[imidazole-4,3'-indoli-
ne]-5-carboxylate (3f)

@ GOt Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 93%
AN z 'N={“ - yield (84.2 mg), mp 110-111 °C; *H NMR (500 MHz, CDCls) ¢
" g2 (d, J = 8.2 Hz, 1H), 7.62 (d, J = 7.6 Hz, 2H), 7.36 (dd, J =

15.6, 7.6 Hz, 3H), 7.28 (d, J = 8.4 Hz, 1H), 7.27 (d, J = 4.1 Hz, 2H), 7.25 (d, J =
7.9 Hz, 3H), 7.19 (t, J = 7.4 Hz, 2H), 5.01 (s, 1H), 3.85-3.69 (m, 2H), 2.77 (s, 3H),
0.71 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDClg) & 177.3, 170.8, 168.1, 167.9,
142.4, 140.2, 131.0, 130.3, 129.5 (2C), 129.4 (2C), 129.2, 128.2 (2C), 127.2, 127.1,
126.9 (2C), 125.6, 124.9, 116.6, 77.2, 75.1, 61.5, 26.8, 13.5; HRMS (ESI-TOF) m/z:

[M + H]" Calcd for C7H24N30,4 454.1767, found 455.1800.

(anti)-Ethyl-1"-acetyl-2'-0x0-1-phenyl-2-(o-tolyl)-1,5-dihydrospiro[imidazole-4,3'-
indoline]-5-carboxylate (3g)

@ CE)OzEt Ethyl acetate/petroleum ether = 1:4 as the eluent; yellow solid,
AC/N%N/F’h 81% yield (75.7 mg), mp 117-118 °C; *H NMR (500 MHz,
o CDCl3) 6 8.26 (d, J = 8.2 Hz, 1H), 7.47 (d, J = 7.6 Hz, 1H),

7.42 (d, J = 7.5 Hz, 1H), 7.37 (t, J = 7.9 Hz, 1H), 7.24 (dd, J

=16.1, 8.1 Hz, 2H), 7.17 (t, = 7.7 Hz, 2H), 7.12 (dd, J = 13.0, 7.5 Hz, 2H), 7.08 (d,
J=7.3Hz, 1H), 7.04 (d, J = 7.9 Hz, 2H), 5.19 (s, 1H), 3.79 (q, J = 7.1 Hz, 2H), 2.76
(s, 3H), 2.42 (s, 3H), 0.74 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCls) 6 177.3,
170.7, 167.9, 167.4, 140.3, 140.2, 136.9, 130.6, 130.3, 130.1, 129.6 (2C), 129.1 (2C),
127.0, 126.1, 125.7, 125.6, 124.9, 124.6 (2C), 116.6, 77.1, 72.6, 61.5, 26.7, 19.9,
13.5; HRMS (ESI-TOF) m/z: [M + H]" Calcd for CsHysN30,4 468.1923, found

469.1957.
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(anti)-Ethyl-1"-acetyl-2'-0x0-1-phenyl-2-(m-tolyl)-1,5-dihydrospiro[imidazole-4,3’
-indoline]-5-carboxylate (3h)

@ ?OzEt Ethyl acetate/petroleum ether = 1:4 as the eluent; yellow
AC/N\X:N/Ph solid, 87% vyield (81.3 mg), mp 135-136 °C;*H NMR (500
o MHz, CDCls) ¢ 8.25 (d, J = 8.2 Hz, 1H), 7.55 (s, 1H), 7.36

(dd, J = 15.3, 7.6 Hz, 2H), 7.31 (d, J = 7.7 Hz, 1H), 7.26 (d,

J = 2.3 Hz, 1H), 7.25 (s, 2H), 7.18 (dt, J = 7.9, 3.1 Hz, 2H), 7.14 (d, J = 7.6 Hz,
1H), 7.09 (t, J = 7.6 Hz, 1H), 5.00 (s, 1H), 3.82-3.72 (m, 2H), 2.76 (s, 3H), 2.25 (s,
3H), 0.71 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCl3) 6 177.3, 170.6, 168.1,
167.9, 142.5, 140.2, 138.0, 131.7, 130.2, 130.0 (2C), 129.4 (2C), 129.1, 127.9, 127.2,
126.9, 126.8 (2C), 126.4, 125.5, 124.8, 116.5, 75.1, 61.3, 26.6, 21.2, 13.4; HRMS

(ESI-TOF) m/z: [M + H]" Calcd for CpgH2sN304 468.1923, found 469.1957.

(anti)-Ethyl-1'-acetyl-2"-ox0-1-phenyl-2-(p-tolyl)-1,5-dihydrospiro[imidazole-4,3'-
indoline]-5-carboxylate (3i)

@ CO,Et Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish

AC,N%NzPh solid, 88% vyield (82.2 mg), mp 105-107 °C; *H NMR (500

0 N= MHz, CDCls) 6 8.25 (d, J = 8.5 Hz, 1H), 7.50 (d, J = 7.7 Hz,

2H), 7.36 (t, J = 6.8 Hz, 2H), 7.26 (dd, J = 12.5, 7.6 Hz, 4H),

7.19 (dd, J = 13.3, 6.7 Hz, 2H), 7.05 (d, J = 7.8 Hz, 2H), 4.97

(s, 1H), 3.76 (q, J = 6.9 Hz, 2H), 2.76 (s, 3H), 2.29 (s, 3H), 0.71 (t, J = 7.1 Hz, 3H);

3C NMR (125 MHz, CDCl3) 6 177.5, 170.8, 168.2, 167.9, 142.8, 141.3, 140.3, 130.3,

129.6 (2C), 129.5 (2C), 128.9 (2C), 127.4, 127.1 (2C), 127.0, 126.4, 125.6, 124.9,

116.6, 77.3, 75.3, 61.5, 26.8, 21.6, 13.5; HRMS (ESI-TOF) m/z: [M + H]"* Calcd for
CasH26N30, 468.1923, found 469.1957.

(anti)-Ethyl-1"-acetyl-2-(4-bromophenyl)-2*-oxo-1-phenyl-1,5-dihydrospiro[imida
-zole-4,3'-indoline]-5-carboxylate (3j)

@ CO,Et Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish solid,

O N=
08.25(d, J=8.2Hz 1H), 749 (d, J = 7.9 Hz, 2H), 7.40 (d, J

poN A TN’Ph 85% yield (90.3 mg), mp 95-96 °C; *H NMR (500 MHz, CDCl5)

B = 8.0 Hz, 2H), 7.37 (d, J = 8.1 Hz, 1H), 7.34 (d, J = 7.6 Hz,
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1H), 7.30 (t, J = 7.6 Hz, 2H), 7.26 (d, J = 10.8 Hz, 2H), 7.21 (dd, J = 15.7, 8.2 Hz,
3H), 4.97 (s, 1H), 3.77 (g, J = 7.1 Hz, 2H), 2.76 (s, 3H), 0.71 (t, J = 7.1 Hz, 3H); *°C
NMR (125 MHz, CDCls) ¢ 177.2, 170.8, 168.1, 167.0, 142.3, 140.3, 131.6 (2C),
131.1 (2C), 130.5, 129.8 (2C), 128.2, 127.4, 127.1, 127.0 (2C), 125.7, 125.6, 124.9,
116.8, 77.4, 75.3, 61.6, 26.8, 13.5; HRMS (ESI-TOF) m/z: [M + H]" Calcd for
Ca7H23BrN;0, 532.0872, found 534.0851.

(anti)-Ethyl-1"-acetyl-2'-0x0-2-phenyl-1-(m-tolyl)-1,5-dihydrospiro[imidazole-4,3"
-indoline]-5-carboxylate (3k)

Ethyl acetate/petroleum ether = 1:4 as the eluent; yellow

AC/@%T?@\ solid, 89% vyield (83.1 mg), mp 132-134 °C; *H NMR
0 N=<Ph (500 MHz, CDCl3) 6 8.25 (d, J = 8.1 Hz, 1H), 7.62 (d, J

= 7.4 Hz, 2H), 7.35 (dd, J = 15.0, 7.4 Hz, 3H), 7.27 (s,

1H), 7.25 (s, 1H), 7.17 (dt, J = 20.0, 7.7 Hz, 2H), 7.07 (s, 1H), 7.02 (dd, J = 17.8, 7.7
Hz, 2H), 4.99 (s, 1H), 3.76 (pt, J = 10.8, 5.4 Hz, 2H), 2.77 (s, 3H), 2.26 (s, 3H), 0.71
(t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) § 177.4, 170.8, 168.1, 167.9, 142.4,
140.2, 139.5, 130.9, 130.3, 129.5 (2C), 129.4, 129.3, 128.2 (2C), 127.9, 127.5, 127.3,
125.6, 124.9, 124.1, 116.6, 77.2, 75.2, 61.4, 26.7, 21.4, 13.5; HRMS (ESI-TOF) m/z:

[M + H]" Calcd for CagH26N30, 468.1923, found 469.1957.

