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WEEH SR KA LAY, &0 DUTHERAELET H KAMIIEE Y —XOEE L S <
DHFER e SN T WD, £ D 2 WIHEM THLER— L - A IFY— LTV IaA R
X, TOMDEEEMZ, WRAWKEIE A2 R T 2 L LRICEER(LEMIETH D 2,

(-)-agelastatin A % (" B 1% Pietra 5125V 1993 FEIZa—F )L « o —38 B O Agelas
dendromorpha .V BB FEERE N 72 vz 9(Figure 1-1), 4% 513402 & 27581 L,
BTV 7, MR AT MVT—Z OFFHTIZ L0 MR E & 5 D To AR IE AT A R A s
LCW% 67, I Pettit HITFEMILIZAREI L, X Bk apt ST i R 2 s L. £ ok
EREE LTS 8, VT 1998 4, Molinski HIZ XV | A —R b T U 7 HEEOUHEOUE
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L% oroidin alkaloid D7 7 I U —&F 2 HiL T 5 1112),
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Br Br
~ ~
\ N \ N
© N“'QOHMe © N“‘Q\OMl\ie
HHO\\. N~ N~
HN— HN
(@)
-agelastatin D (X=H) (-)-agelastatin E

(-)-agelastatin A (X—H) (-)-agelastatin C (-
(-)-agelastatin B (X=Br) (

—g-agelastatin F (X=Br)

(-)-agelastatin A |3 Z 71 F CTIZHLEE X417~ oroidin family @ H1C., ME—MgE/A W FREKB
nasopharyngeal cancer cell, L1210 murine tumor cell line, RT112/84 bladder carcinoma
cells) |2k L) e st 2 7§ 819, W OEE S VAT T F D 155D 16 f5D
SR IR BUEEIETECTH D, Hale HiL, (D-agelastatin A N A AT AR > F o (FEEECRIE

P 82 ORBEEITICESER G T2 L b U UMby v X7 BRI TET 5 flnsE
AR, an=—BlROEEELZ#RE L TWD 13, 2O A=A LT Wnt > 7 F /LD
PTHNC R DA AT FRF o ORBMFEITH 5 & 4, HFusAl, s msiAl & Lo

REMEZ RS2 LD TH D, FiZ GSK-3 3 (glycogen synthase kinase-3 ) D FLEENE % 7R~
T ERHEINTWD 819, GSK-3 B IIAHHIC D22 ™I Ex2 ) kT 5k &~
SAVF =X T =B THDH I Enn, FWITIMA, FERE, 7Y A~ —RIERIED ]
REMEICH BN b 72D & 2 A TH D, (H-agelastatin A [~ 7 A TRNBITIER G S U



T W, FUREEEORBICK T DIRFEE L L THERTZIMEELZA L TWVD VR D,
HEETE PR B ZE D45 5, 5-OH, 3-NH, 9-NH (ZIEFMRIUMETH L Z ENMbNTE
V. 13-Br &b £7-EHIETHD 7, (-)-agelastatin B-F |%(-)-agelastatin A & L~ KIFIZTE
PEAME T 95 UL RZRBBRE
AAFIZES LTI Scheme 1-1 (2789 2 DOGRAIEE ST 5 510,

Scheme 1-1
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%2 (D-agelastatin A DEH LA

(D)-agelastatin 3RS TR REEZ BT 5, KW E L THIOD 720 5—6—5—5 %
D ABRMEFEREN SR DM THLOL 70Xy 2 U RIT 45D TARKIRELH L.
TRONVERFF CTEBIN TS, 20X ICHEBRENEYIEHICNZ, FrLr vy
7o iEE 1 % agelastatin A 135 < DB RIFFEE OIFOEER A —7 v hEl->TE
D, ZRNETIZEESLEZED 13 ZL—TF 0 LMEOEERAME STV 5 1516210,
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ML, T, 2NETICHE SN TV D EARRIZ OV TR 5,

Scheme 1-2

Weinreb @ 7 I 24 1%(1999)

Weinreb 53 1999 FFIZHRA D T & I RO EE A ZEM LT, 15 53N Michael 0112
£ %5 A-B-C BOMHEA REMOKBITITV., Er—L ARIT, 73 MUlckviEATS -
& & L7-(Scheme 1-3),

Scheme 1-3
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Scheme 1-4
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Michael f1iZ & % A-B-C BEROWEEE A 1T > TV 5, Feldman HOBFE L=, 7% 5
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Hale O R 24 (2003, 2004)

Hale &% 2003 FIZREEAM 59% | 2004 FEICARKEBEDONL— N EUE LEATEE
i 150 &% K LT\ 5, AR DSEHE. Weinreb 5O H 1A 14 %, D-glucosamine 75 16
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Davis O AR~F2ER (2005, 2009)

Davis 512005 FFIZF T VANV T ¢ oA X 2 B ARFMBIEL L T 2B ORFERRIEE
L7210 2009 4EITIFN K DD TR HOWTICRDO S E A X ) s 21T - T 5 150
A-B-C B2JEH% 1% Weinreb & Hale @ 5L 2t - T % (Scheme 1-8),
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2009 i L7z 15m(Scheme 1-10), 7725 BERIZT I MEEAICK OAESE L, £/ A
BRI Paar-Knorr 4 R L7=,



Scheme 1-10
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Scheme 1-12
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Jed(+)-agelastatin A DL E [ U2 h —AR 3 — b 27 2> 5 (-)-agelastatin A DA LI
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TV % (Scheme 1-16),
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Wt e | B0 7 v—71% 2008 4, 2009 FFICARFREG KA S LT D 150, A-B-C R
DOFAKIL Du Bois 6 &R LB E WL D, BERIZT 2 FESICEDEEL, £ ABREK
{21 Paar-Knorr % F]H L 7= (Scheme 1-17),
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BRI A H 272 46 5T D Z &1 L 7= (Scheme 1-18),

Scheme 1-18
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Scheme 1-19

Wardrop @ 7 & X 245 (2009)

Wardrop 1% 2009 27 & IRKOREKEZHWME L TW5 150, A-B-C BRiX Weinreb X°
Hale & & [AlEE, B 2 —/L D431 Michael 012 X Y #§2E L7z, Wardrop & D25 KD KF
#13 Trichloroacetamide #& % 7= < ZZFIH L7252 & % (Scheme 1-20), &3 Overman #x
72 £ W N3 fif% Trichloroacetamide J& & L CTHE A L72(50—51), WIZZzpzikl L
7 a RIS ERERKIGIZEY NI A2 EALT b4 x5 LT, KEZIC
Trichloroacetamide £:% 7 L 7 IZZ&H L, {LEW 56 OGRS LT,
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Scheme 1-20
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THOAREFE2E/MK (2009)
TH 5% 2009 FICAF LA A2 WS L TWnW5 150, A-B-C BilZ Weinreb <2 Hale & & [fl
kE. B —/LdD4rWN Michael f101Z & Y #%5E L 7-(Scheme 1-21),

Scheme 1-21
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Scheme 1-22
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Movassaghi OA~F 44 #%(2010)

Movassaghi &% 2010 Fi2, AEGRIGRIZEE S < agelastatin A-F ORI 72 2 A%
W5 L7z 159, A-B-C BREFUEIIERDONL— e  CREZKBTHET L IEVIBHO
T % (Scheme 1-23),

Scheme 1-23
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Lz AU EMED 2 E< 83 BWGbivc, TATZ AT V2R L, NI TV 656 26
L, BENTA I m 66 ~EAHT 52 & TDEMAME LT, KIT 66 & ik
¢ CEBRIERZ1T 9 &, (D-agelastatin A 73 O-Me-di-epi-agelastatin A & L2557
(Scheme 1-24),

Scheme 1-24
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HEROS & LT B A A A L7z 159 (Scheme 1-25), A-B-C E&fZjki% Hale, Davis &8
PloFEE 2D, o7 /7R TE K67 & BocA X2 68 D~ = b KHIm
WZ T ARPRNEE PREE D syn BPMEEZ LS THEITT S, BONDHT LT E RED,
B-1g -5 ) o ST VAT A a— R T0 28 L., BB A ZEL 21280 C
BRAME L. )15 OB A 41150 D & AU AED LTz,

Scheme 1-25
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W2E RET LT e ROARKET VU DAL E @G LT 5 2/ A

FINRT VY VR EIE DD THERMEEWEE CTh 5, Mitosane FAIZREIND K
INZ. WL OO RIRNTIEVERBUCM BRI OEE L L TR IART VIV P UREA L
TW%, FLET7TVYPUFRRIT I BEOEGHKST, EEMEKIZBWTH REA M2
BRFHAETHY . ZNE TIZE L OEBSRAE 1820 F 72 | TAARE 19202 F 2R
HFT VD ADBBAR SN TV D, FEEPHREEOHHOIL. horF B s A — | 2020
ZH A7 AT e RO ESLERERI 2R R T 2 2 ARG DO BIFEIT AL L
TV 5% 21(Scheme 2-1), % 1 FTik~7= X 9 (Z()-agelastatin A D& RIEITZHOHE
WL EZNTWDH N, FHEDMIEICE T LI R CIEABEARGE 2 W 72 R G hvil H S 4
TeBlXERLE R ol RETEHHOLOARAFT VU VP UMERIL WA RS E LTz
(9)-agelastatin A D&/ TRIZ OV TR D,

Scheme 2-1
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~ =y BRI LGN FES < (D)-agelastatin A OWi A AT %2 DL IR LT, 4 fLD%E
FHEAL D RIZAUISLARERA 7 Curtius B8 0IC KV T2 DB X, Flovr=vb X
A T OHBRKISIZ LD CBRIEEZ1T A X KU 4L, TAr, 8LDHERET 5 A FRFEL G
A-B-CERARLZ I ETEH LB, TS T HAFRFBIIAFT VY VARG
IZLVEANTE D L& % 7-(Scheme 2-2),
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Scheme 2-2

Me o n

S9N 20 P 2
o :\E \.QK‘COzEt . CO,Et
) N\Z 3 4 > /A N BJW:,LLL — J N |
— [in = NH — [g]BH
10 o) o)
EtO,C
NHBoc Boc
— MeO - COEt —— Meow\\\‘<l\l/CHO
MeO MeO

SCERBEEN D 71k 29 CAREAFNT LT & R 72 AR LTz, #iH O OMs 20icftn, U7 ==
vl )=V —T )L 74 il U CTHWAAREFT VU Vb & FEt L7-(Table
2-1), /HHND T VY VT INT e K75 ORFHMEIL, NaBH IR IC &< <2 Y A Akl
LB TT ZHE L HPLC IC X WRE LTz, VT AT LA~ — DML 98% ee
ThHdDZ & MR LT~ trans/icis IREMINER L THBED, aMNLORFITRDO TFETIEK
THOMEE LTz,

Table 2-1
74 (10 mol%) Boc
MeO s _CHO pTSONHBoC base (3 equiv) MeO \\\-<1\I/CHO NaBH,
Y\/ solvent w MeOH
MeO (0.2 M) MeO e
79 73a 75 one pot
/Boc Bz,O Boc Ph
N Et;N N .
MeO__ .. 3 MeO. . O ..’7ph
b o T o N  OTEs
DMAP H
H>Cl,
76 77 74
Entry Base Solvent  Conditions Yield of 76 L4
trans/cis ee
1 Na,CO3 toluene rt, 24 h 37% 9:1 98%
2 AcONa CH,Cl, rt, 30 min.  60% 49:1 98%
3 AcONa toluene rt, 30 min.  56% 12:1 98%
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RIZ Bode Db D 2NV, F7 VU U LA MIEETAWZT VU U0 76 ORBRNKIG &
faEt L7 (Table 2-2), b A F Lo ) — VEAER SN RIENIEFICELS , =%
—VEEEEE U THWEIE ) DRI RE S 2T,

Table 2-2
Boc iPryEtN
N/ (20 mol%) NHBoc
MeOw\\\.Q/CHO MeOWCOZEt
MeO MeO
*N..Me Cr
75 ¢ I 78
S™Me
(10 mol%)

Entry  Solvent EtOH Conditions  Yield
1 CH,Cl, 3 equiv rt, 18 h trace
2 EtOH (as a solvent) rt, 22 h 49%

TV TATEe K751 TLC ETTF—0 700, FLEMNIRHATY Y 7
nNraw K777 44— TORRORNG H D, REHARY ZZ D F FREMKSITA L,
78 DEPE TR AIT > 721F 9 7Y b — X L CTOHEFINRIT R 7> 72 (Scheme 2-3),

Scheme 2-3
74 (2.5 mol%) Boc
MeO_ . _CHO AcONa (3 equiv) N
+ pTsONHBoc 9 MeO__..<| LCHO
Me?)/\/ toluene ﬁ <l/
(0.4 M) MeO
rt, 40 min.
72 73a 75
(crude)
*N..-Me Cr
&I
S™Me (20 mol%) NHBoc
MeO___~_ CO,Et
iPr,EN b
(40 mol%) MeO
EtOH (0.4 M) 78
rt, 24 h (76% in 2 steps)

-20 -



KIZ Boc ZED LA IZ DUV TRRET L 72 (Table 2-3), BHID 79 X5 515 H DD 33% &K
IRETHY, AP U 80 BEERM Tho7z(entry 1), WWEAZEZ . WRIMNFAIZ N
Z TMSOTE D EGHEZAR T SH, SBR[ E 2 HfF U7z 238 RMEIZ 2 0IFER D DAL s
S7c(entry 2, 3), FIZSIHIRE, UL FY 77— MIOWTHRRTZMA 7223, &EIXT
X 7eno 7z (entry 4-6), PR E 721% TFA/MeOH TOfRITIEF IZE L . AITeix
0 AXH> U 80 ThHoizlentry 7,8),

Table 2-3
o
NHBoc NH, )k
MeO MeO MeG  “—CO,Et
78 79 80
Isolated yield
Entry R3SiOTf Solvent Additives  Temp. Time 79 80
1 TMSOTf CH,Cl, 0°C 20 min. 33% 49 %
BSA :
2 TMSOTf CPME (1.1 equiv) rt overnight — 45 %
2,6-lutidine : .
3 TMSOTf CPME (1.1 equiv) overnight 45 %
4 TMSOTf CPME -20°C 30 min 9% 40 %
5 TESOTf CPME 0°C 1h 12% —
6 TBDMSOTf CPME 0°C 10 min. 1:1.3
7 — neat 180°C 15 min. — trace
8 TFA MeOH rt overnight — trace

Hwu 5 29/% 0.2 % £ Ammonium cerium(IV) nitrate (CAN)(Z X ¥ Boc 7LD i 77
WHBICEIT T2 2 2 ME L TV D, AROSHRIEZIEEY T8 IZEM T 5 2 & AT
(Scheme 2-4), 44U ¥/ 80 MAEMLIZL LTH MeOH 7#/E | CRISZAT 213,
FERTONAEL D EE 2, B2 CHsCN-MeOH % HVY, 1.2 280 CAN #1EH S ® 7=
LZA BEEMIZTINBELND Z Enbrolz, An%E TLC TERTH &, 79 & 80
DERHZAER L, BIALEWD 719 \ZBUORT 2Bl s b,
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Scheme 2-4

