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1. Introduction total synthesis of (+)-perophoramidine.Recently, Wang
achieved the total synthesis of (+)-perophoramidirging a
nickel(ll)-catalyzed asymmetric alkylation reactnTrost
utilized a molyndenum-catalyzed asymmetric allgikylation to
crate (-)-perophoramidinfe.

Recently, Morita—Baylis—Hillman (MBH) reaction has
emerged as a very versatile tool to deliver muiifional
compounds.Toward a unique synthetic strategy distinct from th

In 2002, Ireland and co-workers reported the isoatof
perophoramidine from the Philippine ascidian organi
Perophoranamei, and this architecturally intriguimgtural
product possesses cytotoxicity toward HCT116 colagicama
cells (IG, = 60 uM).! With use of multidimensional NMR
techniques, the striking molecular structure ofopéoramidine

is characterized by its complex densely functiaealihexacyclic reported strategies, we envisioned our efforts tosvatie

system with two crucial vicinal all-carbon quaternary gynihesis of perophoramidine core structure viaeg KMBH
stereocenters, the skeletal connectivity of whictelated to the  (aaction as the starting response, which might cocistthe

Penicillium derived communesin alkaloids (Figure 1) pivotal quaternary center at the first step.

H NH;
Perophoramine A B
4
Perophoramine Communesins A-D & E-H NC— rN 0
Figure 1. Structures of Perophoramidine and Communesins - gOOMe - OH
By virtue of the appealing biological activities dan N o

N
H
challenging structures, perophoramidine has attidaah attention E

D Cc
of synthetic organic chemists in recent yedrghe first total o
synthesis of £)-perophoramidine was reported by Funk, which HO, ) coome _MBH
employed hetero Diels—Alder reaction as a key StRainier o E— N °
developed a new spiro cyclization reaction to gemera N H
(+)-dehaloperophoramidirfe. Subsequently, the asymmetric E

biomimetic Diels—Alder reaction has been used by Qirfirst Figure 2. Retrosynthetic synthesis of Perophoramidine
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As depicted in Figure 2, we expected that the targeTable 1.

perophoramidine could be synthesized from the azmepound
A via formation of the A ring. The compourdl could be
generated from spiro lactam intermedi@teia arylation reaction
and condensation. Reductive cyclization of aldehgoepound
D could deliver the lactam compou@ The requisite aldehyde
compound D could be obtained from the isatirvia
Morita-Baylis-Hillman reaction.

2. Results and discussion

o 1. NaH, CHjl 1. Boc,O, DMAP
DMF, 0 °C -r.t COOMe DCM, -10°C
N 2. H,CCHCO,Me 2. CNCHCOOEH,
H DABCO, THF DABCO
rt, 38 h, 1 toluene, r.t, 1h

88% (2 steps) 84% (2 steps)

COOMe
NC— DMSO/H,0
2 >cooMe —_(10:1)
0 reflux
N\ 30h, 85%

Scheme 1Synthesis of cyano compouBdria MBH reaction

Firstly, we set out to investigate whether the keagrimediate
quaternary carbon compoudcould be built via MBH reaction
(Scheme 1). It was found that MBH reaction as a meansd
really proceed well to afford the tertiary alcoh@l from
commercially available isatin, which then followed Boc
protection and nucleophilic elimination reaction owding
product2. Subsequenthy? went through decarboxylation to give
the desired quaternary center intermedtatdt is worth noting
that the nitrogen in isatin had to be protectedt fiwith methyl
group, otherwise key intermedia@ecan’t be obtained.

A
NC— -
%A coom ZMgBr, cucl NC—, DCM/MeOH (3:2)
o M ary THE, -78 G gOOMe 0,,-78°C
N 1.5h, 80% N then Me,S, -78 °C - .t
\ \ 12h, 82%
3 4
NC— o NC—
cooMe NaBHs, MeOH NaBH,, CoCl,
e 0°C-r.t OO MeOH, 0 °C - 60 °C
5h, 80% N 10 h, 89%
\
5 6
/},
; TN
= \____- / Q
4N
N S
/‘-...( f o=t

Scheme 2Synthesis of the spiro-fused oxoindofin

As we expected, 1,4-addition 8fworked smoothly with vinyl
Grignard reagent under the established reaction ittoms)
generating terminal alkenyl in 80% vyield. After oxidation of

alkenyl group by @ and then reduction in the presence of

The exploration of arylation reaction to fogh

H
N—° N0
( OH
OH (
conditions il A
0 — X 0
N N
\
\
7 8
Entry Aryl halide Base Ligand Solvent Result
1 2-iodoaniline KHMDS - THF  Mes8
2 2-iodoaniline LIHMDS  dppf  THF  Mes8
3 1-bromo-2-iodobenzene ~ KHMDS MeCN Mes8
4 1-bromo-2-iodobenzene  LIHMDS  dppf MeCN Mess

2 All reaction conditions unless otherwise specifi€il mmol of7, 0.15
mmol of aryl halide, 0.3 mmol of base, 5 mol % af(é#ba), 0.2 mmol of
ZnCl, 1 mL of solvent, reflux, 36 h, under argon atniese.

