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Ac

ag.

Ar
t-Bu
Bn
Boc
conc.
DAG
DHAP
DHN
DIBAL-H
DMAP
DMF
DMP
DMSO
ECso
ELISA
ent

Et
FT-IR
GSH
HbAlc
ICso
iNOS
Me
HRMS
mp
MS
NF-xB
NMO

A SR THOW BN DIKEERFLIE T (T 7 7 X MIE)

acetyl

aqueous

aryl

tert-butyl

benzyl

tert-butoxycarbonyl

concentrated

diacylglycerol

dihydroxyacetone phosphate
1,4-dihydroxynonene
diisobutylaluminium hydride

4-(N, N-dimethyamino)pyridine

N, N-dimethylformamide
Dess-Martin periodinane
dimethylsulfoxide

half maximal effective concentration
enzyme-linked immune sorbent assay
enantiomer

ethyl

fourier transform infrared spectroscopy
glutathione

hemoglobin Alc

half maximal inhibitory concentration
inducible nitric oxide synthase
methyl

high resolution mass spectrometry
melting point

mass spectrometry

nuclear factor kB

N-methylmorpholine N-oxide
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NO
NOE
PCC
PKC
Ph
PLC
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ROS
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TBAF
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TLC
TMS
TMP
TNF-a
Ts

nuclear magnetic resonance
nitric oxide

nuclear Overhauser effect
pyridinium chlorochromate
protein kinase C

phenyl

phospholipase C

pyridine

quantitative

radical oxygen species
room temperature

saturated
tetrabutylammonium fluoride
tert-butyldiphenylsilyl
tert-butyldimethylsilyl
trifluoroacetic acid
tetrahydrofuran

thin layer chromatography
trimethylsilyl
2,2,6,6-tetramethylpiperidine
tumor necrosis factor a

p-toluenesulfonyl
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AR D = F L X =R NGRSy & L THEBE T 2 BT S A RN+ D —
DOTHD, ZORFEOHFHTYH 7N a— A IMOIEE ZHERFT 5 72 DI HED 51
ELTHLNTWD, —F, v /) —ARH T 7 h—RAZIZLO LT HHPEND
RSN DBESIT Y NV BEORE L AR AR L, MRk o0 A1
, RO BT 72 EREx BB 24 - TV D, 20K 9 ICHHIRR#E 2 A HE
RAEHT L0, O EFRREHEEN LD D 2 L3k~ KB DOFIEICD
RND,

B A B E I IR B OMREE & L TIBRIEN X T b b, HERBEOH T
HEDK 90%%E HH D 2 BIBERFIL, A A Y ARUESCA VAU D53
TR EORBERTIHRETH D, VA L b7 — L LIREN S HRIFIL, Th
FARIZEC B S o 72 BRIER 2R S0, BHICH T2 % @ BRIk RE D1 3
REPHEITARE S 4D BERPERIFIESOHEIC SRR’ D Z &b, MU MpE
a2y b= VBT ZEPPEIRFBIRREICB W TTIEETH S, L LR D, i
lzipE= > b e — & LT HE AR 82 X0 BERIFMEAS OHE 2 380E L
TLEI T —ADDY, BATHERFES IHEREEN DR WBIEICB W T,
SHRB 2B ORI EERHRETH D, —F, HERBFIRERICBS VT
a2 ERBIFICES S IRIFEIENFIE L, L4413 dipeptidyl peptidase-IV
(DPP-1V) BHZEHES° Glucagon-like peptide-1 (GLP-1) S BAMEFFK L W olz A 7
LT CBEIE D RN E L, T D OIEFNIHHMEIIN 2, 7L 3 — R REfK
FHNZA VA Y U3t 2 e, RlbEZE Z LIS WA E LTHE
HENTWD, LN LARRG, BEEDEE LTV 2 HERIEOIRFREBERICB )
TiE, BEOFMEM R ECIRFRING 2 AT 5 72 DIZBUE T bR 09I e
RSN TW 5,

T, B UREEHO AN RAENTRR2ITIIH LM SN TRV, ¥
A VA, IS X DIRRGEC S A DA, #5870 EORBIIEICE ST 5 L
bivTWb, ZOREHEOER, EBfICEBEGE L Tns 27 ) avy—8% 9 £<
2 ba— LT EWIE, BRSOy — e LTI TR, ERM
B 72 ERIAV S A A SR S D RN B D,

U bEoE RO &, FEFRITFENHEEEEBEL B L, ERLMEH LD



ELTHIRFCE IR0 FLEMORIR D 20 T2 oo F ORI Z AR L T 5
FIEEMNLT HZ L B E U CHIEZ 20 L 72, 3 — 3 TIIBERIAMES OHE (ff
PR BRI T DAEMEESR TH 5 aldo-keto reductase family 1, member Bl
(AKRIB1) @#IRWFAER OBR%E, 56 5 CIIHEIRIFEOIGEIE TH H GLP-1 (2
BREYT, T L TH TR RWEBICERICEET S 7 avy—Ex
FERY & L7t 2 B L7,

FEAZ DWW TLL T @R 45,
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F—F FERWAKRIBIEFFIFRARZERL=F47 2 FEEED
RS

$£—81 AKRIB1 RUBEKEIZDINT

THED T A T AL A NVOEIT D, FERIFEEDHHE L TV, 2014 FFBI(E
DR OEFREEIL 3 (5 8670 7N, 20-79 ik DA DA HRRIL 8.3%ICE TEL,
FEREMO—RZ Mo TS, FTHLT VT 2L U LT 2 EE T O IME
MIEEHE CTH Y, GHREROHBILIEE TH D,

PFERIFOE DA L S Em MBE R O B RBRMES DHEDORIEIZH D, £
D=, FERFEBE IZB W TTE I = > b e — L2417 5 & RRHZ A OHE
DRIELE THTHZENEHETHD, ZO0MEa L b — OV TTITE, A
VI LFUBEEK L IMFIEN D EAIOBREN AR E L, FELIEH E Tt
Do RETIES 5 —HORERFESIHEIC DWW TEL TR T %,

PFERITES OHEDOH T b MIE, BE, MEEDO 3 SOM/NLEREFIL &
<LV 3 KRAPHEE L CRE SN T\ D, MEFIEY, & pRRREDS 5-10 46t <
Z LT L M EIRIEICAFE T A M/ NIAE DS PAZES D, HDHWITIAT D Z
EC, KRENIZRIZ O N D RN S DB TH D VD, BEIT & MR RE
ICE 0 BHEREREE NS S END L TH U NI R EERIET DIRETH
D, EITT D EBITIEENMIECRD Z LR D O, MREE G [RIBEIC 5O I
RN Z LIk THRPEEL X -THRATHY, BEMRSEE SN
% & NIRRT ESCHE IR B e 8%, KRR AR E S5 & TR U O T
KRNI ENENENRI R END D, BLED I 5 ITHERIEIE S DFERIE D
B, BEYichb2@mmpkEchH bz o> he—n1325 2 ER3E
DHEDFIE, EREHTHZ LI THD ¥, LonLansb, FERFIZAR
JEIRDN D72, HDRBRERENEIT LB TREANERE T 5 7 — A5y 221
o ha— BT TWAICHE b LT, BRFEAGIHEZ S S 247
— 2L H 0, BITHERIVES DHETGRIEDOHBE N EEN TN D,
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FERIFTES OHE DR AT ITFER ST 6T b, £OHF TH AKRIBI (LT
R B4 BEEH STV 5 EC 1. 1. 1. 21, ALR2, AR, aldose reductase) 1B R

JRPES OHE DRIEICIRS BI5-T28 R & U CHRICHER SN TW5b, LATICEEM
ZElik %,
IEH 72 MR AR I Z B\ T, AARNITAFATES D K @ glucose 13 hexokinase |2

FORH D, LoLaend, FERFEZR EDOFERBIZE D @i RE Hi< &

hexokinase (2 & 2 fUHIHERE DS BUFN L, 25-30% D glucose A3UEERRIKIZ X - TR

éﬂé K917 19, Z ORFFREE L polyol #21H & FEIEXH, glucose 7Y AKRIBI
Z LV sorbitol IZZEHL X 41, & 51T sorbitol dehydrogenase (EC 1. 1. 1. 14, SD) |

D fructose (T S DRI ZFE T, Polyol RENIEMH LS D Z LXK D

sorbitol , fructose D FEE, Hilifi%#35 NADPH OERITEE 23, 2BE AR b L A, R{kA

LR, LA R LA, RIEER B LR, RN LR EDERNA LR

ol L, SERNTIES A DHEDIIEIZ- D723 > T < (Figure 1),
H?Dﬂrgh'taﬂmia Cﬂtﬂrﬂ'ﬂﬂﬂ'ﬂﬂ!ﬂ!‘
ﬂ, Osmotic stress sD (AR =AKRIBI)
e
glucose 4 ——- sorbitol ! —> Tructose }
NADPH NADP* NAD* NADH '\\
DHAP
NO ¥ glyceraldehyde-3-P
GSH ¥ methylglyoxal
| DAG
; .
AR | Glycative stress
DHN =—— HMNE = lipid — ROS A l,
l GSH peroxidation
AR Oxidative stress g
GS-DHN — GS-HNE Neuropothy
Nephropathy
l fcell dysfunction Retinopathy
PLC/DAG/PKC fnsufin resistance Atherosclerosis
1 Cordiovascular diseases
NF-kB — = pro-inflammatory cytokines, il e ation 5" o

TNF-z, INOS 4

Figure 1. Role of AR (AKR1B1) in the development of diabetic complications. (J. Med.
Chem. Article ASAP, DOI: 10.1021/jm500907av X V) $k44)
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http://pubs.acs.org/action/showImage?doi=10.1021/jm500907a&iName=master.img-002.jpg&type=master

7€-> T, polyol fREEDHE—BEEONRFIRE L S5 AKRIBl Z[HET 5 Z L3,
Z O FHANLE T 2 ERNG T O AR & I L, O T RIFE S OHETR %
IZORMND EEZHND DY LITFIC, BEFED AKRIB1 BHESR (ARIs : AKRIBI
inhibitors) D% % 7~ 7 (Figure 2) ',

CO,H
S
)\\ ( CO,H
S N
s N""Nco,H ~
Cl (o] Br
) / o OO NVQ/
MeO o F
CF;
Epalrestat Tolrestat Zenarestat
Carboxylic acid

o

Q NH

>—NH o
HN (o] Br

F o /N

= N

o
o F
Sorbinil Ranirestat Quercetin
Cyclic imide Flavonoid

Figure 2. Structures of ARIs.

ARIs|EZ OREER R © epalrestat, tolrestat’s 2T S ND D IVHR BT
JL—=7 sorbinil, ranirestat’g & OEIRA I K7 /V—7 | quercetinlZ TR D 7 7
RNIA RTN—TDFEIZZODITN—TIZHEINTND, ZOXHITHEx E
HEERHIL AN ELS DL SN THDIC L 0b BT, £< ORI,
ERRABRICI W CTRIWEN, BIENEEL L TLE 57— AHIRFE D I23E2 235
BAIRNT =R EORENG Fry 770 FLTWD, BIZIE, VR BT
N—T BT Dzenarestat I EECEEEL SIS L, BRIRAI K7 —7
W23 D sorbinillI 22 72 E OIS RIER & LT BET 2L Z & 2VR
HEEINTWDBEY, BIEARMIZE W TAKRIBIAE|ZJ S & epalrestat (HFJR I M
PP EICHENS) — B OBDBBERAH SN TN D0, KERNGETH D



Z R, BRHIRAIZL VT, B, RBEAT LR EOEANLIREa 7T
AT U APF LR E W o T RERFH EORMBE R R STV 5,

—J7, EIRNICB T DA b L ADTLH#E IR % T RIEMIRBIZ O N D 2
EDMFBAILTNWD D, T, ZORIEMREIZIB VT AKRIBL 2M@FEIFEHL L T
WAHZEDRHBNIRY, ~ T ART v MZBWTTIEH 50, EEIZBEFO
ARIs WIIEMIRB A LET D2 E PRI TN D 1920, = OFFET, ARIs 3
FERISIEA PHED 072 69, A, BUIEE, 77 10— s MhEhiREE(LAE, BIEY ¥
~ T EORIEMREBIREICGISHARETH DL L Z2RBLTWD, - TC, k
W UTZRIER ORIEZIMZ D Z L IXERMBEAROERICEINT 2 Z LIZO720
Zaxs

ZORWERRIEDRK DO E > E LT AKRIBI OFRIEEFHE THDH AKRIAL
(EC 1. 1. 1. 2, ALRI, aldehyde reductase)’) <° & H|ZiT4E, xR TH D
AKRIB10 [AIE S 4L, T DRI T HHENRZEZ DN TND, ED7D,
AKRIAL 72 5 TNZ, AKRIB10 (254 % BHFEAFEH 27~ 97, AKRIBL ~D @ O EFSHE
FLEFEME 2 1595 2 LR K VLo RmWEREICSRRn s L EZ LD,

Z DAKRIAITHAEFE(LFEY) advanced glycation end products (AGEs) D HijER{A
C& % 2-oxoaldehydes, 3-deoxyglucosone, methylglyoxal’s & D& MEE2 /R~ 7 /LT
E ROfEIcEE L TW\Wb, i)y, AKRIBI0IEZ, AKRIAIL & [A] 4 |2 HNE,
glyceraldehyde & W o727 L7 & ROM#RIZEAL L TWAHEERE TH D, 70, KREE
FIFXAKRIB1 & 7 X/ BBELHINT1% B L, I HIZEKEEE RS TEELL T
BY, EOMEMED & SO RIRMELESGT 2 2 LIIF S TlE7e <, AKRIBIH
EFNLIFERFIZAKRIBIOPHEAI & LTHBEREL TLE 5 Z &%, FEEE, A
ZEBHAG 2 IF, AKRIBUTEIRAY 2R HEANC O TOHREFNIEETH - 72,

U bodgzd &1, FHIZAKRIBUSERZME D LA ORI % B #)
ELTHIRICEF LT,
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E-f AKRIB1 ZIRBEZEFDER E T D5EIEETE

EFEHEOLD T NV—TTIL, MY Th D Evodia rutaecarpa (R4 8) ([ZEH
%rhetsinine (Figure 3) 2SAKRIBI1IZ %} Lﬁﬂiﬁfﬁﬁ % 7~ L, sorbitol D HF5E %jtfﬂﬁ%lj‘j‘
HZEEBIZHLNILTNDD, , PRFEAEH O & izl ~ 7
AMHM%M&BN&@%%@%%%@@WL%E&&@mmmm®%m%%
F—T7 L LI HEOEKITETF L,

N N

H O O NHMe

Rhetsinine

Figure 3. Structure of Rhetsinine.

ATET CRETE D ARIs I3AE & R IC L » T3 KRB SN T\ D 2 & idBEIC
WIARTER, EORTHNVR RS A FICHHBLTCEENDIEEL =y FEZEA
THZ L TIEROm EEWFRF LT, 22T, \LAEMADER%1T > 7= (Scheme 1),
SCEREEAI D =852 7 7 b 12 [ Zxf LneatZ:{4: T p-fluorobenzylamine 2 7 7
A h2ak LTI=Dh, 7aERBA T L EZHCCERBI=y NE2E8 AL, KEZIC
KGRI K 0 b EWaZz G LTz,

NaH

F
B p-FCgH,CH,NH, ﬁ BrCH,CO,Me
0 — »
N 220°C DMF
73/

34%

MeOHIH20 (3:1)

Me02C reflux H02C
98%

Scheme 1. Synthesis of 4.

55N EWMADREF L ETEMEIC O W TR 24T - 72 (Table 1), AKRIBLIZ
*4HBHEIEME (ICs0) 1348.6 uM% 7R L, epalrestat & Lk~ % & & OIEMEII )2
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WHEDLIERE TR oTo, £ 2T, IHMEOEMRE AR E LTERD G FT VA U &1T

27,

Table 1. Inhibitory potency and selectivity of tricyclic carboxylic acids for AKR1AI,
AKRI1BI and AKR1BI10.

Compound IC5¢ (uM) selectivity index

AKR1A1 AKR1B1 AKR1B10 (AKR1A1/AKR1B1) (AKR1B10/AKR1B1)

4 ND 48.6 ND - -
Epalrestat 2.6 0.10 0.33 26 3.3

ND: Not determined.

BETF D ARIs D1 % FJE FLE 7 & epalrestat=<Ctolrestat2y 747 X N2 H L
TWeTe, a0 T 7 &7 MMEEE T 47 I G~ & 2T ILE O ETEED
BoNDIOTIERWNEHFFL, 747 I N8O AL & IETERMI 2 Bt L 7=,
Scheme 1 & [Flk, &FfE7 7 % L2b-2r& L, Lawesson’s reagentZ " CF 47
R6b-6rz 1572, MRk~ = > hZE A L8b-8r& Gk L7z, (LE8sIZB L
T A AR TH HBBZ D TEEWTMD A F V=T N L t-T F VT AT
VI RIRFICEINT 5 2 & THRL, (LEW8tIZ >V TIE, [LAWTIOCOTFA,
f5t < MeOHALEE & Z D% DK I EIZ 0 Ak L2 (Scheme 2),
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()]

ArN,CI
e —
2.5% NaOH aq

0°C

:R",R®=H, R2=

2b: R, R%,R3, R4 R°=H

:R",R3, R4, R®=H,R?=F 2r:
:R'", R R5=H,R?=F,R*=CF;

F,R*=

R?
R2
HCI
\ R ——— |
N AcOH  p3 N
reflux H

R4

2q: R', R, R®=H, R*=Ph
R, R®=F,R2=H,R*=

Br,R°=F

2f: R", R%,R%, R®=H, R*=CF,

2g:

2h:R', R, R®=H,R*=

R',R% R% R®=H,R*=Br

Br,R°=F

2i: R\, R%, R4, R5=H,R%=ClI

2j: R", R}, R4, R®=H,R2=CI

2k: R',R%, R4 R%=H, R2=Br
21: R", R}, R4, R®=H, R?=1

2m: R, R%, R4 R% = H, R?= OMe
2n: R, R}, R4, R®=H, R?=-Pr

20:R",R®=

F,R%L, R, R°=H

2p: R",R®=CI,R%, R4 R®=H

NaH

N‘R4 DMF

rt

6b: R, R, R®®=HR*=Bn
:R",R®=H,R?=F,R*=Bn
:R'",R®=H,R?=F, R* = 4-CF;Bn
:R',R®=H, R?=F, R* = 4-Br, 2-FBn
6f: R', R?, R® = H, R* = 4-CF;Bn

6g: R', R?, R® = H, R* = 4-BrBn

6h: R, R% R®=H, R*=4-Br, 2-FBn

6i: R",R2=H,R®*=CI,R*=Bn

6j: R', R®*=H, R?=CI,R*=Bn

6k: R', R®=H, R2=Br,R*=Bn

6l: R, R*=H,R?=1,R*=Bn

6m: R', R®=H, R?= OMe, R*=Bn

én: R, R®*=H, R?=i-Pr,R*=Bn

60: R, R®*=F,R?>=H,R*=Bn

6p: R', R®=CI,R?2=H, R*=Bn

6q: R', R, R®=H, R*=Ph

6r: R', R®=F, R? = H, R* = Phenylethyl

BrCH,CO,t-Bu or g2
BrCH,CO,Me
—_—

R!
reflux
or
|

Phenylethyl

TMSI, CICH,CH,CI

N
R® N ‘R*

J s

RO,C
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7e:R', R®=H, R®=F, R* = 4-Br, 2-FBn, R = t-B
7f: R', R%, R® = H, R* = 4-CF;Bn, R = t-Bu
7g: R', R?, R® = H, R* = 4-BrBn, R = t-Bu
7h: R', R?, R® = H, R* =4-Br, 2-FBn, R = t-Bu
7i: R", R2=H,R®=CI, R* = Bn, R = t-Bu
7j: R, R®=H, R?=CI,R*=Bn, R=t-Bu
7k: R', R®=H, R?=Br, R*=Bn,R=t-Bu
71: R", R®=H,R?=1,R*=Bn,R=Me
7m: R', R® = H, R2= OMe, R* =Bn, R = Me
7n: R', R®=H, R?=j-Pr,R*=Bn, R=t-Bu
70: R, R®*=F,R?=H,R*=Bn,R=t-Bu
7p: R',R®=CI,R2=H, R*=Bn,R = Me
7q: R',R%, R®=H, R*=Ph,R = t-Bu
7r: R', R®=F, R? = H, R* = Phenylethyl, R = Me

LiOH-H,0
MeOH/H,0 (3:1)
reflux

BBr;

m —
CHCI3

rt HOZC

73% 8s

00

Pd(PPh3)4

Et3N
MeOH

MeO,C
: CCQQ
DMF

80°C

81% MeOZC

7t

u

1b:R',R%, R®=H

1c: R, R®=H,R%2=CI
1d: R', R®=H, R2=Br
1e:R',R®=H,R%=1

1f: R",R2=H,R%=ClI
1g: R', R® = H, R2= OMe
1h: R',R®=H, R?=-Pr
1i: R\, R®=F,R?=H

1j: R\, R®=CI,R?=H

Lawesson's reagent

toluene
reflux

HOZC) S

8b: R', R, R®*=HR*=Bn

8c: R, R®=H,R?=F,R*=Bn

8d: R', R®=H, R?=F, R* = 4-CF;Bn
8e: R', R®=H, R2=F, R* = 4-Br, 2-FBn
8f: R', R?, R® = H, R* = 4-CF3;Bn

8g: R', R?, R® = H, R* = 4-BrBn

8h: R, R?, R® = H, R* =4-Br, 2-FBn

8i: R",R2=H,R®*=CI,R*=Bn

8j: R\, R®=H,R?=CI,R*=Bn

8k: R', R®=H,R2=Br,R*=Bn

8l: R\, R®=H,R?=1,R*=Bn

8m: R', R®=H, R?= OMe, R*=Bn

8n: R', R®=H, R?=j-Pr,R*=Bn

80: R, R®=F,R?=H,R*=Bn

8p: R",R®=CI,R?=H,R*=Bn

8q: R, R, R® =H, R*=Ph

8r: R', R®=F, R = H, R* = Phenylethyl

HO,C
LiOH-H,0 |

MeOH/H,0 (3:1)
reflux
94%

Scheme 2. Synthesis of 8b-8t.
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5 NI AL E Y OBER L ETE R 21T > 72 (Table 2), AKRIBIFHETEMEIC
DUV THEETEMEA B D15 b= Fn R 2 LU IR T (Figure 4.),

Table 2. Inhibitory potency and selectivity of tricyclic carboxylic acids for AKR1AI,
AKRI1BI and AKR1BI10.

Compound IC50 (1M) selectivity index

AKR1A1 AKR1B1 AKR1B10 (AKR1A1/AKR1B1) (AKR1B10/AKR1B1)

8b 9.5 0.22 51 43 23
8c 19 0.23 3.3 83 14
8d (27%) 10 1.6 - 0.2
8e (45%) 1.7 0.28 - 0.2
8f (45%) 14 3.8 - 0.3
8g 14 5.9 0.85 2.4 0.1
8h (45%) 4.2 0.68 - 0.2
8i 21 0.24 1.4 88 5.8
8j 15 0.35 1.4 43 4
8k 11 0.32 1.4 34 4.4
8l 1 0.19 1.4 58 7.4
8m 12 0.15 29 80 19
8n 16 0.20 3.4 80 17
8o 10 0.19 6.1 53 32
8p 4.7 1.3 0.48 3.6 0.4
8q (2%) 31 21 - 0.6
8r (39%) 1.8 0.4 - 0.2
8s (28%) 0.2 1.9 - 10
8t 53 0.17 40 312 253
Epalrestat 2.6 0.10 0.33 26 3.3

ND: Not determined. The values in parentheses are inhibition percentages by 20uM

5 4
6 3 '
HOZCJ X
R = halogen, alkyl, alkoxy, OH, CO,H

R' = halogen, CF;
X=0,S

Figure 4. Structure of (1-thioxo-1,2,3,4-tetrahydro-f-carbolin-9-yl)acetic acids.

) 7725 X=0, k&M L0 HFFT7 IR (X =S) OFDBEEEMET
g <, BT OB ANEMER RICKE S FH5T 5, i) C-6(iLDFHEA (8b, 8c,
8j-81, 8m-8n, 8s-8t) (ZF\VTILZ OMHFEIERMIZ K E RAITFRD bW, iil) &
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% L 72358 K O G liOMelA8m, COHIASt 23NFFIZHR ) 72 LB 2 /R T, iv)
FAT I REFEE Q) OB U8R E, RERIE S U CCREE A7 58f
Chalogenz A 35 8g, 8hiZF\\ T, MEEHLIA8b & i U CRHETEME DTG 2
BOBINTZ, v) AT I FEFRE (2/7) (ZPhHk% ¢ -O8q, phenylethyl Z & -O8r

T, KIS T DN P /L{R8b, 80 & LLis: L THHEEMEDIK T 35880 b7,

IR ERIWECHOWTERT 2 &, 7, AKRIANZSWTIE, Ht-fF
VLED @@t 2~ b e mni% < R &z, —75, AKRIBIOIZ DWW TIE T
ML TWZHE Y, AKRIBIDOREANLFEFFIZAKRIBIODREA] & L CTHERE
AKRIB1 LY e L AAKRIBIOIZH L L 0 i< FHERZ R ITILAEWRR LI N
72 (8d-8h, 8p-8r), L)L 72h b, Mi—, (LA W8tITE L 7o FER I E It 2 R T
ZEDBHABLNT2 o7 (AKRIAT/AKRIB1 = 312, AKR1B10/AKRI1BI1 = 253), A&
{b& Wi Tepalrestat & L~ TEA-ELL EORD TEWWIRIRPEZ S LT Y, F
TER DD 70 ngEAlE L THIRF S D,

B O IERPEIEN 2L A8t Dbinding  conformation(Z DWW T 2 B o — X %
FVNTdocking study %417 > 7= (Figure 5), AKRIBLIZISWTII 2 VLIRS
AL D BPEIZ AV IABBUKYE EAEM ZTERk L, ZBRAE KA W2I9 &
n—n stacking, CH-n fH A/EA Z K L T\ 5 Z LB 5272 - 7= (Figure 5
(A)e E£7o, 42 F—/VER LB = O I IVAR A EDS302 & 58 ) 72 KB
BEEHRLTWND Z DRIz, —F, AKRIBI0 & ®Dbinding conformation |3
AKRIBIDZH & RE SRR Y, XU PVEENFI123 L BUKTEFIEAEM, V301 L& D
CH-n #HEAEH ZTERL L, C-6L LD A1 ViR R 3Y49 & 55\ K FREA & TR L T
WS ZENRENT (Figure 5 (B), MR N ENOR A T /L F—IL
AKRI1BI1 (Glide Score: -8.60 kcal/mol), AKR1B10 (Glide Score: -7.76 kcal/mol) %7~
L, binding conformation®iE VN T R/ILF—E%Z2 L7205 L TWDH I ERHL N
27207,
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Figure 5. The binding conformation of the 8t (blue stick) for AKRIBI (A) and for
AKRI1B10 (B), and the difference of binding pocket (C) between AKR1B1 (green solid
surface) and AKR1B10 (red wireframe).
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FE GLP-1 2iMREEREZE T 5= RRIEEDORIE

F—Hf GLP-1 RUBET HAWEIZDOLNT

MNEZZERI2 A T = X LN &> T EE PEZMERF L TV 2D, I & 50
SNDA A AXERE KONV BT D 72— AT Z 7 LT
MpEZRE T SELHEERFLVELO—FThH D,

—J7, RO ET 5 ERFEIRKEGRELD b1 2 U U OEH R B
THZEBRHESN, TOFRKRELTA VI LTFURALELE L THLNDTH
BEFRNVE OGP LNICINT, £ 7 VF UARAETER, TEVINME
B ORI % AR D LI 2 H 3 W 4D GLP-1, /Mg & Hhl 2 £
£ AKAME & /3 S 415 Glucose-dependent insulinotropic polypeptide (GIP)
_ﬁﬁémfb60_®4/7v%/$w%/i,ﬁ$®ﬁﬁ_iém%m®i
AEBIEBIEOFWIMES I, 4 AV OERKETLHET 5, #Hil ) CTGLP-1
GL/DU\’CU\—F;:E U RPN

GLP-1 13Z DOZEIKTH D GLP-1 receptor (GLP-1R) %I L CL ¥/ AEHIEH

PRI ENHBILTWD, 2@ GLP-1R I3 class Bl (2778331 D G ¥ 7237
B Z RIK (G-protein-coupled receptors, GPCRs) ToH 0, <7 F Rk/LE |
JET HMIERE X XA Th D RRRIZ 7V I FiEME (e g
T2 L YAEMRISILD 4 FED GLP-1 peptides (GLP-1 (1-37), GLP-1 (7-37), GLP-1
(1-36)NHz, GLP-1 (7-36)NHy) KU ELZ AT H4F v FEV 2 2N
KPEY o RELTWD 229, g, Ok, N, B 5BE LW o7 2 E RIS
A L A2 IR R T D E UL NI T AEBEM 2 5Bl 5 (Figure 6),

eI BT, 1) a3 —RMERFRA AU ORI, i) 7 v 3

O3 WANH, i) PEPAIIEIRGE, B, Bk, sreledE, TR b — 2 A IHIE
H @ET V) s, £, BEAMER 2508 LT, i) BNAEPEHEE DR
AE, i) BAKINHIER, iii) MR, ERGHE, iv) 78, LB~ 5, v) O
(O (B R g s
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Heart
t Myocardial contractility

S

Brain @t'%i.
Neuroprotection g‘_.%“ n
t Meurogenesis ‘%ﬁr.: % Heart rate

Liver t Memory R
t Glycogen storage uptake
4 Ischemia-induced
@ o T / myocardial damage

t Myocardial glucose

3 o Pancreas
Fat cells
t New f-cell formation
t Glucose uptake | 4 B-cell apoptosis
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Skeletal muscle

Kidney 2
t Glucose uptake 4

t Natriuresis

Blood vessel
t Endothelium-dependent
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Figure 6. Physiological functions of GLP-1. (Nat. Rev. Endocrinol. 2012, 8, 728-742. &
Y Pk

NS B DA > AU WM, 7 v 30 45 Wi X s i o & 1Bz o
IRND T EDD GLP-1 13 2 BUBERIFTER DR & LT < ORISR, WF5ERk
B X VICHM DB SN TET (b)) 2D T VFURALELSTHD
GIP % GLP-1 L H#T D& A AU U WRENEL, Bz ET D2 &5
RN BN TN D), ZORER, A7 LF UK E LTHEIND i)
IR GLP-1 DA ZE E M % 1) E & 7= ~7F FRAITH 5 GLP-1R TEEIEE, ii)
GLP-1 Oy fiff#3E CTd 5 DPP-IV JLEIKD 2 fN EHICE->TWnW5, ZhbHD )
b, GLP-1R 1FEHEEI BN 7 bERE TEM 2R 37210 T <, oAl & g L
TIERMBEY 2 27 MEL, HERIFOIED—>Tdh 5 HbAle DEEEIE T &5
ZEMHLNCIR TG, £, Bl L7 X 51 GLP-1 NEANEIER 24
T5H 2 LB HEAITIE MR, A S 2 RBERFEEITS L LD BUVIGHE
IRELEOT DRSNS, MAT, 28ERFET L~ T ARLT v MC
BV TIL GLP-1 ° GLP-1R fFEN3E A 2 592 & EBMIfL A fReE T 2 2 & SiE &
THEY, 2HPERF D72 57, FIERFBEICPEBILDE LW 2 FE O B s
1 BBEIRIF~DWEIE 2 B L7 SHFE b R ST D 3239, Ll b,
ZHE TR SN TV D GLP-IRFEIEK IR T F FRFITH D 72018, &5F
ERNEFICIR B, 5T L ERRE, EREFEE OGN RAIRTH D, F
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7=, BERIEOIRIFITREIIC D2 Z LR, BE~OHERMAMNEER &
LTETOND, Mo T, ARG ZATRE L T 5 FAN LTS 5 2 & IZERFIH
EOFHEM R BIZo7e 23 B,

— 77, GLP-1 O3 NZBT 2 A = X AZHONWTHIRAICHL NS oo dh
%, GLP-1 O3B E-3 5 ERNSG 7 39408 LTI, i) K-ATP channel, ii)
Na'/glucose co-transporter 1, iii) glucose transporter 2, iv) sweet taste receptor, v)
TGR-5 (GPR131), vi) G protein-coupled receptors (GPR40, GPR43, GPR119, GPR120),
vii) 5-hydroxytryptamine (5-HT)4 receptor 235 ST\ 5, Z DX 5 IAKNS
T2 iEN & IR0 T E Y & Al %@L‘é &1 GLP-1 3 WMt I S < R A b
PRIGIEIRENZ 72 % 2 L 3SR S 4L, JelZal~7- GLP-1IR B D 5123617 5 [
BRZUET D2 LICoRN %, BITNICEEST 2780 — bz itk ¥ 5,

GPR119 | ZHERHIAE & BN 3 WA =i 38 B L TS class A IZ B3 5 GPCR T
oY, BERMIIZ I N TIL TV 3 — ZKAFRNS A R Y i aTuE L, BN
WML TIXA > 7 VF BT U545, -7, GPRII9 7 ==X b
AP D 2 &I, A TEE 2= > b e — 21T 5 7210 T <, RO
PR O 2 [RIRFICAT 5 Z L 2 AlRE & 4%, L FIZBEAF D GPRI19 7 2 =
Ak %&7~$ (Figure 7)*)42),

(F;L O\( e wrg &‘N\Qsozm

AR231453 APD668

iy O 1 O

GSK1292263 PSN632408

fo] H
S U S a8 B A
N~ cl F o

MeOZS

Figure 7. Structures of synthetic GPR119 agonists.
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BEE LT BRDENAL (T AT Y v ZERAL) 1T
W% H 2 % positive allosteric modulator

CHEMEALT DML DBBHE STV D

Fo <, U RO
WET 52 & TEDOREIKDERIC
(PAM) 23R =41, GLP-1R # EEHIC

(Figure 8)*),

\|/ (I?
N, S HO
c N. _NH (e | ST
JOLX o '
Z OH
cl N” > s0,Me CF,

Br

Figure 8. Structures of GLP-1 PAMs.