(anti)-Ethyl-1"-acetyl-1-(3-chlorophenyl)-2'-oxo-2-phenyl-1,5-dihydrospiro[imida
-zole-4,3'-indoline]-5-carboxylate (3I)

Ethyl acetate/petroleum ether = 1:4 as the eluent; white

CO,Et
Ac’%’j/@ solid, 86% yield (83.8 mg), mp 96-98 °C; *H NMR (500
o N=<Ph €l MHz, CDCls) §8.26 (d, J = 8.2 Hz, 1H), 7.60 (d, J =
7.7 Hz, 2H), 7.36 (dd, J = 13.5, 5.8 Hz, 2H), 7.32 (d, J =
14.1 Hz, 1H), 7.28 (d, J = 8.2 Hz, 3H), 7.20 (d, J = 7.6 Hz, 1H), 7.18 (d, J =5.6
Hz, 2H), 7.06 (d, J = 6.1 Hz, 1H), 4.98 (s, 1H), 3.79 (q, J = 7.1 Hz, 2H), 2.76 (s, 3H),
0.73 (t, J = 7.1 Hz, 3H): 3C NMR (125 MHz, CDCly) ¢ 177.1, 170.7, 167.9, 167.2,
143.6, 140.3, 134.9, 131.2, 130.4 (2C), 129.4 (2C), 128.9, 128.4 (2C), 127.2, 127.0,
126.8, 125.7, 125.0, 124.8, 116.7, 77.3, 74.7, 61.7, 26.7, 13.5; HRMS (ESI-TOF) m/z:
[M + H]" Calcd for C,7H,3CIN30,4 488.1377, found 490.1348.
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(anti)-Ethyl-1"-acetyl-2'-0x0-2-phenyl-1-(p-tolyl)-1,5-dihydrospiro[imidazole-4,3'-
indoline]-5-carboxylate (3m)

@ CO,Et Ethyl acetate/petroleum ether = 1:4 as the eluent;
AC,N%N/@/ yellowish solid, 96% yield (89.7 mg), mp 115-117 °C;

© N:<ph 'H NMR (500 MHz, CDCls) 6 8.24 (d, J = 8.1 Hz, 1H),
7.62 (d, J = 7.5 Hz, 2H), 7.37 (d, J = 7.4 Hz, 2H), 7.34 (d, J = 7.4 Hz, 1H), 7.27 (s,
1H), 7.24 (d, J = 7.6 Hz, 1H), 7.19 (d, J = 7.6 Hz, 1H), 7.16 (d, J = 8.3 Hz, 2H),
7.07 (d, J = 8.2 Hz, 2H), 4.97 (s, 1H), 3.79-3.70 (m, 2H), 2.77 (s, 3H), 2.28 (s, 3H),
0.70 (t, J = 7.2 Hz, 3H); 3C NMR (125 MHz, CDCls) ¢ 177.5, 170.8, 168.2, 168.1,
140.2, 139.9, 137.1, 130.9, 130.3, 130.2 (2C), 129.5 (2C), 129.4, 128.2 (2C), 127.4,
127.0 (2C), 125.6, 124.9, 116.6, 77.2, 75.4, 61.4, 26.8, 21.1, 13.5; HRMS (ESI-TOF)
m/z: [M + H]" Calcd for CgH26N30, 468.1923, found 469.1957.

(anti)-Ethyl-1'-acetyl-1-(4-isopropylphenyl)-2'-oxo-2-phenyl-1,5-dihydrospiro[im
-idazole-4,3'-indoline]-5-carboxylate (3n)

CO,Et Ethyl acetate/petroleum ether = 1:4 as the eluent;
Ac*%N@/A yellowish  solid, 93% yield (92.1 mg), mp
O N:<Ph 100-101 °C;'H NMR (500 MHz, CDCls) § 8.25 (d, J

= 8.2 Hz, 1H), 7.63 (d, J = 7.2 Hz, 2H), 7.36 (t, J = 6.6 Hz, 2H), 7.33 (d, J = 7.5
Hz, 1H), 7.25 (dd, J = 14.3, 6.5 Hz, 2H), 7.18 (d, J = 8.5 Hz, 3H), 7.12 (d, J = 8.4 Hz,
2H), 4.97 (s, 1H), 3.82-3.70 (m, 2H), 2.84 (dt, J = 13.8, 6.9 Hz, 1H), 2.76 (s, 3H),
1.19 (dd, J = 6.9, 3.6 Hz, 6H), 0.70 (t, J = 7.2 Hz, 3H); **C NMR (125 MHz, CDCl5)
0 177.4, 170.7, 168.2, 168.1, 147.8, 140.2, 140.1, 130.8, 130.2, 129.5 (2C), 129.4,
128.2 (2C), 127.5 (2C), 127.4, 126.9 (2C), 125.6, 124.9, 116.6, 77.2, 75.4, 61.4, 33.7,
26.7, 23.9, 23.8, 13.5; HRMS (ESI-TOF) m/z: [M + H]" Calcd for CsoHsoN3O4

496.2236, found 497.2270.

(anti)-Ethyl-1'-acetyl-1-(4-methoxyphenyl)-2'-oxo0-2-phenyl-1,5-dihydrospiro[imi
-dazole-4,3'-indoline]-5-carboxylate (30)

Ethyl acetate/petroleum ether = 1:4 as the eluent;

@ GOaE OMe
Ac’N%N/@/ yellowish solid, 95% yield (91.2 mg), mp 102-103 °C;

\—
° _<Ph 'H NMR (500 MHz, CDCl3) & 8.24 (d, J = 8.1 Hz,
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1H), 7.62 (d, J = 7.5 Hz, 2H), 7.35 (dd, J = 14.9, 7.2 Hz, 3H), 7.25 (t, J = 7.6 Hz, 4H),
7.19 (t, J = 7.5 Hz, 1H), 6.80 (d, J = 8.7 Hz, 2H), 4.93 (s, 1H), 3.75 (s, 5H), 2.78 (s,
3H), 0.69 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCls) 6 177.5, 170.9, 168.3,
168.2, 158.6, 140.2, 135.3, 130.9, 130.3, 129.5 (2C), 129.3, 128.9 (2C), 128.2 (2C),
127.4, 125.7, 124.9, 116.6, 114.7 (2C), 75.7, 61.4, 55.5, 29.8, 26.8, 13.5; HRMS
(ESI-TOF) m/z: [M + H]" Calcd for CpgH26N30s 484.1872, found 485.1906.

(anti)-Ethyl-1"-acetyl-1-(3,5-dimethylphenyl)-2'-0xo0-2-phenyl-1,5-dihydrospiro[i-
midazole-4,3'-indoline]-5-carboxylate (3p)

Ethyl acetate/petroleum ether = 1:4 as the eluent;

CO,Et . . ) 0. 1
@ : yellowish solid, 87% vyield (83.7 mg), mp 134-135 °C; "H
-N_4" N
Ac ?;/NC< NMR (500 MHz, CDCl) 6 8.25 (d, J = 8.1 Hz, 1H), 7.62
Ph

(d, J = 7.1 Hz, 2H), 7.36 (dd, J = 7.7, 2.4 Hz, 2H), 7.33
(d, J = 7.4 Hz, 1H), 7.25 (dd, J = 13.2, 5.3 Hz, 2H), 7.18 (td, J = 7.6, 0.9 Hz, 1H),
6.87 (s, 2H), 6.82 (s, 1H), 4.99 (s, 1H), 3.81-3.71 (m, 2H), 2.77 (s, 3H), 2.21 (s, 6H),
0.71 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCls) 6 177.4, 170.7, 168.1, 168.0,
142.3, 140.2, 139.1 (2C), 130.8, 130.2, 129.4 (3C), 128.8, 128.1 (2C), 127.4, 125.6,
124.9, 124.6 (2C), 116.6, 77.4, 75.2, 61.4, 26.7, 21.3 (2C), 13.5; HRMS (ESI-TOF)
m/z: [M + H]" Calcd for CgH2sN30, 482.2080, found 483.2113.

(anti)-Ethyl-1"-acetyl-1-benzyl-2'-ox0-2-phenyl-1,5-dihydrospiro[imidazole-4,3"-i-
ndoline]-5-carboxylate (3q)

co,et  Ethyl acetate/petroleum ether = 1:4 as the eluent; yellow solid,
ac-N— i N-B 80% yield (747 mg), mp 83-85 °C; 'H NMR (500 MHz,
° N:<Ph CDCly) 6 8.19 (d, J = 8.2 Hz, 1H), 7.77 (d, J = 6.2 Hz, 2H),
7.48 (d, J = 7.6 Hz, 2H), 7.37 (t, J = 7.4 Hz, 2H), 7.33 (d, J = 7.8 Hz, 1H), 7.28
(dd, J = 13.3, 6.4 Hz, 2H), 7.16 (dd, J = 13.6, 7.1 Hz, 3H), 4.94 (d, J = 15.9 Hz, 1H),
4.67 (s, 1H), 4.49 (d, J = 15.9 Hz, 1H), 3.72 (qq, J = 10.7, 7.2 Hz, 2H), 2.71 (s, 3H),
0.65 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCls) J 177.6, 170.9, 169.6, 168.0,
140.0, 135.1, 131.0, 130.1, 129.6, 129.1 (2C), 128.9 (2C), 128.8 (2C), 128.2, 127.9
(2C), 127.8, 125.6, 124.4, 116.6, 76.4, 68.7, 61.3, 50.4, 26.8, 13.5; HRMS (ESI-TOF)
m/z: [M + H]" Calcd for CagH2sN304 468.1923, found 469.1957.
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(anti)-Ethyl-1'-acetyl-1-(4-nitrophenyl)-2'-oxo0-2-phenyl-1,5-dihydrospiro[imidaz-
ole-4,3'-indoline]-5-carboxylate (3r)