NHBoc CAN (1.2 equiv) NH,
MeOWCOZEt MeOWCOZEt
MeO CH3CN-MeOH MeO
60°C, 6 h
78 79
(95%)
\ o)
o)[L NH

MeG  “—CO.Et
80

554172 79 7> 513 Clauson—Kaas pyrrole &% 20 & NBS (2 L % Brib ##& T{L&# 82 %
B L7z, LML, 82 D7 /4t [(Zn(CN):2 (3 equiv.), Pdz(dba)s (6 mol%), DPPF (15
mol%), Zn (5 mol%), Zn(OAc)z (15 mol%), DMF, 90 °C 7 ETII L REE H 7= b 4 < T
T, 83 G T HAILKBUT K o 7= (Scheme 2-5),

Scheme 2-5
J\/\ﬁowle
MeO™ O _ ﬂ NBS @Br

NH

veo, e o (1.5 equiv) N (1.05 equiv) N
) : MeO._ ~_ _CO,Et
W toluene-H,0-AcOH MeOWCOZEt THF (0.3 M) Y\/ 2
MeO (3:2:1) MeO 0°C,30min.  MeO
79 80°C, 30 min. 81 (92%) 82

(71%)

MeOWC02Et

MeO

83

T ZCHIEERFTT 5 2 & & L7-(Scheme 2-6), IE RE2CLVB—4~7 b= AT /L 851C
HWR L, A SOEME B2, BVRFY R NMEd 5 2 & TERTFEIA 86 255 Z L3
k7,
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Scheme 2-6

D 1N-LiOH ﬂ 1)TcHDllr

N THF \ rt, 1 h
MeO. _~_ _CO,Et ~ MeO_ _~_ _CO,H o
W rt, 12 h W 2 )~
MeO,C~ ~CO.K
MeO (96%) MeO 2 §
rt, overnight
(80%)

@ 1) CI;CONCO ﬂ

oo o CPME H,NOC @

e ~ COzMe R

Y\)Jv 2 MeOH MeONJ\/COZMe

MeO

85 (60%) MeO

86

O EE A 86 2 AV, #LUSORE ZBMG L7z, £3EY 86 |2 pTsOH % A{F
w7tz A, L 8T I35 LNT 88 NAEMKT S Z &b h->7-(Scheme 2-7), Zilix
TEE—NVORREINRFH I FEOMEITEITLZbDOD, =/ 77— MOk
DENCE ML L THEFRIL LI bDEEZBND,

Scheme 2-7

0
D pTSOH.H,0 m
H2NOC i H,N

(0.1 equiv)

N
CO,Me
Y\)K/ 2 Acetone k K\/[K/COQMG
MeO reflux, 6 h

[\

Mannich-type N
cyclization HN,,

WJ\/COZMe

fast
/ \
aromatization

HN\/\)J\/Cone

88 (56%)
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Table 2-4 (Z/RT XL 912, 7TEHX—/L 86 ZIEMALL 9 252 MF L=, entryl-5 TiX 88
DIEONDEDHTHoT-, TR LB Z LD entry 6-8 TIESULDEIT LR -T2,

Table 2-4
Conditions Results
1. TMSOTf, CH,Cl,, -78 °C ~ -20°C decomp.
2. pTsOH.H,0 (0.5 equiv), piperidine (0.25 equiv), 88
CHyCl,, rt, overnight

3. HCl-dioxane (5 equiv), CH,ClI,, 0°C 88

4. LiBF, (3 equiv), CHsCN-2%H,0, rt 88

5. CeCl;.7H,0 (3 equiv), MeOH, reflux 88

6. Montmorillonite K10, toluene, 80°C no reaction
7.1, (0.25 equiv), acetone, MS3A, rt no reaction
8. DMSO-H,0-dioxane, reflux, overnight no reaction
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WM AB-CBREKHEEEORI

WIZ, ET CRTHLHV 7 a7 ) VBREFEML, OHIZ BEREZMHERT 22 KMESE
% 211 L 72 (Scheme 2-8),

Scheme 2-8

F TG 85 % Table 2-5 [T RTHAFITAT L2, BEr— AR IC LY HE LT VDI
Mz, a— 260537 FEITREAMIM L7290 BMECL0ATH Y | 1T BT BRHEET
ERL T E IR0z,

Table 2-5
0 0
N" o \
MeONJ\/Cone Q
MeO
MeO,C OMe
85 2 O
89 90
Conditions Results
1 pTsOH.H,0 (0.2 equiv), acetone, rt, overnight R
2 pTsOH.H,O (O.5_equiv), piperidine (0.25 equiv),
CH,Cl,, rt, overnight
3 HCl-dioxane (5 equiv), CH,Cl,, 0 °C > oL oE A+ 90
4 CeCl3.7H,0 (3 equiv), MeOH, reflux
5 LiBF,4 (3 equiv), CH3;CN-2%H,0, rt
6 oxalic acid (3 equiv), THF-H,O (2:1), rt-reflux _/
7 TMSOTf, 2,6-lutidine, CH,Cl,, -78 °C ~ rt decomp.
8 TMSOTf, CH,Cl,, -78 °C ~ -20 °C 90 (quant.)
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NS DOMEEIT A e — VBRIV T A EAL, BERLENLY 7 o
T UBROMEEHET L LT, bAM 8L LV, 4 THEAZKRCHRTEIA 94 28 L
7= (Scheme 2-9).

Scheme 2-9
1) CI3CONCO POCI, (2 equiv)
N it 12 h N~ CONHz  DMF (2 equiv)
MeO. - CO.Et MeO_ ~ CO,Et
z 2) MeOH YT pyridine (2.2 equiv)
MeO rt, 20 h MeO CH4CN
81 (98%) 91 0 °C, 30 min.

NCD NCD U

N LiOH \ rt,1h
MeO._ _~_ _CO,Et MeO. _~_ _CO,H
THF-H,0 2) MeO,C~ >COK
MeO rt, 4 h M;g/A\V/ ? ?
EtzN
rt, overnight
Ay
NC N 0]
MeO_ ~ CO,Me
MeO

94 (91%, 3 steps)

b6 9412 TFA £721%X BF2.Et0 ZAEA SHT/o & 2 A, FAEMMIIY 7 n 0T 7 U ikiE
K95 T1E72< 96 TH D Z L 23 ) - 7-(Scheme 2-10), propanedithiol/BFs. Et20/CH2Cle
DTSRG L . TiCla=X° SnCls(-78 C- rt)29 2 /EH &1 5 & BN 0T 2 D
Tholz, FIZ 96 DHEEMERIHMETORMELEZMFF L, GKTE = FVY i, EtsN,
NaHCOs, MeaNH, pyrrolidine, pyrrolidine/pTsOH(2:1)% DA LT=ny, poUiaiE4a<
AT Lo 7z,
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Scheme 2-10

/ /
NCD @ CH,Cl, NC/Q NCD

N
MeO. - CO,Me A MeO., ~
0°C-rt Y
MeO \
MeO,C
94 2 @) 96 CO,Me
95 TFA (40%)

BF3 Et,0 (20%)

Wiz vx ) — )z —7 KK 97 ARk L. Aldol % A 7 DEAER )i % ik 7 7= (Scheme
2-11), IR TIPSO EITET, FIRITEEW 97 23R LT, RiE v HRYDHBRIE 95
SN oT,

Scheme 2-11
ﬂ TBSCl ﬂ TBS
NC 0 Et;N NC™ °N" O~
R MeO_ < . _CO,Me
MeO rt, 10 min. MeO
94 (99%) o7
BF3 Et,0 /ﬂ
or NC N
TMSOTf R
CH,Cl, Q
MeO,C
78 °C-rt 2 o
(decomp.) 95

WIALE Y 94 DT & 4 — NV OBRFH#EL IOV TR 247 - 72 (Table 2-6), {17 50t
B AF AT 'S — VL ORiLRH#ENTT 2 5 TMSOTI/2,6-lutidine (entry 1) % 5772 23 JFUEFAS

DRTDDRTH ST, GAKBTOIKD R (entry 2, 3L AT JVIED MKy i & Wiz R
DESEL, 98 # TARME LTH 2T,
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Table 2-6

n

M OY:\)CJ)\/CO Me —x— ? NGO
e < Hlvie =
Mo OHC/\)J\Me
94 95 98
Conditions Results
1 TMSOTTf (4 equiv), 2,6-lutidine (6 equiv), CH,Cl,, rt decomp.
2 pTsOH.H,0 (0.15 equiv), acetone-H,O, rt-reflux, overnight 98 (81% yield)
3 1N-HCI(5 equiv), MeOH, rt-reflux, 3 h 98
4 CAN (2.5 equiv), CH3CN, H50, reflux, 4 h decomp.
5 LiBF,4 (5 equiv), CH3CN, 60°C, 1 h decomp.
6 DDAQ (0.2 equiv), CH3CN, H50, rt-reflux no reaction
7 Amberlyst 15 (100 wt%), acetone-H,0, rt-reflux no reaction

-28 -



3T A

REFMT7 AT E R72E FoaXs IANA— K TBanb 7= 17nl ) —Li UL
T—T N EMEEE L THWAARET VU D ALIRNIZEY . TN RT VI VT AT
K75 %GR LTz, & BIZHEF A 86 ~D W3RN 72 G ki % ffESr L 7= (Scheme 2-12)(7 T %,
25%), t&5¥ 86 D~ =y b XA T OMBRIGIT, 88 DAEMMNBMEL 220 | #HT 52
LlIxTE ol

Scheme 2-12
Ph
-""7Ph
*N..Me Cr
N OTE JBoc <]
MeO_ . _CHO H OTES (cat) N SIMe (cat.)
Y\/ +  BocNHOTs MeO._..< [ ,CHO
MeO AcONa w iPrEtN
toluene MeO EtOH
72 73a rt, 40 min. 75 (98% ee) rt 24 h
Groe [
NHBoc CAN (1.2 equiv) NHo Meo” O N
MeOWCOZEt MeOWCO2Et MeO A CO.E
e ' t
Mo CH3CN-MeOH MeO toluene-H,0-AcOH b
-8 60°C, 6 h (3:2:1) MeO
79 o i 81
(76% in 2 steps) 80 ?7?3 ;nln.
(o]
1) CDI
1N-LiOH ﬂ THF ﬂ 1) Cl3CONCO
THF N rt, 1h N (0] CPME
MeO._“__COH 2 MGOMCO Me
rt, 12 h 2 2
96% b MeO,C” “CO,K 2) MeOH
(96%) MeO MeO (60%)
84 MgCl, EtsN 85
rt, overnight (80%)
\ o M Y
HNOC™ N o - o M
= — >
MeO 2 CO,Me ‘, N (@]
NI _coMme
MeO MeO,C7 Y
88
86 87
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T/ EBE T —VHER LY CEROALEMHERT HEA L, 96 X° 98 DARKNEE 72V
FERK T X 7275 7-(Scheme 2-13).

Scheme 2-13
3 LD
NC N o NC™ N
? — :
MeOMCOﬂ\Ae /Q
MeO
94 95

A

MeO, - NT O
Q OHC/\)J\Me
COzMe
96
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H3T AN CHIFARISIC & 2 BREEILEDOIE

F2ETHRARIZLIIC, v =y bR K DBREENER TE Rzl &b, B
T A X 555N C—H fHALUGNC K ABRBFIE A IR LT, v T AR ) A
RIZ2WTiX, C-H #5& X heteroatom-H FEA 2k AL, RFE—IRF _HIEAIZ
T by aTaN AR, BVRZNVIERAT aF kT 54 U RIEMe &, Sk
REOGEREBN TS, B T LB AR A RIIREFOIEEFETHY . o fLic~T v)H
HOE#R LTz C-H a1k 2 AN ITmVMLERIREZ R Z L mbh Tl b 29,
BRO X OWERLBUSHHIFCE D L& X, AlUL— MIOWTE, 5 1 f§iTih~5 2@
WOTTa—FEREt Lz,

H1E A CHARISIC L 2 B EHE O R

—h 1 H L FRR CBR4ANLICEMRYT 57 X/ 25137 MiRO Curtius #0712 L 0 E
AT % Z L& L7-(Scheme 38-1, route 1), CERIZT T VYV = AT /LD, v ¥y Az X 547
BN CHIEAKISIZL VAR TE D EE X, ETMNORFIX, FTIALTVIY
YinbEIZELE LT,

J—h 2, R0 Curtius 501 LY CRICERIFRFZEATLHHEDOET D, CERIEAK
X, ABREABETHYT Y ZATNLOSTN C—H HAKSICEVEETE L EHE T
(Scheme 3-1, route 2), St ST 72\ EICH Y . 0N C—H HASISMIE S IZEITT
L EMTEI,

Scheme 3-1
O
COZMG
Br
\ N2
/AN B
route 2 = N.
/7 P
(@)
Me o C-Hinsertion
HO N_ o 0
Br ) D\f Br, ‘@KiCO Et route 1
Z‘ 2 NH — / N‘\BJ\I_\Z"L 2 _ - CO,Et
/AN B : A NH 7 N
— NH — OR
O
o]
O
CO,Et COEt Boc
— — f— T)\
N 2 BocHN e
C-Hinsertion ¢ N OR RO CHO
OR
—
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Jb— 1 1

L&Y 99a-c lIZONWTT VY Vi AbEFE A RET Lo, B E T D RIS ETE T,

VU TIVT e REHBLHZ LTk )y- 7~ (Scheme 3-2),

Scheme 3-2
Ph
.m—Ph
ﬁ OTES
?oc
RO/\/\CHO pTsONHBoc N

RO cHo

99a (R=tBuMe,Si-)
99b (R=tBuCO-)
99c (R=Bn-)

—JF. REAFT7 LT K101 3907 ) D AIdEN == F U F A KO T AT LA
PFHETHEATT 5 Z EAME SN TV D 20, ]I, FTATIU T 102 /L.
104 72U P2 B% Sml TIEILRAA 3V L TR-7 I/ = A7 /L 105 % BAF7R IR T -

(Scheme 3-3).
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Scheme 3-3

OMe

100

I?oc

N
EtO,C,
2 ”|>\CHO

102

I?oc
N
EtOZC,,/I)\/OTBDMS

104

K,CO3
(EtO)2POCH2002Et + (CH30)QCHCHO CyC|OheXane'H20 Etozc/\/kOMe
60°C, 1h
P
D- |}J}’h
N OTES 74
(10 mol%)
Amberlyst 15 pTsONHBoc (73a)
. CHO
Et0,C7 X~
Acetone-H,0 Na,CO3
reflux, 2 h 101 CH,Cl,
(88%, 2 steps) rt, 18 h
TBDMSCI
Boc .
NaBH, l{l 1H-Imidazole
EtO,C,, OH
EtOH,0°C,1h - I~ DMF
(91%, 2 steps) 103 0°C-rt,0.5h
(85%)
Sml, NHBoc
TBDMSO/l_?l:/
N, N-dimethylaminoethanol \COQEt
(5 equiv)
THF, 0°C, 0.5 h 105
(91%)

TBDMS; t-butyldimethylsilyl

HIZE'r—/LEE% Scheme 3-4 |Z/R T 1A THEE L7Z, 105 2 TBDMSOTf TMLEE L, AU
DUV TINV R A — N EFEE T LT 106 % 572, Clauson—Kaas pyrrole & 5% 202 L D
107 AR Lic, E72v U A— | 108 ZHEEL, U AN — F D4R & [F
REIC B — VB OB EAT > T BRWIET 107 55z, Hily TIESR DO ik 20T

