LR R L 22 608 3

il i X

& B M5 o f-ANMEFIFES R
HOIZE 2 [ IR 2 A 5%

RIEE: ZSAR IR
HFHUD: B

FR (Fd: 1z
MR7GE: BNERGES

—Oo”_mM &£ & A



LR RER A 8 S

STV CH AN 4 7 B

AFMRXEEEATTEET THATHAE THEXREHHE LR, #
BAVT &, BRXF EEEATI BN ES, KX T aEHEMENMATER KK
BEAWNAR AR, TAXWHAAREEZ TR DAMER, HEAETFE
THABAAARTEE. FAREEFRHAEAE AN EETME.

2R S A g, 2024564 7E

B OH A& 4. /’é}f/ﬁv\ F#f. 2024 £6 A 7 H



TR R A 2 1 3

FALE ST E IR H

PRV AMERE T BEREXRE. EASAIL AT
FIR SRR I 01 E 5 S0 AL X B D AE T AR,
RV B M. AN TRAS TR AR
MRS NIRRT LBIRERTRE, THURAYE. B
S AREE 5T BRI ARSI X

e O, £ FREEEAARRE.

AR IET

FRE [V

FRRXMEER: £4) 5 HIRPER 7D )

HHER: 2024 6 B 7H HEf: 20246 B 7H



LR RER A 8 S

RGN o B-AN I FNINER S MR AR MM R AR 5T

HE

RS RN — P E AN R, R4 AL
FRIM LR85 A 2 SO E A T2 IR o R R BT R
WIPELE R, BRI L ARG I 2 257 BE T T i IR (R 8 75 oK
MG T IR AL & i 8 RO It R I . HAn, 83k
EMCTETE PUE. PO . Pidk LBUE. PrE. Bhva A
GESRIETE (HIV) ROTAMREE LS TR SEER, BRI
H B R RS AR EEMF TS o f- A S B-Jd
FRER MM RS, eI R S R Ac 0 CAiR B« (gt /ARl v
A FEHERIE IR, = A H s B A e A kg,
SR« I IR AL & PR 2 RIS . BARGNT

(D WHFE T WAL 5 A s AR I ER A o B- AN
LWZIRYE B-IEIRER AL S, SEREEA R T AN [ 2 1 B L R
BRI G RIFNZ T E A T 24 A SRR AP K
A NI EY), IR T PRI BEE S ST .

(2) BFFC T AR R BRARKE IR 5 B-J e i PR A S
A T AR R K AR A BRI A & . B %0715 7l &
R T 21 ANBRARRS IR SRR A A [ 25 ANBRAREE R BR — it
AL AW, 5 B R N AL B SR T R R g R R HEAT TR RE S

(3) WHFE T AL 256 TR o, B- AR SRS 55 -4 %
Fe IR OB, RSt 27 DI RIEIEI ML S K 32 N2 HL
R A AP, FHIRE T ATRERIR SALEL.



TR R A 2 1 3

FRETAE R, JRADER R H T A AN BT R A AR R 4 H
SRR E, RIXL R SR AG IR IS A =
T 'H NMR. BC NMR Al HRMS 3HT T RAE. X TFEANRMNAER,
FRAT BRI B X-SF R AT S — R s T 45440
RGFEAERPFEER . RNAGRM. FR 5. BAEREE S H
TR AL, A RA IR AR AL A 1) I 22 BARE
S e v 2

KiEia):
BIME G, SRR B A, TR A& it
i



TR R A 2 1 3

INVESTIGATION ON THE SELECTIVE CYCLIZATION
OF EXOCYCLIC a,p-UNSATURATED CYCLOKETONES
WITH ENAMINES

ABSTRACT

Spiro structures, an important organic molecular skeleton, have been
widely applied in numerous fields including medicinal chemistry, organic
chemistry, and materials science. Particularly, spiro skeleton can meet the
specific needs for conformational rigidity in drug design due to their
strong rigidity, thus highlighting the importance of developing efficient
synthetic methods for these compounds. Currently, spiro compounds have
played significant roles in antibacterial, anticancer, antidiabetic, anti-
inflammatory and analgesic, antioxidant, prevention and treatment of
human immunodeficiency virus (HIV), and anticytotoxicity areas,
showing their broad prospects. The main work of this thesis is the
cyclization reaction between exocyclic o,B-unsaturated cycloketones and
B-enamino esters, achieving the efficient and highly selective synthesis of
dihydropyrrolyl, dihydrofuryl and cyclopentenyl spiro compounds and
polysubstituted pyrroles by regulating the reaction conditions (such as
temperatures, promoters/catalysts, additives, etc.). The details are as
follows:

(1) The halogenating agents promoted cyclization reaction of
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exocyclic a,B-unsaturated barbiturates with p-enamino esters under
mechanochemical conditions to selectively synthesize different types of
spirobarbiturates was studied. Following this protocol, 24 dihydropyrrolyl
spiro compounds and 24 cyclopentenyl spiro compounds were efficiently
obtained. A possible mechanism was also proposed to explain the reaction
selectivity.

(2) The halogenating agents promoted cyclization reaction of
thioaurones with B-enamino esters to selectively synthesize different
types of spirothioaurones was studied. Following this protocol, 21
dihydrofuryl spirothioaurnes and 25 dihydropyrrolyl spirothioaurnes were
obtained. In addition, a plausible reaction mechanism was proposed.

(3) The cyclization reaction of exocyclic a,B-unsaturated
isoxazolones with f-enamino esters under mechanochemical conditions
was studied. Following this protocol, 27 cyclopentenyl spiro compounds
and 32 polysubstituted pyrroles were selectively synthesized. In addition,
a plausible reaction mechanism was proposed.

In the above reaction systems, substrates with electron-withdrawing
and electron-donating groups could react well to give the corresponding
products in moderate to excellent yields, thus highlighting the good
applicability of these reactions. All products were characterized by 'H
NMR, 3C NMR and HRMS analyses. Additionally, their structures were

further unambiguously confirmed by single-crystal X-ray diffraction
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using representative products in each system. The present method has
several advantages including high selectivity, mild reaction conditions,
readily available starting materials, simple operation and feasibility for
gram-scale synthesis, providing a new alternative to efficiently synthesize

structurally novel spiro compounds and polysubstituted pyrroles.

KEY WORDS:
Spiro compounds; Chemoselectivity; Dihydropyrroles;

Dihydrofurans; Cyclopentenes; Pyrroles
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(Figure 1-1 Pharmaceutical molecules containing a spirodihydropyrrole framework)
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(Figure 1-2 Artificially synthesized alkaloids)
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(Figure 1-3 Spirodihydropyrrole organic electroluminescent materials)
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Fredericamycin a-Vetispirene Anti-alzheimer's drugs
11 12 13

K 1-4 5 H 3 RGIRA B 2R 25801

(Figure 1-4 Pharmaceutical molecules containing a Spirocyclopentene framework)
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(Figure 1-5 Spirocyclopentene organic electroluminescent materials)
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(Figure 1-6 Biologically active spirodihydrofuran compounds)



LR RER A 8 S

142 ZSRREBRIMLEYEM R S ERN A

AN (OLED)  H WEA: 2 1At PR 3L sl 1k i 52 3132 R
OLED [ SCE M R HE RO B, H AR S AR L. Horf, ReM kL2
PRGN RER B R, HAOWRER . Fidn KO ESEREXS OLED %44
VEREA & B TERENT o ROUM BRI UK RO E 2 OLED B CH ZRHSr, Xt
BAEI B RO B OE IS, SRS A 18 R OB R 1k
EPEAEBAUE R —MANLEBCROEH R (B 1-7) . b SV REZ S5 35
T TR RN, A R R 25 R R T A B T FRAR o T IR R 7, i3
M4 TH 1 PR . A, HOT MBI By i T4k, R R
M s tERe, BB &S IOTR R, R Z SRS
OLED #8757 T JE I tH B R /518,

A 1-7 W8 SR AT AL R EUR A R

(Figure 1-7 Spirodihydrofuran organic electroluminescent device materials)
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(Figure 1-8 Pharmaceutical molecules containing a pyrrole ring framework)
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(Figure 1-9 Application of pyrrole compounds in pesticides)
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(Figure 1-10 Pyrrole-based organic electroluminescent materials)
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(Figure 1-11 Polypyrrole metal anti-corrosion material)
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Reagents: (I) LiAlH,, Et,O. (II) DMSO, (COCIl),, DCM, Et;N. (III) (S)-prolinol methyl
ether, MS 4A, C¢Hg. (IV) 1) AcOCH,CH,NO,, N-ethylmorpholine, MeCN; ii) chromatog.
(V) HO(CH,),0H, TsOH, HC(OEt);. (VI) LiAlH,, THF. (VII) 2 mol L*! HCI, THF.

Scheme 1-1 Multistep synthesis of spiro dihydropyrrole spiro compounds
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Scheme 1-2 Synthesis of cyclohexadienone spiro dihydropyrrole compounds
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36 37
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[O% i
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39

Scheme 1-3 Synthesis of cyclohexadiene spiro dihydropyrrole spiro compounds
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WEEZNEETE (Scheme 1-4) .
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RY P o 4+ H2N—< + | | ° S | _ 0]
N CO,Et solvent, 60°C a N\
R CO,R? R! R
a1 42 43 44

Scheme 1-4 Synthesis of oxidized indole spiro dihydropyrrole derivatives

2014 4%, Joseph 25 N FH 5 mol%( TiCls AL, Ltk Ak 0| wk
I 5-F AR M 46 JyRT Ok, DAL A S R At e 6 1445 31 22 BRI =&
ML ARIAE 54 47 (Scheme 1-5). 1ZJ5ik @tk m . #AERH, HATblE—»
IS FH T A R e R 4 R 0 2 AT A4 R I s = 4
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Scheme 1-5 Synthesis of oxidized indole spiro dihydropyrrole derivatives
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Scheme 1-6 Synthesis of oxidized indole spiro dihydropyrrole derivatives

2020 4F, Jia % NMBIDL Z ke &) 51 505 50k 52 TRk, ST
A B U Sk IR SRV TR G Bt T USE, DA v 11 DX 3 i 43 e R 574
PG B AR e R Oy ik T A g SRk 5 53 (Scheme 1-7) o R MEA %
PREBAT, 7R AR a2 A

RZ—: \ “NBoc
pZ
cl s/j 52
0N X"Ng 'BUOK (2.0 eq)
R P Ar, THF, rt, 30 min

51

Scheme 1-7 Synthesis of disulfane spiro aryl dihydropyrrole compounds

2022 4, Robabeh Z5 NMUEART R 4140 F, DUEAL IR 2Rtk &4
4. WErEEh 55 FikE 56 NJEE, fF DABCO HIMEH Filid =470 kN E k%
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HUAR R S A G| i — ki S5 57 (Scheme 1-8) o 1% J7VERA RNV %A
1 N SQIVA N TS5 AN S/ S 1 W

COzMe
R2

1 O COQMe
©\//L MW-180W
DABCO, DCM

54 55

R2

Scheme 1-8 Synthesis of oxidized indole spiro dihydropyrrole derivatives

2023 4, Chen % NMSERHBHCAMALI (3+2) MMER S T 2 M AA
L B = X AR 5 A1 1) L A R R 2 — S Mg 2846 54 60 (Scheme 1-9) .« FII 1%
JHERRINHEAT T IO RNL, BAT 730 L. G sm S I

Scheme 1-9 Synthesis of pyrazolone spiro dihydropyrrole compounds

L7 IR RIRIZIME S IR & B ST IR

IR SIGIRIAAZ Lo i BRAE R IR S BAT WS T 21 R 2 A7 A, e
Mgt 2 AEE . 29 BREE R AR Wi PR A X RAL S W RO BT 24501 A R A AR R
BT A br . B RIS S RENS I SI N Z P E REBIT A K EL M 2
FEVER 10, IO 25 st A& a0 7 R RRIE FE S 18] o bk, BRIA A
ZERAE AT RHIUS A R I BRI 70, R AE A BLH 7 DG R AR U o290
Kltt, TR RALYITIR . MR AR I AL 2 T T, B G &4
A R AT R AE A RO R O EL, O E AT TR A
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2008 4=, Christopher %5 NMOILLFRARIEAL A 61 NIREL, 7 et R
FEAMNIEER IR f5 St S A OB, 15 2 N AR 61b. f7fE AT ML R
N A5 B IRAC G 23R T E LS4 62 (Scheme 1-10) ,  BARH S SUCR AT .

Br Br N O
I 11
e, UL L,

\

Boc Boc
61 61a
Br R Br R
N o N M
Boc Boc
61b 62

Reagents and conditions: (I) (a) Dess—Martin periodinane, DCM, NaHCOj; (b)
acetylmethylene triphenylphosphorane; (II) H,, Pd/C; (IIT) BuLi, TMSCHN,, -78 °C to rt.

Scheme 1-10 Synthesis of bromoindole spiro cyclopentene compounds

2010 4F, Kodirajan 25 NMIRLEEALIIESLEY) 63 5TAKIR HIE 64 N5
B, ZIRFEBEOAMALT], FEHIR T DU R R A 3 2 BRI AL 5] WRAE R 1 0
Htk &) 65 (Scheme 1-11) , ZJ7EEAGBRIERIME . &R, E M mESm
Ji

o

Br
/ COzMe
R? co.Me PPhs (10 mol%)
o ., (/ 2 base solvent
N | r.t.
R
63 64

Scheme 1-11 Synthesis of oxyindole spirocyclopentene derivatives
2011 4, Fangrui &5 AR T S0 B BT AR (B A0 SUHE A0 S AL I DR 2R i 177
Ay 66 5 MBH BkIRER 67 B Xk #E 1 [3+2] ¥ b ) B (Scheme 1-12). %77
R B B XS BRI RIS PR SRR AL A R BT IR
WIRIGEAAY) 68, 69 T-AE T —Fiki i %
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OR
COR2
NG COZR COZR
NC
Ph
cat. (10 mol%) O
solvent, RT
R
66 638 69

Scheme 1-12 Selective synthesis of oxyindole spirocyclopentene derivatives

2012 4, Klaus %5 NMOMRGE 7 —Fiosn B4 (1A HLIE A % A B2 BUR A
I RAR IR AR P 72 W75 1E55 AR EIRBE IR T, 3-BURE L]
W 70 5 o f-AERIEE 71 750 RN ERAT T S0 A o WUE BRI IR =4,
IR ALY #RAER 5 (Scheme 1-13).

R’ OHC
R
0 2
Diarylprolinol Silyl Ether N
| A \L (0moi%) NN,
V& toluene, 37 °C S ~N
Boc X Boc
70 71 72

Scheme 1-13 Synthesis of oxyindole spirocyclopentene derivatives

[FI4FE, Zhang 55 NOER AT N-J83F R ML RURTE 73 S5 M0mIm
RACEY) T4 IS, W] DA BAR R Tk A g el g AL &9 75,
NUEIR AL S & R B T — 25 W2k (Scheme 1-14). %7k A A
fEfI L, SR PFIRAT WORm . EEE R S BRIEFE S0

o Ar)
0 N Ar' NHC (20 mol%) A
ArMH LR P 0 _KeCOs(12equiv) Ry =0
N 4A MS, THF, 40 °C N
Br PG 12-24 h PG
73 74 75

Scheme 1-14 Synthesis of oxyindole spirocyclopentene derivatives

2013 4, Kandapalam % AM2H3GE 1 < AR A0 & BB AL ) 22 HUAUAR
PNS| R AEIA IRAL S 77 ZIRBA LA 3- L3R P fe-2- 51405 e 76 D9 Rk
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23 CIEEIA A B G B B2 % (Scheme 1-15) , i E R E .
EYERE, NG AL R IR G SR T — TS5

Pd(PPh3)4 (20 mol%)
PPh3 (30 mol%)

toluene, 80 °C, N,

Scheme 1-15 Synthesis of oxyindole spirocyclopentene derivatives

2m5¢,ng,NmM¥ﬁ%%1ﬁﬁ%U R ICRR MG AT A A 78

5T ZWGmREE 79 AR 585 X B A AR AR [B+2] I B, FE

HNZEAF T3 21 2 BUROR R B SR ER A% 1054 80 (Scheme 1-16) , 1% 757K
. PR kR

R1

CO,R? RY.
/- I( cat. (10 mol%) N ~CO,R?
o solvent, rt, 12 h o)
o o
78 79 80

Scheme 1-16 Synthesis of benzofuranone spirocyclopentene derivatives

2018 4, Maxime 5 NU2HEGHE T — P DUEAISIERTAY) 81 5 T )i
T4y 82 MR, ZIRIEBE ML, I [3+2138 sk e M4 31 22 BUAR K 4R
P MGIERE IR R AL A4 83 (Scheme 1-17) o %R IE XX SL B8R %475 A7 2E 0 J T
THE—BRIBEAL, @S T AT A RS T SCSE. [RIN iy MDM2-P53 i)
FIBFE RSB T —ASF T M

CO,R
Ar RO,C
) \“ Ar
N + | __PPhs N CH,R!
R?—- o) toluene  R%4- o]
Z~N Z N
\ R1 \
PG PG
81 82 83

Scheme 1-17 Synthesis of oxyindole spirocyclopentene derivatives
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2019 4, Angel 5 N2 GE T — R (b M3+ 23 IO 8L, ARATTELSAAL
WG|k 84 5 20w rt bt 85 NIEEL, Sc(OTHs NHELT], PyBOX Fll BArF AECiA,
L RSO3 A5 38 22 IR ) S8 A G B A [ J 7490 86 (Scheme 1-18) o %771k
JRPDVEH " Bk EEEE, N E R RIS SR A T — R R BR A

| X
~
o} N O
N N—
B PyBOX  ~ .. SR’
EWG Sc(OTf)s/NaBArF EWG/.,
/ SiR! (10 mol%)
N additive R | N OCH3
I// \ O+ =" "CH; DCM,4AMS, tt, 3 h S ~N
R? Ac a Ao
84 85 86

Scheme 1-18 Synthesis of oxyindole spirocyclopentene derivatives

[FI4F, Chen 25 NIRILUSEAL AT A=Y 87 LK RRIGNBRATEY) 88 N
¥, Pd(PPhs)s MEALT, A H TG TS 21 22 HURC SR A MG B2 I 1) H b
771 89 (Scheme 1-19) , %G BTVE MR BA AR H 0 7 i & 1A S B

BocO CO,R!
o OBoc  Pd(PPhs), (5 mol%)
N f N THE A

87 88

Scheme 1-19 Synthesis of oxyindole spirocyclopentene derivatives

1.8 ZEREIZIR L S & R RIER

W2 R A A TE — RGVE TG VR 70 FE I B3 O, R R T P
PUA VAU AR %5 % 05 T[R9 82841, 3 o B 2 1) A 3 M LR — Sk AL
E BN ZiE R R AR R 2T ST AT TR A R A, R AR AL,
EELIAEEZ S, TMEMRIREE L RO AE T IR B R 22 25 22 A SRR 0
OV AE S A e 27 DRk H A C VR 2 O RMIE N 5L AE A A A AT
BN T TR T

2006 4, Stefan % \M2OHE 7 —Fh DL 2 BRI ZR 2B E 3R %R 90 )5
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B, o E S BT PCL A & Rl SRR IR AL S YK & . 3 HL AT BA
JE I AR 3 ) A s Ak B B ot 22 A A R e T AN R P A X L S
FJ4 91 #1 92 (Scheme 1-20), Z7iERGEFMEL, PR EEM A

0 Ph 0 Q
OH_~~
\\\\/ PtC|2 (5 m0|%) / | + y]\
80 °C, toluene, 6 h 0 > py Z 07 py,
Me Me
920 91 92

Scheme 1-20 Synthesis of cyclopentane spirodihydrofuranone derivatives

2013 4F, Siddiqui 25 NR2HR0E T —ME =44 N H N-FAES4 93,
e 94 FIORIRILIRAA) 95 LRI ] & AR — SR KA 54 96 % Fh Ty
% (Scheme 1-21) EZEMR AR TCH LA B AN P Fam. JRTEHET.
HRAE RIS

R'l
O o | R2
O .+ H InBrs, EtsN _ O
©:N\ Rzk/Br MeCN, rt, 22 h N
\
93 94 95 96

Scheme 1-21 Synthesis of oxyindole dihydrofuran derivatives

[FI4E, Deevi 25 NI28URIE T —Ff DL N-FIEEELLATAEY) 97 A1 2-1R F L P 4%
MR HE 98 sk, T FRIEMUNARRER, BRIEREE A, A5 IR TR VA AR
Hh DU s WG A5 21 AL M5 R — SR SR &%) 99 (Scheme 1-22). Ay
PR R . R SRuE R A, O ARSI A P A R A
T 5] DLE R & R A

M902C
1 Q2 =
0] CO,Me Me,S, Cs,CO3
N * Br/ﬁ}/ DMF, 15-20 °C \ ©
R? 8 h, N, L2
97 98 99

Scheme 1-22 Synthesis of oxyindole dihydrofuran derivatives
2014 4, Li PRI, N-F 5E-3-F2 56-2-5| Wkl 100 RS 5L 2K 2@ AT A4
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101 SNkl =F AT 5 (cinchonine) Jy T 1 A A0 FFIAE 3 = H 2R vh i B S5 49 21 22 BUAR
(IR Wb — SRR 21k 54 102 (Scheme 1-23).

H-oN
OH CO,Et
CN o
X cinchonine (20 mol%
©j/LO LY : ( ), R
N CO,Et Mesitylene, 15 °C, 60 h 1)
\ N
\
100 101 102

Scheme 1-23 Synthesis of oxyindole dihydrofuran derivatives

2016 4, Daniel 25 NWOURIE 7 —Fh DLZEHIRIRATAEY) 103 AR, HAHE
R EY) 104 HEWLF], BT NHC EALIAE S N A5 2] 1- 2 F b2 2K i 2
Ay 105 (Scheme 1-24), %A 712 FIRE AT DASEFH T 2K e B2 AL S W11
R

N _N

Bn
104 MeO o)

K5,CO3 (10 mol%) X S X
- R1_| = | _R2
1,4-dioxane (0.5 M) = 0 =
R 80°C,16 h
103 105

Scheme 1-24 Synthesis of 1-indenone spirobenzofuran derivatives
2023 4F, Pilar 55 N\PULL 22 5L-2- 08 Z A O 106 kL, ¥ &R
Bo &9 107 JufiEfesn), BT R L &) 108 yBhiEfLs, #£ 70 °C ) DCE
R AL 7 A5 B PRI BRI SR A1) 109 (Scheme 1-25), 4 Stefan
S NG BT VEAR B, %05 ) F T T 0 £ 285 5 JHEAT DI ) 4 A 7 - B 72
.

Q @ (5 mol%)

'P @]

© (5 mol%) O™ “pp
o 109
°s

H N Tarf

H
108
Scheme 1-25 Synthesis of spirocyclopentane derivatives of dihydrofuranone
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1.9 ZEKME XU SR & TR ER

ML AE A — B B & & IS TR AZ OB 2R, HAL# S50 1) 2 R & R
W Z TR T T Z KR SR, (RS AT IO AR B & BT V0. SR S A ik
RORME RS ATAEY) . 40T, s RUE Y ANAEE ZSUA ] T2
B, RN RAER R (AL AR Al CnE AR5 575D B
SRR CLanys et A Refd) 45 2 AU R 7R 7 H S AE IR N A A st oY
T, BT R EMENBE DT EEME, R TEFFEANHRE
XA, DAKHE B 2 AT R AR A

1996 4, Pamela fl Mark33L) Boc-a-ZIEMEATAY) 110 SEZRLAY 111
NARIREARL, 5 R R AR O AR AR AR 1 DY Sk A3 B v e AR 112,
G FERR PR 25 A TN A il 2 BRI A s 4 54 113 (Scheme 1-26)

2 3
0 o) HO R2 O ROR
Boc-HN_QJ\R2+ HJ\R“ LDA Boc—HNWJ\R‘t HCI R1MR4
R R THF, -78 °C R! R3 DCM N
Boc
110 111 112 113

Scheme 1-26 Synthesis of polysubstituted pyrrole derivatives

2005 4=, David %5 NWSURIE 7 —Fh LS EIBATEY 114 NIRRL, FH6EH
AuClz 5 AgSbFe Pk R AL A Rl 22 BUARITE S 5 4k-A4) 115 (Scheme 1-27).

RU_Ns H
2.5% (dppm) AupCl, R~ N~ R3
R* "N , 5% AgSbFg, DCM, 35°C U
14 R R* 115

Scheme 1-27 Synthesis of polysubstituted pyrrole derivatives

2006 4F, Misra 25 NSRS 2R &4 116 5 H LR F 4 117 A
JRokE, PR 25 DU 0 7= 3R A5 31 22 BV L P Ak &40 118 (Scheme 1-28).
TG AR, AT PAS 2 PR A ) 2 BRAR I AL S5 4)

O,N R'
O,N R’ ‘o
>:< + O3“Rr2 _DBU,DMF, Ny ]\ »
H  SMe 120°C, 5 h ”
116 117 118

Scheme 1-28 Synthesis of polysubstituted nitropyrrole derivatives
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2015 4, Zachary %5 NBSHRIE T —Fh 2 4 7 A [2+2+ 1AL IR N, DARRE
A 119 F1 0.5 ME M B ATAEY 120 MJERL, pysCLTi(NPh) AR, 78
HEALFIIE R 1 28 R AR AR I SRS AR SR AR R T M v (R R i B i) — KN
SNIEBATIE JFERR RN, eI B2 BV g 2R 54 121 (Scheme 1-29).

31
CILTINPh) (10 mol%) R~ ~R?
RE==R? + RIN=NR' 22 - M
PhCF3, 140°C, 16 h SN,
R
119 120 121

Scheme 1-29 Synthesis of polysubstituted pyrrole derivatives

2018 4, Xu 55 NWOHRE T —FrE T IEFIRE %4+ T, LU L/PhI(OAC), N
AR, -8R 2 DI E T R e A R 122, Jlg 123 585 /REH 124
RS, LB R R il £ 2 BUR kg 4b 5% 125 (Scheme 1-30). Z 7 M
TRV, SROMEARAFIRA, JRAVGET, B KA B ml 174

3 2
CO,R? SN R®  COR

RM-NH, * | ball-milling 124 ppQ R‘}]/m 2
30 Hz, 10 min I, Phi(OAc), ball-milling N~ TCOR

CO,R? ball-milling 30 Hz,40min O Rt

Scheme 1-30 Synthesis of polysubstituted acylpyrrole derivatives

[Fl4E, Wang 25 NSRS ERATAEY) 126 AW TIE B &9 127 N
JEORE, UGN REAG TR, LR IR 00 R A R b LA S U R 45 3 22 AR it
%Ak G4 128 (Scheme 1-31), %G M7 S5 HIRA . HAERIME. JRMTEHE .
ST BRAN 3 B EAGTREAT (A, B KRB A 2 I B2 S A

o)
0 RN Ph
X 9 —
R—: o+ NC/\EWG NaOH (20 mol%) oH ]\ WG
Z 0 Ar MeOH, RT ”
126 127 128

Scheme 1-31 Synthesis of polysubstituted pyrrole derivatives

2020 4F, Li 25 NISHRGE T —Fiod ¥ & R AR AL OB i AL 54 129 AEE
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BRI &Y 130 &2 BURHIMEIE Rt &4 131 & RU57% (Scheme 1-32).
BT AR AR 260 R PABGR ISR AT RO S 2 B A4, HAT EE T
BAERIME JER S E A

2 Q R4
o unR N2 o Cu(OTh, (10 moi%) R?N o
AL+ R3JH( "R DCE, 60 °C \
R o) R'] N R3
129 130 131

Scheme 1-32 Synthesis of polysubstituted pyrrole derivatives

2021 4£, Nilay 2 ANB¥IDL N-PkkIt-p-f itk &4 132 NIERL, KH—
AR S A BT I R RA 133, 5o BB VA TS R 22 BUR ) 2 Bk i
K1k &Y) 134 (Scheme 1-33) . ZHRWCKRE . KYEHE) . BREHW 2
i .

R‘l

0 R © R
| ZnCl, (1 equiv.) | ZnCl, (1 equiv.) 7\ CHj
> 2
R* "NH  CH,ClI, 61°C —N  MeOH,65°C R* >y
\\ R2 H O
132 133 134

Scheme 1-33 Synthesis of polysubstituted pyrrole derivatives

2022 4, Ashish 5 NMORGE T —FP DL 2-28 ZEA3E A 52808 135 5
REEATAEY) 136 N JEARL, Eosin Y NYCEGHI A 75 . RN S H I
ZM i YA R 7 R T 2 BRI 251 &4 137 BA 1 (Scheme 1-34).

S—R
O CN Eosin Y (3 mol%) HINN
N N KoCOj3 (1 equiv) SZS CN
R'T + R2-SH DMSO,Npm 10h R'J
135 136 2x 10 W green LEDs 137

Scheme 1-34 Synthesis of polysubstituted pyrrole thioether derivatives

FI4E, Xu S5 NPT R 138 5 p-Mifihs 139 fE &M ERL, EH 1 5
FeCls P [A] fiE A S A3 S /R IR ks 705 P SR A% BAQAT SRR T I 2 i A
TR T — Tl R0 et 5 A RS T 5 04 G B 1) 22 KV S, DL PP 3 S A S A WA R 3Rk A
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TR L2 2 BCILE 140 (Scheme 1-35) . Z T HA RN EMFEM. K
YNGR PRI S ] KRR A i A

0 ) R'  CO,R®
R2
|2 FeCI3 / \
— +
J R )\/002R3 DCE,70°C,12h N
0O |

R2
138 139 140

Scheme 1-35 Synthesis of polysubstituted pyrrole derivatives

2023 4, Xu BWREEAMADL RS EME 141 5 13- I EY) 142 NIER,
1E AQ.COs AL T IE I [3+2] K S b7 A R 25 2R 557t 1) 7= 3R 15 31 22 U A e
Ak &4 143 (Scheme 1-36) , iZRALEWIESEA B I X I8k 84 .

O _gs
1
N O O  Ag,CO;(10mol%) g
AN - R
Ar' Ar? ¥ R3M\)J\R3 EtOH, RT N
141 142 143

Scheme 1-36 Synthesis of polysubstituted acylpyrrole derivatives

4, Li & ANDSHRGE T — Rl B 1 — 80k & 2 BUR LS AT 24E Y 144, @

i Pd AL IR IR 145, JERAEY) 146 MR ERILEY) 147 K =417 )M

F AR Y (Scheme 1-37) « I LZERMVEHE) . MRS LM
PiE 1A SR 5o

o CN
0 R3
oo S
=( + R¥NH, + R-NC —2-—31 2% R
Br toluene, reflux, 6 h N
144 145 146 147 R2

Scheme 1-37 Synthesis of polysubstituted cyanopyrrole derivatives
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1.10 FiREHMHRER REREX

REIAL S PAE Oy L A LA A TR B2 24 o (AR AE O AT A 2
IR, GnfERR 29Uk, eIl MAE N PUR . BUR LA PUR 25 AR AR 2540
B, AT H BREEAPIR S, B SRS, I BUROEAT R
PO, LEAh, MEPEAE Y — R AR AR R IR O A 2 SR R
TR N AT 5. & BME G BURI AL S P AL 2R 40 S W 1) 07 1A AT
LA PH T 220 0 SN 25 A B AR A O R e, AT A M ARG Bf 3 1 S ) e
P (RS AE A E BeEE 1), X R EH AR R R, JRR
PRAEREMEL SR Y. B, 8 7 SR, T AR R S )
L R 5 R AR JC N BB Rl 2 Re sl i AL A e B VR R 9%, A AR ]
G RGN RIMR L A 3R 7R B K S AL A8 42 A
o, B~ AN VLRI B 5 0 2 (R0 e FR AR IR A B L, F i — 2R B AT B 77 IR R AL
BT -

ST RS VI FE N AU IR AR 5, FRATRREIIF R AT =
Tl BN A ORI S 5 IR AT AR R T3 s -

(1) TENMRAL 54T, DAANBANEL L Z B A0 B-Jd el A S5k, 72 AR
FMERE S, EFPEM A R T 2 BRI A 5 B E 2 BRI A SR S

(2) LABAER S p-Mfala i siet, & fQuliilfedt &, EFrEha s
it AR A AR — S kg AL A R A AR — S SR 50

(3) ENMRAL 2254, AN SR 8 AN B- 4 g R D SRR, e 8 3
e T SENE R AR A SR A S AT R AT AR o

SAEGTEMEG, XA UM 2 R A e e v v . SR ]
My RNZEAFRA. BRSBTS R AR &SR XGRS
TR ATV AE N I E SRR S0 S s AL S 1 s 2 E R it 1 —
MR SR L HIB T i
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BT ML FFG T OME 2R 5 % ARE R

MR s
2.1 LIERSY
2.1.1 5
AR FR A5 CVIIE S
RS AR AVANCE ONE (500 MHz) T E A& R A R A
=T HE A ORBITRAP EXPLORIS 120 FEBRMRBHE (RED FIRAF
#5 A WRS-3 AR AR A R A
TR AL I P DF-101D N T A BR DT 7
IRIR A ZNRAE 2L DLSB-5L/20 N T A PR DT 7
T KA TR SHZ-D DU T HAL A PR T A
e RESE 2XZ-2 AR B RS A IR A
TR AR AX 41K30RA-C IS T HA B IR AE A 7
HLF R PX224ZH/E BB CRIND A PRAF]
HL A R T J A CZX-9146 MBE RS A BR A R BT )
AT RAE DZF-6020 Ll EREAA A IR AT
BREEAL MM 400 f# [ Retsch 2 ]
X-HHL AT SMART APEX CCD % [E Bruker 2 )
AR i AR
LBk 21 2T VaiiEL iR R AR AR
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L- i 2 R srrat ERAERR (B HIRAF
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AR/ SR VAL I 2 4 Ak 2 ) A PR A )
A8/ a) /X R srrat IE] 24 4 40 2 A PR A )
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2.1.2 ERIE AR
2121 ER LBYE R

\ 9 \ 9
N CHO L-proline N
o~ ) - o
N MeOH, 28 °C, 24 h N Ph
/0 /0
A B 1a

Scheme 2-1 Synthesis of 2-benzalbarbituric acid

PLARK 1a A, ¥ 1,3-HHEmnE-2,4,6 (1H,3H,5H) -=f{ A (10 mmol,
1.56 ). KHE B (11 mmol, 1.17 ¢ 1 L-fH&E# (3 mmol, 0.35g) fIAF] 100
mL BB, EEAFEE (50 mL) HEiRidt 24 /i), J@id TLC XM
HEATHRM . FERBIG RS A EI B EIR, REdE. BORRAE, FHITHEET

(LT8R T AilE=1:4) B3 A EE A 1la, %4 89%.

2122 [FR 2 96 R
o o B“\H o
NH, Ni(OAC), _
g * MOEt 50 °C MOEt
C D 2a

Scheme 2-2 Synthesis of enamine ester

PLE& L 2a A, 5% C (50 mmol, 5.36 g). ZtZ R 2B D (50 mmol,
6.519) MT/KZLFRE (5 mmol, 0.88 g) JIAZF| 50 mL [HJEke+, T 50°CF
Bidk 12 h, fFRNERER BN EN, HIER 2 MRS, PR IERORE SRR,
BRIGHATHEN (R 2B AEE=1:12) B3 A GEE 2a, %N 88%.

2.1.3 YA K
2131 = 3MERK

\ 0 )
O=<N . RINH NIS (1.2 equiv) o=:N_(’? N2
N o R )\/COzRe‘ DMF (30 ul) N—
/0 )
1

ball-milling, 30 Hz

2 3

Scheme 2-3 Synthesis of Compound 3
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BAEAME L ZEE 1 (0.2 mmoD). B-J&ZlE 2 (0.24 mmol). NIS (0.24
mmol, 54.0 mg) 1 DMF (30 puL) MAZIEH 4 MHEER (HE 6 mm) FIA
BANGE (5 mL) "o KB B FER P [ € /£ Retsch MMA400 BB A 4R 20
b, fEEE T LL 1800 54/ 8l (30 Hz) AR EE 30 434, RMN4EHE, HZ
W2 BRIV AR TS IR SR G W R 2T R, I N /D SRR R I ok s 2818 22 6
AR, SRIGHATHZE T BAREI ) 3.

2132 = AERK

2
\ P =2 DBDMH (1.0 equiv) R
o=(N . “NH PPhs (1.0 equiv) O=:N—4,9N | Br
N— R ANCORT T Cher (30 ) N Nco.Rr?
A ball-milling, 30 Hz i 2R
1 2 4

Scheme 2-4 Synthesis of Compound 4

BAMAMELZEE 1 (0.2 mmol) . B-#f&lE 2 (0.24 mmol) | 1,3-—i-5,
5- AR (0.2 mmol, 57.2mg) Al CH2Br2 (30 uL) JIAF|EH 4 NFEEER
(HAf 6 mm) FIAEMNEE (5 mL) . Bt BE §E S P IE [l 2 /£ Retsch
MM400 WA B4R |, 7E=IR T L 1800 #/43#h (30 Hz) MW 30
e RMEEWGE, OB RIS R BLR AV IR BB, A
DERER G RE AR ER AR, REEATHENT 7S5 3 ) 4.