@ QOzEt NO, Ethyl acetate/petroleum ether = 1:4 as the eluent;
AC,N%NQ yellow solid, 65% vyield (64.7 mg), mp 85-86 °C; 'H

° N:<ph NMR (500 MHz, CDCl3) ¢ 8.28 (d, J = 8.2 Hz, 1H),
8.11 (d, J = 9.0 Hz, 2H), 7.59 (d, J = 7.5 Hz, 2H), 7.46 (t, J = 7.5 Hz, 1H), 7.41 (t,
J=75Hz, 1H), 7.35 (t, J = 7.7 Hz, 2H), 7.31 (d, J = 7.4 Hz, 1H), 7.22 (t, J = 7.5
Hz, 1H), 7.11 (d, J = 9.0 Hz, 2H), 5.11 (s, 1H), 3.92-3.78 (m, 2H), 2.74 (s, 3H),
0.78 (t, J = 7.1 Hz, 3H); B3C NMR (125 MHz, CDCl3) ¢ 176.6, 170.7, 167.6, 165.8,
147.3, 144.8, 140.4, 131.8, 130.8, 129.3 (2C), 128.8 (2C), 128.7, 126.3, 125.8, 125.0
(2C), 124.9, 1245 (2C), 116.9, 77.3, 73.4, 62.1, 26.8, 13.6; HRMS (ESI-TOF) m/z:
[M + H]" Calcd for Cp7H23N,06 499.1618, found 500.1651.

(anti)-Ethyl-1'-acetyl-1-(4-chlorophenyl)-2'-oxo-2-phenyl-1,5-dihydrospiro[imida
-zole-4,3'-indoline]-5-carboxylate (3s)

@ CO,Et . Ethyl acetate/petroleum ether = 1:4 as the eluent; white
AC/N%N/Q/ solid, 81% vyield (78.9 mg), mp 103-104 °C;'H NMR

° N:<Ph (500 MHz, CDCls) ¢ 8.25 (d, J = 8.2 Hz, 1H), 7.59 (d,
J = 7.5 Hz, 2H), 7.38 (dd, J = 7.2, 4.7 Hz, 2H), 7.34 (d, J = 8.2 Hz, 1H), 7.27 (dd,
J = 13.6, 8.1 Hz, 3H), 7.23 (s, 1H), 7.19 (t, J = 7.9 Hz, 3H), 4.95 (s, 1H), 3.77 (g, J =
7.1 Hz, 2H), 2.76 (s, 3H), 0.71 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCl;) 6
177.2, 170.7, 168.0, 167.5, 141.0, 140.3, 132.8, 131.2, 130.4, 129.8 (2C), 129.4 (2C),
128.9, 128.4 (2C), 128.3 (2C), 127.0, 125.7, 124.8, 116.7, 77.3, 75.0, 61.6, 26.7, 13.5;
HRMS (ESI-TOF) m/z: [M + H]® Calcd for C,7H,3CIN3O, 488.1337, found
490.1348.

(anti)-Ethyl-1"-acetyl-1-(4-bromophenyl)-2*-oxo-2-phenyl-1,5-dihydrospiro[imida
-zole-4,3'-indoline]-5-carboxylate (3t)

Ethyl acetate/petroleum ether = 1:4 as the eluent; white

@ CO,EL .
AC/N%NQ solid, 86% yield (91.3 mg), mp 93-95 °C;'H NMR

° N:<Ph (500 MHz, CDCly) 5 8.27 (d, J = 8.2 Hz, 1H), 7.61 (d,
=72 Hz, 2H), 7.41 (d, J = 8.7 Hz, 3H), 7.38 (d, J = 7.9 Hz, 1H), 7.36 (d, J= 7.6
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Hz, 1H), 7.30 (t, J = 7.8 Hz, 2H), 7.21 (t, J = 7.5 Hz, 1H), 7.13 (d, J = 8.7 Hz, 2H),
4.97 (s, 1H), 3.79 (q, J = 7.1 Hz, 2H), 2.78 (s, 3H), 0.73 (t, J = 7.2 Hz, 3H); **C NMR
(125 MHz, CDCls) & 177.2, 170.7, 168.0, 167.4, 141.5, 140.3, 132.7 (2C), 131.2,
130.4, 129.5 (2C), 128.9, 128.5 (2C), 128.4 (2C), 127.0, 125.7, 124.8, 120.7, 116.7,
77.4, 749, 61.7, 26.8, 13.5; HRMS (ESI-TOF) m/z: [M + H]" Calcd for
Ca7H23BrN;0, 532.0872, found 534.0851.

(anti)-Ethyl-1"-acetyl-1-(3,4-dichlorophenyl)-2'-oxo-2-phenyl-1,5-dihydrospirol[i-
midazole-4,3'-indoline]-5-carboxylate (3u)

@ CO,Et . Ethyl acetate/petroleum ether = 1:4 as the eluent; white
AC,N%N/Q: solid, 67% vyield (71.2 mg), mp 86-88 °C; 'H NMR

° N:<Ph (500 MHz, CDCly) 5 8.26 (d, J = 8.2 Hz, 1H), 7.59 (d.
J=72Hz, 2H), 7.42 (d, J = 7.5 Hz, 1H), 7.40 (d, J = 2.3 Hz, 1H), 7.37 (d,J=7.1
Hz, 1H), 7.32 (d, J = 8.3 Hz, 3H), 7.29 (d, J = 14.0 Hz, 1H), 7.20 (t, J = 7.3 Hz,
1H), 7.02 (dd, J = 8.6, 2.5 Hz, 1H), 4.95 (s, 1H), 3.79 (q, J = 7.1 Hz, 2H), 2.77 (s, 3H),
0.72 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCls) 6 177.0, 170.7, 167.8, 167.0,
141.8, 140.2, 133.3, 131.4, 131.1, 131.0, 130.5, 129.4 (2C), 128.6 (3C), 128.5, 126.8,
126.2, 125.7, 124.7, 116.8, 77.4, 74.6, 61.8, 26.8, 13.5; HRMS (ESI-TOF) m/z: [M +
H]* Calcd for Cy7H2,Cl:N304 522.0987, found 524.0958.

324R 5T
3.2.1 R (anti) FALIG| WRER KL 3 FRWIY R

1545 31 I 2R (anti) S AL IS R BRDK bk Ak 547 3a I B ke, N T 5%
27 A 3 1 DA RSB AR AR JR A8 BEL A5 5 L A58 %oF 2 7 [ R, AT e
NIRRT T — R, HL5 45 Table 3-2 fis.

MK Table 3-2 A LI H, 25 e 2 (anti) 0G| AR IR IR £ 7 3205068 K8
LB A EE R LS, /B R AE 65-95%. ke XAEALmIME (1) ) R
B HIEURIE A OCH. ClL A1 Br isf (3b-3d), F=&h 77-94%. 4 R H3 AR
LT < 3R SR HURIER (39-3)), RIMAZHLFRMNFEMAE/N, 722Ny 81-85%. K
BhZ Ah, Hk RO ALE RTT IR RSN B T3 NO, BOE BN LT3 3,4-Cl
B (3ry 3u), MRS BB PN M, FEER TS 65-67% .
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Table 3-1. Synthesis of (anti)-indolinyl spiroimidazolines 3*°

R1
,‘, CO,R?
INH NIS, MeCN @ - 5
+ lL R P -R
RN 50°C, 3h RN N
H : Fn=L
R4
1 2 3
OMe cl
CO,'Bu @ CO,Et @ CO,Et
Ac-N NP = AN~ A NPh Ac-N-H N-Ph
o N Ph © N:<Ph © N:<Ph
3a, 90% ) 3b, 77% 3c, 94%
Br COgEt

CO,Me CO,Et
oo -3 -3 N
/ = B ‘ _Ph _ P -Ph _
AC,N%:N,Ph Ac NB/N(Q Ac Nﬁ o N
o N={ Ph Ph

3d, 93% 3e, 90% 3f, 93% 39, 81%

CO,Et
CO,Et CO,Et CO,

3h, 87% 3i, 88% 3j, 85%

o 20 20 2mt
AC’N\((\ /Q Ac’N\(’(\N/@ Ac—N-_A~ N Ac’N%\N

0 NJ\ o N=( cl o N=( & n={

Ph Ph Ph
3k, 89% 31, 86% 3m, 96% 3n, 93%

COZEt @ COLEt @ CO,Et @ CO,Et NO
< = = 2
AC’NY(\ /Q/ AC’N@ AC’Nj/N(\N’Bn Ac’N%\N/Q/
O N=

30, 95% 3p, 87% 3q, 80% 3r, 65%

COzEt @ CO,Et Br @ CO,Et cl
Ac’Ny/\ /Q/ Ac’Nw/”(\N/Q/ Ac’N%\N/@/
o N={ o N={ cl

Ph Ph

3s, 81% 3t, 86% 3u, 67%

®Reaction conditions: a mixture of 1 (0.2 mmol), 2 (0.3 mmol), NIS (0.2 mmol), and MeCN (2m
L) was stirred at 50 °C in air for 3 h. "Isolated yields based on 1.
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322K (&) &ML
ERGR AR, ZINEEZE WG SR BUE N T IR IS
B S, AT G 3a BIG BOAE], FEERAPD . A RIANE 77 ) H & [
TR 20 f53ET T 744 i (Scheme 3-2), . 24 1a (4.0 mmol) 1 2a (6.0 mmol)
TERAR A T RIS, or B3 374 3a 7= 2 83% (1.659).
'BuO,C