L. B b= A7) 110 %457=(Scheme 3-5),
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Scheme 3-4

1) TBDMSOTf
2,6-lutidine _—
CH,Cl, NH 2,5-dimethoxy- ,\(/>
S~ 2
105 0°C-rt, 1.5h TBDMSO . tetrahydrofuran TBDMSO/\:_/
- z
CO,Et SCO,Et
2) EtOH, citric acid ?~ toluene-H,0-AcOH 2
it 10 h 106 80°C,0.5h 107
(41%, 2 steps)
2,5-dimethoxy-
TBDMSOTf tetrahydrofuran
2,6-lutidine 0. _O.
CH,Cl, Y TBDMS toluene-H,O-AcOH
o NH o
0°C-rt,1.5h TBOMSO™ > 70°C,0.5h
(89%) :\ (84%)
CO,Et
108
Scheme 3-5
1)CDIrt, 1 h
PN
@ 2) EtO,C” “CO.K _
LiOH / MgCl C>
N gCl N_/
107 _ TBDMSO™ Y
TBDMSO  : :
THF-H,0 = EtsN B
tt, 23 h COH  THF N coE
o 109 rt, 24 h o}
(88%)
(93%) 110

CDI; N,N'-Carbonyldiimidazole
FPFONVRFY I FEEZASRWIVE 111 285 L, BBRBUG % 37 7= (Scheme 3-6),

falE L CW=eRBY, Hir o7 /112 TR, Pua—nAgR Eo CHIZOAR ) A4 R
DR L7z 1183 BIRIEEENINCAERT D2 ENgnoT,
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Scheme 3-6

dodecyl\©\
O SO,N3

N_/
TBDMSO™ Y

\[(\COZEt EtsN %COZEt
o)

CH,CN !
rt, 30 min.
110 (77%) 111
Rh,(OAC), @ =
(10 mol%) N TBDMSO™ " N ./
s
X =
CH,Cl, JQ CO,Et
(0.05 M) EtO,C OH
O
112 113 (97%)

L7203 ->T, BEa—o 2 fiZidH o Comt)p@Efal 28 AN L TR LENHD, L
L 116 @ Br bz {172 & ZALEALD 117 TERL e —v® 34 Br b & 7=, 118
NEARYE L THE LD Z L2 boro 7=(Scheme 3-7),

Scheme 3-7
1) Cl3CONCO
@ TIPSOTf _— CH2(_‘,|2 H2NOC
iProEtN ,@ rt, 19 h =
Ho N~ TIPSO™ Y~ A~ N
i CH,Cl, X 2) EtOH TIPSO™ ™
COEt 0°C,1h COE EtsN CO,Et
114 (99%) 115 rt, 24 h 116
(77%)
H,NOC H,NOC
dibromantin // @\Br
— % N
Tipso” >N TIPSO™ >
THF-MeOH i Br 2
40°C 05h CO,Et CO,Et
117 118 (55%)

dibromantin; 1,3-dibromo-5,5-dimethylhydantoin
TIPS; triisopropylsilyl
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Jb— 1K 2
Bandini & ® 7k 32\2HE6V T & 1K 122 # 55k L 7-(Scheme 3-8), 7 2 E{LDERIZE /

T RER122 LTV T R EER 128 BEK LIZD, MHIIESICTEETE 70, (LEY 122,
1283 TNENZDBEORFHIAND Z & & LTz,

Scheme 3-8
NH, _ iProEtN N/\/\COZMe
+ B~ > Co,Me —_ H
MeO . 1h MeO
(79%) 119
t K,CO
| N CO,H 0 [ Zres dibromantin
J 2 N (0.1 equiv) o) I\ (0.6 equiv)
PMB/N " N ! THF-MeOH
WSC, HOBt DMF PMB~ \¢/L\/C02Me
DMF N\ rt, 0.5 h -40°C, 1 h
rt,2 h (quant.)
(740/0) MeOZC 120 121
Br
o [\ (o) [\
N Br N Br
PMB/NMK/COZMe PMB/NVK/COZMe PMB; p-methoxybenzyl
122 123
(61%) (30%)
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FEEIZE DT Y271 126 % &% L(Scheme 3-9). fiix ® Rh(IDf#E(Rha(OAc)4,
Rha(tfa)s, Rha(tpa)s(chacle), Rha(cap)s(chsen)o) Z EH & w7=28, LA C-H i AE 127 1%
L EONT . BHRREMEGEZDDOHTHoTe, IV A ROIGHERRF47TH
HEBEZ LN,

Scheme 3-9
Br
Br 1)CDItt, 1h
P
o A N\ Br 1N-NaOH o N\ Br 2 EtO,C7 “COK
reflux, 1 h THF
(98%) rt,5h
123 124 (93%)

Br

Br
dodecyl
\ B
OY(\g/ Br \©\SOZN3 Oqu/or
N (0]

Et;N /N\/K)kﬂ/COZEt
pMB/N\)\/LK/COﬂEt PMB

CH5CN N2
125 rt, 30 min. 126
Br  (87%)
\
Rh,L4 o /N Br
—_— =
_N
PMB
EtO,C 0O

127

ZITRYTLANNR) A RO C-HIFASDORIGHZ BT 572012, L0 @WISHED
WFRFCE 507 Y7 b 129 OFBRKIGEMFTT 5 2 & & L7-(Scheme 3-10), Rha(tpa)s
EAEH SR, R0 CHIFALERTE T, RbVIZT 2 FEGICILR) 1 FiR
FPFRANLTALEM 130 BEAEFD E L THROND ZERDNST N=T VT E=Y
AA U R 181 R L 33, TIFNHED 1,2- 8 FISHRE - E 2 5ND,
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Scheme 3-10

]\ Br 1) (COCI)
\©\/ M

N

OH  2)TMSCHN, N N
CH,CI
128 272

0 °C, 40 min. 129
(61%)
MeO ] \_Br
Rhy(tpa)s(chscly) MeO @) N
(2 mol%) NIV \I:::L\/N+
/(Nj\Br
CH,Cl, (0.004 M) N -
rt, 1h 5
(34%) 0 L _
130 131
Figure 3-1 [Z/L&# 130 OAFE AT R IVIENT TR BT HB 2 751,
Figure 3-1
MeO MeO
HH H
{
H N—{N Br
H
H
O/ H
NOE

HMQC =—

1 27 Al -5V T Rha(tpa)s(chaclz), Rha(OAc)s, Rha(tfa)s, Rha(cap)s(chsen)e % st L
7223, Rha(tpa)s SN CIHEBIR DT HDHThoTo, FTemr YT LHNAR) AL FET R
REFR L DAV REAZIET 57512, PMB(p-methoxybenzyl) 2 PMP
(pmethoxyphenyDIZZE x5 &, A U REKE 7213 C-H fFANTETET, KRR 0 fiET 5

DHTHDHZ ENDMroT,
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W2 A

AT AT E R101 & hoaX T DNANA—=RTBanby 7= 7ul) J—
NT—T T4 L LTHWDIAREFT VU DUALIRIZE D FT AT T
TE R 102 28K L, SOICHETEIE 111 ~ORRA 2 A RIEZ T L7209 TR,
34%)(Scheme 3-11, 3-12), m\WIGHEZHIfFL CTuve, e VEHE C-H 5 &~ DA 29
WK DHBRMGEERT D Z 1T TE ) -> 7=, (Scheme 3-12)

Scheme 3-11
P
H OTES 74 (cat.)
Boc
B
EO C/\/CHO pTsONHBoc 73a co.C ,{Ij)\ NaBH, Noc
2 2L,
Na,COs4 CHO E{OH, 0°C. 1 h EtOzC,,,I)\/OH
101 CH,Cl, 102 (91%, 2 steps) 103
rt, 18 h (98% ee)
TBDMSCI Boc
1H-Imidazole N Smi NHB
EtO,C,,| >~_OTBDMS 2 R
DMF N,N-dimethylamino- H =
0°C-rt,0.5h 104 ethanol CO,Et
(85%) THF,0°C,0.5h 105
(91%)
TBDMSOTf O%‘/O\TBDMS 2,5-dimethoxy- @
2,6-lutidine NH tetrahydrofuran NI
TBDMSO™ Y~ TBDMSO -
CH,CI, T toluene-H,0-AcOH ~
CO,Et
0°C-rt, 1.5 h CO,Et 70°C,05h 2
(89%) 108 (84%) 107
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Scheme 3-12

1)CDItt, 1h
@ 2) Et0,C”7 COK @
N
LiOH N MgCl, TBDMSO™ Y~
107 TBDMSO 2
THF-H,0 ~COH EtsN N CosEt
rt, 23 h THF 0
(88 %) 109 r,24h 110
(93%)

dodecyl O
- Rhy(OAc),
SO,N3 @

o~ (10 mol%)
TBDMSO™ N,

z —_—
EtsN %COZEt CH,Cl,
CH4CN E1O,C
o

. (0]
rt, 30 min.
(77%)

" :\i

111 112

TBDMSO” N~

CO,Et
OH

113 (97%)

EBHICVT Y AT IV 126 TIEIIGER R T5372% 0 BHDY 7 axZ ) CEROREE
BERTHZENTERDP ST, RIGHENR LV ENWEBZOGNLYT Y~ 129 ORIG
PEZFHASTZ301LY CHFEANTEE T, bIZT7 I FEGICHATLI LS, K
IR X 180 BNE LN D Z L b - 72 (Scheme 3-18), N7 2 /LT U E=D LA U RERK
L, L2 &/ RAER LZbD LB 2 bz, BREOKIS TS 5 23,
(9)-agelastatin A D EARICHHATE W2 LD, BataHiE LT,

Scheme 3-13

N, Et0,C o
126 127
Rhs(tpa)y(ch,cly) \ PME
| \\_-Br e} / Br (0]
O (2 mol%) N ﬂ
N N N N Br
PMB/NNIVNz CH,Cl, (0.004 M) PMB
rt, 1h 0]
o
129 132 130 (34%)
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Wam ) UOREFT VY D ALERGE T DRI

AF Tl 2-cyclopenten-1-one Z L U & T HEIR =/ VEHOMBRIARE T 2V ¥ ALK
f‘“’fi’%ﬁf: B L. BN DF TR R TP P rinb(-)-agelastatin A DB R E A%
HED TR DN TR D,

B1HT AR

BTN LT (0)-agelastatin A D RF AL OFHE % Scheme 4-1 (278 L7, B EBRIESE
EIH)I S 15073 133 2 PABRATERIA & 3 2N 72 HiEZ A LT\ 5, 133 ORIEA 134 (X
XTINIR hT VYV 185b OEFREANC L DT VU U UBROMERNG RS, =
JUSDRBLIZR VAR TED b D EE X T2, L EDOTH G 2-cyclopenten-1-one DA
HT VMBS E T 5 (D)-agelastatin A DIEF TS > TV RF R RIED B %
TE 5B X, REIEOMEIT, DMK ) VOB RET VU 2 Abiko
Bgs. (D& EICERERA L S 7z 185b 7225 133 D/L— RHFE, Th D,

0
HN, B N7 g YFS\
| N
R H —

HNp 10oH _
%N\ Ichikawa's
o) Me method CbzHN

O

Scheme 4-1

>\

(-)-agelastatin A

i = C““Q — K

(0]
134 135b
Aziridine opening Organocatalytic
Oxidation to enone asymmetric aziridination

F2E TR L DT, Rgfn7 T & ROAREFT VU 2 Abida,a-diarylprolinol silyl
ether Z 2 VW ENEIRAVICHETT 2 2D, — T/ U Z2FRROKMHFIH L THT VY
TAUBRIEZE DS DR EIT L7V (Scheme 4-2), 2O Z LITAREMT AT E R R Y
UM A I =T NEEL L, REZA] T8a 1Tk L TR b o dlcxf L, =/ ke
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10U VNIFEDNREEDT-OA I =T AN ELEIT LN EEZRIB LTV,

Scheme 4-2
Q .  PTSONHBoc BOC_NQ
+
o 73a Ph (@) \N/
|
N Ph R/\)\R
H OTES
Boc Iminium activation
|
R\/\CH o * PTsONHBoc N CHO
R
R=alkyl, Aryl 73a up to 99% yield

up to 99% ee

FITHRITINAR 1T IVICERL, = ) VOREFET VU DA EZEET L L
7-(Scheme 4-3).

Scheme 4-3
_R* *
o) HoN™ : RNH*
chiral amine |
R R
| e |
R R
enone iminium activation

F2H XTNLMRT S v E AR VD D AR G

INETICHEIN TS, T 1 7 I 2GR E LTHWERISHZ, 1)
Primary-primary diamine, 2) Primary-secondary diamine, 3) Primary-tertiary diamine
WL ORLZ, WTFROMBESR TS, 1T I L ANVR=VEND A I =0 ADTERL
L. SHERH ELTWD EEXBND, FloxtT =4 OSEGRICE L T < oWE
MIRENTWD, SEARBIRPEIEELOD A ) = X LSOV TIEARHAAR SR Z VA, Luot® & (2 &
VEERETENDLOT e —F NI TN D,

1) Primary-primary diamine

Chin39 5% DPEN filliilc X5 7 <~V L ORF AN IS LV, F§ 7172 Warfarin
B A L7~ (Scheme 4-4), DPEN L ) U3 A 2 U ZTERNT 5 2 & TN AREFMEN
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RBHTLLERELTND,
Scheme 4-4
cat (10 mol%) - Me
o OH Ph O
0 AcOH (10 equiv) NH,
X + N
A
L~ — -
o0 tt, 24 h 0”0 O )
Me

99%, 92%ee L i

(Scheme 4-5), %17 = 7> OIS b, LRI O ST EREIUEI K BE 525 L& B>
IZLTW5D,
Scheme 4-5
cat (10 mol%)
+  HyO, 5
ij 1,4-dioxane, 50°C é’\\o

96%, 92%ee

Cr,
Q_OH  ph__NH,

/

/N j/
g ©
Ph””“NH,
Ar

iP
(S)-TRIP Ar= iPr

B cat — iPr iPr

FLI & 38 2009 4EIC, B F T FILE A T D 1T I AT X 5 AR Diels-Alder K n%
45 L7-(Scheme 4-6), 4 #h AR IRFE & G TeBRALATINR 2 @ O SEARSEIRME T 5 2 & 10kEh
L7z,
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Scheme 4-6
cat (12 mol%)

Bn.__CHO TfOH (10 mol%)
™. D - Lo

mesitylene Bn
-20°C,48 h
79%, 92%ee

oo
NH,

T
Ar Ar=

B tBu

cat -

AL B 92 % Tl . 2-cyclohexen-l-one D ARF T VU Vb EBAFIL TE Y
1,2-diphenylethylenediamine (DPEN)% A\ \/=35& & & 95%ee T b7 VU ¥ U iFEAk
136b 23 35415 Z & & R L T % 39(Scheme 4-7),

Scheme 4-7
Ph  Ph
>_{ (20 mol%)
H,N  NH,
4-NO,-PhCO,H (20 mol%)
NaHCO,
+ pTSONHCbz ~  CbzN
CHCl
o) t o)