LLED X512, GLP-1 OEN-HbERIFIER N ER i, BIET 505803 i
ENTWD, LLARG, IKRELTINLDON T ER L LA B &
ATV > T, GLP-1R 1FEIRE 2 KT D BRI2IE, ERETH D720 BHF (I
HIRH R QRT3 0 0, EIFEH R R EREFE ORI R TH D &) il

RFM EORRBEIIRIER O EETH 5,
REITIX GLP-1 W EM & A9 D80 FALE W OERRIZHOW TR %,
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EH GLP-1 2ibMREEEZE T HEFFILEMDORE

F—ETHIm N7 @R AKRIBI FAFAIZ 30, T ETICER LI,
thetsinine OAIEA EF—7 & LT 1) MEIRFMES DHEREOZERESE AKR1B1
PEFE A, i1) BERS DS AUAMRE O SR LRI E 2 bR 3 2L AW, i) 1 2V AT
PR O T 3 D < BE IR W TR DAL 1Y 52 &5 /K peroxisome proliferator-activated
receptor y (PPARY) VG MEALHI D Gk & Z OIGPEREE 2 BB L T X 7= (Figure 9)
WA Z ORI EREU LI R SMEAMEREIT> TR, TN b{bEmix
MEICHZEE B LRGN DO TH D720, T E TIZEE LU
BRI 72 < Z OREEIIRRD THHMER BN E WL 5, - T, ZOLEWiEE
JEH U GLP-1 /WM 2 A3 2t 60 a2 A4 2 & TE T Emic e
HT LW FORIBIC S8 0, GLP-1 /0 WMEHE T HE-D < 8 DB R 3L O B %8
WCEBRT A Z ENAREL 72 D,

HO,C
C:l :l :'; \Q
N
N
Hozc) S
@qu |:> Inhibitory effect against AKR1B1

N
H o o

NHMe optimization
Rhetsinine | | N\Q
N e
S N
J o

HO,C
OH PPARYy agonistic activity

Antitumor activity against pancreatic cancer cell line
Figure 9. Structures of bioactive tricyclic compounds based on rhetsinine.

Z T, 2o E VT GLP-1 iMEEEE 2B T b DO BRRE %
1Tolz, FHZ W Tide MEEMEL TH S NCI-H716 #MfdZ T ELISA
BEIZE Y GLP-1 OWEEZRIFE L ¥, ZOF/ER, :=WIich C6 i kicyrnm
X UVIEE AT DAY 10 (Scheme 3) 2NEFEKIFAY7R GLP-1 43 WMEHETE M
T ERWBNNTR o7 (Figure 10), LT, (LG 10 235 b 7o i 2 7l
SN RSN
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Figure 10. Effect of 10 on GLP-1 release by NCI-H716 cells. NCI-H716 cells
(1x10%/well) were incubated with 10 for 1 hour, after which the GLP-1 level in the

culture medium was measured. Mean + SEM., n=3.

H—E T HE L7 & 912, AKRIBL ISk 2 BRI ISR 7 08 AN TE
Pem FICKRESEB L TV, £ 2 TEERIL, M2 55, hOoFFT7 IR
FHEREHWEO R D = RBRAEKET A L, ZOFEERD—DT
HoHIEY 15 © AKRIB1 FHEEMEOFEMZIT 5 2O DA KICETF L2
(Scheme 3),

Scheme 2 [Flfk, —EBRAT 7 b 12 4L L, IRIZ, Lawesson’s i & FHWNT T
FHNR VI A, B AT La=y NEEA LIS 14 & LT, &
BIZZATAOEWEITH) ZE THHET D 15 RMEOND BTV, %
BRI LA 10 BDEAREY & LTH LN, (LAY 10 OfEEIXZ ORI 14
EDANXY MT—HIZXDEBONDIRE LT, T7b5, {bEW 10 TiX 'H
NMR A7 R UZEBWT C3 e 71 hn 343 ppm (IS H, {LEW 14
D 4.67 ppm (ZHE_RERBGANC 7 R LTW5D, £72, MFHFD IR AX7 Lt
95 L, ALAW 14 DF A AR = /VEED 1228 em IZBLIHI S =ikt L, 1k
EW 10 DI VAR =V T 1619 em™ (T S 4172 (Scheme 3), 4L 5 OBLHAIGS
RINOHEEZRE LTz, ZORIGD AT =ALILTOL I IZELZL TN D,
Thbb, ZATNOGW L FRIRIZI URT =F 1 K DB & < B 1
WCEAHARMPIEEZ A Z E CT AT AT IIVRPHEERIND, S URT =4, bt
T =4 OEWREEEF A DNV R=VELD S VR VRO TN %L
X —BILETH D Z & A driving force £ 72> TNDH LEEZ TS,
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OH
ArN,CI HCI
Z>C0,Et ——————» HN — [
0" o

2.5% NaOH aq 1 AcOH (o)
0°C =N reflux H
28% (2 steps) (o}
5
NaH
Lawesson's reagent BrCHZCOZt .Bu
> H NMR : 4.67 ppm (C-3)
toluene DMF IR : 1228 cm™! (C=S)
reflux
95% quant t- BuOZC
™SI ] 3 T
1 .
CHCl, N S 'HNMR:3.43 ;:pm (C-3) N (o]
reflux ) IR:1619 cm™ (C=0) ) s
64% HO,C HO,C
10 15
minor product
N\ © /'|
A
N N Se
t- Buozc t-BuOZC)

Scheme 3. Formation of unexpected product 10.

FERIZ DWW TIERIET 225, C-6 (IZEHIRDOT VX LS w o Trax
VEWoSTEBILEE AN LTALAEY TIZZOIEENER LT Z &b, 1EMHEF
BUZIZY 7 unX Y U BRPEETH D Ll Lz, %2V T, GLP-1 O WM g
PEOM EZBHE L TIZOY 7 a~nXH U EOBEA B, Hix 7pE ik
BENLTALEWE AR L2 OIEME 2 3100 L7 FE 5, (LEW 9 3 b iz
GLP-1 O3 a RT3 Z E R LT/ o7 (Figure 11), ZOLEW 9 % R
H L7202 DGR, TEMEIC W TIRRENC CRiik 35,

HO,C HO,C
10 9 (1',3'cis)

Figure 11. Structure of 9 having the most potent GLP-1 secretion activity.
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= AL GLP-1 FWREFEZFTHILEVDERRUVED
prpc gl

AIEICHFLR L7z B0, IR 7V —= 7 LB bnit /) v 7t
OV 10 OEEE S L ITTEEOEEZ BV & L TR ERO AR EIT> T2,
PRI OWTIIEIE T 5208, TO—HOFHEMRILOBR TEK LIV 7 B K
YU EICE BT 7 maF® UL E L L 72 bi-cyclohexyl 14 16 (Figure 12) (2
DWW TLLTREMIZRLIR 2,

p-
o

HO,C
16

Figure 12. Structure of 16.

Scheme 3 T/ L 7= G iR I 2 WO CTIEAE 16 Z AT D 72 DIZiTxfind 5 >
TYEULEEATTENITIWEEZ, STEZICUT Y =0 ME~OXEH
NTELHT7 =019 DARICET LI,

TR DEH L 7 1~/ —/L % Friedel-Crafts So{E (24 L, 7L /U LK 17,
18 #157-DbH, = hrfk, F< EAETICEVIEEM 19 B ELND EBE X T,
L L7ein s, EBRICEREIT > THh D & THINCK LG b AT
PES 7220 (1,3-cis) T > 72 (Scheme 4), = DRSS DFERIZ DV T &R
T2, ZOHRKELT > T TSR AR BEBNLERD TH Y, 2> 1,3-cis
BEHOKMBIERTH D LWV IRBFHIT R, 7=V 19 0”3 ENTWDHIHED L
L CUBEOGRKEIT - T2,
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commercially available

i) nitration
ii) hydrogenation NH,

17 (1,4-cis) 18 (1,4-trans) 19

20 (1,3-cis)
(ca. 5 : 1 mixture)

Scheme 4. Formation of unexpected rearrangement product 20.

I OAEBORFRIZ B W TIPSR T G R Z 59, 2 DO E R KL
DEET D Z L IFNEETH ST T, IREMOEEAKEED D Z & TRHlEE
MTHDHANE R, 30 (LLT, A L325) ~EHL, £ OIEMEFMZ G2
Z izl

b5 20,18 DIREY (F5:1) 1Tkt L, = Frilk, i #EETE2iTVT =
V> 23,24 & L7z, VIREIZ Scheme 3 & [RAARIZ/LEW 27 & L7=, Scheme 3 T/
L7cE/ V7 anFk VRO G TIIR&BE TF AT AT VER & VR R
EREE L TWDD, TOFETIIERMB NV AR B THY TLC 1T X DL E
SO RO DR TSH > 72728, TMSL MR T, 4= 27 VER % ol
THZETIAEM28 & L, A 5 L7= (Scheme 5),
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HNO,

Ac,0
20 + 18 —
(5 : 1 mixture) CHCl,

rt
47% (2 steps)

23 + 24
NaNO,
conc. HCl aq
ArN,Cl
5 —2> |
2.5% NaOH aq ZN
0°C
(o X o]
25
R= bi-cyclohexyl
TMSI
CICHZCHZCI
reflux
87%
27

NO,

NH,

| Lawesson's reagent

—_— o} -
AcOH H toluene
reflux o reflux
26% (2 steps) 82%
26
NaH
BrCH,CO,t-Bu TMSI
DMF CICHZCHZCI
t- BuOZC reflux
93"/ 86%
28 ° 29 °

A (5 : 1 mixture)

Scheme 5. Synthesis of A.
ARG

in vztro R

AL NCYIR

B HEEY A O GLP-1 53 UG
;%E&mmuMEmm%BmpM%%L,ﬁﬁ GLP-1 D43is % JL
(272 > 7 (Figure 13),

b2 24T > 1=, F DOfk
G S N
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Figure 13. Effect of A on GLP-1 release by NCI-H716 cells. NCI-H716 cells
(1x10°/well) were incubated with A for 1 hour, after which the GLP-1 level in the

culture medium was measured. Mean =+ SEM., n=3.

WIZ, in vivo R, FOFEG TOMHERE TEHAHBF L, £7, EF~U R
C57BL/6] ~ U A % W CHRIFR GRFICI T D i 7L o — AR E ORI E(L %
B L7 (Figure 14), {LA% A Bl (100 mg/kg) DOFE5- Tl vehicle B & Friik L
TAH BB FIERNRD bz, 72, GLP-1 7> % 2= | Exedin (9-39)
(Ex9) ¥ L DRI G I8 W TIEZE OER ORI NRBD Hiv, KA H
GLP-1 0WAMNZESWTHHF 7V a —ARELZINZ TWD Z EBP LN R -T2,

600+ .
g - vehicle
'-g - EX9
— dm- —— A
% — A+Ex9
o
Q
2 *k *%

O 200
o
3
o
C I I I 1
0 30 60 90 120

time (min)

Figure 14. Hypoglycemic effect of A after an oral glucose load and the influence of a
GLP-1 antagonist (Exendin (9-39)) on it in C57BL/6J mice. After an overnight fast,
either the vehicle, or 100 mg/kg of A was administered by oral gavage with or without
subcutaneous injection of exendin (9-39) (24 nmol/kg). Then, 2 g/kg of glucose was

given orally immediately after A administration. Blood samples were collected from the
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tail vein, and the blood glucose levels were measured. Mean + SEM., n=6. **p<0.01 vs

vehicle (Dunnett’s test).

S HIT, BERIFET L~ U A KKAY ~ 7 X% W CTHURE RIS 1EH & 354 L 7=
(Table 3), L5 A (100 mg/kg) % 3 MGG L 7o DIRE, ZZE I
L a— 2B, B 7L o — PR, HbAlc, ZEfEIF A A U L IRTE,
ZENERE S TR EE N EFNICOWTHIE LR T2, £7-, BEETH D
DPP-1V [H#EJK sitagliptin (10 mg/kg), A A U U HHEEIE pioglitazone (10
mg/kg) Z bl & U CRIFFICEEM L7z, ZORER, AESCEFOBIEIC D
WTIEH E Y EENBD LNRNo T2y, ZEIERE, g% L bICmF 7 La—x
REDIK TGO b, £z, 3 HE &V D BV R G HRIC S 230 5
T, HbAlc DM ZAR T SED Z LBASNITRY, MATA AV >, 7
TAUREOIRT RO bz, RENILEY A ITENTHWEIRFIEN 277
ZENBHBMNI TN, ERICERNE L TOISHEE 25 L5 E (A: 100
mg/kg, sitagliptin: 10 mg/kg, pioglitazone: 10 mg/kg) ZIH O T HENH L Z & Hf
T ORI,

Body weight | Fasting blood Nen-fasting HbAle Fasting plasma | Fasting plasma
(e) glucose blood glucose insulin glucagen
(mg/dl) (mg/dl) (%) (ng/ml) (pe/ml)
Normal 25.540.3 | 166.0£12.9 | 156.0¢+6.4 | 3.940.1 2.9+0.4 155.7¢17.9
Vehicle 39.5+1.8 | 204.8+16.5 | 353.2437.5 | 7.520.3 20.6:£10.4 | 257.8£34.5
A 41.0£1.9 | 124.646.6** | 231.6413.5 | 6.3:0.3 | 8.7¢3.3 217.1+38.5

Sitagliptin | 39.911.4 | 194.6£18.5 | 457.6+35.1 | 7.9:0.3 | 5.8:0.4 249.8+33.2
Pioglitazone | 42.6+1.1 | 151.6411.1 | 256.4¢49.4 | 6.8:0.4 |7.7¢+14 241.6£29.4

Table 3. Long-term effect of A treatment for 3 weeks on blood glucose control in KK Ay

mice.

REWTIEd 505, BICBIT 2HIMERH NI ->7T-DT RICEEITZ
NENHE—DILEWEAKRT 52 & TIHEEAKREZ/RET I LT LT, Aﬁiﬁ"}:
BOKEBETIE 2 FEONEREARE DT L7 u~ N7 7 4 —HAmIc

DEET D Z L IFNEETH ST, i@i%LR@@mwA&&%@%%%E
fBL, BlEGMEERFI LT, T7bb, HBEOHEME ChHHER Y 7 n~F
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B —Z% L PCC &b 2477 ko 31 & L, PhMgBr OfHIMz kv 387 v
a—) 32 B3, WRBRICVA ABRAFIE T, E6SIH IZ LV ELICEIT -7, #
FRICK LR O RIZBO 5N o723 18 & 17 DIREMNKI3 1 1 THD
U7z (Scheme 6),

pcC BF;-OEt,
cellte PhMgBr Et;SiH
OH — 18 + 17
CH (o] THF
2 2 (E:Ig%z (3 : 1 mixture)
93/

96 / 9
o 32 93%

Scheme 6. Synthesis of 18 and 17 via silane reduction.

Scheme 4 (235 T, Friedel-Crafts KT 351 2 ERGEMIZHENAL M- 72 20 T
HDH T LI 7=, Scheme 6 TORRFHI K- THAZAE X 72 Z & A3 H|BH
L7ce UTICEEMZ IR 5,

Friedel-Crafts SGZE 1T 2454 20, 18 KUY T Vgl X 0 A Dz A
¥ 18, 17 ® '"H NMR AX7 hUIZEIT H R //I/uow =0 /z»u? IRl
(Figure 15), ZOMEIINY], Fl—DbEMTH D & B> TNz, LD
BARRIZEODBIEINTCLELTHEDF I AN YT MI—HT 51T Th
ST, REICHE 2T 5 &, @GO I vy 7 MEI—8 LR, K
WM D Z L —EK Lo > 7=, % Z T, Friedel-Crafts SOt (2 38\ THAAL G A3
& TV ATREMED 8 < BEoAL, LA 20, 18 TN ZNOMEIEA X Bk G
FENTIC KV IREST HZ &I LTz,

|
(A) | (B)

| .
dnelobf B i 2

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Figure 15. 'H NMR spectrum on the benzylic position. (A) indicates the product from

Friedel-Crafts reaction. (B) indicates the product from silane reduction.
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9, B 2S5 2O EMREZ1T > 72 (Scheme 7), {7E FMER O 47BN
Wt Td 2 Z LITRITBNTZD, YOG HRIBRICE W TIERY =) I2E
TR T Lua~v NI T T 4 —TCOHMEIT>TELT, MRS EHKELL
EZA, EWNCHLT =V VBERIZBW T T A~ NI T T 4 —TOhyBk
DA[FETHDLZ ENHALT, 22T, B0 23 12OV THEALER T IR
33 1248 L7=, —J7, 24 1% Friedel-Crafts S inZ WD &~ A F—hsy & 72 0 %)
KNI D Z ENTE WD, ZOoEMITY T ViEnz MW TENikE %
FHLL, DI OVERHE 36 (ZAHA L T2,

separated by

column chromatography ArsSO,CI
» 23 —
pyridine
rt
NH, quant.

HNO;
Ac,0
18 +17 — 22 + 24
(3 : 1 mixture) Hf|3
r

52% (2 steps)

NH,
58% 20%

TsOHeH,0

MeOH
rt
quant.

Scheme 7. Synthesis of 33 and 36.
AR T IR 33, hIOVERIE 36 O X ARG SRIEIEREAT ORE R A DL IR T

(Figure 16-17), Z OfEH7>5 Friedel-Crafts K2 381F 2 ERAEMARIL 1,3-cis B4
D 20, ¥ A T — LRI 1 A-trans EEHLO 18 ThH S Z &I LT,
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Figure 16. X-ray crystal structure of compound 33.

Figure 17. X-ray crystal structure of compound 36.

FHNT, ZORIGD A B = ZXLIZONWTEE LT, VA ARICL D RAETDHH
TNV R AT A DRENEE PMO IEICEVEHE LT E A, RUNCELD A
FH L ORBEERIETHH VT RIEE B L0 b, ik OREERETH DR
CIVSHEBE A DFB LV ZETH D Z Ebi->7c (Figure 18), Z D1 F 74

VA DZEVEDE T L > TERERIZ 20 1225 &2 65,

H AICI; H H H
o — | T+ = )
®
H B .
730kcal/mol 785kcal/mol 892kcal/mol
-H* H H* [ H H H
. K! l — K} l o == W ——
~— ~ ~ [ ~
®
A i
765kcal/mol 724kcal/mol 863kcal/mol

Figure 18. PM6 Calculations of the intermedially carbocations on the Friedel-Crafts

reaction.
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ENENH—DERT =V 223,24 2155 Z L3 TE 2D T, Scheme 5 & [FlER
DFBETHNR LI, 30 2B LIz, & KTV 0 37 ZREET HBICHWS Y
T = AT I aF VN oD T L TARSNDIEIRMENE L KL,
ZHUTLEWIR OIR T 2358 H 7272, Scheme 5 & %72 0 THF % #fi Bhiait &
LTHWD Z & TINERDOKEE K> 7= (Scheme 8), {LE# 30 (2O T HIREIERIC
A L72 (Scheme 9),

23
NaNO,
conc. HCl aq
THF H H
ArN,Cl HCI Lawesson's reagent
HN —_— >
AcONa '1‘ AcOH toluene
THF/H,0 Z reflux reflux
0°C 69% (2 steps) quant.
(o) o] 37
TMSI
—_—
N O CICH,CH,CI
H reflux
s 92%
39
TMSI
—
CICH,CH,CI
reflux

89%

Scheme 8. Synthesis of 9.

24
NaNO,
conc. HCl aq
THF
ArN,CI HCI Lawesson's reagent
AcONa AcOH toluene o
THF/H,0 Z reflux reflux
0°C 67% (2 steps) o 81%
(0 o] 42 43
NaH
T™SI BrCH,CO,t-Bu
—_—> —_—
CICH,CH,CI DMF
reflux N S rt
80% H 97%
45
TMSI
—
CICH,CH,CI
reflux

83%

Scheme 9. Synthesis of 30.
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AR LT29, 30 2 OALE BIER D GLP-1 3 WMEETEME I W TR 21T
-7z (Figure 19), Z OFEER, EHEARKITIEAARTH D5 1,3 -cis BHEUE9 TH D Z
EMH BT 5 T2, AEA 30 122V TIE A< GLP-1 3 WiE IS B A R S 72
Mol Z oD, T O NTEIBAIRD 17,3 -cis BHUZ L 53 0232 o
JEPEICRE S FELTWAD Z EAVRR S Lz,

400 |
9
=
2
— 200
a.
©
100
0 3

42 40 38 36 34 32
loglcpd] (M)

Figure 19. Comparison of the effect of regioisomers of 9 and 30 on GLP-1 secretion in

NCI-H716 cells. NCI-H716 cells (1x10°/well) were incubated with 9 or 30 for 1 hour,

after which the GLP-1 level in the culture medium was measured. Mean £ SEM., n=3.
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B=F JVa H¥—HEHEEREREZBRELEC I/ BEZHKOS
4

B—f BFEOTYaLH—EHBFRRVCEMNZFOTYAY

FEMAK D IREESRIE CH D 7 ) av X —X X, AN TOR X 78, HEg
Hravy o r, INGTOFEEHELLZIZLD & L TAEKRNICEB W TIERICESRE
RN R LTS, T b OZERRABIERIL, FERAE, AIDS, 23 AViER,
UV Y= LERIEE W TRBICERZICEEL TRY, FET7 Y a -8
R A Y TRMFIEM T oL T &E T2 030, I NGRIBEIC A E T Do- 7 v a s X —E8
FHZEHA, voglibose, miglitol (X & M IMLKE D ZEIEIZ D723 5 7= 60 2 BB JRIFIAHE IR
& U THERFIA ST %, AREEANIFERHIIL A AR & - D i OFEIRIFTR R &
AN=ZALDORTRESERY  JBFORPFILEAIET 5 & &bz, JFHIESE
LCOEBENE W, 72, 14 7L U PIREIKTH D oseltamivir X° zanamivir
LELZY av X —RBIIpEIND /A 7 I=F—EDHEAITH D (Figure
20),

R vcvineeiiovoaaht e

OH K/O"' /g NH,

Vogribose Miglitol Oseltamivir Zanamivir

NH

Figure 20. Structures of drugs based on glycosidase inhibition.

7 :vﬁ~€%iwﬁéﬂL#5%%ﬁ7‘” H— N3, Asano IL, 1965 FF-tH) 5
DT a v X —BRHEARIBREOEEE LT ORITHRIL L TW\D 37,

% 13

W) I a s F—BIHER ) VU v A T OFE R L BRI~ DS
7% 1L

a-27 Va2 —EHEROPERFIAREIE L LT ORKRFH

EEE
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PEEAEREE a7 - 7Y av X —BHEANC L D HEHO AP E R
DFEAEB L OHL T 4 VA« SEERBANE]~D it H
CAVER
JNatZ I K (GleCer : Glucosylceramide) & kliEsR (HEHAFEEESR) BHEH
2K DRI A7 ¢4 > APEAE'E (GSL : Glycosphingolipid) #FE1E O EK G,
Uy Y =25 7Y avZ—ERERICL DR GSL ERIED S TIRE (77
—v AT Ty Xa URE) SO

ZoEHIZ7 Y a3y —PHEANCET DHEEK 50 FI2hz b, BIERE
AR EN TS, 7Y avZ—ElEA L L IEREEE Th
HAIHEBIRS IO TNWDN, TF, Enl)Foroqr FIForEn
STETBRWEDA I PENR T ) a v X —PILEER O EZMEN T AWIENE 2 R
ZEMHEIN TS (Figure 21)0, ZoH Tt vn Y FU U2/ E LT
HTHA X /P Scheme 10 (23T X 9 1T x & RERW) )N HEE S AU BLBETZR VG
HEHEL TS, UT, Er ) FPraige LTHT HIEaMORELIZ N T
ISR T 5,

N HO S
How-( [~ H-oH Cb \OH o \G{>
“H N /\)I\O“. N
OH
Casuarine Swainsonine 6-0O-Butanoyl-castanospermine
($L23 A, AIDS) (EATHEEEIES) (7> 78, CRIATR)

Figure 21. Promising compounds based on bicyclic core skeleton.

1900 FERWIGH, B r U F 0D C-1, C-7THLIC@#IEZH LD C-1, C-2 (7l
FUT 4 MEERAT BT A u A FSHHES V=AY, L AW R
ZRT I ENRE SN, ERMMEFZNRMETD £V 2oz, —77,
1990 F-{RIZ A B & australine, alexine 72 XD 1 U F Ao I 7 HENHEES 1L
o 0D S B OA 2 RIS Y 2y 2 — P B
T L LB ICOBAL R B L Y AR C RO AT T X
72 63960 X 512, 2000 H-{%IZ A% & hyacinthacine B, X° broussonetine N & VYo 7=
A HENHBES LI 999, b DA X BRIk bEmE Ry e e Y
FUUERD C-5 ALt Fr ¥ 2 FLESLIEFICRWVMBEHZ AT 2 &\ ) fik
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7R BN T o, 7 al X —ElEFEHZRT Z R LNITR > T
%

Rt shsen ) FO0BIA I BT LRRIEEEZRT HORZ N
D, RIRIG OPFEEN D72 <, £z, RAMOHEEREICRY BH Y, O
ERFTIESND G ERCAERMERZ B L T 2D 7 U a v & —BHEEER
iz 4T > TWRWR E, ZhERIICHIZERED BTN D LTV R RV O ARBLK
Tho, 1E>T, FEMRLZAIEEE T KRR L IZIERN ' r U F 20 7Y
A 2 BEOERITIEDO RIS I ETE MBI e 2 6O 5 721 T <, E3E B
BIICH AR T ORI A~E SRR ENWfFFESNnD, £ TEHIX
australine, alexine 23a-7 /b2 v ¥ — BHLEG M 2 A L, hyacinthacine By <°
broussonetine N 23B-Z /v a > X —¥, B-H 77 N X —BHEEEZRT Z &IX
BEIZEH BN TW =720, En ) FUUBO C3 AT VX VAIEEZ AT 5{bE
Wi X OV DN FREREZEN) & L TED (Scheme 10), -+ TED 7Y
a v H—PREFEEICOW T HRME 21T - 72,

1900448 19904F1%
+, JOH

o) HQ y OH HO OH
HQ y OH W ) )
H 1 = (0] — . . —
2/\'/\§\2 O OU — N ,”HOH N _,'HOH —
N <
N OH OH
N

retronecine senecionine australine alexine

200041
H OH

H OH | H OH
+1OH - OH | [ N=OH
(''H H-Ns(H 1 H)Y-N~&H
OH HO | HO

R ! R

Broussonetine N target compounds

Hyacinthacine B,

(R = alkyl, OH)
HO

Scheme 10. History of pyrrolizidine alkaloids and structures of target compounds
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EEH C3MUICTILXIVAEEZETSEXRARBEQUFO UL
2/ BOBRGEDHEL

I A X BRI ORI IEEZ A LTV D LD HEERS S LTS
DD, B ROKBIELR EIC KO ARFRBZNEL, A4 X FEFEEREEKT
LEMCITLL T ORAEBEST DMERD 5,

1) BT DA IRFE Z AITHELE T D7, 1i) A & B STAR b A il 3 2
7, dil) KRS EECE T 7o, A Y) e PRAE L 23R % 2>, iv) ARfATiC 5
FRNZEKT 20 E VNI JTH D,

LA b % B 2 H IR AR 2 )RG5 72012, B— O iE A
2> 6 P AR O A AR 23 FTHE 72 enantio divergent strategy®” (22X HHLE¥ %
BT D2 L L LT, PR TEMRREEHAE COFEMR( 2 vHE & DR EE O
FaRiE L, TICEMzZ =T,

i) Boc,0, DMAP, CH,CN, rt H OAc 1pppsc H OAc
@ i) LITMP; CICO,Me, -78° C Llpase : |m|dazole :
\_NH iii) Pt/C, Hy, MeOH, rt VInyI acetate CHZCIZ H N‘Boc
iv) LiBH4, THF rt
97/ ce 100% TBDPSO
49
H NaH y CO,Et
K,CO; : SO;ePy E / (Et0),P(0)CH,CO,Et B
N Et;N THF N
MeOH Hi)—N. N, N—N,
rt Boc  puso H ™ Boc rt H Boc
97 1BDPSO t  TBDPSO 95% (2 steps) TBDPSO
50 51 52
HO,
050, CO,Et o CO,Et
NMO . :
— OH ‘OH
acetone/H,0 (8:1) H-NC HN-N.
rt Boc Boc
TBDPSO TBDPSO
53 54
58% 30%

Scheme 11. Synthesis of intermediate diols 53 and 54.

Eo—nb 4 TIRTEOND VA —1 47 2% L, STEREEZ O J51% N2 iEun
XML 2TV G /e e ) 727 — M 48 & LTz, KIZ, B—H/T7va—u
% TBDPS JEiC L WIR#E L, 72 F LD PR L i< SOs « Py & V7= DMSO
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BLIZL DT AT e R S &L, fbi7e 51 123k L, HWE KUSZEATW,
trans-o,B-HEEFIZ ATV 52 L LTI=ObL (A7 4 O HNMR LV 7 &
EHIWT U7z, J=15.6 Hz), MARIEIRI 2 VA — b 2R AT, £ T0EW 52 1oxt
L, AD-mix oz W TG EITo 72 & 25, RO IEE < T3 F R 2RI &t
LR E IR0, THUX, AD-mix IZH ENLMEEOEE SITER L TWD &&
2T 5b, % Z T, substrate control ([Z L 2B FSRMA@EHA LY E Fax it
{Tol=L 25, FREEOSASERNME 2 : 1) ICTHHNOILEMEAKT D Z &M
TX7= (Scheme 11), ZD2FEHDO T AT L A~—IBH AT L7 u~< N7
77 4 —TCOREERTIRETd o7z,

BnBr

NaH z : AlMe; s\Hb
53 —» OBnh ——> —_— N \
DMF CH,Cl, CH,CI, H 0Bn
rt Hioy— rt " reflux o)

68% TBDPSO

Scheme 12. Synthesis of 57.