2.2 LWHERSTIL
2.2.1 MK

BATE Sk AR LL 2R 1a 55 B-Miflelis 2a SRS A O 14 5o £ S .
%A, %% 1la (0.2 mmol). 2a (0.24 mmol) 5 12 (0.2 mmol) JB&, (EEREE
ST R 30 23 JE RGP AR Centry 1), 2t REFEIR AL 47 v L
W Z BRIEIA AL &) Baa. Z JEFRAT K 7 H e s A7), 41 NBS. NIS
1 PhI(OAC)2, KIMEH T NBS AL 1 S R AAR 2774 T — A4 Centry 3),
ST e RIVZF- P02 B L ZRIEEAR A gL &4 daa, XA RIVEER
ATE I R 45 SR S R SR B A AN R R AL A . FRATT T Je X 774 3aa
BEATSRAFRAL, RBL NIS Xt7=4) 3aa HIA HA FAFMEREER,  FT LA
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NIS fFiZ /% Btk R EHER . 7E0fiE NIS MU ER AL 1.2 ¥ ik
Centry 6). SRFIATHAT 7 EIERITEIL, KILLL DMF NBEFIN 3aa Yk
Kige (entry 13).

fE5ER 3aa MG BATEIF T 51 4aa FIRALTAE. %EF] daa &7E
NBS fEfEdtIt 74, RN ENE daa PHhsI N T —NRIE T, BTl Fefiifd
FI 2 481 NBS KRN, 4R R daa IR RE BMIEE. B FREAT
ol Ve RG], Bl N-IRACARR B e (NBP, 2 ZHE). =R
fentknEss (PHBP, 2 X&), 1,3-9-1,3,5-—=1-2,4,6-—H8i (DBI, 1 &)
1,3-ZiR-55- ALK (DBDMH, 1%5). XL+ R A DBDMH Xt
daa WEFME — IR (entry 16). 390 DBDMH Ff A &5 & b 3k
REAFN Centry 17). BEREIATWALAH T LR BNAER], K _HH LN 4aa
ARG, A daa IILEN 52% (entry 19D, RATEZER T —Lehlit
WA, R AAR R LHIIE AP daa B4R Z AFIF) Centries
24-27). TAVESRKILIIN 1 U5 =2k BB 2k R e B ik m 4aa 1
e, L 78%IK 4 EICRAS EIF ) (entry 28). FiE—BHISLINERH 1 H&
=R B R AR . RS LRSI R, S 20 i AR Al 0 EG 22 R MR A I8 A (1)
RS Z: 1 UEANMAELZR. 1.2 Y@ EEM 1.2 M&2 1 NIS LL DMF
N FIEBRBE S AF T SR 30 408k Centry 11); 1125 R EL LY 22 FRUE — UM I 1)
B 1 HEAEMELZR. 1.2 YEmEE. 1 %421 DBDMH fl 1
M5 1) PPhs LA CHoBro JBhIA FHIFERR 5 2% T . 30 434 Centry 28).
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Table 2-1. Optimization of the reaction conditions?
H Bn\

?ﬁ N oM NS en SN ON— e
o= S comEt “pammiing ™ 0= + 0= |
2 ball-milling N o COLEL _N o CO-Et
30 Hz, 30 min Pt 2 pH 2
3aa 4aa
Entry [X] LAG solvent Additive Yield® (%)
(equiv.) (30 uL) (equiv.) 3aa 4aa
1 l2 (1.0) 46 N.D.°
2 NIS (1.0) 69 N.D.¢
3 NBS (1.0) 28 11
4 NIS (1.2) 74 N.D.c
5 NIS (1.4) 74 N.D.
6 NIS (1.2) DCE 86 N.D.
7 NIS (1.2) CH2Br2 84 N.D.
8 NIS (1.2) MeCN 76 N.D.
9 NIS (1.2) toluene 86 N.D.
10 NIS (1.2) DMSO 83 N.D.
1 NIS (1.2) DMF 91 N.D.c
12 NBS (2.0) 34 13
13 NBP (2.0) 31 9
14 PHBP (2.0) 11 trace
15 DBI (1.0) 18 trace
16 DBDMH (1.0) 27 22
17 DBDMH (1.1) 28 22
18 DBDMH (1.0) DCE 33 45
19 DBDMH (1.0) CH2Br2 30 55
20 DBDMH (1.0) MeCN 72 14
21 DBDMH (1.0) toluene 43 41
22 DBDMH (1.0) DMSO 39 36
23 DBDMH (1.0) DMF 78 trace
24 DBDMH (1.0) CH:Br» Na2COs (1.0) trace N.D.°
25 DBDMH (1.0) CH:Br» K.COs (1.0) 15 N.D.
26 DBDMH (1.0) CH2Br2 TEA (1.0) 60 25
27 DBDMH (1.0) CH2Br2 DMAP (1.0) 58 20
28 DBDMH (1.0) CH:2Br PPhs (1.0) 12 78
29 DBDMH (1.0) CH:Br» PPh; (0.5) 28 57
30 DBDMH (1.0) CH2Br2 PPhs (1.5) 12 77

a8A mixture of 1a (0.2 mmol), 2a (0.24 mmol), a halogenating reagent (0.24 mmol), an LAG
solvent (30 pL) and four stainless balls (6 mm in diameter) was milled in a Retsch MM400 mixer
mill at 30 Hz for 30 min. "Isolated yield based on 1a. °N.D. = not detected.
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2.2.2 [RARR
2221 I 3NER

TERSE T B BB LU 2 FRUR IR A AL & W ) Bt R B S A I, FRATTRE 2 R
(RR3E FPEREAT THRTT (Table 2-2). 46, FRAVER 7 A FEBURIE A AN
L ZER (la-q) 1 B-Mfcle 2a #EAT OB, AR 2-2 HATLLEH, SAMEFIE
P2 BRI 2R IR g 4 T 3E ] (Me AT OMe) LAWK FET-3E[#] (CI, Br, CFs 1
NOz) if, ELLLZEATAY 1 ¥R B RS, IRE T — R 513
P HIR LG ZIRATAEY) 3ba—pa, N 73-92%. TEMRAIIR AT, 25
SRR IRt R N RLAF, AR 3ga LL 83% M0 R AGH], R REH T A
IR LL 2R 1a 1 B-MfiElE (2a-h) AS[RIFERDG S N IRIEmA o K 0 e g A B
JRFRdE A W AT - R, I B-J R AR AR B R 1
g, 40 3ac A1 3ad MUY 7N 90%F1 87%. 45 I RIRATH S0 B R
BLRIREI , IR IFRZ B, IR G 3ae 4. )5 B Z BRIZER
IRABATAE YD 3ma (45 it B i X-SE R AT S M 2 1 BB HA
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Table 2-2. Selective synthesis of babiturate-spirocyclopentenes 3 from
unsaturated barbiturates 1 and enamino esters 22°

N 0 R2 H
o=(N . NH NIS O=:N—e,° “R?
— —_— y
N R )\/COzEt DMF N
)
1

ball-milling, 30 Hz Of “coR?

2 3

3ma, 87% 3na, 86% 3oa, 90%
o\
cl
: T
“N—© N"Ph “N—O N H
N g o=<N g \N—‘?,o
0) “Co,Et 20 Ncoet O
Ph Ph - (0] CO,Et
Ph
3pa, 88% 3qa, 83% 3ab, 89% 3ac, 90% 3ad, 87%
H
H i l H H N
\N—‘?,o N \N—/;,O N\Bn \N—’zo N\Bn O=:N_.?9 Bn
0=<\_¢ a 0= _¢ 0= _ ¢ N t
- O CO,Et - O CO,Me i 0 CO,Bu o CO,Bu
Ph Ph Ph
3ae, 81% 3af, 92% 3ag, 86% 3ah, 85%

#Reaction conditions: a mixture of 1 (0.2 mmol), 2 (0.24 mmol), NIS (0.24 mmol), DMF (30 pL)
and four stainless balls (6 mm in diameter) was milled in a Retsch MM400 mixer mill at 30 Hz for
30 min. "lsolated yields based on 1.

2222 = AERK

TERAE T EL LG 2 R MR — S Ak & W Bt SN 2% A I A Dl FL 385 P ik 4T
THRFT (Table 2-3). HAMEFIE L ZIRZRIA FEA L HTHHE] (Me F1 OMe)
DL At -2 AT (CL, Br, CRa AT NO2) I, ELECZPRATAED) 1 [FIAE I — 2 1Y
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RBIENE, ST — R AN BRI R AT A Y dba—pa, FUFENY 58—
80%. FERAEFRAMT, FATFAREAIZEIERARK A E L ZIR 1q [FEHEA M
XTI SNV, RE DL AR I PR R AR R dga. B A IRATE S TR IEEE
BUIIANFRY,  [FIRE AR S5 2 R 77 545 21] 4ab—ah 774 .

Table 2-3. Selective synthesis of barbiturate-spirodihydropyrroles 4 from

unsaturated barbiturates 1 and enamino esters 22

DBDMH
PPh,

0= —

jé_\ x C02R3 ball-milling, 30 Hz

4da, 73%

Bn
\

4fa, 61%

NO,
4ka, 61% 4la, 67% 4ma, 75% 4na, 80% 4o0a, 72%
c
CH,Br \N—ézo N CH,Br \N—é,o N CH,Br
| o=<N | K
COEt 7 0 COzEt - 0 CO,Et
Ph
4pa, 73% 4qa, 68% 4ab, 71% 4ac, 75% 4ad, 70%
c
Bn Bn‘
O=<N_/’oN | CH,Br N_oON CH,Br O=:N_‘/‘PN CH,Br
N—//O N CH,Br “N o=/<N | pY
o= | 0 CO,Me 0 CO,Bu 0 CO,Bu
N= COLEt Ph Ph Ph
2
Ph
4ae, 64% 4af, 75% 4ag, 76% 4ah, 72%

#Reaction conditions: a mixture of 1 (0.2 mmol), 2 (0.24 mmol), DBDMH (0.2 mmol), PPh3 (0.2
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mmol), CH2Br> (30 pL) and four stainless balls (6 mm in diameter) was milled in a Retsch
MM400 mixer mill at 30 Hz for 30 min. "Isolated yields based on 1.

2.3 B ZRIRIF IR RALE
Ethyl 3-(benzylamino)-7,9-dimethyl-6,8,10-trioxo-1-phenyl-7,9-diazaspiro[4.5]de
c-2-ene-2-carboxylate (3aa).
R 5 H\ Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
O:E_”«O ®" 919 yield (84.3 mg), mp 157159 °C; 'H NMR (500 MHz,
© ol CO:E cpcly) 5 8.03 (bs, LH), 7.44-7.37 (m, 4H), 7.34-7.29 (m,
1H), 7.26-7.19 (m, 3H), 7.01 (bs, 2H), 4.56 (d, J = 6.3 Hz, 2H), 4.47 (s, 1H), 3.93—
3.86 (m, 1H), 3.82-3.74 (m, 1H), 3.49 (d, J = 16.8 Hz, 1H), 3.39 (d, J = 16.8 Hz, 1H),
3.37 (s, 3H), 2.56 (s, 3H), 0.79 (t, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCls) &
171.2, 168.7, 167.1, 163.0, 151.2, 139.6, 138.3, 129.0 (2C), 128.1 (2C), 128.0 (2C),
127.9, 127.8, 127.1 (2C), 91.5, 63.1, 60.6, 58.7, 48.6, 35.4, 29.4, 28.4, 14.1; HRMS
(ESI-TOF) calcd for C26H28N30s [M + H]* 462.2029, found 462.2036.
Ethyl 3-(benzylamino)-7,9-dimethyl-6,8,10-trioxo-1-(p-tolyl)-7,9-diazaspiro[4.5]d
ec-2-ene-2-carboxylate (3ba).
Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
89% yield (84.8 mg), mp 139-141 °C; 'H NMR (500 MHz,
CDCl3) ¢ 8.00 (bs, 1H), 7.43-7.36 (m, 4H), 7.33-7.28 (m,
1H), 7.03 (d, J = 7.9 Hz, 2H), 6.88 (d, J = 6.5 Hz, 2H), 4.55
(d, J = 6.3 Hz, 2H), 4.43 (s, 1H), 3.93-3.77 (m, 2H), 3.48 (d,
J = 16.8 Hz, 1H), 3.36(s, 3H), 3.35 (d, J = 16.8 Hz, 1H), 2.58 (s, 3H), 2.29 (s, 3H),
0.82 (t, J = 7.0 Hz, 3H); **C NMR (125 MHz, CDCls) ¢ 171.3, 168.8, 167.1, 162.9,
151.2, 138.4, 137.5, 136.4, 129.0 (2C), 128.7 (2C), 127.8 (2C), 127.7, 127.1 (2C),

91.6, 62.8, 60.6, 58.7, 48.6, 35.2, 29.3, 28.4, 21.2, 14.1; HRMS (ESI-TOF) calcd for
C27H30N30s [M + H]* 476.2185, found 476.2182.

Ethyl 3-(benzylamino)-1-(4-methoxyphenyl)-7,9-dimethyl-6,8,10-trioxo-7,9-diaza
spiro[4.5]dec-2-ene-2-carboxylate (3ca).

Ethyl acetate/petroleum ether = 1:3 as the eluent; White solid, 84% yield (82.2 mg),
mp 141-143 °C; *H NMR (500 MHz, CDCls) 6 8.00 (bs, 1H), 7.43-7.36 (m, 4H),
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7.34-7.28 (m, 1H), 6.92 (d, J = 7.2 Hz, 2H), 6.77 (d, J = 8.7
Hz, 2H), 4.55 (d, J = 6.3 Hz, 2H), 4.42 (s, 1H), 3.94-3.86 (m,
1H), 3.85-3.78 (m, 1H), 3.78-3.75 (m, 3H), 3.49 (d, J = 16.8
Hz, 1H), 3.35 (d, J = 16.8 Hz, 1H), 3.37 (s, 3H), 2.63 (s, 3H),
0.84 (t, J = 7.1 Hz, 3H); C NMR (125 MHz, CDCls) &
171.3, 168.8, 167.1, 162.8, 159.3, 151.3, 138.4, 131.6, 129.1 (2C), 129.0 (2C), 127.8,

127.1 (2C), 113.5 (2C), 91.8, 62.6, 60.6, 58.7, 55.4, 48.6, 35.2, 29.3, 28.6, 14.2;
HRMS (ESI-TOF) calcd for C27H30N30e [M + H]* 492.2135, found 492.2139.

Ethyl 3-(benzylamino)-1-(4-chlorophenyl)-7,9-dimethyl-6,8,10-trioxo-7,9-diazasp
iro[4.5]dec-2-ene-2-carboxylate (3da).

Ethyl acetate/petroleum ether = 1:4 as the eluent; Whitesolid,
92% vyield (91.1 mg), mp 156-158 °C; 'H NMR (500 MHz,

CDCl3) 6 8.02 (bs, 1H), 7.42-7.36 (m, 4H),7.34-7.29 (m, 1
H), 7.22 (d, J = 8.7 Hz, 2H), 6.96 (d, J = 7.4 Hz, 2H), 4.55 (d,
J=6.3 Hz, 2H), 4.43 (s, 1H), 3.93-3.86 (m, 1H), 3.84-3.77

(m, 1H), 3.49 (d, J = 16.8 Hz, 1H), 3.374 (d, J = 16.8 Hz, 1H), 3.372 (s, 3H), 2.64 (s,

3H), 0.83 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCl3) § 171.1, 168.6, 166.9, 163.
1,151.1, 138.3, 138.2,133.7, 129.4 (2C), 129.1 (2C), 128.3 (2C), 127.9, 127.1 (2C), 9
1.3, 62.3, 60.3,58.8, 48.6, 35.5, 29.4, 28.6, 14.2; HRMS (ESI-TOF) calcd for CagH27®
CIN3Os [M + H]* 496.1639, found 496.1643.

Ethyl 3-(benzylamino)-1-(4-bromophenyl)-7,9-dimethyl-6,8,10-trioxo-7,9-diazasp
iro[4.5]dec-2-ene-2-carboxylate (3ea).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
91% yield (97.9 mg), mp 151-153 °C; *H NMR (500 MHz,
CDCls) 6 8.02 (bs, 1H), 7.43-7.34 (m, 6H), 7.33-7.28 (m,
1H), 6.90 (d, J = 7.4 Hz, 2H), 4.55 (d, J = 6.3 Hz, 2H), 4.41
(s, 1H), 3.93-3.86 (m, 1H), 3.85-3.77 (m, 1H), 3.49 (d, J =
16.8 Hz, 1H), 3.370 (d, J = 16.8 Hz, 1H), 3.368 (s, 3H), 2.63 (s, 3H), 0.84 (t, J = 7.1

Hz, 3H); C NMR (125 MHz, CDCls) § 171.0, 168.5, 166.8, 163.2, 151.0, 138.8,
138.2, 131.2 (2C), 129.7 (2C), 129.0 (2C), 127.8, 127.1 (2C), 121.8, 91.2, 62.3, 60.2,
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58.8, 48.6, 35.5, 29.4, 28.5, 14.2; HRMS (ESI-TOF) calcd for CH27"°BrNsOs [M +
H]* 540.1134, found 540.1143.

Ethyl 3-(benzylamino)-7,9-dimethyl-6,8,10-trioxo-1-(4-(trifluoromethyl)phenyl)-7,
9-diazaspiro[4.5]dec-2-ene-2-carboxylate (3fa).

H Ethyl acetate/petroleum ether = 1:3 as the eluent; White solid,
“Bn

83% vyield (88.0 mg), mp 149-151 °C; *H NMR (500 MHz,
CDCls) & 8.05 (bs, 1H), 7.51 (d, J = 8.1 Hz, 2H), 7.44-7.36
(m, 4H), 7.34-7.29 (m, 1H), 7.15 (d, J = 7.1 Hz, 2H), 4.56 (d,
J = 6.3 Hz, 2H), 451 (s, 1H), 3.93-3.85 (m, 1H), 3.82-3.75
(m, 1H), 3.51 (d, J = 16.8 Hz, 1H), 3.41 (d, J = 16.8 Hz, 1H), 3.38 (s, 3H), 2.55 (s,
3H), 0.79 (t, J = 6.8 Hz, 3H); *C NMR (125 MHz, CDCls) § 170.9, 168.4, 166.7,
163.3, 150.9, 144.0, 138.1, 130.2 (q, J = 32.5 Hz), 129.0 (2C), 128.5 (2C), 127.9,
127.1 (2C), 125.0 (q, J = 2.8 Hz, 2C), 124.1 (g, J = 272.1 Hz), 91.0, 62.4, 60.2, 58.8,
48.6, 35.7, 29.4, 28.4, 14.0; HRMS (ESI-TOF) calcd for Ca7H27FsNsOs [M + HJ*

530.1903, found 530.1914.
Ethyl 3-(benzylamino)-7,9-dimethyl-1-(4-nitrophenyl)-6,8,10-trioxo-7,9-diazaspir
0[4.5]dec-2-ene-2-carboxylate (3ga).

H Ethyl acetate/petroleum ether = 1:2 as the eluent; White solid,
“Bn

76% yield (77.4 mg), mp 159-161 °C; 'H NMR (500 MHz,
CDCls) 6 8.12 (t, J = 8.7 Hz, 2H), 8.07 (bs, 1H), 7.46-7.36
(m, 4H), 7.35-7.30 (m, 1H), 7.22 (d, J = 7.5 Hz, 2H), 4.57 (d,
J=6.3 Hz, 2H), 4.54 (s, 1H), 3.92-3.77 (m, 2H), 3.53 (d, J =
16.9 Hz, 1H), 3.41 (d, J = 16.9 Hz, 1H), 3.39 (s, 3H), 2.62 (s, 3H), 0.81 (t, J = 6.8 Hz,
3H); 3C NMR (125 MHz, CDCls) ¢ 170.7, 168.2, 166.5, 163.5, 150.8, 147.5 (2C),
138.0, 129.08 (2C), 129.07 (2C), 127.9, 127.1 (2C), 123.3 (2C), 90.9, 61.9, 60.1, 58.9,
48.7, 35.8, 29.5, 28.5, 14.1; HRMS (ESI-TOF) calcd for CasHzrN4sO7 [M + HJ*

507.1880, found 507.1871.
Ethyl 3-(benzylamino)-7,9-dimethyl-6,8,10-trioxo-1-(m-tolyl)-7,9-diazaspiro[4.5]d

ec-2-ene-2-carboxylate (3ha).
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Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
91% yield (86.5 mg), mp 141-143 °C; *H NMR (500 MHz,
CDCl3) 6 8.02 (bs, 1H), 7.43-7.37 (m, 4H), 7.34-7.28 (m,
1H), 7.11 (t, J = 7.6 Hz, 1H), 7.02 (d, J = 7.5 Hz, 1H), 6.79
(bs, 2H), 4.56 (d, J = 6.3 Hz, 2H), 4.43 (s, 1H), 3.96-3.88 (m,
1H), 3.83-3.74 (m, 1H), 3.47 (d, J = 16.7 Hz, 1H), 3.38 (d, J = 16.7 Hz, 1H), 3.37 (s,
3H), 2.57 (s, 3H), 2.29 (s, 3H), 0.82 (t, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCl5)
5 171.2, 168.7, 167.1, 163.0, 151.2, 139.4, 138.4, 137.7, 129.0 (2C), 128.6 (2C),
128.0, 127.8, 127.1 (2C), 125.1, 91.4, 63.1, 60.7, 58.6, 48.6, 35.3, 29.3, 28.4, 21.4,
14.2; HRMS (ESI-TOF) calcd for C27H3oN3Os [M + H]* 476.2186, found 476.2191.

Ethyl 3-(benzylamino)-1-(3-chlorophenyl)-7,9-dimethyl-6,8,10-trioxo-7,9-diazasp
iro[4.5]dec-2-ene-2-carboxylate (3ia).

H Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
88% yield (87.7 mg), mp 146-148 °C; 'H NMR (500 MHz,
CDCl3) 6 8.05 (bs, 1H), 7.44-7.36 (m, 4H), 7.34-7.29 (m,
1H), 7.23-7.15 (m, 2H), 7.02 (s, 1H), 6.90 (bs, 1H), 4.55 (d,
J = 6.3 Hz, 2H), 4.42 (s, 1H), 3.97-3.89 (m, 1H), 3.84-3.76
(m, 1H), 3.48 (d, J = 16.8 Hz, 1H), 3.37 (s, 3H), 3.36 (d, J = 16.8 Hz, 1H), 2.66 (s,
3H), 0.84 (t, J = 6.9 Hz, 3H); **C NMR (125 MHz, CDCls) § 170.9, 168.4, 166.8,
163.4, 151.0, 141.8, 138.1, 134.2, 129.3, 129.0 (2C), 128.1 (2C), 127.8, 127.1 (2C),

126.2, 90.9, 62.3, 60.4, 58.8, 48.6, 35.4, 29.4, 28.5, 14.2; HRMS (ESI-TOF) calcd for
C26H27%CIN3Os [M + H]* 496.1639, found 496.1644.

Ethyl 3-(benzylamino)-1-(3-bromophenyl)-7,9-dimethyl-6,8,10-trioxo-7,9-diazasp
iro[4.5]dec-2-ene-2-carboxylate (3ja).

H Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
) 85% vyield (91.8 mg), mp 136-138 °C; *H NMR (500 MHz,
CDCls) 6 8.05 (bs, 1H), 7.43-7.35 (m, 5H), 7.34-7.29 (m,
1H), 7.17 (s, 1H), 7.12 (t, J = 7.8 Hz, 1H), 6.95 (bs, 1H),
455 (d, J = 6.3 Hz, 2H), 4.41 (s, 1H), 3.98-3.90 (m, 1H),
3.84-3.76 (m, 1H), 3.47 (d, J = 16.8 Hz, 1H), 3.37 (s, 3H), 3.36 (d, J = 16.8 Hz, 1H),

CO,Et
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2.66 (s, 3H), 0.84 (t, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCls) § 170.9, 168.4,
166.8, 163.4, 151.0, 142.1, 138.1, 131.0 (2C), 129.6, 129.0 (2C), 127.8, 127.1 (2C),
126.7, 122.3, 90.8, 62.3, 60.4, 58.8, 48.6, 35.4, 29.4, 28.6, 14.2; HRMS (ESI-TOF)
calcd for Ca6H27"°BrN3Os [M + H]* 540.1134, found 540.1138.

Ethyl 3-(benzylamino)-7,9-dimethyl-1-(3-nitrophenyl)-6,8,10-trioxo-7,9-diazaspir
0[4.5]dec-2-ene-2-carboxylate (3ka).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
73% yield (73.7 mg), mp 156-158 °C; *H NMR (500 MHz,
CDCls) § 8.15-8.08 (m, 1H), 8.08 (bs, 1H), 7.91 (s, 1H),
7.48-7.35 (m, 6H), 7.35-7.30 (m, 1H), 4.58 (d, J = 6.3 Hz,

2H), 4.55 (s, 1H), 3.94-3.77 (m, 2H), 3.52 (d, J = 16.8 Hz,
1H), 3.39 (s, 3H), 3.38 (d, J = 16.8 Hz, 1H), 2.62 (s, 3H) , 0.82 (t, J = 6.1 Hz, 3H);
13C NMR (125 MHz, CDCls) 6 170.7, 168.2, 166.5, 163.7, 150.8, 148.1, 142.2, 138.0,
134.1, 129.1 (2C), 129.0, 127.9, 127.0 (2C), 123.0 (2C), 90.6, 61.9, 60.1, 58.9, 48.7,
35.6, 29.5, 28.6, 14.2; HRMS (ESI-TOF) calcd for C2sH27N4O7 [M + H]™ 507.1880,
found 507.1883.
Ethyl 3-(benzylamino)-1-(2-methoxyphenyl)-7,9-dimethyl-6,8,10-trioxo-7,9-diaza
spiro[4.5]dec-2-ene-2-carboxylate (3la).
H Ethyl acetate/petroleum ether = 1:3 as the eluent; White solid,
82% vyield (80.8 mg), mp 203-205 °C; *H NMR (500 MHz,
CDCls) 6 7.97 (bs, 1H), 7.42-7.36 (m, 4H), 7.33-7.28 (m,

1H), 7.16 (td, J = 7.8, 1.6 Hz, 1H), 7.04 (dd, J = 7.6, 1.4 Hz,
1H), 6.85 (t, J = 7.5 Hz, 1H), 6.78 (d, J = 8.2 Hz, 1H), 5.14 (s, 1H), 4.54 (d, J = 6.3
Hz, 2H), 3.96-3.89 (m, 1H), 3.81-3.74 (m, 1H), 3.74-3.71 (m, 3H), 3.54 (d, J = 16.9
Hz, 1H), 3.36 (s, 3H), 3.33 (d, J = 16.9 Hz, 1H), 2.60 (s, 3H), 0.80 (t, J = 7.0 Hz, 3H);
13C NMR (125 MHz, CDCl3) 6 171.7, 169.1, 167.0, 162.7, 156.6, 151.5, 138.5, 129.5,
129.0 (2C), 128.6, 127.9, 127.7, 127.1 (2C), 120.5, 109.4, 91.5, 59.3, 58.6, 55.8, 53.8,
48.6, 36.2, 29.2, 28.3, 14.1; HRMS (ESI-TOF) calcd for CasHaoN3Os [M + HJ*
492.2135, found 492.2133.

Ethyl 3-(benzylamino)-1-(2-chlorophenyl)-7,9-dimethyl-6,8,10-trioxo-7,9-diazasp
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iro[4.5]dec-2-ene-2-carboxylate (3ma).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
87% vyield (86.0 mg), mp 173-175 °C; 'H NMR (500 MHz,
CDCls) & 7.98 (bs, 1H), 7.43-7.37 (m, 4H), 7.34-7.28 (m,
2H), 7.19-7.11 (m, 3H), 5.18 (s, 1H), 4.55 (d, J = 6.3 Hz,

2H), 3.90-3.83 (m, 1H), 3.82-3.75 (m, 1H), 3.55 (d, J = 16.8 Hz, 1H), 3.36 (d, J =

16.8 Hz, 1H), 3.34 (s, 3H), 2.66 (s, 3H), 0.80 (t, J = 7.0 Hz, 3H); 3C NMR (125 MHz,

CDCIs) ¢ 171.0, 168.8, 166.8, 163.0, 151.1, 138.3, 137.3, 133.7, 130.4, 129.02 (2C),

128.96, 128.8, 127.8, 127.1 (2C), 126.7, 92.0, 59.4, 58.7, 57.0, 48.6, 36.2, 29.4, 28.5,

14.0; HRMS (ESI-TOF) calcd for CasH27*°CIN3Os [M + H]* 496.1639, found

496.1648.

Ethyl 3-(benzylamino)-1-(2-bromophenyl)-7,9-dimethyl-6,8,10-trioxo-7,9-diazasp

iro[4.5]dec-2-ene-2-carboxylate (3na).

H\Bn Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
86% vyield (92.9 mg), mp 167-169 °C; 'H NMR (500 MHz,
CDCl3) 6 7.97 (bs, 1H), 7.48 (d, J = 7.9 Hz, 1H), 7.43-7.36
(m, 4H), 7.34-7.29 (m, 1H), 7.20 (t, J = 7.4 Hz, 1H), 7.11

CO,Et

Br

(dd, J=7.8, 1.5 Hz, 1H), 7.06 (td, J = 7.6, 1.6 Hz, 1H), 5.17 (s, 1H), 4.55 (dd, J = 6.3,
2.1 Hz, 2H), 3.89-3.76 (m, 2H), 3.57 (d, J = 16.8 Hz, 1H), 3.35 (s, 3H), 3.34 (d, J =
16.8 Hz, 1H), 2.66 (s, 3H), 0.81 (t, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCls) &
170.9, 168.8, 166.7, 162.9, 151.1, 139.0, 138.3, 132.3, 130.6, 129.1, 129.0 (2C), 127.8,
127.2, 127.1 (2C), 124.6, 92.6, 59.8, 59.4, 58.7, 48.6, 36.2, 29.4, 28.5, 14.0; HRMS
(ESI-TOF) calcd for C2sH27"°BrNsOs [M + H]* 540.1134, found 540.1131.

Ethyl 3-(benzylamino)-1-(3,4-dimethylphenyl)-7,9-dimethyl-6,8,10-trioxo-7,9-dia
zaspiro[4.5]dec-2-ene-2-carboxylate (30a).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
90% yield (88.1 mg), mp 131-133 °C; *H NMR (500 MHz,
CDCls) 6 7.99 (bs, 1H), 7.43-7.37 (m, 4H), 7.34-7.28 (m,
1H), 6.98 (d, J = 7.7 Hz, 1H), 6.78-6.66 (m, 2H), 4.55 (d, J =
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6.3 Hz, 2H), 4.41 (s, 1H), 3.95-3.87 (m, 1H), 3.86-3.79 (m, 1H), 3.47 (d, J = 16.8 Hz,
1H), 3.37 (s, 3H), 3.34 (d, J = 16.8 Hz, 1H), 2.58 (s, 3H), 2.20 (s, 3H), 2.19 (s, 3H),
0.85 (t, J = 6.9 Hz, 3H); **C NMR (125 MHz, CDCls) ¢ 171.3, 168.8, 167.2, 162.9,
151.3, 138.4, 136.7, 136.2, 136.1, 129.3, 129.0 (3C), 127.7, 127.1 (2C), 125.4, 91.6,
62.8, 60.8, 58.7, 48.6, 35.2, 29.3, 28.5, 19.8, 19.5, 14.2; HRMS (ESI-TOF) calcd for
C2sH32N30s [M + HJ* 490.2342, found 490.2345.

Ethyl 3-(benzylamino)-1-(3,4-dichlorophenyl)-7,9-dimethyl-6,8,10-trioxo-7,9-diaz
aspiro[4.5]dec-2-ene-2-carboxylate (3pa).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
88% vyield (93.7 mg), mp 167-169 °C; *H NMR (500 MHz,
CDCl3) 6 8.05 (bs, 1H), 7.44-7.35 (m, 4H), 7.35-7.29 (m,
2H), 7.12 (s, 1H), 6.87 (d, J = 5.9 Hz, 1H), 4.55 (d, J = 6.3
Hz, 2H), 4.39 (s, 1H), 3.96-3.89 (m, 1H), 3.87-3.79 (m, 1H),
3.48 (d, J = 16.9 Hz, 1H), 3.37 (s, 3H), 3.34 (d, J = 16.9 Hz, 1H), 2.71 (s, 3H), 0.88 (t,
J = 6.9 Hz, 3H); *C NMR (125 MHz, CDCls) 6 170.8, 168.3, 166.7, 163.4, 150.9,
140.2, 138.0, 132.4, 131.8, 130.0, 129.9, 129.0 (2C), 127.9, 127.4, 127.1 (2C), 90.7,

61.6, 60.2, 58.9, 48.6, 35.4, 29.4, 28.6, 14.2; HRMS (ESI-TOF) calcd for
Ca6H26*°Cl2N3Os [M + H]* 530.1250, found 530.1258.

Ethyl 3-(benzylamino)-7,9-dimethyl-1-(naphthalen-2-yl)-6,8,10-trioxo-7,9-diazas
piro[4.5]dec-2-ene-2-carboxylate (3ga).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
83% vyield (85.2 mg), mp 170-172 °C; *H NMR (500 MHz,
CDCls) § 8.09 (bs, 1H), 7.80-7.74 (m, 2H), 7.72 (d, J = 8.5
Hz, 1H), 7.51-7.38 (m, 7H), 7.35-7.29 (m, 1H), 7.14 (bs,
1H), 4.64 (s, 1H), 4.59 (d, J = 6.3 Hz, 2H), 3.86-3.74 (m,
2H), 3.56 (d, J = 16.8 Hz, 1H), 3.41 (d, J = 16.8 Hz, 1H), 3.40 (s, 3H), 2.36 (s, 3H),
0.71 (t, J = 6.9 Hz, 3H); ¥*C NMR (125 MHz, CDCls3) ¢ 171.2, 168.6, 167.1, 163.2,
151.1, 138.3, 137.1, 133.1, 133.0, 129.0 (2C), 127.9, 127.8, 127.68, 127.65, 127.1
(2C), 127.0, 126.2, 126.0 (2C), 91.5, 63.0, 60.6, 58.7, 48.6, 35.4, 29.4, 28.4, 14.1;
HRMS (ESI-TOF) calcd for CsoH30NzOs [M + H]* 512.2186, found 512.2181.
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Ethyl 7,9-dimethyl-6,8,10-trioxo-3-(phenethylamino)-1-phenyl-7,9-diazaspiro[4.5]
dec-2-ene-2-carboxylate (3ab).

H\/\Ph Ethyl acetate/petroleum ether = 1:4 as the eluent; White

\N'—‘?f)
0= 5 solid, 89% yield (84.4 mg), mp 97-99 °C; *H NMR (500
d CO,Et
Ph MHz, CDCls) 6 7.71 (bs, 1H), 7.35 (t, J = 7.4 Hz, 2H),

7.29-7.18 (m, 6H), 7.00-6.93 (m, 2H), 4.42 (s, 1H), 3.92-3.85 (m, 1H), 3.81-3.73 (m,
1H), 3.61-3.55 (m, 2H), 3.40 (d, J = 16.7 Hz, 1H), 3.37 (s, 3H), 3.31 (d, J = 16.7 Hz,
1H), 3.02-2.92 (m, 2H), 2.57 (s, 3H), 0.78 (t, J = 7.0 Hz, 3H); 13C NMR (125 MHz,
CDCls) ¢ 171.2, 168.7, 166.9, 162.8, 151.2, 139.6, 138.4, 128.9 (2C), 128.8 (2C),
128.1 (2C), 128.0 (2C), 127.9, 126.8, 91.0, 63.0, 60.5, 58.6, 46.4, 37.6, 35.1, 29.3,
28.4, 14.1; HRMS (ESI-TOF) calcd for C2HaoNsOs [M + H]* 476.2186, found
476.2192.
Ethyl 3-((4-methoxybenzyl)amino)-7,9-dimethyl-6,8,10-trioxo-1-phenyl-7,9-diaza
spiro[4.5]dec-2-ene-2-carboxylate (3ac).

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

- o H\/©/ White solid, 90% yield (88.2 mg), mp 128-130 °C;
N—,
0= 'H NMR (500 MHz, CDCl3) 6 7.95 (bs, 1H), 7.31

g O CO,Et

Ph (d, J = 8.6 Hz, 2H), 7.25-7.19 (m, 3H), 7.01 (bs,
2H), 6.92 (d, J = 8.6 Hz, 2H), 4.48 (d, J = 6.2 Hz, 2H), 4.46 (s, 1H), 3.92-3.85 (m,
1H), 3.80 (d, J = 6.4 Hz, 3H), 3.80-3.73 (m, 1H), 3.49 (d, J = 16.8 Hz, 1H), 3.40 (d, J
= 16.8 Hz, 1H), 3.37 (s, 3H), 2.56 (s, 3H), 0.78 (t, J = 7.0 Hz, 3H); 13C NMR (125
MHz, CDClz) ¢ 171.2, 168.7, 167.0, 163.0, 159.2, 151.1, 139.6, 130.3, 128.4 (2C),
128.1 (2C), 127.94 (2C), 127.87, 114.3 (2C), 91.2, 63.0, 60.6, 58.6, 55.4, 48.0, 35.4,
29.3, 28.4, 14.0; HRMS (ESI-TOF) calcd for C27H30NzOg [M + H]* 492.2135, found
492.2129.
Ethyl 3-((4-chlorobenzyl)amino)-7,9-dimethyl-6,8,10-trioxo-1-phenyl-7,9-diazasp
iro[4.5]dec-2-ene-2-carboxylate (3ad).
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Cl' Ethyl acetate/petroleum ether = 1:4 as the eluent;
H _ _ .
“N—s© N\/©/ White solid, 87% yield (86.5 mg), mp 130-132 °C;
o=x_
N H NMR (500 MHz, CDCl3) 6 8.02 (bs, 1H), 7.38 (d,
CO,Et

Ph J =85 Hz, 2H), 7.33 (d, J = 8.5 Hz, 2H), 7.26-7.20

(m, 3H), 7.08-6.93 (m, 2H), 4.52 (d, J = 6.4 Hz, 2H), 4.46 (s, 1H), 3.94-3.86 (m, 1H),
3.82-3.74 (m, 1H), 3.46 (d, J = 16.7 Hz, 1H), 3.37 (s, 3H), 3.36 (d, J = 16.7 Hz, 1H),
2.56 (s, 3H), 0.79 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) § 171.2, 168.7,
167.1, 162.9, 151.1, 139.4, 137.0, 133.6, 129.2 (2C), 128.4 (2C), 128.2 (2C), 128.0
(3C), 91.9, 63.1, 60.6, 58.8, 47.9, 35.4, 29.4, 28.5, 14.1; HRMS (ESI-TOF) calcd for
C26H27%CIN3Os [M + H]* 496.1639, found 496.1647.
Ethyl 3-((2-chlorobenzyl)amino)-7,9-dimethyl-6,8,10-trioxo-1-phenyl-7,9-diazasp
iro[4.5]dec-2-ene-2-carboxylate (3ae).

H\/Q Ethyl acetate/petroleum ether = 1:4 as the eluent; White
O=:N—-g9 N f solid, 81% yield (80.4 mg), mp 146-148 °C; 'H NMR

NS0y Nco,Et (500 MHz, CDCls) & 8.08 (bs, 1H), 7.51 (d, J = 7.5 Hz,
Ph

1H), 7.40 (d, J = 7.9 Hz, 1H), 7.36 (t, J = 7.5 Hz, 1H),
7.28 (d, J = 7.2 Hz, 1H), 7.26-7.19 (m, 3H), 7.01 (bs, 2H), 4.63 (d, J = 6.7 Hz, 2H),
4.47 (s, 1H), 3.95-3.87 (m, 1H), 3.83-3.76 (m, 1H), 3.49 (d, J = 16.8 Hz, 1H), 3.38 (d,
J =16.8 Hz, 1H), 3.37 (s, 3H), 2.55 (s, 3H), 0.80 (t, J = 7.0 Hz, 3H); 3C NMR (125
MHz, CDCIs) ¢ 171.2, 168.6, 167.1, 162.9, 151.1, 139.4, 136.0, 132.9, 129.7, 129.0,
128.6, 128.1 (2C), 127.9 (3C), 127.5, 91.9, 63.1, 60.5, 58.7, 46.3, 35.2, 29.3, 28.4,
14.1; HRMS (ESI-TOF) calcd for Cz6H27*°CINsOs [M + H]* 496.1639, found
496.1643.
Methyl 3-(benzylamino)-7,9-dimethyl-6,8,10-trioxo-1-phenyl-7,9-diazaspiro[4.5]d
ec-2-ene-2-carboxylate (3af).

H\B Ethyl acetate/petroleum ether = 1:4 as the eluent; White
n

“N—O
O=fN ;) CoMe solid, 92% yield (82.3 mg), mp 190-192 °C; *H NMR (500

Ph MHz, CDCls) 6 8.07 (bs, 1H), 7.44-7.36 (m, 4H), 7.34-7.28
(m, 1H), 7.27-7.20 (m, 3H), 7.01 (bs, 2H), 4.56 (d, J = 6.3 Hz, 2H), 4.47 (s, 1H), 3.50
(d, J=16.8 Hz, 1H), 3.38 (s, 3H), 3.37 (s, 3H), 3.34 (d, J = 16.8 Hz, 1H), 2.57 (s, 3H);
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13C NMR (125 MHz, CDCls) 6 171.2, 168.6, 167.5, 163.4, 151.1, 139.3, 138.3, 129.0
(2C), 128.2 (2C), 128.0, 127.9 (2C), 127.8, 127.1 (2C), 91.1, 62.8, 60.6, 50.3, 48.6,
35.3, 29.3, 28.5; HRMS (ESI-TOF) calcd for C2sH26N30s [M + H]*™ 448.1873, found
448.1879.

Isobutyl 3-(benzylamino)-7,9-dimethyl-6,8,10-trioxo-1-phenyl-7,9-diazaspiro[4.5]
dec-2-ene-2-carboxylate (3ag).