136b (95%ee)
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2) Primary-secondary diamine

AR 380 [ TN Hasd & 3 2005 H-12 o, B -Aafn 7 L7 & ROAF Diels-Alder [k % A
L 7=(Scheme 4-8, 4-9), T EIE IR EIRMEDOFIICHKII L T\ D,

Scheme 4-8

iBu

0
MeO . ):NH OCOCgH,OMe
0,
OTCHO . I n 2 (10mol%) j{v\r,CHo

8 CoF5SO3H (27.5 mol%)
EtNO,, rt

99%, 90%ee

Scheme 4-9

2HCI Ph.  Ph

H,N  HN-CHEt,

CHO 0
LD e e e

dioxane-H,0O g CHO Me
endao exo
rt, 24 h
’ 91%ee )
97% (endo:exo=7.8:1) (91%ee) (38%ee)

ZhaotO Y Wang®) L1 3ZFNENT 2 /B OFHEINDI X TN YT I R H
Wiev R — hDx ) U ~OARF LI Z®E L T2 (Scheme 4-10, 4-11), Zhao 513
primary-primary % A 7 CITERMEIZZ L <., primary-tertiary & A 7 CIIISHENE L
ARTFT 2 LT %, Wang & OHFEIL, RET VX NLELEATLHZ LTI BALEZTEAK
LKPCORREAREIZLIE D TH S,

Scheme 4-10
RNy
e
I ”/\/ Ph,
HN NH;
0 TFA (20 mol%) BnO,C
o /\)LM; BnO,C~ >CO,Bn CO2Bn

CHC|3, rt
99%, 99%ee
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Scheme 4-11

N-C10H22 o
H Ph
NH, Ph,
0 . TFA (20 mol%)
*+ MeO,C~ "CO,Me MeO,C
PhMPh 2 2 H,0,50°C 27 "COMe

90%, 96%ee

F72 Feng®@ KO Ye & WO 7 L— 13241, DPEN #FEK %2 G A AWz
Vinylogous ~ A 7 VAN & MEAEHR T L T % (Scheme 4-12, 4-13), Ye HIEEWY T A
T VA, P F AR REIUTIE, SRR S @V T =4 2 DI R T HEE
Th D LEBR~NTND,

Scheme 4-12
Ph Ph

~

H,N HNO PR O

0
~_NO,
+ Ph/\)J\Me DMAP

NO,

Br (R)-mandelic acid Br
(10 mol%)
Et,0, rt 85%, 96%ee
Scheme 4-13
@)
O
/\)OL cat. (15 mol%) Bool N
X + = 9
Ph Me | NBoc CH,Cly, 1t
Ph Me
rt, 72 h

93%, 98%ee

Pr _
cat '

Ph._NH HN__

T

Ph” “NHTs BocNH™ “CO,H |

3) Primary-tertiary diamine
Luo 5 491X 2007 4FIZ primary-tertiary diamine NEAIV7-EHZ T /L R — VG O filfit &
L CTHERET 5 = & 245 L 72 (Scheme 4-14),

- 46 -



Scheme 4-14

OHC
/jl\ \I::j\ NH, (10 mol%)
+ .
NO, 3-nitrobenzoic acid (10 mol%)
NO

94%, 95%ee

Deng® &3y > aF 7 uhaA Rk X 2 8kT ) o ~DIRBERERI O~ A 77 VAE
&4 U7-(Scheme 4-15), S 5124 F ABLRIGIC S BB L TWA,

Scheme 4-15
NC CN Q
| cat (20 mol%) NC CN OMe =
0 TFA (40 mol%) Il H
' Ph/\)k Ph N
s THF
s N TNH,
0°C, 96 h
N~
88%, 93%ee
cat
cat (20 mol%)
iProEtN (15mol%) (0] (0]
NCJ/\CN fe) TFA (40 mol%) NC CN
R | -
AN
Ph Ph THF Ph” > Ph Ph” " Ph
-15°C, 96 h z z
35%, 90%ee 46%, 98%ee

F7- Deng® b iZvvatF 7 g ML 28Kk, vy bR
Diels-Alder i~ % #45 L 7= (Scheme 4-16),

Scheme 4-16

cat (5 mol%)

o OMe
On CH,Cl, HO Ph | N
0°C, 96 h N~
cat

69%, 96%ee

Melchiorred? 513 2007 Fi2, a7 aAdiaA Nl NBoc 7 I /B % iz v
72 4% Friedel-Crafts 7 /L % /AL Z #45 L 7-(Scheme 4-17), & 512 [A Ufil% 2 A
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T, Boc lbENT=X TN v TV Y V% 93%ee THD Z LI LTV % (Scheme
4-18)21a,210)

Scheme 4-17
cat (20 mol%)
oy i
+ p.
” MeM Et toluene
50°C, 72 h
H  76%, 96%ee
OMe
N Ph
PN
| X NH, BocNH CO,H 5
N~
- cat -
Scheme 4-18
(20 mol%)

(oo

BocHN~CO,H ) , (20 mol%)

NaHCO3 o
+ pTsONHBoc BocN,,
CHCl,

O rt ©
ent-135a (93% ee)

Chen® bk v atT7aho A Nz X 2 AR5 1,3- M- ngR b 2 #iE L 7-(Scheme
4-19), T I 0HRELT. XU LUEB FOKEBES FImKEEESEZN LT ARIRNEIC
A2 TWHLEER LTV,

- 48 -



Scheme 4-19

(@] O
+ E/<N'
N
\\Ph

Luo®? & [ ZFEA N, Ndimethyl DPEN fifgft 2 7=, 55 Friedel-Crafts 7 /LS /LALRG
Z 45 U7-(Scheme 4-20), HEGRatHEIC LD . BRIKIETT V&2 RO SLIREIRVER B D A 4

0
H Ph
cat (10 mol%) éﬁ(
N
N
THF L %j
0

40 °C, 36 h
89%, 90%ee

= _
OH
iPr iPr
: X

7 ~CO,H

SN NH iPr
| 2 2
N__—~ i

cat

= R BEH LTS ARREE,

Scheme 4-20

A\ H
(:I;*_+ %/WTCO
H chlorobenzene-brine N

Me

Ph N

L

Ph NH, CHO
cat (10 mol%)
TfOH (10 mol%) A

Ph

r, 5h H
74%, 93%ee

I\I/Ie
Ph__ \N-Me
\
H
/
Ph”™ N

N

HIHI ) DAREFT VY VAL OBFE

Scheme 4-18 T/~ L 7= Melchiorre & OB 7 2 ) ¥ LAl 2120 Tg AV T 2%t
LEWSs RN 2 R TEBN- S TH D E VW b, LOLEXTIALT I VOEKICIEY v
aFThuaAd RPLETREEZLEL L, 72/ BHERESDEEX TS v
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ThidZe e, K0 U TV RARFIRIC L DR 22 R T V) VU ALD BN L EN
Do

IZLOIZ, T BNOARNRERS 2, FTALYT I 183T9ICER L, BataiT-o7-
(Table 4-1), X7 /L7 > 187 ZALFEMmEHA W2 5HE, Bl v F A mREE -
TXINVT b7V P 186b Babitc, L LF I AT 7 I it &El st s &, £
FUTFHENER I DO = o FABRPPEIIE T Lz, F 747 2 0 18T 5BV HAI12IE.
2-cyclopenten-1-one, pTsONHCbz, 7 3 137 NS 5RIAERD N L EICAERT D Z &
POIPEEME T LTV 5, BB OREREIITE SR o 7ehy, 187 A3l & L Chne
LTWRNWZ ENRBREND,

Table 4-1

%_B—\

HoN Zi:) 137
CbzN
+  pTsONHCbz

o 73b O
135b
Entry? Diamine 137 Yield® Enantio-
(mol %) (%) selectivity(% ee)®
1 10 60 30
2 20 69 50
3 100 35 99

aReaction was carried out with 78b (1 equiv), 2-cyclopenten-1-one (5 equiv), 4-nitrobenzoic acid (0.2
equiv), sodium hydrogen carbonate (2 equiv), and the diamine catalyst 137 in dichloromethane (0.2 M)

at room temperature for 24 h. bIsolated yield.c Enantiomeric excess was determined by HPLC analysis.

WAL TR R e 2 RO (Scheme 4-7)37% 2512, DPEN IZOW TRt &1To 72
(Scheme 4-21), E% RKDZAMt:% 2-cyclopenten-1-one (ZZ D Fi#H L7zHE., s+ 5
TRTVV T OF T AL 43% ee & 2-cyclohexen-1-one (Z< HEWNE D TH
o, GXIHYT I UOHEICEHB L, (1R2R)-1,2-diphenylethylenediamine <
(1.529-1,2-cyclohexanediamine % §Fffi L 7273, 1,2-diphenylethylenediamine #1& 235 &
RWIERMEZ T Z & 0bnoT,
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Scheme 4-21

primary amine catalyst
(20 mol%)

4-NO»-PhCO5H (20 mol%) CbzN
+ pTsONHCbz
NaHCO3; (2 equiv)

O 73b

CHCl3, rt 135b

primary amine catalyst
Ph.  Ph [:::I:NHZ tBu tBu
HoN  NH, NH, HN  NH,

43%ee 8%ee 2%ee

TS T AR IR 7R 5. 2-cyclopenten-1-one 7 VY ¥ AKIZE VT DPEN
DT L U CHRE A fEFR T2 2 L N T& 72, F72 DPEN |3 PRI MU 722 i ik il 23 25
FGIZAFTE, MEEMLAEL THLZ 00 —NMEEWELTHELTWD EEX T,
% Z TDPEN OREEDTF 22— = 7T L @ o F AR IR A R B 5 il o 7 1
e RETILEE L

Table 4-2 ICXTNLT IVDORAY V—=2 IR ER LIZ, ko X 512(5,5)DPEN
131la IZHRED = F o F ABIRME LAVR S 720 (entry 1), KIZ DPEN (27 /L3 L %38
AL, =F U FARPWEIC G 2 DB E MG 5 2 & & Liz(entry 2-12), 72/ TH 342
VIRV 7 aF U VRN EHA L 72 primary-secondary DPEN #7535 {K(138e, 138g)42
D E T o F AR A R 2 & & FLHH U7z (entry 6, entry 8), 4-= b 1% HEER
EWRMUZWHAICIEAEARY O FMEIZTE LT LK (ntry 4,
1,2-di- #-butylethylenediamine 140 (XL5EREICRFFAZZE L, 2T T IEBAERK LT
TN S UTHEREL TR EE 2 BT (entry 18), 7 B HEARME CIISUSIT A < HE
ITLRNZ L2l LT D,
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Table 4-2

Q +  pTsONHCbz

o} 73b a) . by 4 €nantioselectivity®
entry? catalyst time® (h) (% ee)
cat 1 138a 24 43
NaHCO, CbZNQ 2 138b 72 20
4-NOPhCOZH o) 3 138¢c 48 64
CH,Cl,
rt 135b 49 138¢c 72 33
5 138d 72 53
6 138e 72 90
Ph INHz Ph Ph 7 138f 72 65
Ph”  NRR MeHN  NMe; 8 138y 48 90
138a (R=H, R'=H) 139 9 138h 72 64
138b (R=H, R'=Me)
138¢c (R=Me, R'=Me) 10 138i 72 48
138d (R=H, R'=nCgH/) tBu  tBu
138e (R=H, R'=neopentyl) }—/ 11 138j 24 36
138f (R=H, R'=iBu) H,N  NH,
1389 (R=H, R'=cyclohexyl) 12 138k 24 56
138h (R=H, R'=cyclohexylmethyl) 140
138i (R=H, R'=benzyl) 13 139 24 1
138j (R=Et, R'=Et)
138k (R,R'=(CHy),) 14 140 8days 2

aReaction was carried out with 73b (1 equiv), 2-cyclopenten-1-one (5 equiv), 4-nitrobenzoic acid (0.2
equiv), sodium hydrogen carbonate (2 equiv), and diamine catalyst (0.2 equiv) in dichloromethane (0.1
M) at room temperature. "Reaction time for the full consumption of 78b. ¢Enantiomeric excess was

determined by HPLC analysis. 4In the absence of 4-nitrobenzoic acid.
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U7 22 188e X DPEN 76 1 TRTESHICAKTE, 7L 7ua~v N7 77 4 —%H
WTIZEIRE LTESHICHED ZENTE S, £Z2T138e X T /Uil & U CEIR L, K&
G o K ik & W A 7= (Table 4-3) . %= £ K & Al & L T IX ¢tbutyl
prtosyloxycarbamate(pTsONHBoc, 73a) L ¥ benzyl p-tosyloxycarbamate (pTsONHCbz,
T8b)DIF D BEWTF U F AR Z R Lz, FREEICIE7 v aiv sz, IRNANCIE
LR AR LT,

Table 4-3
Ph_.NH,
Ph NAC(CH3)3
138e (20 mol%)

NaHCOs; (2 equiv) RN
+ pTsONHR =dditive
(0.3 mmol) v

o) (30 mol%) O
(3€aUV)  73a(R=Boc)  solvent (0.1M) 135a (R=Boc)
73b (R=Cbz) 135b (R=Cbz)
entry R solvent  additived  time  vyield ee
18 Cbz  CH,Cl, A(20mol%) 62h 89 90
2 Cbz  CHCl, A 36h 81 91
3 Cbz  toluene A 20h 80 84
4 Cbz  CHCl, B 46h 86 92
5 Cbz  EtOH A 89h — 3
6°¢  Boc toluene A 48h 73 91
7 Boc CHCl3 A >48h 59 84
8 Boc  CHCl, B >48h 81 84

210 equivalent of NaHCOs was used. 5 equivalent of NaHCOs was used. ¢ Scale = 1 mmol scale.

dadditive A; 4-nitrobenzoic acid. additive B; benzoic acid.
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BICEBEBOWRMEIZOWTRF LI 2 A, ZEFHEEZ 1 SEICHEHELZGAICT
o F A EPER [ 35 2 & & A L7 (Table 4-4), Ll ED#RF)>5 Table 4-4, entry 4
DM EEGERM ERTE LTz, REBAT VU P UALRE TS OHEFITIZEE 1 &0
PTsOH BT 13T THh D, £ THRMFE LTHIHONE pTsOH ZifnLiz & Z A,
BOSHE, =T o F ARV T 2 555 & 72 o 7= (entry 6),

Table 4-4
138e
additive
NaHCO4 CbzN
+ pTsONHCbz
0O 73b solvent 0
135b
entry? solvent additive® time® yield® enantioselectivity®

(%) (% ee)

1 CH,Cl, A(0.2equiv) 72h 89 90
2 CHCl, B (0.3 equiv) 48h 86 92
3 CHCI3 B (0.4 equiv) 48h 76 93
4 CHCl, B (1 equiv) 48 h 75 95
5 toluene B (1 equiv) 72h 81 93
6 CHCI3 C (1 equiv) 168 h' 509 79
7 CHCl3 D (1 equiv) 24 h 76 90

aReaction was carried out with 78b (1 equiv), 2-cyclopenten-1-one (3 equiv), additive (0.3 equiv),
sodium hydrogen carbonate (5 equiv), and diamine catalyst 138e (0.2 equiv) in solvent (0.1 M) at room
temperature. PAdditive A; 4-nitrobenzic acid. B; benzoic acid. C; pTsOH. D; sodium benzoate <Reaction
time for the full consumption of 78b. dIsolated yield. ¢Enantiomeric excess was determined by HPLC

analysis. fTime for 50% covesion. ¢éConversion yield.