WIZ, ZOVEe Fax I bl W THIITIZAER LT ARFIRFEONBL T %
E L7z (Scheme 12), EAERMTHD 53 OVA— N E X DN THREL,
Boc RO MR, i< VA ABSEHFETTT 7 X 2MeEITW 57 L Lz, Zofkh
MINZHDOWTZENOE ZHIE L7- & Z A, Ha & Hb IC NOE WLl S =2 &b
L&) 53 ONLAKRELE 1T S.SELE TH D Ll L=,

NaH

LiBH, O (EtO),P(O)CH,CO,Et
5 —>» e
THF H THF
rt rt
94% TBDPSO 95%
BnO H OBn H OBn H OBn
N\ COzEt B K.CO Ha
H OBn 2 3 OBn + OBn
CH;CIZ \ CH2C|2 H N 7.8%
TBDPSO Cco,Et TBDPSO
TBDPSO EtO,C -TFA 5 steps) 2 Et02C H
62
23% N— 7" 7%
TBDPSCI
imidazole
CH,Cl,

rt
95%

Scheme 13. Synthesis of key intermediate 63.
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FEWNT, BEFRUIATH D1LEW 63 DAERKICHETF LTz (Scheme 13), LAWY 55
DT AT NEZEETL, FH—H/T7/La—n & LI-Db, Dess-Martin fi2{l, %<
HWE &SI X0 o, B-REFI—= 27 /L 60 Z457-, IRIZ, Boc 5% LA L, SRS
55 W aza-Michael BV ZITUVN 63 & LTz, T ORISMIBWTH =124
Bl L7 ARFIRFBIT OV TS, e & [FEE, 72 NOE A #IE L Ha & Hb [HIZ NOE 73
BRI SINTZ LD SEE S Lz, $£70, ARG TIE TBDPS E 23 ik S
AT 62 D3RR & L TR B 5D, 3 TBDPSCl 2 W CTIRET 5 LbEW
63 NIFHND Z L ZMHERL TS, BRILOBRORIRMEIZ DV T RIS AE
RIZRBCEDN S RSN EIT L, e LTH LV LER 63 NMbnb Lt EZT
W5 9 (Figure 22),

H
OBn
TBDPSO ~OBn QEtOszoe‘n

A \
’ Vs TBDPSO’>Q—':,7 H\H
H
CO,Et H
favor (Si-face attack) disfavor (Re-face attack)

Figure 22. Kinetic control on pyrrolizidine formation.

WAz, BRALIK 62, 63 Z W CTHHER DA R Z 1T - 72(Scheme 14), LA 62 12
DWT LIAIHAE L ZI TV A —v 64 & L, BZRICR UNEOBR#EZIT -T2,
F9, HEMETIC X DR #EEIT - 720, WIE, TESLMETFICBWTHIRMIC
ARFEITEIT Lo To, £D7®, VA AEETH D BCl Z AW TR EIT-
e ZA, HIET DT T4 —L 65 X CENINIHED Z LN TE T,

, LA, ' oBn BCl i OH
—_— N P N
THF H H CH,Cl, | H") H
reflux HO rt HO
88% OH 100% OH
64 65

Scheme 14. Synthesis of 65.
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phosphonium salt

DIBAL-H AN HOB" t-BuOK " OBn i) H,, PdiC, EtOAc
63 ——>» " ) hblchibeddiateit
CH)Cl,  |tgppso THF TBDPSO ii) TBAF, THF, rt
-78°C A rt (2 steps)
o R
66 67 (R = H, 73%, 2 steps)

68 (R = Et, 80%, 2 steps)
69 (R = n-Bu, 75%, 2 steps)

73 (R=H, 100%)
74 (R = Et, 100%)
75 (R = n-Bu, 97%)

70 (R = H, 88%)
71 (R = Et, 87%)
72 (R = n-Bu, 94%)

Scheme 15. Synthesis of 73-75.

F7, IBEEMEE L= T LR UbRIic oW T H A AT > 72 (Scheme 15), 1k
A% 63 122 T DIBAL-H i#t, #it< Wittig SIS IZ K W HISHZEAL, 417 ¢
> DT, TBDPS &, N VNV EDORIREZITVHI & 35 7 % A0K 3 iz
AR LT,

Enantio divergent strategy {2550 X 65, 73,74, 15 T LD ) F A~ —|TD
WTHEMEIT o7, MO FRIE 48 (2D T 4 LREIC TR, BERELZITV,
ent-50 Ak L, LR A iR FRR, ent-65, ent-73, ent-74, ent-75 % SRk L7~
(Scheme 16),
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TBSCI OAc TBDPSCI H OTBDPS
imidazole imidazole : AcCl
—_—
CH,Cl, CH,Cl, EtOH
rt rt 0°C
60% (4 steps)
H OH H /0 NaH CO,Et
SO;-Py (EtO),P(O)CH,CO,Et
N N
H *Boc le\;l?’SNO H ‘Boc T:F H
TBDPSO rt TBDPSO 67% (2 steps) TBDPSO
ent-50 ent-51 ent-52
HO, CO,Et
0s0, H 2=" BnBr
NMO + oH NaH
acetone/H,0 (8:1) H N, DMF
rt Boc rt
TBDPSO 82%
ent-54
34%

NaH
LiBH, OH pmp O (EtO),P(0)CH,CO,Et
THF THF
CH,CI
rt H rzt 2 rt
95% TBDPSO 98% 98%
BnO,
\-CO,Et
TFA
i =
CH,Cl, H
rt TBDPSO
TBDPSO
ent-61 TFA
H OBn
ont62 LiAlH, .woBn BCl3
THF H “H CH,Cl,
reflux HO rt
71% OH 69%
ent-64
H OBn H OBn
phosphonium salt
DIBAL-H N/ 'OBn t-BuoK 10BN j) H,, Pd/C, EtOAC
ent-63 —» H (''*H THE H H — >
CH.Cl; |tBDPSO TBDPSO i) TBAF, THF, rt
.78°C C rt (2 steps)
[o} R
ent-66 ent-67 (R = H, 77%, 2steps)
ent-68 (R = Et, 78%, 2steps)
H OBn H OH ent-69 (R = n-Bu, 64%, 2steps)
10BN -uOH
H N~ BCly H=-N~(H
HO CH,ClI, HO
rt
R R
ent-70 (R = H, 96%) ent-73 (R = H, 100%)
ent-71 (R = Et, 87%) ent-74 (R = Et, 100%)
ent-72 (R = n-Bu, 73%) ent-75 (R = n-Bu, 88%)

Scheme 16. Synthesis of ent-65, ent-73-75.
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B=f JY a3 5—EHREEETM

W BMEEZETeit 8 BEOEMOETE S ) av X —EHEFEICOWNT
i 24T > 72 (Table 4),

Table 4. Concentration of 73, 74, 75, 635 and their enantiomers giving 30 %5 inhibition of various glycosidases

ICsq (UMD

enzyme 73 74 75 635 ent-13  ent-74  ent-75  ent-65
t-Ghicosidase

Rat intestinal maltase 0% 7.6% 10.2% 10.6% 0% 6.5% 3.9% 9.0%
p-Glucosidase

Almond 5.3% 0.9% 0.2% 0% 7.1% 3.6% 2.1% 7.7%
w-Galactosidase

Coffee beans 3.1% 9.2% 7.2% 1.1% 0% 0% 0% 3.9%
p-Galactosidase

Bovine liver 497%  487%  49.0% 236% 47.7% 970 587 792
u-Mannosidase

Jack beans 1.7% 0% 0% 5.0% 0% 0% 0% 0%
B-Mannosidase

Snail 0% 0% 0% 0.6% 0% 0% 0% 4.5%
u-L-Fucosidase

Bovine kidney 0% 3.0% 2.0% 34 0% 0% 0% 0%

a ; inhibition % at 1000 puML

FHm A O R CHE—AL 5 65 721 23 a-L-fucosidase (2% LEHEEH 2 7~3 2
EMHLMNI2 0T, TDICsofEIL 34 pM Z7x L, FRREDOLERE CTldd 5 23,
L OEERFEC T L TRIEIEH L2V 2 &2y B a-L-fucosidase (23R A 72 fHEHIC
HDEVZ D, pyrrolizidine A 2 FHIZ B CGRINAY 72 a-L-fucosidase FHLEA] D
HEBNI D72, £ 72, o-L-fucosidase (LM FAMAREE DR EHEEFICES 5 L TW\Wb =
EDITFEH ORI ->THEY 0, {bEW 65 NRIFEREIREAIDO Y — Meam e L
THIRFTEX D Z ERBEINTZ, —F, ent-73, ent-74, ent-75 |IB-galactosidase |2
K LIIWR B BRI R LFEE 2”4 2 LA 6T o7z,
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R

FEA B ER BRI B L, ERREMEam e LTI TS 5K
DTACEMDERL L £ DOIEMERAT 21T > 72,

2B—% T, rhetsinine O %A EF —7 & LTHJ) 7 AKRIB1 PLEAIOAIH
ZRE) LTz, PLETEMED M) BT+ OBARKRE S FE L, I THILEY
8t IXTTTHIE Td % epalrestat (ZPLET 5 HETEMEZ R 7217 T2 < (8t:0.17 uM,
epalrestat : 0.10 puM), EIEH DOIIEDINHNT D728 2 WL EFIRIRM: & kD T
WZ EE BT LT (AKRIAI/AKRIBI =312, AKR1B10/AKR1B1 = 253),

BB TIE, B EAEE rhetsinine Z AR L L CEHRERB 21TV, T
72 GLP-1 70 iMRETE M2 F T2 9 2 HUH L7z, AR 12350 Tl Friedel-Crafts
SO SEARRIN ) 72 B L BOSNAE U D 2 & T Uiz, &R TIXIER ~
UADHIE LT, FERFET L~ T RATBWNTHEBNLPERIEEEEFT 5
ZEDIREN, AT, WRALAKEIRD 17,3 -cis BEHOER 3G Z OIEMEIC B
ThbdIENREINT,

BT, ERRMoOEr ) F UL I ORI G RTFIE AL,
MR ZE T TG 8 FHROFHEMRDO UK LTz, S RGEFE T enantio
divergent startegy (25530 NRANCE R 21TV, PrEO AR LT % i EE ]
W42 Z &N TE T, IEEFHE T A 65 23 a-L-fucosidase AT 72 [HEF /]
BT EEPLMNI LT,

LU E DRFFERE R N5 1 ORI TER R D —B) & TN TH 5,
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BHEE

AWFFEICES L, #&0p TRER D TS, ZHREAB Y £ LICE LRZHIER
Bedz  Jsr Ol SeARICEA TREGHEL £, £7o, HE=RRE YR D,
AWFFEOFIE, FEh, BT THEEIEE £ L7 WK T MR IR 2%
g B e, KI2EM, FRCAWEGRICE L TIRELTHEE LB LR
MHEmBEBh R AR I e EICER B L £7,

Fo, AFRITE LR LR B W BED0ZRRL2BTE %
IZHASLSHEDOTHY, ZZIESBILR L ETFET,

K1 A, AR R TOABMICEDL IS 2RIt L CTTHEE LEE
JLHB R B & EER S, R A0 B AT < RGH
HLEFET,

AMRFERICERL, A0 TS 2HE £ LB IIRFIEFHER, e B
e, RMERGR, AR L SuAR, [FIBhE, R ORERS SeARITE T
LET,

LS EROR O RICEE L, A2 IS 2THE £ L& LR TP
%, ®A Bz SEICHEEHNTZ L ET,

AHFFEICER L, T & TEE £ Ll BRI B, U B e,
e, ok Rz S, RBVEER, wkg Bl o4, JBERFPIFEHE
%, IN%F f&— o, [ANEEdR, 6/ 1P S, RRERD, (Lo #Hz  JelE,
RO FEMRASAE, UE HE K, = R RICEESHW = LET,

B ATEIZIB W TEZ L Ol T I A THE F U7 E IR FH R R PR 3
AR E I B K, BRI AR R R oy - LR JE =RE
R L B £,

B, TRNETHEARECHELTHEE, 9 FH &V ) BWRAEAFE K
BV E TR > TR ISWE LIEFE, B —RIS00 DIESHE L £4,
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EERDAB

General

Flash chromatography was performed with Kanto Kagaku silica gel 60N (63-210 mm).
NMR spectra were recorded on a Varian Gemini300 or JEOL ECX400 spectrometer in
the solvent indicated. Chemical shifts (3) are given in ppm downfield from TMS and
referenced with CHCI3 (7.26 ppm) as an internal standard. Peak multiplicities are
designated by the following abbreviations: s, singlet; d, doublet; t, triplet; q, quartet; m,
multiplet; br, broad and coupling constants are given in (J) Hz. High resolution mass
spectral data was obtained on a JEOL JMS-GC MATE II or JEOL JMS-AX505HAD.

All commercial reagents were used as received unless otherwise noted.

Typical procedure for lactones (1a—1j): The known lactones (1a, 1b, 1¢, 1d, 1f, and

1g) and other lactones (1e, 1h, 1i, and 1j) were prepared by the literature procedure’".
6-1odo-4,9-dihydro-3H-pyrano|3,4-b]indol-1-one (1e)

| L} Yield: 52%; mp: 228-230 °C; 'H NMR (300 MHz, CDCl3): § 9.13 (1H,

H o br),8.00 (1H, s), 7.63 (1H, dd, J= 1.5 Hz, 8.4 Hz), 7.27 (1H, d, J= 8.4
Hz), 4.71 (2H, t, J = 6.3 Hz), 3.13 (2H, t, J = 6.3 Hz); *C NMR (75 MHz, CDCl3): §
160.93, 137.01, 134.99, 129.84, 128.99, 126.95, 121.90, 114.66, 84.16, 69.44, 21.27; IR
(KBr): 3283, 1705 cm!; MS (EI) m/z 313 (M+); HRMS (EI) caled for Ci1HsNOxI:
312.9600 (M+), found: 312.9620.

6-1so-propyl-4,9-dihydro-3H-pyrano|3,4-b]indol-1-one (1h)
| ) Yield: 62%; 'HNMR (300 MHz, CDCl3): § 9.64 (1H, br), 7.45 (2H, d,
N o J=8.8Hz),7.31-7.28 (1H, m),4.71 (2H, t,J=6.3 Hz), 3.17 2H, t, J
= 6.3 Hz), 3.03 (1H, sept, J = 6.9 Hz), 1.32 (6H, d, J = 6.9 Hz); '3*C NMR (75 MHz,
CDClL): & 161.72, 141.28, 137.08, 126.33, 124.21, 122.79, 122.00, 116.87, 112.79,
69.48, 34.08, 24.37, 21.46; IR (neat): 3276, 1689 cm™'; MS (EI) m/z 229 (M+); HRMS
(EI) caled for C14H15sNO2: 229.1103 (M+), found: 229.1096.

F 5,7-Difluoro-4,9-dihydro-3H-pyrano|[3,4-b]indol-1-one (1i)
) Yield: 40%; mp: 186-187 °C; 'H NMR (500 MHz, DMSO-ds): & 7.03
Ho U (1H,dd,J=2.1 Hz, 9.4 Hz), 7.00-6.96 (1H, m), 4.63 (2H, t, J= 6.2 Hz),
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3.19 (2H, t, J = 6.2 Hz); '3C NMR (125 MHz, CDCls): § 162.11 (dd, J = 12.5 Hz, 246.3
Hz), 160.60, 157.70 (dd, J = 15.3 Hz, 253.0 Hz), 139.25 (dd, J = 12.5 Hz, 15.3 Hz),
22.77 (d, J = 3.8 Hz), 121.47 (d, J = 1.9 Hz), 111.36 (d, J = 21.1 Hz), 97.03 (dd, J =
24.0 Hz, 29.7 Hz), 94.98 (dd, J = 4.8 Hz, 26.8 Hz), 69.48, 22.28; IR (KBr): 3275, 1697
cm™'; MS (EI) m/z 223 (M+); HRMS (EI) caled forC11H7NO,F2: 223.0445 (M+), found:
223.0417.

cl Dichloro-4,9-dihydro-3H-pyrano[3,4-b]indol-1-one (1j)
1 ) Yield: 42%; mp: 137-139 °C; 'H NMR (300 MHz, CDCl3): § 9.17 (1H,
“ N I br),7.38(1H, d, /= 1.6 Hz),7.17 (1H, d, J= 1.6 Hz), 4.71 (2H, t, J =
6.3 Hz), 3.44 (2H, t, J = 6.3 Hz); '3C NMR (75 MHz, CDCl:): § 168.47,
139.60, 135.20, 128.49, 124.21, 122.08, 117.91, 111.32, 69.51, 24.60, 22.64; IR (KBr):
3267, 1712 cm’'; MS (EI) m/z 255 (M+); HRMS (EI) caled for C11H;NO>Cla: 254.9854
(M+), found: 254.9856.

Typical procedure for lactams (2a-2r): The known lactams (2b, 2¢, 2i, 2j, 2k, 2m, and
2q) and other lactams (2a, 2d, 2e, 2f, 2g, 2h, 21, 2n, 20, 2p, and 2r) were prepared by

the literature procedure?® 82,

FW\Q/F 6-Fluoro-2-(4-fluorobenzyl)-2,3,4,9-tetrahydro-f-carbolin-
N
H

z 1-one (2a)

Yield: 34%; mp: 211-213 °C; 'H NMR (300 MHz, DMSO-ds):
0 11.8 (1H, brs), 7.40-7.36 (4H, m), 7.18 (2H, t-like, J = 9.0 Hz), 7.08 (1H, td, J = 2.6
Hz, 9.2 Hz), 4.68 (2H, s), 3.60 (2H, t, J = 7.0 Hz), 2.95 (2H, t, J = 7.0 Hz); '*C NMR
(75 MHz, DMSO-d¢): 6 160.1, 133.9, 129.5 & 129.4, 1284, 124.7, 117.4 & 117.3,
115.3, 115.0, 113.7 & 113.5, 112.8 & 112.4, 104.6 & 104.3, 48.0, 47.2, 20.0; IR (KBr)
3216, 1635 cm™; MS 312 (M+); HRMS caled for CisH14N2OF2: 312.1074, found:
312.1046.

. cr, 0-Fluoro-2-(4-trifluoromethylbenzyl)-2,3,4,9-tetrahydro-f3
mﬁ -carbolin-1-one (2d)

"o Yield: 35%; mp: 237-240 °C; 'H NMR (400 MHz, CDCl3): &

9.74 (1H, br), 7.61 (2H, d, J= 8.0 Hz), 7.48 (2H, d, J = 8.0 Hz), 7.35-7.32 (1H, m), 7.19

(1H, dd, J=1.4 Hz, 9.2 Hz), 7.04 (1H, td, /= 2.3 Hz, 9.2 Hz), 4.86 (2H, s), 3.67 (2H, t,

J=6.9 Hz), 3.02 (2H, t, J = 6.9 Hz); *C NMR (100 MHz, CDCls): § 161.37, 157.97 (d,

J=236.7 Hz), 141.52, 134.07, 129.92 (q, J = 32.6 Hz), 128.09, 127.77, 125.71 (q, J =
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3.8 Hz), 125.39, 125.28, 118.25 (d, J = 4.8 Hz), 113.96 (d, J = 26.8 Hz), 113.35 (d, J =
9.6 Hz), 104.67 (d, J = 24.0 Hz), 49.36, 47.72, 20.61; IR (KBr): 3223, 1635 cm™!; MS
(E) m/z 362 (M+); HRMS (EI) caled for CioH14sN2OF4: 362.1042 (M+), found:
362.1027.

F gr 2-(4-Bromo-2-fluorobenzyl)-6-fluoro-2,3,4,9-tetrahydro-f3-
N carbolin-1-one (2¢)

° F Yield: 33%; mp: 235-238 °C; 'H NMR (400 MHz, CDCls): &
9.53 (1H, br), 7.36-7.26 (4H, m), 7.19 (1H, dd, /= 2.3 Hz, 9.2 Hz), 7.05 (1H, td, J = 2.3
Hz, 9.2 Hz), 4.79 (2H, s), 3.71 (2H, t, J = 6.9 Hz), 3.01 (2H, t, J = 6.9 Hz); '*C NMR
(100 MHz, CDCl3): 6 161.50, 160.86 (d, J = 251.2 Hz), 157.95 (d, J = 236.8 Hz),
134.14, 131.53 (d, J = 4.8 Hz), 128.12, 127.83 (d, J = 3.8 Hz), 125.28 (d, J = 9.6 Hz),
123.58 (d, J = 14.4 Hz), 121.61 (d, J=9.6 Hz), 119.14 (d, J=24.9 Hz), 118.27 (d, J =
4.8 Hz), 113.93 (d, J=26.8 Hz), 113.40 (d, J= 9.6 Hz), 104.64 (d, J = 24.0 Hz), 47.97,
43.08 (d, J = 2.9 Hz), 20.64; IR (KBr): 3217, 1637 cm™'; MS (EI) m/z 390 (M+); HRMS
(EI) caled for CisH13N2OF2Br: 390.0179 (M+), found: 390.0175.

cr, 2-(4-Trifluoromethylbenzyl)-2,3,4,9-tetrahydro-p-carbolin-

CLIO T ronean

° Yield: 37%; mp: 224-227 °C; 'H NMR (300 MHz, CDCl3): §
9.15 (1H, br), 7.62-7.57 (3H, m), 7.48 (2H, d, /= 7.7 Hz), 7.44 (1H, d, /= 8.2 Hz), 7.31
(1H, t,J=17.1 Hz), 7.16 (1H, t, J = 7.1 Hz), 4.85 (2H, s), 3.66 (2H, t, J= 7.1 Hz), 3.06
(2H, t,J = 7.1 Hz); 3C NMR (100 MHz, CDCls): § 161.61, 141.72, 137.50, 129.83 (q, J
= 32.6 Hz), 128.10, 126.55, 125.67 (q, J = 3.8 Hz), 125.24, 125.10, 122.74, 120.34,
120.20, 118.50, 112.45, 49.29, 47.76, 20.71; ; IR (KBr): 3230, 1636 cm™'; MS (EI) m/z
344 (M+); HRMS (EI) calcd for C19H1sN2OF3: 344.1137 (M+), found: 344.1156.

er 2-(4-Bromobenzyl)-2,3,4,9-tetrahydro-f-carbolin-1-one (2g)
W‘v@/ Yield: 40%; mp: 249-252 °C; '"H NMR (300 MHz, CDCls): §

"o 8.96 (1H, br), 7.57 (1H, d, J = 7.7 Hz), 7.48-7.42 (3H, m),
7.34-7.22 (3H, m), 7.15 (1H, t, J = 7.7 Hz), 4.73 (2H, s), 3.63 (2H, t, J = 7.0 Hz), 3.03
(2H, t, J = 7.0 Hz); 3C NMR (75 MHz, CDCls): § 161.25, 137.22, 136.49, 131.70,
129.57, 126.59, 125.22, 124.99, 121.30, 120.28, 120.12, 118.32, 112.29, 49.04, 47.54,
20.78; IR (KBr): 3218, 1635 cm™'; MS (EI) m/z 354 (M+); HRMS (EI) caled for
Ci1sHisN2OBr: 354.0368 (M+), found: 354.0323.
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s 2-(4-Bromo-2-fluorobenzyl)-2,3,4,9-tetrahydro-f-carbolin-1-
@Q«Q one (2h)

"o F Yield: 33%; mp: 217-219 °C; '"H NMR (500 MHz, DMSO-dg): §
11.66 (1H, s), 7.60-7.56 (2H, m), 7.43-7.32 (3H, m), 7.22 (1H, t, /= 8.1 Hz), 7.06 (1H,
t,J = 8.1 Hz), 4.71 (2H, s), 3.65 (2H, t, J = 7.0 Hz), 3.00 (2H, t, J = 7.0 Hz); 3*C NMR
(75 MHz, DMSO-ds): 6 160.09 (d, J = 249.0 Hz), 160.46, 137.21, 131.21 (d, J = 4.9
Hz), 127.57 (d, J = 3.7 Hz), 126.53, 124.56, 124.33, 124.10 (d, /=4.9 Hz), 120.30 (d, J
=9.8 Hz), 120.01, 119.39, 118.59 (d, J = 25.6 Hz), 117.66, 112.44, 47.64, 42.61, 20.15;
IR (KBr): 3223, 1635 cm; MS (EI) m/z 371 (M+); HRMS (EI) caled for
CisH1aN2OFBr: 372.0274 (M+), found: 372.0299.

| 2-Benzyl-6-iodo-2,3,4,9-tetrahydro-f-carbolin-1-one (2I)
m\/@ Yield: 45%; mp: 227-229 °C; 'H NMR (400 MHz, CDCl3): §

"o 10.57 (1H, br), 7.78 (1H, s), 7.35 (1H, dd, J = 1.4 Hz, 8.7 Hz),
7.27-7.15 (5H, m), 7.08 (1H, d. /= 8.7 Hz), 4.73 (2H, s), 3.55 (2H, t, J= 7.1 Hz), 2.87
(2H, t, J = 7.1 Hz); *C NMR (100 MHz, CDCl:3): § 161.43, 137.30, 136.73, 132.91,
128.97, 128.77, 127.88, 127.84, 127.60, 127.44, 117.07, 114.70, 83.29, 49.74, 47.47,
20.51; IR (KBr): 3202, 1631 cm™; MS (EI) m/z 402 (M+); HRMS (EI) caled for
CisHisN2OI: 402.0230 (M+), found: 402.0228.

2-Benzyl-6-iso-propyl-2,3,4,9-tetrahydro-p-carbolin-1-one
] (2n)
N Yield: 40%; mp: 205-207 °C; 1H NMR (400 MHz, CDCl3): &
9.42 (1H, br), 7.38-7.26 (7H, m), 7.19 (1H, dd, J= 1.6 Hz, 8.5
Hz), 4.82 (2H, s), 3.64 (2H, t, J = 6.9 Hz), 3.03-2.97 (3H, m), 1.30 (6H, d, J = 6.9 Hz);
13C NMR (100 MHz, CDCl5): § 161.64, 140.91, 137.64, 136.14, 128.66, 127.92, 127.42,
127.01, 125.31, 124.49, 118.00, 116.59, 112.28, 49.48, 47.44, 34.17, 24.49, 20.71; IR
(KBr): 3214, 1635 cm™'; MS (EI) m/z 318 (M+); HRMS (EI) calcd for C21H2N20:
318.1732 (M+), found: 318.1780.

F 2-Benzyl-5,7-difluoro-2,3,4,9-tetrahydro-f-carbolin-1-one
T Q) eo
F HoT Yield: 40%; mp: 167-169 °C; '"H NMR (400 MHz, CDCL): &

10.62 (1H, br), 7.37-7.28 (5H, m), 6.89 (1H, dd, J = 1.8 Hz, 8.7 Hz), 6.58 (1H, dt, J =
1.8 Hz, 10.5 Hz), 4.83 (2H, s), 3.67 2H, t, J = 7.1 Hz), 3.15 (2H, t, J = 7.1 Hz); 13C
NMR (100 MHz, CDCls): § 161.17 (dd, J = 11.5 Hz, 242.5 Hz), 159.96, 157.49 (dd, J =
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15.3 Hz, 251.1 Hz), 139.19 (dd, J = 13.4 Hz, 15.3 Hz), 137.51, 137.07, 129.12 (d, J =
3.8 Hz), 128.16, 127.54 (d, J = 3.8 Hz), 116.86, 111.94 (d, J=21.1 Hz), 96.32 (dd, J =
22.5 Hz,29.2 Hz), 95.13 (dd, /= 4.8 Hz, 25.9 Hz), 49.98, 47.78, 21.85; IR (KBr): 3193,
1626 cm™'; MS (EI) m/z 312 (M+); HRMS (EI) calcd for C1sH14N2OF2: 312.1074 (M+),
found: 312.1069.

cl 2-Benzyl-5,7-dichloro-2,3,4,9-tetrahydro-p-carbolin-1-one
T (2p)

c N Yield: 30%; mp: 248-250 °C; 'H NMR (400 MHz, CDCl;): &
10.04 (1H, br), 7.37-7.28 (6H, m), 7.09 (1H, d, /= 1.4 Hz), 4.81

(2H, s), 3.66 (2H, t, J= 7.1 Hz), 3.31 (2H, t, J= 7.1 Hz); '3*C NMR (100 MHz, CDCl5):

0 160.96, 138.36, 137.04, 130.25, 128.81, 128.18, 128.00, 127.88, 127.68, 121.90,

121.21, 118.07, 111.23, 49.67, 47.38, 21.83; IR (KBr): 3188, 1633 cm™'; MS (EI) m/z

344 (M+); HRMS 360 (EI) calcd for C1sH14N2OCla: 344.0483 (M+), found: 344.0474.

F 5,7-Difluoro-2-phenylethyl-2,3,4,9-tetrahydro-f-carbolin-1-
] one (2r)
F N \/\© Yield: 33%; mp: 220-222 °C; 'H NMR (300 MHz, CDCl3): §
10.51 (1H, br), 7.35-7.22 (5H, m), 6.98 (1H, dd, /= 1.9 Hz, 9.1
Hz), 6.60 (1H, dd, J=1.9 Hz, 10.2 Hz), 3.84 (2H, t, /= 7.4 Hz), 3.58 (2H, t, /= 7.0 Hz),
3.07 (2H, t, J= 7.0 Hz), 3.01 (2H, t, J = 7.4 Hz); '*C NMR (75 MHz, CDCl3): § 160.95
160.76 (dd, J=11.5 Hz, 241.5 Hz), 157.23 (dd, J = 15.3 Hz, 251.1 Hz), 139.17 (dd, J =
12.9 Hz, 14.9 Hz), 138.92, 128.85, 128.66, 127.49 (d, J= 1.9 Hz), 126.57, 116.37 (d, J
=3.8 Hz), 111.52 (d, J= 1.9 Hz, 21.1 Hz), 95.82 (dd, J = 22.5 Hz, 29.2 Hz), 94.90 (dd,
J = 4.8 Hz, 25.9 Hz), 49.03, 48.86, 34.64, 21.56; IR (KBr): 3161, 1629 cm™'; MS (EI)
m/z 326 (M+); HRMS (EI) caled for Ci9Hi6 N2OF2: 326.1231 (M+), found: 326.1241.

[6-Fluoro-2-(4-fluorobenzyl)-1-0xo0-1,2,3,4-tetrahydro-f3-
K@@Q} \/©/ " carbolin-9-yl]acetic acid methyl ester (3)

)" I To a stirred solution of 2a (193 mg, 0.62 mmol) in DMF (5 ml)
was added NaH (60%, 37 mg, 0.93 mmol) at 0 °C, and the
reaction mixture was stirred at 0 °C for 30 min. To the mixture was added
BrCH>CO2xMe (87 ul, 0.93 mmol) at 0 °C, and the resulting mixture was stirred at room
temperature for 24 h. The reaction was quenched with H.O (10 mL), and the aqueous

MeO,C

mixture was extracted with Et;O (10 mlx3). The organic extracts were combined, dried

over MgS0Os4, and evaporated. The residue was chromatographed on SiO> (Hexane :
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Acetone = 8: 1) to give 3 (173 mg, 73%). mp: 87-89 °C; 'H NMR (300 MHz, CDCl5): §
7.31-7.28 (2H, m), 7.22-7.19 (2H, m), 7.10 (1H, td, J= 2.6 Hz, 9.0 Hz), 7.02 2H, t, J =
8.5 Hz), 5.44 (2H, s), 4.70 (2H, s), 3.77 (3H, s), 3.61 (2H, t, J=7.0 Hz), 2.97 2H, t, J =
7.0 Hz); 3*C NMR (75 MHz, CDCl5): § 169.3, 160.9, 135.3, 133.0 & 132.9, 1294 &
129.2, 126.9, 124.3 & 124.2, 118.9 & 118.8, 1154 & 115.1, 113.8 & 113.5, 110.6 &
110.4, 105.0 & 104.7, 52.3, 48.6, 46.9, 45.7, 20.4; IR (KBr) 1737, 1650 cm™'; MS (EI)
m/z 384 (M+); HRMS (EI) calcd for C21H1sN2O3F2: 384.1286 (M+), found: 384.1260.