H\B Ethyl acetate/petroleum ether = 1:4 as the eluent; White
n

e
0=f,':_/2 cob solid, 86% yield (84.1 mg), mp 160-162 °C; *H NMR (500
Ph MHz, CDCl3) 6 8.09 (bs, 1H), 7.45-7.35 (m, 4H), 7.33-7.28
(m, 1H), 7.27-7.17 (m, 3H), 7.02 (bs, 2H), 4.55 (d, J = 6.3 Hz, 2H), 4.47 (s, 1H), 3.72
(dd, J = 10.5, 6.4 Hz, 1H), 3.49 (d, J = 17.1 Hz, 1H), 3.50-3.44 (m, 1H), 3.39 (d, J =
17.1 Hz, 1H), 3.37 (s, 3H), 2.55 (s, 3H), 1.48-1.38 (m, 1H), 0.43 (d, J = 6.7 Hz, 6H);
13C NMR (125 MHz, CDCl3) 6 171.3, 168.7, 167.2, 163.2, 151.1, 139.5, 138.3, 129.0
(2C), 128.2 (2C), 128.0 (3C), 127.7, 127.1 (2C), 91.3, 69.0, 63.1, 60.5, 48.5, 35.4,
29.3, 28.4, 27.6, 18.68, 18.66; HRMS (ESI-TOF) calcd for C2sH32N3Os [M + H]*
490.2342, found 490.2338.
tert-Butyl 3-(benzylamino)-7,9-dimethyl-6,8,10-trioxo-1-phenyl-7,9-diazaspiro[4.

5]dec-2-ene-2-carboxylate (3ah).
H

N Ethyl acetate/petroleum ether = 1:4 as the eluent; White
\N—/,P “Bn
o=\ < _ solid, 85% yield (83.0 mg), mp 143145 °C; "H NMR (500
CO,'Bu
Ph MHz, CDCls3) 6 7.97 (bs, 1H), 7.43-7.36 (m, 4H), 7.33-7.28

(m, 1H), 7.26-7.19 (m, 3H), 7.01 (bs, 2H), 4.53 (d, J = 6.4 Hz, 2H), 4.42 (s, 1H), 3.45
(d, J =17.7 Hz, 1H), 3.41 (d, J = 17.7 Hz, 1H), 3.37 (s, 3H), 2.53 (s, 3H), 1.03 (s, 9H);
13C NMR (125 MHz, CDCl3) ¢ 171.3, 168.9, 166.9, 162.3, 151.1, 140.0, 138.5, 128.9
(2C), 128.0 (4C), 127.8, 127.7, 127.2 (2C), 92.7, 78.8, 63.6, 60.4, 48.5, 35.5, 29.3,
28.3, 28.1 (3C); HRMS (ESI-TOF) calcd for CagHaN3Os [M + H]* 490.2342, found
490.2347.

Ethyl 1-benzyl-2-(bromomethyl)-7,9-dimethyl-6,8,10-trioxo-4-phenyl-1,7,9-triaza

spiro[4.5]dec-2-ene-3-carboxylate (4aa).
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Bn Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,

~ O‘
O#E—K/\l( B 789 yield (84.5 mg), mp 133-135 °C; IH NMR (500 MHz,
g F?h COzEt  CDCly) 6 7.46 (d, J = 7.2 Hz, 2H), 7.34-7.22 (m, 6H), 7.15

(bs, 1H), 6.91 (bs, 1H), 4.66 (d, J = 9.4 Hz, 1H), 4.61 (s, 1H),
458 (d, J = 14.5 Hz, 1H), 453 (d, J = 9.4 Hz, 1H), 4.48 (d, J = 14.5 Hz, 1H), 4.02—
3.94 (m, 1H), 3.89-3.81 (m, 1H), 3.23 (s, 3H), 2.56 (s, 3H), 0.86 (t, J = 7.1 Hz, 3H);
13C NMR (125 MHz, CDCls) 6 168.5, 165.2, 164.4, 159.5, 150.0, 136.7, 134.8, 129.7
(2C), 128.6 (3C), 128.53 (2C), 128.50 (2C), 128.4, 100.7, 79.7, 61.1, 59.4, 50.7, 29.3,
28.4, 19.9, 14.0; HRMS (ESI-TOF) calcd for CasH27"°BrNsOs [M + H]* 540.1134,
found 540.1130.
Ethyl 1-benzyl-2-(bromomethyl)-7,9-dimethyl-6,8,10-trioxo-4-(p-tolyl)-1,7,9-triaz
aspiro[4.5]dec-2-ene-3-carboxylate (4ba).
Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
69% vyield (76.9 mg), mp 6668 °C; *H NMR (500 MHz,
CDCls) § 7.47 (d, J = 6.9 Hz, 2H), 7.34-7.25 (m, 3H), 7.06
(bs, 3H), 6.80 (bs, 1H),4.67 (d, J = 9.0 Hz, 1H), 4.58-4.45

(m, 4H), 4.01-3.94 (m, 1H), 3.92-3.84 (m, 1H), 3.23 (s, 3H),
2.59 (s, 3H), 2.29 (s, 3H), 0.90 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCl3) &
168.5, 165.3, 164.4, 159.2, 150.1, 138.1, 135.0, 133.6, 129.6 (2C), 129.0 (2C), 128.6
(2C), 128.5, 128.3 (2C), 101.0, 79.8, 60.8, 59.4, 50.7, 29.3, 28.4, 21.2, 20.0, 14.0;
HRMS (ESI-TOF) calcd for C27H29"°BrN3sOs [M + H]* 554.1291, found 554.1285.
Ethyl 1-benzyl-2-(bromomethyl)-4-(4-methoxyphenyl)-7,9-dimethyl-6,8,10-trioxo
-1,7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4ca).

Ethyl acetate/petroleum ether = 1:3 as the eluent; White solid,

Bn
SN—ON
o=

Br 62% yield (70.6 mg), mp 66-68 °C; 'H NMR (500 MHz,

coet CDCle) 6 7.46 (d, J = 7.2 Hz, 2H), 7.33-7.25 (m, 3H), 7.06
(bs, 1H), 6.80 (bs, 3H), 4.67 (d, J = 9.6 Hz, 1H), 4.58-4.46
(m, 2H), 4.02-3.94 (m, 1H), 3.91-3.84(m, 1H), 3.77 (s, 3H),
3.22 (s, 3H), 2.63 (s, 3H), 0.92 (t, J = 7.1 Hz, 3H); *C NMR
(125 MHz, CDCls) ¢ 168.5, 165.4, 164.4, 159.6, 159.2, 150.1, 134.9, 129.7 (4C),
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128.7, 128.6 (2C), 128.5, 113.7 (2C), 101.1, 79.7, 60.5, 59.4, 55.4, 50.7, 29.3, 28.5,
20.0, 14.1; HRMS (ESI-TOF) calcd for Co7Ha29"°BrNsOs [M + H]* 570.1240, found
570.1233.
Ethyl 1-benzyl-2-(bromomethyl)-4-(4-chlorophenyl)-7,9-dimethyl-6,8,10-trioxo-1,
7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4da).

Bn Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
73% vyield (84.5 mg), mp 132-134 °C; 'H NMR (500 MHz,
CDCls) § 7.43 (d, J = 6.8 Hz, 2H), 7.33-7.20 (m, 5H), 7.12
(bs, 1H), 6.86 (bs, 1H), 4.69 (d, J = 9.5 Hz, 1H), 4.57-4.48

Cl (M, 4H), 4.02-3.94 (m, 1H), 3.92-3.84 (m, 1H), 3.21 (s, 3H),
2.64 (s, 3H), 0.92 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) J 168.3, 165.1,
164.2, 159.7, 149.9, 135.4, 134.4, 134.3, 129.8 (4C), 128.6 (5C), 100.4, 79.1, 60.1,
59.6, 50.6, 29.3, 28.5, 19.7, 14.1; HRMS (ESI-TOF) calcd for CasH26"°BrCIN3zOs [M
+ H]* 574.0744, found 574.0751.
Ethyl 1-benzyl-2-(bromomethyl)-4-(4-bromophenyl)-7,9-dimethyl-6,8,10-trioxo-1,
7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4ea).
Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
76% vyield (94.3 mg), mp 73-75 °C; *H NMR (500 MHz,
CDCl3) § 7.47-7.34 (m, 4H), 7.33-7.25 (m, 3H), 7.03 (bs,
1H), 6.81 (bs, 1H), 4.69 (d, J = 10.1 Hz, 1H), 4.57-4.48 (m,

4H), 4.02-3.94 (m, 1H), 3.92-3.85 (m, 1H), 3.21 (s, 3H),
2.64 (s, 3H), 0.92 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) ¢ 168.3, 165.0,
164.1, 159.7, 149.9, 135.9, 134.4, 131.5 (2C), 130.2 (2C), 129.8 (2C), 128.7, 128.6
(2C), 122.5, 100.3, 79.0, 60.2, 59.6, 50.6, 29.3, 28.5, 19.7, 14.1; HRMS (ESI-TOF)
calcd for CagH26"°BraNsOs [M + H]* 620.0219, found 620.0215.

Ethyl 1-benzyl-2-(bromomethyl)-7,9-dimethyl-6,8,10-trioxo-4-(4-(trifluoromethyl)
phenyl)-1,7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4fa).

Ethyl acetate/petroleum ether = 1:3 as the eluent; White solid, 61% yield (74.1 mg),
mp 66-68 °C; *H NMR (500 MHz, CDCls) & 7.54 (bs, 2H), 7.42 (d, J = 6.5 Hz, 2H),
7.34-7.24 (m, 4H), 7.07 (bs, 1H), 4.70 (s, 1H), 4.63 (s, 1H), 4.60—4.48 (m, 3H), 4.02—
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3.94 (m, 1H), 3.92-3.84 (m, 1H), 3.22 (s, 3H), 2.57 (s, 3H),
0.89 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCls) &
168.2, 164.9, 164.1, 160.0, 149.8, 141.0, 134.2, 130.6 (q, J =
26.0 Hz), 130.0 (2C), 129.1 (2C), 128.8, 128.7 (2C), 125.3
(2C), 123.9 (g, J = 218.0 Hz), 100.1, 78.9, 60.3, 59.6, 50.6,
29.4, 28.4, 19.7, 14.0; HRMS (ESI-TOF) calcd for CarH26°BrFsNsOs [M + HJ*

608.1008, found 608.1018.

Ethyl 1-benzyl-2-(bromomethyl)-7,9-dimethyl-4-(4-nitrophenyl)-6,8,10-trioxo-1,7,
9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4ga).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
58% vyield (67.6 mg), mp 86-88 °C; *H NMR (500 MHz,
CDCls) 6 8.14 (bs, 2H), 7.50-7.28 (m, 6H), 7.14 (bs, 1H),
4.73 (d, J = 10.1 Hz, 1H), 4.65 (s, 1H), 4.60-4.50 (m, 3H),
4.01-3.94 (m, 1H), 3.93-3.85 (m, 1H), 3.22 (s, 3H), 2.62 (s,

3H), 0.92 (t, J = 7.1 Hz, 3H); **C NMR (125 MHz, CDCls) § 167.9, 164.7, 163.9,
160.2, 149.6, 147.7, 144.4, 133.9, 130.1 (2C), 129.6 (2C), 128.9, 128.7 (2C), 1235
(2C), 99.9, 78.4, 59.8, 59.7, 50.5, 29.4, 28.5, 19.5, 14.1; HRMS (ESI-TOF) calcd for
Ca6H26"°BrN4O7 [M + H]* 585.0985, found 585.0991.
Ethyl 1-benzyl-2-(bromomethyl)-7,9-dimethyl-6,8,10-trioxo-4-(m-tolyl)-1,7,9-tria
zaspiro[4.5]dec-2-ene-3-carboxylate (4ha).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
Br 77% vyield (85.7 mg), mp 61-64 °C; H NMR (500 MHz,
COEt  CDCly) 6 7.46 (d, J = 7.0 Hz, 2H),7.33-7.25 (m, 3H), 7.15
(bs, 1H), 7.05 (d, J = 7.3 Hz, 1H), 6.94 (bs, 1H), 6.70 (bs,
1H), 4.65 (d, J = 9.8 Hz, 1H), 4.58 (d, J = 14.6 Hz, 1H), 4.57
(s, 1H), 4.52 (d, J = 9.8 Hz, 1H), 4.47 (d, J = 14.6 Hz, 1H), 4.04-3.96 (m, 1H), 3.91—

3.83 (m, 1H), 3.22 (s, 3H), 2.57 (s, 3H), 2.29 (s, 3H), 0.89 (t, J = 6.9 Hz, 3H); 3C
NMR (125 MHz, CDCls) J 168.6, 165.2, 164.4, 159.4, 150.1, 138.0, 136.5, 134.9,
129.7 (2C), 129.1 (2C), 128.6 (2C), 128.5, 128.1, 125.6, 100.8, 79.9, 61.1, 59.4, 50.7,
29.2, 28.4, 21.4, 19.9, 14.0; HRMS (ESI-TOF) calcd for C27Hze"°BrNsOs [M + HJ*
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554.1291, found 554.1293.

Ethyl 1-benzyl-2-(bromomethyl)-4-(3-chlorophenyl)-7,9-dimethyl-6,8,10-trioxo-1,
7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4ia).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White
solid, 79% yield (90.8 mg), mp 64-66 °C; 'H NMR (500
MHz, CDCls) 6 7.43 (d, J = 6.8 Hz, 2H), 7.34-7.04 (m, 6H),
6.98-6.70 (m, 1H), 4.72 (bs, 1H), 4.60-4.44 (m, 4H), 4.06—
3.96 (M, 1H), 3.92-3.84 (m, 1H), 3.21 (s, 3H), 2.65 (s, 3H),

0.92 (t, J = 7.1 Hz, 3H); **C NMR (125 MHz, CDCls) ¢ 168.2, 164.9, 164.1, 159.9,
149.8, 138.8, 134.4 (2C), 129.8 (2C), 129.4, 128.6 (5C), 126.7, 100.1, 79.2, 60.2, 59.6,
50.6, 29.3, 28.5, 19.7, 14.1; HRMS (ESI-TOF) calcd for CzsH26"°Br¥®CIN3Os [M +
H]* 574.0744, found 574.0739.
Ethyl 1-benzyl-2-(bromomethyl)-4-(3-bromophenyl)-7,9-dimethyl-6,8,10-trioxo-1,
7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4ja).

Bn Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
76% vyield (93.6 mg), mp 65-67 °C; *H NMR (500 MHz,
CDCl3) & 7.43 (d, J = 7.0 Hz, 2H), 7.40 (d, J = 7.8 Hz, 1H),
7.34-7.24 (m, 4H), 7.20-6.78 (m, 2H), 4.72 (bs, 1H), 4.62—
4.42 (m, 4H), 4.06-3.96 (m, 1H), 3.91-3.83 (m, 1H), 3.21 (s,
3H), 2.65 (s, 3H), 0.92 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz,CDCls) 6 168.1,
164.9, 164.1, 159.9, 149.8, 139.1, 134.4, 131.4 (2C), 129.8 (3C), 128.6 (3C), 127.1,
123.0, 100.0, 79.1, 60.2, 59.5, 50.5, 29.3, 28.5, 19.6, 14.0; HRMS (ESI-TOF) calcd

Br

for CasHas"°BraN3Os [M + H]* 620.0219, found 620.0223.
Ethyl 1-benzyl-2-(bromomethyl)-7,9-dimethyl-4-(3-nitrophenyl)-6,8,10-trioxo-1,7,
9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4ka).

Bn Ethyl acetate/petroleum ether = 1:2 as the eluent; White solid,
61% yield (71.1 mg), mp 140-142 °C; 'H NMR (500 MHz,
CDCls) § 8.14 (dd, J = 9.2, 2.2 Hz, 1H), 7.93 (bs, 1H), 7.48
(bs, 1H), 7.42 (d, J = 7.0 Hz, 2H), 7.35-7.25 (m, 4H), 5.00—
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4.25 (m, 5H), 4.03-3.95 (m, 1H), 3.93-3.85 (m, 1H), 3.23 (s, 3H), 2.62 (s, 3H), 0.93
(t, J = 6.2 Hz, 3H); *C NMR (125 MHz, CDCls) 6 167.8, 164.8, 163.8, 160.3, 149.6,
148.2, 139.2, 134.5 (2C), 134.0, 129.9 (2C), 129.3, 128.8, 128.7 (2C), 123.4 (2C),
99.9, 78.5, 59.7, 50.4, 29.4, 28.5, 19.5, 14.1; HRMS (ESI-TOF) calcd for
C26H26°BrN4O7 [M + H]* 585.0985, found 585.0988.
Ethyl 1-benzyl-2-(bromomethyl)-4-(2-methoxyphenyl)-7,9-dimethyl-6,8,10-trioxo
-1,7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (41a).

Bn Ethyl acetate/petroleum ether = 1:3 as the eluent; White solid,

\N_%ON
o= =

67% yield (76.6 mg), mp 64-66 °C; *H NMR (500 MHz,
COEL cpcly) §7.39 (d, J = 6.7 Hz, 2H), 7.31-7.23 (m, 3H), 7.19
(td, J = 7.8, 1.4 Hz, 1H), 7.09 (d, J = 7.6 Hz, 1H), 6.90 (t, J =

7.5 Hz, 1H), 6.75 (d, J = 8.3 Hz, 1H), 5.16 (s, 1H), 4.78 (d, J = 9.7 Hz, 1H), 4.56 (d, J

)
AN

= 14.3 Hz, 1H), 4.53 (d, J = 9.7 Hz, 1H), 4.48 (d, J = 14.3 Hz, 1H), 4.05-3.98 (m, 1H),
3.90-3.83 (m, 1H), 3.65 (s, 3H), 3.16 (s, 3H), 2.57 (s, 3H), 0.90 (t, J = 7.1 Hz, 3H);
13C NMR (125 MHz, CDCls) 6 168.7, 165.5, 164.5, 159.1, 156.4, 150.4, 134.4, 130.4,
130.0 (2C), 129.1, 128.49, 128.48 (2C), 125.3, 120.8, 109.4, 100.1, 77.9, 59.3, 55.7,
52.6, 50.4, 29.0, 28.1, 20.0, 14.0; HRMS (ESI-TOF) calcd for C27H29"°BrN3sQOg [M +
H]* 570.1240, found 570.1247.
Ethyl 1-benzyl-2-(bromomethyl)-4-(2-chlorophenyl)-7,9-dimethyl-6,8,10-trioxo-1,
7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4ma).

Bn Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
75% vyield (86.3 mg), mp 63-65 °C; *H NMR (500 MHz,
CDCl3) 67.40 (d, J = 6.5 Hz, 2H), 7.32-7.26 (m, 4H), 7.24—
7.21 (m, 2H), 7.20-7.16 (m, 1H), 5.23 (s, 1H), 4.74 (d, J =

9.6 Hz, 1H), 4.58 (d, J = 9.6 Hz, 1H), 4.56 (d, J = 14.3 Hz, 1H), 4.51 (d, J = 14.3 Hz,
1H), 3.99-3.91 (m, 1H), 3.88-3.81 (m, 1H), 3.16 (s, 3H), 2.64 (s, 3H), 0.86 (t, J = 7.1
Hz, 3H); C NMR (125 MHz, CDCls) § 168.0, 165.2, 164.1, 159.6, 149.9, 134.8,
134.1, 133.5, 131.4, 130.1 (2C), 129.4, 128.8, 128.7, 128.6 (2C), 127.0, 100.6, 77.8,
59.4, 555, 50.4, 29.1, 283, 19.7, 13.9; HRMS (ESI-TOF) calcd for
CasH2s"Br¥CIN3Os [M + H]* 574.0744, found 574.0748.
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Ethyl 1-benzyl-2-(bromomethyl)-4-(2-bromophenyl)-7,9-dimethyl-6,8,10-trioxo-1,
7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4na).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
80% yield (98.6 mg), mp 118-120 °C; 'H NMR (500 MHz,
CDCl3) § 7.47 (d, J = 7.9 Hz, 1H), 7.41 (d, J = 6.8 Hz, 2H),

7.32-7.26 (m, 4H), 7.23 (dd, J =7.7, 1.5 Hz, 1H), 7.10 (td, J =
7.6, 1.5 Hz, 1H), 5.22 (s, 1H), 4.75 (d, J = 9.9 Hz, 1H), 4.59-4.50 (m, 3H), 3.97-3.90
(m, 1H), 3.88-3.81 (m, 1H), 3.17 (s, 3H), 2.65 (s, 3H), 0.86 (t, J = 7.1 Hz, 3H); °C
NMR (125 MHz, CDCls) ¢ 167.9, 165.2, 164.1, 159.5, 150.0, 136.6, 134.2, 132.2,
131.7, 130.1 (2C), 129.7, 128.7, 128.6 (2C), 127.6, 124.3, 101.2, 77.8, 59.5, 58.2,
50.4, 29.1, 28.4, 19.7, 13.9; HRMS (ESI-TOF) calcd for Ca6H26"°BraNsOs [M + H]*
620.0219, found 620.0225.

Ethyl 1-benzyl-2-(bromomethyl)-4-(3,4-dimethylphenyl)-7,9-dimethyl-6,8,10-trio
X0-1,7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (40a).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
72% vyield (81.7 mg), mp 152-154 °C; 'H NMR (500 MHz,
CDCls) 6 7.47 (d, J =7.1 Hz, 2H), 7.33-7.24 (m, 3H), 7.01
(bs, 1H), 6.86 (bs, 1H), 6.65 (bs, 1H), 4.67 (d, J = 7.9 Hz,
1H), 4.58-4.42 (m, 4H), 4.01-3.95 (m, 1H), 3.94-3.86 (m,
1H), 3.23 (s, 3H), 2.58 (s, 3H), 2.20 (s, 6H), 0.93 (t, J = 6.9 Hz, 3H); 3C NMR (125
MHz, CDClz) ¢ 168.6, 165.3, 164.5, 159.1, 150.1, 136.7, 135.1, 133.8, 129.5 (5C),

128.6 (2C), 128.4, 125.8, 101.0, 80.0, 60.8, 59.5, 50.7, 29.2, 28.4, 20.0, 19.8, 19.6,

14.1; HRMS (ESI-TOF) calcd for CzsHs1"®BrNsOs [M + H]* 568.1447, found

568.1452.

Ethyl 1-benzyl-2-(bromomethyl)-4-(3,4-dichlorophenyl)-7,9-dimethyl-6,8,10-triox
Bn 0-1,7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4pa).

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

CO2Et  73% yield (89.1 mg), mp 130-132°C; *H NMR (500 MHz,
CDCls) 6 7.41 (d, J = 6.4 Hz, 2H), 7.39-7.27 (m, 4H), 7.24—
cl Cl
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6.66 (m, 2H), 4.75 (bs, 1H), 4.56-4.44 (m, 4H), 4.05-3.97 (m, 1H), 3.95-3.88 (m,
1H), 3.21 (s, 3H), 2.70 (s, 3H), 0.97 (t, J = 7.1 Hz, 3H); 13C NMR (125 MHz, CDCls)
0 168.0, 164.9, 164.0, 160.0, 149.8, 137.1, 134.2, 132.5, 130.6 (3C), 129.9 (2C),
128.8, 128.7 (2C), 127.9, 100.0, 78.7, 59.7, 59.5, 50.5, 29.4, 28.6, 19.6, 14.2; HRMS
(ESI-TOF) calcd for C26H25"°Br¥*Clo,NsOs [M + H]* 608.0355, found 608.0351.

Ethyl 1-benzyl-2-(bromomethyl)-7,9-dimethyl-4-(naphthalen-2-yl)-6,8,10-trioxo-
1,7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4ga).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
68% yield (79.9 mg), mp 85-87 °C; *H NMR (500 MHz,
CDCls) 6 7.86-7.68 (m, 3H), 7.64-7.36 (s, 5H), 7.34-7.26
(m, 3H), 7.23-6.86 (m, 1H), 4.82-4.71 (m, 2H), 4.65-4.46
(m, 3H), 3.96-3.81 (m, 2H), 3.26 (s, 3H), 2.37 (s, 3H), 0.81

(t, J=7.0 Hz, 3H); **C NMR (125 MHz, CDCls) 6 168.4, 165.2, 164.4, 159.6, 150.0,
134.8, 133.1, 133.0, 129.8 (2C), 128.63 (2C), 128.56, 128.1 (2C), 127.7 (2C), 126.5,
126.4, 126.3, 125.9, 100.8, 79.7, 61.1, 59.5, 50.7, 29.3, 28.4, 19.9, 14.0; HRMS (ESI-
TOF) calcd for CsoH29"°BrNsOs [M + H]* 590.1291, found 590.1282.
Ethyl 2-(bromomethyl)-7,9-dimethyl-6,8,10-trioxo-1-phenethyl-4-phenyl-1,7,9-tri
azaspiro[4.5]dec-2-ene-3-carboxylate (4ab).
Ph White solid, 71% vyield (78.9 mg), mp 60-62 °C; 'H NMR
X (500 MHz, CDCls) § 7.31-7.24 (m, 5H), 7.23-7.18 (s, 3H),
SN—CON Br
0= % ) 7.11 (bs, 1H), 6.94 (bs, 1H), 4.57 (d, J = 10.3 Hz, 1H), 4.50
PH 2= (s, 1H), 4.48 (d, J = 10.3 Hz, 1H), 4.00-3.92 (m, 1H), 3.88-
3.81 (m, 1H), 3.64-3.51 (m, 2H), 3.37 (s, 3H), 3.05-2.93 (m, 2H), 2.58 (s, 3H), 0.86
(t, J = 7.1 Hz, 3H); 1*C NMR (125 MHz, CDCls) 6 168.4, 165.2, 164.3, 159.9, 150.2,
138.5, 136.9, 129.0 (2C), 128.7 (2C), 128.5, 128.4 (4C), 126.9, 99.4, 80.8, 61.3, 59.3,
48.0, 36.0, 29.6, 28.6, 19.3, 14.0; HRMS (ESI-TOF) calcd for C27H29°BrNsOs [M +
H]* 554.1291, found 554.1298.
Ethyl 2-(bromomethyl)-1-(4-methoxybenzyl)-7,9-dimethyl-6,8,10-trioxo-4-phenyl

-1,7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4ac).
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O—  Ethyl acetate/petroleum ether = 1:3 as the eluent; White solid,
75% vyield (85.8 mg), mp 63-65 °C; *H NMR (500 MHz,
CDCl3) 0 7.32 (d, J = 8.3Hz, 2H), 7.28-7.04 (m, 4H), 6.87

\N—o,’ON
o=y ' (bs, 1H), 6.81 (d, J = 8.3 Hz, 2H), 4.70 (d, J = 9.0 Hz, 1H),
0 CO,Et
Ph 4.63-4.57 (m, 2H), 4.55 (d, J = 14.0 Hz, 1H), 4.43 (d, J =

14.0 Hz, 1H), 4.01-3.93 (m, 1H), 3.89-3.81 (m, 1H), 3.77 (s, 3H), 3.21 (s, 3H), 2.55
(s, 3H), 0.86 (t, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCls) & 168.7, 165.2, 164.4,
159.8, 159.5, 150.0, 136.8, 131.5 (2C), 128.6 (4C), 128.4, 126.1, 113.8 (2C), 100.4,
79.2, 61.0, 59.4, 55.4, 49.9, 29.2, 28.3, 20.0, 14.0; HRMS (ESI-TOF) calcd for
C27H29°BrN3Os [M + H]* 570.1240, found 570.1243.
Ethyl 2-(bromomethyl)-1-(4-chlorobenzyl)-7,9-dimethyl-6,8,10-trioxo-4-phenyl-1,
7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4ad).

Cl Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
70% vyield (80.9 mg), mp 172-174 °C; *H NMR (500 MHz,
CDCl3) & 7.49 (d, J = 8.3 Hz, 2H), 7.31 (d, J = 8.4 Hz, 2H),

SN—PON Br
o=\ A | CoE 7.30-7.24 (m, 3H), 7.12 (bs, 1H), 6.96 (bs, 1H), 4.62-4.54
2
Ph (m, 2H), 4.52-4.41 (m, 3H), 4.01-3.93 (m, 1H), 3.89-3.81

(m, 1H), 3.30 (s, 3H), 2.59 (s, 3H), 0.87 (t, J = 7.1 Hz, 3H); 1*C NMR (125 MHz,
CDCl3) ¢ 168.3, 165.3, 164.2, 159.2, 150.0, 136.6, 134.3, 134.1, 130.4 (2C), 128.9
(2C), 128.5, 128.4 (4C), 101.3, 80.5, 60.9, 59.5, 50.3, 29.4, 28.5, 19.8, 14.0; HRMS
(ESI-TOF) calcd for CasH26"°Bri®CIN3Os [M + H]* 574.0744, found 574.0752.

Ethyl 2-(bromomethyl)-1-(2-chlorobenzyl)-7,9-dimethyl-6,8,10-trioxo-4-phenyl-1,
7,9-triazaspiro[4.5]dec-2-ene-3-carboxylate (4ae).

Cl Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
64% yield (73.8 mg), mp 158-159 °C; *H NMR (500 MHz,

~ /ON
°=<E_/’" | Br CDCls) 6 7.61-7.56 (m, 1H), 7.36-7.33 (m, 1H), 7.30-6.85
T o TCOE (m,7H),4.74 (d, 3= 10.3 Hz, 1H), 4.66 (d, J = 16.3 Hz, 1H),

4.64-4.57 (m, 3H), 4.03-3.95 (m, 1H), 3.90-3.83 (M, 1H), 3.22 (s, 3H), 2.57 (s, 3H),
0.88 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCl3) & 167.9, 165.0, 164.2, 159.3,
150.1, 136.6, 134.3, 133.2, 130.5, 129.8, 129.6, 128.47 (2C), 128.45 (4C), 126.9,
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100.7, 61.3, 59.5, 48.1, 29.3, 28.4, 194, 14.0; HRMS (ESI-TOF) calcd for
Ca6H26"°Br*®CIN3Os [M + H]* 574.0744, found 574.0748.
Methyl 1-benzyl-2-(bromomethyl)-7,9-dimethyl-6,8,10-trioxo-4-phenyl-1,7,9-tria
zaspiro[4.5]dec-2-ene-3-carboxylate (4af).
Bn Ethyl acetate/petroleum ether = 1:4 as the eluent; White
o;\'N:f%Nf Br solid, 75% yield (78.8 mg), mp 77-79 °C; 'H NMR (500
o Sh COMe  MHz, CDCls) 6 7.45 (d, J = 6.9 Hz, 2H), 7.35-7.22 (m, 6H),
7.14 (bs, 1H), 6.91 (bs, 1H), 4.68 (d, J = 9.7 Hz, 1H), 4.60
(s, 1H), 4.56 (d, J = 14.6 Hz, 1H), 4.52 (d, J = 9.7 Hz, 1H), 4.50 (d, J = 14.6 Hz, 1H),
3.45 (s, 3H), 3.22 (s, 3H), 2.56 (s, 3H); *C NMR (125 MHz, CDCls) 6 168.4, 165.2,
164.9, 159.8, 150.0, 136.6, 134.7, 129.7 (2C), 128.63 (2C), 128.57, 128.52, 128.47
(4C), 100.3, 79.7, 60.9, 50.9, 50.7, 29.3, 28.4, 19.9; HRMS (ESI-TOF) calcd for
CasH25°BrNsOs [M + H]* 526.0978, found 526.0975.
Isobutyl 1-benzyl-2-(bromomethyl)-7,9-dimethyl-6,8,10-trioxo-4-phenyl-1,7,9-tri
azaspiro[4.5]dec-2-ene-3-carboxylate (4ag).
Bn Ethyl acetate/petroleum ether = 1:4 as the eluent; White
O;Nj%ﬁ(\ B solid, 76% vield (86.3 mg), mp 105-107 °C; *H NMR (500
N ol COBU MHz, CDCls) 6 7.45 (d, 3 =7.0 Hz, 2H), 7.35-7.12 (m, 7H),
6.90 (bs, 1H), 4.68 (d, J = 8.7 Hz, 1H), 4.63-4.53 (m, 3H),
4.48 (d, J = 14.5 Hz, 1H), 3.77 (dd, J = 10.7, 6.4 Hz, 1H), 3.56 (dd, J = 10.7, 6.0 Hz,
1H), 3.22 (s, 3H), 2.55 (s, 3H), 1.56-1.46 (m, 1H), 0.50 (dd, J = 6.8, 1.2 Hz , 6H); 13C
NMR (125 MHz, CDCIs) ¢ 168.6, 165.2, 164.5, 159.8, 150.0, 136.8, 134.7, 129.8
(2C), 128.6 (2C), 128.53 (5C), 128.48, 100.4, 79.6, 69.8, 61.1, 50.7, 29.3, 28.3, 27.6,
19.9, 18.8 (2C); HRMS (ESI-TOF) calcd for C2sHs1"°BrNsOs [M + H]* 568.1447,
found 568.1444.
tert-Butyl 1-benzyl-2-(bromomethyl)-7,9-dimethyl-6,8,10-trioxo-4-phenyl-1,7,9-tr
lazaspiro[4.5]dec-2-ene-3-carboxylate (4ah).

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

~ O‘
o NN i °" solid, 72% yield (81.5 mg), mp 104-106 °C; *H NMR (500
N
d O CO,Bu
Ph
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MHz, CDCls) 6 7.46 (d, J = 7.1 Hz, 2H), 7.34-7.14 (m, 7H), 6.88 (bs, 1H), 4.64-4.52
(m, 4H), 4.46 (d, J = 14.5 Hz, 1H), 3.23 (s, 3H), 2.55 (s, 3H), 1.11 (s, 9H); 3C NMR
(125 MHz, CDCls) ¢ 168.8, 165.3, 163.7, 158.6, 150.1, 137.1, 135.0, 129.7 (2C),
128.6 (5C), 128.5, 128.3 (2C), 102.2, 79.9, 79.6, 61.6, 50.8, 29.3, 28.3, 28.0 (3C),
20.1; HRMS (ESI-TOF) calcd for CzsHaiBrNsOs [M + H]* 568.1447, found
568.1453.

2.4 L&Y 3ma BB R ITETERE

HAT, FrA O B T L 2 R URER B A & ) ¥ 38 I R g L e i 14T T
EMIFRAE. T E— BN G, BATREY) 3ma BT WERFIIEC
FERVR AT, TEARIRIASE P84 A, 15 31 4 BYRURE B 3% I 1) 52 8
Bi)o, ERC&HA CCD PR #8141 (Bruker APEX-11) s A7 S f
MoKo %85 (A = 0.71073 A), 7£ 5.086 < 20 < 49.996° {41478 FEl N 3545 1 4H 5%
it s 2-4 fiok. 4 SHELXT Structure Solution 27l Fl AAEARLL V5
SHELXL A5 i1y /) — gt i AL &4 3ma 45ty i 2-1 fios.

K 2-1 3ma B AT E

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

Identification code CCDC 2305863
Empirical formula C26H26CIN3Os
Formula weight 495.95
Temperature/K 293.15

Crystal system triclinic

Space group P-1

alA 8.2719 (11)

b/A 10.9748 (14)
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c/A

o/°

pr°

v/°

Volume/A3

Z

pcalcg/ cm?®

w/mm?

F(000)

Crystal size/mm?

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 A

14.3779 (18)

91.073 (2)

98.225 (2)

110.945 (2)

1203.0 (3)

2

1.369

0.202

520.0

0.26 x0.24 x0.21

MoKa (A =0.71073)

5.086 to 49.996
-7<h<9,-13<k<12,-17<1<14
6128

4196 [Rint = 0.0147, Rsigma = 0.0323]
4196/1/319

1.057

R1=0.0474, wR2 = 0.1220

R1 = 0.0686, wR> = 0.1297
0.53/-0.41

2.5 1L &4 4oa BB B TTETHUIE

FATR A R 71543 2k &9 doa (B, FEFC4E CCD M FEIR I 8417
54 (Bruker APEX-11) A A7 22 55 MoKa f8 5 (A = 0.71073 A), 1 4.48
< 20 < 50.00° fFA G Bl A ZRAT 7 A RATH S B SR 2-5 s 4 SHELXT
Structure Solution F&F7 A FHAMEAAIV2 S SHELXL K& A0 8 (¥ 85 /s — iAo

AL &Y doa IRTY,  SALERIE 2-2 P

2-2 4oa HL i ATET K
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Thbale 2-5. Crystal data and structure refinement for 40a

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group (number)

alA

b/A

c/A

o/°

pr°

y/°

Volume/A3

z

Pcalcg/0m3

pw/mm?

F(000)

Crystal size/mm?

Crystal colour

Crystal shape

Radiation

20 range for data collection/<
Index ranges

Reflections collected
Independent reflections
Data/Restraints/Parameters
Goodness-of-fit on F?
Final R indexes [I>=2c ()]
Final R indexes [all data]
Largest peak/hole [eA ]

CCDC 2305868
C28H30BrN3zOs

568.65

293.15

triclinic

P-1(2)

11.0881 (8)

11.9277 (9)

12.1514 (9)

115.124 (2)

105.133 (3)

100.196 (3)

1326.22 (17)

2

1.424

1.593

588

0.26>0.25>0.22

colourless

block

MoK, (2=0.71073 A)

4.48 t0 50.00 (0.84 A)
—13<h<13,-14<k<14,-14<1<14
37795

4666 [Rint = 01052, Rsigma = 00570]
4666/0/347

1.051

R; =0.0415, wR2 = 0.1067
R; =0.0609, wR2 =0.1144
0.29/-0.45

2.6 A IBIRR

BT Bk sese gt R AARREATTIH TAE, RATUANMBMELZIR 1a 5 p-
ffGls 2a HISON ], 2t T AT RERY M HLER (Scheme 2-5). ESG AMEATEELL
ZMR la 5 B-JiIE 2a Z ()R A0 5o /K B SR BN B A, Hh L%
FRIRIEAT B o-H R B-Js L s FF AL B M A 36 H 78 )RR E R 3 vl
Redk iR 2 NIS FE s IR, B TR TR EOR BB L Z B AR A
EHY a-H BAAMRERIA PR, bl B-4 i H A7 B R T 2 H 3R Jemie,
FEIFaE Bo B 5 ZERBRILAL E ) o-C WA ZE AT SR AL BUS BRI
i E, RASRIEHZRIBIA G EY) 3aa. 24 DMDMH 1E ARk
AR, pR T A AR X At i 1) e A P LR R Bt B AR N ) ] A
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BH, RGBS b R A7 B 1 a-H AN B4 i i PR A7 B A TR 6 H R AIRAR,
BRI EME C. ARG B EJR T2 B HZ R IRIEN & EH o-C K
R, FN B2 — 0 FRASR, RASDELZRER RGNS
Yy 4aa.