PIsOH DS ZHET 272 60X, WEEEL & LT pTsOH @ 4 U 72> benzyl
benzoyloxycarbamate (BZONHCbz, 14132 HE KA & L TR W BRI EERT DT
372 & B % Scheme 4-22 (TR HEBRAITo70, R E LT, BBEREME T Lz
DITHEMIMO B TRIGIEE > TLEW, 142 BELND T &R GD o T2 Stk
E 63, ee [IRAE), £7- HONHCbz 143 ZZEF KAl E L THWHE, KSZDH
DHETET, MeONHCbz 145 TIEfINA 146 131551 25 & D OFHR KR IT 47% ee
EARWVERMETH -7,
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Scheme 4-22

Ph..NH,
Ph H/\C(CH3)3
138e (0.2 equiv)

benzoic acid (1 equiv)

O .
)k H NaHCOg3 (5 equiv) CbzN
0" "Cbz

» CHCl; (0.1 M) o)
t, 38h 135b

DPEN (0.2 equiv) OH

_N
benzoic acid (0.2 equiv)  Cbz
HONHCbz
CHCI; (0.1 M)
143 o)
rt 144
138e (0.2 equiv) OMe
/
benzoic acid (0.2 equiv) Cbz/N
MeONHCbz
CHCl; (0.1 M)
145
rt 0]
146

47% ee
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Table 45 ICARFT7 VPV VUMD EE —REEZRFT LEMAREZ E L O TRLE,
2-cyclopenten-1-one, 2-cyclohexen-1-one, 2-cyclohepten-1-one W9 31 H BifF7/ =) T4
BHMETHIST L7 TP P ab 27z, Rk & LT Cbz 73 Boc & D 00 VR
MaER LT, YNICEBREZET L2 ) ClETRED ;v F AR EZ R LI-(LEW
147), RIZERT ) NN TIREEIT -T2 & 2 A, TS VEBRIR TIEPHRRE OB IE
T 149 2 52 7eh, 7 = = VIEHR TSRS & SOSPER RIBICIR T35 2 & 3o
> 7=({bE% 150),

Table 4-5
diamine cat. diami )
n benzoic acid famine cat.
n
NaHCO3 RN Ph__«NH; Ph._ __NH,
+ pTSONHR —— j’
0 CHCls 0 Ph H/\C(CH3)3 Ph” “NH,
(n=1-3) 73a(R=Boc) 138e (R, R)-DPEN
73b (R = Cbz)
RN:Q RN)::Q RNQ Cszij
O (0] le} o

135a (R=Boc)>¢ 89% Yield  ent -135a (R=Boc)>¢ 81% vield 136a (R=Boc) 80% yield 147 91% yield

88% ee 71% ee 97% ee 85% ee
135b (R=Cbz)*©975% yield’  ent -135b (R=Cbz)>¢59% yield 136b (R=Cbz) 84% yield

0/ med 59% ee 97% ee
95% ee
RN Cbz\N o Csz o
CH3(CH2)4/‘\?)J\,\,,e Ph/\?)kMe
O
148a (R=Boc) 91% vield 149 99% yield 150 51% yield
92% ee 76% ee 24% ee

148b (R=Cbz) 83% yield
94% ee

aReaction was carried out with pTsONHR 73a or 73b(0.20 mmol), a enone (0.24 mmol), benzoic acid
(0.20 mmol), sodium hydrogen carbonate (1.0 mmol), diamine 138e (0.04 mmol) in chloroform (2 ml) at
room temperature for 24 h. PThree equivalents of 2-cyclopenten-1-one was employed. ‘Reaction time
was 40 h. 4Scale = 10 mmol scale. *(R, E)-DPEN (0.04 mmol) was employed instead of 138e. {Isolated

yield. eEnantiomeric excess was determined by HPLC analysis.
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B AR BOSHEME

RET DV O NCD IS BRT D 0ICRD X D B EIT -T2, ETVT7 I
fihfi 138e & 2-cyclopenten-1-one (1-20 %5 &E)ZE 7 v kR /L AFRE L, KnxiBEF L 72
23 NMR 5 X WVIR A7 MUIZEGITRBO Lo Tz, £72 188e & pTsONHCbz DR
A B HEEERIIBE S o T, il 188e 3FAE L 722 WIGEITIE ORI 2 < #1TH
T HEEOIFE T TIHET £ TIEAUSITETT 2 b D DR & (AW O R R S
7o

DA SR DS HAE 2 R 2 IZBL S/, AP ONTFHEIZE D X 5 Bk E 52 5 h
it L7=(Table 4-6), |ZIFHIENTER S, Z OSUGOBEBIRREIZIT 1 07 OfitiE 23 B 5 L
TS Z ENTRBEINT,

Table 4-6

Ph INHZ
Ph H/\C(CHs)s

138e (0.2 equiv)

benzoic acid (1 equiv)
NaHCOj3 (5 equiv) CbzN
+ pTsONHCbz >
o 73b CHCl; (0.1 M) O
rt, 24 h 135b

diamine product

25% ee 27% ee
50% ee 58% ee

75% ee 76% ee
100% ee 95% ee

I filik 1838e & 2-cyclohexen-1-one 2B U DA 2 =0 AA) DKL TEHEE %, BEEYLE
¥k (Density Functional Theory, DFT)IC L W RDBLETHZ & & LT, fdmamE bt
21X, Spartan 06 Z V>, B3LYP/6-31G* T{To7z, & bN ik ZiEME% Figure 4-1 |2
/R~ L7z, Conformer ()& Conformer (D3 ZEME L L THLIL, MHEDTRLF—7
1% 0.3 kcal/mol L/NENHDThHhoTle, A I=U L EDOT R M &7 I OERFTFRO
HHEX 21 ATHY, KE/BEEIT LI 5 BERATBMRL TWD ZERREBENTZ, Luo b
WIHXTNDT IR IWTEARAEF T B ALRIRIZEB T S A 2 =T ADOHIEIZ OV T,
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AR OREE ZEE LTV D,

Figure 4-1

HN(_Ph Q
- 5 |
I ¥ H*N IPh

Ph NHCH,C(CH3)3

Ph”™ YNHCH,C(CHg);
(A)

Conformer (I) AG=0.0 kcal/mol Conformer (INNAG=0.3 kcal/mol

VL EDfER %2 5% 2 % Figure 4-2 O X 9 IHEE L7z, 7 2 il 138e & B2
R ) oM A 2= L% L, Conformer I(Figure 4-1)% %% L CUGHAEITL TV D
EEZDBND, I~ NMR E RN D A I ORI T EL LR WVR, 7'r b
fbsicA 2 =0 L& TERT 5 2 & THREF pTsONHCbz (24 2 SOUstER m L Tn 5
LT E D, oA I=U L%, KE/EEZIN LT 5 BREZFEEL TS EEZX LN,
ISR EEEAG L, FIREC I F A O L7k FE)S pTsONHCbz & /KEfREG L T
REZEmDTNDEEXLND, pPTsONHCbz ORI L VAT F I 006137
DV DU S, KGR AR TS, SO Rl E 2T DB AL D Z L L
%, Conformer II 706 SIS HEITT DA%, (B, BMKBNERT D Z L1272 bMn, =/
Y OBALAKREER T D pTsONHCbz 722 Hiz < AAZE L, F 7o RS 2 BRI i3t
Ph B3 KR E RNLKREE & 72 D 7 O AR e8I 7 5 & b 5, Primary-secondary % A
TOTT I U TEWEBRERRD 50, filllio NH & pTsONHCbz 23K FE s A & F)
AL T2 TIHRW D EHEI L TV D, ARBOGS TR BEFIR OGS = > F 2341
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PERBUCKMATH L, ZHHPBIZ LD A ID7 e hAKIZLY 5 BERMIERIND
L EBIT, REAIL OMBAEAN RIS DR TH L EEXLTND,

Figure 4-2

Cbz. _OTs

Iz
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FEHHE XTNUT I UEDOE

O (18,29-DPEN 75 BEAIO F71k 1249505012 1 1) D7 3 il 2 B 5 okt % =
& T & 72(Scheme 4-23), FIIFHICZE < OFEESA AR TH Y . 2R K BAFEZHED
LT ENTEI,

Scheme 4-23
CICO,Et
Ph  Ph Et,N Ph  Ph LAH Ph  Ph
/ - . / " . /
H,N  NH, CH,Cl, H,N  NHCO,Et THF H,N  NHMe
O-rt. 1h reflux, 15 h
138a (65%) 151 (65%) 138b
HCHO | MeOH
AcOH |rt,05h
NaBH;CN | (93 %)
Ph  Ph LAH Ph  Ph
Me,N  NHCO,Et  THF Me,N  NHMe
reflux, 15 h
152 (83%) 139
CICOQBn NaBH3CN
Et;N Ph.  Ph HCHO Ph  Ph
138a 4 —_— .
CH,Cl, H,N  NHCbz  MeOH Me,N  NHCbz
rt, 1h
0-rt, 1h ;
’ 153 154
(72%) (quant.)
H, (1 atm)
5% Pd/C Ph  Ph
EtOH Me,N  NH,
rt,2h
(quant.) 138¢c
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Etl (7.5 equiv)

NaHCO; (2.5equiv) Ph Ph c.HCI Ph Ph
151 / . /
DMF Et,N  NHCO.Et  reflux, 177h  Et,N  NH,
50°C, 4h (quant.)
(58%) 155 138
/\/\,Br
(1.5 equiv) Ph  Ph c.HCl Ph  Ph
NaHCOj; (2.5 equiv) )—/ - . /
151 N  NHCO,Et reflux, 17h N  NH
L U S o (D
t, 18 h (quant.)
(57%) 156 138k
1) RCHO (1.1 equiv)
PhINHZ it 1h Phj:NHz
Ph NH2 2) NaBH4, 0 °C-rt, 1h Ph NHR
138a 138d-i
NN N ~ O SN NN
N N N~ ~Ph
H ”N‘/ NT \H H/\O H
138d 138e 138f 138¢g 138h 138i
74% 87% 79% 95% 91% 71%
MgSO, y y
H 7N\
/N / HCO,H (cat.) N N—
d %o * Phlnm, Ve g,
Me CH,Cl, Ph
rt,1h 157
tBu tBu HCO,NH,
tBuMgCl H >_{ H PA(OH),/C tBu ‘ tBu
Et,O, Hexane Me’léh NH HN l\;—/l‘ph EtOH H,N  NH,
(43%, 2 steps) © reflux, 1 h
158 (43%) 140

-61-



% 6 i

(-)-agelastatin A DIEXREH

2-cyclopenten-1-one DI RF T U A2 ML D Z E k2720, % 1 &io

FHEICHEV, T T U U 185b & 2 (-)-agelastatin A DR AR E D D
Z L L L7, F£7 Scheme 4-24 (27”7 /L— b DM 21T 7=,
Scheme 4-24
Br
o M\
QT/I:;SL\ N Br
Csz{Q H He,  H
© CbzHN
135D z ;o CbzHN” \;o
1A% 185b (2 NaNs & 1Ef &5 & i BB IRITE O N2 o 7=, £7- TMSN;

PERESEDLTVU P UOEE &b Z%iﬁ?ﬂﬁ’%i T2 159 N EAERM E L THE LI
% DI T d - 7~ (Scheme 4-25),

Scheme 4-25

Csz{Q
o)

135b

135b

N3,

CbzHN ;;
(0]

decomp.

NaN3

MeOH-H,0O
or
DMF-H,O
rt

N3
TMSNS

Z ZTCRIIG &< Te i

CszN: \; * 135

o (31%)
159
(32%)

MeOH
rt, 35 h

TR ETEIT L, SNTT VU P DORBRETT

Z L L L7=(Scheme 4-26), 135b % NaBH4 Ci#td 2 L H—D YT 27 LA ~—160 2N

FEEMIICHE O,

IR 160 (2

MeOH HFHHEEAF(E F NaNs Z/FH S5 &, BB

161 23 78% TiF b=, £7-5 /K DMF F NaNs Z/Efl &85 & BBRICfEnAX )
J DB X 72 162 NERKT B Z L 3o T-, ALEW) 162 DXL E X TH NMR A

-62 -



R MVTEBIEIND JIEX Y, FENENZ & AR T X 7- (Figure 4-3),

Scheme 4-26

NaNj3; (3 equiv)

NaBH ; N3,
CbzN 4 CbzN AcOH (5 equiv)
MeOH MeOH-H,0, oy i

0] 0°C, 15 min. OH rt,18h OH
0, o,
135b (96%) 160 (78%) 161
NaN3 (5 equiv) N3,
DMF-H,0,
rt, 7 h
(88%) HNC 5
0]
162

Figure 4-3

FHN72161 Z IBXIC LD 7 FASHIRET 5 L0130 =/ 189 WAL D Z L 3b e
- 72(Scheme 4-27), ZOWALEPI<TeOIZ, 7V REEZETT I B LT H 2 L A5
L7z, Staudinger &S TiBILZ A T2, RARMEOILE N HE B D DA THBIWITHE D
Niginotz, Aza-Wittig SOSHED RIS E 2 B30 5 DiEE A TH 5, Ni-borite fili il
(X DBITIBRELCHEITL, 72163 23 97% TR LT,
4,5-dibromo-1H-pyrrole-2-carboxylic acid &iffie L, IBX T2 k7 /L a—/ % MEICEE
b U CEEPRIIAR 165 2GR T 5 Z LR TE /o, gV 169 [ITH Y T 5 /K FE R D AR 358
BT,
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Scheme 4-27

N3/, N3, N3
e ol [
—
CozAN" V. DMsO  CbzHN CozHN" W
t, 2h O
161 159
(67%)
Br
I\
HozclE\”Br Br
H
N, NaBH, N o. J\ .
/'Q cat. NiCl,.6H,0 2 ,Q wsC N
- HN
HOBLt
CbzHN” Y MeOH CbzHN chol /Q
o0 ° OH
20°C,1h ° 72h2 ChzHN
161 (97%) 163 (2’31%) OH
164
Br WSC: EtN=C=N(CH,)sNMe,sHCl
o. I\
IBX YCHS\Br
DMSO HN,,
rt, 14 h J:\}
(960/0) CbZHN O
165

BEV T, 165 LY 2 U V) — L — T A T 5 i S (k&

AT L7, M

DEMETY I Nx ) = e RBR - PEMERIREME 5 A 5 DA TR ZGL Z L
Kigrote, FI2IBXICE Y BAFET 2 FERALTZN, Do VIFENGMHT 5 DHRT

& - 7~ (Scheme 4-28).