PAryl halide was homocoupling antivas decomposed.

With 7 in hand, we next examined the construction of the D
ring. To achieve this goal, we settled upon variangation
reactions to establish the second quaternary cadsrier:
Unfortunately, the approaches using 2-iodoaniline
1-bromo-2-iodobenzene as the source of aromaticpgravere all
failed (Table 1).

In view of above result, we decided to change thgetaand
keep on studying the analogue of perophoramidineesin.
Therefore, we then speculated to build the secoratequary
center via allylation reactions (Scheme 3). To sunprise, only
benzoyl chloride as a protecting agent could ptotiee amide,
giving the Bz protection of the lactan® together with
O-protection product9’ in good vyield' Allylation of Bz
protection produc® gave a single alkylation produt® and less
amount of10’. The desired oxidation produti was performed
through ozonation sequence from alkenyl compadlthd

or

N_° on
( BzCl, DMAP
EtsN, CH;CN
O Arrt-70°C
N 10h

O og;

H,CCHCH,!
t-BuOK,18-Crown-6
THF, r.t
10h

10' (15%)

DCM/MeOH(3:2)
0,3, -78 °C
then Me2S
-78°C-r.t
12h, 82%

NaBH;,, the resultant alcohol underwent intramolecularrest gcheme 3Synthesis of the spiro compoutti

exchange to yield lactone compouédwhich was subjected to
reduction and subsequent amine ester exchange lteerde
important spiro-fused oxoindolin7, whose structure was
established by X-ray analysis (Schemé®2).



Table 2.
The exploration of aromatization reaction to fa8m
Bz Bz
N— N_ P
( OH N (
i conditions
\ 7 > iy
o © o

N

\ N

1 12
Entry Amine Acid Base Reductive agent Desiccant gem Solvent Result

/°C

1 H.NMe TsOH - NaBH, - 0-30 Toluene Decomposed
2 BnNH, Ti(OiPr), - NaBH, MgSQy 30 THF Decomposed
3 BnNH, NaBH(OAc}; - NaBH,; - 0-30 CHCI, Decomposed
4 BnNH, TsOH - NaBH,; - 0-120 Toluene Decomposed
5 NH3 AcOH - NaBH,; MgSQy 0-75 THF Decomposed
6 H,N-Boc TsOH - NaCNBF; - 0-110 THF Decomposed
7 BnNH, - - NaBHsCN - 30-70 AcOH Decomposed
8 NH4OAc - E&N Al,Tes - 50 THF/HO Trace
9 BnNH, AcOH - Pd/H - 100 THF Trace
10 HN-OH - EN LAH MgSO, 0-75 THF Decomposed
11 HN-OH - NaOF - - 30 THF Trace
12 HN-OH - NaOH (40% ac - - 30 MeOH Trace
13 HN-OH - NaHCGC; - - 30 EtOH/HO (1:1) Trace
14 HN-OH - Na,CO; - - 30 THF/HO (1:1) Trace
15 HN-OH - AcONa - - 80 EtOH Trace
16 HN-OH - Py - - 30 THF/HO (3:2) Trace

2All reaction conditions unless otherwise specifiéd: mmol of11, 0.15 mmol of amine, 0.15 mmol of acid, 0.2 mmiobase, 0.5-0.7 mmol of reductive agent,
0.12 mmol of desiccant, 1 mL of solvent, 12 h.

At this stage, we tried to convert the aldehyde grimip an Y, )
amine, and further synthesizing the D rindgdowever, after a lot < OH
of experiments, we couldn’t get the desired amingtediuct12 CONHMe
(Table 2). Unfortunately, these conditions were asoworking

to obtain hydroxylamine produs. {'
H O conditions o
HoNMe (in MeOH) ( OH N N‘Rz
MeOH, CONHCH; {
”*10"'% N © 17R'=H, R2=Me
\ 18R'=Bz, R?=H
Bz‘ o BZN o 15
(N OHNIS, MeOH ( OH
N KeCOs, r.t COOMe
o O dark,25h 0 Entry SubstrateReductive agentewis acid Solvent Temp.  Result
N 80% N Bz /°C
\ NP
1 14 ( OH 1 15 LAH - THF  25-75 Decomposed
\ CONH, 2 15 AlH 3-Me;NEt - THF 0-75 Decomposed
MeOH, NH; (aq.) o 3 15 NaBH, CoCh MeOH 0-75 Decomposed
rt,1.5h, 75% N\ 4 16 LAH - THF  25-75 Decomposed
16 5 16 AlH 3-Me;NEt - THF 0-75 Decomposed
6 16 NaBH; CoCh MeOH 0-75 Decomposed