/ CO,'Bu
NH NIS, MeCN @ N
+ M pn

o] > N = ~Ph
N Ph™ N 50°C, 3 h Ac NE/NCN
\
Ac Ph
1a, 4.0 mmol 2a, 6.0 mmol 3a,1.659,83%
Scheme 3-2
3.3 R/
i BT, AE DU EALEIRE 15 N-J5EERE 2 NERL, ERE RN ET
(1.0 HEME X EAE VL, 1.5 54 &= KA 1.0 45 NIS VRE T 50 °C 4G E

FIFFAE LT UR TR 3 h) T, BEHATIRMY I T BURIEXS ™ 2 (15
i o Al e 3 (anti) S AL G| R BRIK ERRAL 59 3 R AW 21 A, FRERAE
65%-95%2 [8], JEILH %A BT VA 6 B A AL IR a1, Py P 4 H i it
R Sy 7y O HEAT 1R e, FATTLL™ 4 3a il 3@ i% 050 Heidk
177 el g, HACRA A 83%. 1X— 45 AR WL I IRAE & A B H s
Moo SASRUL, FRATAR R H 0 e 2K (anti) S A0 05 DR BR KRR K 5 BROT V5, AP BRI
sl BRt L2515, BRI RN AR BIEENE R, SR ZRAT A
PR FRAL 7 — P i 5 1 8 s
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SEME CuCl XTI (syn) FILBIRRIRLKEMEY & Ak

4.1 SISy

4.1.1 X BB FRF

R4 R A% A I

5-H R EEAL AR Il [ 24 45 [ 4k 22850 A BR A &)

X G R H TG AR IRl ERALFEREAR (B FIRAF
X RUT JE 2R % AR IRl [ 245 4E b 2250 A TR A 7]
3,4- " HIRKNE AR IEA ] 245 £ 4k 2787 G R A &)

TR TR T AR IRl BB FER AR (R HIRAA

E: SRR S AR 5, HMMESHS WS M =5,

4.1.2 BAFEEY 4 WAL (B 4a A6

tBU()QC
J NH @ N
CuCl,, MeCN /2 " Ph

o + Ph)J\N,Ph o A N N

N H ’ 0 /N

Ac 'BuO,C Ph

1a 2a 4a
Scheme 4-1

[F] 25 mL F s SRR H 0N B SR ARG I (1a, 86.1 mg, 0.2 mmol), N-75 2
fk (2a, 58.8 mg, 0.3 mmol). CuCl, (6.7 mg, 0.05 mmol) FIZfE (2mL), %
ST 20 °C THEREIOBE 12 ho A S R4 SR S NG B I RE R BT A (200-300
HD, WERGE, BRAWIAITHEN (VIV ZRLER: A =1: 4) 5553
77.9 mg HEEE, FEN 81%.

HoAm= Csyn) S A0 MG| WRBR K IR AL, 5 101 & il b 3R 2 B da

4.1.3 JiR R (syn) SE AL 5| HRER K EMRAL S 4 FRAE
(syn)-tert-Butyl-1"-acetyl-2'-oxo0-1,2-diphenyl-1,5-dihydrospiro[imidazole-4,3'-in-
doline]-5-carboxylate (4a)

Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 81%

~ N
AN ;7/”‘ yield (77.9 mg), mp 124-125 °C; *H NMR (500 MHz, CDCly) &
0 )N

BUO,C Ph 899 (d,J=28.2Hz, 1H), 7.63 (d, J = 7.3 Hz, 2H), 7.41 (t, J = 7.8
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Hz, 1H), 7.36 (t, J = 7.4 Hz, 1H), 7.31 (d, J = 6.2 Hz, 1H), 7.29 (d, = 5.6 Hz, 1H),
7.27 (dd, J = 3.0, 1.4 Hz, 2H), 7.25 (d, J = 9.6 Hz, 3H), 7.21 (d, J = 7.6 Hz, 2H), 7.17
(t, J = 7.3 Hz, 1H), 4.71 (s, 1H), 2.70 (s, 3H), 1.40 (s, 9H); *C NMR (125 MHz,
CDCls) 6 175.8, 170.8, 168.0, 167.1, 143.1, 139.9, 131.0, 130.3, 129.7, 129.6 (2C),
129.5 (2C), 128.3 (2C), 126.4, 126.0, 125.8 (2C), 123.4, 117.0, 83.4, 78.1, 76.8, 29.8,
28.0 (3C), 26.8; HRMS (ESI-TOF) m/z: [M + H]* Calcd for CyoH2sN30, 482.2080,
found 483.2113.

(syn)-Ethyl-1"-acetyl-5'-methoxy-2'-0xo0-1,2-diphenyl-1,5-dihydrospiro[imidazole-
4,3'-indoline]-5-carboxylate (4b)

OMe Ethyl acetate/petroleum ether = 1:4 as the eluent; yellow solid, 76%
PN o yield (73.4 mg), mp 103-104 °C; *H NMR (500 MHz, CDCls) ¢
Ac-N A 3
"7 h?/ 8.23 (d,J=8.9 Hz, 1H), 7.64 (d, J =7.2Hz, 2H), 7.37 (t, J = 7.4
EtO,C Ph

Hz, 1H), 7.27 (dd, J = 9.4, 5.5 Hz, 4H), 7.18 (d, J = 7.2 Hz, 2H),
7.15 (s, 1H), 6.93 (dd, J = 9.0, 2.5 Hz, 1H), 6.83 (d, J = 2.4 Hz, 1H), 4.78 (s, 1H),
4.29-4.15 (m, 2H), 3.81 (s, 3H), 2.65 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H); *C NMR (125
MHz, CDCl3) 6 175.8, 170.5, 169.1, 166.7, 157.9, 142.6, 133.2, 132.2, 131.1, 129.7
(2C), 129.6 (2C), 129.4, 128.4 (2C), 126.5, 125.5 (2C), 118.2, 114.2, 110.2, 78.3, 76.0,
62.0, 55.8, 26.5, 14.1; HRMS (ESI-TOF) m/z: [M + H]" Calcd for CasH25N3Os
484.1872, found 485.1906.

(syn)-Ethyl-1"-acetyl-5'-chloro-2'-oxo-1,2-diphenyl-1,5-dihydrospiro[imidazole-4,
3'-indoline]-5-carboxylate (4c)
o Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 88%
S yield (85.7 mg), mp 94-96 °C; *H NMR (500 MHz, CDCls) 6 8.26 (d,
Ac— D

2O Moy J=88Hz, 1H), 7.63 (d, J=7.7 Hz, 2H), 7.39 (dd, J = 8.6, 1.9 Hz,

Ph

2H), 7.36 (d, J = 7.5 Hz, 1H), 7.30 (d, J = 8.3 Hz, 4H), 7.27 (dd, J = 7.9, 2.8 Hz, 1H),
7.20 (d, J = 7.2 Hz, 1H), 4.79 (s, 1H), 4.30-4.14 (m, 2H), 2.66 (s, 3H), 1.21 (t, J = 7.2
Hz, 4H); *C NMR (125 MHz, CDCls) 6 175.3, 170.5, 168.8, 167.2, 142.4, 138.3,
132.5, 131.4, 131.2, 130.4, 129.6 (2C), 129.5 (2C), 129.2, 128.4 (2C), 126.7, 125.8
(2C), 123.8, 118.4, 77.9,75.9,62.1, 26.5, 14.0; HRMS (ESI-TOF) m/z: [M + H]*
Calcd for C,7H23CIN3O,4 488.1377, found 490.1348.
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(syn)-Ethyl-1'-acetyl-5'-bromo-2'-oxo-1,2-diphenyl-1,5-dihydrospiro[imidazole-4,
3'-indoline]-5-carboxylate (4d)

Br Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 83%

<

Na_Ph
Ac—N- A \7/
O )N (d, J =8.7 Hz, 1H), 7.63 (d, J=7.2 Hz, 2H), 7.55 (dd, J = 8.7,
EtO,C  Ph

yield (88.1 mg), mp 88-90 °C; *H NMR (500 MHz, CDCl3) 6 8.21

2.1 Hz, 1H), 7.40 (d,J =2.1Hz 1H),7.37 (t, J =7.5Hz, 1H),
7.30 (d, J = 8.5 Hz, 1H), 7.28 (d, J = 2.8 Hz, 1H), 7.27 (s, 1H), 7.26 (s, 1H), 7.21 (d, J
= 7.6 Hz, 3H), 4.80 (s, 1H), 4.29-4.13 (m, 2H), 2.66 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H);
13C NMR (125 MHz, CDCl3) § 175.2, 170.5, 168.8, 167.3, 142.3, 138.8, 133.4, 132.7,
131.2, 129.6 (2C), 129.5 (2C), 129.1, 128.4 (2C), 126.8, 126.6, 125.9 (2C), 118.9,
118.8, 77.8, 75.8, 62.1, 26.6, 14.0; HRMS (ESI-TOF) m/z: [M + H]* Calcd for
Ca7H23BrN;0, 532.0872, found 534.0851.