[2-(4-Fluorobenzyl)-6-fluoro-1-0xo0-1,2,3,4-tetrahydro-f3-
F F
mﬁ carbolin-9-yl]acetic acid (4)
)N o To a stirred solution of 3 (173 mg, 0.45 mmol) in MeOH (3

e ml) and H,O (1 ml) was added LiOH * H2O (37.2 mg, 0.90
mmol), and the resulting mixture was refluxed for 1 h. After cooling, the reaction was
quenched with 10% HCI aq, and the aqueous mixture was extracted with AcOEt (10
mlx3). The organic extracts were combined, dried over MgSQO4, and evaporated. The
residue was chromatographed on SiO> (Hexane : Acetone = 2: 1) to give 4 (0.44 mmol,
162.9 mg, 98%).
mp: 148-150 °C; 1H NMR (300 MHz, DMSO-ds): & 7.61-7.58 (1H, m), 7.44-7.42 (1H,
dd, J=2.6 Hz, 9.4 Hz), 7.37-7.34 (2H, m), 7.19-7.14 (3H, m), 5.35 (2H, s), 4.65 (2H, s),
3.59 (2H, t, J = 7.0 Hz), 2.97 (2H, t, J = 7.0 Hz); *C NMR (75 MHz, DMSO-ds): §
170.2, 160.2, 158.4, 155.7, 135.3, 133.9, 129.5 & 129.4, 126.9, 123.7, 118.6, 115.3 &
115.0, 113.2 & 112.9, 112.1 & 112.0, 104.8 & 104.5, 48.0, 47.0, 45.8, 19.9; IR (KBr)
2929, 1724, 1647 cm™; MS 370 (M+); HRMS calcd for Ca0Hi6N2O3F2: 370.1129,
found: 370.1124.

Typical procedure for thiolactams (6b-6r): To a stirred solution of lactam (1.00 mmol)
in toluene (5 mL) was added Lawesson’s reagent (0.55 equiv), and the resulting mixture
was refluxed for 20-24 h. After cooling, the solvent was removed, and the residue was

chromatographed on SiO> (Hexane : Acetone = 25 : 1) to give thiolactam (6b-6r).

©|\_/|Q‘ Q 2-Benzyl-2,3,4,9-tetrahydro-p-carboline-1-thione (6b)

N Yield: 98%; mp: 197-198 °C; 'H NMR (300 MHz, DMSO-de): &
° 11.32 (1H, br), 7.60-7.22 (8H, m), 7.05 (1H, t, J = 7.5 Hz), 5.38

(2H, s), 3.77 (2H, t, J = 7.0 Hz), 3.00 (2H, t, J = 7.0 Hz); '3*C NMR (75 MHz,

DMSO-ds): & 182.90, 138.31, 136.50, 132.32, 128.44, 127.39, 127.23, 124.52, 124.47,

120.61, 119.70, 112.66, 111.47, 54.94, 49.55, 19.65; IR (KBr): 3319, 1556 cm™'; MS
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(EI) m/z 292 (M+); HRMS (EI) caled for C1sH16N2S: 292.1034 (M+), found: 292.1054.

F — Q 2-Benzyl-6-fluoro-2,3,4,9-tetrahydro-f-carboline-1-thione
Qj\? (60)
S

Yield: 53%; mp: 127-130 °C; '"H NMR (300 MHz, DMSO-ds): &
11.43 (1H, br), 7.47 (1H, m), 7.41-7.26 (6H, m), 7.11 (1H, dt, J = 2.5 Hz, 9.4 Hz), 5.37
(2H, s), 3.77 (2H, t, J = 7.2 Hz), 2.97 (2H, t, J = 7.2 Hz); *C NMR (75 MHz,
DMSO-ds): 6 182.70, 156.84 (d, J=233.2 Hz), 136.35, 135.01, 133.75, 128.44, 127.39,
127.26, 124.47 (d, J = 9.8 Hz), 113.96 (d, J = 9.8 Hz), 113.31 (d, J = 26.9 Hz), 111.43
(d,J= 6.1 Hz), 104.84 (d, J = 23.2 Hz), 55.03, 49.60, 19.55; IR (KBr): 3320, 1555 cm™!;
MS (EI) m/z 310 (M+); HRMS (EI) calcd for CisHisN2FS: 310.0940 (M+), found:
310.0914.

. V@/c& 6-Fluoro-2-(4-trifluoromethylbenzyl)-2,3,4,9-tetrahydro-
S -carboline-1-thione (6d)

h s Yield: 90%; mp: 180-182 °C; 'H NMR (300 MHz, CDCl3): &
9.08 (1H, br), 7.62 (2H, d, J= 8.1 Hz), 7.51 (2H, d, J = 8.1 Hz), 7.38-7.34 (1H, m), 7.19
(1H, d, J=9.1 Hz), 7.08 (1H, dt, J = 2.5 Hz, 9.1 Hz), 5.45 (2H, s), 3.78 2H, t, J= 7.4
Hz), 3.02 (2H, t, J = 7.4 Hz); '*C NMR (75 MHz, CDCl;): & 184.11, 157.88 (d, J =
236.8 Hz), 140.10, 134.68, 133.48, 130.03 (q, J = 33.0 Hz), 127.92, 125.69 (q, J = 3.7
Hz), 122.11, 118.50, 114.60 (d, J = 26.9 Hz), 113.10 (d, /= 9.8 Hz), 111.43 (d, J=4.9
Hz), 105.19 (d, J = 23.2 Hz), 55.56, 49.80, 20.36; IR (KBr): 3309, 1558 cm™'; MS (EI)
m/z 378 (M+); HRMS (EI) calcd for C19H14N2F4S: 378.0814 (M+), found: 378.0838.

F — B 2-(4-Bromo-2-fluorobenzyl)-6-fluoro-2,3,4,9-tetrahydr--
\Q?Q'VQ/ carboline-1-thione (6e)

° " Yield: 90%; mp: 128-131 °C; 'H NMR (300 MHz, CDCl3): &
9.07 (1H, br), 7.43 (1H, t, J= 8.1 Hz), 7.36-7.24 (3H, m), 7.19 (1H, dd, J = 1.6 Hz, 9.1
Hz), 7.07 (1H, td, J=2.5 Hz, 9.1 Hz), 5.38 (2H, s), 3.82 (2H, t, /= 7.4 Hz), 3.01 (2H, t,
J=17.4 Hz); C NMR (100 MHz, CDCl3): & 184.23, 160.51 (d, J = 278.0 Hz), 158.08
(d, J=264.6 Hz), 134.70, 133.60, 131.34 (d, /= 3.8 Hz), 127.78 (d, J = 3.8 Hz), 125.55
(d, J=9.6 Hz), 122.29 (d, /= 15.3 Hz), 121.86 (d, J=9.6 Hz), 119.15 (d, J = 24.9 Hz),
114.55 (d, J = 26.8 Hz), 113.13 (d, J = 9.6 Hz), 111.48 (d, J = 5.8 Hz), 105.17 (d, J =
23.0 Hz), 49.99, 49.02 (d, J = 2.9 Hz), 20.19; IR (KBr): 3310, 1554 cm™'; MS (EI) m/z
406 (M+); HRMS (EI) calcd for C1sHi3N2F2SBr: 405.9951 (M+), found: 405.9924.
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— QCF3 2-(4-Trifluoromethylbenzyl)-2,3,4,9-tetrahydro-p-carboline-
: :H: ;" 1-thione (6f)
S

Yield: 95%; mp: 187-190 °C; '"H NMR (300 MHz, CDCl3): &
9.08 (1H, br), 7.62 (2H, d, J=8.5 Hz), 7.58 (1H, d, J=8.2 Hz), 7.51 (2H, d, /= 8.5 Hz),
7.43 (1H, d, J=8.2 Hz), 7.33 (1H, t, J= 7.5 Hz), 7.14 (1H, t, J= 7.5 Hz), 5.47 (2H, s),
3.79 2H, t, J = 7.4 Hz), 3.06 (2H, t, J = 7.4 Hz); 3*C NMR (100 MHz, CDCl): §
184.54, 140.40, 138.26, 132.27, 130.08 (q, J = 32.6 Hz), 128.00, 125.77 (q, J = 3.8 Hz),
125.50, 125.37, 122.66, 120.93, 120.74, 112.20, 118.78, 55.45, 49.78, 20.36; IR (KBr):
3340, 1557 cm™'; MS (EI) m/z 360 (M+); HRMS (EI) calcd for C19H;sN2F3S: 360.0908
(M+), found: 360.0861.

. 2-(4-Bromobenzyl)-2,3,4,9-tetrahydro-f-carboline-1-thione

CXI LT ©e

H s Yield: 86%; mp: 171-174 °C; 'H NMR (300 MHz, CDCl;): &

9.08 (1H, br), 7.57 (1H, d, J=8.0 Hz), 7.48 (2H, d, J=8.2 Hz), 7.42 (1H, d, J = 8.5 Hz),

7.33 (2H, d, J=8.2 Hz), 7.29 (1H, d, J= 8.5 Hz), 7.14 (1H, m), 5.35 (2H, s), 3.76 (2H, t,

J =174 Hz), 3.03 (2H, t, J = 7.4 Hz); '3C NMR (75 MHz, CDCl;): & 184.03, 138.09,

135.28, 132.21, 131.80, 129.47, 125.56, 125.41, 121.66, 120.81, 120.59, 112.11, 111.61,

55.29, 49.59, 20.44; IR (KBr): 3334, 1558 cm™';MS (EI) m/z 370 (M+); HRMS (EI)
calcd for C1gsHisN2SBr: 370.0139 (M+), found: 370.0139.

s 2-(4-Bromo-2-fluorombenzyl)-2,3,4,9-tetrahydro-f-carboline
N -1-thione (6h)

s F Yield: 68%; mp: 160-162 °C; 'H NMR (300 MHz, DMSO-de): &
11.32 (1H, brs), 7.62-7.57 (2H, m), 7.49 (1H, d, J = 8.2 Hz), 7.42-7.21 (3H, m), 7.06
(1H, t, J = 7.4 Hz), 5.35 (2H, s), 3.86 (2H, t, J = 7.4 Hz), 3.05 (2H, t, J = 7.4 Hz); 1*C
NMR (75 MHz, CDCl): & 184.18, 160.42 (d, J = 250.3 Hz), 137.98, 132.11, 131.15 (d,
J=3.7Hz), 127.62 (d, J=3.7 Hz), 127.48, 125.27, 122.31 (d, J = 14.6 Hz), 121.62 (d,
J= 8.5 Hz), 120.72, 120.49, 118.97 (d, J = 24.4 Hz), 112.00, 111.59, 49.98, 48.87 (d, J
=3.7 Hz), 20.36; IR (KBr): 3321, 1555 cm™'; MS (EI) m/z 389 (M+); HRMS (EI) calcd
for C1gH14N>FSBr: 388.0045 (M+), found: 388.0075.

N
H

2-Benzyl-7-chloro-2,3,4,9-tetrahydro-p-carboline-1-thione
I (6i)

) Yield: 99%; mp: 162-163 °C; 'H NMR (300 MHz, DMSO-de): &
11.45 (1H, brs), 7.62-7.30 (6H, m), 7.06 (2H, d-like, J= 6.6 Hz), 5.37 (2H, s), 3.79 (2H,
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t,J=6.9 Hz), 3.00 2H, t, J = 6.9 Hz); 3C NMR (75 MHz, CDCls): & 183.40, 138.09,
136.02, 132.79, 131.19, 128.69, 127.76, 124.02, 121.66, 121.45, 111.90, 111.35, 55.87,
49.33,20.21; IR (KBr): 3318, 1551, cm™'; MS (EI) m/z 326 (M+); HRMS (EI) calcd for
C1sH1sN2SCl: 326.0644 (M+), found: 326.0645.

cl — Q 2-Benzyl-6-chloro-2,3,4,9-tetrahydro-B-carboline-1-thione
©§ (6))
S

Yield: 99%; mp: 194-196 °C; 'H NMR (300 MHz, DMSO-d): &
11.53 (1H, brs), 7.69 (1H, s), 7.49 (1H, d, J = 9.4 Hz), 7.40-7.31 (4H, m), 7.30 (1H, t, J
=9.4 Hz), 7.23 (1H, d, J=9.4 Hz), 5.37 (2H, s), 3.78 (2H, t, /= 7.3 Hz), 2.99 (2H, t, J
= 7.3 Hz); 3C NMR (75 MHz, DMSO-ds): § 182.61, 136.58, 136.30, 133.42, 128.44,
127.39, 127.26, 125.45, 124.52, 124.12, 119.78, 114.27, 110.97, 55.03, 49.55, 19.42; IR
(KBr): 3317, 1551 cm™'; MS (EI) m/z 326 (M+); HRMS (EI) calcd for CisHisN2SCl:
326.0645 (M+), found: 326.0678.

K@@Q 2-Benzyl-6-bromo-2,3,4,9-tetrahydro-B-carboline-1-thione
N
(N (6k)

Yield: 85%; mp: 176-178 °C; 'H NMR (300 MHz, DMSO-ds):
0 11.94 (1H, brs), 7.82 (1H, s), 7.47-7.27 (7TH, m), 5.36 (2H, s), 3.76 (2H, t, /= 7.2 Hz),
2.98 (2H, t, J = 7.2 Hz); *C NMR (75 MHz, DMSO-de): & 182.59, 136.79, 136.29,
133.23, 128.41, 127.39, 127.24, 126.97, 126.17, 122.87, 114.65, 112.05, 110.82, 55.03,
49.53, 19.44; IR (KBr): 3220, 1550 cm™'; MS (EI) m/z 370 (M+); HRMS (EI) calcd for
CisHisN2SBr: 370.0139 (M+), found: 370.0178.

! 2-Benzyl-6-iodo-2,3,4,9-tetrahydro-f-carboline-1-thione (61)
\CW'J@ Yield: 99%; mp: 185-187 °C; 'H NMR (300 MHz, DMSO-ds): §

° 11.50 (1H, s), 8.01 (1H, s), 7.50-7.29 (7H, m), 5.36 (2H, s), 3.77
(2H, t, J = 7.6 Hz), 2.98 (2H, t, J = 7.6 Hz); *C NMR (75 MHz, DMSO-dc): & 182.56,
137.13, 136.33, 132.76, 132.31, 129.13, 128.46, 127.42, 127.27, 127.08, 115.04, 110.51,
83.40, 55.03, 49.56, 19.42; IR (KBr): 3318, 1551 cm™'; MS (EI) m/z 418 (M+); HRMS
(EI) caled for CisHisN2SI: 418.0001 (M+), found: 418.0062.

MeO — Q 2-Benzyl-6-methoxy-2,3,4,9-tetrahydro-f-carboline-1-
C :”: ;s N thione (6m)

Yield: 94%; mp: 173-174 °C; '"H NMR (300 MHz, DMSO-ds):
6 11.18 (1H, br), 7.41-7.28 (6H, m), 7.04 (1H, s), 6.90 (1H, dd, /= 2.6 Hz, 9.0 Hz), 5.37
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(2H, s), 3.75 (3H, s), 3.76 (2H, t, J = 7.5 Hz), 2.97 (2H, t, J = 7.3 Hz); '3*C NMR (75
MHz, DMSO-d¢): 6 182.82, 153.57, 136.54, 133.76, 132.74, 128.42, 127.40, 127.23,
124.60, 116.08, 113.62, 111.14, 100.63, 55.23, 54.90, 49.60, 19.73; IR (KBr): 3318,
1548 cm™'; MS (EI) m/z 322 (M+); HRMS (EI) calcd for C19HisN20S: 322.1140 (M+),
found: 322.1131.

)\©\_/Q 2-Benzyl-6-iso-propyl-2,3,4,9-tetrahydro-p-carboline-1-
noUels
N I thione (6n)

Yield: 86%; mp: 161-164 °C; '"H NMR (300 MHz, CDCls): §
9.03 (1H, br), 7.42-7.20 (8H, m), 5.41 (2H, s), 3.76 (2H, t, J = 7.4 Hz), 3.04-2.95 (3H,
m), 1.30 (6H, d, J = 6.9 Hz); 1*C NMR (75 MHz, CDCl;): & 184.06, 141.35, 136.90,
136.41, 132.61, 128.77, 127.83, 127.75, 125.59, 125.27, 117.26, 111.96, 111.46, 55.80,
49.49, 34.16, 24.41, 20.36; IR (KBr): 3326, 1558 cm™!; MS (EI) m/z 334 (M+); HRMS
(EI) caled for C21H22N2S: 334.1504 (M+), found: 334.1500.

F 2-Benzyl-5,7-difluoro-2,3,4,9-tetrahydro-p-carboline-1-thione
] (60)

F N Yield: 93%; mp: 109-111 °C; 'H NMR (300 MHz, DMSO-ds): &

11.20 (1H, br), 7.39-7.30 (4H, m), 7.07 (1H, dd, J = 2.2 Hz, 9.6

Hz), 6.89 (1H, t, J=10.6 Hz), 5.36 (2H, s), 3.79 (2H, t,J= 7.4 Hz), 3.09 (2H, t,J=7.4

Hz); >*C NMR (75 MHz, CDCls): § 183.13, 161.30 (dd, J = 11.5 Hz, 244.4 Hz), 157.97

(dd, J = 15.3 Hz, 252.1 Hz), 139.05 (d, J = 1.9 Hz), 136.07, 132.70 (d, J = 3.8 Hz),

128.84, 127.91, 127.87, 109.74 (d, J = 1.9 Hz), 96.55 (dd, J = 22.5 Hz, 29.2 Hz), 94.45

(dd, J = 4.8 Hz, 26.8 Hz), 55.84, 49.29, 21.07; IR (KBr): 3264, 1578 cm™'; MS (EI) m/z
328 (M+); HRMS (EI) calcd for Ci1sH14N2F2S: 328.0846 (M+), found: 328.0829.

2-Benzyl-5,7-dichloro-2,3,4,9-tetrahydro-p-carboline-1-

/@\—/Q\/@ thione (6p)
Yield: 98%; mp: 185-187 °C; 'H NMR (300 MHz, CDCls): §

9.19 (1H, br), 7.39-7.30 (6H, m), 7.09 (1H, d, J = 1.6 Hz), 5.38
(2H, s), 3.76 (2H, t, J= 7.4 Hz), 3.30 (2H, t, J = 7.4 Hz); 3C NMR (75 MHz, CDCl;): §
183.13, 138.56, 135.95, 133.29, 130.93, 128.86, 128.79, 127.95, 127.89, 122.26, 121.66,
111.30, 110.73, 55.92, 49.32, 21.37; IR (KBr): 3272, 1557 cm’!; MS (EI) m/z 360 (M+);
HRMS (EI) calcd for C1sH14N2CLS: 360.0255 (M+), found: 360.0273.
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2-Phenyl-2,3,4,9-tetrahydro-f-carboline-1-thione (6q)

W\@ Yield: 99%; mp: 175-176 °C; 'H NMR (300 MHz, DMSO-d): §

> 11.31 (1H, brs), 7.66 (1H, d, J = 8.0 Hz), 7.52-7.32 (6H, m), 7.26
(1H,t,J=8.0 Hz), 7.08 (1H, t, J=8.0 Hz), 4.11 (2H, t, J=7.3 Hz), 3.18 2H, t,J=7.3
Hz); 3C NMR (75 MHz, DMSO-ds): § 184.11, 146.04, 138.41, 132.95, 128.99, 127.14,
126.90, 125.36, 124.80, 120.85, 119.85, 113.33, 112.73, 54.01, 20.23; IR (KBr): 3395,
1556 cm’!; MS (EI) m/z 277 (M+); HRMS (EI) caled for C17H14N,S: 278.0878 (M+),
found: 278.0890.

F 5,7-Difluoro-2-phenylethyl-2,3,4,9-tetrahydro-p-carboline-1
~-thione (6r)
F N \/\© Yield: 99%; mp: 150-153 °C; 'H NMR (300 MHz, CDCl3): §
9.18 (1H, br), 7.36-7.22 (5H, m), 6.87 (1H, dd, J= 1.9 Hz, 9.1
Hz), 6.58 (1H, dd, J=1.9 Hz, 10.4 Hz), 4.29 (2H, t,J=7.7 Hz), 3.61 (2H, t, J= 7.4 Hz),
3.12 (2H, t, J=7.7 Hz), 3.00 (2H, t, J = 7.4 Hz); >*C NMR (75 MHz, CDCl;): & 181.95,
161.07 (dd, J=11.5 Hz, 243.5 Hz), 157.84 (dd, J = 15.3 Hz, 252.1 Hz), 138.85 (dd, J =
12.9 Hz, 14.9 Hz), 138.46, 132.88 (d, J = 2.9 Hz), 128.90, 128.63, 126.68, 112.00 (d, J
=21.1 Hz), 109.52, 96.38 (dd, J = 22.5 Hz, 29.2 Hz), 94.45 (dd, J = 4.8 Hz, 24.9 Hz),
55.61, 51.35, 33.06, 20.87; IR (KBr): 3336, 1551 cm’!; MS (EI) m/z 342 (M+); HRMS
(EI) caled for Ci9H16N2F2S: 342.1002 (M+), found: 342.0992.

Typical procedure for esters (7b-7r): To a stirred solution of thiolactam (1.0 mmol) in
DMF (5 ml) was added NaH (60%, 1.2 equiv) at 0 °C, and the reaction mixture was
stirred at 0 °C for 30 min. To the mixture was added BrCH>CO»#-Bu or BrCH,CO;Me
(1.2 equiv) at 0 °C, and the resulting mixture was stirred at room temperature for 20-24
h. The reaction was quenched with H,O (10 ml), and the aqueous mixture was extracted
with Et20 (10 mlx3). The organic extracts were combined, dried over MgSQO4, and
evaporated. The residue was chromatographed on SiO> (Hexane : Acetone = 20 : 1) to
give t-butyl ester (7b-7j, 7k, Tn-70, and 7q) or methyl ester (71-7m, 7p, and 7r).

(2-Benzyl-1-thioxo-1,2,3,4-tetrahydro-p-carbolin-9-yl)-acetic
@g}«@ acid #-butyl ester (7b)
t-BuOZC) S Yield: 66%; mp: 63-64 °C; 'H NMR (300 MHz, CDCls): § 7.56
(1H, d, /=9.0 Hz), 7.39-7.27 (7TH, m), 7.16 (1H, t, J= 7.5 Hz), 5.73 (2H, br), 5.47 (2H,
s), 3.75 (2H, t, J= 7.3 Hz), 2.97 (2H, t, J = 7.3 Hz), 1.47 (9H, s); '*C NMR (75 MHz,
CDCl3): & 183.11, 167.91, 140.41, 136.22, 132.03, 128.31, 127.32, 127.19, 125.33,
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122.89, 120.59, 120.51, 115.02, 109.88, 81.47, 55.22, 49.07, 47.28, 28.01, 20.37; IR
(KBr): 1742 cm™; MS (EI) m/z 406 (M+); HRMS (EI) caled for C24H26N20:S:
406.1715 (M+), found: 406.1745.

F (2-Benzyl-6-fluoro-1-thioxo-1,2,3,4-tetrahydro-f-carbolin-9-
I N ! NV© yD)-acetic acid z-butyl ester (7¢)

,.Buozc) s Yield: 93%; mp: 54-56 °C; 'H NMR (300 MHz, CDCl3): §
7.37-7.18 (7TH, m), 7.10 (1H, dt, J = 2.5 Hz, 9.4 Hz), 5.71 (2H, br), 5.46 (2H, s), 3.75
(2H, t,J=7.2 Hz), 2.92 (2H, t, J= 7.2 Hz), 1.47 (9H, s); >*C NMR (75 MHz, CDCl;): §
183.17, 167.96, 157.98 (d, J = 237.5 Hz), 137.07, 136.19, 133.27, 128.49, 127.46,
127.41, 123.09 (d, J=10.1 Hz), 114.70 (d, J = 5.5 Hz), 114.19 (d, J = 26.7 Hz), 111.04
(d, J=9.2 Hz), 104.90 (d, J = 23.9 Hz), 81.72, 55.31, 49.07, 47.37, 27.92, 20.22; IR
(KBr): 1742 ecm™;MS (EI) m/z 424 (M+); HRMS (EI) caled for C24HzsN,O,FS:
424.1621 (M+), found: 424.1602.

[6-Fluoro-1-thioxo-2-(4-trifluoromethylbenzyl)-1,2,3,4-

) C 1) \Q/ o tetrahydro-f-carbolin-9-yl]-acetic acid #-butyl ester (7d)
cj‘ I Yield: 76%; mp: 53-55 °C; '"H NMR (400 MHz, CDCls): &

7.59 (2H, d, J = 8.0 Hz), 7.47 (2H, d, J = 8.0 Hz), 7.24-7.05
(3H, m), 5.68 (2H, br), 5.51 (2H, s), 3.76 (2H, t, J = 6.9 Hz), 2.96 (2H, t, J = 6.9 Hz),
1.47 (9H, s); C NMR (100 MHz, CDCls): § 184.00, 168.16, 158.30 (d, J = 237.7 Hz),
140.46, 137.37, 133.39, 129.89 (q, J = 32.6 Hz), 128.11, 128.00, 125.66 (q, J = 3.8 Hz),
114.99 (d, /J=4.8 Hz), 114.74 (d, J=26.8 Hz), 113.15 (d, J=9.6 Hz), 111.28 (d, J=9.6
Hz), 105.17 (d, J = 23.0 Hz), 82.14, 55.32, 49.65, 47.58, 28.10, 20.58; IR (KBr): 1740
cm™'; MS (EI) m/z 492 (M+); HRMS (EI) calcd for CasH2aN202F4S: 492.1495 (M+),
found: 492.1518.

t-BuO,

E g [2-(4-Bromo-2-fluorobenzyl)-6-fluoro-1-thioxo-1,2,3,4-
LA tetrahydro-f-carbolin-9-yl]-acetic acid z-butyl ester (7¢)
t-BuOZC) s F Yield: 95%; 'H NMR (300 MHz, CDCls): § 7.45-7.07 (6H, m),
5.65 (2H, br), 5.43 (2H, s), 3.79 (2H, t, J=7.1 Hz), 2.96 (2H, t, /= 7.1 Hz), 1.46 (9H,
s); 3C NMR (75 MHz, CDCls): & 183.85, 167.98, 160.48 (d, J=250.3 Hz), 158.15 (d, J
=238.1 Hz), 137.24, 133.32, 130.96 (d, /= 4.9 Hz), 127.60 (d, J=3.7 Hz), 123.18 (d, J
= 9.8 Hz), 121.49 (d, J = 9.8 Hz), 119.10 (d, J = 24.4 Hz), 119.02 (d, J = 24.4 Hz),
114.95 (d, J = 6.1 Hz), 114.65 (d, J = 26.9 Hz), 111.20 (d, J = 8.5 Hz), 105.13 (d, J =
23.2 Hz), 82.11, 49.03 (d, J = 3.6 Hz), 47.63, 31.24, 28.20, 20.71; IR (neat): 1742 cm™!;
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MS (EI) m/z 520 (M+); HRMS (EI) caled for C24Ha3N20,FSBr: 520.0632 (M+), found:
520.0612.

cr, [2-(4-Trifluoromethylbenzyl)-1-thioxo-1,2,3,4-tetrahydro-f
' " ! N\/©/ -carbolin-9-yl]-acetic acid #-butyl ester (7f)
Jos Yield: 86%; '"H NMR (300 MHz, CDCls): § 7.61-7.57 (3H, m),
7.48 (2H, d, J = 8.7 Hz), 7.41-7.30 (2H, m), 7.19-7.15 (1H, m),
5.70 (2H, br), 5.52 (2H, s), 3.77 (2H, t, J = 6.9 Hz), 3.01 (2H, t, /= 6.9 Hz), 1.47 (9H,
s); *C NMR (75 MHz, CDCls): & 184.25, 168.33, 132.34, 129.86 (q, J = 32.6 Hz),
128.01, 127.82, 125.94, 125.80, 125.77, 125.66 (q, J = 3.8 Hz), 123.20, 121.09, 120.87,
115.46, 110.25, 81.94, 55.29, 49.67, 47.46, 28.14, 20.72; IR (neat): 1735 cm™'; MS (EI)
m/z 474 (M+); HRMS (EI) caled for C25H2sN202F3S: 474.1589 (M+), found: 474.1571.

t-Bu0,C

. [2-(4-Bromobenzyl)-1-thioxo-1,2,3,4-tetrahydro-p-carbolin-
©I\N_/IQ,\/©/ 9-yl]-acetic acid z-butyl ester (7g)

s Yield: 92%; 'H NMR (300 MHz, CDCl3): & 7.57 (1H, d, J =
8.0 Hz), 7.49-7.44 (3H, m), 7.40-7.24 (3H, m), 7.19-7.14 (1H,
m), 5.70 (2H, br), 5.41 (2H, s), 3.74 2H, t, J= 7.1 Hz), 2.98 (2H, t, J = 7.1 Hz), 1.47
(9H, s); 1*C NMR (75 MHz, CDCl3): & 183.74, 168.14, 140.73, 135.55, 131.80, 131.69,
129.47, 129.31, 125.75, 123.11, 120.93, 120.73, 115.31, 110.15, 81.87, 50.01, 49.43,
47.52,28.24,20.78; IR (neat): 1744 cm™'; MS (EI) m/z 484 (M+); HRMS (EI) calcd for
C24H25N20,SBr: 484.0820 (M+), found: 484.0832.

t-BuO,

s [2-(4-Bromo-2-fluorobenzyl)-1-thioxo-1,2,3,4-tetrahydro-p-

| N\/Q/ carbolin-9-yl]-acetic acid methyl ester (7h)
Jos F Yield: 58%; mp: 130-132 °C; 'H NMR (500 MHz, CDCls): §

7.59 (1H, d, J = 8.1 Hz), 7.40-7.36 (2H, m), 7.30-7.24 (3H, m),
7.18 (1H, t, J= 7.5 Hz), 5.81 (2H, brs), 5.44 (2H, s), 3.81 (2H, t, J = 6.8 Hz), 3.76 (3H,
s), 3.02 (2H, t, J = 6.8 Hz); '*C NMR (75 MHz, CDCl:): § 183.82, 169.53, 160.44 (d, J
= 249.0 Hz), 140.63, 131.96, 131.00 (d, J = 3.7 Hz), 127.60 (d, J = 3.7 Hz), 125.94,
123.10, 122.59 (d, J = 14.7 Hz), 121.45 (d, J = 9.8 Hz), 121.11, 120.83, 118.96 (d, J =
25.6 Hz), 115.62, 110.04, 52.31, 49.87, 48.90 (d, J = 3.7 Hz), 46.84, 20.74; IR (KBr):
1739 cm’!; MS (EI) m/z 460 (M+); HRMS (EI) calcd for C21H1sN202FSBr: 460.0256
(M+), found: 460.0245.

t-Bu0,C
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(2-Benzyl-7-chloro-1-thioxo-1,2,3,4-tetrahydro-p-carbolin-9-
c,m@ yl)-acetic acid #-butyl ester (7i)
t-BuOZC) s Yield: 52%; mp: 156-158 °C; 'H NMR (300 MHz, CDCls): §
7.49-7.46 (1H, m), 7.38-7.27 (6H, m), 7.14-7.10 (1H, m), 5.67 (2H, s), 5.45 (2H, s),
3.74 (2H, t, J = 6.9 Hz), 2.94 (2H, t, J = 6.9 Hz), 1.49 (9H, s); 3*C NMR (75 MHz,
CDCls): & 183.24, 167.85, 140.93, 136.33, 132.84, 131.56, 128.63, 127.61, 121.83,
121.75, 121.62 115.09, 110.20, 82.11, 55.58, 49.22, 47.63, 28.24, 20.61; IR (KBr): 1741
cm’'; MS (EI) m/z 440 (M+); HRMS (EI) caled for C24H25N20,SCl: 440.1325 (M+),
found: 440.1358.

cl (2-Benzyl-6-chloro-1-thioxo-1,2,3,4-tetrahydro-f-carbolin-9-
| " ! N\/@ yD)-acetic acid #-butyl ester (7))

,_Buozc) s Yield: 65%; mp: 34-35 °C; 'H NMR (300 MHz, CDCl3): § 7.53
(1H, d, J=9.0 Hz), 7.31-7.28 (7H, m), 5.70 (2H, br), 5.46 (2H, s), 3.74 2H, t, J="7.1
Hz), 2.92 (2H, t, J = 7.1 Hz), 1.47 (9H, s); *C NMR (75 MHz, CDCl;): § 183.07,
167.78, 136.14, 132.98, 128.60, 128.52, 127.67, 127.50, 126.19, 125.68, 123.90, 119.78,
114.26, 111.24, 81.95, 55.50, 49.19, 47.51, 28.12, 20.40; IR (KBr): 1743 cm™'; MS (EI)
m/z 440 (M+); HRMS (EI) caled for C24H25N202SCl: 440.1325 (M+), found: 440.1313.