Scheme 4Synthesis of amide compountfsand16 2All reaction conditions unless otherwise specifiedt mmol of15 or 16,

After that, we wanted to convert the aldehyde grouphto 0.5-1 mmol of reductive agent, 0.12 mmol of Lewdtdal mL of solvent, 12
amide and then to synthesize the D ring by usingzheu’s h.
conditions™” In this instance, on exposure to potassium catBona 3. Conclusions
and NIS, aldehydell underwent oxidation to furnish
esterification product4, which could be involved in the similar In summary, we have developed an efficient approach
amine ester exchange process to lead the amideigisdd and  construct system with two quaternary centers of the
16 (Scheme 4). Worthy of note, however, is the failof@mide  perophoramidine core skeleton via Morita-Baylis-iiin (MBH)
15 or 16 to form ring-closed produdt7 under the conditions on reaction as the key step. Further application @ firocess is
Table 3, probably due to the carbonyl groups aftitlesl5and  under investigation.
16 don’t have enough reactive.

4. Experimental section
Table 3.

Studies on construction of the D ring 4.1. General



Solvents and reagents were purified by standard adsth
Thin-layer chromatography was performed on EM 256sKlgel
60 F254 silica gel plates. The spots were visuallzgdtaining
with KMnO, or under a UV lamp. 1H arfdC NMR spectra were
recorded with a spectrometer operating at 400 or 62 for
proton and carbon nuclei, respectively. High-resolutmass
spectra (HRMS) was obtained using positive electeyspr
ionization by the TOF method.

4.2. (R)-methyl2-(3-hydroxy-1-methyl-2-oxoindolin-3yl)
acrylate (1)

Isatin (10 g, 68.0 mmol) was dissolved in DMF (100)rahd

4
chromatography eluting with petroleum and ethyl aieet5:1)

to afford compound® (6.5 g, 85 %) as a light red solitH NMR
(600 MHz, CDC)): & 7.31-7.28 (m, 1H), 7.20-7.17 (m, 1H),
7.02-7.00 (m, 1H), 6.87 (d,= 7.8 Hz, 1H), 6.54 (s, 1H), 6.02 (s,
1H), 3.52 (s, 3H), 3.23 (s, 3H), 3.09-3.06 (m, 1H)822776 (m,
1H) ppm;**C NMR (100 MHz, CDGJ)): 5 175.3, 164.8, 144.0,
137.3,129.8, 128.7, 128.2, 123.3, 123.1, 115.8,91(%2.4, 51.5,
26.8, 24.8 ppm. ESI HRMS calcd for,,N,0Os+H 271.1004,
found 271.1011.

4.5 methyl2-(3-(cyanomethyl)-1-methyl-2-oxoindolirB-yl)
pent-4-enoate (4)

cooled to 0°C in an ice bath. Sodium hydride (60% wt, 3.3 g,To a solution of3 (8 g, 29.6 mmol) in dry THF (100 mL) at -78

81.6 mmol) was added and the solution was stirred 1for
minutes before addition of methyl iodide (4.7 m@,.83 mmol).
The resulting solution was stirred at this tempegatfor 20
minutes and quenched with water and extracted timress twith
EtOAc. The combined organic layers were dried oveiusod
sulfate and concentrated, and then red solid wasirgat. To a
solution of the above red solid in methyl acrylét@0 mL) was
added triethylenediamine (4.4 g, 20.0 mmol). Thiitsm was
stirred for 38 h at room temperature and then wastigdwater,
extracted with EtOAc twice and dried over sodium salfand
concentrated under reduced pressure. The residupusified by
silica gel column chromatography eluting with pettoh and
ethyl acetate (2:1) to give the titled compoun@.4.8 g, 88%) as
a yellow solid."H NMR (400 MHz, CDCJ): § 7.29-7.25 (m, 1H),
7.11 (d,J = 8 Hz, 1H), 6.99-6.96 (m, 1H), 6.81 (M= 8 Hz, 1H),