Scheme 4-28
IBX
Br \\ Br
o. I\ o. /I \
165 ——>——> pyy H s - hN, H
Cbz—NH OSiRs Cbz—NH ;OE

-64 -



%< ODEREREEZHT LAY 165 15 O /KFELIZINEE L % % . Scheme 4-29 |27k 1 9
WCH MU 7 a2 UBOMbELY FiF Tk Zs L, ThbbelL /v
e U CARE D, BiEBEPEC PhSe O BEEA1T 5 HETH 5,

Scheme 4-29
N3/,
Csz([:;»HSePh . -1SePh "
CbzHN
(o] (@]
Br Br

o) / \
N Br O / Br
H N

HN,, H
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TP 185bD v Y L ) — =T AL RN ROIT Y BT X o T,
FIGENTIZY F sz ) T— Me—v U vz ) — bz —T U LITEITL TV D28, v
NT ) =)= T VIR TREETH Y | BT L TV DERFIABIE S LT,
WIZALE¥) 1835b @ PhSe b % #iit L7-(Table 4-7), THF F UV F v Az ) F— FE7=13h Y
VAT )T — et L, PhSeCl #/EH W72 & ZAIRIT 40%RETHY . £E/
L /K166 L UL K167 DIRAEME L THELNE, =/ T — % PhSeCl 2z %

W TE CIEOOBIUEIXSGE SN D BIEEO R EIZIZSR B bR oTz, @FEE L /(b

FHRNCO T L EROAERITIZE A SEERNE SN THWDN 2, Zoamids
raXy B ) Thy, BRI ) —MELY eV RERIET D EEZOND, RikE
VIETFNTZ—TVIEETLHZETOR L JROEREZTZRIIMZ D Z L0k, Lo
Lo in 2 <, JREOEIR S OTNTH Y | PEEOSEITIZ RN B0 o T,

Table 4-7
1) LIHMDS (1.2 equiv) SePh
CbzN -78 °C, 30 min. CbzN 1SePh CbzN
SePh
O 2) PhSeCl 5 %
135b 166 167
entry? PhSeCl  ooyent  yield® 166:167¢
(equiv)
1 15 THF ca40% 4:1
20 1.5 THF — 3:2
3¢ 1.5 THF 42% 7:1
4 15 Et,O 47% 20:1
5 3.0 Et,O A7% 166 only

aA solution of 185b was treated with LIHMDS (1.0M in hexane) at -78 °C and stirred for 30 min., then
a solution of PhSeCl was added in one portion. "KHMDS was used instead of LIHMDS. <By reverse

addition of a lithium enolate to a solution of PhSeCl. dIsolated yield. ¢The ratio was determined by
1H-NMR analysis.

Li =/ 77— MEH D PhSe {L2MEIERTH 5 Z & 725, N-Phenylselenylphthalimide %
AWe7 v Y Bk O AR K % PhSe b 9% 59 5 Z & & L7-(Scheme 4-30), L
M LURETe T T8 9, NPhenylselenylphthalimide 23& % IR T 2 DA TH - 77,
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Scheme 4-30

mm
N (0.2 equiv)
Csz{Q N—SePh CbzN SePh
CH,Cly, rt 0
135b
Mm
N
(0.2 equiv)
Q CEEN SePh SePh
CH2C|2 rt o)

Fofth, HEIENMESAETO PhSe IO\ TIL, KIENBISEEZTT> Tt diselenide 167
BHE—DAR & L THE LI, BME CIRREEIA NI 0fiE L7, BuBOTf 2L BH Y
Fx )T — NOFRPERRTD, @RS E 52 D5DHRThH T,

305 503 B IEATFE T . N-Methyl- Mtrimethylsilylacetamide Z % v U /Lt /
—NVE—TVOERIEEZ#RE LTS (Scheme 4-31),

Scheme 4-31
O
_TMS
Me)]\ITI
Me
@) base (5 mol%) OTMS
2 2 NaH, for ketone
R’ R R NAR DBU, for aldehyde
DMF or cyclohexane

rt-60 °C

FIFFECTRIEDEmTE, LA AN, REERELZHEH L RWARFIEICER L,
BSA(N, O-bis(trimethylsilyDacetamide) Z iV 5 > U )L /) 7 — h OB AZ MErd 5 2 &
& L7-(Scheme 4-32), fil#if £ DBU 77#7E | BSA Z#{EH ¢ 5L v U v ) —L=—F )L
DIER A TH-NMR TS+ 2 Z L B3Hkz, eiboi@y , vz ) —)bo—7 b3
TREERZ ENS, JUSREZDE E-78 CETHAIL PhSeCl Z{EH X ® 5 Z & T, YL
K T75% TILEM 166 21525 Z L ITH L7z,
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Scheme 4-32

BSA (3 equiv.)

CWN:E%? DBU (0.2 equiv.) CMNi[;>

O  toluene,rt, 15 h OTMS
135b
PhSeCl (3 equiv.) CszQ, SePh
-78°C,0.5h Y

166 (75%)

WIZ, BoNTZ166 DT VU DU BROD, TV KT =41 X DB 23 - BSOS
#Fe DI TH - 7-(Scheme 4-33), 728 Z Dl PhSe KD 72 MEE# 185b THRIELY
IFELEITLRWE & &, BEIZ Scheme 4-25 T/RL 7=,

Scheme 4-33
N3,
CszQ-"SePh /Q-useph
—
o) BocNH Y
166

NaN5 (3 equiv), MeOH-H,0, rt, 30 min. decomp.
TMSN; (3equiv), CH,Cl,-H,0O, BF3 Et,O no reaction

FZT166 O ME%AE NaBHy CTiEL 9 5, 7/ a3 — /UK E T 55— MZHOWT
BOWRTT 2 Z & & L7=(Scheme 4-34), 0 CTEILKIGZTH & PhSe SR L S v72{k
B 160 NEIEL, 168 DKL 61% & ORME T DK & 2 o7z, KR TETEZTTH Z
LT, ZORIRRZ MRS 2 Z & AR,

Scheme 4-34
CszZI::;>~'SePh NaBH, Csz:]::2>~ISePh Csz:J::2>
0 OH OH
166 168 160

a) MeOH, 0 °C, 10 min.; 168 (61%), 160 (30%)
b) THF-H,O, -78 °C; 168 (99%)
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BENWTT YV RICL DT VU ¥ BROBIREZ M5 L 72 (Scheme 4-35), MeOH-H20-AcOH @
ST, FERSICRFERZ T 503, 169 #mIETH L Z LN T& 7z, —F T DMF-H20
HCRIGZEIT) &, AFH YUY 0170 DNEIRIZARL Lz, (LA 170 © TH NMR *
X7 NVOIRNTIN G, SR LR RIBRT D Z ENTE I, > T PhSefb, & MEDET,
7YY Y UBROBRBRBIG TONME, SLARERPEDFE L Scheme 4-36 D L HICEBEZHZ &
MK D, T7205 PhSe HiZT7T VU PV BICH L TT U FITEA SN, 727 b DR
LT VU D DOSAREEZRET S D, b R RERENEE 5 LR TE 5, #id T
¥ N OREBEIIKIR IO SRR E 20 DALE TS Do SOG s EE A il 2 VO (et 168
h)?i%, PhSe & & DNAEED = & % 2 T % (Scheme 4-37),

Scheme 4-35

NaN3 N3/ )
4& 168 AC—O|-|> ! 'SePh
DMF-H,0 MeOH-H,O CbzHN
rt, 7 h rt, 168 h OH
0, 7 [v)
(88%) (78%) 169
Scheme 4-36
ﬁbz ﬁbz ﬁbz N3’ N3,
/Q-"SePh
TMS z S CbzHN \
-0 - < H
H SePh
\~ Ciseph ( O  SePh
"
Scheme 4-37
A,\T O,\ll_| N3,
CbzN R alN3 ’
z Q "ROOR=H; 1t, 20 h, 77%
OH MeOH-H,O CbzHN R=SePh; rt, 168 h, 78%
OH
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% Z T PhSe DOz £FITW. BT PV P UBOBBREITIEI NIRNBNEE
Z. LB 168 225 D PhSe £ B il % 5t L 7-(Scheme 4-38), 1t&4) 168 % imfR{b /K
FTUHT 2 LR ITHBE SN2V EL SV R 1Tl BT AT LA~—EEWE LTH
M-,

Scheme 4-38

Csz{Q- 11SePh . CszQ

OH OH

168
30% H,0, (3 equiv)\\ Ph /~/p:/ridine

CbzN 11S€ THF
THF, 1, 2 h 0 rt-60 °C

OH

171
(84%, d.r. = 7:1)

169 % nBusP TiEjx L., MK LTz, £ALD 1T I AV Ry FTIRETZ ATV
EERSED & RICERD LAY 172 135 51172 (Scheme 4-39), Staudinger K& IZ
BAL TIEA 2/ B ART o OMUKG RGN DR 8 & 5B AT > 7208, 7 X O BRI
I 20%FEE CTh o 7o, BliEE LT Zn/NH4CLIZ L B8 TT 9% kAl & 2 AT NG
PHEITL, LB 172 %2 2 TR 66% THRD Z & ITII LT,
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Scheme 4-39
Na,, 1) nBugP, rt, 10 min. THF o ¥
/Q'-'Seph 2)H,0O, rt, 2 h N Br
CbzHN

3) © HN/,/
OH B\ O- N /Q--ISePh
169 Br H O " t20n CbzHN

OH
(19%) 172
Br Br
Zn powder HOZC/L/E\&\B'- / \
P HoN, H 0O N~ Br
- NH,CI Q',,Seph HOAt SN
EtOH-H,0 CbzHN wsC T Y.iseph
OH rt,1h
reflux, 1 h ’ CbzHN
173 (66%, 2 steps) OH
172
F 7= Ni-borite filtifiiZ X2 7 ¥ FIEDIEIE % 772 (Scheme 4-40), #TITIFITE &N

1TL. HBEEOEAENEN Zn powder Z WD A L0 BIFTH Y . BEENEO M 2SR 0
S 72, $EWT 4,5-dibromo-1H-pyrrole-2-carboxylic acid &AL, ALE N7 PhSe 5
DOEALEI 2 BBEZ ATV, I D OB A 41 21572, KFEART b7 —Z [T

—HH L., (-agelastatin A DIEFREERETTTHIENTE, £ f:fi’iﬁ‘l’:fﬁ@tﬁ&%ﬁ o)
Z ETOREHY 7 ([alp28 = -200.9, ¢ 1.62, chloroform), & 15 ([alpts = — 223.4,

¢ 0.56, chloroform), % F 7 ¥V ¥ 185b Difaxtfic® & HHERT 5 Z LM T 7=,

Scheme 4-40

HO,C™ N
Ns, NaBH, HoN, WSC OYQ\Br
Q‘ .seph  cat- NiClp.6H;0 g SePh HOBt N, H
CbzHN MeOH CszNQ DMAP /Q 1SePh
CbzHN

OH -20°C-0°C OH CH,Cl, rt
959 799
169 (95%) 173 (79%) OH

ref.15h
30% H20, YFE\ 1) IBX
pyr|d|ne ” DMSO
BT Q 2) iPrEoN
rt
rt
(96%) CbzHN CbzHN" %

OH (65%)
41

—)-agelastatin A
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FTH R

N-neopentyl DPEN 138e Z#fiifit s L CHWA, =/ U FHE N hafx o BN A— |
78b L ORFT VU VALK E M B ICH 3 L7, primary —secondary &% Z L
1,2-diphenylethylenediamine(DPEN), % M neopentyl DPEN 138e 73417\ 7
RIERMEZ BT 52 L 2W O L, BWURRISERIEZRET 52 & T, —KMEDOEN
T ) SAOMIERIAF T VU VAU DBRFE I LT, AT G & LTRSS
AFE/2% 7/ DPEN b —TRETHRTE, 7670~ b7 7 4 —EDOERE Y
FHLEPEEICHRTE D, FLLTEICERT TRETEIIHRTHY . EREITEWE
W2 D, A= ATREORERECEIRICL Y | BIRERBLO A ) =X LD THE
B, A=V afiRE, b aXs B i—hED, ZEOKFEHAICL DK
N 72 STV D EffamS1T 72, & BIZ, 2-cyclopenten-1-one DX 7 ¥ U ¥4k, DBU
HEAEE L L THWA S ATy Ry h—v v ) — L o—F ub—% L
=ABEOE, PLE R L ONLEREIRE 77 2 U O VB IS 2 8E6 & 75, (-)-agelastatin
A DR EE A ZEK LT,

Scheme 4-41
Ph_ «NH,
Ph H/\C(CH3)3
138e (0.2 equiv) 1) BSA
benzoic acid (1equiv) DBU (0.2 equiv.)
NaHCO; (5 equiv) CbzN tquene rt, 15 h CbzN -1SePh
+  pTsONHCbz
o) 73b CHCl, (0.1M) PhSeCI Y
rt,24 h 135b -78°C,05h 166
(75%, 95%ee) (75%)
NaBH o? Nav. t,\rila'(E:;:_L‘eSH 0 HaN,,
4 Csz:Q-"SePh AcOH .1SePh cat. NiClz.6H; Q 1SePh
THF-H0 5H MeOH-H,0  CbzHN MeOH CbzHN
-78 °C rt, 168 h OH -20 °C-0 °C OH
(quant.) 168 (78%) 169 (95%) 173
Br
ﬂ Br Br
HO,C H
WSC N 30% Hz0, o. U\ .
HOBt H pyridine H
> HN,, —— > (-)-agelastatin A
DMAP Q 'SePh THF :
CH2C|2, rt rt
CbzHN
(791%) (960/0) CbzHN 5H
41
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AR Z N2 R T VT e RO S OAREFET VU VoAb a2 G &
L 7z(-)-agelastatin A D&/ RMNIEEIT o7z, KT ZEBE L, RFT VU U ALKG
ELEBNDXTINT VI UVHOAK EOERMEFEIET HZENTELEEZT
Wb,

N-neopentyl-1,2-diphenylethylenediamine % A il & U CHW D R fafnsr k>
DARFT VU VAL MBICET L, SEAERIEREO A 1 = XA ERE LTz,

X 512, 2-cyclopenten-1-one DAFT VU ¥ ALEFIE LT 5, (-)-agelastatin A D
EREB R E FER L=, AE LT () agelastatin A DO RF 2 AHERAREC K 0 HIE L 7= 5 )
DOEI T D, ETAGHIELHFET 22T, DBU Z8ERAfEE L THWD 7 72U
YOUURy b= U x ) =V —T b= L= ABOR, SRR O EIEIRAY 22 T
DV OUBRBRKIGERTC R Ui, 20D OFEITER EOdkE T 2 AR5 R E OSSR
ENRILHETEDZHOTHY . SR EBEE R O A RA~DOHE AN & 5,
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General procedures. Infrared spectra were recorded on a JASCO FT/IR-230 Fourier
transform infrared spectrophotometer and HORIBA FT-720 FREXACT-II. Optical
rotations were measured on a JASCO P-1020 polarimeter and JASCO DIP-370
polarimeter with a sodium lump. NMR spectra were recorded on a JEOL JNM-GSX
400A spectrometer (400 MHz), JNM ECP400 spectrometers (400 MHz), JEOL JNM
ECP-600 spectrometers (600 Mz) and Bruker AVANCE III 400 spectrometers (400 MHz).
Chemical shifts are internally referenced (7.26 ppm for CDCls, 3.30 ppm for CDsOD,
2.50 ppm for dimethylsulfoxide-ds for tH NMR, and 77.0 ppm for CDCls, 49.0 ppm for
CD30D, 39.5 ppm for dimethylsulfoxide-ds for 13C NMR). Mass spectra were obtained on
a JEOL Accu TOF LC-plus spectrometer. HPLC was carried out with JASCO UV-970
(Detector) and PU-980 (Pump) high pressure liquid chromatography. Analytical thin
layer chromatography was performed on Merck Art. 5715, Kieselgel 60F254/0.25 mm
thickness plates. Visualization was accomplished with UV light, phosphomolybdic acid,
cerium-phosphomolybdic acid, ninhydrin, and anisaldehyde solution followed by
heating. Column chromatography was performed with silica gel 60 N (spherical, neutral
63-210 mesh). Dehydrated dichloromethane was purchased from Wako Pure Chemical
Industries. Toluene was dried over MS4A prior to use. Other solvents and reagents were

used as received otherwise noted.