Br (2-Benzyl-6-bromo-1-thioxo-1,2,3,4-tetrahydro-f-carbolin-9-

' N ! NQ yl)-acetic acid #-butyl ester (7k)

o s Yield: 53%; mp: 157-158 °C; 'H NMR (300 MHz, CDCl3): §
7.69 (1H, s), 7.43-7.31 (6H, brm), 7.15 (1H, d, J = 8.7 Hz), 5.70 (2H, brs), 5.45 (2H, s),
3.74 2H, t, J = 7.2 Hz), 2.92 (2H, t, J = 7.2 Hz), 1.47 (9H, s); '*C NMR (75 MHz,
CDCl3): & 183.11, 167.77, 139.05, 136.17, 128.65, 128.56, 128.21, 127.72, 127.55,
124.62, 122.98, 114.15, 113.71, 111.64, 82.00, 55.55, 49.20, 47.51, 28.15, 20.45; IR
(KBr): 1742 cm™'; MS (EI) m/z 484 (M+); HRMS (EI) calcd for C24H25N20,SBr:
484.0820 (M+), found: 484.0800.

t-BuO,

| (2-Benzyl-6-iodo-1-thioxo-1,2,3,4-tetrahydro-f-carbolin-9-yl)-
L N\Q acetic acid methyl ester (71)

Meozc) s Yield: 61%; mp: 70-72 °C; 'H NMR (500 MHz, CDCls): & 7.92
(1H, s), 7.59 (1H, d, J= 9.0 Hz), 7.37-7.29 (5H, m), 7.05 (1H, d, J= 9.0 Hz), 5.83 (2H,
brs), 5.44 (2H, s), 3.77 (3H, s), 3.74 (2H, t, J = 6.8 Hz), 2.92 (2H, t, J = 6.8 Hz); 1*C
NMR (75 MHz, CDCl3): 6 182.85, 169.18, 139.39, 136.14, 133.65, 132.16, 129.45,
128.56, 127.55, 125.49, 114.08, 111.96, 84.07, 55.50, 52.34, 49.06, 46.76, 20.42; IR
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(KBr): 1749 cm'; MS (EI) m/z 490 (M+); HRMS (EI) calcd for CaiHioN20,SI:
490.0212 (M+), found: 490.0204.

Meo (2-Benzyl-6-methoxy-1-thioxo-1,2,3,4-tetrahydro-p-carboli
\©|\N_/|<PN\/© n-9-yl)-acetic acid methyl ester (7m)
Meozc) s Yield: 63%; mp: 117-118 °C; 'H NMR (300 MHz, CDCl3): &
7.37-6.93 (8H, m), 5.83 (2H, brs), 5.45 (2H, s), 3.85 (3H, s),
3.75 (2H, t, J = 5.6 Hz), 2.93 (2H, t, J = 7.1 Hz); *C NMR (75 MHz, CDCl3): § 182.8,
169.4, 154.5,137.3, 136.2, 135.8, 132.1, 128.3, 127.5, 127.3, 127.2, 127.0, 126.9, 123.0,
116.7, 114.7, 110.8, 100.8, 55.4, 55.1, 52.0, 48.9, 46.6, 20.3; IR (KBr) 1751 cm!; MS
(EI) m/z 394 (M+); HRMS calcd for C22H20N203S: 394.1351, found: 394.1355.

(2-Benzyl-6-iso-propyl-1-thioxo-1,2,3,4-tetrahydro--

i-Pr.

N

N carbolin-9-yl)-acetic acid z-butyl ester (7n)

s Yield: 80%; '"H NMR (300 MHz, CDCls): § 7.36-7.18 (8H, m),
5.70 (2H, br), 5.47 (2H, s), 3.74 (2H, t, J = 7.0 Hz), 3.04-2.94

(3H, m), 1.48 (9H, s), 1.29 (6H, d, J = 7.1 Hz); 3*C NMR (75 MHz, CDCl;): & 183.61,

168.30, 141.54, 139.53, 136.59, 128.58, 127.74, 127.59, 127.45, 125.34, 117.24, 115.12,

109.96, 81.74, 55.55, 49.37, 47.57, 38.67, 34.19, 28.25, 24.51, 20.81; IR (neat):1743

cm’'; MS (EI) m/z 448 (M+); HRMS (EI) calcd for C7H3:N20,S: 448.2185 (M+),

found: 448.2164.

t-Bu0,C

F (2-Benzyl-5,7-difluoro-1-thioxo-1,2,3,4-tetrahydro-p-carbolin

-9-yl)-acetic acid #-butyl ester (70)

Yield: 99%; mp: 118-121 °C; 'H NMR (300 MHz, CDCls): §
7.37-7.28 (5H, m), 6.75 (1H, dd, J= 1.7 Hz, 9.4 Hz), 6.61 (1H, d,
J=10.9 Hz), 5.70 (2H, br), 5.44 (2H, s), 3.73 (2H, t, J = 7.0 Hz), 3.08 (2H, t, J=7.0
Hz), 1.48 (9H, s); °*C NMR (75 MHz, CDCl;): § 182.81, 167.76, 161.41 (dd, J = 12.5
Hz, 244.4 Hz), 158.00 (dd, J = 15.3 Hz, 252.1 Hz), 142.09 (dd, J = 12.0 Hz, 13.9 Hz),
136.31, 132.78 (d, J = 4.8 Hz), 128.81, 128.72, 127.88, 127.85, 127.68, 96.85 (dd, J =
23.0 Hz, 37.4 Hz), 92.92 (d, J = 4.8 Hz, 26.8 Hz), 82.30, 55.50, 49.40, 47.99, 28.10,
21.49; IR (KBr): 1743 cm!; MS (EI) m/z 442 (M+); HRMS (EI) caled for
Co4H24N20,F>S: 442.1523 (M+), found: 442.1546.

t-Bu0,C
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cl (2-Benzyl-5,7-dichloro-1-thioxo-1,2,3,4-tetrahydro-p-
) carbolin-9-yl)-acetic acid methyl ester (7p)
“ o cj Yield: 67%; "H NMR (300 MHz, CDCl3): & 7.36-7.32 (5H, m),
’ 7.16-7.13 (2H, m), 5.80 (2H, br), 5.42 (2H, s), 3.79 (3H, s), 3.74
(2H, t, J = 6.9 Hz), 3.27 (2H, t, J = 6.9 Hz); '*C NMR (75 MHz, CDCls): § 182.57,
169.11, 141.53, 136.25, 133.34, 131.32, 129.04, 128.79, 127.80, 127.76, 122.31, 119.77,
115.54, 109.05, 55.60, 52.52, 48.96, 47.16, 21.73; IR (neat): 1754 cm’'; MS (EI) m/z

432 (M+); HRMS (EI) calcd for C21HigN202SCla: 432.0466 (M+), found: 432.0420.

] (2-Phenyl-1-thioxo-1,2,3,4-tetrahydro-p-carbolin-9-yl)-acetic
N
N

acid #-butyl ester (7q)

Yield: 30%; mp: 165-166 °C; 'H NMR (500 MHz, CDCl5): § 7.64
(1H, d, J=7.7 Hz), 7.50-7.25 (7TH, m), 7.19 (1H, t, J= 7.5 Hz), 5.66 (2H, br), 4.09 (2H,
t, J = 6.9 Hz), 3.21 (2H, t, J = 6.9 Hz), 1.45 (9H, s); °*C NMR (75 MHz, CDCl;): &
184.37, 167.91, 146.17, 140.60, 132.24, 129.24, 127.38, 126.96, 125.68, 123.00, 120.78,
120.73, 115.49, 110.02, 81.56, 53.52, 47.36, 28.06, 21.05; IR (KBr): 1741 cm™; MS
(EI) m/z 392 (M+); HRMS (EI) calecd for C23H24N202S: 392.1559 (M+), found:
392.1546.

t-Bu0,C

(5,7-Difluoro-2-phenylethyl-1-thioxo-1,2,3,4-tetrahydro-p-

/@ carbolin-9-yl)-acetic acid methyl ester (7r)

V\(> Yield: 60%; mp: 38-40 °C; 'H NMR (300 MHz, CDCl3): &

o 7.36-7.22 (5H, m), 6.72 (1H, dd, J = 1.9 Hz, 9.3 Hz), 6.62 (1H,

dd, J=1.9 Hz, 10.2 Hz), 5.77 (2H, brs), 4.32 (2H, t, J = 7.3 Hz), 3.78 (3H, brs), 3.57
(2H, t, J=7.1 Hz), 3.10 (2H, t, J= 7.3 Hz), 2.96 (2H, t, J= 7.1 Hz); 3*C NMR (75 MHz,
CDCls): & 181.47, 169.18, 161.36 (dd, J = 11.5 Hz, 244.4 Hz), 159.18 (dd, J = 15.3 Hz,
253.0 Hz), 141.87 (dd, J = 12.5 Hz, 13.4 Hz), 138.56, 132.64 (d, J = 3.8 Hz), 128.91,
128.58, 126.60, 113.68, 109.51 (d, J=21.1 Hz), 96.90 (dd, J = 22.5 Hz, 29.2 Hz), 92.82
(dd, J = 4.8 Hz, 24.0 Hz), 55.76, 52.39, 51.09, 47.19, 32.94, 21.22; IR (KBr): 1749
cm™'; MS (EI) m/z 414 (M+); HRMS (EI) calcd for C22HaoN202F2S: 414.1214 (M+),
found: 414.1241.

MeO.C (2-Benzyl-6-methoxycarbonyl-1-thioxo-1,2,3,4-tetrahydro-
LI & B-carbolin-9-yl)-acetic acid methyl ester (7t)
s To a stirred solution of 71 (105 mg, 0.21 mmol) in DMF (5

ml) was added Pd (PPhs)4 (25.5 mg, 0.02 mmol), and the
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resulting solution was stirred at room temperature under CO balloon pressure for 30 min.
To the reaction mixture were added NEt3 (60 pl, 0.84 mmol) and MeOH (0.21 ml, 8.40
mmol), and then the mixture was stirred at 80 °C under CO balloon pressure for 20 h.
After cooling, the reaction mixture was diluted with H,O (10 ml) and brine (5 ml), and
the aqueous mixture was extracted with EtcO (10 mlIx5). The organic extracts were
combined, dried over MgSO4, and evaporated to give pale yellow oil, which was
chromatographed on SiO> (Hexane : Acetone = 8:1) to give 7t (72.6 mg, 81%).

mp: 63-65 °C; 'H NMR (500 MHz, CDCls): § 8.36 (1H, d, J = 1.3 Hz), 8.03 (1H, dd, J
= 1.3 Hz, 9.0 Hz), 7.37-7.27 (6H, m), 5.87 (2H, brs), 5.45 (2H, s), 3.94 (3H, s),
3.79-3.76 (5H, m), 3.01 (2H, t, J = 7.2 Hz); 3C NMR (125 MHz, CDCls): § 182.86,
169.11, 167.09, 142.58, 136.14, 133.05, 128.56, 127.55, 126.38, 123.79, 123.02, 122.82,
116.32, 109.78, 55.50, 52.34, 51.95, 49.04, 47.00, 20.45; IR (KBr): 1750, 1702 cm™;
MS (EI) m/z 422 (M+); HRMS (EI) caled for C23H22N204S: 422.1300 (M+), found:
422.1311.

Typical procedure for carboxylic acids (8b-8r, and 8t):

To a stirred solution of methyl ester (1 mmol) in MeOH (3 ml) and H>O (1 ml) was
added LiOH - H>O (4 equiv), and the resulting mixture was refluxed for 1-4 h. After
cooling, the reaction was quenched with 10% HCI aq, and the aqueous mixture was
extracted with CHCl; (10 mlx3). The organic extracts were combined, dried over
MgSOs, and evaporated. The residue was chromatographed on SiO2 (Hexane : Acetone
=2:1) to give carboxylic acid (81-8m, 8p, 8r and 8t).

To a stirred solution of Nal (4 equiv) in CICH,CH>Cl (3 ml) was added TMSCI (4
equiv), and the resulting mixture was stirred at room temperature for 15 min. To a
solution of #-butyl ester (1 mmol) in CICH2CH2C1 (5 ml) was transferred a solution of
TMSI, prepared above, via a cannula, and then the resulting mixture was refluxed for
1-2 days. After cooling, the reaction was quenched with 10% HCI aq, and the aqueous
mixture was extracted with CHCl3 (10 mlx3). The organic extracts were combined,
dried over MgSQOs4, and evaporated. The residue was chromatographed on SiO:
(Hexane : Acetone =2 : 1) to give carboxylic acid (8b-8j, 8k, 8n-80 and 8q).

(2-Benzyl-1-thioxo-1,2,3,4-tetrahydro-p-carbolin-9-yl)-acetic
S
)N acid (8b)
S
HO,C Yield: 78%; mp: 207-209 °C; 'H NMR (300 MHz, DMSO-ds): &
7.66 (1H, d, J = 7.5 Hz), 7.52 (1H, d, J = 7.5 Hz), 7.37-7.28 (6H, m), 7.15 (1H, t, J =

7.5 Hz), 5.77 (2H, br), 5.43 (2H, s), 3.76 (2H, t, J = 7.2 Hz), 2.99 (2H, t, J = 7.2 Hz);
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3C NMR (75 MHz, DMSO-de): & 182.14, 170.12, 140.17, 136.46, 131.51, 128.41,
127.19, 125.24, 122.48, 120.69, 120.54, 115.17, 110.90, 54.71, 49.48, 46.49, 19.81; IR
(KBr): 1722 cm™; MS (EI) m/z 350 (M+); HRMS (EI) caled for Ca0HisN2O:S:
350.1089 (M+), found: 350.1085.

F T (2-Benzyl-6-fluoro-1-thioxo-1,2,3,4-tetrahydro-f-carbolin-9-
bi N yl)-acetic acid (8¢)
S
HO,C Yield: 85%; mp: 190-191 °C; '"H NMR (300 MHz, DMSO-dg): &

7.58 (1H, dd, J = 4.3 Hz, 9.0 Hz), 7.48 (1H, dd, J = 2.5 Hz, 9.4 Hz), 7.36 (4H, m), 7.30
(1H, m), 7.20 (1H, dt, J = 2.5 Hz, 9.4 Hz), 5.76 (2H, br), 5.42 (2H, s), 3.76 (2H, t, J =
7.3 Hz), 2.98 (2H, t, J = 7.3 Hz); '3C NMR (75 MHz, DMSO-ds): & 181.96, 170.00,
157.30 (d, J=234.4 Hz), 136.84, 136.32, 132.69, 128.41, 127.19, 122.58 (d, J= 9.8 Hz),
114.94 (d, J = 4.9 Hz), 113.81 (d, J = 26.9 Hz), 112.49 (d, J = 9.8 Hz), 105.00 (d, J =
23.2 Hz), 54.81, 49.53, 46.68, 19.75; IR (KBr): 1722 cm™; MS (EI) m/z 368 (M+);
HRMS (EI) calcd for C20H17N202FS: 368.0995 (M+), found: 368.0952.

[6-Fluoro-1-thioxo-2-(4-trifluoromethylbenzyl)-1,2,3,4-

K@@Q‘ ﬁ o tetrahydro-p-carbolin-9-yl]-acetic acid (8d)
)N 1 Yield: 98%; mp: 84-86 °C; 'H NMR (300 MHz, CDCls): &

7.61 (2H, d, J = 8.0 Hz), 7.47 (2H, d, J = 8.0 Hz), 7.32-7.13
(3H, m), 5.78 (2H, br), 5.49 (2H, s), 3.76 (2H, t, J = 6.9 Hz), 2.96 (2H, t, J = 6.9 Hz);
13C NMR (75 MHz, CDCls): § 183.51, 173.17, 158.53 (d, J = 238.7 Hz), 140.27, 137.44,
133.04, 130.07 (q, J = 3.8 Hz), 128.10, 127.88, 125.78 (q, J = 3.8 Hz), 115.64 (d, J =
4.8 Hz), 115.29 (d, J=26.8 Hz), 111.48 (d, /=9.6 Hz), 111.17 (d, J = 9.6 Hz), 105.39
(d, J = 24.0 Hz), 55.39, 49.48, 47.13, 20.56; IR (KBr): 1723 cm’!; MS (EI) m/z 436
(M-+); HRMS (EI) caled for C21H16N202 F4S: 436.0869 (M+), found: 436.0916.

HO,C

E sr  [2-(4-Bromo-2-fluorobenzyl)-6-fluoro-1-thioxo-1,2,3,4-
\CW«VQ/ tetrahydro-f-carbolin-9-yl]-acetic acid (8e¢)

hoc? S F Yield: 70%; mp: 173-175 °C; 'H NMR (300 MHz, CDCls): &
7.41-7.13 (6H, m), 5.74 (2H, br), 5.42 (2H, s), 3.80 (2H, t, /= 7.1 Hz), 2.97 2H, t, J =
7.1 Hz); *C NMR (75 MHz, CDCl;): & 183.51, 173.74, 160.66 (d, J = 251.2 Hz),
158.51 (d, J=238.7 Hz), 137.37, 133.06, 131.24 (d, /= 4.8 Hz), 127.83 (d, /= 3.8 Hz),
123.36 (d, J=9.6 Hz), 122.35 (d, J = 14.4 Hz), 121.82 (d, /= 9.6 Hz), 119.19 (d, J =
24.9 Hz), 115.67 (d, J=4.8 Hz), 115.25 (d, /= 26.8 Hz), 111.42 (d, /= 9.6 Hz), 105.40
(d, J = 23.0 Hz), 49.83, 49.09 (d, J = 3.8 Hz), 47.09, 20.56; IR (KBr): 1712 cm™!; MS
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(E) m/z 464 (M+); HRMS (EI) calcd for C2oH15sN2O2F>SBr: 464.0006 (M+), found:
464.0016.

o [1-Thioxo-2-(4-trifluoromethylbenzyl)-1,2,3,4-tetrahydro-f-
o carbolin-9-yl]-acetic acid (8f)
)N s ﬁ Yield: 63%; mp: 148-151 °C; 'H NMR (300 MHz, CDCls): §
7.61 (3H, m), 7.49 (2H, d, /= 8.0 Hz), 7.41 (2H, d, J = 6.0 Hz),
7.24-7.19 (1H, m), 5.77 (2H, br), 5.51 (2H, s), 3.78 (2H, t, J= 7.1 Hz), 3.02 2H, t, J =
7.1 Hz); 3C NMR (75 MHz, CDCls): § 183.63, 173.50, 140.98, 140.47, 131.98, 129.99
(q,/=31.6 Hz), 128.09, 127.88, 126.47, 125.75 (q, J = 3.8 Hz), 123.19, 121.55, 120.98,
116.18, 110.40, 55.32, 49.46, 47.06, 20.64; IR (KBr): 1723 cm™'; MS (EI) m/z 418
(M+); HRMS (EI) calcd for C21H17N202F3SBr: 418.0963 (M+), found: 418.0929.

HO,C

s [2-(4-Bromobenzyl)-1-thioxo-1,2,3,4-tetrahydro-p-carbolin-9
| . ! N\Q/ -yl]-acetic acid (8g)
J s Yield: 57%; mp: 183-185 °C; 'H NMR (300 MHz, CDCl5): §
7.58 (1H, d, J= 8.0 Hz), 7.48 (2H, d, J= 8.5 Hz), 7.40 (2H, d, J
=7.1 Hz), 7.28-7.18 (3H, m), 5.77 (2H, br), 5.39 (2H, s), 3.74 (2H, t, J = 7.0 Hz), 2.98
(2H, t, J = 7.0 Hz); *C NMR (75 MHz, CDCls): & 183.09, 173.30, 140.84, 135.33,
131.91, 131.78, 129.37, 126.32, 123.10, 121.59, 121.43, 120.88, 116.07, 110.35, 55.11,
49.27,47.20, 20.73; IR (KBr): 1710 cm™'; MS (EI) m/z 428 (M+); HRMS (EI) calcd for
C20H17N20,SBr: 428.0194 (M+), found: 428.0189.

HO,C

s [2-(4-Bromo2-fluorobenzyl)-1-thioxo-1,2,3,4-tetrahydro-p-
L N\/Q/ carbolin-9-yl]-acetic acid (8h)

Hozc) s F Yield: 93%; mp: 163-165 °C; 'H NMR (500 MHz, DMSO-ds): &

7.69 (1H, d, J= 8.1 Hz), 7.60 (1H, dd, J= 1.7 Hz, 9.8 Hz), 7.51
(1H, d, J=8.5 Hz), 7.39 (1H, dd, J= 1.7 Hz, 8.5 Hz), 7.34 (1H, t, /= 7.5 Hz), 7.26 (1H,
t,J=8.3 Hz), 7.16 (1H, t, J= 7.5 Hz), 5.71 (2H, br), 5.38 (2H, s), 3.85 (2H, t, /= 7.0
Hz), 3.06 (2H, t, J = 7.0 Hz); 1*C NMR (75 MHz, DMSO-ds): § 182.70, 170.07, 159.92
(d, J=249.0 Hz), 140.27, 131.48, 130.36 (d, J= 6.1 Hz), 127.50, 125.43, 12291 (d, J =
14.6 Hz), 122.50, 120.72 (d, J = 9.8 Hz), 120.32 (d, /= 9.8 Hz), 118.69 (d, J = 25.6 Hz),
115.53, 110.93, 50.20, 49.29, 46.51, 19.89; IR (KBr): 1712 cm™'; MS (EI) m/z 446
(M+); HRMS (EI) calcd for C20H16N202FSBr: 446.0100 (M+), found: 446.0099.
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(2-Benzyl-7-chloro-1-thioxo-1,2,3,4-tetrahydro-p-carbolin-9-

A NVQ yl)-acetic acid (8i)

c) s Yield: 50%; mp: 184-186 °C; 'H NMR (300 MHz, DMSO-d): &
7.74 (1H, d, J= 1.8 Hz), 7.69 (1H, d, J = 8.5 Hz), 7.36 (4H, m),
7.32-7.27 (1H, m), 7.16 (1H, dd, J = 1.8 Hz, 8.5 Hz), 5.74 (2H, br), 5.42 (2H, s), 3.76
(2H, t, J = 7.3 Hz), 2.98 (2H, t, J = 7.3 Hz); *C NMR (75 MHz, DMSO-de): & 181.81,
169.91, 141.22, 140.48, 136.32, 132.16, 129.96, 128.41, 127.19, 122.21, 121.26, 121.06,
115.22, 110.93, 54.74, 49.42, 46.73, 19.65; IR (KBr): 1717 cm™'; MS (EI) m/z 384
(M+); HRMS (EI) calcd for C20H17N202SCl: 384.0699 (M+), found: 384.0709.

HO,

cl (2-Benzyl-6-chloro-1-thioxo-1,2,3,4-tetrahydro-f-carbolin-9-

L N\/© yl)-acetic acid (8j)

c) S Yield: 56%; mp: 228-229 °C; 'H NMR (300 MHz, DMSO-de): &
7.77 (1H, s), 7.59 (1H, d, J = 9.0 Hz), 7.38-7.28 (6H, m), 5.76 (2H, br), 5.42 (2H, s),
3.76 (2H, t, J = 7.3 Hz), 2.98 (2H, t, J = 7.3 Hz); 3*C NMR (75 MHz, DMSO-ds): §
181.88, 169.91, 138.52, 136.29, 132.44, 128.42, 127.23, 125.07, 124.96, 123.50, 119.85,
114.57, 112.78, 54.81, 49.52, 46.68, 19.63; IR (KBr): 1728 cm™'; MS (EI) m/z 384
(M+); HRMS (EI) calcd for C20H17N202SCl: 384.0699 (M+), found: 384.0662.

HO,

Br (2-Benzyl-6-bromo-1-thioxo-1,2,3,4-tetrahydro-p-carbolin-9-
mv@ yl)-acetic acid (8K)

Hozc) s Yield: 65%; mp: 227-229 °C; 'H NMR (300 MHz, DMSO-ds): &
791 (1H, d, J = 2.1 Hz), 7.54 (1H, d, J = 9.0 Hz), 7.43 (1H, dd, J = 2.1 Hz, 9.0 Hz),
7.36 (4H, m), 7.32-7.27 (1H, m), 5.76 (2H, br), 5.42 (2H, s), 3.75 (2H, t, J = 7.2 Hz),
2.98 (2H, t, J = 7.2 Hz); *C NMR (75 MHz, DMSO-ds): & 181.86, 169.89, 138.76,
136.30, 132.24, 128.44, 127.57, 127.24, 124.22, 122.97, 114.48, 113.17, 112.84, 54.82,
49.52,46.67, 19.63; IR (KBr): 1727 cm™!; MS (EI) m/z 428 (M+); HRMS (EI) calcd for
C20H17N20,SBr: 428.0194 (M+), found: 428.0145.

| (2-Benzyl-6-iodo-1-thioxo-1,2,3,4-tetrahydro-f-carbolin-9-yl)-
\@Q«Q acetic acid (8I)

HOZCJ s Yield: 99%; mp: 216-218 °C; 'H NMR (300 MHz, DMSO-ds): &

8.32 (1H, s), 8.06 (1H, d, J = 1.4 Hz), 7.56 (1H, d, J = 8.8 Hz),

7.39-7.28 (5H, m), 5.73 (2H, s), 5.42 (2H, s), 3.74 (2H, t, J = 6.9 Hz), 2.96 (2H, t, J =

6.9 Hz); 3*C NMR (75 MHz, DMSO-d¢): § 181.91, 170.31, 139.18, 136.37, 132.81,

131.93, 129.09, 128.44, 127.26, 127.21, 125.03, 114.06, 113.54, 84.09, 54.79, 49.50,
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46.91, 19.66; IR (KBr): 1726 cm’!; MS (EI) m/z 476 (M+); HRMS (EI) calcd for
C20H17N20,SI: 476.0056 (M+), found: 476.0044.

MeO (2-Benzyl-6-methoxy-1-thioxo-1,2,3,4-tetrahydro-p-carboli
m\/@ n-9-yl)-acetic acid (8m)
Hozc) s Yield: 81%; mp: 126-128 °C; 'H NMR (300 MHz, DMSO-ds):
o 7.44 (1H, d, J = 9.0 Hz), 7.35 (4H, m), 7.34-7.27 (1H, m),
7.12 (1H, d, J = 2.6 Hz), 6.98 (1H, dd, J = 2.6 Hz, 9.0 Hz), 5.73 (2H, br), 5.42 (2H, s),
3.78 (3H, s), 3.74 2H, t, J = 7.3 Hz), 2.96 (2H, t, J = 7.3 Hz); 3*C NMR (75 MHz,
DMSO-de): 6 182.11, 170.18, 154.18, 136.53, 135.67, 131.85, 128.42, 127.23, 127.16,
122.68, 116.47, 114.77, 111.95, 100.90, 55.40, 54.69, 49.55, 46.55, 19.91; IR (KBr):
1711 em™'; MS (EI) m/z 380 (M+); HRMS (EI) calcd for C21H20N205S: 380.1195 (M+),
found: 380.1188.

(2-Benzyl-6-iso-propyl-1-thioxo-1,2,3,4-tetrahydro--
||

N

! carbolin-9-yl)-acetic acid (8n)

s Yield: 63%; mp: 188-190 °C; 'H NMR (300 MHz, CDCl5): &
7.38-7.28 (8H, m), 5.76 (2H, br), 5.45 (2H, s), 3.74 2H, t, J =

7.0 Hz), 3.05-2.93 (3H, m), 1.29 (6H, d, J = 6.9 Hz); 3*C NMR (75 MHz, CDCl3): §

183.04, 173.55, 142.22, 139.78, 136.42, 135.49, 132.24, 128.75, 127.70, 126.02, 123.19,

117.39, 116.00, 110.30, 55.59, 49.14, 47.28, 34.08, 24.35, 20.61; IR (KBr): 1723 cm™;

MS (EI) m/z 392 (M+); HRMS (EI) caled for C23H24N20,S: 392.1559 (M+), found:

392.1533.

HO,C

F (2-Benzyl-5,7-difluoro-1-thioxo-1,2,3,4-tetrahydro-f-
N\Q carbolin-9-yl)-acetic acid (80)

s Yield: 47%; mp: 219-220 °C; '"H NMR (300 MHz, DMSO-de): &
7.41 (1H, d, J = 10.2 Hz), 7.36-7.26 (5H, m), 6.99 (1H, t, J =

10.2 Hz), 5.76 (2H, br), 5.41 (2H, s), 3.76 (2H, t, J= 7.3 Hz), 3.08 (2H, t, J = 7.3 Hz);

13C NMR (75 MHz, DMSO-de): § 181.62, 169.92, 160.48 (dd, J = 12.5 Hz, 240.6 Hz),

157.10 (dd, J = 15.8, 250.6 Hz), 141.72 (d, J = 14.4 Hz), 136.43, 132.37 (d, /= 2.9 Hz),

128.67, 127.44, 127.41, 113.15, 108.86 (d, J = 21.1 Hz), 96.60 (dd, J = 23.0 Hz, 29.7

Hz), 94.45 (dd, J = 4.3 Hz, 27.3 Hz), 54.84, 49.42, 47.36, 20.75; IR (KBr): 1709 cm!;

MS (EI) m/z 386 (M+); HRMS (EI) calcd for C20HisN20: F2S: 386.0901 (M+), found:

386.0902.

HO,C
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cl (2-Benzyl-5,7-dichloro-1-thioxo-1,2,3,4-tetrahydro-p-
me carbolin-9-yl)-acetic acid (8p)
° ! Yield: 76%; mp: 208-210 °C; 'H NMR (300 MHz, CDCls): §
Ho« 7.37-7.28 (6H, m), 7.15 (1H, s), 5.75 (2H, br), 5.42 (2H, s), 3.73
(2H, t, J = 6.9 Hz), 3.27 (2H, t, J = 6.9 Hz); '*C NMR (75 MHz, CD;0D): § 183.72,
172.28, 142.85, 137.78, 136.47, 134.82, 131.74, 129.59, 129.51, 128.69, 128.45, 122.58,
116.21, 110.62, 56.06, 50.09, 48.92 22.42; IR (KBr): 1727 cm™'; MS (EI) m/z 418 (M+);

HRMS (EI) caled for C20H16N202SCl2: 418.0310 (M+), found: 418.0351.

(2-Phenyl-1-thioxo-1,2,3,4-tetrahydro-p-carbolin-9-yl)-acetic acid
@ﬁ? (8q)

Hozc \© Yield: 78%; mp: 200-202 °C; '"H NMR (500 MHz, DMSO-d¢): &
7.74 (1H, d, J = 8.1 Hz), 7.53-7.46 (3H, m), 7.39-7.34 (4H, m), 7.19 (1H, t, /= 7.8 Hz),
5.75 (2H, brs), 4.04 (2H, t, J = 7.0 Hz), 3.20 (2H, t, J = 7.0 Hz); *C NMR (75 MHz,
DMSO-ds): 6 183.38, 170.02, 146.22, 140.28, 131.58, 129.13, 127.14, 125.51, 122.53,
120.90, 120.66, 115.71, 110.95, 53.67, 46.46, 20.34; IR (KBr): 1721 cm™'; MS (EI) m/z
336 (M+); HRMS (EI) caled for Ci19H16N202S: 336.0933 (M+), found: 336.0926.