°C under argon atmosphere, vinyl magnesium brormotigisn

(2 M in THF, 32.6 mL, 32.6 mmol) was added in a dvige
manner over 10 minutes. After 1.5 h, the reactiontuné was
quenched with a saturated aqueous ,GlHsolution and the
aqueous layer was extracted with EtOAc twice, dried over
sodium sulfate and concentrated under reduced ypees3he
residue was purified by silica gel column chromaapdry eluting
with petroleum and ethyl acetate (7:1) to afford poomd4 (7.1

g, 80%) as a light yellow solidH NMR (600 MHz, CDCJ): &
7.39-7.36 (m, 1H), 7.30-7.29 (m, 1H), 7.14-7.11 (nH),1
6.91-6.90 (m, 1H), 5.68-5.61 (m, 1H), 4.98-4.95 (it),23.66 (s,
3H), 3.32-3.29 (m, 1H), 3.23 (s, 3H), 2.92-2.86 (m, ,1H)
2.88-2.86 (m, 1H), 2.42-2.33 (m, 2H) ppiC NMR (100 MHz,
CDCly): 6 175.1, 171.5, 143.5, 134.3, 129.9, 128.0, 12328,4],
117.6, 116.2, 108.9, 51.9, 49.7, 49.5, 30.7, 28361 ppm. ESI

6.48 (d,J = 20 Hz, 2H), 4.70 (s, 1H), 3.54 (s, 3H), 3.17 (s, 3H)HRMS calcd for GH;gN,Oy+H 299.1317, found 299.1391.

ppm; **C NMR (100 MHz, CDG)): § 176.5, 165.1, 144.5, 139.2,
130.1, 129.6, 127.9, 123.7, 123.0, 108.6, 76.2),526.4 ppm.
ESI HRMS calcd for GH,,NO,+H 248.0923, found 248.0912.

4.3 Methyl2-((S)-3-((R)-1-cyano-2-ethoxy-2-oxoeth)l -
methyl-2-oxoindolin-3-yl) acrylate (2)

4.6 methyl2-(3-(cyanomethyl)-1-methyl-2-oxoindolir8-yl)-4-
oxobutanoate (5)

A solution of 4 (10.0 g, 33.6 mmol) in Ci€l, (60 mL) and
MeOH (40 mL) was cooled to —7&. Ozone was then bubbled
through the solution for 1.5 h when it became yellamd the

To a solution ofL (10 g, 40.5 mmol) and di-t-Butyl decarbonate flow of ozone was stopped. To the above solution vwided

(10.6 g, 48.6 mmol) in Cil, (100 mL), 4-dimethylamino
pyridine (98.8 mg, 0.8 mmol) was added. The solutives

dimethyl sulfide (2.9 mL, 40.3 mmol) at -7&. After being
stirred at this temperature for 15 minutes, thecttea mixture

stirred for 9 h at -10C and then washed with water, extractedwas warmed to room temperature, stirred for an atiti12 h,

with CH,Cl, twice and dried over
concentrated under reduced pressure. The residupusified by
silica gel column chromatography eluting with petoh
andethyl acetate (6:1) to afford a yellow solid. &@olution of
the above solid in methylbenzene (100 mL), ethymacetate
(4.6 mL, 42.7 mmol) and triethylenediamine (783 n¥56
mmol) were added at room temperature. After 1 h rélaetion
mixture was washed with water, extracted with EtOAc twicd
dried over sodium sulfate and concentrated undeiuced
pressure. The residue was purified by silica gelurol
chromatography eluting with petroleum and ethyl aiee(5:1) to
afford compound (11.6 g, 84 %) as a light red solftH NMR
(600 MHz, CDCJ): 6 7.53 (d,J = 7.2 Hz, 1H), 7.32-7.30 (m,
1H), 7.07-7.04 (m, 1H), 6.82 (d,= 7.8 Hz, 1H), 6.25 (s, 1H),
5.57 (s, 1H), 5.35 (s, 1H), 3.97-3.92 (m, 2H), 3.723@), 3.16
(s, 3H), 0.99-0.97 (m, 3H) ppmC NMR (100 MHz, CDG)): &
173.2, 166.0, 163.2, 144.0, 136.4, 130.1, 129.5.6,2124.9,
123.2, 114.8, 108.9, 62.9, 55.3, 52.5, 42.6, 26386 ppm. ESI
HRMS calcd for GgH1gN,Os+H 342.1216, found 343.1310.