MeO\r/Qk/CHO

MeO
(2)-4,4-dimethoxybut-2-enal (72).

Fumaraldehyde bis(dimethylacetal) (% 3C ik @ J# % (Frederico, D.; Donate, P. M.
Constantino, M. G.; Bronze, E. S.; Sairre, M. 1. J. Org. Chem. 2003, 68, 9126 )21V Ak,
L7, 77:2(46.0 g, 0.676 mol)® MeOH (600 mD)i&#k % —-78°C lIZmAIL, BFE (113 g,
0.710 mol) % 1.5 FFfEIANT T F L TINA 72, £ DF% 4 B 2210 T-20 °C £ THIE L, 100
g DERIRA Y 7 L INA Tz, [RIRT 1R L7ztk, SRRV D U 4% 105 g BIIL & HiZ
1 REERE Lo, RNEMZ AL CTERE . AIRA RN LT, FRBICHIR=TF V202, PR
N & DRk Sz i LTz, FRIEZEIEZRR L, 75.8 ¢ DA K 2157 (b.p. 63-71°C
/0.7 mmHg). X% 64%, 'H NMR (CDCls, 400 MHz) & 3.33 (12H, s), 4.82-4.85 (2H, m),
5.81-5.83 (2H, m), e\ > CICHREEZND )55 (Coppola, G. M. Synthesis, 1984, 12, 1021.)
WZHEWITIEIZHEW, fBEY T2 %Ak L7-, Fumaraldehyde bis(dimethylacetal) 22.1 g
(0.125 moDIZ 7 Fo 156 ml &7k 2.3 ml ZhN127-, 2R T Amberlyst® 15 (1.1g) %Nz
1 REEIRHE Ule, A2 A U ChRE, I8 Z RN Lz, REE )V hrnvra~x 7o 7
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S — CHERL L 13.8 g O ME IR A 157, IE 84 %, 1H NMR (CDCls, 400 MHz) § 3.37
(6H, s), 5.06 (1H, dd, J=1.2, 4.0 Hz), 6.37 (1H, ddd, J=1.2, 7.8, 16.0 Hz), 6.63 (1H, dd, /
=4.0,16.0 Hz), 9.63 (1H, d, /= 7.8 Hz),

o bk

N

o)
tert-Butyl tosyloxycarbamate (73a).

25.37 g (0.190 mol) @ tert-butyl hydroxycarbamate %z THF (299 mDIZ¥&fiF <&, EtsN
(29.5 ml, 0.190 mo) Z Nz 7=, K% F ptoluenesulfonyl chloride (36.32 g, 0.190 mol)®
THF (50 mD¥&EE % 30 437F Tl F L TIZ, ZDH%=EIRT 30 Wik L, i L7z b
VxFNT I UEBREA AL THRE . ARAERITE FICEM L2, 7% 100 ml © EtOH
IR S, B LARNS5K 200ml 2z, ZOXICLTELNEZAT ) —2KET
1R L, Hritdh s AHL 72, EtOH-HoO (1:3)IRAVABL YRS 4R L, 47.5 g DA
AR % 157, 1% 87%, 'TH NMR (CDCls, 400 MHz) § 1.30 (9H, s), 2.47 (3H, s), 7.37 (2H,
d, J=8.0 Hz), 7.57 (1H, brs), 7.89 (2H, d, J= 8.0 Hz).

Boc
MeO

DV CHO
MeO

tert-Butyl (2R,3R )-2-(dimethoxymethyl)-3-formylaziridine-1-carboxylate (75).
PTsONHBoc (3.45 g, 12 mmol), AcONa (2.95 g, 36 mmol), L5472 (3.12 g, 24 mmol) 2
toluene 30 ml (Zh1 % 7=, fillit 74 (220 mg, 0.60 mmol) % toluene 10 ml & LT %, =il
T 40 pffE#ER Lz, K&z, AcOEt THilI L. Bk (Na2SO4) . WifE L7z, U7 n
ra~ N7 7 4 —TCRRL, 2.84 g DAL A )L E2F7-, TH NMR (CDCls, 400 MHz) &
1.46 (9H, s), 2.97 (1H, t, J = 2.4 Hz), 3.27-3.32 (1H, m), 3.37 (3H, s), 3.38 (3H, s), 4.62
(1H, d, J=2.8 Hz), 9.19 (1H, d, /= 5.2 Hz).

Boc
MeO

3 R ot
MeO

tert-Butyl (2R,3 R)-2-(dimethoxymethyl)-3-(hydroxymethyl)aziridine-1-carboxylate (76).
pPTsONHBoc (350 mg, 1.2 mmol), AcONa (300 mg, 3.6 mmol), (kAW T2 2 /7 na A X
Y 4amliZNz 7, fill 74 44 mg (0.12 mmoD &7 v A %> 2ml LTz, =ET
30 DRI LIz, KEMZ, vr7mr A2 THH L, BK (NagSOs) . #fi L=, 7%k
\ZA X 7 —)v 3 ml IZIAEfREH, NaBHs (91 mg, 2.4 mmol) Z 1 2. =@ T 30 R L
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7o KEMZ, AcOEt THiH L, BiZk (Na2SO4) ., i L7z, iz UV /L7 a~< b
777 4 —THE L, 188 mg OMEAHIRM AT, IE 60%, K FHMEIX benzoate 77
\ZHEE L CIE L7z, 'H NMR (CDCls, 400 MHz) & 1.48 (9H, s), 2.38-2.46 (1H, m), 2.60
(1H, t, J= 3.2 Hz), 2.83 (1H, dt, /= 2.8, 3.2 Hz), 3.47-3.58 (1H, m), 4.02-4.12 (1H, m),
4.48 (1H, d, /= 3.2 Hz); 13C NMR(CDCls, 100 MHz) § 27.9, 39.9, 40.1, 52.3, 54.49, 61.5,
81.9, 100.6, 160.5.

I|300
MeO
)/l',\,l O
MeO

O

tert-Butyl (2R,3R)-2-(benzoyloxymethyl)-3-(dimethoxymethyl)aziridine-1-carboxylate
7).

A% 76 116 mg (0.441 mmoliZ Y7 v A &% > 2ml, triethylamine (0.18 ml, 1.3 mmol),
DMAP 5.4 mg, (0.044 mmol) %/l 2. 7=, Benzoic anhydride (100 mg, 0.441 mmol) & /N % .
FIRT 8 FFMIEHE Lo, RONRZ M LIRiELZ > U W~ N5 7 4 — TR L,
120 mg DA A NV E15T-, IR T7%, H NMR (CDCls, 400 MHz) & 1.41 (9H, s), 2.73
(1H, t, J= 2.8 Hz), 3.06 (1H, dd, J = 4.8, 8.0 Hz), 3.38 (3H, s), 3.39 (3H, s), 4.4-4.6 (2H,
m), 4.69 (1H, d, J= 2.4 Hz), 7.44 (2H, t, J= 7.2 Hz), 7.57 (1H, t, J= 7.2 Hz), 8.03 (1H, t, J
= 7.2 Hz); MS (ESI-TOF); caled for CisH2sNOsNa [M+Nal]: 374, found 374; HPLC
(DAICEL CHIRALPAK AD-H, hexane:2-propanol = 95:5, flow rate = 0.5 mL/min, A=
254 nm, retention times; 21.9 min. (2R,3R product, major) 24.7 min. (25,35 product

minor), 98% ee.

iy
NHBoc
MeO

Co,Et

Ethyl (3 R)-3-(tert-butoxycarbonylamino)-4,4-dimethoxybutanoate (78).

PTsONHBoc 73a (5.14 g, 17.9 mmol), AcONa (4.41 g, 53.7 mmol), filtt 74 (165 mg,
0.448 mmol)iZ toluene 22.5ml /i x 7=, K& FMEA# 72 (8.50 g, 26.9 mmol) @ toluene
R 22.5 ml & 20 23725 TR F L CINA Tz, T8 P& THRoKIB &2 B & SR T 30 oy MiH#E L
7o KEMZ, AcOEt THit L, Bk (Na2SO4) . W L7, HAR® D 1H NMR (CDCls,
400 MHz) § 1.46 (9H, s), 2.97 (1H, t, J= 2.4 Hz), 3.27-3.32 (1H, m), 3.37 (3H, s), 3.38 (3H,
s), 462 (1H, d, J = 2.8 Hz), 9.19 (1H, d, J = 5.2 Hz)., #i&(C EtOH 22.5 ml,
4,5-dimethyl-3-(phenylmethyl)-thiazolium chloride (858 mg, 3.58 mmol), Pr:EtN (1.24
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ml, 7.16 mmol) Z Il 2 5 T 24 BEEHEE L=, K Z I 2, AcOEt THitH L ik (Na2S04) |
Wi Lize VBTNV a~ N5 7 4 —THE L, 8.94 g DIEAIRY 2157, IZE 76%,
2 steps, MS (EI) m/z 190, 218, 276, 291 (M*). 'H NMR (CDCls, 400 MHz) § 1.26 (3H, t, /
=17.2 Hz), 1.44 (9H, s), 2.44-2.63 (2H, m), 3.42 (6H, s), 4.14 (2H, q, J= 7.2 Hz), 4.13-4.22
(1H, m), 4.28-4.38 (1H, m), 4.97-5.10 (1H, m); 13C NMR(CDCls, 100 MHz) § 14.1, 28.3,
34.6, 49.0, 55.3, 55.9, 60.5, 79.4, 104.9, 155.3, 171.6; [alp19+189.5 (c 0.55, MeOH).

nz

Ho

MeOWCOZEt

MeO

Ethyl (3R)-3-amino-4,4-dimethoxybutanoate (79).

A% 78 (500 mg, 1.72 mmol)iZ CHsCN 2.5 ml, MeOH 2.5 ml, ceric ammonium nitrate
(1.14 g, 2.06 mmol) % =K Tz 72,60 ‘CT 30 /[EH#E L7, faf1 NaHCOs aq. & AcOEt
EINZ. NEMZ S LT\, TBIRE Y AcOEt T 3 [mifliH L, Bk (Na2SOs) . #Ei
L7-. 314 mg Ok ME157-, =K 95%, H NMR (CDCls, 400 MHz) § 1.27 (3H, t, J=
7.2 Hz), 2.35 (1H, dd, J=9.2, 16.4 Hz), 2.62 (1H, dd, /= 9.0, 16.4 Hz), 3.29-3.36 (1H, m),
3.42 (3H, s), 3.43 (3H, s), 4.06-4.20 (3H, m); MS (FAB) m/z 160, 192 (M++1).

NHBoc NH, /?L
MeOWCOZEt MeOWCOZEt o~ "NH
MeO MeO MeG  “—CO,Et
78 79 80

Ethyl 2-(5-methoxy-2-oxooxazolidin-4-yl)acetate, cis/trans mixture (80).

&% 78 (500 mg, 1.72 mmol) Z CH2Cl2 8.6 ml 2V~ L JKis TH A L 7=, TMSOTY (0.33
ml, 1.81 mmol)Z 1z 30 /pfi#E L7=, fafi NaHCOs aq.# /M z AcOEt Tt L. Mk
(Na2SO4), B L7z, W7 L7 a~ k7T 7 4 —(Hex'AcOEt 1:1 then AcOEt:MeOH 4:1)
THR L (LA 79 (high polar product) 110 mg (colorless oil, 33% yield) & {L.A%) 80 (low
polar product) 170 mg (colorless oil, 49% yield) %57, 'H NMR of 80 (CDCls, 400 MHz)
8 1.2-1.3 (3H, m), 2.5-2.75 (2H, m), 3.5-3.55 (3H, m), 3.85-3.95 (1H, m), 4.05-4.30 (2H, m),
5.11 (1H, d, J= 2.0 Hz), 5.5-5.75 (1H, m); MS (FAB) m/z 160, 192 (M++1)204.
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MeOWCOzEt

MeO

Ethyl (3R)-4,4-dimethoxy-3-(1H-pyrrol-1-yl)butanoate (81).

it& 79 (665 mg, 3.48 mmol) (Z toluene 17 ml, AcOH 5 ml, H:O 11 ml],
2,5-dimethoxytetrahydrofuran 0.68 ml %/ x., 80 & T 30 sy [E#ii#k L7, K& 2 AcOEt
THIH L. brine TYEH L7z, BiAKNaSOs), #EfE L7z, W7 L7~ T T77 14—
(Hex:AcOEt 3:1) THHL L . 595 mg Dk a4 A VUL T1%) & 15%7-, TH NMR (CDCls, 400
MHz) § 1.17 (3H, t, J= 6.8 Hz), 2.81 (1H, dd, J= 9.2, 16.0 Hz), 2.95 (1H, dd, J= 4.8, 16.0
Hz), 3.30 (3H, s), 3.38 (3H, s), 4.02-4.13 (2H, m), 4.37 (1H, d, J= 5.2 Hz), 4.49-4.60 (1H,
m), 6.13 (2H, t, J = 2.0 Hz), 6.74 (2H, t, J = 2.0 Hz); 13C NMR(CDCls, 100 MHz) & 14.0,
35.6, 55.8, 56.2, 58.2, 60.7, 106.4, 108.2, 119.9, 170.1; MS (FAB) m/z 242 (M++1).
[alpt? +223.1 (¢ 0.49, MeOH).

[}\Br

MeOWCOZEt

MeO

Ethyl (3R)-3-(2-bromo-1H-pyrrol-1-yl)-4,4-dimethoxybutanoate (82).

LA 81 465mg (1.93 mmol) % THF 6.4 ml (ZiAfE S, ki L=, Nbromosuccinimide
361 mg (2.03 mmol) & il 2. 30 Z0Hi#E L 7=, 10% Na2SOs aq.Z Iz, AcOEt THitt L 7=,
fafl NaHCOs aq. THF# ., Bk NaSOs), B L7, T 670~ T T 7 40—
(Hex:AcOEt 5:1) TR L, 570 mg O Mo A A L2157, L3 92%, TH NMR (CDCIs, 400
MHz) § 1.17 (3H, t, J= 7.2 Hz), 2.84 (1H, dd, J= 9.6, 16.4 Hz), 2.98 (1H, dd, J=5.2, 16.4
Hz), 3.36 (3H, s), 3.37 (3H, s), 4.02-4.12 (2H, m), 4.36 (1H, d, J= 4.4 Hz), 4.85-4.93 (1H,
m), 6.14 (1H, dd, J= 2.0, 3.6 Hz), 6.70 (1H, t, J= 3.6 Hz), 6.83 (1H, dd, J= 2.0, 3.6 Hz).