(5,7-Difluoro-2-phenylethyl-1-thioxo-1,2,3,4-tetrahydro-p-

/@\_/Q carbolin-9-yl)-acetic acid (8r)
V\(> Yield: 73%; mp: 199-201 °C; 'H NMR (300 MHz, CDCls): &
roc” 7.35-7.22 (5H, m), 6.84 (1H, dd, J = 1.9 Hz, 9.2 Hz), 6.63 (1H,
dd, J=1.9 Hz, 10.1 Hz), 5.72 (2H, br), 4.32 (2H, t, J = 7.4 Hz), 3.55 (2H, t, J = 7.1 Hz),
3.11 (2H, t, J= 7.4 Hz), 2.95 (2H, t, J= 7.1 Hz); *C NMR (75 MHz, CDCl5): § 181.09,
172.47, 161.64 (dd, J = 12.5 Hz, 245.4 Hz), 157.95 (dd, J = 14.9 Hz, 253.5 Hz), 142.07
(dd, J = 12.0 Hz, 13.9 Hz), 138.45, 132.58 (d, J = 1.9 Hz), 128.96, 128.68, 126.73,
114.25 (d, J = 2.9 Hz), 109.57 (d, J = 21.1 Hz), 97.32 (dd, J = 22.5 Hz, 29.2 Hz), 93.19
(dd, J = 4.8 Hz, 26.8 Hz), 55.98, 51.17, 47.59, 33.00, 21.23; IR (KBr): 1718 cm’'; MS
(EI) m/z 400 (M+); HRMS (EI) caled for Co1HisN2O2F2S: 400.1057 (M+), found:
400.1030.

Ho.c (2-Benzyl-6-carboxy-1-thioxo-1,2,3,4-tetrahydro-f-carboli
@ \/@ n-9-yl)-acetic acid (8t)
Yield: 94%; mp: 208-210 °C; 'H NMR (400 MHz, DMSO-ds):

HOzC
§ 8.33 (1H, s), 7.88 (1H, d, J = 7.3 Hz), 7.60 (1H, d, J = 8.7
Hz), 7.35-7.27 (5H, m), 5.78 (2H, br), 5.41 (2H, ), 3.77 (2H, t, J = 7.0 Hz), 3.04 (2H, t,
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J=17.0 Hz); >*C NMR (75 MHz, DMSO-de): 5 181.83, 169.89, 167.51, 142.21, 136.33,
132.69, 127.47, 127.27, 125.79, 123.47, 123.21, 122.21, 116.35, 110.97, 54.82, 49.50,
46.86, 19.63; IR (KBr): 1704 cm!; MS (EI) m/z 394 (M+); HRMS (EI) calcd for
C21H18N204S: 394.0987 (M+), found: 394.0957.

HO (2-Benzyl-6-hydoxy-1-thioxo-1,2,3,4-tetrahydro-p-carbolin-9
mﬁ _yl)-acetic acid (8s)

hoc? S To a stirred solution of 7m (485 mg, 1.19 mmol) in CHCl; (3
ml) was added BBr3 (1 M in CHxClp, 3.56 ml, 3.56 mmol), and the resulting mixture
was stirred at room temperature for 4 h. The reaction was quenched with 10% HCI aq,
and the aqueous mixture was extracted with CHCl; (10 mlx3). The organic extracts
were combined, dried over MgSQO4, and evaporated. The residue was chromatographed
on SiO; (Hexane : Acetone =3 : 1) to give 8s (343.3 mg, 73%).
mp: 200-202 °C; 'H NMR (500 MHz, DMSO-ds): & 9.07 (1H, s), 7.36-7.29 (6H, m),
6.87-6.84 (2H, m), 5.66 (2H, br), 5.42 (2H, s), 3.72 (2H, t, J= 7.0 Hz), 2.89 (2H, t, J =
7.0 Hz); 3C NMR (75 MHz, DMSO-de): § 179.61, 170.26, 160.78, 151.69, 136.58,
135.17, 131.80, 128.42, 127.21, 123.08, 116.50, 114.18, 111.60, 103.22, 54.66, 49.53,
46.64, 19.86; IR (KBr): 1721 cm™; MS (EI) m/z 366 (M+); HRMS (EI) calcd for
C20H1sN2038S: 366.1038 (M+), found: 336.1057.

B_E

6-Cyclohexyl-4,9-dihydro-3H-pyrano|3,4-b]indol-1-one (12)

According to the literature procedure,’? lactone 12 was synthesized.
° Yield: 28%; mp: 175-176 °C; 'H NMR (300 MHz, CDCl3): § 9.03

(1H, br), 7.43-7.38 (2H, m), 7.30-7.26 (1H, m), 4.70 2H, t, J = 6.2
Hz), 3.15 (2H, t, J = 6.2 Hz), 2.60-2.57 (1H, m), 1.94-1.26 (10H, m); '*C NMR (125
MHz, CDCl3): o 161.74, 140.82, 137.15, 126.94, 124.43, 122.91, 122.14, 117.43,
112.72, 69.48, 44.50, 34.87, 26.93, 26.13, 21.42; IR (KBr): 3269, 2920, 2849, 1735
cm’; MS (EI) m/z 269 (M+); HRMS (EI) caled for C17H19NO2: 269.1416 (M+), found:
269.1414.

6-Cyclohexyl-4,9-dihydro-3H-pyrano|3,4-b]indole-1-thione (13)
To a stirred solution of 12 (500 mg, 1.86 mmol) in toluene (10 ml)

o

was added Lawesson’s reagent (413 mg, 1.02 mmol), and the

Iz

resulting mixture was refluxed for 24 h. After cooling, the solvent
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was removed, and the residue was chromatographed on SiO> (Hexane : Acetone = 20 :
1) to give 13 (502 mg, 95%).

mp: 40-42 °C; '"H NMR (400 MHz, CDCI3): § 8.75 (1H, br), 7.40 (1H, s), 7.31 (1H, d, J
= 8.7 Hz), 7.27 (1H, dd, J = 1.4 Hz, 8.7 Hz), 4.72 2H, t, J = 6.4 Hz), 3.15 2H, t, J =
6.4 Hz), 2.57 (1H, tt, J = 3.2 Hz, 11.4 Hz), 1.92-1.84 (4H, m), 1.78-1.74 (1H, m),
1.50-1.23 (5H, m); *C NMR (75 MHz, DMSO-d): & 197.93, 139.96, 138.34, 132.26,
127.18, 123.81, 118.34, 116.06, 112.68, 71.26, 43.82, 34.36, 26.49, 25.70, 20.57; IR
(KBr): 3348, 2922, 2848, 1541, 1226 cm™'; MS (EI) m/z 285 (M+); HRMS (EI) calcd
for C17H19NOS: 285.1187 (M+), found: 285.1191.

(6-Cyclohexyl-1-thioxo-3,4-dihydro-1H-pyrano|3,4-b]indol-9-yl)
acetic acid zert-butyl ester (14)
N ° To a stirred solution of 13 (452 mg, 1.58 mmol) in DMF (12 ml) was
euoc” added NaH (60%, 76 mg, 1.90 mmol) at 0 °C, and the reaction
mixture was stirred at 0 °C for 30 min. To the mixture was added BrCH>CO»#-Bu (0.28

ml, 1.90 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 24

h. The reaction was quenched with H>O, and the aqueous mixture was extracted with
Et,0. The organic extracts were combined, dried over Na>SQO4, and evaporated. The
residue was chromatographed on SiO> (Hexane : Acetone = 15 : 1) to give 14 (655 mg,
quant.).

mp: 123-125 °C; 'H NMR (500 MHz, CDCl3): § 7.44 (1H, s), 7.34 (1H, dd, J = 1.7 Hz,
9.0 Hz), 7.19 (1H, d, J = 9.0 Hz), 5.49 (2H, s), 4.67 (2H, t, J = 6.4 Hz), 3.17 2H, t, J =
6.4 Hz), 2.61-2.57 (1H, m), 1.92-1.85 (4H, m), 1.78-1.76 (1H, m), 1.51-1.24 (5H, m),
1.46 (9H, s); 1*C NMR (75 MHz, CDCl5): § 196.63, 167.62, 141.62, 140.05, 131.72,
128.19, 122.71, 118.58, 118.50, 110.04, 82.28, 70.19, 46.92, 44.51, 34.87, 28.17, 27.01,
26.21, 21.59; IR (KBr): 2925, 2851, 1740, 1525, 1228 cm’!; MS (EI) m/z 399 (M+);
HRMS (EI) caled for C23H290NO3S: 399.1868 (M+), found: 399.1858.

(6-Cyclohexyl-1-0x0-3,4-dihydro-1H-2-thia-9-azafluoren-9-yl)
— acetic acid (10)
N ®  To a stirred solution of Nal (939 mg, 6.28 mmol) in CHCl; (10 ml)
HO,C ° was added TMSCI (0.8 ml, 6.28 mmol), and the resulting mixture
was stirred at room temperature for 15 min. To a solution of 14 (625 mg, 1.57 mmol) in
CHCI3 (5 ml) was transferred a solution of TMSI, prepared above, via a cannula, and
then the resulting mixture was refluxed for 24 h. After cooling, the reaction was

quenched with 10% HCI aq, and the aqueous mixture was extracted with EtOAc. The
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organic extracts were combined, dried over Na;SOs, and evaporated. The residue was
chromatographed on SiO> (Hexane : Acetone =3 : 1) to give 10 (341 mg, 64%).

mp: 245-247 °C; "H NMR (500 MHz, CDCls): § 7.45 (1H, s), 7.33 (1H, d, J = 8.5 Hz),
7.21 (1H, d, J = 8.5 Hz), 5.26 (2H, s), 3.43 (2H, t, J = 6.2 Hz), 3.32 (2H, t, J = 6.2 Hz),
2.62-2.58 (1H, m), 1.92-1.85 (4H, m), 1.78-1.76 (1H, m), 1.50-1.38 (4H, m), 1.32-1.26
(1H, m); *C NMR (75 MHz, DMSO-de): & 182.82, 169.96, 140.06, 137.00, 127.08,
127.02, 126.14, 124.04, 117.81, 110.58, 46.31, 43.77, 34.39, 30.83, 26.49, 25.67, 21.69;
IR (KBr): 2924, 2850, 1717, 1619 cm™'; MS (EI) m/z 343 (M+); HRMS (EI) calcd for
C19H21NO3S: 343.1242 (M+), found: 343.1280.

Bicyclohexyl-4-one (31)
O\(:\L To a suspension of 4-cyclohexylcyclohexanol (7.17 g, 39.3 mmol) and
[e]

Celite (20 g) in CH2Cl; (80 ml) was added PCC (12.7 g, 59.0 mmol) at
0 °C, and the resulting mixture was stirred at the room temperature for 14 h. The
catalyst was removed by filtration and the filtrate was concentrated in vacuo. The
residue was chromatographed on SiO> (Hexane : EtOAc = 20 : 1) to give 31 (6.78 g,
96%)."»

4-Phenyl-bicyclohexyl-4-ol (32)

To a freshly made solution of PhMgBr (30 mmol) in THF (30 ml) was

added 23 (2.16 g, 12.0 mmol) in THF (13 ml) at 0 °C, and the resulting

mixture was stirred at the same temperature for 3 h. The reaction was
quenched by the addition of sat. NH4Cl aq, diluted with EtOAc. And then, the organic

phase was separated, the aqueous mixture was extracted with EtOAc. The organic

OH

extracts were combined, dried over Na>SO4, and evaporated. The residue was
chromatographed on SiO> (Hexane : EtOAc =30 : 1) to give 32 (2.88 g, 93%).

'"H NMR (500 MHz, CDCls): § 7.55-7.50 (2H, m), 7.38-7.33 (2H, m), 7.29-7.22 (1H,
m), 1.88-0.83 (20H, m).

trans-4-Phenyl-1,1'-bi(cyclohexane) (18) and
cis-4-Phenyl-1,1'-bi-(cyclohexane) (17)

To a solution of 32 (2.88 g, 11.1 mmol) was added
slowly Et3SiH (3.60 ml, 22.2 mmol) , BF3 * OEt; (1.39
ml, 11.1 mmol) at -40 °C, and the resulting mixture was stirred at the same temperature
for 4 h. The reaction was diluted with CH>Cl> and neutralized with sat. NaHCO3 aq. The

organic phase was separated, dried over Na>SO4 and concentrated in vacuo. The residue
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was chromatographed on SiO; (Hexane) to give mixture of 18 and 17 (the ratio of
compound 18 : 17 =ca. 3 : 1, 2.47 g, 92%).

"H NMR (500 MHz, CDCl5): § 8.16-8.13 (2H, m), 7.40 (1H, d, J= 8.6 Hz), 7.34 (1H, d,
J = 8.5 Hz), 2.79-2.74 (17; 1H, m), 2.56 (18; 1H, tt, J = 3.1 Hz, 12.0 Hz), 1.94-0.99
(20H, m).

trans-4-(4-Nitrophenyl)-1,1'-bi
(cyclohexane) (22) and
cis-4-(4-Nitrophenyl)-1,1'-bi(cyclohexane)
34 NO: (34)
To a solution of mixture of 18 and 17 (2.47 g) in CHCl3 (10 ml) was added Ac.O (2.9
ml) at 0 °C. At the same time HNO3 (6.1 ml) was slowly added to Ac2O (10 ml) at 0 °C,

and this mixture was added dropwise to the solution, prepared above, at 0 °C. The

NO,

resulting mixture was stirred at room temperature for 13 h. The reaction was quenched

by the addition of 10% NaOH aq, and the organic layer was separated, dried over

NaSO4 and concentrated in vacuo. The residue was chromatographed on SiO; (Hexane)
to give mixture of 22 and 34 (1.53 g, 52%).

"H NMR (500 MHz, CDCl5): § 8.16-8.13 (2H, m), 7.40 (1H, d, J= 8.6 Hz), 7.34 (1H, d,
J = 8.5 Hz), 2.79-2.74 (34; 1H, m), 2.56 (22; 1H, tt, J = 3.1 Hz, 12.0 Hz), 1.94-0.99
(20H, m).

4-(trans-[1,1'-Bi(cyclohexane)]|-4-yl)aniline
(24) and
4-(cis-[1,1'-Bi(cyclohexane)]-4-yl)aniline (35)
3% To a solution of mixture of 22 and 34 (1.53 g,
5.33 mmol) in EtOAc (23 ml) was added 10% Pd/C (60 mg), and the resulting

suspension was stirred under a hydrogen atmosphere at 1 atm for 3 days. The catalyst

NH,

was removed by filtration and the filtrate was concentrated in vacuo. The residue was
chromatographed on SiO; (Hexane : EtOAc =15 : 1) to give 24 (795 mg, 58%), 35 (273
mg, 20%).

24: mp: 118-120 °C; '"H NMR (500 MHz, CDCls): & 7.00 (2H, d, J = 8.3 Hz), 6.64 (2H,
d, J= 8.3 Hz), 3.53 (2H, br), 2.34 (1H, tt, J = 3.5 Hz, 12.4 Hz), 1.89-0.96 (20H, m); '*C
NMR (125 MHz, CDCl3): 5 144.08, 138.12, 127.41, 115.09, 43.68, 43.27, 42.92, 34.80,
30.26, 30.21, 26.81; IR (KBr): 3382, 3312, 2920, 2849, 1516 cm™; MS (EI) m/z 257
(M+); HRMS (EI) calcd for C1gsH27N: 257.2143 (M+), found: 257.2141.

35: mp: 67-69 °C; 'H NMR (500 MHz, CDCl5): § 7.04 (2H, dd, J = 1.4 Hz, 6.3 Hz),
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6.64 (2H, dd, J = 2.0 Hz, 6.3 Hz), 3.53 (2H, br), 2.57-2.51 (1H, m), 1.85-0.78 (20H, m);
13C NMR (125 MHz, CDCLy): & 143.96, 137.68, 127.69, 115.12, 41.99, 39.19, 36.67,
30.95, 29.54, 27.41, 26.65; IR (KBr): 3464, 3371, 2927, 2846, 1520 cm™'; MS (EI) m/z
257 (M+); HRMS (EI) caled for C1sHayN: 257.2143 (M+), found: 257.2144.

4-(trans-[1,1'-Bi(cyclohexane)]-4-yl)aniline p-toluenesulfonate
(36)
*TsOH  To a stirred solution of 24 (63 mg, 0.25 mmol) in MeOH (3 ml)

NH,

was added p-toluenesulfonic acid (46.6 mg, 0.25 mmol), and the
resulting mixture was stirred at room temperature for 2.5 h. The solvent was
concentrated in vacuo to give 36 (107 mg, quant.)
mp: 250-251 °C; 'H NMR (500 MHz, DMSO-de): & 9.88 (1H, br), 7.48 (2H, d, J = 8.0
Hz), 7.33 (2H, d, J = 8.0 Hz), 7.25 (2H, d, J = 8.0 Hz), 7.11 (2H, d, J = 8.0 Hz), 2.47
(1H, tt, J = 3.2 Hz, 12.0 Hz), 2.28 (3H, s), 1.81-0.94 (20H, m); '3*C NMR (125 MHz,
DMSO-ds): & 147.65, 145.35, 137.84, 129.11, 128.13, 127.98, 125.48, 123.08, 43.35,
42.72, 42.21, 33.98, 29.72, 29.60, 26.34, 26.31, 20.79. IR (KBr): 2920, 2849, 1516

cm’.

cis-3-(4-nitrophenyl)-1,1'-bi(cyclohexane)
d)i)\b\ . (21) and
NO, trans-4-(4-nitrophenyl)-1,1'-bi(cyclohexane)
21 22 N (22)
To a solution of 4-cyclohexylcyclohexanol (2.42 g, 13.3 mmol) in dry benzene (60 ml)

was slowly added AICI3 (1.77 g, 13.3 mmol) at room temperature. The resulting mixture
was stirred at the same temperature for 17 h. The reaction was quenched by the addition
of ice water, and then the organic phase was separated, washed with Na,COs (saturated
aqueous solution), dried over NaxSO4 and concentrated in vacuo to yield mixture of
cis-3-phenyl-1,1'-bi(cyclohexane) 20 and trans-4-phenyl-1,1'-bi(cyclohexane) 18 (the
ratio of compound 20 : 18 = ca. 5 : 1). The product was used for the next reaction
without further purification. To a solution of crude (3.22 g) in CHCI3 (13 ml) was added
Ac20 (2.7 ml) at 0 °C. At the same time HNO3 (1.3 ml) was slowly added to AcxO (2.7
ml) at 0 °C, and this mixture was added dropwise to the solution, prepared above, at
0 °C. The resulting mixture was stirred at room temperature for 14 h. The reaction was
quenched by the addition of 10% NaOH aq, and the organic layer was separated, dried
over Na;SO4 and concentrated in vacuo. The residue was chromatographed on SiO>
(Hexane : EtOAc =70 : 1) to give mixture of 21 and 22 (1.78 g, 47% in two steps).
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'H NMR (500 MHz, CDCls): & 8.14 (2H, dd, J = 2.0 Hz, 7.9 Hz), 7.35 (2H, dd, J = 2.0
Hz, 7.9 Hz), 2.65-2.53 (1H, m), 1.94-0.96 (20H, m)

4-(cis-[1,1'-Bi(cyclohexane)]-3-yl)aniline

Ho) | (23) and
NH, 4-(trans-[1,1'-Bi(cyclohexane)]-4-yl)aniline
2 "4

To a solution of 21 and 22 (3.30 g, 11.5 mmol)

in EtOAc (15 ml) was added Pd/C (59 mg), and the resulting suspension was stirred
under a hydrogen atmosphere at 1 atm for 5 days. The catalyst was removed by
filtration and the filtrate was concentrated in vacuo. The residue was chromatographed
on SiO; (Hexane : EtOAc =12 : 1) to give 23 (1.80g, 61%), 24 (531mg, 18%).
23: mp: 58-60 °C; '"H NMR (500 MHz, CDCls): 6 7.01 (2H, d, J = 8.3 Hz), 6.64 (2H, d,
J = 8.3 Hz), 3.54 (2H, br), 2.39 (1H, tt, J = 3.3 Hz, 11.9 Hz), 1.89-0.94 (20H, m); *C
NMR (125 MHz, CDCIls): 6 144.09, 138.37, 127.41, 115.10, 43.76, 43.67, 43.44, 38.35,
34.55, 30.16, 30.04, 29.53, 26.87, 26.80; IR (KBr): 3423, 3348, 2920, 2846, 1517 cm™!;
MS (EI) m/z 257 (M+); HRMS (EI) caled for CigHz7N: 257.2143 (M+), found:
257.2147.

N-(cis-4-Bicyclohexyl-3-yl-phenyl)-4-nitro-
d@b\ o benzenesulfonamide (33)
:S/\©\ To a stirred solution of 23 (108 mg, 0.37 mmol) in
chloride (90 mg, 0.41 mmol), and the resulting mixture was stirred at room temperature

for 23 h. The mixture was diluted with CH>Cl, and washed with 10% HCI aq. The

organic layer was dried over NaxSOs, and evaporated. The residue was

(o]

Iz

NO: pyridine (2 ml) was added 4-nitrobenzenesulfonyl

chromatographed on SiO2 (Hexane : CH2Cl> =1 : 2) to give 33 (186 mg, quant.).

mp: 174-175 °C; '"H NMR (500 MHz, CDCls): § 8.28 (2H, d, J=9.2 Hz), 7.90 (2H, d, J
=9.2Hz), 7.11 (2H, d, J= 8.3 Hz), 6.96 (2H, d, J = 8.3 Hz), 6.44 (1H, br), 2.45 (1H, tt,
J = 3.2 Hz, 12.0 Hz) 1.89-0.95 (20H, m); '*C NMR (125 MHz, CDCl3): § 150.15,
146.78, 144.78, 132.69, 128.53, 127.96, 124.21, 122.87, 44.10, 43.59, 43.40, 37.93,
34.28, 30.16, 30.13, 29.39, 26.79, 26.70; IR (KBr): 3220, 2926, 2920, 1535, 1349 cm!;
MS (EI) m/z 442 (M+); HRMS (EI) calcd for C24H30N204S: 442.1926 (M+), found:
442.1928.
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1’,3’-cis-6-Bicyclohexyl-3-yl-4,9-dihydro-3H-pyrano|3,4-b]
indol-1-one (38)
N © To a suspension of 23 (105 mg, 0.41 mmol) and conc. HCI (0.1
°  ml) in THF (0.63 ml) and H,0 (0.42 ml) was slowly added a
solution of NaNO> (31 mg, 0.44 mmol) in H>O (0.15 ml) at 0 °C. The reaction mixture
was stirred at 0 °C for 30 min. At the same time, to a solution of enol lactone 5 (98 mg,
0.49 mmol) and sodium acetate (134 mg, 1.63 mmol) in THF (0.21 ml) and H,O (0.11

ml) was slowly added the diazonium salt, prepared above, at 0 °C. The resulting mixture

was stirred at 0 °C for 2 h. The reaction was diluted with CH>Cl, and the organic phase
was separated, dried over Na;SO4 and concentrated in vacuo to yield hydrazone 37,
which was used for the next reaction without further purification. A solution of the
above 37 (138 mg) in AcOH (1.2 ml) and HCI (1.2 ml, 1.0 M in AcOH solution) was
refluxed for 4 h, and cooled to room temperature. The resulting mixture was diluted
with CH>Cl, and the organic phase was separated, washed with H>O, neutralized with
sat. NaHCO3 aq, dried over Na;SO4 and concentrated in vacuo. The residue was
chromatographed on SiO> (Hexane : EtOAc = 15 : 1) to give 38 (99 mg, 69% in two
steps).

'"H NMR (500 MHz, CDCl;): & 8.76 (1H, br), 7.43 (1H, brs), 7.38 (1H, d, J = 8.6 Hz),
7.28 (1H, dd, J = 1.7 Hz, 8.6 Hz), 4.69 (2H, t, J = 6.3 Hz), 3.15 (2H, t, J = 6.3 Hz),
2.63-2.59 (1H, m), 1.92-0.96 (20H, m); 3C NMR (125 MHz, CDCls): § 161.54, 140.96,
137.02, 127.02, 124.55, 122.89, 122.23, 117.55, 112.59, 69.46, 44.73, 43.77, 43.47,
38.57, 34.81, 30.21, 30.10, 29.57, 26.90, 26.80, 21.47; IR (neat): 3291, 2922, 2850,
1700 cm™'; MS (EI) m/z 351 (M+); HRMS (EI) calcd for C23H20NO2: 351.2198 (M+),
found: 351.2199.

1°,3’-cis-6-Bicyclohexyl-3-yl-4,9-dihydro-3H-pyrano|3,4-b]
indole-1-thione (39)

N y° To astirred solution of 38 (43mg, 0.12 mmol) in toluene (3 ml)

was added Lawesson’s reagent (27 mg, 0.067 mmol), and the
resulting mixture was refluxed for 18 h. After cooling, the solvent was removed, and the
residue was chromatographed on SiO; (Hexane : EtOAc = 20 : 1) to give 39 (50 mg,
quant.).
"H NMR (500 MHz, CDCI3): & 8.76 (1H, br), 7.42 (1H, brs), 7.32 (1H, d, J = 8.6 Hz),
7.29 (1H, dd, J= 1.5 Hz, 8.6 Hz), 4.74 (2H, t, J= 6.6 Hz), 3.17 (2H, t, /= 6.6 Hz), 2.59
(1H, tt, J = 3.2 Hz, 11.8 Hz), 1.92-0.96 (20H, m); '*C NMR (125 MHz, CDCl;): §
198.23, 141.48, 137.83, 132.30, 128.07, 124.85, 118.53, 115.74, 112.12, 71.15, 44.67,
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43.69, 43.41, 38.43, 34.68, 30.16, 30.07, 29.50, 26.84, 26.77, 21.22; IR (neat): 3356,
2921, 2850, 1540, 1231 cm’; MS (EI) m/z 367 (M+); HRMS (EI) caled for
C23H2oNOS: 367.1970 (M+), found: 367.1970.

1°,3’-cis-6-Bicyclohexyl-3-yl-4,9-dihydro-3H-2-thia-9-

azafluoren-1-one (40)

S To a stirred solution of Nal (85 mg, 0.57 mmol) in

CICH2CHCI (10 ml) was added TMSCI (72 ul, 0.57 mmol),
and the resulting mixture was stirred at room temperature for 15 min. To a solution of
39 (52mg, 0.14 mmol) in CICH>CH2Cl (5 ml) was transferred a solution of TMSI,

prepared above, via a cannula, and then the resulting mixture was refluxed for 15 days.

(o}

After cooling, the reaction was quenched with 10% HCI aq, and the aqueous mixture
was extracted with CHCI3. The organic extracts were combined, dried over Na2SOs, and
evaporated. The residue was chromatographed on SiO; (Hexane : EtOAc = 30 : 1) to
give 40 (48 mg, 92%).

mp: 147-149 °C; 'H NMR (500 MHz, CDCls): & 8.74 (1H, br), 7.44 (1H, brs), 7.33 (1H,
d,J=8.6 Hz), 7.27 (1H, dd, J = 1.7 Hz, 8.6 Hz), 3.48 (2H, t, /= 6.2 Hz), 3.29 (2H, t, J
= 6.2 Hz), 2.60 (1H, tt, J = 3.1 Hz, 11.8 Hz), 1.93-0.96 (20H, m); >*C NMR (125 MHz,
CDCl3): & 183.75, 140.86, 135.45, 128.69, 127.54, 125.86, 125.21, 117.67, 112.31,
44.75, 43.77, 43.48, 38.56, 34.80, 31.54, 30.22, 30.11, 29.58, 26.91, 26.82, 21.80; IR
(KBr): 3306, 2909, 2848, 1606 cm™'; MS (EI) m/z 367 (M+); HRMS (EI) calcd for
C23H29NOS: 367.1970 (M+), found: 367.1970.

1°,3’-cis-(6-Bicyclohexyl-3-yl-1-0x0-3,4-dihydro-1H-2-thia-9
-azafluoren-9-yl)acetic acid zert-butyl ester (41)

® To a stirred solution of 40 (104 mg, 0.28 mmol) in DMF (3 ml)

'-‘-Buozc) ®  was added NaH (60%, 17mg, 0.42 mmol) at 0 °C, and the

reaction mixture was stirred at 0 °C for 30 min. To the mixture was added

BrCH2COz2#-Bu (63 pl, 0.42 mmol) at 0 °C, and the resulting mixture was stirred at

room temperature for 17 h. The reaction was quenched with H,O, and the aqueous

mixture was extracted with Et2O. The organic extracts were combined, dried over
Na»SOq4, and evaporated. The residue was chromatographed on SiO> (Hexane : EtOAc =
30: 1) to give 41 (130 mg, 95%).

mp: 163-165 °C;'H NMR (500 MHz, CDCls): § 7.44 (1H, brs), 7.30 (1H, dd, J = 1.4
Hz, 8.6 Hz), 7.17 (1H, d, /= 8.6 Hz), 5.13 (2H, s), 3.43 (2H, t, J = 6.2 Hz), 3.32 (2H, t,
J =6.2 Hz), 2.60 (1H, tt, J = 3.1 Hz, 11.6 Hz), 1.91-0.98 (20H, m), 1.45 (9H, s); °C
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NMR (125 MHz, CDCI3): 6 183.89, 167.88, 140.98, 137.30, 127.91, 127.59, 126.25,
124.85, 118.02, 109.62, 82.21, 47.11, 44.71, 43.78, 43.49, 38.51, 34.83, 31.27, 30.23,
30.13, 29.58, 28.01, 26.92, 26.83, 22.40; IR (KBr): 2922, 2851, 1742, 1627 cm’!; MS
(E) m/z 481 (M+); HRMS (EI) calcd for C23H39NO3S: 481.2651 (M+), found:
481.2652.

1°,3’-cis-(6-Bicyclohexyl-3-yl-1-0x0-3,4-dihydro-1H-2-thia-9

-azafluoren-9-yl)acetic acid (9)

! To a stirred solution of Nal (162 mg, 1.08 mmol) in
Ho-C CICH>CH>ClI (5 ml) was added TMSCI (0.14 ml, 1.08 mmol),
and the resulting mixture was stirred at room temperature for 15 min. To a solution of
41 (130mg, 0.27 mmol) in CICH2CH>Cl (5 ml) was transferred a solution of TMSI,
prepared above, via a cannula, and then the resulting mixture was refluxed for 19 h.
After cooling, the reaction was quenched with 10% HCI aq, and the aqueous mixture
was extracted with EtOAc. The organic extracts were combined, dried over Na>SOs,
and evaporated. The residue was chromatographed on SiO> (Hexane : EtOAc =3 : 1) to
give 9 (102 mg, 89%).
mp: 219-221 °C; 'H NMR (500 MHz, CDCls): § 7.45 (1H, brs), 7.33 (1H, d, J= 8.6 Hz),
7.21 (1H, dd, J = 1.5 Hz, 8.6 Hz), 5.26 (2H, s), 3.42 (2H, t, J= 6.0 Hz), 3.32 2H, t, J =
6.0 Hz), 2.61 (1H, tt, J = 3.3 Hz, 11.7 Hz), 1.90-0.96 (20H, m), '*C NMR (125 MHz,
CDCl3): & 184.46, 174.08, 141.39, 137.26, 128.03, 127.73, 126.79, 124.87, 118.11,
109.60, 46.28, 44.68, 43.77, 43.48, 38.52, 34.76, 31.15, 30.22, 30.12, 29.57, 26.90,
26.82, 22.31; IR (KBr): 2925, 2850, 1723, 1631 cm™;MS (EI) m/z 425 (M+); HRMS
(EI) caled for C25sH31NOsS: 425.2025 (M+), found: 425.2029.