(syn)-Methyl-1"-acetyl-2"-oxo0-1,2-diphenyl-1,5-dihydrospiro[imidazole-4,3'-indol-
ine]-5-carboxylate (4e)

Ethyl acetate/petroleum ether = 1:4 as the eluent; yellow solid, 80%
AC’NE/";N;YP“ yield (70.2 mg), mp 112-114 °C; *H NMR (500 MHz, CDCl5) §
MeO:CT PN g 30 (d 0= 8.2 Hz, 1H), 7.65 (d, J = 7.2 Hz, 2H), 742 (t, J = 6.5
Hz, 1H), 7.37 (t, J = 7.4 Hz, 1H), 7.29 (d, J = 1.6 Hz, 2H), 7.27 (d, J = 6.9 Hz, 5H),
7.18 (d, J = 7.4 Hz, 1H), 7.15 (d, J = 7.6 Hz, 2H), 4.81 (s, 1H), 3.77 (s, 3H), 2.67 (s,
3H); *C NMR (125 MHz, CDCls) 6 176.0, 170.7, 169.7, 166.4, 142.3, 139.6, 131.2,
130.6, 130.5, 129.6 (2C), 129.5 (2C), 129.2, 128.4 (2C), 126.4, 126.2, 125.3 (2C),
123.2, 117.1, 78.0, 75.9, 52.7, 26.7; HRMS (ESI-TOF) m/z: [M + H]* Calcd for
CasH22N30, 440.1610, found 441.1644.

(syn)-Ethyl-1'-acetyl-2'-0x0-1,2-diphenyl-1,5-dihydrospiro[imidazole-4,3'-indolin
-e]-5-carboxylate (4f)

Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 85%

AC/NY";N;YP" yield (77.1 mg), mp 106-108 °C ; *H NMR (500 MHz, CDCls) &
EO,C° Ph g30,(d,J = 8.2 Hz, 1H), 7.64 (d, J = 7.2 Hz, 2H), 7.42 (t, J = 6.6
Hz, 1H), 7.37 (t, J = 7.4 Hz, 1H), 7.28 (dd, J = 8.1, 1.7 Hz, 4H), 7.26 (d, J = 2.4 Hz,
3H), 7.17 (t, J = 7.5 Hz, 3H), 4.79 (s, 1H), 4.30 — 4.16 (m, 2H), 2.67 (s, 3H), 1.59 (s,
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3H), 1.23 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCls) ¢ 177.5, 170.8, 168.2,
167.9, 142.8, 141.3, 140.3, 130.3, 129.6 (2C), 129.5 (2C), 128.9 (2C), 127.4, 127.1
(2C), 127.0, 126.4, 1256, 124.9, 116.6, 75.3, 61.5, 26.8, 21.6, 13.5; HRMS
(ESI-TOF) m/z: [M + H]" Calcd for C,7H24N30,4 454.1767, found 455.1800.

(syn)-Ethyl-1"-acetyl-2'-oxo-1-phenyl-2-(o-tolyl)-1,5-dihydrospiro[imidazole-4,3'-i
-ndoline]-5-carboxylate (49)

@ N Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid,
Ac~N~ A Y@ 66% yield (61.6 mg), mp 113-114 °C ;*H NMR (500 MHz,

Et0,C" Ph CDCl;) §8.30 (d, J = 8.2 Hz, 1H), 7.50 (d, = 7.6 Hz, 1H),
7.43 (t, J = 7.9 Hz, 1H), 7.37 (d, J = 7.4 Hz, 1H), 7.30 (d, J = 7.7 Hz, 1H), 7.27 (d,
J=5.3Hz, 2H), 7.19 (t, J = 7.6 Hz, 2H), 7.15 (dd, J = 12.0, 7.7 Hz, 3H), 7.08 (t, J =
7.4 Hz, 1H), 6.97 (d, J = 8.3 Hz, 2H), 4.94 (s, 1H), 4.27-4.20 (m, 2H), 2.68 (s, 3H),
2.43 (s, 2H), 1.23 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz, CDCls) ¢ 175.7, 170.7,
168.9, 166.2, 140.5, 139.6, 137.2, 130.9, 130.8, 130.4, 130.3, 129.9, 129.7, 129.3 (2C),
126.2, 125.9, 125.6, 123.5 (2C), 123.0, 117.1, 77.7, 74.1, 62.1, 26.7, 20.0, 14.1;
HRMS (ESI-TOF) m/z: [M + H]" Calcd for CagH,sN30, 468.1923, found 469.1957.

(syn)-Ethyl-1'-acetyl-2'-oxo-1-phenyl-2-(m-tolyl)-1,5-dihydrospiro[imidazole-4,3"
-indoline]-5-carboxylate (4h)

Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid,
N
\7/@ 70% vyield (65.4 mg), mp 131-133 °C;'H NMR (500 MHz,

EO,C°  Ph CDCly) 6 8.30 (d, J = 8.2 Hz, 1H), 7.55 (s, 1H), 7.41 (td, J =
7.5, 1.7 Hz, 1H), 7.35 (d, J = 7.6 Hz, 1H), 7.31 (dd, J = 7.4, 1.4 Hz, 1H), 7.29 (d, J
= 3.3 Hz, 1H), 7.27 (d, J = 2.2 Hz, 1H), 7.26 (d, J = 2.2 Hz, 1H), 7.17 (d, J = 8.4 Hz,
4H), 7.12 (t, J = 7.6 Hz, 1H), 4.79 (s, 1H), 4.34-4.10 (m, 2H), 2.67 (s, 3H), 2.26 (s,
3H), 1.22 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCls) § 175.8, 170.7, 169.1,
166.7, 142.6, 139.7, 138.2, 131.8, 130.8, 130.4, 130.0, 129.5 (2C), 129.2, 128.1, 126.7,
126.3, 126.1, 125.4 (2C), 123.3, 117.0, 78.0, 75.9, 61.9, 26.6, 21.3, 14.0; HRMS
(ESI-TOF) m/z: [M + H]" Calcd for CagH2sN304 468.1923, found 469.1957.
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(syn)-Ethyl-1"-acetyl-2'-oxo-1-phenyl-2-(p-tolyl)-1,5-dihydrospiro[imidazole-4,3'-
indoline]-5-carboxylate (41)

@ Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish
AC—NY:QYU solid, 78% yield (72.9 mg), mp 105-107 °C; *H NMR (500

EOLC Yo MHz, CDCl3) 6 8.29 (d, J = 8.2 Hz, 1H), 7.53 (d, J = 8.2
Hz, 2H), 7.41 (td, J = 7.5, 1.8 Hz, 1H), 7.29 (dd, J = 5.8, 2.7 Hz, 1H), 7.27 (d, J =
6.9 Hz, 3H), 7.18 (d, J = 7.7 Hz, 3H), 7.07 (d, J = 8.1 Hz, 2H), 477 (s, 1H),
4.30-4.16 (m, 2H), 2.67 (s, 3H), 2.30 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H); *C NMR
(125 MHz, CDCls) 6 175.9, 170.7, 169.2, 166.6, 142.8, 141.4, 139.7, 130.9, 130.3,
129.6 (2C), 129.5 (2C), 129.0 (2C), 126.4, 126.3, 126.1, 125.5 (2C), 123.3, 117.0,
78.0, 76.1, 61.9, 26.6, 21.6, 14.0; HRMS (ESI-TOF) m/z: [M + H]* Calcd for
CasH2sN30,4 468.1923, found 469.1957.

(syn)-Ethyl-1"-acetyl-2-(4-bromophenyl)-2'-oxo-1-phenyl-1,5-dihydrospiro[imida
-zole-4,3'-indoline]-5-carboxylate (4j)

. Ethyl acetate/petroleum ether = 1:4 as the eluent; white

AN S r solid, 85% yield (90.3 mg), mp 93-95 °C: 'H NMR (500
EOLC “on MHz, CDCl3) 6 8.30 (d, J = 8.2 Hz, 1H), 7.52 (d, J = 8.5
Hz, 2H), 7.43 (dd, J = 6.1, 2.7 Hz, 1H), 7.40 (d, J = 8.5 Hz, 2H), 7.31 (d, J = 7.7 Hz,
2H), 7.29 (s, 1H), 7.27 (d, J = 2.5 Hz, 1H), 7.21 (d, J = 7.4 Hz, 1H), 7.18 (d, J = 7.5
Hz, 2H), 4.78 (s, 1H), 4.27-4.16 (m, 2H), 2.67 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H); **C
NMR (125 MHz, CDCls) ¢ 175.7, 170.6, 169.0, 165.7, 142.4, 139.7, 131.6 (2C),
131.1 (2C), 130.6, 130.5, 129.7 (2C), 128.3, 126.8, 126.1, 125.7, 125.6 (2C), 123.3,
117.1, 78.1, 76.1, 62.0, 26.6, 14.0; HRMS (ESI-TOF) m/z: [M + H]" Calcd for

Ca7H23BrNs;O4 532.0872, found 534.0851.