Bn
|

O N_o
\N Ph O=< 4—9;\02& ?04
CO,Et

O=< — ?n
/ Y HN NS B
& o Ol
+ — 0= ”, CO,Et 07N 0
- 0 Ph 0, H
Blsni o @04,,#/
AN A
2a

SN—<P J l N—’ON
HN o=< CO,Et ﬁ» o=<
O Br Ph CO,Et

Scheme 2-5 Plausible mechanism for the reaction

2.7 BEL ZRRIE — SR E L SEIE

N T BRAEZ IR S, AT Y daa #AT TATAEMR L.
JEE] daa THIRIET, ProARAIZ U —of il R A B . 2 4aa
5RIEAE KoCOsA7AE T DCE Hln#h s 5 h, FATHELL 86% 11 F:45 2 HAR
7= 4aa’s

Bn B Ph
SN—C N Br K,COj SN—2 N N’
o= | + Ph—NH, ———> 0O=X | H
N—< DCE N—ES COLEt
et CO,Et 80°C,5h e, 2
4aa 4aa’, 86%

Scheme 2-6 Derivatization experiment
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2.8 KE /NG

i bR, ATMEEABTRWR T ABMELILZRY -1 EE RS %
PR PRIEIR IS S, o FRAT T S AL 7R S, o o 9 a2 KR ) e B 5
PR i T IR BEVE A BT L 2 R IR I A & 1 S LG Z R R — Sk g Ak &
VIS Z6AE, 0t R 1R ARMAE LL 2. 1.2 Y&, 1.2 L&MW
NIS A1 DMF (30 puL) 7EEREE R B 30 min; 1 MEAEMELZER. 1.2 4%
WilelE. 1 2% DBDMH. 1 245 PPhs Al CH2Br, (30 pL) FEEREE N M
30 min. LA 73-92%[) /=54 B 24 AN B LG Z BRI IR S tb &4, I LA 58-80%!(1)
PR 24 AN EHZIRE ML EY) . RN B RPEIR Y S RE X-
SR BT IS B 1B RN, IR LI T TR % SR R B AT T 1
Be. N B GERERRE . FR S, kb S R R A
FRa e A BB S . I8 I 5 e g AR TRk R AU R B B H AR =, N
e B L Z RIS IR A S IR T — R HTE 12
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=T MARES S RERNEFMEIMUR 5

3.1 SLERFERSY

3.1.1 {5 F

A FE P A R SIS AN AR AN EE — E I AR R, KRR E A R

BB R ﬂ% EIE

2-TH T 2,1 Sy AR A PR A ]

Bk Sy b AR PR A A

S Sy I 245 42 Ak X AU TR A )

— TR Sy b I 245 4 [ Ak KA PR 2 )

=L Sy W I 25 4 Ak 2k PR A )

Sk Syt AR R A PR A 7]

NIRRT Syt BERALSEHER (i) HIRATE

3.1.2 BRI E R

3.1.2.1 FK 5 MIERK

@ﬁ O C of“o = O,
EtOH, 0 °C NO, DMSO, 26 °C, N,

16 h
5a

Scheme 3-1 Synthesis of thioaurones

PAEr Ak 5a i, 26# NaOH (12 mmol, 0.48 g) ML 100 mL [BJE kI,
SRIGIIN 40 mL 2%, {EVK/KIBHh P2 NaOH 58 &V i a 18I 2-8 L%
ZHd E (10 mmol, 1.65¢9) S5ZHE B (10 mmol, 1.06 9), MidfEF£&H A
W A H AT L SON 25 RS FE AR B AR AR F(91%, 2.3 g). AR F (9
mmol, 2.28 g) Ak (45 mmol, 1.45 g) HIAZF] 50 mL 5 i JE 528 i B Be i
IR IR S B T, BERIRI TG O RAR S MR TAEEE A E
7E5F DMSO (45 mmol, 3.51 ¢) 5 TEA (45 mmol, 459 g0 2R LT, HT
SR TN 16 /N o FF RS R INNIE & LR CFE AL, ERRE=IREIG
HURE IINE & (R E RS (200-300 H D, IR ORNIR, SR 4AE 2 M
(LFR CWa A EE = 1:10) EARE G, 30y 89%.
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3.1.3 I E AR
3.1.3.1 7~ 6 BIERK

(0] 15 (20 mol%) 0

4
@Elg_\ Bn\NH FeCls'6H,0 (2 equiv) WR
+ >
- x_CO,R3 o S
S " R4J\/ DCE, 80 °C, 16 h R CO,R?
5 2 6

Scheme 3-2 Synthesis of Compound 6

] 25 mL M AR O RAEE] 5 (0.2 mmol). B-# %M 2 (0.3
mmol). 1> (0.02 mmol, 5.1 mg). FeCls-:6H,0 (0.4 mmol, 108 mg> A1 DCE (2
mL), T 80 °C i N 16 /. MM 4E R GeAHE =R, ARG INE
B AR OB SK, REFR=ZREIFAIAR, FINGE & 0 Z iR

(200-300 HD, ISR, SR IGES A Z B 70 A3 2074 6.

3.132 =41 7T HERK
R2 NIS (1.2 equiv) [OI R%
“NH i ¢ N
+ FeCl; (0.5 equiv) @/ ,
pr— 3 r
S : R4J\/002R CH_Br, (30 uL), 100 °C S

ball-milling, 30 Hz, 70 min

Scheme 3-3 Synthesis of Compound 7

W aiACHER 5 (0.2 mmol). B-MifZlE 2 (0.24 mmol). NIS (0.24 mmol,
54.0 mg). FeCls (0.1 mmol, 16.3 mg) Al CH2Bro (30 uL) MIAEIEH 4 Mt
FEER (EAE 6 mm) FIAEEMNGE (5 mL) . KAt BE s 1] 9 [ 2 /£ Retsch
MM400 B EE A RN E |, R #OXUExs Hom#k (E7x24 100 °C), LA 1800
B0 (30 Hz) HISRBTEE 70 ov%h. RNERIG, F B CEE R I X
BORE VIR ZAIEM T, IMNEER S 28 T B AR, AR5 AT AL = A
=X SE T/
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3.2 TWERSITIS
3.2.1 MK
3.2.1.1 774 6 BU SR 1K
HOE, WATEBRAEE 5a 5 B-MHLEE 2a JyBEAY RIS i i A 8 5%

4 (Table 3-1). % 5a (0.2 mmol). 2a (0.2 mmol) 5 1, (0.04 mmol) L\
DCE N5, T 70 €T TN 10 /M Centry 1), Z558 70 &453 2] H A5~k
FEHANE — SR 6aa YR N 22%., HE—S1siiiie 7 la 5 2a SRR
A 1:2 Centries 2-4). #54, AR T AFEIZEE G IR R BRI, B

SR TR OB Centries 5-6), (HEBAFIF =M ER. b5, XH%
TG IR (entries 7-10), RIL/S/KE =SB S NA 35 R 2 2
o ERFSKEEAEMBRMER, RAOTKRHERERMNEN 2 4&E (entry
13). kb, T8 IR RIA I G A 28 UL DCE AR IRMIIEE N 80 <T
I o R CR B, BN AR AR B MR SR ) 6aa IOUSCR =ik 91% Centry
22),

Table 3-1. Optimization of the reaction conditions for the synthesis of 6aa?

0
, (20 moi%) @fq
s bh ! )\/ COEL ~ ovent, temp CO,Et
5a 2a 6aa
Entry Mola.r ratio  Solvent Additive Tgmp Time Yié?'db

(5a:2a) (equiv.) °C) (h) (%)
1 11 DCE 70 10 22
2 1:1.2 DCE 70 10 25
3 1:15 DCE 70 10 28
4 1:2 DCE 70 10 32
5 1:2 DCE Na.COs3 (1.0) 70 10 trace
6 1:2 DCE DMAP (1.0) 70 10 trace
7 1:2 DCE FeCls (1.0) 70 10 39
8 1:2 DCE FeCls 6H20 (1.0) 70 10 69
9 1:2 DCE Fez(S04)3 (1.0) 70 10 35
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10 1:2 DCE Fe2(OAC)3 (1.0) 70 10 25
11 1:2 DCE FeCls 6H20 (0.5) 70 10 59
12 1:2 DCE FeClz 6H20 (1.5) 70 10 72
13 1:2 DCE FeCls 6H20 (2.0) 70 10 80
14 1:2 DMF FeCls 6H20 (2.0) 70 10 41
15 1:2 DMSO FeCls 6H20 (2.0) 70 10 33
16 1:2 toluene FeCl3 6H20 (2.0) 70 10 71
17 1:2 MeCN FeClz 6H20 (2.0) 70 10 58
18 1:2 DCE FeCls 6H,0 (2.0) 80 10 85
19 1:2 DCE FeCls 6H.0 (2.0) 90 10 79
20 1:2 DCE FeCls 6H20 (2.0) 80 12 81
21 1:2 DCE FeCls 6H,0 (2.0) 80 14 85
22 1:2 DCE FeCls-6H20 (2.0) 80 16 91
23 1:2 DCE FeCls 6H,0 (2.0) 80 18 91

#Reaction conditions: a mixture of 5a (0.2 mmol), 2a (0.4 mmol), I> (20 mol%), FeCl; 6H.0 (0.4
mmol) and solvent (2 mL) was stirred at the given temperature. "Isolated yield based on 5a.

3.2.1.2 =4 7 MY FRAHRAL

TE D 56 Bctim AP B iR — SR AL 54 6aa ARG, FRATTTTRIG AR
—MEY 6aa AR TIZIA LAY . BRGNS B-M &N TR
FIR R, Wl RAKIRIR L BRI, FRATTT Sl FH TGV SRR 25 mi sk
VGBI ) T AR R R B RS S B bR Taa, JFERZAAE NIS i T
RIh A T B AR R Ak A Taa Centry 2), FEd # 5 X-BHERATEH
AR DG IN . BEJE, FANTE T AT & AFRIPLIE (Table 3-2). 44 5a
(0.2 mmob). 2a (0.24 mmol) 5ANA 1 pi AR FIFEBR B 2% A~ B2 30 min,
SRR, BR NIS Ab, HoAth AR BEA BATAT ™4, H 24 NIS K7 =N
1.2 HEB AR RN (entries 1-4). FRATE— PR T AN R B 7% B
520 (entries 5-10), KIL CH.Bro fEBIVA IR Bl ik =% (entry 9). 7535
SLRK G IR RS AR R RE R RIS, AR IAE A DMAP #1 Na2COs
J& NS FHN ] Centries 11-12), TN EALT G =) Taa 5242 K (entry
13). W%, EMATKEMGIEAM G ER)E, RNABMREHE, i
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Centry 14), FHiE T /K GBI AR INE )y 0.5 15, & MF R LA 71%(1
452 Taa (entry 15), HERMIA SRR T 3 — B4 m 7aa ik
B, PR R BE (1) [ I8 P K R XM B B AT I e M R (K IR
FE%ER 70 TS, Taa MR A IS (entry 17). BEERATEEA T ARG E
RN, SREIMEBAERE AN 100 T, WY Taa RN 91% (entry
200, % FRTIR, A iR ER I A A S I B RN AR 1 SR
BRACKSE . 1.2 48R B-EHEEE. 1.2 &/ NIS 1 0.5 M &R /K FeCls LA

CH2Bro AT, 15 &8 100 °C FIEUE #OXFE I#A R EE 70 min Centry 20).

Table 3-2. Optimization of the reaction conditions for the synthesis of 7aa?

O o?n

Bn\NH 4 N
. X] /(;L/O £
— Et - S
s ph I co; ball-milling o COGE!

30 Hz, 70 min, temp

5a 2a 7aa
Entry [X] LAG solvent Additive T(gmp Yield®

(equiv.) (30 uL) (equiv.) (°C) (%)
1 12 (1.0) 0
2 NIS (1.0) 12
3 NBS (1.0) trace
4 NIS (1.2) 18
5 NIS (1.2) DCE 31
6 NIS (1.2) DMSO 35
7 NIS (1.2) toluene 29
8 NIS (1.2) DCM 41
9 NIS (1.2) CH2Br» 53
10 NIS (1.2) MeCN 33
11 NIS (1.2) CH.Br» DMAP (1.0) 15
12 NIS (1.2) CH2Br> Na.COs (1.0) 33
13 NIS (1.2) CH:2Br (NH4)2S20s8 (1.0) trace
14 NIS (1.2) CH:Br, FeCl3 (1.0) 62
15 NIS (1.2) CH:Br» FeCl3 (0.5) 71
16 NIS (1.2) CH.Br» FeCl3 (1.5) 53
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17 NIS (1.2) CH2Br FeCl; (0.5) 70 76
18 NIS (1.2) CH2Br FeCls (0.5) 80 81
19 NIS (1.2) CH2Br FeCl; (0.5) 90 86
20 NIS (1.2) CH:Br> FeCls (0.5) 100 91
21 NIS (1.2) CH2Br FeCls (0.5) 110 87

For the reaction, a mixture of 5a (0.2 mmol), 2a (0.24 mmol), NIS (0.24 mmol), FeCls (0.1 mmol)
and four stainless balls (6 mm in diameter) was milled in a Retsch MM400 mixer mill at 30 Hz for
70 min. "lsolated yield based on 5a.

3.2.2 [R¥I R
3221 Y 6 UERK

FERAE 1 & BUm AR B IR — SR A S B s RN SR A 2 05, FRATA %
RNHEAT T — RPN RGN 7T (Table 3-3), I A AS [ B 5 (AR AR
PSR 5 A B-JERElE 2a #EAT OB, FATARILEACEET R 538 B3] N5Rilg
TP (NO2), RIBEBEIFIEAT, FFLL 75%IMUCRIF R =) 6fa. 2753
XL B Rt T EEE] (OCH3) B, PR ANZREM, RELL 91%HIWR S
W) 6ea. X T R IFFIRNALIEA pa 2R B H AR E IR AT, S SAT RE S NTTR] 1
17. MG, BATFMEIRIT R 5 MR RN )AL A A [F] RIS SR 50
RIGRACHERR 5 VIR IRFFE RIFIIRBEME . SRR, R D5 IR B 52 1%
RIF, AELL 75-92% MUK & =Y 6aa—pa. 5%, BATWFF T HACHERT 5a Al
ANFEEEA IR B-IA e 2 R MICR . FERMKZ, BT HAEEACT B
U R T A R 2 HE A L R = 0 4b s A 25 A ) A i 1S 473 28 T LA 1 AH
RF=H. BhAh, 24 R2FEFIA TS HEMBEIRERT, %R BT At i 20T -
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Table 3-3. Selective synthesis of thioaurone-spirodihydrofurans 6 from

thioaurones 5 and enamino esters 22

Bn.

NH I
_—
J\/002R3 FeCly-6H,0

R4

6aa, 91% 6ba, 92%

O,N
6fa, 75% 6ga, 90% 6ha, 91%

6ka, 85% 6la, 83% 6ma, 86% 6na, 80% 60a, 83%
P o Lo 20 £ 0
CO,Me CO,"Pr CO,Bu CO,Et
Ph Ph Ph Ph z
6pa, 81% 6ab, 91% 6ac, 84% 6ad, 90% 6ae, 91%
£ 0_Ph
AT
CO,Et
Ph
6af, 78%

#Reaction conditions: a mixture of 5 (0.2 mmol), 2 (0.4 mmol), I (0.04 mmol), FeCls 6H.0 (0.4
mmol) and DCE (2 mL) was stirred at 80 °C in air for 16 h. PIsolated yields based on 5.

3222 T HIERK

TERAE T B AR AR — S A B IR i ORL S AR I, AT I T IR
HGE MR T (Table 3-4). 156, FATEL SCEGACHEE 5 753 LA FA7 B A
HL M R AR BESRAR T8 TATTN SN2 R M . 24 RY HPORER B XL, (a7 By
SRATHURIERS, % RS REMRIZEAT, I DLR S W19 3] H A=) 7ba-ga.
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JlE 2 BRYNEH . iRl R ALE A BEHENS, 12 RNATIRE DL S B 7 AR
7ab fl 7ac. BGAh, RZHRZRIR LIEA SR AL BT ORI TR, % SONARAR
REMEIRIEAT . Bea, FATIEHET R® EAFEBREEREWE, KIWTLRLZ Pr.
'Bu it2 'Bu BRI, B REAHE, M e, 00 & AR AL
X 52 M AN K o

Table 3-4. Selective synthesis of thioaurone-spirodihydropyrroles 7 from

thioaurones 5 and enamino esters 22

2
2 NIS (1.2 equiv) oft ”
“NH FeCls (0.5 equiv) @(0 N ]
—_—
R4J\/002R3 ball-milling, 30 Hz S .
heating, 100 °C Rt COR

7aa, 91% 7ba, 92% 7ca, 87%

7ka, 87% 7la, 86%

AL KT
CO,Et
i~ 2 o CO,Et

7ma, 84% 7qa, 91% 7pa, 81% 7ab, 82% 7ac, 78%

Ph Cl OCHj; cl
o bo Q2. 0
N
K o £ s
s Crx | Okl Crkr e
o CO,Et S COLEL S S S
o ) o CO,Et o CO,Et

N
|
CO,Et
Ph
7ad, 91% 7ae, 92% 7af, 85% 7ag, 79% 7ah, 81%
Bn Bn Bn Bn
| |
Qo Il\l P N @{O N @&O N
ey ey | AL L,
] CO,'Bu Bu
B CO,Me pH CO,'Pr PH 2 P 2
7ai, 90% 7aj, 89% 7ak, 85% 7al, 83%

#Reaction conditions: a mixture of 5 (0.2 mmol), 2 (0.24 mmol), NIS (0.24 mmol), FeCl; (0.1
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mmol), CH2Br> (30 pL) and four stainless balls (6 mm in diameter) was milled in a Retsch
MM400 mixer mill at 30 Hz for 70 min. "lsolated yields based on 5.

3.3 MG AR IRML S 4IROFRAE
Ethyl cis-5'-methyl-3-0x0-3'-phenyl-3H,3'H-spiro[benzo[b]thiophene-2,2'-furan]-
4'-carboxylate (6aa).

Ethyl acetate/petroleum ether = 1:8 as the eluent;Yellow solid,

CO,E 91% yield (66.7 mg), dr = 91:9, mp 116-118 °C; '*H NMR
(500 MHz, CDClI3) 6 *H NMR (500 MHz, CDCl3) § 7.76 (d,
J=7.6Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.31 (d, J = 7.1 Hz,

3H), 7.24-7.07 (m, 5H), 4.81 (s, 1H), 4.08-4.01 (m, 1H), 4.00-3.91 (m, 1H), 2.38 (s,

3H), 1.01 (t, J = 7.1 Hz, 3H); **C NMR (125 MHz, CDCls) § 196.7, 166.7, 164.4,

149.7, 140.7, 137.1, 128.6 (2C), 128.3, 128.2, 127.9 (2C), 127.1, 125.9, 124.1, 108.8,

103.7, 59.8, 54.1, 14.2, 14.1; HRMS (ESI-TOF) calcd for Co1H1904S [M + H]*

367.1004, found 367.1011.

Ethyl cis-5'-methyl-3-0x0-3"'-(p-tolyl)-3H,3'H-spiro[benzo[b]thiophene-2,2'-furan]

-4'-carboxylate (6ba).

Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow

solid, 92% yield (70.0 mg), dr = 97:3, mp 136-138 °C; 'H

NMR (500 MHz, CDCl3) 6 7.76 (d, J = 7.4 Hz, 1H), 7.49 (t, J

= 7.6 Hz, 1H), 7.20 (t, J = 7.5 Hz, 1H), 7.17-7.09 (m, 3H),
7.05 (d, J = 7.5 Hz, 2H), 4.76 (s, 1H), 4.08-4.02 (m, 1H), 4.01-3.95 (m, 1H), 2.37 (s,
3H), 2.34 (s, 3H), 1.04 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) 5 196.8,
166.5, 164.5, 149.7, 137.7, 137.6, 137.0, 129.3 (2C), 127.9 (3C), 127.2, 125.8, 124.1,
108.9, 103.8, 59.8, 53.7, 21.4, 14.2, 14.1; HRMS (ESI-TOF) calcd for C22H2104S [M
+ H]* 381.1161, found 381.1156.

Ethyl cis-3'-(4-chlorophenyl)-5'-methyl-3-ox0-3H,3'H-spiro[benzo[b]thiophene-2,

2'-furan]-4'-carboxylate (6ca).
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Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow
solid, 85% yield (68.1 mg), dr > 99:1, mp 87-89 °C; H
NMR (500 MHz, CDCl3) 6 7.77 (dd, J = 7.7, 0.7 Hz, 1H),
7.54-7.49 (m, 1H), 7.28 (d, J = 8.5 Hz, 2H), 7.25-7.20 (m,
1H), 7.15 (d, J = 7.9 Hz, 1H), 7.10 (d, J = 8.2 Hz, 2H), 4.79
(d, J = 1.6 Hz, 1H), 4.09-4.02 (m, 1H), 4.02-3.95 (m, 1H), 2.37 (d, J = 1.6 Hz, 3H),
1.05 (t, J = 7.1 Hz, 3H); **C NMR (125 MHz, CDCl3) ¢ 196.5, 167.1, 164.2, 149.5,
139.1, 137.2, 133.7, 129.7, 128.8 (2C), 128.4, 128.0, 126.7, 126.0, 124.2, 108.4, 103.3,

60.0, 53.6, 14.2, 14.1; HRMS (ESI-TOF) calcd for C2:H1s*°Cl04S [M + H]" 401.0614,
found 401.0619.

Ethyl cis-3'-(4-bromophenyl)-5'-methyl-3-ox0-3H,3'H-spiro[benzo[b]thiophene-2,
2'-furan]-4'-carboxylate (6da).

Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow
solid, 89% yield (79.3 mg), dr > 99:1, mp 86-88 °C; *H NMR
(500 MHz, CDCl3) 6 7.76 (d, J = 8.2 Hz, 1H), 7.52 (td, J =
7.0, 1.3 Hz, 1H), 7.44 (d, J = 8.4 Hz, 2H), 7.22 (t, J = 7.2 Hz,
1H), 7.15 (d, J = 7.9 Hz, 1H), 7.04 (d, J = 8.1 Hz, 2H), 4.77
(s, 1H), 4.07-4.02 (m, 1H), 4.02-3.95 (m, 1H), 2.37 (s, 3H), 1.05 (t, J = 7.1 Hz, 3H);
13C NMR (125 MHz, CDCls) 6 196.5, 167.1, 164.2, 149.4, 139.6, 137.2, 131.7 (2C),
131.3, 130.0, 128.0, 126.9, 126.0, 124.1, 121.8, 108.3, 103.1, 60.0, 53.7, 14.2, 14.1,

HRMS (ESI-TOF) calcd for C21H18"°BrO4S [M + H]* 445.0109, found 445.0113.
Ethyl cis-3'-(4-methoxyphenyl)-5'-methyl-3-0x0-3H,3"H-spiro[benzo[b]thiophene
-2,2'-furan]-4'-carboxylate (6ea).

o} Ethyl acetate/petroleum ether = 1:6 as the eluent; Yellow

solid, 91% vyield (72.2 mg), dr > 99:1, mp 81-83 °C; 'H
coE NMR (500 MHz, CDCls) § 7.75 (d, J = 7.6 Hz, 1H), 7.49 (t,
J=7.6 Hz, 1H), 7.20 (t, J = 7.5 Hz, 1H), 7.14 (d, J = 7.9 Hz,
1H), 7.09 (d, J = 8.2 Hz, 2H), 6.84 (d, J = 8.4 Hz, 2H), 4.75
(s, 1H), 4.09-4.02 (m, 1H), 4.02-3.95 (m, 1H), 3.80 (s, 3H), 2.37 (s, 3H), 1.05 (t, J =

7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) § 191.4, 189.2, 142.5, 141.0, 137.7, 135.6

HsCO
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(2C), 135.4 (2C), 130.9, 129.2, 128.9, 128.0, 127.3, 123.4 (3C), 58.5, 52.4, 41.2, 21.5,
18.5; HRMS (ESI-TOF) calcd for C22H210sS [M + H]* 397.1110, found 397.1105.
Ethyl cis-5'-methyl-3'-(4-nitrophenyl)-3-oxo0-3H,3"H-spiro[benzo[b]thiophene-2,2
'-furan]-4'-carboxylate (6fa).

Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
solid, 75% vyield (61.7 mg), dr > 99:1, mp 82-84 °C; 'H
NMR (500 MHz, CDCls) 6 8.19 (d, J = 8.3 Hz, 2H), 7.80 (d,
J=7.7Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.35 (d, J = 8.2 Hz,

2H), 7.27 (d, J = 10.4 Hz, 1H), 7.16 (d, J = 7.8 Hz, 1H), 4.95
(s, 1H), 4.08-4.03 (m, 1H), 4.03-3.96 (m, 1H), 2.40 (s, 3H), 1.05 (t, J = 7.1 Hz, 3H);
13C NMR (125 MHz, CDCls) 6 196.0, 167.9, 163.9, 149.0, 147.6, 147.5, 137.5, 129.3,
128.1, 126.6, 126.2, 124.1, 123.9 (2C), 123.4, 107.7, 102.3, 60.1, 54.1, 14.3, 14.1;
HRMS (ESI-TOF) calcd for C21H1sNOeS [M + H]* 412.0855, found 412.0859.

Ethyl cis-5'-methyl-3-0x0-3'-(m-tolyl)-3H,3"H-spiro[benzo[b]thiophene-2,2" -fura
n]-4'-carboxylate (6ga).

O Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow

COLEL solid, 90% vyield (72.2 mg), dr = 96:4, mp 136-138 °C; 'H
NMR (500 MHz, CDCl3) d 7.76 (d, J = 7.1 Hz, 1H), 7.50 (td,
J=7.9, 1.3 Hz, 1H), 7.20 (td, J = 7.5, 2.4 Hz, 2H), 7.14 (d, J

= 7.9 Hz, 1H), 7.10 (d, J = 7.5 Hz, 1H), 6.97 (s, 2H), 4.76 (d, J = 1.5 Hz, 1H), 4.06

(dg, J = 10.9, 7.1 Hz, 1H), 3.97 (dg, J = 10.8, 7.1 Hz, 1H), 2.38 (d, J = 1.5 Hz, 3H),

2.33 (s, 3H), 1.03 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) 6 196.7, 166.6,

164.5, 149.8, 140.6, 138.2, 137.0, 128.7 (2C), 128.4, 127.9, 127.1, 125.8, 124.1 (2C),

108.9, 103.7, 59.8, 54.0, 21.6, 14.2, 14.1; HRMS (ESI-TOF) calcd for C22H2104S [M

+ H]* 381.1161, found 381.1166.

Ethyl cis-3'-(3-chlorophenyl)-5'-methyl-3-0x0-3H,3'H-spiro[benzo[b]thiophene-2,

O 2'-furan]-4'-carboxylate (6ha).

Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow
CO,Et

solid, 91% yield (73.0 mg), dr = 91:9, mp 128-130 °C; 'H

Cl
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NMR (500 MHz, CDCls) § 7.77 (d, J = 7.7 Hz, 1H), 7.52 (t, J = 7.6 Hz, 1H), 7.42 (d,
J=17.9Hz, 1H), 7.31 (s, 1H), 7.22 (t, J = 7.5 Hz, 1H), 7.20-7.14 (m, 2H), 7.10 (d, J =
7.4 Hz, 1H), 4.76 (s, 1H), 4.08 (dg, J = 11.1, 7.3 Hz, 1H), 3.98 (dq, J = 10.8, 7.1 Hz,
1H), 2.38 (s, 3H), 1.05 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) & 196.4,
167.3, 164.1, 149.4, 142.9, 137.2, 131.0 (2C), 130.1, 128.0, 126.9, 126.0, 124.2 (2C),
122.7, 108.2, 103.1, 60.0, 53.8, 14.2, 14.1; HRMS (ESI-TOF) calcd for
C21H15%°Cl04S [M + H]* 401.0614, found 401.0620.

Ethyl cis-3'-(3-bromophenyl)-5'-methyl-3-o0x0-3H,3'H-spiro[benzo[b]thiophene-2,
2'-furan]-4'-carboxylate (6ia).

Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow
solid, 91% yield (81.0 mg), dr > 99:1, mp 99-101 °C; H
NMR (500 MHz, CDCls) 6 7.77 (d, J = 7.6 Hz, 1H), 7.52 (t, J
= 7.5 Hz, 1H), 7.29-7.19 (m, 3H), 7.16 (d, J = 7.3 Hz, 2H),
7.06 (d, J = 6.4 Hz, 1H), 4.78 (s, 1H), 4.12-4.03 (m, 1H), 4.03-3.94 (m, 1H), 2.38 (s,

3H), 1.05 (t, J = 7.1 Hz, 3H); **C NMR (125 MHz, CDCls) § 196.4, 167.3, 164.1,
149.4, 142.6, 137.2, 134.5, 129.9, 128.1 (2C), 128.0, 126.9, 126.0 (2C), 124.1, 108.2,
103.0, 59.9, 53.8, 14.2, 14.1; HRMS (ESI-TOF) calcd for Co1H1s"°BrOsS [M + H]*
445.0109, found 445.0113.

Ethyl cis-3'-(3-methoxyphenyl)-5'-methyl-3-ox0-3H,3"H-spiro[benzo[b]thiophene
-2,2'-furan]-4'-carboxylate (6ja).

Ethyl acetate/petroleum ether = 1:6 as the eluent; Yellow

solid, 81% vyield (64.2 mg), dr > 99:1, mp 92-94 °C; 'H
NMR (500 MHz, CDCls) d 7.76 (dd, J = 7.7, 0.7 Hz, 1H),
OCH,8 7.50 (td, J = 7.8, 1.3 Hz, 1H), 7.24 (d, J = 7.9 Hz, 1H), 7.22—

7.18 (m, 1H), 7.14 (d, J = 7.9 Hz, 1H), 6.86-6.81 (m, 1H),
6.77 (d, J = 7.5 Hz, 1H), 6.70 (s, 1H), 4.77 (s, 1H), 4.06 (dg, J = 10.8, 7.1 Hz, 1H),

CO,Et

3.99 (dg, J = 10.8, 7.1 Hz, 1H), 3.78 (s, 3H), 2.37 (d, J = 1.6 Hz, 3H), 1.05 (t, J = 7.1
Hz, 3H); 2C NMR (125 MHz, CDCls) 5 196.6, 166.7, 164.4, 159.8, 149.8, 142.3,
137.0, 129.6, 127.9, 127.1, 125.8, 124.1, 120.7, 113.9, 113.0, 108.6, 103.5, 59.8, 55.3,
54.0, 14.2, 14.1; HRMS (ESI-TOF) calcd for C22H210sS [M + HJ* 397.1110, found
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397.1105.
Ethyl cis-5'-methyl-3-0x0-3'-(0o-tolyl)-3H,3'H-spiro[benzo[b]thiophene-2,2'-furan]
-4'-carboxylate (6ka).

Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow soli

CO,E d, 85% yield (64.7 mg), dr = 96:4, mp 101-103 °C; *H NMR
(500 MHz, CDCls) 6 7.77 (ddd, J = 7.6, 1.2, 0.5 Hz, 1H), 7.5
1 (td, J = 8.3, 1.4 Hz, 1H), 7.24-7.16 (m, 4H),7.16-7.10 (m,
2H), 5.11 (g, J = 1.5 Hz, 1H), 4.07—4.01 (m, 1H), 4.01-3.94 (m, 1H), 2.39 (d, J = 1.6
Hz, 3H), 2.18 (s, 3H), 1.01 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) 6 196.8,
166.6, 164.4, 150.0, 139.3, 137.1, 136.5, 130.2, 128.0, 127.6, 126.8 (2C), 126.3, 125.9,
124.2,108.7, 103.6, 59.8, 49.0, 20.1, 14.1 (2C); HRMS (ESI-TOF) calcd for C22H210
4S [M + H]* 381.1161, found 381.1166.
Ethyl cis-3'-(2-chlorophenyl)-5'-methyl-3-ox0-3H,3'H-spiro[benzo[b]thiophene-2,
2'-furan]-4'-carboxylate (61a).

O Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow

co,et solid, 83% yield (66.5 mg), dr > 99:1, mp 111-113 °C; 'H
cl NMR (500 MHz, CDCl3) ¢ 7.79 (dd, J = 7.7, 0.7 Hz, 1H),
7.54-7.49 (m, 2H), 7.30 (td, J = 8.0, 1.1 Hz, 1H), 7.26-7.19
(m, 2H), 7.17-7.13 (m, 2H), 5.42 (d, J = 1.6 Hz, 1H), 4.07 (dg, J = 10.7, 7.1 Hz, 1H),
3.98 (dg, J = 10.8, 7.1 Hz, 1H), 2.39 (s, 3H), 1.02 (t, J = 7.1 Hz, 3H); 3C NMR (125
MHz, CDCIs) ¢ 196.5, 167.6, 164.2, 150.0, 140.1, 137.0, 132.6, 129.2, 128.6, 128.0,
127.6, 126.6, 126.1, 125.9, 124.0, 107.0, 102.7, 59.9, 53.2, 14.2, 14.1; HRMS (ESI-
TOF) calcd for C21H15*°C104S [M + H]* 401.0614, found 401.0613.
Ethyl cis-3'-(2-bromophenyl)-5'-methyl-3-ox0-3H,3'H-spiro[benzo[b]thiophene-2,
2'-furan]-4'-carboxylate (6ma).
Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow
solid, 86% vyield (76.6 mg), dr = 96:4, mp 103-105 °C; 'H
NMR (500 MHz, CDCls) 6 7.79 (d, J = 7.7 Hz, 1H), 7.51 (t, J
= 7.6 Hz, 1H), 7.33 (d, J = 7.1 Hz, 1H), 7.26-7.19 (m, 4H),
7.15 (d, J = 7.9 Hz, 1H), 5.44 (d, J = 1.5 Hz, 1H), 4.11-4.03 (m, 1H), 4.03-3.94 (m,
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1H), 2.40 (d, J = 1.5 Hz, 3H), 1.04-0.99 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz,
CDCIs) 6 196.5, 167.6, 164.2, 149.9, 138.3, 137.0, 135.1, 129.3, 128.9, 128.5, 128.0,
126.9, 126.5, 125.9, 124.0, 106.7, 102.8, 59.9, 50.6, 14.2, 14.1; HRMS (ESI-TOF)
calcd for C21H1s"°BrO4S [M + H]* 445.0109, found 445.0114.

Ethyl cis-3'-(2-methoxyphenyl)-5'-methyl-3-ox0-3H,3"H-spiro[benzo[b]thiophene
-2,2'-furan]-4'-carboxylate (6na).

Ethyl acetate/petroleum ether = 1.6 as the eluent; Yellow
solid, 80% yield (63.4 mg), dr > 99:1, mp 106-108 °C; ‘H
NMR (500 MHz, CDCls) 6 7.81 (d, J = 7.5 Hz, 1H), 7.48 (t, J

= 7.4 Hz, 1H), 7.25-7.15 (m, 2H), 7.11 (dd, J = 5.7, 2.0 Hz,
1H), 7.07 (d, J = 7.0 Hz, 1H), 6.92 (td, J = 8.3, 1.9 Hz, 1H), 6.73 (dd, J = 8.0, 1.7 Hz,
1H), 5.31 (s, 1H), 4.18-4.09 (m, 1H), 4.08-3.99 (m, 1H), 3.35 (d, J = 2.7 Hz, 3H),
2.37 (s, 3H), 1.07 (td, J = 8.4, 2.9 Hz, 3H); 3C NMR (125 MHz, CDCls) § 197.3,
167.1, 164.8, 157.5, 150.4, 136.6, 128.7, 128.5, 127.6, 127.4, 126.9, 125.4, 123.8,
120.2, 109.8, 105.7, 103.9, 59.8, 54.6, 48.8, 14.3, 14.2; HRMS (ESI-TOF) calcd for
C22H2105S [M + H]" 397.1110, found 397.1105.
Ethyl cis-3'-(3,4-dichlorophenyl)-5'-methyl-3-oxo-3H,3'H-spiro[benzo[b]thiophen
e-2,2'-furan]-4'-carboxylate (60a).
Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow
solid, 83% yield (72.3 mg), dr = 96:4, mp 107-109 °C; 'H
NMR (500 MHz, CDCl3) 6 7.77 (d, J = 7.7 Hz, 1H), 7.51 (t, J
= 7.6 Hz, 1H), 7.39 (d, J = 8.2 Hz, 1H), 7.26-7.20 (m, 2H),

7.17 (d, J = 7.9 Hz, 1H), 7.01 (d, J = 7.9 Hz, 1H), 4.76 (s,
1H), 4.12-4.04 (m, 1H), 4.04-3.95 (m, 1H), 2.38 (s, 3H), 1.08 (t, J = 7.1 Hz, 3H); 3C
NMR (125 MHz, CDCls) ¢ 196.2, 167.6, 164.0, 149.2, 140.8, 137.3, 132.8, 131.9,
130.6, 130.1, 128.0, 127.4, 126.8, 126.1, 124.2, 107.9, 102.8, 60.1, 53.5, 14.3, 14.2;
HRMS (ESI-TOF) calcd for Ca1H17%°Cl,04S [M + H]* 435.0225, found 435.0221.
Ethyl cis-5"-methyl-3'-(naphthalen-2-yl)-3-ox0-3H,3'H-spiro[benzo[b]thiophene-2,
2'-furan]-4'-carboxylate (6pa).
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Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow

solid, 81% yield (67.5 mg), dr = 97:3, mp 101-103 °C; 'H
NMR (500 MHz, CDCls) 6 7.86-7.73 (m, 4H), 7.62 (s, 1H),
7.52-7.39 (m, 3H), 7.30 (d, J = 8.0 Hz, 1H), 7.19 (td, J = 7.8,
0.7 Hz, 1H), 7.06 (d, J = 7.9 Hz, 1H), 4.99 (s, 1H), 4.02-3.97
(m, 1H), 3.97-3.91 (m, 1H), 2.43 (d, J = 1.4 Hz, 3H), 0.96 (t, J = 7.1 Hz, 3H); 3C

CO,Et

NMR (125 MHz, CDCls) ¢ 196.8, 166.9, 164.5, 149.8, 138.1, 137.1, 133.4, 133.1,
128.4, 128.1, 127.9(2C), 127.3, 127.0, 126.4, 126.1, 125.9(2C), 124.1, 108.7, 103.6,
59.9, 54.3, 14.3, 14.1; HRMS (ESI-TOF) calcd for CzsH2104S [M + H]" 417.1161,
found 417.1158.

Methyl cis-5'-methyl-3-0x0-3'-phenyl-3H,3"H-spiro[benzo[b]thiophene-2,2'-furan]
-4'-carboxylate (6ab).

O 5 Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow

©\)S/’S/\’(CO solid, 91% yield (64.1 mg), dr > 99:1, mp 138-140 °C; 'H
oMe

Ph NMR (500 MHz, CDCls) 6 7.76 (dd, J = 7.7, 0.7 Hz, 1H),

7.50 (td, J =8.3, 1.4 Hz, 1H), 7.34-7.28 (m, 3H), 7.21 (td, J = 7.9, 0.9 Hz, 1H), 7.18—
7.15 (m, 2H), 7.13 (d, J = 7.9 Hz, 1H), 4.79 (d, J = 1.5 Hz, 1H), 3.56 (s, 3H), 2.38 (d,
J = 1.6 Hz, 3H); 3C NMR (125 MHz, CDCls) 6 196.6, 167.1, 164.8, 149.6, 140.5,
137.1,128.7 (2C), 128.3, 128.2, 128.0, 127.9, 127.0, 125.9, 124.1, 108.5, 103.8, 53.9,
51.2, 14.2; HRMS (ESI-TOF) calcd for CaoHi704S [M + H]* 353.0848, found
353.0844.

Propyl cis-5'-methyl-3-0x0-3'-phenyl-3H,3'H-spiro[benzo[b]thiophene-2,2'-furan]

-4'-carboxylate (6ac).

O Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow
Qi//sj( solid, 84% vyield (63.9 mg), dr = 95:5, mp 94-96 °C; H
o CO,"Pr

NMR (500 MHz, CDCls) § 7.77 (dd, J = 7.7, 0.7 Hz, 1H),
7.50 (td, J = 7.9, 1.3 Hz, 1H), 7.35-7.28 (m, 3H), 7.21 (td, J = 7.9, 0.8 Hz, 1H), 7.17
(d, J = 6.2 Hz, 2H), 7.13 (d, J = 7.9 Hz, 1H), 4.81 (s, 1H), 3.98 (dt, J = 10.8, 6.6 Hz,
1H), 3.85 (dt, J = 10.8, 6.3 Hz, 1H), 2.39 (s, 3H), 1.44-1.34 (m, 2H), 0.64 (t, J = 7.4
Hz, 3H); *C NMR (125 MHz, CDCls) 6 196.7, 166.9, 164.6, 149.7, 140.7, 137.1,
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128.7 (2C), 128.3, 127.9 (3C), 127.1, 125.9, 124.2, 108.6, 103.8, 65.6, 54.1, 21.9,
14.2, 10.4; HRMS (ESI-TOF) calcd for CoH»104S [M + H]* 381.1161, found
381.1166.

Isobutyl cis-5'-methyl-3-0x0-3'-phenyl-3H,3"H-spiro[benzo[b]thiophene-2,2'-fura
n]-4'-carboxylate (6ad).