1°,4’-trans-6-Bicyclohexyl-4-yl-4,9-dihydro-3H-pyrano[3,4-
blindol-1-one (43)

To a suspension of 24 (120 mg, 0.47 mmol) and conc. HCI
(0.12 ml) in THF (0.72 ml) and H2O (0.24 ml) was slowly
added a solution of NaNO> (35 mg, 0.50 mmol) in H>O (0.16
ml) at 0 °C. The reaction mixture was stirred at 0 °C for 30 min. At the same time, to a

solution of enol lactone 5 (112 mg, 0.56 mmol) and sodium acetate (153 mg, 1.86
mmol) in THF (0.48 ml) and H>O (0.12 ml) was slowly added the diazonium salt,
prepared above, at 0 °C. The resulting mixture was stirred at 0 °C for 2 h. The reaction
was diluted with CH>Cl, and the organic phase was separated, dried over Na>SO4 and

concentrated in vacuo to yield hydrazone 42. The product was used for the next reaction
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without further purification. A solution of 42 (153 mg) in AcOH (1.3 ml) and HCI (1.3
ml, 1.0 M in AcOH solution) was refluxed for 4 h, and cooled to room temperature. The
resulting mixture was diluted with CH2Cl» and the organic phase was separated, washed
with H>O, neutralized with sat. NaHCOs3 aq, dried over Na;SO4 and concentrated in
vacuo. The residue was chromatographed on SiO; (Hexane : EtOAc = 8 : 1) to give 43
(110 mg, 67% in two steps).

mp: 272-273 °C; '"H NMR (500 MHz, CDCls): § 8.67 (1H, br), 7.43 (1H, brs), 7.37 (1H,
d, J=8.6 Hz), 7.28 (1H, dd, /= 1.4 Hz, 8.6 Hz), 4.69 (2H, t, J= 6.2 Hz), 3.14 (2H, t, J
= 6.2 Hz), 2.55 (1H, tt, J = 3.3 Hz, 12.2 Hz), 1.98-0.97 (20H, m); *C NMR (125 MHz,
CDCl): & 161.51, 140.75, 137.00, 127.00, 124.56, 122.90, 122.24, 117.55, 112.56,
69.45, 44.64, 43.29, 43.00, 35.05, 30.32, 30.27, 26.84, 21.46; IR (KBr): 3265, 2919,
2850, 1734 cm™'; MS (EI) m/z 351 (M+); HRMS (EI) caled for C23H20NO,: 351.2198
(M+), found: 351.2201.

1’ 4’-trans-6-Bicyclohexyl-4-yl-4,9-dihydro-3 H-pyrano|[3.,4-
blindole-1-thione (44)
To a stirred solution of 43 (150 mg, 0.43 mmol) in toluene (6

ml) was added Lawesson’s reagent (96 mg, 0.24 mmol), and
the resulting mixture was refluxed for 17 h. After cooling, the
solvent was removed, and the residue was chromatographed on SiO2 (Hexane : EtOAc
=40:1) to give 44 (126 mg, 81%).

'"H NMR (500MHz, CDCls): § 8.76 (1H, br), 7.42 (1H, brs), 7.32 (1H, d, J = 8.6 Hz),
7.29 (1H, dd, J=1.4 Hz, 8.6 Hz), 4.74 (2H, t, /= 6.5 Hz), 3.16 (2H, t, J= 6.5 Hz), 2.53
(1H, tt, J = 3.1 Hz, 12.0 Hz), 1.97-0.97 (20H, m); '*C NMR (125 MHz, CDCl;): §
198.30, 141.32, 137.87, 132.36, 128.09, 124.92, 118.56, 115.75, 112.11, 71.18, 44.62,
43.28, 42.98, 34.96, 30.28, 26.84, 21.27; IR (neat): 3363, 2922, 2850, 1540, 1231 cm’!;
MS (EI) m/z 367 (M+); HRMS (EI) calcd for C3H29oNOS: 367.1970 (M+), found:
367.1968.

1’,4’-trans-6-Bicyclohexyl-4-yl-4,9-dihydro-3 H-2-thia-9-
azafluoren-1-one (45)

To a stirred solution of Nal (206 mg, 1.37 mmol) in
CICH2CH:CI (10 ml) was added TMSCI (0.18 ml, 1.37 mmol),
and the resulting mixture was stirred at room temperature for
15 min. To a solution of 44 (126 mg, 0.34 mmol) in CICH,CH>Cl (10 ml) was

transferred a solution of TMSI, prepared above, via a cannula, and then the resulting
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mixture was refluxed for 4 days. After cooling, the reaction was quenched with 10%
HCI aq, and the aqueous mixture was extracted with CHCIs. The organic extracts were
combined, dried over Na>xSOa, and evaporated. The residue was chromatographed on
Si0> (Hexane : EtOAc =35 : 1) to give 45 (101 mg, 80%).

mp: 275-276 °C; 'H NMR (500 MHz, CDCl5): & 8.74 (1H, br), 7.44 (1H, brs), 7.33 (1H,
d, J=18.6 Hz), 7.27 (1H, dd, J = 1.4 Hz, 8.6 Hz), 3.48 (2H, t, J= 6.5 Hz), 3.28 (2H, t, J
= 6.5 Hz), 2.55 (1H, tt, J = 3.4 Hz, 12.2 Hz), 1.98-0.98 (20H, m); *C NMR (125 MHz,
CDCls): & 183.61, 140.68, 135.35, 128.70, 127.52, 125.90, 125.18, 117.70, 112.18,
44.67, 43.30, 43.01, 35.05, 31.54, 30.33, 30.29, 26.85, 21.79; IR (KBr): 3288, 2915,
2848, 1628 cm’; MS (EI) m/z 367 (M+); HRMS (EI) calcd for C23H20NOS: 367.1970
(M+), found: 367.1971.

1’ ,4’-trans-(6-Bicyclohexyl-4-yl-1-0x0-3,4-dihydro-1H-2-
thia-9-azafluoren-9-yl)acetic acid zer-butyl ester (46)

To a stirred solution of 45 (101 mg, 0.28 mmol) in DMF (3 ml)
was added NaH (60%, 17 mg, 0.41 mmol) at 0 °C, and the
reaction mixture was stirred at 0 °C for 30 min. To the mixture
was added BrCH>CO»#-Bu (61 ul, 0.41 mmol) at 0 °C, and the resulting mixture was

stirred at room temperature for 15 h. The reaction was quenched with H>O, and the

J o

t-BuO,C

aqueous mixture was extracted with Et2O. The organic extracts were combined, dried
over NaxSOq4, and evaporated. The residue was chromatographed on SiO> (Hexane :
EtOAc=30:1) to give 46 (128 mg, 97%).

mp: 178-180 °C; 'H NMR (500 MHz, CDCls): § 7.44 (1H, brs), 7.30 (1H, d, J= 8.7 Hz),
7.17 (1H, d, J= 8.7 Hz), 5.13 (2H, s), 3.42 (2H, t, J= 6.4 Hz), 3.31 (2H, t, /= 6.4 Hz),
2.54 (1H, tt, J = 3.3 Hz, 12.2 Hz), 1.97-0.98 (20H, m), 1.45 (9H, s); '3*C NMR (125
MHz, CDCI3): ¢ 183.87, 167.90, 140.73, 137.31, 127.90, 127.54, 126.24, 124.84,
118.00, 109.60, 82.21, 47.11, 44.61, 43.30, 43.00, 35.02, 31.26, 30.31, 30.27, 28.01,
26.84, 22.37; IR (KBr): 2921, 2850, 1740, 1641 cm™'; MS (EI) m/z 481 (M+); HRMS
(EI) caled for C29H39NOsS: 481.2651 (M+), found: 481.2655.

1’,4’-trans-(6-Bicyclohexyl-4-yl-1-0x0-3,4-dihydro-1H-2-
thia-9-azafluoren-9-yl)acetic acid (30)

To a stirred solution of Nal (138 mg, 0.92 mmol) in
CICH2CHCI (5 ml) was added TMSCI (0.12 ml, 0.92 mmol),

and the resulting mixture was stirred at room temperature for

J o

HO,C

15 min. To a solution of 46 (111 mg, 0.23 mmol) in CICH,CH>Cl (5 ml) was transferred

7



a solution of TMSI, prepared above, via a cannula, and then the resulting mixture was
refluxed for 19 h. After cooling, the reaction was quenched with 10% HCI aq, and the
aqueous mixture was extracted with EtOAc. The organic extracts were combined, dried
over NaSOg4, and evaporated. The residue was chromatographed on SiO, (Hexane :
EtOAc =3 :1) to give 30 (81 mg, 83%).

mp: 234-236 °C; '"H NMR (500 MHz, CDCls): § 7.44 (1H, brs), 7.33 (1H, dd, J = 1.5,
8.6 Hz), 7.21 (1H, d, J = 8.6 Hz), 5.25 (2H, s), 3.42 (2H, t, /= 6.3 Hz), 3.31 2H, t, J =
6.3 Hz), 2.55 (1H, tt, J = 3.3 Hz, 12.0 Hz), 1.96-0.97 (20H, m); '*C NMR (125 MHz,
CDCls): & 184.59, 172.37, 141.15, 137.36, 128.02, 127.81, 126.82, 124.87, 118.11,
109.67, 46.42, 44.60, 43.30, 43.01, 35.01, 31.16, 30.30, 29.68, 26.86, 22.32; IR (KBr):
2908, 2850, 1723, 1632 cm’'; MS (EI) m/z 425 (M+); HRMS (EI) calcd for
C2sH31NO3S: 425.2025 (M+), found: 425.2024.

E=

y oac (28,5R)-2-Acetoxymethyl-5-(tert-butyl-diphenyl-silanyloxymethyl)-
) N pyrrolidine-1-carboxylic acid zert-butyl ester (49)

S B To a stirred solution of 48 (130 mg, 0.48 mmol) in CH2Cl (5 ml)
were added imidazole (49 mg, 0.71 mmol), TBDPSCI (0.18 ml, 0.71 mmol) at 0 °C, and
the resulting mixture was stirred at room temperature for 15 h. The reaction mixture was
washed with H>O and brine successively, dried over Na2SO4 and concentrated in vacuo.
The residue was chromatographed on SiO2 (Hexane : EtOAc = 15 : 1) to give 49 (244
mg, 100%) as a colorless oil.
[a]d® +12.1 (¢ 1.3, CHCL;); '"H NMR (400 MHz, CDCl): & 7.67-7.64 (4H, m),
7.42-7.35 (6H, m), 4.11-3.49 (6H, m), 2.11-1.78 (4H, m), 1.90 (3H, s), 1.45/1.35 (9H,
each s), 1.06 (9H, s); 1*C NMR (100 MHz, CDCIs): § 170.31, 154.37, 135.30, 133.24,
129.43, 127.48, 79.34, 64.55, 63.47, 59.37, 56.64, 28.15, 26.64, 26.00, 25.54, 20.48,
19.00; IR (neat): 2963, 2932, 1747, 1695, 1111 cm™'; MS (EI) m/z 511 (M+); HRMS
(EI) caled for C29H41NOsSi: 511.2754 (M+), found: 511.2757.

y on (2R,55)-2-(tert-Butyl-diphenyl-silanyloxymethyl)-5-hydroxymethyl-
: pyrrolidine-1-carboxylic acid zert-butyl ester (50)
TBDPSOHI“ B To a stirred solution of 49 (284 mg, 0.55 mmol) in MeOH (5 ml) was
added K>COs; (115 mg, 0.83 mmol), and the resulting mixture was stirred for 50 min at
room temperature. The reaction was quenched with H>O, and the aqueous mixture was

extracted with EtOAc. The organic extracts were combined, dried over Na>SO4, and
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concentrated in vacuo. The residue was chromatographed on SiO; (Hexane : EtOAc =
2: 1) to give 50 (252 mg, 97%) as a colorless oil.

[a]3® +2.2(c 0.7, CHCl3); '"H NMR (400 MHz, CDCls): § 7.66-7.64 (4H, m), 7.43-7.37
(6H, m), 4.88 (1H, br), 3.97-3.93 (2H, m), 3.65-3.64 (2H, m), 3.54-3.53 (2H, m),
2.17-1.86 (4H, m), 1.49/1.35 (9H, each s), 1.05 (9H, s); *C NMR (100 MHz, CDCI;): &
157.06, 135.49, 133.23/133.14, 129.71, 127.70, 80.47, 68.02, 64.61, 61.76, 60.36, 28.30,
27.01, 26.81, 26.57, 19.18, 14.17; IR (neat): 2964, 2931, 1695, 1111 cm™'; MS (EI) m/z
469 (M+); HRMS (EI) calcd for C27H39NO4Si: 469.2648 (M+), found: 469.2637.

ot (2R,55)-2-(tert-Butyl-diphenyl-silanyloxymethyl)-5-(2-
v ethoxycarbonyl-vinyl)-pyrrolidine-1-carboxylic acid zert-butyl
HYNagoe ester (52)

TEDPSO To a stirred solution of 50 (914 mg, 1.95 mmol) in DMSO (6 ml)
and EtsN (6 ml) was added SO3 * Py (1.55 g, 9.73 mmol), and the resulting mixture was
stirred at room temperature for 1 h. The reaction mixture was diluted with ether, and the
resulting mixture was washed with 10% HCI aq, H2O and brine successively, dried over
NaSO4 and concentrated in vacuo. The residue was used for the next reaction without
further purification.

To a stirred solution of Triethyl Phosphonoacetate (0.78 ml, 3.89 mmol) in THF (5 ml)

was added NaH (60%, 141 mg, 3.50 mmol) at 0 °C, and the resulting mixture was
stirred at 0 °C for 10 min. To the mixture was added a solution of the above aldehyde 51
in THF (5 ml) via a cannula at 0 °C, and the resulting mixture was stirred at room
temperature for 11 h. The reaction was quenched with sat. NH4Cl aq, and the aqueous
mixture was extracted with EtOAc. The organic extracts were combined, dried over
NaSO4, and concentrated in vacuo. The residue was chromatographed on SiO»
(Hexane : EtOAc =7 : 1) to give 52 (989 mg, 95%, 2 steps) as a colorless oil.
[a]3° -6.8(c 1.2, MeOH); 'H NMR (400 MHz, CDCl;): & 7.67-7.65 (4H, m), 7.42-7.36
(6H, m), 6.82 (1H, dd, J= 6.9 Hz, 15.6 Hz), 5.87 (1H, br), 4.43-4.29 (1H, m), 4.14 (2H,
q,J=7.1 Hz), 4.03-3.54 (3H, m), 2.04-1.77 (4H, m), 1.62/1.61 (9H, each s), 1.22 (3H, t,
J = 7.1 Hz), 1.05 (9H, s); 1*C NMR (125 MHz, CDCl3): & 166.42, 154.67, 149.29,
135.53, 133.47, 129.62, 127.65, 120.57, 79.83, 65.00, 60.17, 59.93, 59.38, 28.33, 27.49,
26.86, 26.62, 19.22, 14.19; IR (neat): 1717, 1699 cm™'; MS (EI) m/z 537 (M+); HRMS
(EI) caled for C31H43NOsSi: 537.2911 (M+), found: 537.2917.
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(2R,55)-2-(tert-Butyl-diphenyl-
silanyloxymethyl)-5-[(15,2R)-2-ethoxycarbo
nyl-1,2-dihydroxy-ethyl]-pyrrolidine-1-

carboxylic acid zert-butyl ester (53)
(2R,55)-2-(tert-Butyl-diphenyl-silanyloxymethyl)-5-[(1R,2S)-2-ethoxycarbonyl-1,2-
dihydroxy-ethyl]-pyrrolidine-1-carboxylic acid zer-butyl ester (54)

To a stirred solution of 52 (841 mg, 1.56 mmol) in acetone (8 ml) and H>O (1 ml) were
added NMO (4.8 M in H>0, 0.65 ml, 3.13 mmol) and OsOs (1% in H>O, 1.91 ml, 0.08
mmol), and the resulting mixture was stirred at room temperature for 13 h. The reaction
was quenched with 10% Na>S;03 aq, and the aqueous mixture was extracted with
EtOAc. The organic extracts were combined, dried over Na;SO4, and concentrated in
vacuo. The residue was chromatographed on SiO; (Hexane : EtOAc=3:1-2:1)to
give 53 (522 mg, 58%) and 54 (267 mg, 30%) as a colorless oil, respectively.

53: [a]3® -1.6 (c 0.8, MeOH); 'H NMR (400 MHz, CDCl3): § 7.66-7.64 (4H, m),
7.45-7.35 (6H, m), 4.90 (1H, br), 4.22-4.15 (3H, m), 3.93-3.84 (3H, m), 3.72-3.70 (1H,
m), 3.54 (1H, br), 2.17-2.12 (3H, m), 1.95-1.94 (1H, m), 1.32 (9H, s), 1.21 3H, t, J =
7.1 Hz), 1.05 (9H, s); '*C NMR (100 MHz, CDCls): & 171.73, 157.19, 135.49/135.48,
133.27, 129.74, 127.71, 81.20, 73.68, 70.75, 65.59, 61.28, 60.74, 60.23, 28.20, 27.33,
26.85, 26.38, 19.22, 14.16; IR (neat): 3310, 1742, 1666 cm™'; MS (EI) m/z 571 (M+);
HRMS (EI) calcd for C31H4sNO5Si: 571.2965 (M+), found: 571.2973.

54: [a]?® -0.97 (¢ 0.7, MeOH); '"H NMR (400 MHz, CDCls): § 7.66-7.65 (4H, m),
7.45-7.37 (6H, m), 4.31-4.01 (5H, m), 3.79-3.77 (1H, m), 3.69-3.67 (1H, m), 3.57-3.55
(1H, m), 2.11 (2H, br), 1.98-1.89 (1H, m), 1.76-1.71 (1H, m), 1.34 (9H, s), 1.24 (3H, t, J
= 7.1 Hz), 1.06 (9H, s); *C NMR (125 MHz, CDCl;): & 172.85, 158.41, 135.54,
133.27/133.16, 129.73/129.70, 127.74/127.72, 81.24, 77.69, 72.17, 64.67, 61.63, 61.23,
60.53, 28.22, 26.85, 26.81, 26.50, 19.17, 14.14; IR (neat): 3310, 1747, 1663 cm™!; MS
(EI) m/z 571 (M+); HRMS (EI) caled for C3iH4sNO7Si: 571.2965 (M+), found:
571.2956.

CoEt  (28,5R)-2-[(1S,2R)-1,2-Bis-benzyloxy-2-ethoxycarbonyl-ethyl]-5-
0Bn (tert-butyl-diphenyl-silanyloxymethyl)-pyrrolidine-1-carboxylic
TBDPSO acid zert-butyl ester (55)

To a stirred solution of 53 (1.12 g, 1.96 mmol) in DMF (15 ml) was added NaH (60%,

172 mg, 4.31 mmol) at 0 °C, and the reaction mixture was stirred at 0 °C for 10 min. To

the mixture was added BnBr (0.5 ml, 4.31 mmol) at 0 °C, and the resulting mixture was

stirred at room temperature for 1.5 h. The reaction was quenched with H2O, and the
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aqueous mixture was extracted with EtOAc. The organic extracts were combined, dried
over NaxSOs4, and concentrated in vacuo. The residue was chromatographed on SiO»
(Hexane : EtOAc =8 : 1) to give 55 (1.01 g, 68%) as a colorless oil.

[a]3® -4.4(c 0.7, MeOH); '"H NMR (300 MHz, CDCls): § 7.58-7.52 (4H, m), 7.39-7.30
(11H, m), 7.08-7.04 (5H, m), 4.68 (1H, ABq, J = 11.5 Hz), 4.54-3.34 (11H, m),
2.04-1.75 (4H, m), 1.37 (9H, br), 1.22 3H, t, J = 7.1 Hz), 0.99 (9H, s); 3*C NMR (100
MHz, CDCl3): & 170.77, 154.88, 135.51, 133.88, 129.45, 128.30, 128.25, 128.03,
127.98, 127.83, 127.57, 127.54, 127.35, 80.62, 77.21, 75.30, 72.82, 63.74, 60.97, 60.59,
59.83, 53.41, 28.44, 26.82, 26.62, 23.39, 19.20, 14.16; IR (neat): 2931, 2856, 1734,
1692, 1111em’’; MS (EI) m/z 751 (M+); HRMS (EI) caled for C4sHs7NO7Si: 751.3904
(M+), found: 751.3909.

w OBn (1S,2R,5R,85)-1,2-Bis-benzyloxy-5-(tert-butyl-diphenyl-

) mOBn silanyloxymethyl)-hexahydro-pyrrolizin-3-one (57)
TBDPSO 0 To a stirred solution of 55 (31 mg, 0.041 mmol) in CH2Cl (0.4 ml)
was added TFA (0.4 ml) at 0 °C, and the resulting mixture was stirred at 0 °C for 20 min.
The solvent was removed, and the residue was dissolved in CH>Cl,, neutralized with
K2COs and the resulting suspension was filtered off by Celite and the filtrate was
concentrated in vacuo. The residue was used for the next reaction without further
purification.

To a stirred solution of the above secondary amine 56 in CH>Cl, (3.5 ml) was added

AlMes (1.08 M in hexane, 98 ul, 0.106 mmol) at 0 °C, and the resulting mixture was
refluxed for 22 h. After cooling, the reaction was quenched with 10% HCI aq, and the
aqueous mixture was extracted with CH2Cl,. The organic extracts were combined, dried
over NaxSO4 and concentrated in vacuo. The residue was chromatographed on SiO:
(Hexane : EtOAc =2 : 1) to give 57 (12 mg, 48%) as a colorless oil.
[a]d® +22.6 (¢ 0.6, CHCl;); '"H NMR (500 MHz, CDCl3): & 7.66-7.63 (4H, m),
7.43-7.27 (16H, m), 5.12 & 4.83 (2H, ABq, J = 11.5 Hz), 4.63 & 4.58 (2H, ABq, J =
12.0 Hz), 4.43 (1H, dd, J = 1.1 Hz, 8.6 Hz), 4.14 (1H, dd, J = 5.2 Hz, 10.3 Hz), 3.94
(1H, t-like, J = 7.8 Hz), 3.90 (1H, dd, /= 2.2 Hz, 10.3 Hz), 3.73 (1H, m), 3.60-3.56 (1H,
m), 2.17-2.06 (2H, m), 1.94-1.89 (1H, m), 1.67-1.59 (1H, m), 1.03 (9H, s); '*C NMR
(125 MHz, CDCl): 6 168.42, 138.07, 137.67, 135.79, 135.68, 135.62, 135.52, 133.43,
133.00, 129.67, 128.02, 127.67, 127.34, 85.83, 85.27, 72.33, 63.13, 61.80, 55.63, 55.32,
31.20, 26.92, 26.86, 19.23; IR (neat): 2930, 2856, 1704, 1112 cm™'; MS (EI) m/z 605
(M+); HRMS (EI) calcd for C3sH43NO4Si: 605.2961 (M+), found: 605.2954.
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Bno, (25,5R)-2-[(1S,25)-1,2-Bis-benzyloxy-3-hydroxy-propyl)-5-(tert-
OH  butyl-diphenyl-silanyloxymethyl)-pyrrolidine-1-carboxylic acid
NN tert-butyl ester (58)

To a stirred solution of 55 (1.06 g, 1.41 mmol) in THF (15 ml) was
added LiBH4 (3.0 M in THF, 0.94 ml, 2.82 mmol) at 0 °C, and the resulting mixture was

stirred at room temperature for 21 h. The reaction was quenched with H>O, and the

TBDPSO

aqueous mixture was extracted with EtOAc. The organic extracts were combined, dried
over NaxSOs4, and concentrated in vacuo. The residue was chromatographed on SiO»
(Hexane : EtOAc =2 : 1) to give 58 (940 mg, 94%) as a colorless oil.

[a]3° -21.5 (¢ 0.9, CHCl3); 'H NMR (400 MHz, CDCl3): & 7.58-7.52 (4H, m),
7.41-7.27 (11H, m), 7.13-7.08 (5H, m), 4.74 & 4.57 (2H, ABq, J = 11.3 Hz), 4.53 (1H,
ABq, J = 14.1 Hz), 4.35 (2H, br), 3.96 (1H, br), 3.81-3.39 (6H, m), 1.67 (4H, br),
1.46/1.34 (9H, each s), 1.00 (9H, s); *C NMR (100 MHz, CDCl5):5 154.94, 138.27,
135.39, 133.72, 133.57, 129.40, 128.25, 128.03, 127.76, 127.63, 127.47, 127.23, 126.78,
81.22, 79.46, 77.58, 75.19, 73.00, 63.61, 62.14, 59.67, 53.31, 28.31, 26.74, 26.58, 22.60,
19.10; IR (neat): 3434, 2931, 2855, 1692, 1112cm™'; MS (EI) m/z 709 (M+); HRMS
(EI) caled for C43HssNOgSi: 709.3799 (M+), found: 709.3796.

(28,5R)-2-[(15,2R)-1,2-Bis-benzyloxy-3-oxo-propyl)-5-(tert-butyl-
o diphenyl-silanyloxymethyl)-pyrrolidine-1-carboxylic acid
tert-butyl ester (59)
TBDPSO To a stirred solution of 58 (324 mg, 0.46 mmol) in CH2Cl> (5 ml)
was added DMP (290 mg, 0.69 mmol) at 0 °C, and the resulting mixture was stirred at

room temperature for 4 h. The reaction was quenched with 10% Na>S,03 aq, sat.
NaHCO;s aq, and the aqueous mixture was extracted with CH2Clz. The organic extracts
were combined, dried over Na>SOs4, and concentrated in vacuo. The residue was
chromatographed on SiO; (Hexane : EtOAc = 7 : 1) to give 59 (312 mg, 97%) as a
colorless oil.

'"H NMR (400 MHz, CDCl3): & 9.56 (1H, s), 7.60-7.56 (4H, m), 7.40-7.31 (11H, m),
7.16-7.06 (5H, m), 4.64 (1H, ABq, J = 12.0 Hz), 4.57-4.55 (2H, m), 4.45-4.32 (2H, m),
3.96-3.75 (4H, m), 3.43-3.39 (1H, m), 2.05 (1H, br), 1.78 (3H, br), 1.37 (9H, s), 1.26
(3H, t,J=7.1 Hz), 1.01 (9H, s).
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(28,5R)-2-[(1S,2S5)-1,2-Bis-benzyloxy-4-ethoxycarbonyl-but-3
-enyl)-5-(tert-butyl-diphenyl-silanyloxymethyl)-Pyrrolidine-1

CO,Et

-carboxylic acid fert-butyl ester (60)
TBDPSO To a stirred solution of Triethyl Phosphonoacetate (0.48 ml,
2.42 mmol) in THF (5 ml) was added NaH (60%, 87 mg, 2.19 mmol) at 0 °C, and the
resulting mixture was stirred at 0 °C for 10 min. To the mixture was added a solution of
59 (860 mg, 1.21 mmol) in THF (5 ml) via a cannula at 0 °C, and the resulting mixture
was stirred at room temperature for 13 h. The reaction was quenched with sat. NH4Cl aq,
and the aqueous mixture was extracted with EtOAc. The organic extracts were
combined, dried over Na»SOs4, and concentrated in vacuo. The residue was
chromatographed on SiO; (Hexane : EtOAc = 10 : 1) to give 60 (911 mg, 97%) as a
colorless oil.

[a]3* -3.9(c 1.6, CHCl3); 'H NMR (400 MHz, CDCls): § 7.58-7.56 (4H, m), 7.40-7.27
(11H, m), 7.12-7.04 (5H, m), 6.84 (1H, br), 6.04 (1H, d, J = 15.9 Hz), 4.55-4.52 (2H, m),
4.41-3.67 (9H, m), 3.43-3.38 (1H, m), 2.10 (1H, br), 1.93 (1H, m), 1.63 (2H, br),
1.42/1.35 (9H, each s), 1.30 (3H, t, J = 7.1 Hz), 0.99 (9H, s); '3*C NMR (125 MHz,
CDClz): & 165.94, 154.71, 144.54, 138.31, 137.97, 135.48, 133.89, 133.71, 129.46,
128.27, 128.06, 127.91, 127.71, 127.54, 127.32, 123.39, 80.51, 79.36, 78.67, 75.45,
71.28, 63.42, 60.53, 60.37, 59.72, 28.43, 26.83, 26.26, 22.78, 19.21, 14.22; IR (neat):
2931, 2857, 1721, 1694, 1109 cm™'; MS (EI) m/z 777 (M+); HRMS (EI) calcd for
C47H50NO7Si: 777.4061 (M+), found: 777.4049.

. OBn . OBn (18,25,35,5R,85)-[1,2-Bis-benzyloxy-5-(tert-

' 0Bn ' osn butyl-diphenyl-silanyloxymethyl)-hexahydro-
o " ot TBDPSOH%COZH pyrrolizin-3-yl]-acetic acid ethyl ester (63)

62 63 (18,25,35,5R,85)-(1,2-Bis-benzyloxy-5-

hydroxymethyl-hexahydro-pyrrolizin-3-yl)-acetic acid ethyl ester (62)

To a stirred solution of 60 (777 mg, 1.00 mmol) in CH2Cl> (10 ml) was added TFA (10
ml), at 0 °C, and the resulting mixture was stirred at room temperature for 1 h. The
solvent was removed, and the residue was used for the next reaction without further
purification.

To a stirred solution of the above TFA salt 61 in CH>Cl> (30 ml) was added K>COs3 (1.38
g, 10.0 mmol), and the resulting suspension was stirred at room temperature for 6 days.
The suspension was filtered off by Celite and the filtrate was concentrated in vacuo. The
residue was chromatographed on SiOz (Hexane : EtOAc = 3 : 1-CH2Cl; : MeOH = 20 :
1) to give 63 (524 mg, 77%) as a yellow oil along with 62 (99 mg, 23%) as a colorless
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oil.

To a stirred solution of 55 (99 mg, 0.23 mmol) in CH>Cl, (2 ml) were added imidazole
(61 mg, 0.9 mmol), TBDPSCI (0.12 ml, 0.45 mmol) at 0 °C, and the resulting mixture
was stirred at room temperature for 17 h. The reaction was quenched with H>O and the
aqueous mixture was extracted with CH>Cl,. The organic extracts were combined, dried
over K»>COs3, and concentrated in vacuo. The residue was chromatographed on SiO>
(Hexane : EtOAc =3 : 1) to give 56 (145 mg, 95%) as yellow oil.

63: [a]3® +1.6 (c 1.05, MeOH); 'H NMR (400 MHz, CDCls): § 7.68-7.65 (4H, m),
7.41-7.27 (16H, m), 4.68 & 4.58 (2H, ABq, J = 11.8 Hz), 4.54 & 4.47 (2H, ABq, J =
11.8 Hz), 4.03-3.98 (3H, m), 3.80-3.74 (2H, m), 3.70-3.65 (2H, m), 3.53-3.49 (1H, m),
3.23-3.20 (1H, m), 2.57 (1H, dd, J = 5.5 Hz, 14.6 Hz), 2.49 (1H, dd, J = 7.6 Hz, 14.6
Hz), 1.89-1.78 (2H, m), 1.71-1.63 (2H, m), 1.26 (3H, t, J = 7.0 Hz), 1.05 (9H, s); 1*C
NMR (100 MHz, CDCl3): 6 171.97, 138.57, 138.28, 135.68, 133.39, 129.62, 128.36,
128.21, 127.65, 127.56, 127.38, 89.52, 88.50, 72.15, 71.84, 68.19, 64.06, 61.24, 60.13,
57.84,39.93,29.93, 29.24, 26.91, 19.19, 14.16; IR (neat): 2930, 2855, 1734, 1113 cm’};
MS (EI) m/z 677 (M+); HRMS (EI) calcd for C42Hs51NOsSi: 677.3537 (M+), found:
677.3523 .

62: [a]® -5.2(c 0.2, CHCI3); '"H NMR (500MHz, CDCl3): § 7.36-7.28 (10H, m), 4.59
(2H, s), 4.56 & 4.47 (2H, ABq, J = 12.0 Hz), 4.13 (2H, q, J = 7.3 Hz), 3.93-3.62 (6H,
m), 3.35 (1H, br), 3.24 (1H, br), 2.74 (1H, dd, J = 7.1 Hz, 15.5 Hz), 2.55 (1H, dd, J =
6.3 Hz, 15.5 Hz), 1.96-1.70 (4H, m), 1.24 (3H, t, J = 7.1 Hz); '3C NMR (125 MHz,
CDCl3): & 172.30, 137.89, 137.49, 128.33, 128.30, 127.73, 127.71, 127.60, 127.51,
89.38, 88.38, 71.92, 71.59, 69.34, 62.83, 62.26, 60.42, 58.81, 39.30, 29.34, 29.10,
14.08; IR (neat): 3320, 2924, 1733, 1093 cm™'; MS (EI) m/z 439 (M+); HRMS (EI)
calcd for Co6H33NOs: 439.2359 (M+), found: 439.2374.