(syn)-Ethyl-1"-acetyl-2'-oxo-2-phenyl-1-(m-tolyl)-1,5-dihydrospiro[imidazole-4,3"
-indoline]-5-carboxylate (4k)

Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish

AN N\th solid, 77% vyield (71.2 mg), mp 130-132 °C; *H NMR (500

EONC N@ MHz, CDCl3) 6 8.30 (d, J = 8.2 Hz, 1H), 7.65 (d, J = 7.2 Hz,

2H), 7.42 (t, J = 6.9 Hz, 1H), 7.37 (t, J = 7.4 Hz, 1H), 7.30
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(dd, J = 7.4, 1.4 Hz, 1H), 7.28 (d, J = 8.0 Hz, 2H), 7.26 (d, J = 4.2 Hz, 1H), 7.14 (t,
J=7.8Hz, 1H), 7.01 (s, 1H), 6.98 (d, J = 7.6 Hz, 1H), 6.91 (d, J = 7.8 Hz, 1H), 4.78
(s, 1H), 4.31-4.17 (m, 2H), 2.67 (s, 3H), 2.28 (s, 3H), 1.23 (t, J = 7.2 Hz, 3H); °C
NMR (125 MHz, CDCls) ¢ 175.9, 170.7, 169.2, 166.6, 142.5, 139.7, 139.6, 131.0,
130.8, 130.4, 129.5 (2C), 129.4, 129.2, 128.3 (2C), 127.2, 126.1, 125.9, 123.3, 122.5,
117.1, 78.0, 76.0, 61.9, 26.7, 21.5, 14.1; HRMS (ESI-TOF) m/z: [M + H]" Calcd for
CasH26N304 468.1923, found 469.1957.
(syn)-Ethyl-1"-acetyl-1-(3-chlorophenyl)-2'-oxo-2-phenyl-1,5-dihydrospiro[imida-
zole-4,3'-indoline]-5-carboxylate (4l)
Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid,
Ac—N- A N\YF’“ 75% vyield (73.1 mg), mp 94-95 °C; *H NMR (500 MHz,
E10,C N@CI CDCl3) 6 8.30 (d, J = 8.2 Hz, 1H), 7.63 (d, J = 7.9 Hz, 2H),
7.43 (d, J = 6.6 Hz, 1H), 7.40 (t, J = 6.7 Hz, 1H), 7.31 (d, J
= 7.4 Hz, 1H), 7.28 (d, J = 7.5 Hz, 2H), 7.20 (s, 1H), 7.17 (d, J = 7.7 Hz, 1H), 7.15
(d, J = 7.9 Hz, 1H), 6.98 (dd, J = 7.7, 0.9 Hz, 1H), 4.79 (s, 1H), 4.32-4.17 (m, 2H),
2.67 (s, 3H), 1.23 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCls) § 175.6, 170.6,
168.8, 166.0, 143.6, 139.7, 135.0, 131.4, 130.5, 130.4, 130.3, 129.5 (2C), 128.9,
128.5 (2C), 126.5, 126.2, 125.3, 123.5, 123.2, 117.1, 78.1, 75.6, 62.2, 26.6, 14.0;
HRMS (ESI-TOF) m/z: [M + H]" Calcd for Cy;H»3CIN3O4 488.1377, found

490.1348.

(syn)-Ethyl-1'-acetyl-2'-oxo-2-phenyl-1-(p-tolyl)-1,5-dihydrospiro[imidazole-4,3'-
indoline]-5-carboxylate (4m)

Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish solid,

AcN o" N;YPh 89% yield (83.1 mg), mp 111-112 °C; *H NMR (500 MHz, CDCl5)
F0:0 Q 58.30 (d, J =8.2 Hz, 1H), 7.64 (d, J = 7.1 Hz, 2H), 7.41 (td, J =
7.9, 1.5 Hz, 1H), 7.35 (t, J = 7.4 Hz, 2H), 7.32 (dd, J = 7.5, 1.2 Hz,

1H), 7.26 (dd, J = 15.4, 7.6 Hz, 2H), 7.09 (q, J = 8.5 Hz, 4H), 4.76 (s, 1H), 4.44-3.93
(m, 2H), 2.66 (s, 3H), 2.28 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz,
CDCly) § 175.9, 170.7, 169.1, 166.8, 140.1, 139.7, 136.4, 130.9, 130.3, 130.1 (2C),
129.5 (2C), 129.4, 128.2 (2C), 126.1, 125.7 (2C), 123.3, 117.0, 78.0, 77.4, 76.2, 61.8,
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26.6, 21.0, 14.0; HRMS (ESI-TOF) m/z: [M + H]" Calcd for C,gH26N304 468.1923,
found 469.1957.

(syn)-Ethyl-1'-acetyl-1-(4-isopropylphenyl)-2'-oxo0-2-phenyl-1,5-dihydrospiro[imi
-dazole-4,3'-indoline]-5-carboxylate (4n)

Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish

Ao-N_s N\7/Ph solid, 88% yield (87.1 mg), mp 98-99 °C; *H NMR (500 MHz,

EtOLC CDCls) 6 8.30 (d, J = 8.2 Hz, 1H), 7.65 (d, J = 7.8 Hz, 2H),

7.41 (t, J = 7.8 Hz, 1H), 7.36 (t, J = 7.4 Hz, 1H), 7.32 (d, J =

7.3 Hz, 1H), 7.27 (dd, J = 13.6, 7.2 Hz, 3H), 7.12 (s, 4H), 4.77

(s, 1H), 4.29-4.15 (m, 2H), 2.85 (dt, J = 13.7, 6.8 Hz, 1H), 2.67 (s, 3H), 1.20 (dd, J =

9.4, 5.7 Hz, 9H).; *C NMR (125 MHz, CDCl3) 6 176.0, 170.7, 169.2, 166.8, 147.2,

140.3, 139.7, 131.0, 130.9, 130.3, 129.6 (2C), 129.4, 128.2 (2C), 127.5 (2C), 126.1,

125.6 (2C), 123.4, 117.0, 78.0, 76.2, 61.9, 33.6, 26.6, 24.0, 23.9, 14.0; HRMS
(ESI-TOF) m/z: [M + H]" Calcd for C3oH3N304 496.2236, found 497.2270.

(syn)-Ethyl-1'-acetyl-1-(4-methoxyphenyl)-2'-oxo-2-phenyl-1,5-dihydrospiro[imi-
dazole-4,3'-indoline]-5-carboxylate (40)

Ethyl acetate/petroleum ether = 1:4 as the eluent; yellow solid,

AN P 90% yield (86.9 mg), mp 93-95 °C; 'H NMR (500 MHz,

E0,C Q CDCl3) 6 8.30 (d, J = 8.2 Hz, 1H), 7.63 (d, J = 7.2 Hz, 2H),

ome 743 (t,J=7.1Hz, 1H), 7.34 (t, J= 7.3 Hz, 2H), 7.30 (t, J =

7.4 Hz, 2H), 7.26 (d, J = 8.3 Hz, 2H), 7.22 (dd, J = 9.3, 2.4 Hz, 2H), 6.80 (d, J = 8.9

Hz, 1H), 4.75 (s, 1H), 4.28-4.11 (m, 2H), 3.76 (s, 3H), 2.66 (s, 3H), 1.19 (t, J = 7.2

Hz, 3H); *C NMR (125 MHz, CDCls) 6 176.0, 170.7, 169.2, 167.2, 158.3, 139.9,

135.6, 131.1, 130.9, 130.3, 129.6 (2C), 129.4, 128.2 (2C), 128.0 (2C), 126.1, 123.4,

117.1, 114.7 (2C), 78.1, 76.6, 61.8, 55.5, 26.6, 14.0; HRMS(ESI-TOF) m/z: [M + H]*
Calcd for CagHosN3Os 484.1872, found 485.1906.
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(syn)-Ethyl-1"-acetyl-1-(3,5-dimethylphenyl)-2'-oxo-2-phenyl-1,5-dihydrospirol[i-
midazole-4,3'-indoline]-5-carboxylate (4p)

Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish

Ac-N- A N;YP" solid, 74% vyield (71.2 mg), mp 126-127 °C; *H NMR (500

Et0,C Q MHz, CDCl3) & 8.29 (d, J = 8.2 Hz, 1H), 7.65 (d, J = 7.9 Hz,

1H), 7.41 (t, J = 7.8 Hz, 1H), 7.36 (t, J = 7.3 Hz, 1H), 7.31 (d,

J=7.0Hz, 1H), 7.27 (t, J = 7.7 Hz, 1H), 6.78 (d, J = 19.3 Hz, 1H), 4.77 (s, 1H),

4.31-4.17 (m, 2H), 2.67 (s, 1H), 2.21 (s, 2H), 1.23 (t, J = 7.1 Hz, 1H); *C NMR (125

MHz, CDCls) ¢ 175.9, 170.7, 169.2, 166.6, 142.3, 139.6, 139.1 (2C), 130.9, 130.8,

130.3, 129.6, 129.5 (2C), 128.2 (2C), 128.1, 126.1, 123.3, 123.0 (2C), 117.0, 78.0,

76.0, 61.9, 26.6, 21.3 (2C), 14.0; HRMS (ESI-TOF) m/z: [M + H]* Calcd for
CagH2sN304 482.2080, found 483.2113.