O 5 Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow
©\)S/’S/\I( ~ solid, 90% vyield (71.0 mg), dr > 99:1, mp 106-108 °C; 'H
PH COZIBU

NMR (500 MHz, CDCls) J 7.76 (d, J = 7.6 Hz, 1H), 7.50 (td,
J=8.2, 1.2 Hz, 1H), 7.35-7.27 (m, 3H), 7.20 (t, J = 7.6 Hz, 1H), 7.17 (d, J = 6.9 Hz,
2H), 7.13 (d, J = 7.9 Hz, 1H), 4.82 (d, J = 1.4 Hz, 1H), 3.84 (dd, J = 10.6, 6.5 Hz, 1H),
3.66 (dd, J = 10.6, 6.1 Hz, 1H), 2.40 (d, J = 1.5 Hz, 3H), 1.70-1.60 (m, 1H), 0.64 (d, J
= 2.3 Hz, 3H), 0.63 (d, J = 2.2 Hz, 3H); 3C NMR (125 MHz, CDCls) § 196.7, 167.1,
164.6, 149.7, 140.7, 137.1, 128.7 (2C), 128.3, 128.2, 127.9 (3C), 127.1, 125.9, 124.1,
108.5, 103.8, 54.0, 27.7, 19.0, 18.9, 14.2; HRMS (ESI-TOF) calcd for C23H2304S [M
+ H]* 395.1317, found 395.1320.

Ethyl cis-5'-ethyl-3-0x0-3'-phenyl-3H,3'H-spiro[benzo[b]thiophene-2,2'-furan]-4'

-carboxylate (6ae).

@\/400 Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow
SIS/\’(C:Et solid, 91% vyield (69.2 mg), dr > 99:1, mp 105-107 °C; *H
Ph 2

NMR (500 MHz, CDCls) & 7.76 (ddd, J = 7.7, 1.3, 0.5 Hz,
1H), 7.53-7.46 (m, 1H), 7.34-7.27 (m, 3H), 7.21 (td, J = 7.7, 0.9 Hz, 1H), 7.19-7.15
(m, 2H), 7.13 (d, J = 7.9 Hz, 1H), 4.77 (s, 1H), 4.04 (dg, J = 10.8, 7.1 Hz, 1H), 3.96
(dg, J = 10.8, 7.1 Hz, 1H), 2.88-2.77 (m, 2H), 1.22 (t, J = 7.6 Hz, 3H), 1.01 (t, I = 7.1
Hz, 3H); C NMR (125 MHz, CDCls) ¢ 196.7, 171.6, 164.2, 149.8, 140.8, 137.0,
128.6 (2C), 128.3, 128.2, 127.9 (2C), 127.1, 125.8, 124.1, 107.9, 103.5, 59.7, 54.2,
21.3, 14.0, 11.3; HRMS (ESI-TOF) calcd for C22H2104S [M + H]* 381.1161, found
381.1165.

Ethyl cis-3-0x0-3',5"-diphenyl-3H,3"H-spiro[benzo[b]thiophene-2,2'-furan]-4'-car
boxylate (6af).
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C .J/OO Ph Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow
A - solid, 78% vyield (66.8 mg), dr > 99:1, mp 162-164 °C; 'H
Et
Ph 2

NMR (500 MHz, CDCls) § 7.87 (dd, J = 8.3, 1.4 Hz, 2H),
7.78 (dd, J = 7.7, 0.7 Hz, 1H), 7.48 (td, J = 7.8, 1.3 Hz, 1H), 7.43 (dt, J = 3.0, 2.3 Hz,
1H), 7.41-7.37 (m, 2H), 7.37-7.30 (m, 3H), 7.29-7.26 (m, 2H), 7.19 (td, J = 7.9, 0.8
Hz, 1H), 7.13 (d, J = 7.9 Hz, 1H), 5.03 (s, 1H), 4.03-3.97 (m, 1H), 3.97-3.91 (m, 1H),
0.94 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCls) § 196.6, 163.9, 163.6, 149.8,
140.6, 137.0, 131.0, 129.6 (2C), 128.7 (3C), 128.3 (2C), 128.0, 127.9, 127.8 (2C),
127.0, 125.8, 124.1, 108.9, 103.1, 60.1, 55.6, 13.8; HRMS (ESI-TOF) calcd for
C26H2104S [M + H]* 429.1161, found 429.1158.

Ethyl cis-1'-benzyl-5'-methyl-3-0x0-3'-phenyl-1',3'-dihydro-3H-spiro[benzo[b]thi
ophene-2,2'-pyrrole]-4'-carboxylate (7aa).

Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
solid, 91% yield (82.9 mg), dr > 99:1, mp 112-114 °C; 'H
NMR (500 MHz, CDCl3) 6 7.57 (d, J = 7.6 Hz, 1H), 7.41 (t, J
= 7.6 Hz, 1H), 7.29-7.15 (m, 8H), 7.12-7.00 (m, 4H), 4.77 (d,

J=1.3 Hz, 1H), 4.37-4.26 (m, 2H), 3.98 (dg, J = 10.8, 7.1 Hz, 1H), 3.86 (dq, J = 10.8,
7.1 Hz, 1H), 2.32 (d, J = 1.3 Hz, 3H), 0.89 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz,
CDCls) ¢ 200.4, 166.0, 160.6, 151.3, 141.2, 137.6, 136.7 (2C), 128.6 (4C), 128.0 (2C),
127.5, 127.3, 127.1(3C), 125.1, 124.0, 102.8, 93.8, 58.8, 56.8, 48.6, 14.2, 13.4;
HRMS (ESI-TOF) calcd for C2sH26NOsS [M + H]* 456.1633, found 456.1639.

Ethyl cis-1'-benzyl-5'-methyl-3-ox0-3'-(p-tolyl)-1',3"-dihydro-3H-spiro[benzo[b]t
hiophene-2,2'-pyrrole]-4'-carboxylate (7ba).

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

solid, 92% vyield (86.4 mg), dr > 99:1, mp 101-103 °C; H
COEt  NMR (500 MHz, CDCl3) 6 'H NMR (500 MHz, CDCls) &
7.60-7.53 (m, 1H), 7.41 (td, J = 8.0, 1.2 Hz, 1H), 7.28-7.15
(m, 6H), 7.10-7.01 (m, 4H), 6.98 (bs, 2H), 4.72 (d, J = 1.2
Hz, 1H), 4.37-4.24 (m, 2H), 3.97 (dg, J = 10.8, 7.1 Hz, 1H), 3.88 (dg, J = 10.8, 7.1
Hz, 1H), 2.31 (d, J = 1.3 Hz, 3H), 2.30 (s, 3H), 0.93 (t, J = 7.1 Hz, 3H); 3C NMR
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(125 MHz, CDCIs) ¢ 200.5, 166.0, 160.3, 151.4, 138.3, 137.7, 136.6 (2C), 128.7 (2C),
128.6 (3C), 128.5 (2C), 127.5, 127.3, 127.1 (2C), 125.0, 124.0, 103.0, 93.9, 58.8, 56.3,
48.5, 21.3, 14.2, 13.4; HRMS (ESI-TOF) calcd for C29H2sNO3S [M + H]* 470.1790,
found 470.1783.
Ethyl cis-1'-benzyl-3'-(4-chlorophenyl)-5'-methyl-3-oxo0-1',3'-dihydro-3H-spiro[b
enzo[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7ca).
Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
solid, 87% vyield (85.3 mg), dr > 99:1, mp 113-115 °C; 'H
COEt NMR (500 MHz, CDCl3) ¢ 'H NMR (500 MHz, CDCls) &
7.57 (d, J = 7.6 Hz, 1H), 7.44 (td, J = 7.6, 1.2 Hz, 1H), 7.32—
Cl 7.14 (m, 8H), 7.10 (d, J = 7.5 Hz, 1H), 7.07 (d, J = 7.9 Hz,
1H), 7.02 (bs, 1H), 4.76 (d, J = 1.2 Hz, 1H), 4.31 (q, J = 16.6 Hz, 2H), 3.98 (dg, J =
10.8, 7.1 Hz, 1H), 3.89 (dg, J = 10.8, 7.1 Hz, 1H), 2.31 (d, J = 1.3 Hz, 3H), 0.93 (t, J
= 7.1 Hz, 3H); ¥C NMR (125 MHz, CDCls) ¢ 200.2, 165.8, 160.9, 151.0, 139.4,
137.4, 136.9, 132.8, 130.1 (2C), 128.7 (2C), 128.6, 128.1 (2C), 127.6, 127.4, 127.1
(2C), 125.2, 124.1, 102.2, 93.5, 59.0, 56.3, 48.7, 14.2, 13.5; HRMS (ESI-TOF) calcd

for CagH2s°CINO3S [M + H]* 490.1244, found 490.1248.
Ethyl cis-1'-benzyl-3'-(4-bromophenyl)-5'-methyl-3-oxo-1',3"-dihydro-3H-spiro[b
enzo[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7da).

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

solid, 88% vyield (94.1 mg), dr > 99:1, mp 121-123 °C; H
COEL  NMR (500 MHz, CDCl3) 6 *H NMR (500 MHz, CDCls) &
7.57 (d, J = 7.6 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 7.34 (d, J =

Br 6.8 Hz, 2H), 7.29-7.20 (m, 3H), 7.17 (d, J = 7.2 Hz, 2H),
7.08 (dd, J = 14.7, 7.6 Hz, 2H), 6.96 (bs, 2H), 4.75 (s, 1H), 4.30 (g, J = 16.6 Hz, 2H),
4.03-3.94 (m, 1H), 3.93-3.83 (m, 1H), 2.31 (s, 3H), 0.93 (t, J = 7.1 Hz, 3H); 1°C
NMR (125 MHz, CDCls) 6 200.1, 165.7, 160.9, 150.9, 139.9, 137.3, 136.9, 131.1
(2C), 130.4 (2C), 128.6 (2C), 128.5, 127.6, 127.3, 127.1 (2C), 125.2, 124.1, 120.9,
102.1, 93.4, 59.0, 56.4, 48.6, 14.2, 13.4; HRMS (ESI-TOF) calcd for CagH2s™°BrNOsS
[M + H]* 534.0739, found 534.0744.
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Ethyl cis-1'-benzyl-5'-methyl-3-0x0-3'-(m-tolyl)-1",3"-dihydro-3H-spiro[benzo[b]t
hiophene-2,2'-pyrrole]-4'-carboxylate (7ga).

Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
solid, 91% vyield (85.5 mg), dr > 99:1, mp 107-109 °C; 'H
NMR (500 MHz, CDCl3) 6 7.57 (d, J = 7.6 Hz, 1H), 7.41 (t, J
= 7.1 Hz, 1H), 7.29-7.15 (m, 6H), 7.08 (d, J = 7.5 Hz, 1H),
7.06 (d, J = 7.9 Hz, 1H), 7.01 (d, J = 7.4 Hz, 1H), 6.90 (bs,
2H), 4.71 (s, 1H), 4.31 (s, 2H), 4.00 (dg, J = 10.8, 7.1 Hz, 1H), 3.87 (dg, J = 10.8, 7.1

Hz, 1H), 2.32 (s, 3H), 2.27 (s, 3H), 0.92 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz,
CDCIs) ¢ 200.4, 166.0, 160.4, 151.4, 141.3, 137.8, 137.5, 136.6, 129.4, 125.7, 128.6
(3C), 127.9 (2C), 127.5, 127.3, 127.1 (2C), 125.0, 124.0, 103.0, 93.6, 58.8, 56.4, 48.4,
21.6, 14.2, 13.4; HRMS (ESI-TOF) calcd for C29HasNO3S [M + H]* 470.1790, found
470.1785.

Ethyl cis-1'-benzyl-3'-(3-chlorophenyl)-5'-methyl-3-oxo0-1',3'-dihydro-3H-spiro[b
enzo[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7ha).

Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
solid, 90% vyield (88.2 mg), dr > 99:1, mp 124-126 °C; 'H
NMR (500 MHz, CDCls) 6 7.57 (d, J = 7.7 Hz, 1H), 7.43 (t, J
= 7.6 Hz, 1H), 7.33-7.19 (m, 4H), 7.17 (d, J = 7.4 Hz, 3H),
7.08 (dd, J = 15.2, 7.7 Hz, 3H), 6.96 (bs, 1H), 4.74 (s, 1H),

4.31 (g, J = 16.6 Hz, 2H), 4.02 (dg, J = 10.8, 7.1 Hz, 1H), 3.87 (dg, J = 10.8, 7.1 Hz,
1H), 2.33 (d, J = 1.0 Hz, 3H), 0.93 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) &
200.0, 165.7, 161.0, 150.9, 143.1, 137.3, 136.8, 133.9, 129.2, 128.8, 128.6 (2C), 128.5,
127.6, 127.3 (2C), 127.1 (2C), 126.8, 125.2, 124.0, 102.0, 93.1, 58.9, 56.4, 48.5, 14.2,
13.4; HRMS (ESI-TOF) calcd for CogH2sCINOsS [M + H]* 490.1244, found
490.1241.

Ethyl cis-1'-benzyl-3'-(3-bromophenyl)-5'-methyl-3-oxo0-1",3'-dihydro-3H-spiro[b
enzo[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7ia).

Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 90% yield (96.2 mg),
dr > 99:1, mp 134-136 °C; *H NMR (500 MHz, CDCls) 6 7.57 (d, J = 7.7 Hz, 1H),
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7.43 (t, J = 7.3 Hz, 1H), 7.32 (d, J = 7.7 Hz, 1H), 7.29-7.13
(m, 6H), 7.08 (dd, J = 15.1, 7.7 Hz, 3H), 7.00 (bs, 1H), 4.72
(s, 1H), 4.31 (g, J = 16.6 Hz, 2H), 4.02 (dq, J = 14.2, 7.1 Hz,
1H), 3.87 (dg, J = 10.9, 7.1 Hz, 1H), 2.32 (s, 3H), 0.93 (t, J =
7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) & 200.0, 165.7,
161.0, 150.9, 143.4, 137.3, 136.8, 131.7, 130.2, 129.5, 128.6 (2C), 128.5, 127.6, 127.3

(2C), 127.1 (2C), 125.2,124.1, 122.1, 102.0, 93.1, 58.9, 56.4, 48.5, 14.2, 13.4; HRMS
(ESI-TOF) calcd for C2sH25"°BrNO3S [M + H]* 534.0739, found 534.0744.

Ethyl cis-1'-benzyl-3'-(3-methoxyphenyl)-5'-methyl-3-oxo-1',3"-dihydro-3H-spiro
[benzo[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7ja).

Ethyl acetate/petroleum ether = 1:3 as the eluent; Yellow
solid, 81% yield (78.7 mg), dr > 99:1, mp 103-105 °C; ‘H
NMR (500 MHz, CDCls) 6 7.57 (d, J = 7.6 Hz, 1H), 7.42 (t, J
= 7.5 Hz, 1H), 7.32-7.12 (m, 6H),7.11-7.03 (m, 2H), 6.76 (dd,
J=8.0, 1.5 Hz, 1H), 6.68 (d, J = 38.7 Hz, 2H), 4.72 (s, 1H),
4.31 (s, 2H), 3.99 (dg, J = 10.8, 7.1 Hz, 1H) , 3.89 (td, J = 14.1, 7.1 Hz, 1H), 3.72 (s,

3H), 2.32 (s, 3H), 0.94 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) § 200.4,
165.9, 160.5, 159.4, 151.5, 143.0, 137.6, 136.7, 129.0, 128.6 (2C), 128.5, 127.5, 127.3,
127.1 (2C), 125.1, 124.0, 121.0, 114.1, 112.6, 102.6, 93.4, 58.9, 56.5, 55.2, 48.4, 14.2,
13.4; HRMS (ESI-TOF) calcd for C2gH2sNO4S [M + H]* 486.1739, found 486.1744.
Ethyl cis-1'-benzyl-5'-methyl-3-ox0-3'-(0-tolyl)-1",3"-dihydro-3H-spiro[benzo[b]t
hiophene-2,2'-pyrrole]-4'-carboxylate (7ka).

Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
solid, 87% yield (81.7 mg), dr > 99:1, mp 114-116 °C; 'H
NMR (500 MHz, CDCl3) 6 7.56 (d, J = 7.6 Hz, 1H), 7.43 (t, J
= 7.6 Hz, 1H), 7.28-7.17 (m, 5H), 7.16-7.03 (m, 6H), 4.96 (s,

1H), 4.36 (d, J = 16.6 Hz, 1H), 4.26 (d, J = 16.7 Hz, 1H), 3.93 (dg, J = 10.7, 7.1 Hz,
1H), 3.85 (dg, J = 10.8, 7.1 Hz, 1H), 2.36 (s, 3H), 2.07 (s, 3H), 0.88 (t, J = 7.1 Hz,
3H): 13C NMR (125 MHz, CDCls) § 200.5, 165.8, 160.2, 151.5, 140.9, 137.8, 136.7,
136.5, 129.8, 128.6 (2C), 127.8, 127.5, 127.4 (2C), 126.9 (3C), 126.1, 125.2, 123.9,
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103.2, 925, 58.7, 50.5, 47.8, 20.1, 14.1, 13.4; HRMS (ESI-TOF) calcd for
Ca9H2sNO3S [M + H]* 470.1790, found 470.1797.

Ethyl cis-1'-benzyl-3'-(2-chlorophenyl)-5'-methyl-3-oxo0-1',3'-dihydro-3H-spiro[b
enzo[b]thiophene-2,2'-pyrrole]-4'-carboxylate (71a).

Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
solid, 86% yield (84.3 mg), dr > 99:1, mp 101-103 °C; H
NMR (500 MHz, CDCl3) 6 7.59 (d, J = 7.7 Hz, 1H), 7.43 (t, J
= 7.4 Hz, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.26-7.21 (m, 4H),
7.20-7.11 (m, 4H), 7.08 (t, J = 8.2 Hz, 2H), 5.31 (s, 1H), 4.36 (d, J = 16.8 Hz, 1H),
4.26 (d, J = 16.8 Hz, 1H), 3.96 (dg, J = 10.9, 7.1 Hz, 1H), 3.85 (dq, J = 10.8, 7.1 Hz,
1H), 2.35 (s, 3H), 0.88 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) § 200.2,
165.7, 161.1, 151.2, 139.8, 137.6, 136.6, 135.2, 129.5, 129.0, 128.6 (2C), 128.2, 128.0,
127.5,127.4, 126.9 (2C), 126.7, 125.3, 123.8, 101.2, 91.8, 58.8, 52.0, 48.0, 14.1, 13.5;
HRMS (ESI-TOF) calcd for C2sH2s°CINO3S [M + H]" 490.1244, found 490.1251.

Ethyl cis-1'-benzyl-3'-(2-bromophenyl)-5'-methyl-3-oxo-1',3'-dihydro-3H-spiro[b
enzo[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7ma).

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

solid, 84% vyield (89.8 mg), dr > 99:1, mp 95-97 °C; H
NMR (500 MHz, CDCls) 6 7.60 (d, J = 7.5 Hz, 1H), 7.46 (t, J
= 7.7 Hz, 2H), 7.31-7.28 (m, 2H), 7.25-7.19 (m, 3H), 7.12 (t,
J = 6.6 Hz, 3H), 7.09 (dd, J = 7.8, 3.2 Hz, 2H), 5.28 (d, J = 1.2 Hz, 1H), 4.37 (d, J =
16.8 Hz, 1H), 4.24 (d, J = 16.8 Hz, 1H), 3.95 (dq, J = 10.8, 7.1 Hz, 1H), 3.85 (dq, J =
10.8, 7.1 Hz, 1H), 2.35 (d, J = 1.1 Hz, 3H), 0.88 (t, J = 7.1 Hz, 3H); 3C NMR (125
MHz, CDCls) ¢ 200.1, 165.6, 161.1, 151.3, 141.7, 137.7, 136.6, 132.3, 129.5, 128.6
(2C), 128.5, 128.1, 127.5, 127.4 (2C), 126.8 (2C), 126.3, 125.3, 123.8, 101.6, 91.6,
58.8, 54.5, 47.9, 14.1, 13.5; HRMS (ESI-TOF) calcd for CsHzs"°BrNOsS [M + H]*
534.0739, found 534.0733.

Ethyl cis-1'-benzyl-3'-(3,5-dimethylphenyl)-5’'-methyl-3-oxo-1',3'-dihydro-3H-spi
ro[benzo[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7ga).
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Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
solid, 91% yield (88.0 mg), dr > 99:1, mp 115-117 °C; 'H
NMR (500 MHz, CDCls) 6 7.56 (d, J = 8.1 Hz, 1H), 7.41 (t, J
= 7.6 Hz, 1H), 7.29-7.14 (m, 5H), 7.07 (t, J = 7.3 Hz, 2H),
6.84 (s, 1H), 6.71 (bs, 2H), 4.64 (s, 1H), 4.31 (s, 2H), 4.02
(dg, J = 10.9, 7.1 Hz, 1H), 3.87 (dg, J = 10.9, 7.1 Hz, 1H), 2.32 (s, 3H), 2.24 (s, 6H),
0.94 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCls) ¢ 200.5, 166.1, 160.2, 151.5,
141.4, 137.8, 137.3 (2C), 136.6 (2C), 128.8, 128.6 (3C), 127.5, 127.3, 127.1 (4C),

125.0, 124.0, 103.1, 93.4, 58.8, 56.1, 48.2, 21.5, 14.2, 13.4; HRMS (ESI-TOF) calcd
for CaoH30NOsS [M + H]" 484.1946, found 484.1951.

Ethyl cis-1'-benzyl-5'-methyl-3'-(naphthalen-2-yl)-3-o0xo0-1",3"-dihydro-3H-spiro
[benzo[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7pa).

Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
solid, 81% yield (81.9 mg), dr > 99:1, mp 151-153 °C; 'H
NMR (500 MHz, CDCls) § 7.81-7.77 (m, 1H), 7.72 (bs, 2H),
7.59 (d, J = 7.7 Hz, 1H), 7.50 (bs, 1H), 7.41 (dd, J = 5.6, 2.8
Hz, 2H), 7.36 (t, J = 7.5 Hz, 1H), 7.31-7.14 (m, 6H), 7.06 (t,
J = 7.4 Hz, 1H), 6.96 (d, J = 7.9 Hz, 1H), 4.95 (s, 1H), 4.34 (q, J = 16.6 Hz, 2H),
3.98-3.88 (m, 1H), 3.88-3.79 (m, 1H), 2.37 (s, 3H), 0.82 (t, J = 7.0 Hz, 3H); 13C
NMR (125 MHz, CDCls) ¢ 200.4, 166.0, 160.8, 151.3, 138.7, 137.6, 136.7, 133.3,
132.8, 128.7 (2C), 128.5, 128.1, 127.7, 127.6 (2C), 127.3 (2C), 127.2 (3C), 125.9,
125.6, 125.1, 124.1, 102.7, 93.6, 58.9, 56.8, 48.5, 14.2, 13.5; HRMS (ESI-TOF) calcd

for C32H2sNOsS [M + H]" 506.1790, found 506.1796.
Ethyl cis-1'-butyl-5'-methyl-3-0x0-3'-phenyl-1’,3'-dihydro-3H-spiro[benzo[b]thio
phene-2,2'-pyrrole]-4'-carboxylate (7ab).

solid, 82% vyield (69.1 mg), dr > 99:1, mp 72-74 °C; 'H

O
Cﬁ%“/\( NMR (500 MHz, CDCls) 6 7.76 (d, J = 7.7 Hz, 1H), 7.45 (t,
S
CO,Et
Ph

J=7.6Hz, 1H), 7.22-7.12 (m, 4H), 7.08 (d, J = 7.9 Hz, 1H),

/( Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow
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7.01 (bs, 2H), 4.67 (s, 1H), 4.01-3.92 (m, 1H), 3.89-3.79 (m, 1H), 3.17-3.08 (M, 1H),
3.08-2.99 (m, 1H), 2.46 (s, 3H), 1.59-1.50 (m, 1H), 1.45-1.36 (m, 1H), 1.23-1.12 (m,
2H), 0.87 (t, J = 7.1 Hz, 3H), 0.80 (t, J = 7.3 Hz, 3H); 13C NMR (125 MHz, CDCls) &
201.3, 166.1, 160.5, 151.7, 141.2, 136.8, 128.7 (2C), 127.8 (2C), 127.3, 127.0, 125.1,
124.1, 101.4, 93.7, 58.7, 57.2, 44.7, 32.9, 20.3, 14.2, 13.7, 12.9; HRMS (ESI-TOF)
calcd for C2sH2sNO3sS [M + H]* 422.1790, found 422.1796.
Ethyl cis-1'-hexyl-5'-methyl-3-o0x0-3'-phenyl-1',3'-dihydro-3H-spiro[benzo[b]thio
phene-2,2'-pyrrole]-4'-carboxylate (7ac).
Ethyl acetate/petroleum ether = 1:8 as the eluent;Yellow solid,
78% yield (70.1 mg), dr > 99:1, mp 52-54 °C; 'H NMR (500
MHz, CDCls) § 7.75 (dd, J = 7.7, 0.7 Hz, 1H), 7.45 (td, J =
Cﬁ%“/\,( 6.9, 1.4 Hz, 1H), 7.22-7.12 (m, 4H), 7.07 (d, J = 7.9 Hz, 1H),
SPh CO,Et 7.01 (bs, 2H), 4.67 (d, J = 1.4 Hz, 1H), 3.96 (dg, J =10.8, 7.1
Hz, 1H), 3.84 (dg, J = 10.8, 7.1 Hz, 1H), 3.19-3.08 (m, 1H),
3.07-2.96 (m, 1H), 2.46 (d, J = 1.4 Hz, 3H), 1.59-1.49 (m, 1H),
1.48-1.36 (m, 1H), 1.23-1.10 (m, 6H), 0.87 (t, J = 7.1 Hz, 3H), 0.81 (t, J = 7.1 Hz,
3H); 3C NMR (125 MHz, CDCls) § 201.3, 166.1, 160.5, 151.7, 141.2, 136.8, 128.7
(3C), 127.8 (2C), 127.3, 127.0, 125.1, 124.1, 101.4, 93.6, 58.7, 57.1, 44.9, 31.3, 30.7,
26.7, 22,5, 14.2, 14.1, 12.9; HRMS (ESI-TOF) calcd for C27H32NO3S [M + H]*
450.2103, found 450.2109.
Ethyl cis-5'-methyl-3-0x0-1'-phenethyl-3'-phenyl-1',3'-dihydro-3H-spiro[benzo[b]
thiophene-2,2'-pyrrole]-4'-carboxylate (7ad).
Ph Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow sol
o NH id, 92% yield (86.4 mg), dr > 99:1, mp 121-123 °C; *H NMR
©\)S:S/\,( (500 MHz, CDCl3) 6 7.79 (dd, J = 7.7, 0.6 Hz, 1H), 7.48 (t, J
P C9F' =70 13 Hz, 1H), 7.23 (t, J = 7.3 Hz, 2H), 7.21-7.14 (m, 5
H), 7.10 (d, J = 7.9 Hz, 1H), 7.07-6.96 (m, 4H), 4.72 (d, J = 1.0 Hz, 1H), 3.97 (dg, J
=10.8, 7.1 Hz, 1H), 3.84 (dg, J = 10.8, 7.1 Hz, 1H), 3.44-3.34 (m, 1H), 3.31-3.22 (m,
1H), 2.84 (ddd, J = 13.4, 10.1, 6.3 Hz, 1H), 2.71 (ddd, J = 13.4, 10.1, 5.4 Hz, 1H), 2.
35 (d, J = 1.4 Hz, 3H), 0.88 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) 6 201.3,
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166.0, 160.2, 151.7, 141.1, 138.5, 136.9, 128.8 (3C), 128.7 (4C), 127.9 (2C), 127.4,1
27.1, 126.8, 125.3, 124.2, 101.7, 93.6, 58.8, 57.0, 46.6, 37.3, 14.2, 12.7; HRMS (ESI-
TOF) calcd for C29H2sNOsS [M + H]* 470.1790, found 470.1797. Ethyl cis-1'-(4-chl
orobenzyl)-5'-methyl-3-0xo0-3'-phenyl-1',3'-dihydro-3H-spiro[benzo[b]thiophene-
2,2'-pyrrole]-4'-carboxylate (7ae).

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

of
/©/ solid, 92% yield (90.2 mg), dr > 99:1, mp 132-134 °C; 'H
2N NMR (500 MHz, CDCl3) § 7.56 (d, J = 7.7 Hz, 1H), 7.14 (td,
Ciﬁj(cozEt J=7.1,1.0Hz, 1H), 7.21 (d, J = 8.4 Hz, 5H), 7.14-7.01 (m,
6H), 4.77 (d, J = 1.3 Hz, 1H), 4.28 (g, J = 16.7 Hz, 2H),
3.98 (dg, J = 10.8, 7.1 Hz, 1H), 3.86 (dg, J = 10.8, 7.1 Hz, 1H), 2.32 (d, J = 1.3 Hz,
3H), 0.89 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) § 200.4, 165.9, 160.1,
151.1, 140.9, 136.8, 136.0, 133.3, 128.7 (2C), 128.6, 128.6 (4C), 128.0 (2C), 127.3,
127.1, 125.1, 124.0, 103.0, 93.7, 58.9, 56.9, 48.0, 14.1, 13.3; HRMS (ESI-TOF) calcd
for C2sH2s35CINO3S [M + H]* 490.1244, found 490.1238.
Ethyl cis-1'-(4-methoxybenzyl)-5'-methyl-3-0x0-3"-phenyl-1',3'-dihydro-3H-spiro
[benzo[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7af).
OCH, Ethyl acetate/petroleum ether = 1:3 as the eluent; Yellow
/©/ solid, 85% vyield (82.6 mg), dr > 99:1, mp 129-131 °C;
Cﬁ%“j( 'H NMR (500 MHz, CDCls) & 7.55 (d, J = 7.7 Hz, 1H),
Sph CO,Et 7.40 (t, J = 7.5 Hz, 1H), 7.20 (s, 3H), 7.16-6.95 (m, 6H),
6.75 (d, J = 8.4 Hz, 2H), 4.75 (s, 1H), 4.31 (d, J = 16.2
Hz, 1H), 4.23 (d, J = 16.2 Hz, 1H), 4.03-3.92 (m, 1H), 3.90-3.82 (m, 1H), 3.77 (s,
3H), 2.34 (s, 3H), 0.88 (t, J = 7.0 Hz, 3H); 3C NMR (125 MHz, CDCls) § 200.5,
166.0, 160.6, 159.0, 151.2, 141.2, 136.6, 129.3, 128.7(2C), 128.6(3C), 127.9(2C),
127.2, 127.1, 1249, 124.0, 113.9, 102.6, 93.7, 58.8, 56.9, 55.4, 48.0, 14.1, 13.4;
HRMS (ESI-TOF) calcd for C29H28NO4S [M + H]* 486.1739, found 486.1745.
Ethyl cis-1'-(3-fluorobenzyl)-5'-methyl-3-o0x0-3'-phenyl-1*,3'-dihydro-3H-spiro[b
enzo[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7ag).
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Ethyl acetate/petroleum ether = 1:3 as the eluent;Yellow
o N/©\ F solid, 79% vyield (74.8 mg), dr > 99:1, mp 124-126 °C; 'H
Cfs/,g/\;( NMR (500 MHz, CDCls) 6 7.60 (d, J = 7.7 Hz, 1H), 7.42 (t,
ol COEL 3=76Hz 1H), 7.26-7.17 (m, 4H), 7.14-7.03 (m, 4H), 6.98
(d, J = 7.6 Hz, 1H), 6.91 (t, J = 8.3 Hz, 2H), 4.77 (s, 1H), 4.29 (s, 2H), 3.98 (dq, J =
10.8, 7.1 Hz, 1H), 3.86 (dg, J = 10.8, 7.1 Hz, 1H), 2.32 (s, 3H), 0.89 (t, J = 7.1 Hz,
3H); BC NMR (125 MHz, CDCls) ¢ 200.3, 165.9, 163.0 (d, J = 245.0 Hz), 160.1,
151.2, 141.0, 140.5, 140.4, 136.8, 130.2 (d, J = 8.2 Hz), 128.7, 128.5, 128.0 (2C),
127.3,127.2,125.2, 124.1, 122.6 (d, J = 2.7 Hz), 114.5 (d, J = 21.0 Hz), 114.1 (d, J =
22.0 Hz), 103.1, 93.7, 58.9, 56.7, 48.1, 14.1, 13.3; HRMS (ESI-TOF) calcd for
CogH25FNO3S [M + H]" 474.1539, found 474.1544,
Ethyl cis-1'-(2-chlorobenzyl)-5'-methyl-3-ox0-3'-phenyl-1',3'-dihydro-3H-spiro[b
enzo[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7ah).
Cl Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
o p solid, 81% yield (79.4 mg), dr > 99:1, mp 107-109 °C; H

Cf%\j( NMR (500 MHz, CDCls) § 7.56 (d, J = 7.7 Hz, 1H), 7.44—
S
CO,Et

o 7.36 (m, 2H), 7.30-7.14 (m, 6H), 7.14-6.83 (m, 4H), 4.83 (s,
1H), 4.47 (d, J = 17.5 Hz, 1H), 4.36 (d, J = 17.5 Hz, 1H),
3.99 (dg, J = 10.8, 7.1 Hz, 1H), 3.87 (dg, J = 10.8, 7.1 Hz, 1H), 2.33 (d, J = 1.3 Hz,
3H), 0.89 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCls) § 200.2, 165.9, 160.2,
151.2, 140.7, 136.7, 134.8, 132.4, 129.4, 128.7 (4C), 128.5, 127.9 (2C), 127.2, 127.1,
127.0, 125.1, 124.1, 102.6, 93.6, 58.9, 57.0, 45.8, 14.1, 12.9; HRMS (ESI-TOF) calcd
for C2sH2535CINO3S [M + H]* 490.1244, found 490.1249.
Methyl cis-1'-benzyl-5'-methyl-3-0x0-3'-phenyl-1',3'-dihydro-3H-spiro[benzo[b]t
hiophene-2,2'-pyrrole]-4'-carboxylate (7ai).

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

N
@80,3/\,( solid, 90% yield (79.5 mg), dr > 99:1, mp 115-117 °C; 'H
o CO2Me MR (500 MHz, CDCls) § 7.57 (d, J = 7.7 Hz, 1H), 7.40 (t,

J=7.6 Hz, 1H), 7.28-7.20 (m, 6H), 7.17 (d, J = 7.3 Hz, 2H), 7.08 (t, J = 7.5 Hz, 3H),
7.04 (d, J = 8.0 Hz, 1H), 4.75 (s, 1H), 4.31 (s, 2H), 3.45 (s, 3H), 2.32 (s, 3H); 1°C
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NMR (125 MHz, CDCIs) ¢ 200.2, 166.4, 160.9, 151.2, 141.1, 137.6, 136.7 (2C),
128.6 (2C), 128.5 (2C), 128.1 (2C), 127.5, 127.3, 127.2, 127.0 (2C), 125.1, 124.0,
102.4, 93.8, 56.4, 50.4, 48.5, 13.5; HRMS (ESI-TOF) calcd for C27H24NOsS [M + H]*
442.1477, found 442.1481.

Isopropyl cis-1'-benzyl-5'-methyl-3-o0x0-3'-phenyl-1',3'-dihydro-3H-spiro[benzo
[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7aj).

Bn Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
[OI

CdSN/\’( solid, 89% yield (83.6 mg), dr > 99:1, mp 135-137 °C; 'H
S

CO,Pr

Ph

NMR (500 MHz, CDCls) § 7.56 (d, J = 7.7 Hz, 1H), 7.40 (td,
J=7.0, 1.1 Hz, 1H), 7.29-7.15 (m, 8H), 7.06 (dd, J = 16.8,
7.8 Hz, 4H), 4.81 (dd, J = 12.4, 6.2 Hz, 1H), 4.78 (d, J = 1.4 Hz, 1H), 4.31 (g, J =
16.6 Hz, 2H), 2.31 (d, J = 1.4 Hz, 3H), 1.05 (d, J = 6.2 Hz, 3H), 0.69 (d, J = 6.2 Hz,
3H); *C NMR (125 MHz, CDClI3) ¢ 200.6, 165.6, 160.3, 151.4, 141.3, 137.7, 136.7,
128.8 (2C), 128.7, 128.6 (2C), 127.9 (2C), 127.5, 127.3, 127.2 (2C), 127.0, 125.0,
124.1, 103.1, 93.8, 65.9, 57.0, 48.6, 22.2, 21.4, 13.3; HRMS (ESI-TOF) calcd for
C29H2sNOsS [M + H]" 470.1790, found 470.1797.
Isobutyl cis-1'-benzyl-5'-methyl-3-0x0-3'-phenyl-1',3'-dihydro-3H-spiro[benzo[b]
thiophene-2,2'-pyrrole]-4'-carboxylate (7ak).
63& Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
Cﬁq solid, 85% vyield (82.2 mg), dr > 99:1, mp 148-150 °C; 'H
Sph CO,Bu  NMR (500 MHz, CDCls) § 7.57 (d, J = 7.7 Hz, 1H), 7.41 (td,
J=7.1,1.0 Hz, 1H), 7.31-7.16 (m, 8H), 7.16-6.92 (m, 4H), 4.77 (d, J = 1.2 Hz, 1H),
4.42-4.22 (m, 2H), 3.75 (dd, J = 10.6, 6.4 Hz, 1H), 3.58 (dd, J = 10.6, 6.1 Hz, 1H),
2.34 (d, J = 1.2 Hz, 3H), 1.61-1.65 (m, 1H), 0.56 (s, 3H), 0.55 (s, 3H); 3C NMR (125
MHz, CDCIs) ¢ 200.5, 166.2, 160.9, 151.3, 141.2, 137.6, 136.7, 128.6 (5C), 128.1
(2C), 127.5, 127.3, 127.2, 127.1 (2C), 125.1, 124.0, 102.5, 93.9, 69.4, 56.7, 48.5, 27.7,
19.0 (2C), 13.4; HRMS (ESI-TOF) calcd for CaoH30NOsS [M + H]* 484.1946, found
484.1950.
tert-Butyl cis-1'-benzyl-5'-methyl-3-0x0-3'-phenyl-1',3'-dihydro-3H-spiro[benzo
[b]thiophene-2,2'-pyrrole]-4'-carboxylate (7al).
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qu Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow
@f’,g“/\,( solid, 83% yield (80.3 mg), dr > 99:1, mp 167-169 °C; H
Sph CO,Bu NMR (500 MHz, CDCl3) 6 7.56 (d, J = 7.3 Hz, 1H), 7.39 (td,
J=7.0,1.2 Hz, 1H), 7.33-7.22 (m, 3H), 7.22-7.10 (m, 6H),
7.05 (dd, J = 16.2, 8.0 Hz, 3H), 4.77 (d, J = 1.5 Hz, 1H), 4.30 (dd, J = 41.6, 16.6 Hz,
2H), 2.28 (d, J = 1.5 Hz, 3H), 1.12 (s, 9H); 3C NMR (125 MHz, CDCls) § 200.8,
165.6, 159.8, 151.4, 141.2, 137.7, 136.7, 129.0 (2C), 128.8, 128.6 (2C), 127.8 (2C),
127.5, 127.2 (3C), 126.9, 124.9, 124.1, 104.0, 94.0, 78.8, 57.6, 48.7, 28.1 (3C), 13.2;
HRMS (ESI-TOF) calcd for CsoHsoNOsS [M + H]* 484.1946, found 484.1941.