(15,25,35,5R,85)-2-(1,2-Bis-benzyloxy-5-hydroxymethyl-
hexahydro-pyrrolizin-3-yl)-ethanol (64)
" To a stirred solution of 62 (38 mg, 0.086 mmol) in THF (0.86 ml) was
oH added LiAlHs4 (7 mg, 0.17 mmol) at 0 °C, and the resulting suspension
was stirred at room temperature. After 30 min of stirring at the same temperature the
reaction mixture was refluxed for 14 h. After cooling, the reaction was quenched with
10% NaOH aq and diluted with EtOAc, and the resulting mixture was filtered off by
Celite, the filtrate was dried over K2COs3, and concentrated in vacuo. The residue was
chromatographed on SiO; (CH2CL, : MeOH = 10 : 1) to give 64 (30 mg, 88%) as a

colorless oil.
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[a]3® -12.7 (¢ 0.75, CHCl3); 'H NMR (500 MHz, CDCls): & 7.38-7.28 (10H, m), 4.62
& 4.51 (2H, ABq, J=11.8 Hz), 4.59 & 4.54 (2H, ABq, J = 11.7 Hz), 3.97-3.96 (1H, m),
3.92-3.88 (1H, m), 3.82-3.69 (6H, m), 3.56-3.54 (1H, m), 3.37 (1H, br), 2.01-1.66 (6H,
m); 3C NMR (125 MHz, CDCls): § 137.70, 137.33, 128.50, 128.46, 127.99, 127.86,
127.81, 127.61, 88.12, 88.01, 72.17, 71.70, 69.16, 64.85, 61.88, 61.84, 60.87, 32.80,
29.65, 29.02; IR (neat): 3299, 2926, 2854 cm™; MS (EI) m/z 397 (M+); HRMS (EI)
calcd for C24H31NO4: 397.2253 (M+), found: 397.2246.

(15,25,35,5R,85)-3-(2-Hydroxy-ethyl)-5-hydroxymethyl-
oy hexahydro-pyrrolizine-1,2-diol (65)
To a stirred solution of 64 (27 mg, 0.068 mmol) in CH>Cl> (7 ml) was
°" added BCls (1.0 M in hexane, 0.34 ml, 0.34 mmol) at 0 °C, and the

resulting mixture was stirred at room temperature for 19 h. The reaction was quenched

H oM

Hi—N

HO

H

with MeOH, and the solvents were evaporated. The residue was dissolved in MeOH (1
ml), added K>CO3 (94 mg, 0.68 mmol), and the resulting mixture was stirred at room
temperature for 3 h. The resulting mixture was filtered off by Celite and the filtrate was
evaporated. The residue was purified using Dowex 50Wresin (X-8, H+ form, eluent: 0.5
N aqueous NH3) to give 65 (15 mg, quant.) as a colorless oil.

[a]3® -5.2(c 0.4, MeOH); 'H NMR (500 MHz, Acetone-de): & 4.50 (1H, br), 4.09 (1H,
br), 3.91 (1H, br), 3.90-3.81 (3H, m), 3.79-3.57 (3H, m), 3.30-3.14 (3H, m), 1.82-1.67
(6H, m); *C NMR (125 MHz, Acetone-de): 5 82.91, 82.86, 69.36, 63.44, 62.72, 61.92,
60.66, 36.01, 30.21, 30.05; IR (neat): 3349 cm™'; MS (EI) m/z 217 (M+); HRMS (EI)
calcd for C1oHi19NO4: 217.1314 (M+), found: 217.1312.

General procedure for the synthesis of (67-69)

To a stirred solution of 63 (102 mg, 0.151 mmol) in CH>Cl, (1.5 ml) was added
dropwise DIBAL-H (1.0 M in Hexane, 0.17 ml, 0.167 mmol) at -78 °C, and the
resulting mixture was stirred at the same temperature for 30 min. The reaction was
quenched with sat. NH4Cl aq, diluted with EtOAc, and the resulting mixture was
filtered off by Celite, the filtrate was dried over K2COs, and concentrated in vacuo to
yield aldehyde 66, which was used for the next reaction without further purification.

To a stirred suspension of corresponding Wittig reagents (0.708 mmol) in THF was
added ~BuOK (76 mg, 0.673 mmol) at 0 °C, and the resulting suspension was stirred at
0 °C for 5 min. To the suspension was added a solution of the above aldehyde in THF at
0 °C, and the resulting suspension was stirred at room temperature for 15 h. The

reaction was quenched with sat. NH4Cl aq, and the aqueous mixture was extracted with
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EtOAc. The organic extracts were combined, dried over K»COs, and concentrated in
vacuo. The residue was chromatographed on SiO; (Hexane : EtOAc =5 : 1) to give 67

and 68-69 (as a mixture of E-and Z-isomers).

08Bn (15,28,35,5R,85)-3-Allyl-1,2-bis-benzyloxy-5-(tert-butyl-
: osn diphenyl-silanyloxymethyl)-hexahydro-pyrrolizine (67)

73% (2 steps); [a]Z® -5.0 (¢ 0.35, CHCl3); 'H NMR (500 MHz,

CDCl3): 6 7.72-7.68 (4H, m), 7.47-7.28 (16H, m), 5.85-5.77 (1H, m),
5.03-4.97 (2H, m), 4.71 & 4.54 (2H, ABq, J=11.8 Hz), 4.62 & 4.59 (2H, ABq, J=10.2
Hz), 3.94 (1H, t-like, J = 5.7 Hz), 3.82 (1H, dd, J = 4.6 Hz, 10.9 Hz), 3.77 (1H, t-like, J
= 6.0 Hz), 3.64 (1H, dd, J = 5.5 Hz, 10.9 Hz), 3.58-3.55 (1H, m), 3.31-3.30 (2H, m),
2.29 (2H, t-like, J = 6.5 Hz), 1.97-1.90 (3H, m), 1.70-1.69 (1H, m), 1.09 (9H, s); 1*C
NMR (125 MHz, CDCIl3): 6 138.53, 138.26, 135.62, 133.33, 129.65, 128.50, 128.35,
128.34, 128.24, 127.66, 127.63, 127.57, 127.44, 116.63, 89.01, 88.31, 72.17, 71.85,
68.21, 64.11, 61.36, 60.38, 38.87, 29.68, 29.19, 26.88, 19.16; IR (neat): 2926, 2856,
1717, 1541 cm™'; MS (EI) m/z 631 (M+); HRMS (EI) calcd for C41HaoNOsSi: 631.3482
(M+), found: 631.3494.

(18,25,35,5R,85)-1,2-Bis-benzyloxy-5-(tert-butyl-diphenyl-
silanyloxymethyl)-3-pent-2-enyl-hexahydro-pyrrolizine (68)
80% (E, Z mixtures, 2 steps); 'H NMR (500 MHz, CDCls): &
7.67-7.64 (4H, m), 7.42-7.27 (16H, m), 5.38-5.35 (2H, m), 4.64 &
4.53 (2H, ABq, J = 12.0 Hz), 4.56 & 4.49 (2H, ABq, J = 12.0 Hz),
3.85 (1H, t-like, J = 5.5 Hz), 3.75 (1H, dd, J = 4.6 Hz, 10.3 Hz), 3.71 (1H, t-like, J =
5.7 Hz), 3.52 (1H, dd, J = 6.3 Hz, 10.3 Hz), 3.53-3.49 (1H, m), 3.27-3.21 (2H, m),
2.27-2.19 (2H, m), 1.97-1.86 (5H, m), 1.68-1.64 (1H, m), 1.04 (9H, s), 0.88 (3H, t, J =
7.5 Hz)

(15,28,3S,5R,85)-1,2-Bis-benzyloxy-5-(tert-butyl-diphenyl-
silanyloxymethyl)-3-hept-2-enyl-hexahydro-pyrrolizine (69)
75% (E, Z mixtures, 2 steps); 'H NMR (500 MHz, CDCl;): &
7.67-7.64 (4H, m), 7.42-7.27 (16H, m), 5.44-5.35 (2H, m), 4.64 &
% 4.54 (2H, ABq, J = 12.1 Hz), 4.56 & 4.49 (2H, ABq, J = 12.0 Hz),
3.85 (1H, t-like, J = 5.7 Hz), 3.80 (1H, dd, J = 4.6 Hz, 10.3 Hz),
3.71 (1H, t-like, J = 5.8 Hz), 3.60 (1H, dd, J = 6.3 Hz, 10.3 Hz), 3.54-3.50 (1H, m),
3.27-3.22 (2H, m), 2.30-1.87 (7H, m), 1.71-1.61 (1H, m), 1.36-1.22 (4H, m), 1.04 (9H,
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s),0.84 3H, t, J=7.2 Hz)

General procedure for the synthesis of (70-72)

To a stirred solution of 67-69 (0.125 mmol) in EtOAc (5 ml) was added Pd/C (5 mg),

and the resulting suspension was stirred under a hydrogen atmosphere at 1 atm for 48 h.
The catalyst was removed by filtration and the filtrate was concentrated in vacuo to
yield corresponding amine, which was used for the next reaction without further
purification.
To a stirred solution of the crude obtained above in THF (1.5 ml) was added TBAF (1.0
M in THF, 0.38 ml 0.375 mmol), and the resulting mixture was stirred at room
temperature for 15 min. The reaction was quenched with sat. NaHCO3 aq, and the
aqueous mixture was extracted with CH>Cl,. The organic extracts were combined, dried
over KoCOs, and evaporated. The residue was chromatographed on SiO; (Hexane :
EtOAc =1 : 3) to give 70-72.

(B3R,5S,6S,7S,85)-(6,7-Bis-benzyloxy-5-propyl-hexahydro-
gn pyrrolizin-3-yl)-methanol (70)

88% (2 steps); [a]3! -5.7 (c 1.0, CHCls); 'H NMR (500 MHz, CDCls):

8 7.37-7.28 (10H, m), 4.58 & 4.52 (2H, ABq, J = 12.0 Hz), 4.58 & 4.50
(2H, ABq, J = 12.0 Hz), 3.87 (1H, t, J = 3.2 Hz), 3.77-3.74 (2H, m), 3.58-3.54 (2H, m),
3.27-3.24 (1H, m), 3.16-3.13 (1H, m), 2.76 (1H, br), 1.97-1.86 (3H, m), 1.75-1.66 (1H,
m), 1.58-1.29 (4H, m), 0.92 (3H, t, J = 7.2 Hz); >*C NMR (125 MHz, CDCls): § 138.17,
137.68, 128.43, 128.38, 127.83, 127.65, 127.63, 91.55, 88.66, 71.90, 71.67, 69.27,
62.26, 61.85, 61.75, 36.66, 29.40, 29.07, 19.86, 14.17; IR (neat): 3312, 2921, 2855
cm’; MS (EI) m/z 395 (M+); HRMS (EI) caled for C2sH33NOs: 395.2460 (M+), found:
395.2459.

(3R,55,6S5,75,85)-(6,7-Bis-benzyloxy-5-pentyl-hexahydro-pyrrolizin-
oen 3-yl)-methanol (71)

87% (2 steps); [a]3? -6.5(c 1.0, CHCls); 'H NMR (500 MHz, CDCls):

6 7.37-7.27 (10H, m), 4.58 & 4.52 (2H, ABq, J = 11.4 Hz), 4.58 & 4.49

(2H, ABq, J = 11.4 Hz), 3.87 (1H, t, J = 3.6 Hz), 3.77-3.74 (2H, m),
3.58-3.54 (2H, m), 3.27-3.23 (1H, m), 3.14-3.11 (1H, m), 2.72 (1H, br), 1.98-1.85 (3H,
m), 1.75-1.66 (1H, m), 1.57-1.44 (2H, m), 1.39-1.28 (6H, m), 0.88 (3H, t, J = 6.8 Hz);
3C NMR (125 MHz, CDCls): § 138.18, 137.68, 128.43, 128.39, 127.87, 127.83, 127.64,
91.42, 88.66, 71.88, 71.68, 69.30, 62.28, 61.98, 61.86, 34.40, 31.93, 29.36, 29.09, 26.34,
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22.69, 14.07; IR (neat): 3349, 2932, 2845 cm™'; MS (EI) m/z 423 (M+); HRMS (EI)
calcd for C27H37NOs3: 423.2773 (M+), found: 423.2775.

(BR,55,65,7S,85)-(6,7-Bis-benzyloxy-5-heptyl-hexahydro-pyrrolizin-
oen 3-yl)-methanol (72)

94% (2 steps); [a]3® -6.0(c 1.0, CHCls); 'H NMR (500 MHz, CDCls):

0 7.37-7.28 (10H, m), 4.58 & 4.52 (2H, ABq, J = 12.0 Hz), 4.58 & 4.49

(2H, ABq, J = 12.0 Hz), 3.87 (1H, t, J = 2.9 Hz), 3.77-3.74 (2H, m),

3.58-3.55 (2H, m), 3.27-3.25 (1H, m), 3.14-3.10 (1H, m), 1.97-1.86 (3H,
m), 1.73-1.68 (1H, m), 1.54-1.45 (2H, m), 1.35-1.26 (10H, m), 0.88 (3H, t, /= 7.2 Hz);
3C NMR (125 MHz, CDCls): § 138.16, 137.66, 128.44, 128.39, 127.87, 127.84, 127.67,
127.64, 91.37, 88.61, 71.88, 71.67, 69.30, 62.26, 62.02, 61.90, 34.41, 31.83, 29.68,
29.34,29.31, 29.06, 26.68, 22.66, 14.09; IR (neat): 3323, 2923, 2854 cm™!; MS (EI) m/z
451 (M+); HRMS (EI) calcd for C290H41NO3: 451.3086 (M+), found: 451.3094.

General procedure for the synthesis of (73-75)

To a stirred solution of 70-72 (0.089 mmol) in CH>Cl; (1.5 ml) was added BCl; (1.0 M
in hexane, 0.45 ml, 0.445 mmol), at 0 °C, and the resulting mixture was stirred at room
temperature for 9 h. The reaction was quenched with MeOH, and the solvents were
evaporated. The residue was dissolved in MeOH (3 ml), added K,CO3 (62 mg, 0.445
mmol), and the resulting mixture was stirred at room temperature for 3 h. The resulting
mixture was filtered off by Celite and the filtrate was evaporated. The residue was
chromatographed on SiO2 (CH2Cl> : MeOH =1 : 1) to give 73-75.

(15,28,3S5,5R,85)-5-Hydroxymethyl-3-propyl-hexahydro-pyrrolizine-
1,2-diol (73)

100%; [a]3’ -2.2 (c 0.5, MeOH); 'H NMR (500 MHz, Acetone-ds): &
3.99 (1H, t-like, J = 5.7 Hz), 3.89-3.87 (2H, m), 3.77-3.76 (1H, m),
3.60-3.58 (1H, m), 3.47-3.44 (1H, m), 2.09-1.77 (6H, m), 1.68-1.50 (2H, m), 1.04 (3H, t,
J = 7.2 Hz); *C NMR (125 MHz, Acetone-ds): & 83.91, 82.13, 70.96, 64.82, 64.05,
61.47, 36.88, 29.04, 28.33, 20.04, 14.60; IR (neat): 3369 cm™'; MS (EI) m/z 215 (M+);
HRMS (EI) calcd for C11H21NO3: 215.1521 (M+), found: 215.1513.
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(18,25,35,5R,85)-5-Hydroxymethyl-3-pentyl-hexahydro-pyrrolizine-
1,2-diol (74)

100%; [a]3 -2.1 (c 0.4, MeOH); 'H NMR (500 MHz, Acetone-ds): &
4.00 (1H, t-like, J = 5.2 Hz), 3.99-3.83 (4H, m), 3.75-3.73 (1H, m),
3.58-3.54 (1H, m), 2.09-1.96 (3H, m), 1.92-1.84 (1H, m), 1.60-1.43 (2H,
m), 1.35-1.28 (6H, m), 0.88 (3H, t, J = 6.9 Hz); 3C NMR (125 MHz, Acetone-de): &
82.37, 80.78, 72.30, 67.00, 66.16, 60.39, 33.31, 32.59, 27.60, 27.42, 26.63, 23.27,
14.41; IR (neat): 3369, 2922, 2854 cm™'; MS (EI) m/z 243 (M+); HRMS (EI) calcd for
Ci13H25NO3: 243.1834 (M+), found: 243.1828.

(15,28,3S,5R,85)-3-Heptyl-5-hydroxymethyl-hexahydro-pyrrolizine-
1,2-diol (75)

97%; [a]3® -2.3 (c 0.45, MeOH); 'H NMR (500 MHz, Acetone-de): &
5.40 (1H, br), 5.27 (1H, br), 4.89 (1H, br), 4.24-3.92 (6H, m), 3.77-3.73
(1H, m), 2.21-2.07 (4H, m), 1.59-1.51 (2H, m), 1.48-1.29 (10H, m), 0.87
(3H, t, J = 6.8 Hz); 1*C NMR (125 MHz, Acetone-de): & 81.79, 80.25,
72.87, 67.84, 66.84, 59.91, 32.65, 32.52, 27.17, 27.08, 26.99, 26.93, 26.57, 23.29,
14.35; IR (neat): 3389, 2912, 2854 cm™'; MS (EI) m/z 271 (M+); HRMS (EI) calcd for
Ci15sH20NOg3: 271.2147 (M+), found: 271.2153 .

w o1 (28,5R)2-(tert-Butyl-diphenyl-silanyloxymethyl)-5-hydroxymethyl-
pyrrolidine-1-carboxylic acid zert-butyl ester (ent-50)

TBDPSOH B To a stirred solution of 48 (2.52 g, 9.22 mmol) in CH>Cl, (30 ml) were
added imidazole (753 mg, 11.1 mmol), TBSCI (1.53 g, 10.1 mmol) at 0 °C, and the
resulting mixture was stirred at room temperature for 16 h. The reaction was quenched
with HO and the aqueous mixture was extracted with CH2Clo. The organic extracts
were combined, washed with brine, dried over Na>SO4 and concentrated in vacuo. The
residue was used for the next reaction without further purification.

To a stirred solution of the crude obtained above in MeOH (30 ml) was added K,CO3
(1.91 g, 13.8 mmol), and the resulting mixture was stirred for 50 min at room
temperature. The solvent was removed, and the residue was dissolved in CH2Clz, H2O,
and the aqueous mixture was extracted with CH>Cl. The organic extracts were
combined, dried over NaxSOa, and concentrated in vacuo. The residue was used for the
next reaction without further purification.

To a stirred solution of the crude obtained above in CH2Cl, (30 ml) were added
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imidazole (871 mg, 12.8 mmol), TBDPSCI (2.8 ml, 11.0 mmol), and the resulting
mixture was stirred at room temperature for 18 h. The reaction was quenched with H>O
and the aqueous mixture was extracted with CH>Cl,. The organic extracts were
combined, washed with brine, dried over Na>SO4 and concentrated in vacuo. The
residue was used for the next reaction without further purification.

To a stirred solution of the crude obtained above in EtOH (30 ml) was added dropwise
acetyl chloride (1.3 ml, 18.3 mmol) at 0 °C, and the resulting mixture was stirred at the
same temperature for 2 h. The reaction mixture was neutralized with sat. NaHCO3 aq
and the aqueous mixture was extracted with CH>Cl,. The organic extracts were
combined, dried over Na>xSQOa, and evaporated. The residue was chromatographed on
Si0, (Hexane : EtOAc =5 : 1) to give ent-50 (2.61 g, 60%, 4 steps) as a colorless oil.
[a]3® -2.5(c 0.5, CHCI3); Spectroscopical data identical to those of 50.

coet  (25,5R)-2-(tert-Butyl-diphenyl-silanyloxymethyl)-5-(2-
ethoxycarbonyl-vinyl)-pyrrolidine-1-carboxylic acid zert-butyl

i)

H=— NS
TBDPSO Boc ester (ent-52)

Preparation ent-52 from ent-50 is achieved by following the identical experimental
procedure of 52 from 50.

67% (2 steps); [a]3> +5.8 (¢ 1.2, MeOH) ; Spectroscopical data identical to those of
52.

(28,5R)-2-(tert-Butyl-diphenyl-

Ho’, HO
H COzEt H COzEt Silanyloxymethyl)-s-[(1R,2S)2'ethoxycarb0nyl
) N*B::H . N‘B:H -1,2-dihydroxy-ethyl]-pyrrolidine-1-carboxyli
TBDPSO TBDPSO ¢ acid zert-butyl ester (ent-53)
ent-53 ent-54

(28,5R)-2-(tert-Butyl-diphenyl-silanyloxymeth
yD)-5-[(1S,2R)-2-ethoxycarbonyl-1,2-dihydroxy-ethyl]-pyrrolidine-1-carboxylic acid
tert-butyl ester (ent-54)

Preparation ent-53 and ent-54 from ent-52 is achieved by following the identical
experimental procedure of 53 and 54 from 52.

ent-53: 60%; [a]3® +1.6(c 0.8, MeOH) ; Spectroscopical data identical to those of 53.
ent-54: 34%;[a]3” +0.93 (c 0.5, MeOH) ; Spectroscopical data identical to those of 54.

Bro, (2R,55)-2-[(1R,25)-1,2-Bis-benzyloxy-2-ethoxycarbonyl-ethyl]-5-
(tert-butyl-diphenyl-silanyloxymethyl)-pyrrolidine-1-carboxylic
HNepoc acid fert-butyl ester (ent-55)

TBDPSO
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Preparation ent-55 from ent-53 is achieved by following the identical experimental
procedure of 55 from 53.
82%; [a]3d® +4.5(c 0.75, MeOH); Spectroscopical data identical to those of 55.

B: %, o (2R,55)-2-[(1R,2R)-1,2-Bis-benzyloxy-3-hydroxy-propyl)-5-(tert-
“§j//;: butyl-diphenyl-silanyloxymethyl)-pyrrolidine-1-carboxylic acid
TBDPSO Boc tert-butyl ester (ent-58)
Preparation ent-58 from ent-55 is achieved by following the identical experimental

procedure of 58 from 55.
95%; [a]d® +20.1 (c 0.9, CHCIls); Spectroscopical data identical to those of 58.

Bno, (2R,55)-2-[(1R,25)-1,2-Bis-benzyloxy-3-oxo-propyl)-5-(tert-butyl-
[ Yo diphenyl-silanyloxymethyl)-pyrrolidine-1-carboxylic acid
‘0Bn

tert-butyl ester (ent-59)

Preparation ent-59 from ent-58 is achieved by following the identical

H

N
H “Boc
TBDPSO

experimental procedure of 59 from 58.
98%; 'H NMR data identical to those of 59.

BRO, (2R,55)-2-[(1R,2R)-1,2-Bis-benzyloxy-4-ethoxycarbonyl-but-

() \—cot 3-enyl)-5-(tert-butyl-diphenyl-silanyloxymethyl)-Pyrrolidine-
‘OBn
H N\BOCB 1-carboxylic acid fert-butyl ester (ent-60)
TBDPSO

Preparation ent-60 from ent-59 is achieved by following the
identical experimental procedure of 60 from 59.
98%; [a]d* +3.3 (c 1.4, CHCI3); Spectroscopical data identical to those of 60.

4 OBn 4 OBn (1R,2R,3R,5S,8R)-[1,2-Bis-benzyloxy-5-(tert-
ﬁmn ﬁmn butyl-diphenyl-silanyloxymethyl)-hexahydro-
H ‘H H ¢1iH o o . .

"o COEt  TBDPSO coee PYrrolizin-3-ylj-acetic acid (ent-63)
ent-62 ent-63 (1R,2R,3R,55,8R)-(1,2-Bis-benzyloxy-5-

hydroxymethyl-hexahydro-pyrrolizin-3-yl)-acetic acid ethyl ester (enz-62)
Preparation ent-63 and ent-62 from ent-60 is achieved by following the identical
experimental procedure of 63 and 62 from 60.

ent-63: 72%; [a]3® -1.5(c 0.75, CHCls) ; Spectroscopical data identical to those of 63.
ent-62: 26%; [a]3> +5.4(c 0.25, CHCl3) ; Spectroscopical data identical to those of 62.
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n OBn (1R,2R,3R,585,8R)-2-(1,2-Bis-benzyloxy-5-hydroxymethyl-
«oen hexahydro-pyrrolizin-3-yl)-ethanol (enr-64)

H CaH
HO Preparation ent-64 from ent-62 is achieved by following the identical
OH

experimental procedure of 64 from 62.
71%; [a]® +12.3 (c 0.55, CHCl3); Spectroscopical data identical to those of 64.

4 OH (1R,2R,3R,5S,8R)-3-(2-Hydroxy-ethyl)-5-hydroxymethyl-hexahydro-

.on pyrrolizine-1,2-diol (ent-65)
Ho Preparation ent-65 from en#-64 is achieved by following the identical
OH

experimental procedure of 65 from 64.
69%; [a]3? +5.3 (c 0.2, MeOH); Spectroscopical data identical to those of 65.

W OBn (1R,2R,3R,55,8R)-3-Allyl-1,2-bis-benzyloxy-5-(tert-butyl-
-«wo8n diphenyl-silanyloxymethyl)-hexahydro-pyrrolizine (ent-67)
Preparation ent-67 from ent-63 is achieved by following the

identical experimental procedure of 67 from 63.
77%; [a]3® +4.3 (c 1.0, CHCI3); Spectroscopical data identical to those of 67.

(1R,2R,3R,55,8R)-1,2-Bis-benzyloxy-5-(tert-butyl-diphenyl-
silanyloxymethyl)-3-pent-2-enyl-hexahydro-pyrrolizine (ent-68)
TBDPSO Preparation ent-68 from ent-63 is achieved by following the
identical experimental procedure of 68 from 63.

78%:; 'H NMR data identical to those of 68.

(1R,2R,3R,55,8R)-1,2-Bis-benzyloxy-5-(tert-butyl-diphenyl-
silanyloxymethyl)-3-hept-2-enyl-hexahydro-pyrrolizine (ent-69)
Preparation ent-69 from ent-63 is achieved by following the

identical experimental procedure of 69 from 63.
64%:; '"H NMR data identical to those of 69.

4 OBn (3S,5R,6R, 7R, 8R)-(6,7-Bis-benzyloxy-5-propyl-hexahydro-
-woBn pyrrolizin-3-yl)-methanol (en#-70)
HO Preparation ent-70 from ent-67 is achieved by following the identical
experimental procedure of 70 from 67.
96% (2steps); [a]37 +5.6(c 0.9, CHCIs); Spectroscopical data identical to those of 70.
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H OBn

110Bn
H

HO

(3S,5R,6R,7R,8R)-(6,7-Bis-benzyloxy-5-pentyl-hexahydro-
pyrrolizin-3-yl)-methanol (ent-71)
Preparation ent-71 from ent-68 is achieved by following the identical
experimental procedure of 71 from 68.
87% (2 steps); [a]3* +6.2 (¢ 1.0, CHCIls); Spectroscopical data

identical to those of 71.

H OBn

110Bn

HO

I
/\/\/ﬁ
E

HO

I
/\\H
I:
o
I

(3S,5R,6R,7R,8R)-(6,7-Bis-benzyloxy-5-heptyl-hexahydro-
pyrrolizin-3-yl)-methanol (ent-72)

Preparation ent-72 from ent-69 is achieved by following the identical
experimental procedure of 72 from 69.

73% (2 steps); [a]d® +6.9 (c 1.0, CHCI3); Spectroscopical data
identical to those of 72.

(1R,2R,3R,5S,8R)-5-Hydroxymethyl-3-propyl-hexahydro-pyrrolizine
-1,2-diol (ent-73)
Preparation ent-73 from ent-70 is achieved by following the identical

experimental procedure of 73 from 70.

100%; [a]3* +2.0(c 0.5, MeOH); Spectroscopical data identical to those of 73.

(1R,2R,3R,5S,8R)-5-Hydroxymethyl-3-pentyl-hexahydro-pyrrolizine-
1,2-diol (ent-67)

Preparation ent-74 from ent-71 is achieved by following the identical
experimental procedure of 74 from 71.

100%; [a]3® +2.3 (¢ 0.35, MeOH); Spectroscopical data identical to

(1R,2R,3R,5S,8R)-3-Heptyl-5-hydroxymethyl-hexahydro-pyrrolizine-
1,2-diol (ent-75)

Preparation ent-75 from ent-72 is achieved by following the identical
experimental procedure of 75 from 72.

88%; [a]3® +2.4(c 0.3, MeOH); Spectroscopical data identical to those
of 75.
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GLP-1 secretion studies in vitro*®

Human enteroendocrine NCI-H716 cells were obtained from the American Type Culture
Collection (Manassas, VA, U.S.A.), and were maintained in suspension culture as
instructed by the supplier. Two days before each experiment, the cells were seeded in
96-well plates pre-coated with poly-L-lysine (1x10° cells /well). On the day of the
experiment, the culture medium was replaced by assay buffer (146 mM NaCl, 5 mM
KCl, 1.5 mM CaCl,, 1 mM MgSOs 20 mM  N-(2-hydroxyethyl)-
piperazine-N-(2-ethanesulfonic acid) (HEPES), 5.6 mM glucose, 2 mg/ml bovine serum
albumin, and 10 mM sitagliptin, pH 7.4) with or without test agents, and the cells were
incubated for 1 hour at 37 °C. Then the GLP-1 level in the assay buffer was measured
by ELISA (LINCO, Billerica, MA, U.S.A.).

Acute and long-term effect of 9 and 30 on blood glucose in vivo

This study was approved by the Animal Care and Use Committee of Ajinomoto. Male
C57BL/6J and KKAy mice were purchased from Clea Japan (Tokyo, Japan) at 5 weeks
of age, and each mouse was housed in a polycarbonate cage with wood chip bedding.
Water and commercial chow were provided ad libitum. The animal room was kept on a
12-hour light/dark cycle (7:00 AM to 7:00 PM, dark; 7:00 PM to 7:00 AM, light), with
a temperature range of 22°C + 1°C and a relative humidity of 55% + 5% throughout the
experimental period. The animals were acclimatized to the laboratory condition for 4
weeks.

For evaluation of acute hypoglycemic effect of 9 and 30, C57BL/6J mice were fasted
overnight, and were administered either the vehicle (0.5% methylcellulose), or 100
mg/kg of 9 and 30 by oral gavage with or without subcutaneous injection of GLP-1
antagonist exendin (9-39) (24 nmol/kg). Then, 2 g/kg of glucose was given orally
immediately after 9 and 30 administration. Blood samples were collected from the tail
vein to measure the blood glucose levels.

For evaluation of long-term effect of 9 and 30 on blood glucose control, KKAy mice
were divided into 4 groups, and either the vehicle, 9 and 30 (100 mg/kg), sitagliptin (10
mg/kg), or pioglitazone (10 mg/kg) was administered orally twice a day for 3 weeks. At
the end of the study, blood samples were collected from the tail vein and the blood
glucose, HbAlc, plasma insulin, and plasma glucagon levels were measured. Blood
glucose was measured with an autoanalyzer (Fuji Dri-Chem 5500; Fujifilm, Tokyo,
Japan). Plasma insulin was measured by ELISA (Morinaga, Tokyo, Japan). Plasma

glucagon was also measured by ELISA (Yanaihara Institute Inc., Shizuoka, Japan).
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HbA Ic was measured by HPLC (TOSOH, Tokyo, Japan).

Statistical analysis

Results are expressed the mean+=SEM. Statistical analysis was performed with StatView
software (version 5.0, SAS institute, Cary, NC, USA). Differences were evaluated by
one-way analysis of variance (ANOVA), followed by Dunnett’s test. Statistical

significance was accepted at p<0.05.

Several glycosidases inhibitory assay’

The enzymes B-glucosidase (bovine liver), o-galactosidase (from coffee beans),
B-galactosidase (from bovine liver), a-mannosidase (from jack bean), f-mannosidase
(from snail), a-L-fucosidase (from bovine kidney), p-nitrophenyl glycosides, and
various disaccharides were purchased from Sigma-Aldrich Co. Glycosidase inhibiting

activities were determined by our previous methods.
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