4.4 methyl2-(3-(cyanomethyl)-1-methyl-2-oxoindolirB-yl)
acrylate (3)

A solution of2 (9 g, 26.3 mmol) in dimethyl sulfoxide (90 mL)
and water (9 mL) was heated to 126 for 30 h. Then the

sodium sulfate and and concentrated under reduced pressure. The eesidhs

purified by silica gel chromatography eluting witbtleum and
ethyl acetate (2:1) to givé (8.3 g, 82%) as a yellow solidH
NMR (600 MHz, CDC)): & 9.57 (s, 1H), 7.40-7.38 (m, 1H),
7.35-7.34 (m, 1H), 7.15-7.13 (m, 1H), 6.94-6.92 (iM),13.73 (s,
3H), 3.57-3.56 (m, 1H), 3.26-3.24 (m, 4H), 2.89-2.8Q @H),
2.28-2.25 (m, 1H) ppm-*C NMR (100 MHz, CDGJ)): 5 198.3,
1745, 170.4, 143.3, 130.2, 127.7, 123.7, 123.%.111109.2,
52.6, 49.3, 42.9, 40.7, 26.6, 24.3 ppm. ESI HRMS:ctcdbr
C16H16N204+H 301.1110, found 301.1188.

4.7 2-(1-methyl-2-ox0-3-(2-oxotetrahydrofuran-3-yl) indolin
-3-yl) acetonitrile (6)

To a solution o6 (9 g, 30.0 mmol) in MeOH (100 mL) at°@
was added sodium borohydride (8.0 g, 210.0 mmol) @&
minutes. After being stirred for 5 h at room tempena the
reaction mixture was diluted with EtOAc, quenched with a
saturated NECI solution in an ice bath. The aqueous layer was
extracted with EtOAc twice. The combined organic layeese
washed with a saturated NaCl solution, dried over usodi
sulfate, and concentrated under reduced pressine.rdsidue
was purified by silica gel chromatography elutinghapietroleum
and ethyl acetate (2:1) to gi%e(6.9 g, 80%) as a white solitH
NMR (600 MHz, CDC)): 5 7.44-7.43 (m, 1H), 7.35-7.33 (m,

mixture was extracted with EtOAc twice, washed with waterlH), 7.10-7.08 (m, 1H), 6.88-6.87 (m, 1H), 4.23-4.48 (H),

twice, dried over sodium sulfate and concentratedeuneduced
pressure. The residue was purified by silica gelurol

4.12-4.08 (m, 1H), 3.33-3.30 (m, 1H), 3.27-3.24 (i),13.21 (s,
3H), 2.79-2.76 (m, 1H), 2.27-2.21 (m, 1H), 1.94-1.87, (H)



ppm;¥*C NMR (100 MHz, CDG)): § 174.9, 174.2, 143.7, 130.1,

127.5, 123.6 (dJ = 14.8 Hz, 1H), 116.2, 109.2, 65.9, 48.7, 43.6,

26.7, 25.1, 24.0 ppm. ESI HRMS calcd fors,N,Os+H
271.1004, found 271.0744.

4.8 3'-(2-hydroxyethyl)-1-methylspiro[indoline-3,4*
piperidine]-2,2'- dione (7)

To a solution of6 (8.1 g, 30.0 mmol) and Cobaltous chloride
(55% wt, 10.7 g, 45 mmol) in MeOH (100 mL) at°C was
added sodium borohydride (1.7 g, 45. 0 mmol) ov@®n®nutes.
After being stirred for 10 h at 6TC, the reaction mixture was
concentrated under reduced pressure. The residupusified by
silica gel chromatography eluting with @El, andMeOH (20:1)

to give 7 (7.3 g, 89%) as a white solidH NMR (600 MHz,

CDCly): § 7.36-7.33 (m, 1H), 7.21-7.19 (m, 1H), 7.15-7.12 (m,

1H), 6.89-6.88 (m, 1H), 6.22 (s, 1H), 5.03-5.01 (m, ,1H)
4.01-3.96 (m, 1H), 3.63-3.58 (m, 1H), 3.38-3.30 (i), 2.23 (s,
3H), 2.80-2.78 (m, 1H), 2.33-2.27 (m, 1H), 1.92-1.8% @H),
0.94-0.91 (m, 1H) ppn?C NMR (100 MHz, CDCJ): § 176.4,
174.2, 143.4, 131.3, 128.9, 123.2, 122.1, 108.4,60.6, 46.8,
37.9, 30.8, 29.1, 26.2 ppm. ESI HRMS calcd feiHgsN,O5+H
275.1317, found 275.1425.