(syn)-Ethyl-1"-acetyl-5'-methyl-2'-oxo0-1,2-diphenyl-1,5-dihydrospiro[imidazole-4,
3'-indoline]-5-carboxylate (4q)

Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish solid,

C(é N\th 80% yield (74.7 mg), mp 107-108 °C; *H NMR (500 MHz,

EO.C N,  CDCls) 5817 (d, J = 8.3 Hz, 1H), 7.65 (d, J = 7.1 Hz, 2H), 7.36

(t, J = 7.4 Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 7.27 (s, 1H), 7.25 (d,

J = 7.6 Hz, 2H), 7.21 (d, J = 5.3 Hz, 2H), 7.19 (d, J = 1.0 Hz, 1H), 7.17 (d, J = 7.3

Hz, 1H), 7.08 (d, J = 1.1 Hz, 1H), 4.80 (s, 1H), 4.28-4.14 (m, 2H), 2.65 (s, 3H), 2.36

(s, 3H), 1.21 (t, J = 7.2 Hz, 3H); ©*C NMR (125 MHz, CDCls) 6 175.9, 170.5, 169.1,

166.5, 142.6, 137.4, 135.8, 131.0, 130.9, 130.6, 129.5 (2C), 129.5 (2C), 129.4, 128.2

(2C), 126.4, 125.6 (2C), 123.8, 116.8, 78.2, 75.9, 61.9, 26.5, 21.3, 14.0; HRMS
(ESI-TOF) m/z: [M + H]" Calcd for C,gH2sN304 468.1923, found 469.1957.

(syn)-Ethyl-2'-oxo-1,2-diphenyl-1'-propionyl-1,5-dihydrospiro[imidazole-4,3'-ind
-oline]-5-carboxylate (4r)

Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish

/' N
s Ph
Etoc-N N
0 )N
EtO,C  Ph

solid, 83% yield (77.5 mg), mp 105-107 °C; 'H NMR (500
MHz, CDCls) 6 8.31 (d, J = 8.2 Hz, 1H), 7.64 (d, J= 7.6 Hz,
2H), 7.39 (dt, J = 23.2, 7.3 Hz, 2H), 7.28 (dd, J = 13.0, 5.9 Hz, 6H), 7.16 (d, J = 8.0
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Hz, 3H), 4.79 (s, 1H), 4.30-4.18 (m, 2H), 3.15-2.99 (m, 2H), 1.23 (g, J = 7.2 Hz, 7TH);
3C NMR (125 MHz, CDCl3) 6 175.7, 174.8, 169.2, 166.5, 1425, 139.9, 131.1,
130.9, 130.4, 129.6 (2C), 129.5 (2C), 129.4, 128.3 (2C), 126.3, 126.0, 125.4 (2C),
123.3, 117.1, 78.1, 76.0, 62.0, 31.9, 14.1, 8.4; HRMS (ESI-TOF) m/z: [M + H]"
Calcd for CysH26N304 468.1923, found 469.1957.

(syn)-Ethyl-1'-acetyl-2-(4-chlorophenyl)-2'-oxo0-1-phenyl-1,5-dihydrospiro[imida-
zole-4,3'-indoline]-5-carboxylate (4s)

N ci Ethyl acetate/petroleum ether = 1:4 as the eluent; white
Sl g N solid, 88% vyield (85.7 mg), mp 97-99 °C; 'H NMR (500
EtO,C  Ph

MHz, CDCl3) 6 8.30 (d, J = 8.2 Hz, 1H), 7.59 (d, J = 8.5
Hz, 2H), 7.42 (t, J = 8.5 Hz, 1H), 7.29 (dd, J = 15.6, 8.0 Hz, 5H), 7.24 (d, J = 8.5 Hz,
2H), 7.21 (d, J = 7.5 Hz, 1H), 7.19 (d, J = 7.6 Hz, 2H), 4.79 (s, 1H), 4.31-4.18 (m,
2H), 2.67 (s, 3H), 1.22 (t, J = 7.2 Hz, 3H); **C NMR (125 MHz, CDCls) 6 175.7,
170.6, 169.0, 165.6, 142.4, 139.7, 137.2, 130.9 (2C), 130.6, 130.5, 129.7 (2C), 128.6
(2C), 127.8, 126.7, 126.1, 125.6 (2C), 123.3, 117.1, 78.1, 76.1, 62.0, 26.6, 14.0;
HRMS (ESI-TOF) m/z: [M + H]" Calcd for Cy;H»3CIN3O, 488.1377, found
490.1348.

(syn)-Ethyl-1"-acetyl-1-(4-(tert-Butyl)phenyl)-2'-oxo-2-phenyl-1,5-dihydrospiro[i-
midazole-4,3'-indoline]-5-carboxylate (4t)

Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish

A N—A S P Solid, 81% yield (82.5 mg), mp 111-113 °C; 'H NMR (500

EtO,C MHz, CDCls) 6 8.29 (d, J = 8.2 Hz, 1H), 7.66 (d, J = 7.8 Hz,

2H), 7.41 (t, J= 7.8 Hz, 1H), 7.36 (t, J = 7.4 Hz, 1H), 7.31

(d, J = 7.1 Hz, 1H), 7.27 (dd, J = 8.3, 3.9 Hz, 5H), 7.25 (s, 1H),

7.11 (d, J = 8.5 Hz, 2H), 4.76 (s, 1H), 4.30-4.16 (m, 2H), 2.66 (s, 3H), 1.27 (s, 9H),

1.22 (t, J = 7.1 Hz, 3H); *°C NMR (125 MHz, CDCl;) ¢ 176.0, 170.7, 169.2, 166.7,

149.4, 139.9, 139.7, 131.0, 130.9, 130.3, 129.6 (2C), 129.5, 128.3 (2C), 126.4 (2C),

126.1, 125.1 (2C), 123.3, 117.0, 78.0, 76.2, 61.9, 34.5, 31.3 (3C), 26.6, 14.0; HRMS
(ESI-TOF) m/z: [M + H]" Calcd for C3;H3,N304 510.2393, found 511.2426.
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(syn)-Ethyl-1"-acetyl-1-(3,4-dimethylphenyl)-2'-oxo-2-phenyl-1,5-dihydrospirol[i-
midazole-4,3'-indoline]-5-carboxylate (4u)

Ethyl acetate/petroleum ether = 1:4 as the eluent; yellowish

(o) N
F10:C Q, MHz, CDCl) 6 8.29 (d, J = 8.2 Hz, 1H), 7.65 (d, J = 7.1 Hz,
2H), 7.41 (td, J = 7.9, 1.5 Hz, 1H), 7.36 (t, J = 7.4 Hz, 1H),

Ac—N < N\7/Ph i i °c. 1
Y; solid, 86% yield (82.7 mg), mp 113-114 °C; *H NMR (500

7.32 (dd, J = 7.4, 1.3 Hz, 1H), 7.27 (dd, J = 14.1, 7.2 Hz, 3H), 7.00 (d, J = 8.1 Hz,
2H), 6.87 (dd, J = 8.0, 2.2 Hz, 1H), 4.75 (s, 1H), 4.30-4.14 (m, 2H), 2.67 (s, 3H), 2.19
(d, J = 4.6 Hz, 6H), 1.22 (t, J = 7.2 Hz, 3H); 3C NMR (125 MHz, CDCls) § 176.0,
170.7, 169.2, 166.9, 140.4, 139.7, 138.0, 135.1, 131.0, 130.9, 130.5, 130.3, 129.6 (3C),
128.3 (2C), 126.7, 126.1, 123.4, 123.2, 117.0, 78.0, 76.3, 61.9, 26.7, 20.0, 19.4, 14.1;
HRMS (ESI-TOF) m/z: [M + H]" Calcd for Co9H2gN304 482.2080, found 483.2113.

4.2 R 57
4.2.1 IR (syn) EALT WREREK AL 59 4 HIEDIY R

N T B ERZ T VA E M DL R R B R A BRI 5 L RIS SKT SRR
SO, FRATTRI 2K (syn) 2 A MG BRIk kIR Lk 54 da (e B B AR, X IO
JRPIHEAT TR, XERigh SR 4540 Table 4-2 s .