3.4 L&Y 6aa KB RATET SR

HHET, A CG U im ARs B R — SR i A & 4 15 368 I A B L gl 1 AT
TEMIRAE . T DI, i ARATE LAY 6aa R T
PIAANIE QR RIR AV R, MR N b8 K, 153 5805 Hi%
. B, 7ERC#&A CCD [ PRI ATH A (Bruker APEX-ID EALH]
AR MoKa 488 (L =0.71073 A), 7 4.586 < 20 < 55.054° (¥4I 43 FH P 3k
5 TR X-FHERATH S Bn® 3-5 fir. 4 SHELXT Structure Solution
FeAE FAAEAR ALV S SHELXL A5 AR IR /N i i b th Ak &4 6aa A 2L,
R R AN 1 3-1 B

\\

o
< —
/Qi?- 22

K] 3-1 6aa FmATH

Table 3-5. Crystal data and structure refinement for 6aa

Identification code 6aa
Empirical formula C21H1804S
Formula weight 366.41
Temperature/K 293.15
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Crystal system
Space group
alA

b/A

c/A

o/°

pr°

y/°

Volume/A3

z

pcalcg/cm3

wmm-1

F(000)

Crystal size/mm3
Radiation

20 range for data collection/°
Index ranges
Reflections collected

Independent reflections

Data/restraints/parameters
Goodness-of-fit on F2

Final R indexes [[>=2c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A-3

triclinic

P-1

8.3228 (8)

9.5077 (12)

12.1527 (12)
104.815 (2)

99.383 (4)

101.722 (4)

886.51 (17)

2

1.373

0.206

384.0

0.15 x<0.13 x<0.13
MoKa (A =0.71073)
4.586 to 55.054
-10<h<10,-12<k<12,-15<1<13
7916

3973 [Rint = 0.0556, Rsigma = 0.0741]

3973/0/237

1.127

R1=10.0710, wR2 = 0.2009
R1=0.0815, wR2 = 0.2077
0.72/-0.35

3.5 L& 7al B9 R ETEIE

WATEAL &Y Tal T &P IE OB AR, ERIEARET
IEHEER, FRAANE HEWK 7al . A& CCD PR 2 AT
S (Bruker APEX-1D i A S B 5 MoK 58T (A =0.71073 A), 7 3.906
< 20 < 55.136° VG AR T A OC R  X-ST AT S8 & 3-6 iR, &
SHELXT Structure Solution #2 /7 4 I AMEAH NS SHELXL A3 A B d5e /N —
Fei LA pT AL A Tal RS AL, iR E5 it~ & 3-2 fiw .
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c2808

ZHc27
czsﬁi"ﬂ
[ 4)c2

K 3-2 7al B RBATH K

Table 3-6. Crystal data and structure refinement for 7al

Identification code
Empirical formula
Formula weight
Temperature/K

Crystal system

Space group

alA

b/A

c/A

o/°

pr°

V/°

Volume/A3

Z

pcalcg/Cm3

w/mm?

F(000)

Crystal size/mm?
Radiation

20 range for data collection/<
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?
Final R indexes [[>=20c (I)]
Final R indexes [all data]
Largest diff. peak/hole / e A

7al

C30H29NO3S

483.60

293.15

monoclinic

P21/n

10.5127 (8)

11.6650 (11)

21.3853 (19)

90

102.807 (2)

90

2557.3 (4)

4

1.256

0.158

1024.0

0.3 x0.2 x0.2

MoKa (A =0.71073)

3.906 to 55.136
-13<h<13,-15<k<15,-27<1<27
99060

5912 [Rint = 0.1226, Rsigma = 0.0413]
5912/0/320

1.027

R1 =0.0468, wR2 = 0.1087
R1=0.0723, wR, = 0.1257
0.18/-0.27
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3.6 R ZHIEIRR

UMM, RATEFAT T HIE LS, DLERFU R b AR ISk Us o
o, EERAEYN, KisEER 5a. 2a. | & FeCls 6H0 BT /K LA
DCE H7f 80 T 41F N 16 h (Scheme 3-4a), KILFZRAZHM, NI
HMkAT . RN IATR FeCls 6H.0 B4y oK FeCls, FEZVTUAR T ME S S
% E| B R A H] (Scheme 3-4b),  H b HE WU g 3R R 0 AR 1 0T RE SRR T

FeCls; 6H20,
(o] B I, (20 mol%)
"~NH FeCly6H0 (2 equiv)
(a) N o CO,Et
2 0,
s - )\/ DCE, 80 °C, N, 16h COEt
5a 2a 6aa, 88%
o) 5 I, (20 mol%
(b) — +
X CO,Et o
S o )\/ DCE, 80°C, N, 16 h COzEt
5a 2a 6aa, 9%

Scheme 3-4 Controlled experiment

ZRA LA b SEEe 45 R R AR AT AR, RATCARACREER 5a 5 B-Mifik
Mg 2a HIRN9BI, Zath 1 ATRERI S NHLEE (Scheme 3-5). 1 Yl fUHEAR 5a 5
B-MiliuhE 2a Z AR AL TR MR NAT BN Ay A 2 HAN NG I 257
1 Bo $ENK, B-JlE T BLAE FeCls 6H0 1EF N R A KM 750, H
A R B L B o-H 8 1o i, RS KA I P BRSSO
MAH) o-C £ B A AR BACR N GG, B2 HIZE Fe(DEIPE R T AN 12,
e L FIMEALTERR, &S IR CEERIR — Sk &) 6aa. A RN 5a
5 B-Ifels 2a FERREE S5 AT T A AR NI, W OR AN R AR . HG Sa s 2a
)R AR T IR IS AT BN A, 5 I [ A s AR Bl ik o 2B e AL
RENEA SR B, R AN NIS H 0 FREAT B o-H & AR BEUR,
BEMAS IS A Do Bl A BUR RUR 7 2 X A B B R FE AL E B a-
C RERZBIIIFIAME, B — 0 T, RS2 HACRETIR — 2t
AL &) Taa.
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O)| f)O
CO,Et ©:s ’

’) CO,Et
o S Ph pH 2
6aa
" HN
o HN OH
CO,Et 3+

CO,Et =<~

Bn
oHN Bn
= L () o~ XX
0Z S0 £ oo 3«3/\”\/
S COLEt
17 Ph HI Ph 2
D Taa

Scheme 3-5 Plausible mechanism for the reaction

3.7 KB

Zi bR, ARTMFEEABRT T RAEN S B4 R R R AL
SR o AR Fe AL TR RN, HE S g K R I B B A B A e T
B PRI T R SR R 45 P B T A T % — Lk s £ 5 W P SRS 2% A
AT 1 HEHAAER. 2 ZEMKEE. 20 mol% i L Al 2 HEK
FeCls6H,0 £ DCE #1-F 80 °C Jx ¥ 16 h; 1 4B CH AR 1.2 24 &8 I s
MEH) NIS. 0.5 245 ) FeCla Al CH2Br, (30 pL) ZEEREE N in#i % 70 min.
DL 75-92% 1)/ G it 21 AMEiACH EiR — Skt &4, JELL 89-92%(1)™
FAR 24 DMK EIR — S A &Y. BIFIRIE =P AR K A3
SRR AT A BT . AN, FRATEHE T R RE AL 122 S5 8L FrRI3E 26 4 3k
AT TR ZRNHEFER G IR m S, G T RN 4 R
F5HRVRE (4 JEORHZE I AN 5] 3 A8 AR BN TR =4, b Ja 5 A A L 22 oAb i A
P BRI AR T —FlHi 52
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FME RS ENENS 5 REE R TR IR LR RIS
4.1 LEERY
4.1.1 N5
AT P A A SR AR AR AN LA B FE AR IR, RS AN

BB R VS i EIE

EAN Ly Sy bl I 24 42 A1 1k 2 70U A PR 2 7
BN SHral AR PR A A

LT Sy bl BERALSHA (i) BIRAF
R Sy bl BEEAL SRR (i) AIRA A
NAIRNE Sy b iR R A A

TR Sy b AR PR A A

AL Sy b AR PR A A

LT P R Syt BERALSEHAR (L) BIRAF
WAL Sy bl BEEAL SRR (i) AIRA A
FAL T4 Sy bl BEEAL SRR (i) AIRA A
AL 4 Sy b iR R A A

AL Sy b AR PR A A

4.1.2 [FRIERK

41218 8 HIE R

©/CHO
NH,OH.HCI

G [ B 7 Ph
)J\/CO £y _NaOAc, HCI _NaOAc, HCI (,) Piperidine ? —
2= "EtoH, reflux N Tspoc,iproH NS
3h 6 h

D H 8a

Scheme 4-1 Synthesis of unsaturated-isoxazolone

L& 8a M|, 46 NaOAc (15 mmol, 1.23 g) 5 (15 mmol,
1.04 g> fIA 50 mL FEEREHH, RSS20 mL 48, ¥ EKEBHN 78 °C
FIHEaR i EE 5 min, FEE S B 2R 2 D (10 mmol, 1.30 g), fif
H TLC X R N AT 4% (1R Ols Ak = 1:2), B OB OFR e 2 HAEG
PR R Sk B R N SR AR R TR, BRI 50 pL EhER 4k 4L KM 3 h BLE ]
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RSEATE RS IE . WRIEUIE TR INNIE &8 4 L FRZEE, B R HAE =IKE

TR HARE AT ZN (L O A = 1:2) 53 85515 2035 (DR o 1] 7=

YIH (89%, 0.88 ¢). /5 H (8 mmol, 0.79 g) A HE B (9.6 mmol, 1.02 g)
IIAZEA 20 mL s EE#) 50 mL [FERFH S, BN 40 pL WRAE 5T 50 °C

N6 h, AR SR T G E AR . AR RO A R AR B B 2- W

Hk-3- F L S W A ] [35] /4 8a (83%, 1.24 ).

4.1.3 FEHIR & B
4131 =) 9 HERK
H
P 1 R3 . O N~R,
oK _ R X “NH NIS (1.2 equiv) Qi}@/\
N I core DMSO (30 ul) NS>y coR
R, ball-milling, 30 Hz, 30 min R
8 2 9

Scheme 4-2 Synthesis of Compound 9

WAEA S EE R 8 (0.2 mmol). B-J&fiZlE 2 (0.24 mmol). NIS (0.24
mmol, 54.0 mg) F1 DMSO (30 pL) MIAZR|EH 4 MFERK (EE 6 mm) 1
AEATEEGE (5 mL) o ROzt G ] [ 2 /£ Retsch MMA400 AJF 54X
WahE L, fE=#0 T L 1800 /408 (30 Hz) HIAMERATEE 30 /3 k. M4EH G,
F L8 T B FIT AR IR RER & W 8 AR, NN D R I 1 09 s 76 1
BEMAIR, RIGHATHEN BR324 9.

4.1.3.2 =4 10 A B

o s R"  CO,R*
o R R n CuCly, (NH4)2S205 ﬂ\
l{l\ — * )\/CO R4 MeCN, ball- m|II|ng HOOC N R®
30 Hz, 30 min |
R3
8 2 10

Scheme 4-3 Synthesis of Compound 10

BAMAN S EEEER 8 (0.2 mmol). B-Kifi&HEE 2 (0.24 mmol). CuCl, (5.4
mg, 0.04 mmol). (NH4)2S:,0s (36.5 mg, 0.16 mmol) I MeCN (30 pL) JIAZF|
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A 4 NHHERR (B 6 mm) FIASMNEE (5 mL) o WA BE FESS P [
FETE Retsch MMA400 WFEEAX 4R 20 |, 7E=IR T LA 1800 % /40% (30 Hz) )
SRS 30 7yl NEEHE, H LR CBRVEMRITR R SR A YR 2
A, NS BRI 5 U 280 B AR, SRE TR E M B A5 3074 10,

4.2 IWHER5TL
4.2.1 FHAK
4.2.1.1 R4 9 UK HLK
BT IR RA L A A R LEMEER 8a &5 B-JifielE 2a By iV i ize B 1 [

N2 (Table 4-1). ¥ 8a (0.2 mmol). 2a (0.24 mmol) 5 I (0.2 mmol)
BE, MEEREFMT RN 30 7080 e KIAGIRE AR (entry 1. F)5K
T4 12 50 NBS 2 NIS AEFEHEFIRN S BT 221K, I A R N334 774
9aa A% (entries 2 and 3). XA TTHRIXS 9aa P& BEITFIAL TR, &
SN TR I AR B AR L], RI 1.2 45 NIS R fefd:, i 9aa M1k
HKN 41% Centry 4). N RIRATS BIAEFEATIRST (entries 5-12), K —ik
VRTINS 2 R EER, Hoh DMSO fEBIIET IR 9aa MR mils 91%

Centry 8). % LAk, A BUREHIEMEBHIZEIA DR &) 9aa KIS AR &1
1 MBI RIS, 1.2 M 8GN, 1.2 951 NIS LL DMSO ABIAFITE
BREE AT OB 30 734

Table 4-1. Optimization of the conditions for the synthesis of 9aa®

H
[ B 7 N=Bn
o\ Ph . N~NH X] _ QJ,,,'
N I COEt  ball-miling Ny co,Et
30 Hz, 30 min Ph
8a 2a 9aa
. LAG solvent c14b (0
Entry [X] (equiv.) (30 uL) Yield® (%)
1 12 (1.0) trace
2 NIS (1.0) 32
3 NBS (1.0) 21
4 NIS (1.2) 41
5 NIS (1.2) MeCN 78
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6 NIS (1.2) pyridine 82
7 NIS (1.2) CH:2Br 34
8 NIS (1.2) DMSO 91
9 NIS (1.2) toluene 75
10 NIS (1.2) MeOH 25
11 NIS (1.2) DMF 54
12 NIS (1.2) DCE 35

@Reaction conditions; a mixture of 8a (0.2 mmol), 2a (0.24 mmol), a halogenating reagent (0.24
mmol), an LAG solvent (30 uL) and four stainless balls (6 mm in diameter) was milled in a
Retsch MIM400 mixer mill at 30 Hz for 30 min. Plsolated yield based on 8a.

4.2.1.2 F=49) 10 &R AL

FEMRE | UGB B E ak b2 )a, JATTAEBE— Dl i 4% S B 2%
PRGN AR BRI . T8 s AR E T T Jo — Sl s R A2 B
FATW Z AR R SRms . E 5, ATRA T 20 mol% AN [A] 4 £ AF 9 fiE 1k 57
(Table 4-2), FEEREEZAF R 1 245 (NH4)2S20s fEALFIF DCE (30 pl)
VEBh¥E 7N BT 724K Centries 1-8) . &5 Bk PLAE — o4 2 1L N B
PR, B NMR S 7 B R W23 V) AR AT IO i) — Sk g B2, T
e A ) AR RIS PR T IR I N AR B B AT AE . AR PP ISR B R
CuCly RILH B AR, FF LA 78% S5 13 2INEIE 7424 10aa Centry 2).
FRE R & — MOy BB S BRI, B AT AR B — P ik e S kA, BA
R — Tl RUE L E AT AR 7 . B 3RATKE CuCl YA & I8/D 3] 10 mol%
i, MMERREZEZTE Centry 9o TAME AT BE— D SRR 45
2 Y) Centry 10). ECE KA T REAT VI, (XHESRAFMER ) 10aa
Centry 11D, IXUEXJ LG I 45 SRR WILE B S B AR b By e 2 e bR, JF
TRAEFRA T — R F0H BT 79k Centries 12-17). FrA ik H I FI3H
AT 10aa FIAR, JL MeCN PENTETI SN R B tE, BL 92%H ) sk
FAFE| V) 10aa Centry 13D #5T SR IE 0 SR 1 0 128 256, FRATT R I
(NH4)2S208 #& ¢ £ % # Centry 13 and entries 18-23) . It 4h, FRATE X}
(NHa4)2S208 I FEHEAT T 558 2445 (NH4)2S208 1) H =PRI E] 0.8 4R, 1R
LIS R 15 3] 10aa (entry 24). {H&, #3F—F0/0(NH.)2S:0s £ 0.6 24
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I, 4 10aa KRS T Centry 25). 7 5A RN BT LB, 04T
PL MeCN 1E¥EFHT 25 cCR Ak Tz N, S5 RIRM 6 h J5r=4) 10aa ik
FHN 86% (entry 26). I IZXTLESLEG, FRATARIIMIMAL - T 1 S v 58 B A

e, AEERLHINS ) A RIA] SE R L, IF B U s v
Table 4-2. Optimization of the conditions for the synthesis of 10aa?

o Bn\
o _ Ph ) BN\ X . N |
N= )\VCOZEt ball-milling, 30 Hz ) CO,Et
Ph
8a 2a 10aa
[X] LAG solvent Additive .
Entry (Mol%) (30 ul) (equiv.) Yield” (%)
1 CuBr2 (20) DCE (NH4)2S20s (1.0) 58
2 CuCl2 (20) DCE (NH4)2S20s (1.0) 78
3 CuS04 5H,0 (20) DCE (NH4)2S20 (1.0) 42
4 Cu(OAC): (20) DCE (NH4)2S20s (1.0) 18
5 Cu(acac)2 (20) DCE (NH4)2S20s (1.0) trace
6 CuO (20) DCE (NH4)2S20s (1.0) trace
7 CuCN (20) DCE (NH4)2S20s (1.0) trace
8 Cul (20) DCE (NH4)2S20s (1.0) trace
9 CuCl2 (10) DCE (NH4)2S20s (1.0) 45
10 DCE (NH4)2S20s (1.0) 0
11 CuCl2 (20) (NH4)2S20s (1.0) trace
12 CuCl; (20) toluene (NH.)2S20s (1.0) 45
13 CuCl2 (20) MeCN (NH4)2S20s (1.0) 92
14 CuCl, (20) EtOH (NH2)2S,0s (1.0) 83
15 CuCl, (20) THF (NH2)25,0s (0.5) 65
16 CuClz (20) DMF (NH4)2S20s (1.0) 72
17 CuCl2 (20) DMSO (NH4)2S20s (1.0) 78
18 CuCls (20) MeCN NazS20s (1.0) 76
19 CuCl, (20) MeCN K2S20g (1.0) 83
20 CuCl2 (20) MeCN Oxone (1.0) 73
21 CuClz (20) MeCN NalOs (1.0) trace
22 CuCl, (20) MeCN KMnOs (1.0) 0
23 CuCl2 (20) MeCN K2Cr207 (1.0) 0
24 CuClz (20) MeCN (NH4)2S208 (0.8) 93
25 CuClz (20) MeCN (NH4)2S20s (0.6) 77
26 CuCl2 (20) (NH4)2S20s (0.8) 86

@Unless otherwise noted, the reaction conditions were as follows: 8a (0.2 mmol), 2a (0.24 mmol),
a copper salt, an oxidant, and an LAG solvent (30 pL) together with four stainless balls (6 mm in
diameter) were milled in a Retsch MIM400 mixer mill at 30 Hz for 30 min. PIsolated yields based
on 8a. °The reaction was performed in MeCN (2 mL) at 25 <C for 6 h.
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4.2.2 [RYIARR
4.2.2.1 =4 9 IE R

FERATE 1 e B G 1 S el P T R A T3 A7 A b s A3 A= 0 ) e A S N S A
AT XoF T2 3 S 3 T R R A L EAT TR T BAN R R T R
ERME IR IR A IR TE ] (Table 4-3) . 7 S A AN [R] HUAR 3 A AN
F S IEMEE Ba—q A1 B-MfklE 2a FEAT /RN, 4 RUZRIR A I 7 2k [
JRBER] CAGRRIEAT , AR 45 21 R AF R AF 2= ofa. 9ga. 1%hiE i
P A TR A H L B, SR UEREERATAEY) 8 I H B I R BN TE M, B
78-91%[MUL R G L | — R 7 REPR IR AT A ) 9Oba—9ea. 9ba—9ea. FIE
PRER Fr B R2 A B BRATRTT T WiRP R (Et, Ph), £G4 9pa 1 9qa K%
B AR 91%. FERORIRATBIEFL 1 I i lis i B & A B AN [ 1) O EE T S v
VRO, RIS (RIS (R e i 2 250 I LR A0 (R IO B P, DL 81-91% R
AR — R e IEME IR 2 R ME LG ) 9ab-9ak, 7k T ARG RIFH
RV E M e SRR SOE AT AR 9pa HIAER A T ERATT D& il X-5F
2R R ATHT TR B T A
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Table 4-3. Selective synthesis of cis-lIsoxazolone spirocyclopentenes 9 from

unsaturated-isoxazolone 8 and enamino esters 22
H

0] o) N~
R R3 R3
Nx )\/COZR“ ball-milling, 30 Hz N 22 CO,R*
R, R
8 2 9

(o] 0 o] 9]

0

o/u,,,, J!,, JI, JI,, JL,

N CO,Et CO,Et CO,Et CO,Et CO,Et
; HaCO cl

9aa, 91% 9ba, 89% 9ca, 85% 9da, 87% 9ea, 81%

&

0 N~gn o) 0) 0]

O ~Bn
o, o, o, JJ,, Jl,,
N co,et  N=CNY"co,et N CO,Et C02Et CO,Et
; ; : N CI : B

9fa, 78% 9ga, 78% 9ha, 91% 9ia, 88% 9ja, 85%

H
0 N~gn 0 o ~Bn 0

o)
o o, o, J,, A,
N COoEt  NSCY"cogkt N Co,et N COzEt " CO,Et

@FQQ -

9ka, 83% 9la, 85% 9ma, 81% 9na, 90% 903, 83%

-O
-O

pa

C

OCH,
H\/\/\/ H S X
/uo 0 N 0 N
O s, O/"/’: O/u"
N= CO,Et Ned N
2 Y CO,Et N \"co,Et

Ph ph :

Ph Ph
9qa, 85% . 9ab, 81% 9ac, 90%
cl
H H
o N o) N—/"Ph
' oj’ % L
N<("co,Et N N~(y"co,Et N=CY" cokt
9ad, 89% 9ae, 88% 9af, 84% 9ag, 90%
H
H o) N< H
o) N~ o) N~ Bn o) N~
o > ”"" " Oi{@ o ”
. N [ o,
N<(\"co,Me CO,Pr I COBu N~("">co,Bu
= Ph =
Ph Ph
9ah, 90% 9ai, 91% 9aj, 87% 9ak, 90%

#Reaction conditions: a mixture of 8 (0.2 mmol), 2 (0.24 mmol), NIS (0.24 mmol), pyridine (30
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uL) and four stainless balls (6 mm in diameter) was milled in a Retsch MM400 mixer mill at 30
Hz for 30 min. PIsolated yields based on 8.

4.2.2.2 =4 10 AR

FEROR, BATEE—BIRR T IR S S AT A & (Table 4-4) .
B, WA —RFUM 4-75 T F O e me-5- 8 TEARAE AT T HIEIcNE 2a
BEAT JRNE o ANV St W AR ] o SR B 0] 67 AN 10 2 38T 4 P T I R I He, 1
AR BE A 58 LR N, FELL 82-93% S #& il th — R FIIE % AT 44 10ba—fa.
B 522, BIfERIAPLERIN B G AL, B A7 B2 RUAREE ) 4-75 0
FERUEMEEE 8 I T m S R NS, DA R 2 A g AL S ) 10ga—
ma, X—ZREHIZRMEERFNERBEAME. WA, &6 -2
FIERY) 8o fE M FIFEE R, LL 85%IH K AFIRAG RIARN 24 100a. 7 Ei4R
R A, bt SCHE S WS R 1) 5 BSCREDOGE IR HE - DRI 0 A R B R N e 72 )
10ga [ 25 MBI o iy XS RAT SR o T A3 LARE— 2B HA . T, AT L4k B8R A
T RINA R BB B, PARANIR 1% 2 K I B 1) P id e B . 34T
KI, ERJR T B E AR R s ORI A s 2 ENUMHE % T 5 8a
() S SR IR, R A 79-91% ) R 4 7™ 2245 21| 7 AH R4 10ab-ak. 1h4h,
M R R HEEAD RY i 2B A B RE BT B T, K TH RERS A SRkTE £
Fh 2 B FI % 10al-ar.
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Table 4-4. Selective synthesis of carboxypyrrole compounds 10 from

unsaturated-isoxazolone 8 and enamino ester 2a°

R R2

“NH

— +
RaJ\/CozR‘1 M

CuCly, (NH4)ZS208

eCN, ball-milling
30 Hz, 30 min |

R'  CO,R*

N
RZ
10

HOOCM

R3

CO,Et

5

HOOC™ N

|
Bn

10aa, 93%

CO,Et

=

HoOC™ N

|
Bn

10fa, 82%

cl
CO,Et

/
HOOC Ny

|
Bn

10ka, 84%

Ph CO,Et

@
i

HoOC™ >

4<7

10ac, 81%

Ph.  CO,Et

~

HOOC™

vl

10ah, 84%

Ph CO,Et

s
HOOC Ph HOOC

\
Bn
10am, 89%

oo
oo

CO,Et
HOOC ,\Il
Bn
10ba, 93%

CO,Et

\
HoOC Ny

I
Bn

10ga, 89%

0

Br
CO,Et

HOOC N
|
Bn
10la, 81%

Ph

(@]
o
N

m

~
~

HOOC

—0

CO,Et

HOOC™ Ny

|
Bn

10ca, 91%

(@)
~ 0
;(Q

CO,Et
HOOC ,\Il
Bn
10ha, 86%

CO,Et

/

HOOC™ Ny

|
Bn

10ma, 87%

2o

Ph CO,Et

I\

HOOC™ >y

S

Cl

CO,Et

;(g

HoOC™ N

|
Bn

10da, 86%

10ia, 84%

CO,Et

/
HooC™ N

|
Bn

10na, 85%

Ph.  CO,Et

HOOC™

o

Br.

CO,Et
/\
HOOC N
|
Bn

10ea, 82%

CO,Et
I\
HOOC ,?‘
Bn

10ja, 90%
Ph CO,Et
/m\

HOOC )N\

10ab, 83%

Ph.  CO,Et

HOOC/@\

ey

10ad, 86% 10ae, 79% 10af, 91% 10ag, 90%
Ph CO,Et
/\ Ph.  CO,Et Ph,  CO,Et Ph.  CO,Et
HOOC™ >y
I\ I\ I\
HOOC™ >y HOOC ,I, HOOC ,\Il
k/Ph Ph Bn
Cl
10ai, 89% 10aj, 81% 10ak, 83% 10al, 90%
CO,Et Ph CO,Me Ph CO,/Pr Ph CO,Bu Ph CO,Bu
N HOOC™ > HOOC > HOOC HOOC™ >y
| 0 | | I
Bn | Bn Bn Bn Bn
10an, 72% 10a0, 85% 10ap, 87% 10aq, 91% 10ar, 90%

#Reaction conditions: a mixture of 8 (0.20 mmol), 2 (0.24 mmol), CuCl; (0.04 mmol), (NH4).S,0s
(0.16 mmol), and MeCN (30 uL) together with four stainless balls (6 mm in diameter) was milled
in a Retsch MM400 mixer mill at 30 Hz for 30 min. "Isolated yields based on 8.
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4.3 RIEMERIZIAME S SRR LT E IR SRAE
Ethyl cis-8-(benzylamino)-4-methyl-1-o0x0-6-phenyl-2-oxa-3-azaspiro[4.4]nona-3,
7-diene-7-carboxylate (9aa).

o H\B Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 91%
n

/
%’%@\ yield (73.6 mg), dr > 99:1, mp 138140 °C; *H NMR (500 MHz,

"> CO,Et
: CDCls) 6 8.11 (s, 1H), 7.39 (t, J = 7.4 Hz, 2H), 7.34-7.20 (m,

@ 6H), 7.06 (d, J = 7.1 Hz, 2H), 4.47 (qd, J = 15.9, 6.6 Hz, 2H),
4.26 (s, 1H), 4.08-3.98 (m, 1H), 3.97-3.87 (m, 1H), 3.13 (d, J = 17.3 Hz, 1H), 2.66 (d,
J =17.3 Hz, 1H), 2.00 (s, 3H), 0.93 (t, J = 7.1 Hz, 3H); 13C NMR (125 MHz, CDCls)
§177.2, 169.2, 167.1, 160.6, 138.3, 138.1, 129.2 (2C), 128.4 (2C), 128.0 (3C), 127.9,
126.7 (2C), 94.5, 59.2, 56.1, 55.6, 48.5, 36.9, 14.2, 12.0; HRMS (ESI-TOF) calcd for
CasH2sN204 [M + H]* 405.1814, found 405.1819.

Ethyl cis-8-(benzylamino)-4-methyl-1-oxo-6-(p-tolyl)-2-oxa-3-azaspiro[4.4]nona-3,
7-diene-7-carboxylate (9ba).

o H 5 Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 89%
~Bn

Qi""(@\ yield (74.5 mg), dr > 99:1, mp 135-137 °C: 'H NMR (500 MHz,

N " CO,Et
: CDCls) 6 8.08 (s, 1H), 7.37 (t, J = 7.4 Hz, 2H), 7.33-7.25 (m,

Q 3H), 7.07 (d, J = 7.9 Hz, 2H), 6.93 (d, J = 7.6 Hz, 2H), 4.44 (qd,
J=15.9, 6.6 Hz, 2H), 4.22 (s, 1H), 4.07-3.97 (m, 1H), 3.97-3.87
(m, 1H), 3.10 (d, J = 17.3 Hz, 1H), 2.64 (d, J = 17.3 Hz, 1H), 2.29 (s, 3H), 1.98 (s,
3H), 0.95 (t, J = 7.1 Hz, 3H); **C NMR (125 MHz, CDCls) § 177.2, 169.2, 167.1,
160.4, 138.4, 137.3, 135.0, 129.1 (2C), 129.0 (2C), 127.9, 127.7 (2C), 126.7 (2C),
945, 59.1, 55.8, 55.6, 48.3, 36.7, 21.2, 14.2, 11.9; HRMS (ESI-TOF) calcd for
CasH27N204 [M + H]* 419.1971, found 419.1977.
Ethyl cis-8-(benzylamino)-6-(4-methoxyphenyl)-4-methyl-1-oxo0-2-0xa-3-azaspiro
[4.4]nona-3,7-diene-7-carboxylate (9ca).
Ethyl acetate/petroleum ether = 1:3 as the eluent; white solid, 91% vyield (79.1 mg),
dr > 99:1, mp 118-120 °C; *H NMR (500 MHz, CDCls) 5 8.09 (s, 1H), 7.39 (t, J = 7.4
Hz, 2H), 7.35-7.26 (m, 3H), 6.97 (d, J = 8.2 Hz, 2H), 6.80 (d, J = 8.7 Hz, 2H), 4.46
(qd, J = 15.8, 6.6 Hz, 2H), 4.23 (s, 1H), 4.02 (dg, J = 10.9, 7.1 Hz, 1H), 3.94 (dq, J =
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y 10.8, 7.1 Hz, 1H), 3.7 (s, 3H), 3.12 (d, J = 17.3 Hz, 1H), 2.65 (d,
Q/E,,(@\N BN 32173 Hz, 1H), 1.99 (s, 3H), 0.96 (t, J = 7.1 Hz, 3H): 13C
"SCY7TCOEN MR (125 MHzZ, CDCly)  177.3, 169.2, 167.2, 1603, 159.2,

138.4, 130.2, 129.2 (2C), 129.0 (2C), 128.0, 126.7 (2C), 113.7
H,CO (3C), 94.8, 59.2, 55.7, 55.2, 48.4, 36.7, 14.3, 12.0: HRMS (ESI-

TOF) calcd for C25H27N205 [M + H]* 435.1920, found 435.1927.
Ethyl cis-8-(benzylamino)-6-(4-chlorophenyl)-4-methyl-1-oxo-2-oxa-3-azaspiro[4.
4]nona-3,7-diene-7-carboxylate (9da).

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

0 N~

?-\i"(@\(;jna yield (74.6 mg), dr > 99:1, mp 131-133 °C; *H NMR (500 MHz,
< 2

2 CDClg) 6 8.07 (s, 1H), 7.36 (dd, J = 8.7, 2.1 Hz, 2H), 7.30-7.19

@ (m, 5H), 7.04 (d, J = 6.9 Hz, 2H), 4.42 (qd, J = 16.0, 6.6 Hz, 2H),

Cl 4.27 (s, 1H), 4.01 (dq, J = 10.8, 7.1 Hz, 1H), 3.91 (dq, J = 10.8,

7.1 Hz, 1H), 3.10 (d, J = 17.3 Hz, 1H), 2.65 (d, J = 17.3 Hz, 1H), 2.03 (s, 3H), 0.92 (t,
J = 7.1 Hz, 3H); ®C NMR (125 MHz, CDCls) 6 177.2, 168.9, 167.1, 160.3, 138.0,
136.8, 133.8, 129.3 (2C), 128.3 (2C), 128.1 (2C), 127.9 (3C), 94.8, 59.2, 56.1, 55.6,
47.8, 36.8, 14.2, 12.0; HRMS (ESI-TOF) calcd for CzaH24®CIN2Os [M + H]*
439.1425, found 439.1422.

Ethyl cis-8-(benzylamino)-6-(4-bromophenyl)-4-methyl-1-0x0-2-oxa-3-azaspiro[4.

4]nona-3,7-diene-7-carboxylate (9ea).

o H\Bn Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 87%
A, :
o yield (84.1 mg), dr > 99:1, mp 145-147 °C; *H NMR (500 MHz,
Y~ TCO,Et

: CDCls) 6 8.10 (s, 1H), 7.37 (t, J = 8.0 Hz, 4H), 7.34-7.22 (m,

3H), 6.93 (d, J = 8.1 Hz, 2H), 4.44 (qd, J = 11.9, 6.9 Hz, 2H),

Br 4.20 (s, 1H), 4.00 (dg, J = 10.8, 7.1 Hz, 1H), 3.93 (dqg, J = 10.8,

7.1 Hz, 1H), 3.09 (d, J = 17.3 Hz, 1H), 2.67 (d, J = 17.4 Hz, 1H), 1.97 (s, 3H), 0.95 (t,

J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) § 177.1, 169.0, 166.8, 160.6, 138.2,

137.4, 131.4 (2C), 129.7 (2C), 129.1 (2C), 128.0, 126.7 (2C), 121.6, 93.9, 59.2, 55.4,

55.3, 48.4, 36.8, 14.2, 11.8; HRMS (ESI-TOF) calcd for CasHas""BrN204 [M + HJ*
483.0919, found 483.0923.
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Ethyl cis-8-(benzylamino)-4-methyl-1-oxo-6-(4-(trifluoromethyl)phenyl)-2-oxa-3-
azaspiro[4.4]nona-3,7-diene-7-carboxylate (9fa).

H Ethyl acetate/petroleum ether = 1:3 as the eluent; white solid, 81%
O N‘Bn

Qj{@\ yield (76.5 mg), dr > 99:1, mp 95-97 °C; *H NMR (500 MHz,
N
T COEL cpcly) §8.13 (s, 1H), 7.53 (d, J = 8.1 Hz, 2H), 7.38 (t, J = 7.4

@ Hz, 2H), 7.35-7.26 (m, 3H), 7.18 (d, J = 7.6 Hz, 2H), 4.46 (qd, J
e = 12.4, 6.9 Hz, 2H), 4.29 (s, 1H), 4.07-3.96 (m, 1H), 3.96-3.86
(m, 1H), 3.12 (d, J = 17.4 Hz, 1H), 2.70 (d, J = 17.4 Hz, 1H),
2.00 (s, 3H), 0.91 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) § 177.0, 168.9,
166.7, 160.8, 142.5, 138.1, 129.9 (g, J = 32.1 Hz ), 129.2 (2C), 128.4 (2C), 128.0,
126.7 (2C), 125.3, 125.2, 124.2 (q, J = 270.5 Hz), 93.8, 59.3, 55.5, 55.3, 48.4, 36.9,
14.1, 11.8; HRMS (ESI-TOF) calcd for CosH24F3N2Os [M + H]" 473.1688, found
473.1691.
Ethyl cis-8-(benzylamino)-4-methyl-6-(4-nitrophenyl)-1-oxo-2-oxa-3-azaspiro[4.4]

nona-3,7-diene-7-carboxylate (9ga).

o H Ethyl acetate/petroleum ether = 1:2 as the eluent; white solid, 78%
~Bn
o, yield (70.1 mg), dr > 99:1, mp 107-109 °C; *H NMR (500 MHz,
N
Y~ “CO,Et

E CDCls) 6 8.15 (d, J = 8.9 Hz, 3H), 7.41 (t, J = 7.4 Hz, 2H), 7.33

(t, 3 = 7.4 Hz, 1H), 7.29 (d, J = 7.1 Hz, 2H), 7.24 (d, J = 8.1 Hz,

O,N 2H), 4.49 (qd, J = 14.5, 6.9 Hz, 2H), 4.33 (s, 1H), 4.01 (dg, J =

10.9, 7.1 Hz, 1H), 3.93 (dq, J = 10.8, 7.1 Hz, 1H), 3.14 (d, J = 17.4 Hz, 1H), 2.74 (d,

J =175 Hz, 1H), 2.02 (s, 3H), 0.93 (t, J = 7.1 Hz, 3H); 13C NMR (125 MHz, CDCls)

0 177.0, 168.8, 166.6, 161.0, 147.6, 146.1, 138.0, 129.3 (2C), 129.0 (2C), 128.2,

126.7 (2C), 123.6 (2C), 93.5, 59.4, 55.3 (2C), 48.5, 37.1, 14.2, 11.9; HRMS (ESI-
TOF) calcd for C24H24N306 [M + H]" 450.1665, found 450.1668.

Ethyl cis-8-(benzylamino)-4-methyl-1-oxo0-6-(m-tolyl)-2-oxa-3-azaspiro[4.4]nona-

o H\Bn 3,7-diene-7-carboxylate (9ha).
ON Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 91%

CO,Et
N 2 yield (76.2 mg), dr > 99:1, mp 125-127 °C; *H NMR (500 MHz,
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CDCl3) 6 8.10 (s, 1H), 7.39 (t, J = 7.4 Hz, 2H), 7.35-7.27 (m, 3H), 7.16 (t, J = 7.6 Hz,
1H), 7.04 (d, J = 7.4 Hz, 1H), 6.85 (d, J = 9.8 Hz, 2H), 4.47 (qd, J = 12.3, 6.9 Hz, 2H),
4.21 (s, 1H), 4.03 (dg, J = 10.9, 7.1 Hz, 1H), 3.94 (dg, J = 10.8, 7.1 Hz, 1H), 3.13 (d,
J=17.3 Hz, 1H), 2.64 (d, J = 17.3 Hz, 1H), 2.30 (s, 3H), 1.99 (s, 3H), 0.95 (t, J = 7.1
Hz, 3H); *C NMR (125 MHz, CDCls) § 177.2, 169.2, 167.2, 160.5, 138.4, 138.0,
137.8, 129.2 (2C), 128.7 (2C), 128.2, 128.0, 126.7 (2C), 125.1, 94.6, 59.2, 56.1, 55.6,
48.5, 36.9, 21.6, 14.3, 12.0; HRMS (ESI-TOF) calcd for CzsH27N204 [M + H]*
419.1971, found 419.1968.

Ethyl cis-8-(benzylamino)-6-(3-chlorophenyl)-4-methyl-1-oxo-2-oxa-3-azaspiro[4.

4]nona-3,7-diene-7-carboxylate (9ia).

H Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 88%
O ~Bn
o, yield (77.2 mg), dr > 99:1, mp 151-153 °C; '"H NMR (500 MHz,
N
Y~ TCO,Et

CDCls) 6 8.11 (s, 1H), 7.39 (dd, J = 10.2, 4.6 Hz, 2H), 7.33-7.26
@\ (m, 3H), 7.22-7.16 (m, 2H), 7.05 (s, 1H), 6.95 (d, J = 2.9 Hz,
¢l 1H), 4.45 (qd, J = 14.3, 6.9 Hz, 2H), 4.20 (s, 1H), 4.04 (dq, J =
10.8, 7.1 Hz, 1H), 3.92 (dq, J = 10.8, 7.1 Hz, 1H), 3.12 (d, J = 17.4 Hz, 1H), 2.66 (d,
J=17.4 Hz, 1H), 1.98 (s, 3H), 0.95 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls)
0 177.0, 169.0, 166.8, 160.8, 140.5, 138.2, 134.2, 129.5, 129.2 (2C), 128.1, 128.0
(2C), 126.7 (2C), 126.3, 93.9, 59.2, 55.5, 55.3, 48.4, 36.9, 14.2, 11.8; HRMS (ESI-
TOF) calcd for C24H24%CIN2O4 [M + H]* 439.1425, found 439.1430.
Ethyl cis-8-(benzylamino)-6-(3-bromophenyl)-4-methyl-1-0xo0-2-oxa-3-azaspiro[4.
4]nona-3,7-diene-7-carboxylate (9ja).