4.91'-benzoyl-3'-(2-hydroxyethyl)-1-methylspiro[indbline-3,4'
-piperidine]-2,2'-dione (9)

To a solution of lactam7 (8.0 g, 29.2 mmol),
4-dimethylaminopyridine (356.2 mg, 2.9 mmol) and
triethylamine (5.3 mL, 38.0 mmol) in MeCN (100 mLhder
nitrogen was added benzoyl chloride (1.7 g, 45.0 Hhioner 10
minutes. And the resulting mixture solution was striat room
temperature for 1.5 h and then at 7Q overnight. After
completion of the reaction, water (30 mL) was addecme
portion and the reaction mixture was stirred at’@0for 1 h to
hydrolyze excess B®. The residue mixture was cooled to
temperature, and then diluted with saturated Nakl@&tracted
with EtOAc twice, dried over sodium sulfate and coneeed
under reduced pressure. The residue was purifiedilica gel
column chromatography eluting with petroleum/ethgetate
(1:2) to afford compoun® (7.2 g, 65%) as a white solidH
NMR (400 MHz, CDC)): & 7.92-7.90 (m, 2H), 7.57-7.54 (m,
1H), 7.48-7.41 (m, 2H), 7.29-7.25 (m, 1H), 7.08-7.67, (H),
6.88-6.85 (m, 2H), 5.97 (s, 1H), 4.42-4.36 (m, 1H3444.29 (m,
1H), 3.99-3.92 (m, 1H), 3.36-3.34 (m, 1H), 3.23 (4),3.88 (s,
1H), 2.34-2.26 (m, 1H), 2.22-2.14 (m, 1H), 1.89 (d&; 12 Hz,
1H), 1.19-1.15 (m, 1H) ppm;C NMR (100 MHz, CDCJ)): &
176.6, 172.7, 166.1, 143.2, 132.8, 131.5, 130.4.6,2128.7,
128.2,123.0, 122.2, 108.4, 64.6, 50.3, 42.6, 319, 26.4, 26.2
ppm. ESI HRMS calcd for £H,,N,O+H 379.1580, found
379.1666.

4.102-(1'-benzoyl-1-methyl-2,2'-dioxospiro[indoline3,4'-piper
idin] -3"-yl)ethyl benzoate ( 9)

'H NMR (400 MHz, CDCJ): & 7.91 (d,J = 5.2 Hz, 2H), 7.77 (d,
J=5.2 Hz, 2H), 7.59-7.57 (m, 1H), 7.51-7.49 (m, 1H¥677.42
(m, 4H), 7.33-7.30 (m, 1H), 7.15 (d,= 4.8 Hz, 1H), 6.95-6.93
(m, 1H), 6.89 (dJ = 5.2 Hz, 1H), 4.42-4.37 (m, 1H), 4.25-4.21
(m, 2H), 3.94-3.90 (m, 1H), 3.25 (s, 3H), 3.13Jd 6 Hz, 1H),
2.43-2.38 (m, 1H), 2.26-2.22 (m, 1H), 2.13-2.08 (nt{),1
1.11-1.06 (m, 1H) ppm-°C NMR (100 MHz, CDGJ)): 5 177.0,
173.5, 173.2, 166.1, 143.4, 135.8, 132.9, 131.4,.413130.1,
129.5, 129.0, 128.3, 128.2, 128.1, 123.2, 122.8,61(63.7, 50.9,

5
4.10 3'-allyl-1'-benzoyl-3'-(2-hydroxyethyl)-1-mettylspiro
[indoline-3,4'"-piperidine]-2,2'-dione (10)

To a solution of9 (3.0 g, 7.8 mmol), Potassium tert-butoxidein
(1.4 g, 12.0 mmol) and 18-Crown-6 (1.1 g, 4.0 mnlJHF (40
mL) at 50°C was added allyl bromide (1.0 mL, 11.7 mmol) in a
dropwise manner over 5 minutes. The reaction mixtwes
stirred overnight and extracted with EtOAc twice, driekr
sodium sulfate and concentrated under reduced ypees3he
residue was purified by silica gel column chromaapdwy eluting
with petroleum and ethyl acetate (1:1) to afford poomd 10
(1.8 g, 55 %) as a white solid NMR (400 MHz, CDC)): &
8.06-8.04 (m, 2H), 7.55-7.51 (m, 1H), 7.45-7.41 (nH),2
7.36-7.33 (m, 1H), 7.10-7.06 (m, 2H), 6.93-6.91 (nt),1
5.97-5.87 (m, 1H), 5.31-5.28 (m, 2H), 4.38-4.36 (nt{),2
4.25-4.20 (m, 1H), 4.12-4.06 (m, 1H), 3.56-3.52 (#),Z.25 (s,
3H), 3.17-3.15 (m, 1H), 2.50-2.42 (m, 1H), 2.00-1.82 @H),
1.75-1.71 (m, 1H), 1.09-1.02 (m, 1H) ppHC NMR (100 MHz,
CDCly): 6 177.8, 170.5, 166.4, 143.5, 132.7, 132.3, 12238,9,
128.8, 128.2, 124.1, 122.9, 118.6, 108.7, 64.2),549.8, 43.5,
425, 31.2, 27.5, 26.5 ppm. ESI HRMS calcd fegHz¢N,O,+H
419.1893, found 419.1981.