MK Table 4-2 ATLAE H, &% A U (syn) A g R R IR PR IRK 1) 77 325 %60 DR
Oy BN AT, 43 B P A 66-90% . 24 R 57 B )y OCH3. CI 11 Br I (4b—4d),
PRI RN 76-86%. 24 RPAZE N 'Bulth (4a), P RAKIRAEIES] 81%. X4 R
B IZRIR FEUR I A A0 I, S 852 2 1) 7 BELEZ IR, 7747 Ag (177 26 MK (66% )5
AT B IR T A QI A SR, L AN s B AR A B R R
M, 24 R®ZEFF IR BT BURIE CHs. OCH3 I (4m-40), R N3Z45 oL 15K
LR ISR S (88-90%); JEREHUAREE Bu I (41D, A2 AT PH AR M 4
/N (81%).
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IR A IR BE IR, A 4 () S B P B IO A U
- - - - - - - ayb
Table 4-1. Synthesis of (syn)-indolinyl spiroimidazolines 4
R30,C IT
\ / NH < N
RI-I- o + R4KN,R5 C“CO'Z' MeCN re-N_ SR
N N 20°C, 6 h 5 )N,
R2 R3%0,C R5
1 2 4
OMe cl
O
g Ph
Ac—N S = 7 N 7 N
Bu0,C Ph O /N O /N
Et0,C  Ph Et0,C  Ph
4a, 81% 4b, 76% 4c, 86%
Br
N ) n o
g Ph g Ph g
N N__Ph Ac—N \7/ Ac—N \7/ Ac—N D
Ac~ 7/ 0o N 0o N e} N,
o N, MeO,C Ph EtO,C Ph EtO,C Ph
EtO,C  Ph
4d, 83% 4e, 80% 4f, 85% 49, 66%
< < Br
o /N /N -
Ac-N A D Ac—N D Ac—N S Foe A oL
o )N o/ N O /N e NI T
o en EtO,C  Ph EtO,C  Ph P i /7%
g ‘..\/{ =
o1 R
I P, t}"’
4h, 70% 4i, 78% 4j, 85% :
@ N N ) "Ny _Ph Ac-N A N\7/Ph
" Ph " Ph NN
Ac-N Nl Ac-N Nl Ac ,\7/ 0 )N
o )N o )N EtOoC Et0,C
EtO,C EtO,C 2
cl
4K, 77% a1, 75% 4m, 89% 4n, 88%
)\ o
g Ph :
Ac—N N Ac-N th N
o) N [e) N 3 _N =~ X—Ph
EtO,C EtO,C Ac—N S—Ph Etoc 3 N7/
o N Y
o Ph EtO,C  Ph
OMe
40, 90% 4p, 74% 4q, 80% 4r, 83%
S > cl Ac—N - N\7/Ph N Ph
N 4 NYO/ o )N Ac—N X ;7/
Ac—
PN Et0,C EI0LC
Et0,C  Ph
4s, 88% 4, 81% 4u, 86%

®Reaction conditions: a mixture of 1 (0.2 mmol), 2 (0.3 mmol), CuCl, (0.05 mmol), DTBP
(0.2 mmol) and MeCN (2 mL) was stirred at 20 °C in air for 6 h. ®Isolated yields based on 1.
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422 K (L) RBL
FAL b, A T IRFOZITIEAE A R R RS, BRATCME &9 4a (6 B,
B SONLTE BT IR B A 264 R OK 20 %, #HATH w4 i (Scheme 4-2). X4 la
(4.0 mmol) #12a (6.0 mmol) 7EHMFM FRNG, 77 &Saithi320r=Y) 4a 1)
FERA 76% (1.529),

tBUOzc
/ NH CuCl,, MeCN : N
o + J pn e = AN A T
N Ph™ N 20°C, 12 h o )N
Ac 'BuO,C Ph
1a, 4.0 mmol 2a, 6.0 mmol 4a, 1.52 g, 76%
Scheme 4-2
4.3 RE/NG

ZE BRI, AREUUGE RN 1 5 N-J5 5K 2 MRk, TR RN A
(1.0 ZiEke WAAALMIWE, 1.5 25k & 0.25 245 CuCl, 7F 20 °C () Z I 57 & 45
SAGEHRHAER 12 0) R, BHATIRDY RS T BRI e R m . A
J8H 5 A A RO R T (syn) A G [ R R K IR A L 5 ) 4 3R 50 724 214
FEEAE 66%-89% (8], KW 7 iZAMITEREE M. A e S s A Mo
SRR RAT T RAE. LA da BT I SO g 4, FLUCRAT A 76%, &
Wiz ik A BRI S . Rz ROTIR T, SRR IES c s, A
i Cu (1D GRS AL R B, A 7R A AL O — NPT IE R I R o [FIET, fiEfl =
NHEAG LR, JRTET RS BP0 HO0). Sk, ATk
Je& I (syn) A G R SR K IR 1) & ST VA AP SR A i 2 SRR 2 2 515, N
BEH BT AE IR R SR AL T — P A 1 R
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ELE SRERE

5145

DKPEIRIEIAAL S VIEA NG R EE BB MR SIEE B )
RN o DRI, OQ T BKMRRIRIA A AL S K SR RE AT T — ELAE S A P& AL 22
Lo AR S U ) e BE DRV« H TS T DRI AL SV & 0T VR B A HRGE,
HEAA —E50 J7A SR DU B R, B KR 5 BT VA B % B A7 £
HLRRE, W NFERERA GG, 20 RN A E A, B
DREH, RS = B BRES A R MR, (8 AL 22 T R AT, N 2%
PEAGIRAT, SN A, B 4% .

ST, BATIITR T P AR B A 1A i S8 v Rt AR e 3
A AN R BR DK PR AL S5 40 (5 5 32 I B 22 40 NIS A CuCl, fie 2t ke
SCEAMI S N-J7 Z R A SR BRI SRE, - 3 AR IR FEPE S A 1 e CantiD
SR Csyn) P Asd A ) 2 1] 2 2R F g TR e IR AL 5

A X 5
NIS ~ re-No A NR

RBOZC MeCN, 50 OC, 3h R4
/ NH 3 (anti)
T 5
R'—- P 0O + R4JJ\N R
N : R’
R? _‘_
1 2 N\ / N .
CuCl, _ re-N A \y/R
0 o O N
MeCN, 20 °C, 12 h R302C \R5
4 (syn)
Scheme 5-1
HARN BT

(D) BT Badt e XA WE 1a 5 N-75 3K 2a EE AR R N, 7 515
FF2Y) 3a Ml 4a, B THNMR. BCNMR DL X-8H28 20 i fr it 400, 154 3a
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Hf i Canti) EALI | RERKIEIE, 4a N (synD) AL DR IR K R IRR I 251
X R B AR OSSR TR R BI [R] 45
FAFHATIRIEAOA, W57 3a BIRAEG RN 1.0 M8 EmIWE, 1.5
L8 N-J7 25k A 1.0 58 NIS 7E 4 /FH T 50 °C N 3 h; #iAL 4a B E 6 -
Ay 1.0 R SR 1.5 24 N-J5BE K /2 0.25 245 CuCl, 7E L Jig )
ARG T 20°C TR A2 he [F, I — R 2R G di A S K SOk R
W, $EH A BRI R S .

(2) DAE X AmI W 1 5 N-J5 5605k 2 ATk, fEfsEE R BSFAETS, 7 T
RV e, LG — RIAIAFEIRH ) (anti) B ALRIEBK AL 54 3
(21 ), JFPEAE 65%-95% (8], &I %A BTV 0T & A B 2 1) e o5 1
it 52, B PRI 45 R 35 SR A R IR B B oy RS AT TR AE . 1E
HERBLZAETT, L= 3a BRI Se I H se Jehil 4%, URRIA 83%, REA 7%
VRAE S R S A

(3) DAk XA AmImE 1 15 N-J5 36k 2 ARkl fERE RN 261, [RIARHE
1TV RYY I, LG — RIIAFRBARKINE (syn) AL WRIZBKEIRAL &
Y4 (214, F7EAE 66%-89% I8, [FIFE I H %G T EN A &,
B A 7= ) 1) 3 A AR S 7 M B IS AT 1 SR AE . o AE R RONRAT T
L= da RS2 B0 T H e el 4, Wik 76%, [RIFERM TixEES
i S

AR T ARG HoAh KRR R IR AL S W & T EEAR LG, 5 AT s AE Tl i A [H]
PR A 751 B S5 7 2% A R B ST BT S 7 = a8 ) 1A 4, FLELA JEURH T B 5 15
AT B 224 . OB TR e R0 SO SR AR AT S0 o RTINS
HAE GO, JEFAPF IR GO H0). B, ARJ5 3Rk
PR By SR e B I A A SR AR 1 — T ) SRS
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5.2 g

ARSI 1 e SCEALIGI e 5 N-57 BRI B B B Rk e IR R IR A 540,
gl e Canti) ARG RIRIBKIEBRATBIZ Csyn) AL RBRIBKIRAR . A4S N Jé
) BROTVE B B A D BRI B . SN AR PR A e R
AR R, IR RS R TR A Ak, I %7 A5 BT L K I
M BT DAl N R 2 R EGRI D REM RS, Xt HE BEHEAT AN R] A0
o [, JRATTAT DS S5 AR T7 5 & ORI R IR S0 s, DL N-J7 3Lk
FLAT e S LA AN [FI S [ R PR AR A AL S . BATTIE W] LA Al R S o, B-AS
VORI e 4n J50RE ST 20 R WS A i AN R SRR (B3R e 54 . X 4
REAAR I VR O R B AR 3 HE R LEER 0 M A BAT wI AT 18, (H AR 3RAT 1 D st st
— BRI .
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