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

Qf’(@\ yield (82.2 mg), dr > 99:1, mp 160-161 °C; *H NMR (500 MHz,
N
£ COFY cpely) 5811 (s, 1H), 7.38 (dd, J = 16.5, 8.6 Hz, 3H), 7.34-7.26

@\ (m, 3H), 7.20 (s, 1H), 7.14 (t, J = 7.8 Hz, 1H), 6.99 (d, J = 7.4

B Hz, 1H), 4.45 (qd, J = 14.7, 7.0 Hz, 2H), 4.19 (s, 1H), 4.04 (dg, J

=10.8, 7.1 Hz, 1H), 3.92 (dg, J = 10.8, 7.1 Hz, 1H), 3.12 (d, J = 17.4 Hz, 1H), 2.66 (d,
J=17.4 Hz, 1H), 1.97 (s, 3H), 0.96 (t, J = 7.1 Hz, 3H); *3C NMR (125 MHz, CDCls)
§ 176.9, 169.0, 166.8, 160.8, 140.7, 138.2, 130.9 (2C), 129.8, 129.2 (2C), 128.0,
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126.8, 126.7 (2C), 122.5, 93.9, 59.2, 55.5, 55.3, 48.4, 36.9, 14.2, 11.8; HRMS (ESI-
TOF) calcd for C24H24"°BrN2O4 [M + H]* 483.0919, found 483.0923.

Ethyl cis-8-(benzylamino)-4-methyl-1-oxo-6-(0-tolyl)-2-oxa-3-azaspiro[4.4]nona-3,
7-diene-7-carboxylate (9ka).

o H\B Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 83%
) "o
% yield (69.5 mg), dr > 99:1, mp 161-163 °C;*H NMR (500 MHz,
Y~ TCO,Et

: CDCls) 6 8.07 (s, 1H), 7.42-7.35 (m, 2H), 7.34-7.26 (m, 3H),
©/ 7.18-7.08 (m, 3H), 7.08-7.04 (m, 1H), 4.52 (s, 1H), 4.45 (qd, J =
12.5, 7.0 Hz, 2H), 4.03-3.96 (m, 1H), 3.96-3.88 (m, 1H), 3.11 (d, J = 17.2 Hz, 1H),
2.62 (d, J = 17.3 Hz, 1H), 2.19 (s, 3H), 1.98 (s, 3H), 0.94 (t, J = 7.1 Hz, 3H); 13C
NMR (125 MHz, CDCls) ¢ 177.1, 169.7, 166.9, 160.3, 138.4, 136.0, 135.6, 130.4,
129.2 (2C), 128.0, 127.6, 127.4, 126.7 (2C), 125.9, 95.1, 59.1, 54.2, 51.0, 48.4, 37.3,
19.6, 14.2, 12.0; HRMS (ESI-TOF) calcd for C2sH27N204 [M + H]*™ 419.1971, found
419.1976.
Ethyl cis-8-(benzylamino)-6-(3,4-dimethylphenyl)-4-methyl-1-0xo0-2-oxa-3-azaspi

ro[4.4]nona-3,7-diene-7-carboxylate (91a).

o H 5 Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 85%
~Bn

?.\l’u”« yield (73.5 mg), dr > 99:1, mp 149-151 °C; *H NMR (500 MHz,
Y~ TCO,Et

: CDCls) 6 8.08 (s, 1H), 7.38 (t, J = 7.4 Hz, 2H), 7.33-7.25 (m,
3H), 7.01 (d, J = 8.0 Hz, 1H), 6.77 (d, J = 5.8 Hz, 2H), 4.46 (qd,
J=15.9, 6.7 Hz, 2H), 4.19 (s, 1H), 4.06-3.99 (m, 1H), 3.98-3.92
(m, 1H), 3.11 (d, J = 17.2 Hz, 1H), 2.63 (d, J = 17.3 Hz, 1H), 2.20 (s, 6H), 1.97 (s,
3H), 0.97 (t, J = 7.1 Hz, 3H); **C NMR (125 MHz, CDCls) § 177.2, 169.3, 167.2,
160.4, 138.4, 136.3, 135.9, 135.3, 129.5, 129.1 (3C), 127.9, 126.7 (2C), 125.2, 94.7,
59.1, 55.9, 55.6, 48.4, 36.7, 20.0, 19.6, 14.3, 11.9; HRMS (ESI-TOF) calcd for
C26H29N204 [M + H]* 433.2127, found 433.2130.
Ethyl cis-8-(benzylamino)-6-(3,4-dichlorophenyl)-4-methyl-1-oxo-2-oxa-3-azaspir
0[4.4]nona-3,7-diene-7-carboxylate (9ma).
Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 81% vyield (76.7 mg),
dr > 99:1, mp 101-103 °C; *H NMR (500 MHz, CDCls) 6 8.11 (s, 1H), 7.38 (t, J = 7.5
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o N Hz, 2H), 7.35-7.24 (m, 4H), 7.15 (d, J = 1.4 Hz, 1H), 6.90 (d, J
%’i’{@\m LT 7.9 Hz, 1H), 4.45 (qd, J = 14.3, 6.9 Hz, 2H), 4.17 (s, 1H), 4.03
z 2
3 (dg, J = 10.9, 7.1 Hz, 1H), 3.95 (dg, J = 10.8, 7.1 Hz, 1H), 3.11
Q\ (d, J=17.4 Hz, 1H), 2.67 (d, J = 17.4 Hz, 1H), 1.97 (s, 3H), 0.98
o (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) 6 176.9, 168.9,
166.6, 160.8, 138.8, 138.1, 132.4, 131.7, 130.3, 129.9, 129.2 (2C), 128.1, 127.5, 126.7
(2C), 93.7, 59.3, 55.2, 54.9, 48.4, 36.9, 14.3, 11.8; HRMS (ESI-TOF) calcd for
C24H23*°Cl2N204 [M + H]* 473.1035, found 473.1041.
Ethyl cis-8-(benzylamino)-4-methyl-6-(naphthalen-2-yl)-1-o0x0-2-oxa-3-azaspiro
[4.4]nona-3,7-diene-7-carboxylate (9na).

H Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 90%
Q/‘(’z),,, e yield (81.8 mg), dr > 99:1, mp 144-146 °C;'H NMR (500 MHz,
NSCY7TC0E opely) 5816 (s, 1H), 7.83-7.71 (m, 3H), 7.51 (s, 1H), 7.47—
O 7.37 (m, 4H), 7.32 (dd, J = 10.7, 7.6 Hz, 3H), 7.18 (d, J = 7.6 Hz,
O 1H), 4.51 (qd, J = 14.4, 6.9 Hz, 2H), 4.42 (s, 1H), 4.02-3.85 (m,

2H), 3.18 (d, J = 17.4 Hz, 1H), 2.66 (d, J = 17.4 Hz, 1H), 2.03 (s,
3H), 0.86 (t, J = 7.0 Hz, 3H); **C NMR (125 MHz, CDCls) § 177.2, 169.2, 167.2,
160.7, 138.3, 135.8, 133.3, 133.2, 129.2 (2C), 128.1, 128.0 (2C), 127.8, 126.9, 126.8,
126.7, 126.1 (2C), 125.9, 94.5, 59.2, 56.2, 55.6, 48.5, 37.0, 14.2, 12.0; HRMS (ESI-
TOF) calcd for C2sH27N204 [M + H]* 455.1971, found 455.1975.
Ethyl cis-8-(benzylamino)-6-(furan-2-yl)-4-methyl-1-oxo-2-oxa-3-azaspiro[4.4]no
na-3,7-diene-7-carboxylate (90a).

o H Ethyl acetate/petroleum ether = 1:3 as the eluent; white solid, 83%
~Bn

Qi"f(@\ yield (65.5 mg), dr > 99:1, mp 142-144 °C; *H NMR (500 MHz,
Py oo CDCls) 6 8.10 (s, 1H), 7.38 (t, J = 7.4 Hz, 2H), 7.35-7.23 (m,

QO 4H), 6.30 (dd, J = 3.1, 1.9 Hz, 1H), 6.10 (d, J = 3.2 Hz, 1H), 4.45
(gt, J = 16.5, 6.9 Hz, 2H), 4.30 (s, 1H), 4.12 (dg, J = 10.8, 7.1 Hz, 1H), 4.02 (dg, J =
10.8, 7.1 Hz, 1H), 3.21 (d, J = 17.1 Hz, 1H), 2.60 (d, J = 17.1 Hz, 1H), 1.92 (s, 3H),
1.09 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCls) § 177.0, 168.7, 166.9, 160.7,
151.4, 142.5, 138.2, 129.2 (2C), 128.0, 126.7 (2C), 110.4, 108.3, 92.2, 59.3, 54.3,
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48.9, 48.4, 36.9, 14.4, 12.0; HRMS (ESI-TOF) calcd for C22H23N205 [M + H]*
395.1607, found 395.1611.
Ethyl cis-8-(benzylamino)-4-ethyl-1-ox0-6-phenyl-2-oxa-3-azaspiro[4.4]nona-3,7-
diene-7-carboxylate (9pa).

H Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 91%
0 N~

yield (76.2 mg), dr > 99:1, mp 138-140 °C;*H NMR (500 MHz,
CDCls) 6 8.11 (s, 1H), 7.39 (t, J = 7.4 Hz, 2H), 7.34-7.19 (m,
6H), 7.05 (d, J = 7.0 Hz, 2H), 4.25 (s, 1H), 4.02 (dg, J = 10.8,
7.1 Hz, 1H), 3.92 (dg, J = 10.8, 7.1 Hz, 1H), 3.12 (d, J = 17.3

Hz, 1H), 2.68 (d, J = 17.3 Hz, 1H), 2.50 (dq, J = 17.6, 7.3 Hz, 1H), 2.16 (dq, J = 17.7,
7.3 Hz, 1H), 1.22 (t, J = 7.3 Hz, 3H), 0.93 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz,
CDCls) 6 177.5, 172.8, 167.2, 160.7, 138.3, 138.2, 129.2 (2C), 128.3 (2C), 128.0 (3C),
127.8, 126.8 (2C), 94.6, 59.2, 56.4, 55.7, 48.5, 37.1, 20.3, 14.2, 9.0; HRMS (ESI-TOF)
calcd for C25H27N204 [M + H]™ 419.1971, found 419.1977.

Ethyl cis-8-(benzylamino)-1-oxo-4,6-diphenyl-2-oxa-3-azaspiro[4.4]nona-3,7-dien
e-7-carboxylate (9ga).

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

Q/‘\’o,(,@\ yield (79.3 mg), dr > 99:1, mp 138-140 °C: *H NMR (500 MHz,
N N">co,Et

CDCls) 6 8.20 (s, 1H), 7.77 (d, J = 7.9 Hz, 2H), 7.55 (dd, J =
10.9, 3.9 Hz, 1H), 7.48 (t, J = 7.7 Hz, 2H), 7.39-7.31 (m, 2H),
7.31-7.22 (m, 6H), 7.11 (bs, 2H), 4.83 (s, 1H), 4.47 (qd, J = 14.0, 6.9 Hz, 2H), 4.06
(dg, J = 10.8, 7.1 Hz, 1H), 3.83 (dg, J = 10.8, 7.1 Hz, 1H), 3.31 (d, J = 17.8 Hz, 1H),
3.15 (d, J = 17.8 Hz, 1H), 0.82 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCls) 6
178.6, 167.8, 167.3, 161.1, 138.6, 138.1, 132.1, 129.6 (2C), 129.1 (2C), 128.2 (2C),
128.0 (2C), 127.9 (2C), 126.9, 126.8 (2C), 126.7 (2C), 93.8, 59.1, 58.0, 55.4, 48.4,
39.3, 14.0; HRMS (ESI-TOF) calcd for CaoH2:N2Os [M + H]* 467.1971, found

PhPh

467.1975.

Ethyl cis-8-(hexylamino)-4-methyl-1-oxo0-6-phenyl-2-oxa-3-azaspiro[4.4]nona-3,7
-diene-7-carboxylate (9ab).

Ethyl acetate/petroleum ether = 1:8 as the eluent; white solid, 81% vyield (64.6 mg),
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H\/\/\/ dr > 99:1, mp 101-103 °C; 'H NMR (500 MHz, CDCls)
(0]
o, 8 7.67 (s, 1H), 7.37-7.16 (m, 3H), 7.05 (d, J = 7.1 Hz,
N

: COAEt 2H), 4.27 (s, 1H), 4.08-3.96 (M, 1H), 3.95-3.80 (m, 1H),

3.24 (dd, J = 13,5, 6.7 Hz, 2H), 3.14 (d, J = 17.2 Hz,
1H), 2.74 (d, J = 17.3 Hz, 1H), 2.14 (s, 3H), 1.68-1.54 (m, 2H), 1.47-1.25 (m, 6H),
0.91 (t, J = 6.6 Hz, 6H); *C NMR (125 MHz, CDCls3) ¢ 177.4, 169.2, 167.2, 160.6,
138.4, 128.2 (2C), 127.9 (2C), 127.7, 92.6, 58.9, 56.0, 55.6, 45.0, 36.8, 31.5, 31.0,
26.5, 22.6, 14.2, 14.1, 12.0; HRMS (ESI-TOF) calcd for C23Hz1N2Os [M + H]*
399.2284, found 399.2289.

Ethyl cis-8-((4-methoxybenzyl)amino)-4-methyl-1-oxo-6-phenyl-2-oxa-3-azaspiro
[4.4]nona-3,7-diene-7-carboxylate (9ac).
OCHs  Ethyl acetate/petroleum ether = 1:3 as the eluent; white
o H\Q solid, 89% vyield (77.3 mg), dr > 99:1, mp 113-115 °C;
Qiﬂ\ IH NMR (500 MHz, CDCls) 6 8.04 (s, 1H), 7.34-7.16
" oo (M, 5H), 7.05 (d, J = 7.0 Hz, 2H), 6.90 (d, J = 8.6 Hz,
2H), 4.38 (qd, J = 15.5, 6.5 Hz, 2H), 4.25 (s, 1H), 4.00
(dg, J = 10.8, 7.1 Hz, 1H), 3.91 (dg, J = 10.8, 7.1 Hz, 1H), 3.80 (s, 3H), 3.11 (d, J =
17.3 Hz, 1H), 2.68 (d, J = 17.4 Hz, 1H), 2.01 (s, 3H), 0.92 (t, J = 7.1 Hz, 3H); 13C
NMR (125 MHz, CDCIs) ¢ 177.2, 169.2, 167.0, 160.5, 159.2, 138.2, 130.2, 128.2
(2C), 128.0 (2C), 127.9 (2C), 127.8, 114.4 (2C), 94.0, 59.0, 56.0, 55.5, 55.4, 47.9,
36.8, 14.2, 11.9; HRMS (ESI-TOF) calcd for C2sH27N20s5 [M + H]* 435.1920, found
435.1923.
Ethyl cis-8-((4-chlorobenzyl)amino)-4-methyl-1-0xo0-6-phenyl-2-oxa-3-azaspiro[4.

4]nona-3,7-diene-7-carboxylate (9ad).
Cl

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

o H\Q solid, 90% yield (79.0 mg), dr > 99:1, mp 120-122 °C;'H
Qi’fo.ﬂ\ NMR (500 MHz, CDCls) 5 8.07 (s, 1H), 7.36 (dd, J = 8.7,
" oo 2.1 Hz, 2H), 7.30-7.19 (m, 6H), 7.04 (d, J = 6.9 Hz, 2H),
4.42 (qd, J = 16.0, 6.6 Hz, 2H), 4.27 (s, 1H), 4.01 (dg, J =

10.8, 7.1 Hz, 1H), 3.91 (dq, J = 10.8, 7.1 Hz, 1H), 3.10 (d, J = 17.3 Hz, 1H), 2.65 (d,
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J =17.3 Hz, 1H), 2.03 (s, 3H), 0.92 (t, J = 7.1 Hz, 3H); 13C NMR (125 MHz, CDCls)
5 177.2,168.9, 167.1, 160.3, 138.0, 136.8, 133.8, 129.3 (2C), 128.3 (2C), 128.1 (2C),
127.9 (3C), 94.8, 59.2, 56.1, 55.6, 47.8, 36.8, 14.2, 12.0; HRMS (ESI-TOF) calcd for
C24H24%CIN204 [M + H]* 439.1425, found 439.1434.

Ethyl cis-8-((3-fluorobenzyl)amino)-4-methyl-1-0xo0-6-phenyl-2-oxa-3-azaspiro[4.

4]nona-3,7-diene-7-carboxylate (9ae).

R Ethyl acetate/petroleum ether = 1:3 as the eluent; white solid,
H 88% yield (74.4 mg), dr > 99:1, mp 130-132 °C; 'H NMR
0 N
oi’@(@ (500 MHz, CDCl3s) ¢ 8.11 (s, 1H), 7.41-7.33 (m, 1H), 7.32—
N Y~ TCO,Et 7.20 (m, 3H), 7.15-6.92 (m, 5H), 4.47 (qd, J = 16.2, 6.7 Hz,
Ph

2H), 4.27 (s, 1H), 4.03 (dg, J = 10.8, 7.1 Hz, 1H), 3.93 (dq, J
=10.8, 7.1 Hz, 1H), 3.12 (d, J = 17.2 Hz, 1H), 2.64 (d, J = 17.3 Hz, 1H), 2.04 (s, 3H),
0.93 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) § 177.2, 169.0, 167.2, 163.4 (d,
J=245.9 Hz),

160.3, 141.1 (d, J = 6.5 Hz), 138.0, 130.9 (d, J = 8.2 Hz), 128.4 (2C), 128.0 (3C),
122.2 (d, J = 11.2 Hz), 115.0 (d, J = 21.0 Hz), 113.6 (d, J = 21.9 Hz), 95.0, 59.3, 56.2,
55.6, 47.9, 36.8, 14.2, 12.0; HRMS (ESI-TOF) calcd for C24H24FN204 [M + H]*
423.1720, found 423.1727.
Ethyl cis-8-((2-chlorobenzyl)amino)-4-methyl-1-0xo0-6-phenyl-2-oxa-3-azaspiro[4.
4]nona-3,7-diene-7-carboxylate (9af).
Cl Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid,

Jo Hp 84% yield (73.7 mg), dr > 99:1, mp 174-176 °C; 'H NMR

0

),
Nﬂco Et (500 MHz, CDCls) ¢ 8.09 (s, 1H), 7.41 (d, J = 7.6 Hz, 1H),
: 2

Ph 7.38 (d, J = 7.2 Hz, 1H), 7.35-7.19 (m, 5H), 7.06 (d, J = 7.1
Hz, 2H), 4.63-4.44 (m, 2H), 4.27 (s, 1H), 4.02 (dg, J = 10.8, 7.1 Hz, 1H), 3.92 (dg, J
=10.8, 7.1 Hz, 1H), 3.17 (d, J = 17.3 Hz, 1H), 2.73 (d, J = 17.3 Hz, 1H), 2.05 (s, 3H),
0.93 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCl3) 6 177.2, 169.1, 167.1, 160.2,
138.1, 135.8, 133.1, 130.1, 129.4, 128.4 (3C), 128.0 (2C), 127.9, 127.5, 94.7, 59.2,
56.2, 55.6, 46.5, 36.7, 14.2, 12.0; HRMS (ESI-TOF) calcd for C24H24*5CIN;O4 [M +
H]* 439.1425, found 439.1430.
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Ethyl cis-4-methyl-1-ox0-8-(phenethylamino)-6-phenyl-2-oxa-3-azaspiro[4.4]non
a-3,7-diene-7-carboxylate (9ag).

Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid,
o) H\/\Ph y P
o, 90% vyield (75.3 mg), dr > 99:1, mp 153-155 °C; *H NMR
N "co,Et

.- (500 MHz, CDCls) § 7.73 (s, 1H), 7.33 (t, J = 7.4 Hz, 2H),

7.30-7.14 (m, 6H), 6.98 (d, J = 7.1 Hz, 2H), 4.18 (s, 1H),
3.98 (dg, J = 10.9, 7.1 Hz, 1H), 3.94-3.78 (m, 1H), 3.61-3.38 (m, 2H), 3.04-2.78 (m,
3H), 2.43 (d, J = 17.2 Hz, 1H), 1.94 (s, 3H), 0.89 (t, J = 7.1 Hz, 3H); 3C NMR (125
MHz, CDCl3) ¢ 177.3, 169.1, 167.0, 160.3, 138.3, 138.2, 129.0 (2C), 128.9 (2C),
128.2 (2C), 127.9 (2C), 127.7, 127.0, 92.9, 58.9, 56.0, 55.4, 46.6, 37.8, 36.7, 14.2,
11.8; HRMS (ESI-TOF) calcd for C2sH27N204 [M + H]* 419.1971, found 419.1977.
Methyl cis-8-(benzylamino)-4-methyl-1-oxo0-6-phenyl-2-oxa-3-azaspiro[4.4]nona-
3,7-diene-7-carboxylate (9ah).

H Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 90%
O ~Bn

Q/”o,, yield (70.3 mg), dr > 99:1, mp 166-168 °C; *H NMR (500 MHz,
N=(N"">co,Me

.- CDCls) 6 8.14 (s, 1H), 7.37 (t, J = 7.4 Hz, 2H), 7.33-7.18 (m,
6H), 7.05 (d, J = 7.0 Hz, 2H), 4.43 (qd, J = 15.9, 6.6 Hz, 2H),
4.25 (s, 1H), 3.49 (s, 3H), 3.09 (d, J = 17.4 Hz, 1H), 2.63 (d, J = 17.4 Hz, 1H), 1.96 (s,
3H); *C NMR (125 MHz, CDCls) § 177.0, 169.2, 167.4, 160.9, 138.2, 138.0, 129.1
(2C), 128.4 (2C), 127.9 (2C), 127.8 (2C), 126.6 (2C), 93.7, 55.8, 55.6, 50.6, 48.3,
36.6, 11.8; HRMS (ESI-TOF) calcd for CasH2sN20s [M + H]* 391.1658, found
391.1661.

Isopropyl cis-8-(benzylamino)-4-methyl-1-oxo0-6-phenyl-2-oxa-3-azaspiro[4.4]non

a-3,7-diene-7-carboxylate (9ai).

o H\B Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 91%
¥ o
ONﬂ ~yield (76.2 mg), dr > 99:1, mp 129-131 °C;*H NMR (500 MHz,
Y~ ~CO,Pr
Ph CDCls) ¢ 8.08 (s, 1H), 7.39 (t, J = 7.4 Hz, 2H), 7.34-7.18 (m,

6H), 7.05 (d, J = 7.1 Hz, 2H), 4.85 (dt, J = 12.4, 6.2 Hz, 1H), 4.46 (qd, J = 15.8, 6.6
Hz, 2H), 4.24 (s, 1H), 3.13 (d, J = 17.3 Hz, 1H), 2.67 (d, J = 17.3 Hz, 1H), 2.02 (s,
3H), 1.08 (d, J = 6.2 Hz, 3H), 0.73 (d, J = 6.2 Hz, 3H); 13C NMR (125 MHz, CDCls)
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0 177.3, 169.1, 166.8, 160.3, 138.4, 138.3, 129.2 (2C), 128.2 (2C), 128.0 (3C), 127.8,
126.8 (2C), 94.9, 66.4, 56.3, 55.5, 48.5, 36.9, 22.1, 21.5, 12.0; HRMS (ESI-TOF)
calcd for CosH27N204 [M + H]™ 419.1971, found 419.1968.

Isobutyl cis-8-(benzylamino)-4-methyl-1-oxo0-6-phenyl-2-oxa-3-azaspiro[4.4]nona

-3,7-diene-7-carboxylate (9aj).

H Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 87%
O ~Bn

o yield (75.3 mg), dr > 99:1, mp 165-167 °C; 'H NMR (500 MHz,
N~(">co,Bu

- CDCl3) ¢ 8.14 (s, 1H), 7.38 (t, J = 7.4 Hz, 2H), 7.34-7.17 (m,
6H), 7.06 (d, J = 6.8 Hz, 2H), 4.46 (qd, J = 15.8, 6.6 Hz, 2H),
4.25 (s, 1H), 3.85 (dd, J = 10.5, 6.5 Hz, 1H), 3.59 (dd, J = 10.5, 6.0 Hz, 1H), 3.13 (d,
J=17.3 Hz, 1H), 2.66 (d, J = 17.3 Hz, 1H), 1.99 (s, 3H), 1.62-1.49 (m, 1H), 0.53 (d,
J=2.8Hz, 3H), 0.52 (d, J = 2.7 Hz, 3H); 13C NMR (125 MHz, CDCl3) 6 177.2, 169.2,
167.2, 160.7, 138.3, 138.2, 129.2 (2C), 128.4 (2C), 128.0 (2C), 127.9 (2C), 126.7
(2C), 94.4, 69.3, 56.2, 55.5, 48.4, 36.8, 27.8, 18.7 (2C), 11.9; HRMS (ESI-TOF) calcd
for C26H2oN204 [M + H]* 433.2127, found 433.2132.
tert-Butyl cis-8-(benzylamino)-4-methyl-1-oxo-6-phenyl-2-oxa-3-azaspiro[4.4]non
a-3,7-diene-7-carboxylate (9ak).

H Ethyl acetate/petroleum ether = 1:4 as the eluent; white solid, 90%
O ~Bn

Q/”o,, yield (77.9 mg), dr > 99:1, mp 112-114 °C; *H NMR (500 MHz,

N " >C0,Bu

.- CDCls) § 8.03 (s, 1H), 7.39 (t, J = 7.5 Hz, 2H), 7.35-7.18 (m,
6H), 7.06 (d, J = 6.1 Hz, 2H), 4.44 (qd, J = 15.8, 6.5 Hz, 2H),
4.20 (s, 1H), 3.11 (d, J = 17.3 Hz, 1H), 2.66 (d, J = 17.3 Hz, 1H), 2.03 (s, 3H), 1.15 (s,
9H); BC NMR (125 MHz, CDCls) § 177.5, 169.1, 167.0, 159.7, 138.5 (2C), 129.1
(2C), 128.2 (2C), 128.1 (2C), 127.9, 127.7, 126.8 (2C), 95.8, 79.5, 56.6, 55.4, 48.4,
36.9, 28.2 (3C), 12.0; HRMS (ESI-TOF) calcd for CasH20N204 [M + H]* 433.2127,
found 433.2125.
1-Benzyl-4-(ethoxycarbonyl)-5-methyl-3-phenyl-1H-pyrrole-2-carboxylic acid
(10aa).

Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid, 93% yield (67.6 mg),
mp 139-141 °C; 'H NMR (500 MHz, CDCls) 6 7.37-7.22 (m, 8H), 6.97 (d, J = 7.3
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Ph " COEL 17 2H), 5.66 (s, 2H), 3.96 (g, J = 7.1 Hz, 2H), 2.51 (s, 3H),0.86
HOOC /N\ (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) 6 165.0, 164.5,
én 142.4, 137.2, 136.0, 135.9, 129.8 (2C), 128.9 (2C), 127.42,
127.28 (2C), 127.0, 126.1 (2C), 118.8, 114.4, 59.7, 48.8, 13.7, 11.9; HRMS (ESI-TOF)
calcd for C22H22NO4 [M + H]* 364.1549, found 364.1556.
1-Benzyl-4-(ethoxycarbonyl)-5-methyl-3-(p-tolyl)-1H-pyrrole-2-carboxylic  acid
(10ba).
Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
coet 93% vyield (70.2 mg), mp 148-150 °C; *H NMR (500 MHz,
T CDCls) 6 7.29 (t, J = 7.3 Hz, 2H), 7.23 (t, J = 7.3 Hz, 1H), 7.14
HOOCT N (s, 4H), 6.96 (d, J = 7.4 Hz, 2H), 5.65 (s, 2H), 3.98 (q, J = 7.1
o Hz, 2H), 2.49 (s, 3H), 2.38 (s, 3H), 0.92 (t, J = 7.1 Hz, 3H); *C
NMR (125 MHz, CDCIs) ¢ 165.0, 164.1, 142.2, 137.2, 136.8, 136.0, 132.5, 129.7
(2C), 128.9 (2C), 128.3 (2C), 127.4, 126.2 (2C), 118.8, 114.4, 59.8, 48.8, 21.5, 13.8,
11.9; HRMS (ESI-TOF) calcd for C2sH24NO4 [M + H]* 378.1705, found 378.1702.
1-Benzyl-4-(ethoxycarbonyl)-3-(4-methoxyphenyl)-5-methyl-1H-pyrrole-2-carbo
xylic acid (10ca).

Ethyl acetate/petroleum ether = 1:3 as the eluent; Yellow solid,

—0
91% vyield (71.6 mg), mp 144-146 °C; 'H NMR (500 MHz,
COEt CDCl3) 6 7.28 (t, J = 7.3 Hz, 2H), 7.23 (t, J = 7.2 Hz, 1H),
/ \ - _ _
HoocX,, 7.16 (d, J = 8.5 Hz, 2H), 6.95 (d, J = 7.4 Hz, 2H), 6.87 (d, J =
B 8.5 Hz, 2H), 5.64 (s, 2H), 3.99 (g, J = 7.1 Hz, 2H), 3.83 (s,

3H), 2.48 (s, 3H), 0.94 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) § 165.04,
164.97, 158.8, 142.3, 137.2, 135.8, 130.9 (2C), 128.8 (2C), 127.8, 127.4, 126.1 (2C),
118.9, 114.5, 112.9 (2C), 59.8, 55.3, 48.8, 13.9, 11.9; HRMS (ESI-TOF) calcd for
C23H24NOs [M + H]* 394.1654, found 394.1652.
1-Benzyl-3-(4-chlorophenyl)-4-(ethoxycarbonyl)-5-methyl-1H-pyrrole-2-carboxyl
ic acid (10da).

Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow solid, 86% yield (68.4 mg),
mp 131-133 °C; 'H NMR (500 MHz, CDCls) § 7.29-7.20 (m, 5H), 7.12 (d, J = 8.3
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¢ Hz, 2H), 6.91 (d, J = 7.1 Hz, 2H), 5.57 (s, 2H), 3.98 (g, J = 7.1
co,et 1z 2H), 248 (s, 3H), 0.93 (t, J = 7.1 Hz, 3H); 13C NMR (125

7\ MHz, CDCls) § 165.4, 164.8, 142.4, 137.1, 134.7 (2C), 132.6,

1ooe En 131.2 (2C), 128.9 (2C), 127.4, 127.3 (2C), 126.0 (2C), 119.3,

114.2, 59.9, 48.7, 13.8, 11.9; HRMS (ESI-TOF) calcd for
C22H21*°CINO4 [M + H]* 398.1159, found 398.1163.
1-Benzyl-3-(4-bromophenyl)-4-(ethoxycarbonyl)-5-methyl-1H-pyrrole-2-carboxy
lic acid (10ea).

Br. Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow solid,

82% yield (72.5 mg), mp 145-147 °C; 'H NMR (500 MHz,

’ \CozEt CDCl3) 6 7.44 (d, J = 8.3 Hz, 2H), 7.29 (t, J = 7.3 Hz, 2H), 7.25

HOOC N (t, J = 7.3 Hz, 1H), 7.10 (d, J = 8.3 Hz, 2H), 6.94 (d, J = 7.1 Hz,
Bn

2H), 5.63 (s, 2H), 3.98 (g, J = 7.1 Hz, 2H), 2.50 (s, 3H), 0.93 (t,
J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) 6 164.8, 164.7, 142.7, 137.0, 135.2,
135.1, 131.5 (2C), 130.4 (2C), 128.9 (2C), 127.5, 126.1 (2C), 121.0, 118.7, 114.3,
59.9, 48.8, 13.8, 11.9; HRMS (ESI-TOF) calcd for C22H21"°BrNO4 [M + H]* 442.0654,
found 442.0650.
1-Benzyl-4-(ethoxycarbonyl)-5-methyl-3-(4-(trifluoromethyl)phenyl)-1H-pyrrole-
2-carboxylic acid (10fa).

F3C, Ethyl acetate/petroleum ether = 1:2 as the eluent; White solid,
coet 82% vyield (70.8 mg), mp 109-111 °C; 'H NMR (500 MHz,

7 CDCls) 6 8.81 (bs, 1H), 7.40 (d, J = 7.6 Hz, 2H), 7.21-7.09 (m,

HoocC zn 5H), 6.79 (d, J = 5.5 Hz, 2H), 5.38 (s, 2H), 3.94 (g, J = 7.1 Hz,

2H), 2.44 (s, 3H), 0.84 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz,
CDCIs) 0 165.8, 164.8, 141.5, 140.9, 137.3, 132.8, 130.2 (2C), 128.8 (2C), 128.6 (q, J
= 32.0 Hz), 127.3, 125.8 (2C), 124.4 (q, J = 271.9 Hz), 123.8 (g, J = 3.2 Hz, 2C),
121.2, 113.5, 59.8, 48.4, 13.5, 11.7; °F NMR (471 MHz, CDCls) ¢ -62.16 (s, 3F);
HRMS (ESI-TOF) calcd for CasH21FsNO4 [M + H]* 432.1423, found 432.1429.
1-Benzyl-4-(ethoxycarbonyl)-5-methyl-3-(m-tolyl)-1H-pyrrole-2-carboxylic acid
(10ga).
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Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
ot 89% yield (67.2 mg), mp 144-146 °C; 'H NMR (500 MHz,
2
I\ CDCls) ¢ 8.87 (bs, 1H), 7.29-7.16 (m, 4H), 7.09 (d, J = 7.4 Hz,

HOOC
A 1H), 7.04 (s, 1H), 7.02 (d, J = 8.0 Hz, 1H), 6.93 (d, J = 7.3 Hz,

o 2H), 5.60 (s, 2H), 3.95 (g, J = 7.1 Hz, 2H), 2.47 (s, 3H), 2.32 (s,
3H), 0.86 (t, J = 7.1 Hz, 3H); 1*C NMR (125 MHz, CDCls) 6 165.2, 165.1, 142.2,
137.2, 136.6, 136.1, 135.7, 130.4, 128.8 (2C), 127.7, 127.3, 127.2, 126.8, 126.1 (2C),
118.8, 114.4, 59.7, 48.7, 21.5, 13.6, 11.8; HRMS (ESI-TOF) calcd for C23H24NO4 [M
+ H]" 378.1705, found 378.1704.
1-Benzyl-3-(3-chlorophenyl)-4-(ethoxycarbonyl)-5-methyl-1H-pyrrole-2-carboxyl
ic acid (10ha).
cl Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow solid,

86% yield (68.4 mg), mp 152-154 °C; 'H NMR (500 MHz,

COEL cpely) ¢ 7.31-7.26 (m, 3H), 7.26-7.20 (m, 3H), 7.10 (d, J =
/ \
HOOC Ny, 7.5 Hz, 1H), 6.93 (d, J = 7.3 Hz, 2H), 5.62 (s, 2H), 3.97 (q, J =
|
Bn 7.1 Hz, 2H), 2.50 (s, 3H), 0.90 (t, J = 7.1 Hz, 3H): *C NMR

(125 MHz, CDCIs) ¢ 165.0, 164.7, 142.7, 138.1, 137.0, 134.7, 132.9, 129.9, 128.9
(2C), 128.4, 128.1, 127.5, 126.9, 126.1 (2C), 118.8, 114.3, 59.8, 48.8, 13.7, 11.9;
HRMS (ESI-TOF) calcd for C22H2135CINO, [M + H]* 398.1159, found 398.1162.
1-Benzyl-3-(3-bromophenyl)-4-(ethoxycarbonyl)-5-methyl-1H-pyrrole-2-carboxy
Br lic acid (10ia).
Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow solid,
CO2Et 849 yield (74.3 mg), mp 159-161 °C; 'H NMR (500 MHz,

HOOC /N\ CDCl3) 6 7.43 (d, J = 7.3 Hz, 1H), 7.39 (s, 1H), 7.32-7.21 (m,

Bn 3H), 7.20-7.13 (m, 2H), 6.93 (d, J = 7.4 Hz, 2H), 5.62 (s, 2H),
3.97 (g, J = 7.1 Hz, 2H), 2.50 (s, 3H), 0.90 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz,
CDCls) 6 165.1, 164.7, 142.8, 138.3, 137.0, 134.6, 132.7, 129.8, 128.9 (2C), 128.7,
1285, 127.5, 126.1 (2C), 121.1, 118.8, 114.3, 59.8, 48.8, 13.7, 11.9; HRMS (ESI-

TOF) calcd for CaoHa1BrNO4 [M + H]* 442.0654, found 442.0658.
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1-Benzyl-4-(ethoxycarbonyl)-5-methyl-3-(o-tolyl)-1H-pyrrole-2-carboxylic  acid
(10ja).

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

COzEt  90% vyield (67.9 mg), mp 143-145 °C; *H NMR (500 MHz,

HOOC /N\ CDCls) § 7.27 (t, = 7.1 Hz, 2H), 7.25-7.16 (m, 3H), 7.13 (t, J

Bn = 7.1 Hz, 1H), 7.05 (d, J = 7.4 Hz, 1H), 6.92 (d, J = 7.5 Hz, 2H),
5.70 (d, J = 16.3 Hz, 1H), 5.61 (d, J = 16.3 Hz, 1H), 3.95-3.85 (m, 2H), 2.50 (s, 3H),
2.08 (s, 3H), 0.81 (t, J = 7.1 Hz, 3H); *C NMR (125 MHz, CDCls) § 164.9, 164.7,
143.0, 137.3, 136.6, 136.0, 135.5, 129.3, 129.1, 128.8 (2C), 127.4, 127.2, 126.0 (2C),
124.9, 118.6, 114.0, 59.6, 48.7, 20.2, 13.6, 11.9 ; HRMS (ESI-TOF) calcd for
C23H24NO4 [M + H]* 378.1705, found 378.1705.
1-Benzyl-3-(2-chlorophenyl)-4-(ethoxycarbonyl)-5-methyl-1H-pyrrole-2-carboxyl
ic acid (10ka).

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

CO2Et  84% yield (66.8 mg), mp 145-147 °C; 'H NMR (500 MHz,

HOOG /N\ CDCl3) § 7.29 (d, J = 7.6 Hz, 1H), 7.22-7.08 (m, 6H), 6.85 (d, J

B = 7.4 Hz, 2H), 5.56 (s, 2H), 3.94-3.81 (m, 2H), 2.43 (s, 3H),
0.77 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCl3) 6 165.0, 164.6, 142.8, 137.2,
135.9, 133.8, 133.0, 131.1, 128.9 (2C), 128.5, 128.2, 127.4, 126.0 (2C), 125.8, 119.2,
114.0, 59.7, 48.7, 13.6, 11.9; HRMS (ESI-TOF) calcd for C22H213CINO, [M + H]*
398.1159, found 398.1163.
1-Benzyl-3-(2-bromophenyl)-4-(ethoxycarbonyl)-5-methyl-1H-pyrrole-2-
carboxylic acid (10la).