4.123'-(2-(allyloxy)ethyl)-1'-benzoyl-1-methylspirdindoline-3,
4'-piperidine]-2,2'-dione (10)

'H NMR (400 MHz, CDC)): & 7.90 (d,J = 7.6 Hz, 2H),
7.57-7.53 (m, 1H), 7.44-7.40 (m, 2H), 7.28-7.24 (i),17.05 (d,
J=7.2 Hz, 1H), 6.86-6.82 (m, 2H), 5.94-5.84 (m, 1H}5B5.31
(m, 1H), 5.25-5.23 (m, 1H), 4.46-4.41 (m, 1H), 4.38%4(m,
1H), 4.20-4.15 (m, 1H), 4.08-4.03 (m, 1H), 3.93-3.86 @H),
3.30-3.22 (m, 4H), 2.92-2.91 (m, 1H), 2.35-2.28 (nH),1
2.21-2.13 (m, 1H), 1.91-1.88 (m, 1H), 1.18-1.11 (H) ppm;
%C NMR (100 MHz, CDGJ): § 176.6, 170.2, 166.0, 143.1, 132.7,
132.6, 131.5, 129.5, 128.6, 128.1, 122.9, 122.7,.3,1108.3,
64.7, 50.6, 50.0, 43.0, 42.7, 31.3, 27.0, 26.1 pR®&L. HRMS
calcd for GsHpeN,O,+H 419.1871, found 419.1906.

4.112-(1'-benzoyl-3'-(2-hydroxyethyl)-1-methyl-2,2dioxospir
o[indoline-3,4'-piperidine]-3'-yl) acetaldehyde (1)

A solution of10 (1.26 g, 3 mmol) in CKCl, (15 mL) and MeOH
(20 ml) was cooled to —78C. Ozone was then bubbled through
the solution for 0.5 h, when the mixture becameoyeland the
flow of ozone was stopped. To the above solution wided
dimethyl sulfide (0.3 mL, 4.1 mmol) at —-78. After being
stirred at this temperature for 10 minutes, thecttea mixture
was warmed to room temperature, stirred for an adtditi12 h,
and concentrated under reduced pressure. The eesihs
purified by silica gel chromatography eluting witbtleum and
ethyl acetate (2:1) to givél (1.0 g, 82%) as a yellow solidH
NMR (600 MHz, CDC)): & 9.73 (s, 1H), 8.06-8.04 (m, 2H),
7.68-7.67 (m, 1H), 7.54-7.52 (m, 1H), 7.44-7.42 (nH),2
7.38-7.36 (m, 1H), 7.19-7.17 (m, 1H), 6.94-6.92 (nH),1
4.81-4.78 (m, 1H), 4.34-4.32 (m, 2H), 3.98-3.95 (nH),1
3.79-3.76 (m, 1H), 3.51-3.50 (m, 1H), 3.26-3.21 (nH),4
2.56-2.51 (m, 1H), 1.98-1.93 (m, 1H), 1.79-1.77 (nH),1
1.10-1.05 (m, 1H) ppm~C NMR (100 MHz, CDGJ)): 5 196.3,
177.6, 171.6, 166.4, 143.4, 132.7, 130.4, 129.28.9, 128.5,
128.3, 124.9, 123.3, 108.6, 64.0, 57.9, 51.3, 4820, 31.2,
27.5, 26.6 ppm. ESI HRMS calcd fop8,,N,Os+H 421.1719,
found 421.1696.

4.12methyl2-(1'-benzoyl-3'-(2-hydroxyethyl)-1-meth§2,2'-di

455, 409, 32.4, 26.3, 25.2 ppm. ESI HRMS calcd foroxospiro[indoline-3,4'-piperidin]-3'-yl) acetate (14)

CasH2eNO4+H 483.1920, found 483.1932.

To a solution ofll (0.8 g, 1.9 mmol) in MeOH (25 mL) was
added N-lodosuccinimide (1.1 g, 4.8 mmol) aniC®; (662 mg,
4.8 mmol). The reaction mixture was stirred at rdemperature



for 2.5 h, at which TLC analysis indicated complet@sumption

of starting material. The saturated,N#;solution was added to

destroy any remaining N-lodosuccinimide or hypdiedipecies.
The resultant mixture was extracted with EtOAc twicdedir
over sodium sulfate and concentrated under redipcedsure.
The residue was purified by silica gel column chrgeaphy
eluting with petroleum and ethyl acetate (1:1) tdoraf
compound14 (684 mg, 80%) as a white solitH NMR (400

MHz, CDCL): 5 8.05-8.03 (m, 2H), 7.73-7.71 (m, 1H), 7.54-7.50

(m, 1H), 7.44-7.40 (m, 2H), 7.37-7.33 (m, 1H), 7.1847(m,
1H), 6.93-6.91 (m, 1H), 4.75-4.70 (m, 1H), 4.36-4.82 QH),
3.89-3.85 (m, 1H), 3.82 (s, 3H), 3.77-3.73 (m, 1H3333.51 (m,

1H), 3.25 (s, 3H), 3.22-3.19 (m, 1H), 2.73-2.71 (m, ,1H)

2.55-2.49 (m, 1H), 2.00-1.93 (m, 1H), 1.78-1.75 (nH),1
1.10-1.04 (m, 1H) ppm-C NMR (100 MHz, CDGJ)): 5 177.7,
171.7, 169.7, 166.4, 143.3, 132.7, 130.5, 129.8.812128.6,
128.2, 125.0, 123.3, 108.6, 64.1, 52.3, 51.4, 499, 42.1,
31.1, 29.6, 27.5, 26.5 ppm. ESI HRMS calcd fagHzN,Og+H
451.1824, found 451.1915.

4.132-(3'-(2-hydroxyethyl)-1-methyl-2,2'-dioxospirgindoline-
3,4'-piperidin]-3'-yl)-N-methylacetamide (15)

To a solution ofl4 (135 mg, 0.3 mmol) in 5 mL MeOH was
added MeNH (2.5 mL, 30% in MeOH) at room temperature, and

the mixture was then stirred overnight. After evatiora the
residue was directly applied to silica gel columnochatography
eluting with CHCI, and MeOH (20:1) to afford compouridb
(72.4 mg, 70%) as a yellow solitH NMR (400 MHz, CDC)): &
7.52-7.50 (m, 1H), 7.30-7.27 (m, 1H), 7.11-7.07 (nH),2
6.88-6.86 (m, 1H), 4.64 (s, 1H), 4.24-4.21 (m, 1H9533.91 (m,

1H), 3.83-3.67 (m, 2H), 3.56-3.46 (m, 3H), 3.19 (s, ,3H)

2.98-2.96 (m, 1H), 2.78-2.77 (m, 3H), 2.38-3.31 (nh),1
1.79-1.74 (m, 2H), 1.65-1.56 (m, 1H), 0.94-0.94 (H) ppm:;

®C NMR (100 MHz, CDCJ)): 5 177.9, 172.9, 168.8, 143.1,

128.9, 128.4, 124.9, 123.4, 108.6, 67.9, 61.8, 54662, 45.3,

30.9, 30.0, 26.5, 26.2, 25.6 ppm. ESI HRMS calcd for

CigH23N30,+H 346.1722, found 346.1706.

4.142-(1'-benzoyl-3'-(2-hydroxyethyl)-1-methyl-2,2dioxospir
o[indoline-3,4'-piperidin]-3'-yl) acetamide (16)

To a solution ofl4 (100 mg, 0.22 mmol) in 5 mL MeOH was
added NHH,O (2 mL, 35% in HO) at room temperature, and

the mixture was then stirred for 1.5 h. After evapiora the
residue was directly applied to silica gel columnochatography
eluting with CHCI, and MeOH (20:1) to afford compourid

(72 mg, 75%) as a yellow solid NMR (600 MHz, CDC)): &

8.04-8.03 (m, 2H), 7.55-7.52 (m, 1H), 7.50-7.48 (nH),1
7.44-7.41 (m, 2H), 7.36-7.34 (m, 1H), 7.14-7.11 (nH),1
6.93-6.92 (m, 1H), 6.50 (s, 1H), 5.57 (s, 1H), 4.394m, 3H),
3.98-3.96 (m, 1H), 3.86-3.82 (m, 1H), 3.65-3.61 (ir),13.25 (s,
3H), 3.15-3.13 (m, 1H), 2.48-2.43 (m, 1H), 1.98-1.88 (H),

1.86-1.82 (m, 1H), 1.22-1.16 (m, 1H) ppHC NMR (100 MHz,
CDCly): 4 177.6, 175.1, 171.8, 170.8, 166.4, 143.2, 13230,3],
129.6, 128.9, 128.4, 128.2, 124.8, 123.2, 108.6),6M.4, 51.1,

46.2, 424, 30.5, 27.6, 26.5ppm. ESI HRMS calcd for

C,4H»sN505+H 436.1828, found 436.1831.
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