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

COEL 8106 yield (71.7 mg), mp 151-153 °C; *H NMR (500 MHz,

HOOC /,?\ CDCls) § 7.47 (d, J = 7.9 Hz, 1H), 7.24-7.12 (m, 4H), 7.10 (d, J
Bn = 7.3 Hz, 1H), 7.07 (t, J = 7.4 Hz, 1H), 6.86 (d, J = 7.3 Hz, 2H),

5.62 (d, J = 16.3 Hz, 1H), 5.51 (d, J = 16.3 Hz, 1H), 3.94-3.79 (m, 2H), 2.43 (s, 3H),
0.76 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) ¢ 165.0, 164.6, 142.8, 138.0,
137.1, 134.8, 131.6, 130.9, 128.9 (2C), 128.3, 127.4, 126.4, 126.0 (2C), 124.2, 119.0,

112



TR R A 2 1 3

113.9, 59.7, 48.7, 13.6, 11.9; HRMS (ESI-TOF) calcd for C2:H21"°BrNO4 [M + H]*
442.0654, found 442.0648.
1-Benzyl-3-(3,4-dimethylphenyl)-4-(ethoxycarbonyl)-5-methyl-1H-pyrrole-2-carb
oxylic acid (10ma).

Ethyl acetate/petroleum ether = 1:3 as the eluent; Yellow solid,

87% vyield (68.1 mg), mp 145-147 °C; 'H NMR (500 MHz,
CO,Et

[\
HOOC™ *y (d, J = 7.6 Hz, 1H), 7.03 (s, 1H), 6.99 (d, J = 7.7 Hz, 1H), 6.96

|
B

" (d, J = 7.3 Hz, 2H), 5.65 (s, 2H), 3.98 (q, J = 7.1 Hz, 2H), 2.48

(s, 3H), 2.28 (s, 3H), 2.25 (s, 3H), 0.91 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz,

CDCls) 9 7.28 (t, J = 7.3 Hz, 2H), 7.23 (t, J = 7.3 Hz, 1H), 7.10

CDCls) ¢ 165.0, 164.2, 142.2, 137.2, 136.0, 135.57, 135.55, 132.6, 131.0, 128.9,
128.8 (2C), 127.4, 127.2, 126.2 (2C), 118.8, 114.4, 59.7, 48.8, 19.9, 19.7, 13.7, 11.9;
HRMS (ESI-TOF) calcd for C24H26NO4 [M + H]* 392.1862, found 392.1855.
1-Benzyl-4-(ethoxycarbonyl)-5-methyl-3-(naphthalen-2-yl)-1H-pyrrole-2-carboxy
lic acid (10na).

C Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
O 85% vyield (70.3 mg), mp 159-161 °C; *H NMR (500 MHz,
CO,Et
R CDCls) 6 7.84 (d, J = 4.6 Hz, 1H), 7.77 (d, J = 6.6 Hz, 2H),
HOOC™ >y

, 7.67(s, 1H), 7.49-7.42 (m, 2H), 7.36 (d, J = 7.6 Hz, 1H),

B
" 7.25-7.14 (m, 3H), 6.90 (d, J = 4.7 Hz, 2H), 5.59 (s, 2H), 3.86

(@, J = 6.9 Hz, 2H), 2.48 (s, 3H), 0.64 (t, J = 6.9 Hz, 3H); 3C NMR (125 MHz,
CDCIs) ¢ 165.0 (2C), 1425, 137.1, 136.0, 133.6, 133.0, 132.6, 128.8 (2C), 128.6,
128.3, 128.1, 127.7, 127.4, 126.5, 126.1 (2C), 125.7, 125.6, 118.9, 114.6, 59.7, 48.7,
13.6, 11.9; HRMS (ESI-TOF) calcd for CasH2sNO4 [M + H]* 414.1705, found
414.1703.
4-(Ethoxycarbonyl)-1-isopropyl-5-methyl-3-phenyl-1H-pyrrole-2-carboxylic acid
(10ab).
Ph CO,Et  Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow oil, 83%

/ N\ yield (52.4 mg): 'H NMR (500 MHz, CDCls) & 7.32-7.26 (m,

PN

HOOC
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3H), 7.20 (d, J = 6.8 Hz, 2H), 5.32 (bs, 1H), 3.93 (g, J = 7.1 Hz, 2H), 2.67 (s, 3H),
1.55 (d, J = 6.9 Hz, 6H), 0.83 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) §
165.3 (2C), 141.0, 136.4, 134.4, 129.8 (2C), 127.3 (2C), 126.8, 120.1, 114.3, 59.6,
49.3, 21.8 (2C), 13.7, 13.5; HRMS (ESI-TOF) calcd for CisH2NOs [M + H]*
316.1549, found 316.1551.
4-(Ethoxycarbonyl)-1-isobutyl-5-methyl-3-phenyl-1H-pyrrole-2-carboxylic  acid
(10ac).
Ph CO,Et Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow oil, 81%
o0 /N\ yield (52.9 mg): *H NMR (500 MHz, CDCls) 6 7.34-7.28 (m,
3H), 7.23-7.20 (m, 2H), 4.17 (bs, 2H), 3.94 (q, J = 7.1 Hz, 2H),
H/ 2.57 (s, 3H), 2.08-1.98 (m, 1H), 0.88 (d, J = 6.8 Hz, 6H), 0.85 (t,
J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) 6 165.2, 164.6, 141.9, 136.2, 135.9,
129.7 (2C), 127.3 (2C), 126.9, 118.7, 113.8, 59.6, 52.1, 30.3, 19.9 (2C), 13.7, 12.3;
HRMS (ESI-TOF) calcd for C19H24NO4 [M + H]* 330.1705, found 330.1689.
1-Butyl-4-(ethoxycarbonyl)-5-methyl-3-phenyl-1H-pyrrole-2-carboxylic acid
(10ad).
Ph COzEt  Ethyl acetate/petroleum ether = 1:8 as the eluent; Brown solid,
HOOC /N\ 86% yield (56.7 mg), mp 71-73 °C; *H NMR (500 MHz, CDCls)
\ 5 7.74 (bs, 1H), 7.32-7.24 (m, 3H), 7.18 (d, J = 6.3 Hz, 2H),
4.27 (t, 3 = 7.2 Hz, 2H), 3.93 (g, J = 7.1 Hz, 2H), 2.57 (s, 3H),
1.69-1.59 (m, 2H), 1.37-1.28 (m, 2H), 0.91 (t, J = 7.3 Hz, 3H), 0.85 (t, J = 7.1 Hz,
3H); 3C NMR (125 MHz, CDCls) § 165.2 (2C), 141.1, 136.3, 135.5, 129.7 (2C),
127.2 (2C), 126.7, 118.8, 113.7, 59.6, 45.5, 33.0, 20.0, 13.8, 13.7, 11.7; HRMS (ESI-
TOF) calcd for C19H24NO4 [M + H]*™ 330.1705, found 330.1706.
4-(Ethoxycarbonyl)-1-hexyl-5-methyl-3-phenyl-1H-pyrrole-2-carboxylic acid
Ph CO2Et  (10a¢).

/ \

HOOC™ N Ethyl acetate/petroleum ether = 1:8 as the eluent; Yellow oil, 79%
yield (56.5 mg); *H NMR (500 MHz, CDCl3) 6 7.34-7.29 (m,
3H), 7.24-7.20 (m, 2H), 4.32-4.27 (m, 2H), 3.94 (g, J = 7.1 Hz,
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2H), 2.58 (s, 3H), 1.72-1.65 (m, 2H), 1.35-1.27 (m, 6H), 0.89 (t, J = 6.8 Hz, 3H),
0.85 (t, J = 7.2 Hz, 3H); 3C NMR (125 MHz, CDCls) J 165.1, 164.1, 141.4, 136.1,
135.7, 129.8 (2C), 127.4 (2C), 127.0, 118.2, 113.8, 59.6, 45.8, 31.4, 30.9, 26.5, 22.6,
14.1, 13.7, 11.7; HRMS (ESI-TOF) calcd for C21H2sNO4 [M + H]* 358.2018, found
358.2019.
4-(Ethoxycarbonyl)-1-(4-methoxybenzyl)-5-methyl-3-phenyl-1H-pyrrole-2-carbo
xylic acid (10af).

Ph COqEt Ethyl acetate/petroleum ether = 1:2 as the eluent; White

HoocL N\ solid, 91% yield (71.6 mg), mp 135-137 °C; 'H NMR (500

K©\ MHz, CDCls) & 7.33-7.26 (m, 3H), 7.24-7.18 (m, 2H),
o~ 689 (d, J =85 Hz, 2H), 6.80 (d, J = 8.5 Hz, 2H), 5.54 (s,
2H), 3.94 (g, J = 7.2 Hz, 2H), 3.76 (s, 3H), 2.50 (s, 3H), 0.85 (t, J = 7.1 Hz, 3H); *C
NMR (125 MHz, CDCIs) ¢ 165.3, 165.0, 158.8, 142.2, 136.1, 136.0, 129.7 (2C),
129.2, 127.5 (2C), 127.2 (2C), 126.8, 118.7, 114.3, 114.2 (2C), 59.7, 55.4, 48.2, 13.6,
11.9; HRMS (ESI-TOF) calcd for C23sH24NOs [M + H]* 394.1654, found 394.1651.
1-(4-Chlorobenzyl)-4-(ethoxycarbonyl)-5-methyl-3-phenyl-1H-pyrrole-2-carboxy
lic acid (10ag).

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

Hooc. N\ solid, 90% yield (71.6 mg), mp 153-155 °C; 'H NMR (500

k©\ MHz, CDCls) 6 7.34-7.28 (m, 3H), 7.24 (d, J = 8.3 Hz, 2H),
o 7-22-7.17 (m, 2H), 6.86 (d, J = 8.2 Hz, 2H), 5.55 (s, 2H),
3.94 (q, J = 7.2 Hz, 2H), 2.48 (s, 3H), 0.85 (t, J = 7.2 Hz, 3H); 1*C NMR (125 MHz,
CDCl3) ¢ 165.2, 164.9, 142.2, 136.3, 135.8, 135.7, 133.2, 129.7 (2C), 129.0 (2C),
127.5 (2C), 127.3 (2C), 126.9, 118.6, 114.6, 59.8, 48.2, 13.6, 11.8; HRMS (ESI-TOF)
calcd for C22H21**CINO4 [M + H]* 398.1159, found 398.1164.

4-(Ethoxycarbonyl)-1-(3-fluorobenzyl)-5-methyl-3-phenyl-1H-pyrrole-2-carboxyl
ic acid (10ah).
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Ph CO,Et

HoOC /N\ 849% vield (64.1 mg), mp 138-140 °C; 'H NMR (500 MHz,

K©/F CDCl3) § 7.26-7.11 (m, 6H), 6.90 (t, J = 8.0 Hz, 1H), 6.69 (d,
J=7.1Hz, 1H), 6.60 (d, J = 8.9 Hz, 1H), 5.52 (s, 2H), 3.95

(@, J = 7.1 Hz, 2H), 2.47 (s, 3H), 0.86 (t, J = 7.0 Hz, 3H); *C NMR (125 MHz,

Ethyl acetate/petroleum ether = 1:3 as the eluent; White solid,

CDCls) 6 165.2, 165.0, 163.2 (d, J = 246.5 Hz), 141.6, 140.0 (d, J = 6.9 Hz), 136.1,
135.4, 130.4 (d, J = 8.2 Hz), 129.7 (2C), 127.2 (2C), 126.8, 121.7 (d, J = 2.3 Hz),
119.7, 114.32 (d, J = 21.1 Hz), 114.27, 113.1 (d, J = 22.2 Hz), 59.7, 48.2, 13.7, 11.8;
9 NMR (471 MHz, CDCl3) & -112.34 (s, 1F); HRMS (ESI-TOF) calcd for
C22H21FNO4 [M + H]* 382.1455, found 382.1453.

1-(2-Chlorobenzyl)-4-(ethoxycarbonyl)-5-methyl-3-phenyl-1H-pyrrole-2-carboxy

lic acid (10ai).
Ph CO,Et Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
HOOC /N\ 89% vyield (70.8 mg), mp 178-180 °C; 'H NMR (500 MHz,

\:© CDCl3) 6 7.36 (d, J = 7.8 Hz, 1H), 7.34-7.28 (m, 3H), 7.25—
- 7.21 (m, 2H), 7.18 (t, J = 7.3 Hz, 1H), 7.13 (t, J = 7.4 Hz, 1H),
6.41 (d, J = 7.5 Hz, 1H), 5.67 (s, 2H), 3.96 (g, J = 7.1 Hz, 2H), 2.43 (s, 3H), 0.87 (t, J
= 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) ¢ 164.9, 164.6, 142.4, 136.3, 135.7,
135.0, 131.9, 129.7 (2C), 129.5, 128.5, 127.4, 127.3 (2C), 127.1, 126.4, 118.9, 114.6,
59.8, 46.8, 13.7, 11.6; HRMS (ESI-TOF) calcd for C22H21*°CINO4 [M + H]* 398.1159,
found 398.11609.
4-(Ethoxycarbonyl)-5-methyl-1-phenethyl-3-phenyl-1H-pyrrole-2-carboxylic
acid (10aj).
Ph CO,Et Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
HOOCJI& 81% vyield (61.1 mg), mp 170-172 °C; *H NMR (500 MHz,
k/F’h CDCl3) § 7.38-7.31 (m, 3H), 7.29-7.21 (m, 5H), 7.12-7.07 (m,
2H), 4.47 (t, J = 7.7 Hz, 2H), 3.94 (g, J = 7.1 Hz, 2H), 2.98 (t, J
= 7.7 Hz, 2H), 2.44 (s, 3H), 0.85 (t, J = 7.1 Hz, 3H); 13C NMR (125 MHz, CDCls) 6
165.6, 165.0, 141.7, 138.0, 136.5, 136.2, 129.7 (2C), 129.0 (2C), 128.8 (2C), 127.2
(2C), 126.9, 126.8, 118.1, 114.0, 59.6, 47.5, 37.4, 13.6, 11.5; HRMS (ESI-TOF) calcd
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for C23H24NO4 [M + H]* 378.1705, found 378.1701.
4-(Ethoxycarbonyl)-5-methyl-1,3-diphenyl-1H-pyrrole-2-carboxylic acid (10ak).
Ph co,Et Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
I\ 83% yield (58.0 mg), mp 142-144 °C; 'H NMR (500 MHz,

HOOC T
P

) CDCl3) § 7.45-7.38 (m, 3H), 7.34-7.28 (m, 3H), 7.26 (d, J =
6.9 Hz, 2H), 7.20-7.12 (m, 2H), 3.98 (q, J = 7.1 Hz, 2H), 2.26
(s, 3H), 0.89 (t, J = 7.1 Hz, 3H); 13C NMR (125 MHz, CDCls) & 165.0, 163.7, 142.3,
138.5, 135.3, 135.2, 129.8 (2C), 129.1 (2C), 128.7, 127.7 (2C), 127.3 (2C), 127.0,
120.5, 114.2, 59.8, 13.7, 12.8; HRMS (ESI-TOF) calcd for C21H20NO4 [M + H]*
350.1392, found 350.1399.
1-Benzyl-4-(ethoxycarbonyl)-5-ethyl-3-phenyl-1H-pyrrole-2-carboxylic acid
(10al).
Ph co,et Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
/ \ 90% vyield (67.9 mg), mp 144-146 °C; 'H NMR (500 MHz,

HOOC
CDCls) 6 7.35-7.19 (m, 8H), 6.92 (d, J = 7.4 Hz, 2H), 5.63 (s,

n—=2

2H), 3.96 (q, J = 7.1 Hz, 2H), 2.94 (q, J = 7.4 Hz, 2H), 1.12 (t, J
= 7.4 Hz, 3H), 0.88 (t, J = 7.1 Hz, 3H); 3C NMR (125 MHz, CDCls) § 164.69,
164.66, 147.9, 137.7, 136.3, 135.9, 129.7 (2C), 128.8 (2C), 127.4, 127.3 (2C), 127.0,
125.9 (2C), 118.6, 113.6, 59.7, 48.5, 19.1, 13.9, 13.7; HRMS (ESI-TOF) calcd for
C2sH24NO4 [M + H]* 378.1705, found 378.1712.
1-Benzyl-4-(ethoxycarbonyl)-3,5-diphenyl-1H-pyrrole-2-carboxylic acid (10am).
Ph COzEt  Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
HOOC 4 N\ pn  89% yield (75.7 mg), mp 163-165 °C; H NMR (500 MHz,
& CDCl3) & 7.43-7.27 (m, 9H), 7.26-7.22 (m, 1H), 7.18-7.12 (m,
3H), 6.79-6.72 (m, 2H), 5.38 (s, 2H), 3.80 (g, J = 7.1 Hz, 2H), 0.68 (t, J = 7.1 Hz,
3H); 13C NMR (125 MHz, CDCls) 6 164.8, 164.1, 144.0, 138.2, 135.4, 135.3, 131.1,
130.4 (2C), 130.0 (2C), 129.1, 128.5 (2C), 128.2 (2C), 127.4 (2C), 127.2 (2C), 126.1
(2C), 120.2, 115.4, 59.7, 49.8, 13.4; HRMS (ESI-TOF) calcd for C27H24NO4 [M + H]*
426.1705, found 426.1705.
1-Benzyl-4-(ethoxycarbonyl)-5-(4-methoxyphenyl)-3-phenyl-1H-pyrrole-2-carbo
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xylic acid (10an).

Ph CO,Et Ethyl acetate/petroleum ether = 1:2 as the eluent; White

ooe-L ) solid, 72% yield (65.6 mg), mp 143-145 °C: 'H NMR
N /

. O (500 MHz, CDCls) 6 7.25 (s, 5H), 7.207.04 (m, 5H),

6.88 (d, J = 8.1 Hz, 2H), 6.74 (s, 2H), 5.34 (s, 2H), 3.82(q, J = 6.9 Hz, 2H), 3.81 (s,
3H), 0.72 (t, J = 6.9 Hz, 3H); 1*C NMR (125 MHz, CDCls) 6 165.2, 164.4, 160.1,
143.6, 138.5, 135.6, 134.8, 131.8 (2C), 130.0 (2C), 128.5 (2C), 127.3 (2C), 127.1,
127.0, 126.1 (2C), 123.1, 120.6, 115.3, 113.6 (2C), 59.7, 55.4, 49.6, 13.5; HRMS
(ESI-TOF) calcd for C2sH26NOs [M + H]* 456.1811, found 456.1814.
1-Benzyl-4-(methoxycarbonyl)-5-methyl-3-phenyl-1H-pyrrole-2-carboxylic acid
(10a0).
Ph co,Me Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
/ \ 85% vyield (59.4 mg), mp 145-147 °C; 'H NMR (500 MHz,

HOOC
I CDCls) § 7.34-7.25 (m, 5H), 7.25-7.20 (m, 3H), 6.93 (d, J =

Bn

7.4 Hz, 2H), 5.62 (s, 2H), 3.48 (s, 3H), 2.47 (s, 3H); 13C NMR
(125 MHz, CDCls) 6 165.3, 165.1, 142.3, 137.1, 136.3, 135.6, 129.7 (2C), 128.8 (2C),
127.4,127.3 (2C), 127.0, 126.1 (2C), 118.9, 114.1, 50.9, 48.8, 12.0; HRMS (ESI-TOF)
calcd for C21H20NO4 [M + H]* 350.1392, found 350.1401.

1-Benzyl-4-(isopropoxycarbonyl)-5-methyl-3-phenyl-1H-pyrrole-2-carboxylic

acid (10ap).
Ph CO,Pr  Ethyl acetate/petroleum ether = 1:4 as the eluent; White solid,
Hoocl:g\ 87% vyield (65.7 mg), mp 155-157 °C; *H NMR (500 MHz,
L CDCl3) 6 7.34-7.26 (m, 5H), 7.25-7.20 (m, 3H), 6.96 (d, J =

7.3 Hz, 2H), 5.63 (s, 2H), 4.90-4.82 (m, 1H), 2.49 (s, 3H), 0.89 (d, J = 6.3 Hz, 6H);
13C NMR (125 MHz, CDCl3) 6 165.0, 164.5, 142.3, 137.2, 136.14, 136.08, 129.8 (2C),
128.8 (2C), 127.4, 127.3 (2C), 126.9, 126.2 (2C), 118.7, 114.8, 67.1, 48.7, 21.5 (2C),
11.8; HRMS (ESI-TOF) calcd for C23H24NO4 [M + H]* 378.1705, found 378.1711.
1-Benzyl-4-(isobutoxycarbonyl)-5-methyl-3-phenyl-1H-pyrrole-2-carboxylic acid
(10aq).
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Ph co,Bu Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow solid,
o0 /N\ 91% vyield (71.2 mg), mp 149-151 °C; 'H NMR (500 MHz,
N CDCl3) 6 7.97 (bs, 1H), 7.31-7.15 (m, 8H), 6.92 (d, J = 6.6 Hz,

2H), 5.56 (s, 2H), 3.71 (d, J = 6.5 Hz, 2H), 2.49 (s, 3H), 1.54—
1.43 (m, 1H), 0.62 (d, J = 6.7 Hz, 6H); 13C NMR (125 MHz, CDCls) § 165.3 (2C),
142.2, 137.2, 136.1, 135.6, 129.7 (2C), 128.8 (2C), 127.3 (3C), 126.9, 126.1 (2C),
119.5, 114.1, 70.5, 48.7, 27.5, 19.2 (2C), 12.0; HRMS (ESI-TOF) calcd for
C24H2sNO4 [M + H]* 392.1862, found 392.1859.
1-Benzyl-4-(tert-butoxycarbonyl)-5-methyl-3-phenyl-1H-pyrrole-2-carboxylic
acid (10ar).

Ph co,Bu Ethyl acetate/petroleum ether = 1:4 as the eluent; Yellow solid,
OO0 /N\ 90% vyield (70.5 mg), mp 169-171 °C; 'H NMR (500 MHz,
N CDCl3) 6 7.32-7.23 (m, 5H), 7.22 (d, J = 7.4 Hz, 1H), 7.19 (d,

J=6.8 Hz, 2H), 6.93 (d, J = 7.3 Hz, 2H), 5.57 (s, 2H), 2.46 (s,
3H), 1.13 (s, 9H); *C NMR (125 MHz, CDCls) 6 165.2, 164.6, 141.8, 137.3, 136.5,
135.5, 129.8 (2C), 128.8 (2C), 127.35 (2C), 127.32, 126.7, 126.2 (2C), 118.8, 115.9,
80.2, 48.7, 27.8 (3C), 11.7; HRMS (ESI-TOF) calcd for CasHasNOs [M + H]*

392.1862, found 392.1866.
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4.4 L& 9pa BB B ITETEIR

AT EY) 9pa W T & P HEAIE ORISR, EARIERET
B R, 52N HEH K 9pa P dh. B)E, fERL&H CCD TR
MEEATHHAL (Bruker APEX-1D A B CuKa 4855 (L = 1.54178 A),
£ 10.78 < 20 < 136.204° (I3 Vi [l N 3RAT 7 AH SR B & X-S AT o 2 8in 3k 4-5
Fi7R. 4 SHELXT Structure Solution 254 I AMEAHAL % 5 SHELXL ¥ 468k A1
(K185 /N ZRVEAEAT AL G4 Opa (AL, hARZE M0 T I 4-1 FToR .

K] 4-1 9pa H AT A

Table 4-5. Crystal data and structure refinement for 9pa

Identification code 9pa

Empirical formula C25H26N204
Formula weight 418.48
Temperature/K 293.15

Crystal system triclinic

Space group P-1

alA 8.8339 (2)
b/A 10.3135 (3)
c/A 13.3200 (4)
o/° 80.3640 (10)
/e 78.4260 (10)
v/° 70.9200 (10)
Volume/A3 1116.76 (5)

z 2

Pealcg/cm® 1.244

w/mm? 0.685

F(000) 444.0

Crystal size/mm? 0.3 x0.2 x0.1
Radiation CuKa (A =1.54178)

20 range for data collection/® 10.78 to 136.204
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Index ranges -10<h<10,-12<k<12,-16<1<15
Reflections collected 27170

Independent reflections 3938 [Rint = 0.0367, Rsigma = 0.0336]
Data/restraints/parameters 3938/35/282

Goodness-of-fit on F? 1.087

Final R indexes [[>=2c ()] R1=0.0692, wR> = 0.1965

Final R indexes [all data] R1 = 0.0696, wR> = 0.1968

Largest diff. peak/hole / e A’ 0.76/-0.24

4.5 1L &Y 10ga BB R IT5T R

HHT, BT G B R B R0 & W 35000 1 LR B AT T 45 MR AIE
NT B RIRA TG, AT EY) 10ga T &R e AE T
REEA, AR TERZEE R, 93805 HaZ W 10ga B .
B)5, fERC#A CCD [ 4M 85 A7 41 (Bruker APEX-I1) b A Al A7 28 5t
MoK #8455 (A =10.71073 A), 7E 4.264 < 20 < 55.12° (R34 30 B I 3845 7 A 60
il X HHERATE S B 4-6 Fias. 4 SHELXT Structure Solution F2 5 i AfiE
FALES SHELXL RSAGE AR iR/ —TiE T AL &) 10ga 1IRZY, dhiks
4 & 4-2 Fizs

4-2 10ga H B AT5H K

Thale 4-6. Crystal data and structure refinement for 10ga

Identification code CCDC 2336966
Empirical formula C23H22NO4
Formula weight 376.41
Temperature [K] 293.15

Crystal system triclinic

Space group P-1

a[A] 9.1097 (18)

b [A] 10.3069 (19)
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c[A] 11.4146 (19)

a[°] 93.450 (6)

B[°] 93.450 (6)

v [°] 93.450 (6)

Volume [A%] 984.5 (3)

z 2

pealc [gcm ] 1.270

u [mm] 0.087

F(000) 398.0

Crystal size [mm?] 0.4>0.4>0.2

Radiation MoK, (A=0.71073 A)

20 range [°] 4.264 10 55.12

Index ranges -11<h<11,-13<k<13,-14<1<14
Reflections collected 41200

Independent reflections 4544 [Rint = 0.1353, Rsigma = 0.0655]
Data / Restraints / Parameters 4544/12/260
Goodness-of-fit on F? 1.021

Final R indexes [I>20(1)] R1 =0.0813, wR> = 0.1897
Final R indexes [all data] R1=0.1436, wR2 = 0.2293
Largest peak/hole [eA ] 0.37/-0.24

4.6 R MZHIEIRR

4.6.1 749 9 R NANIRAYRR 5T

BT ARG AT TAE, BATAMATEERE 8a 5 B-MfiEs 2a (¥
o, e HL T ATRERI SOM ML (Scheme 4-4). BTSRRI SIEMER 1a 5 p-J
Jcig 2a 22 [6) AR T B SR N BRUSREAS BN 7) A, 5 TR pa AR NIS 225
B-Iffilis B B R I EE H BEATRIUR, 1320 (afk B, BfJ5 e UEme AL Ar
B o-C XU BT SR BUG AL, WO ARV A T U8 25, RA&q5 3
SrIEME R EIR I A S ) 9aa.

HN
8a O
+ - = CO,Et COZEt
Bn Michael 2 < CO2Et
SNH O addition

N~ NoEt 9aa
2a

H

Scheme 4-4 Plausible mechanism for the reaction
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4.6.2 =4 10 & AR SR

; O Bn Ph.  CO,Et
o Ph Bn\ CuCly, (NH4)28208‘ 0 N | . m
\ — e |
N /\/CO £t MeCN, bal-miling N Hooc—Xy
? 30 Hz, 10 min CO,Et |
Ph L
% 2a E 10aa

Scheme 4-5 Experimental investigation of HRMS

£ 1a (0.2 mmol), 2a (0.24 mmol), CuCly (20 mol%), (NH4)2S:0s (0.16
mmol), 5 MeCN (30 pL) WREM SN ATEMNER (H12 6 mm) —iEiA
AR (5 mL) o K RNEESS S MR S5 d [ E 4 Retsch
MMA400 #ig B I IRa0 8 |, fE=IE N BL 1800 %% /708t (30 Hz) MIEAHTEE 10
Jr%h (Scheme 4-5). )5, HEIZE HRMS i rmeRiE& (& 4-3).

13

240128-18-xh-1 10 (0.072) 1. TOF MS ES+
100- 4271635 803
O Bn
N ——
N~
CO,Et
Ph
E
4301675
u\'—;
425 2045 4281582
425 1800
4212015422218 4231937 45 4589 425.12091 4260761 42710083 o 20,481 183 4324721
(i \‘lelln N I RN | R N 1YY I j P S an I T .\‘\ T T ER TR
422 423 424 425 426 427 428 429 430 431 432

HRMS (ESI-TOF) calcd for C22H24N204Na [M + Na]* 427.1634, found 427.1635.
K] 4-3 HiE)4E E ) HRMS 45

EERFY 10 25, BATIE Tz R NV BT TR 7. JATLL
8a Al 2a WIS MNAEN VAR, Xof HFE AT B IS IR SL 00 . [a) SO HR s e
MER B R ER R IR EALY) (TEMPO), 159RLL 85%H = 0 B 15
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FMAEY) 10aa. BRICZ AL, S—FhE ARSI 2,6- AT HX Il (BHT)
IR INEAS =4 10aa Ff) 7= 280 T . IX AN S SRR B AN K AT REVS K& H EH
He 7 SRR
HATLL 8a 1 2a &k 10aa J9fil, HRIEEHIE (HRMS) 133145 R

(K 4-3) BT AN NHLE (Scheme 4-6). 4], 8a Ml 2a K AEIA 7w /KN
FRS L, T AR LRI R R TR R A BEJS B-Js s A Beh A USR5 Cu(ll)
Fehr e ARG, 724 Cu(lNZS &b iaik C, JFRH 1 181 HCl. A5,
C RN TFHII SN2 IR CEEER) m HLFXF Cu(I)BsEAZIEED FEERIR Cu(ll)
WAEWIFEfE D, FHEREG 14980 HCL. &5, iRk D BT IR JE R A
TERME AR SN, 75 3 SRR — S PRl E IR Cu(0). Cu(0)
TEIL BRBR B AN ATR BT HCI IOAEAE PR UL 3] CuCl LASE BRI . 55
HiE A B RAEFFI S MR BRI 1 2457 MeCN J5 45 2174 10aa.

O Bn\
O N= By HOOC ¢ |
N= \
)\/002'Et CO,Et
Ph
8a 2a 10aa
l 2304 S,042", 2CI 'V'eCN
Bn
Hlll O Bn
OH | CUC|2
(0]
N\\ CO,Et “co
Ph
A
(detected by HRMS)
Bn

0O

CICu N Cu N
(OH
CO,Et
Ph COEt

Scheme 4-6 Plausible mechanism for the reaction
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4.7 KRENEE

AR () TAE BRI T AN S VE M 5 B-Jes e B 70 BR B 4% 1 R b
JRNEe BT Se i Ar TR RN, 3 I 0 i R 1 S B AR PR R A B T IR
VB P W I R M A S0 A & ) LS AT AR R S BSR4, Al R 1 M
AR REEER . 1.2 MEMmIEES. 1.2 921 NIS A1 DMSO (30 pL) fEEREE T
B30 mins 1 4 EAEAREEREER ., 1.2 4 EEEEE. 20 mol%H) CuClz. 0.8
4B 1) (NH4)2S208 FT MeCN (30 pl) ZEBREE N KB 30 min. @i HfEm:, &
TITLA 78-919% 1= & i, 24 A~ S WEME ISR IRk &4, Lh 73%-92%[1 7= % 4
i 32 MR AN . ERBFIINERA RBLE R KR JEES . &
NPT FE . JRVEEE T R PR R AT, S S e R R A
S AT AR AL T — R RR R . (EA R, BRATER S EEE— B
FH B O (IR AL,/ TF 3R 55 R Ak S5 DL SR g, 77 4 SIS ) 22 B A L0 5 A 3R
WAV R
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1458

KRR FEER T I o f- NI S B-J L s MR PR R B, 7E
Bt 2 A AR AER T, GBS R SN . AR PR IR ML
YIS, TN

(1) BEFT T AENURAIE B S5 A T AN [ e AR e B P AR (R R A AN AN 2 B
ZIRYE BMEIEERM R S, FENERRKTAEMELZIRYE B-M LN EER
BELEAE R I BRI E S B (Scheme 5-1). FRAITE Jeiar 1AL B, il
Aok 7 346 KB 1) R S R e 24 o8 T I PR S S LG BRAB IR A A S R L L
MR T AR AL S N AT, R e 1 BEAMME 2R, 1.2 3
BIAMEEE. 1.2 480 NIS 1 DMF (30 puL) FEEREES: R /M 30 min; 1 4&E
AR 2R, 1.2 YEEKEE. 148K DBDMH. 1 45 PPhs 1 CH:Br,
(30 uL) ZEEREE RAFEE 30 min. LA 73-92%1 7= A M 24 /N2 L2 FRIZIA K
LAY, L 58-80% M= KA M 24 AN ZRRIE AL A, 1%
PN R EL L Z RIS G S IR T — Bl i 4%

H
N
NIS (1.2 eq.) SN—C R2
DMF O=N\—«
ball-milling ” O “CoR?
30 Hz, 30 min R
3
24 examples
o)
=< j§_\ N COZR3 73-92% yeild
2
DBDMH (1.0 eq.) R
PPh; (1.0 eq.) SN—ON Br
1 2 o< K |
CHzBrz /N 0 3
ball-milling i COzR
30 Hz, 30 min

4

24 examples
58-80% yeild

Scheme 5-1 Synthesis of compound 3 and 4

(2) WH7E 1 e AR R B AR S -4 Rl P e IR S B, e A T
T AR R AR BRI S, I 07 8 KR ) S N 2% A B 4B E 1 3
FEVE A B A QAR MR — SR A & ) B I AR T R — S L A 5 P ) B L 261
ol R 1 HEMAEN. 2 ZEMKEE. 20 mol% i 1 Al 2 HEN
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FeCls-6H20 /£ DCE #F 80 °C Jx . 16 h; 1 &R, 1.2 M EMFMEE. 1.2
&) NIS. 0.5 24 &) FeCls Al CH2Br, (30 pL) FEEREE T N 70 min. LL 75—
2% F G Rt 21 MR A EIR = SRS, IFLL 89-92%[H /7 A
Gt 24 AR AR B % — S %4k 54 (Scheme 5-2). %A K H G N

A EEIA L SR T — Mo T
I, (20 mol%) o -

FeCly6H,0 (2.0 eq.) @5/ O ]
)
CO,R?

DCE, 80°C, 16 h
R1
2
R%< 6

NH

— *t 21 examples
R® P

s R R“J\/CO2 75-92% yeild

5 2 2
NIS (1.2 eq.) OR: A
FeCl; (0.5eq.) s NoR
KT

y

CH,Br,, 100 °C
ball-milling R CO,R3
30 Hz, 70 min 7

24 examples
78-92% yeild

Scheme 5-2 Synthesis of compound 6 and compound 7

(3) FERFTL T AN FEVEMERER 5 B-J i B TEBR S S5 A T A B SR

A8 0 DK 2 P S S A B 4 B . T U R A S e A A T R AR 3045 5 ) 5 e
TR RN ZEAE, AR 1 AR TR 1.2 M5 B-MfikhE. 1.2
HEH) NIS 1 DMSO (30 uL) FEEKEE T N 30 min; 1 5 AU SRR |
1.2 45 B-J %S 20 mol%Ff) CuCly. 0.8 24 ff(NH4)2S20s AT MeCN (30 uL)
FERREE T B 30 mino T ERRIIEIAL I B, BL 78-91%I1 ™ 384 i 27 /NI
IS MR AR R AL &P . PR BRI 57 M AL S B2 L 73%-92% 7™
KT 32 MHEEILEY) (Scheme 5-3). LA E&RT REA MR, R
BLA S IRV AR B S SR i, ) FE S5 R R AR T3 4 5 i v
TTEPRAE T — PRI, k. SREIRESE.

127



I o, B- AN LA IR B 55 4 11 ) I35 PR A SR BRI 9T FoNE diigERY

)
NIS (12eq) O™
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—_ NH
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8 2 (NH,);S204 (0.8 €q.) l_g\
MeCN 5
ball-milling HOOC $ R
30 Hz, 30 min R3
10
31 examples
73-92% yeild
Scheme 5-3 Synthesis of compound 9 and compound 10
5.2 RE
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DI A JUMEIAE S & R OT 1, BARIR A L R T R DL IR
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FERAT 2 5 il MR R — St AL S iR rh, SR REL 7 I R 5 )
HIFE R, 3K RIS FAT5 PR AT T MR Ko JATARH = 5 W e
25 0 B i A SN S 2 DAL /T34 57 R 1 5 S22 R 2 F e s ST 224 o
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Figure S1. 'H NMR (500 MHz, CDCIs) of compound 3aa
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Figure S5. 'H NMR (500 MHz, CDCls) of compound 3fa
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Figure S16. 13C NMR (125 MHz, CDCIl3) of compound 4ca
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Figure S24. 13C NMR (125 MHz, CDCls) of compound 4ad
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Figure S27. 'H NMR (500 MHz, CDCl3) of compound 6ea

99.¥'8l—
er0s e

90pT Lr—

L08E'25—
S89%'85—

0091 LL

Nmom.mhv
apL¥LL

0658624
mgwnhw)
5650821
thm.mw%
LZ6z)
Lops el
sorbSEL T
£L09GELY)
95LLLEL
2096'0F1
£95PZPL

9LrZe8l~
PESE'LEL

6ea

120

180

=l

50

100
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Figure S29. 'H NMR (500 MHz, CDCIlz3) of compound 6fa
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Figure S30. 13C NMR (125 MHz, CDCls) of compound 6fa
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Figure S31. 'H NMR (500 MHz, CDCls) of compound 6ae

9587 L1~
z8zopLY
B9LT LT~

ZELL'PS—
8epL' 65—

0091 LL

mmom.mhv
LELFLL

9.25'€0l—

peER LRl
EVBLST I
£080°22)
0g58'22)
Proz ez
94858z}

LIOO'LEL—
LL08'0pL

S0LLEYI—

9LrE Yl —

CTLO9 VL —

PEL996)—

=l

50 80

T
100

Figure S32. 13C NMR (125 MHz, CDCls) of compound 6ae
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Figure S33. 'H NMR (500 MHz, CDCl3) of compound 7aa
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Figure S34. 13C NMR (125 MHz, CDCIl3) of compound 7aa
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Figure S35. 'H NMR (500 MHz, CDClz3) of compound 7ja
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Figure S37. 'H NMR (500 MHz, CDCls) of compound 7ac
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Figure S38. 13C NMR (125 MHz, CDCls) of compound 7ac
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Figure S41. 'H NMR (500 MHz, CDCl3) of compound 7ag
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Figure S42. 13C NMR (125 MHz, CDCIls) of compound 7ag
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Figure S43. 'H NMR (500 MHz, CDCl3) of compound 9aa
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Figure S44. 13C NMR (125 MHz, CDCIl3) of compound 9aa
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Figure S46. 13C NMR (125 MHz, CDCIl3) of compound 9ca
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Figure S47. 'H NMR (500 MHz, CDClz3) of compound 9fa
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Figure S48. 13C NMR (125 MHz, CDCIls) of compound 9fa
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Figure S49. 'H NMR (500 MHz, CDCl3) of compound 9ga
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Figure S51. 'H NMR (500 MHz, CDCl3) of compound 9o0a
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Figure S52. 13C NMR (125 MHz, CDCIl3) of compound 9o0a
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Figure S53. 'H NMR (500 MHz, CDCls) of compound 9ac
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Figure S55. 'H NMR (500 MHz, CDCls) of compound 9ae
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Figure S56. 13C NMR (125 MHz, CDCls) of compound 9ae
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Figure S57. 'H NMR (500 MHz, CDCls) of compound 10aa
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Figure S58. 13C NMR (125 MHz, CDCls) of compound 10aa
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Figure S59. 'H NMR (500 MHz, CDClz3) of compound 10ca
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Figure S61. 'H NMR (500 MHz, CDCls) of compound 10fa
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Figure S62. 13C NMR (125 MHz, CDCIls) of compound 10fa
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Figure S64. 'H NMR (500 MHz, CDCl3) of compound 10af
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Figure S66. 'H NMR (500 MHz, CDClz3) of compound 10ah
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Figure S67. 13C NMR (125 MHz, CDCIls) of compound 10ah
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