B

N

MeOWCOZH

MeO
(3R)-4,4-dimethoxy-3-(1 H-pyrrol-1-yDbutanoic acid (84).
{54 81 (130 mg, 0.539 mmol)i~ THF 1.6 ml, /K 1.6 ml, LiOH 38.7 mg (1.62 mmol) Z /i
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217, FIERT3HREE# L, 1N-HCI 3 ml #/1%. AcOEt Tt L7z, Bi/k(Na2SOs)
HIENE L 110 mg O A A N EET-, IR 96%, 'H NMR (CDCls, 400 MHz) § 2.85 (1H,
dd, J=9.2, 16.8 Hz), 3.02 (1H, dd, /= 4.8, 16.8 Hz), 3.30 (3H, s), 3.37 (3H, s), 4.36 (1H, d,
J=5.2 Hz), 4.50 (1H, dt, J=4.8, 9.2 Hz), 6.14 (2H, t, J=2.0 Hz), 6.74 (2H, t, J= 2.0 Hz);
MS (ESI-TOF); caled for C10H14NO4[M — HI: 212, found 212.

MeOMCOZMe

Methyl (5R)-6,6-dimethoxy-3-oxo0-5-(1 A-pyrrol-1-ylhexanoate (85).

&% 84 (3.70 g, 16.5 mmol)|Z THF 82 ml, CDI (3.48 g, 21.4 mmol) Z Mz 7=, =iE T 3
WEEFE R L 724, triethylamine 3.0 ml (21.4 mmol), MgCl: (2.04 g, 21.4 mmol), potassium
methyl malonate 3.87 g (24.8 mmol) Z /il x., =& T 20 REfEHE#E L 72, 10 % NH4Claq. %
Mz, AcOEt T 2 [ L7=, brine THf4. MiAKNa2SOs), ML, U AT m
~ 877 7 4 —(Hex:AcOEt 2:1) THHL L7z, 8.55 g DA A N %&157-, ILZE 80%, H
NMR (CDCls, 400 MHz) § 3.05 (1H, dd, /= 8.0, 16.8 Hz), 3.17 (1H, dd, /= 5.2, 16.8 Hz),
3.32 (3H, s), 3.37 (3H, s), 3.75-3.95 (2H, m), 3.70 (3H, s), 4.36 (1H, d, J = 4.4 Hz), 4.61
(1H, dt, J= 4.8, 8.0 Hz), 6.13 (2H, t, J= 2.0 Hz), 6.74 (2H, t, J= 2.0 Hz).

/ \

H,NOC N 0

MeO ~ CO,Me
MeO

Methyl (5R)-5-(2-carbamoyl-1 H-pyrrol-1-y1)-6,6-dimethoxy-3-oxohexanoate (86).
K L7-b&Y 85 (112 mg, 0.416 mmol) D cyclopentyl methyl ether &% (1 mDiZ
trichloroacetyl isocyanate (64 pl, 0.541 mmol) Z il 2. =W T 4 ERIHH L 7=,
trichloroacetyl isocyanate 32 upl ZiBA1L ., =il T 2 REMBER LRI OWE K 2 fEsE L7z,
MeOH 1 ml Z01 %, 2 C 15 Refilfiiie L7z, 31 NaHCOs aq. # 1 2, AcOEt Thiitt L,
ik (NazSON# . MG L=, > U W7 nvra~ b 75 7 4 —(AcOEt:MeOH 10:1) THEHRL L |
80 mg DA A )L Z2 15T, I 62%, 'H NMR (CDCls, 400 MHz) § 3.1-3.3 (2H, m), 3.35
(3H, s), 3.41 (3H, ), 3.45 (2H, d, /= 7.6 Hz), 3.70 (3H, s), 4.55 (1H, d, J= 3.6 Hz), 5.0-6.0
(3H, br), 6.13 (1H, dd, /= 2.8, 3.8 Hz), 6.61 (1H, dd, /= 1.6, 3.8 Hz), 7.00 (1H, d, J= 1.6,
2.8 Hz); MS (ESI-TOF); calcd for C14H20N20s[M+Nal: 335, found 335.
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Methyl 3-oxo-4-(1-0x0-1,2-dihydropyrrolo[1,2-alpyrazin-4-yl)butanoate (88).

{b&% 86 (36 mg, 0.115 mmol)iZ acetone 1 ml, pTsOH.H20 2.2 mg Z M1z, =iE T 5 K]
BER U7z, fafRERKET B U 7 KR Z %2, AcOEt T L 7=, brine THF#%., il
K(NazSO)# . BAE L7, FRiEZ~FV v  fiig=F /L (4:1) IREEEET triturate LT
ks, ABL7Z, 16 mg OEAMEKEZE, IR 56%,

TH NMR (CDCls, 400 MHz) § 3.54 (2H, s), 3.74 (3H, s), 3.91 (3H, s), 6.53 (1H, d, /= 3.6
Hz), 6.65 (1H, dd, /= 2.8, 4.0 Hz), 7.16 (1H, dd, J= 1.4, 2.8 Hz), 7.22 (1H, dd, J= 1.4, 4.0
Hz), 11.1 (1H, br); MS (ESI-TOF); calcd for C12H12N204[M+Nal: 271, found 271.

MeO

Methyl (2£)-2-(3-(dimethoxymethyl)-2,3-dihydro-1HA-pyrrolizin-1-ylidene)acetate (E/Z
mixture) (90).

&% 85 (53 mg, 0.20 mmol) % CH2Cle 2 ml (ZIEfE S H, -78 FEICHAI L 7=, TMSOTS 145
ul (0.80 mmoD &Mz, 30 ZrffiE#E L7z, KEMx, AcOEt THiH L. Bik(NazSO4), ¥
s L7z, 50 mg Ot A A L2157, IEREREM, TH NMR (CDCIls, 400 MHz) § 3.42 (3H,
s), 3.45 (3H, s), 3.5-3.6 (1H, m), 3.65-3.8 (1H, m), 3.75 (3H, s), 4.26 (1H, d, J = 6.8 Hz),
4.3-4.5 (1H, m), 5.98 (1H, t, J= 2.0 Hz), 6.35-6.45 (2H, m), 7.0-7.1 (1H, m).

@CON H,

N
MeO.__A_ CO,Et
Ethyl (3R)-3-(2-carbamoyl-1 H-pyrrol-1-yl)-4,4-dimethoxybutanoate (91).
A% 81 1.28 g (5.30 mmol)iZ cyclopentyl methyl ether 11 ml (ZIEfiE &8, K L7,
trichloroacetyl isocyanate 0.76 ml (6.36 mmol, 1.2 equiv) % Il 2 . i T 11 BRREHEE L 7=,
trichloroacetyl isocyanate 0.19 ml (1.59 mmol, 0.3 equiv) Z B L, B2 4 BRI L 7=,
MeOH 11ml Zh1 %, 21 Befl#E#R L7z, fiafi NaHCOs aq.# %, AcOEt T L, Bk
(Na2SO)t2, i L7z, YV AT Nnsa~ 7T 7 —THRML, 1.47g OBREFA L%
372, I3 98 %, 'H NMR (CDCls, 400 MHz) § 1.15 (3H, t, /= 7.2 Hz), 2.86-3.04 (2H, m),
3.35 (3H, s), 3.45 (3H, s), 3.96-4.12 (2H, m), 4.56 (1H, d), 5.5-6.0 (3H, br), 6.13 (1H, dd, J
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= 2.8, 3.8 Hz), 6.62 (1H, dd, < = 1.6, 3.8 Hz), 7.03 (1H, dd, J = 1.6, 2.8 Hz); 13C
NMR(CDCls, 100 MHz) & 13.9, 34.3, 55.8, 56.5, 60.6, 106.0, 108.1, 113.4, 125.3, 163.8,
170.9; MS (FAB); caled for C13H2:1N205[M+H+]: 285, found 285.

MeOWcozEt

MeO
Ethyl (8R)-3-(2-cyano-1H-pyrrol-1-y1)-4,4-dimethoxybutanoate (92).
7% h=1rVU/L12ml & DMF 0.27 ml (3.52 mmol) &4 L. k% L72,POCl3 0.32 ml (3.5
mmol) Z 1%, 5 /L=, A% 91 (500 mg, 1.76 mmol) % /Il X 2 20 I L
72 . pyridine 0.31 ml (3.9 mmol) Z 1z, 10 ZyRIFEFE L7=, IN-HCl # /% AcOEt THh
L. brine THEH, BiAK(Na2SO)%., #AE L7, 35472 580 mg OHRMIEZ D F F ik
O TFEZHV =, TH NMR (CDCls, 400 MHz) § 1.19 (8H, t, J =7.2 Hz), 2.93 (1H, dd, J=
9.8,16.6 Hz), 3.04 (1H, dd, /= 4.8, 16.6 Hz), 3.40 (3H, s), 3.42 (3H, s), 4.12 (2H, q, J= 7.2
Hz), 4.46 (1H, d, J= 4.8 Hz), 4.84 (1H, quint, J= 4.8 Hz), 6.19 (1H, dd, J/= 2.8, 4.0 Hz),
6.75-6.85 (1H, m), 6.95-7.0 (1H, m); MS (ESI-TOF); caled for C1sH1sN204[M+Nal: 289,
found 289.

NC
MeO._A~_ _CO,H
(3R)-3-(2-cyano-1H-pyrrol-1-yl)-4,4-dimethoxybutanoic acid (93).
&% 92 (580 mg, 1.76 mmol)iZ THF 5.3 ml, H2O 2.7 ml Z/ix. LiOH 126 mg (5.28
mmol) Z NNz 7=, IR T 5 BEEHHR L. IN-HCl iz 7z, AcOEt THitti L. brine TU:&
%, Bik(NagSO) ., MG L7z, 5572 430 mg OMRMITZ D F £RO TRRITH N,
TH NMR (CDCls, 400 MHz) § 2.97 (1H, dd, J= 9.2, 17.2 Hz), 3.11 (1H, dd, /= 5.2, 17.2
Hz), 3.40 (6H, s), 4.46 (1H, d, J= 4.6 Hz), 4.81 (1H, quint, J= 4.6 Hz), 6.20 (1H, tm, J=
3.6 Hz), 6.80 (1H, dm, J= 2.4 Hz), 6.97 (1H, m); MS (ESI-TOF); calcd for C11H13N204[M
- HI: 237, found 237.

—
"z
—
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MeOYT\/U\/COZMe

Methyl (5R)-5-(2-cyano-1H-pyrrol-1-yl)-6,6-dimethoxy-3-oxohexanoate (94).

{tA%) 93 (430 mg, 1.76 mmol)(Z THF 8.8 ml & N,N'-Carbonyldiimidazole 371 mg (2.29
mmol) & Nz, 1 BFEIE#E L7=, EtsN 0.32 ml (2.3 mmol), MgCls 218 mg (2.29 mmol),
potassium methyl malonate 412 mg (2.64 mmoD) Z /1%, T 24 FFfEIEEEL7-, 10%
NH.Cl aq. Z/x. AcOEt Thi L7z, brine Ty, Mi/k(NasSO9)%., EME L=, >V
BN~ 87T 7 4 —CRL(Hex:AcOEt 2:1) L, 470 mg DAY 2 157-, IR
91% (3 steps), 'H NMR (CDCls, 400 MHz) & 3.23 (1H, dd, J="7.8, 17.8 Hz), 3.29 (1H, dd,
J=16.0,17.8 Hz), 3.38 (3H, s), 3.40 (3H, s), 3.45 (2H, s), 3.72 (3H, s), 4.47 (1H, d, J= 4.8
Hz), 4.85-4.95 (1H, m), 6.18 (1H, dd, J= 3.0, 3.8 Hz), 6.79 (1H, dd, J= 1.6, 3.8 Hz), 6.95
(1H, dd, J= 1.6, 3.0 Hz); MS (ESI-TOF); calcd for C14H1sN205[M+Nal: 317, found 317.

o
\ Np_/COZMe
o]

MeO
Methyl
2-((4R)-4-(2-cyano-1H-pyrrol-1-yl)-5-methoxydihydrofuran-2(3 H)-ylidene)acetate
(diastereomeric mixture) (96).
LAY 94 442 mg (1.50 mmol)iZ CH2Cle % 1% TK# L. TFA 0.56 ml (7.5 mmol) % i 2.
7o, SIETT 3 Wi L. fufl NaHCOs aq.z M%7z, CH2Cle THiH L. Bik(NazSOs)
%, B L=, YU BN a~ 7T 7 4 —(Hex'AcOEt 2:1) THHRL L, 158 mg D MEfh
HER Y 24572, I 40%, 'H NMR (CDCls, 400 MHz) (major diastereomer) & 3.49 (3H, s),
3.5-3.6 (2H, m), 3.71 (3H, s), 4.94 (1H, dd, J= 2.4, 6.0 Hz), 5.26 (1H, s), 5.55-5.65 (1H, m),
6.22 (1H, dd, J=2.8, 4.4 Hz), 6.73 (1H, dd, /= 1.6, 2.8 Hz), 6.83 (1H, dd, /= 1.6, 4.4 Hz).
(minor diastereomer) 3.4-3.6 (2H, m), 3.45 (3H, s), 3.71 (3H, s), 4.9-5.0 (1H, m), 5.40 (1H,
d, J=4.4 Hz), 5.51 (1H, t, J= 2.0 Hz), 6.24 (1H, dd, J= 2.8, 3.6 Hz), 6.85 (1H, dd, J=1.4,
3.6 Hz), 7.06 (1H, dd, J= 1.4, 2.8 Hz).
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Ncﬂ _TBDMB

N~ O
MeOMCOZMe

OMe
Methyl (2Z, 5R)-3-(tert-butyldimethylsilyloxy)-5-(2-cyano-1 H-pyrrol-1-yl)-
6,6-dimethoxyhex-2-enoate (97).
it &% 94 100 mg (0.340 mmol) # CHsCN 1.7 ml (2 fif & &, EtsN &
tert-butyldimethylchlorosilane % /il 2 7=, 2={AC 10 sy £ L 7=, f3F1 NaHCOs Z /1 %,
AcOEt THitt L. brine T, li/k(NaeSOs), L7z, YUV FVvra~ 7T 7
+# —(Hex:AcOEt 4:1) THHL L, 138 mg O fEAIRY 21572, ILZE 99 %, TH NMR (CDCls,
400 MHz) (major diastereomer) & 0.17(6H, s), 0.92 (9H, s), 2.99 (1H, dd, J= 4.2, 14.4 Hz),
3.38 (3H, s), 3.40 (3H, s), 3.66 (3H, s), 3.90 (1H, dd, /= 11.2, 14.4 Hz), 4.40 (1H, d, J=4.2
Hz), 4.78 (1H, dt, J= 4.2, 11.2 Hz), 5.09 (1H, d, J= 0.4 Hz), 6.13 (1H, dd, J= 2.8, 4.0 Hz),
6.74 (1H, dd, J= 1.4, 2.8 Hz), 7.12 (1H, dd, /= 1.4, 2.8 Hz).

A3
NC o
OHC/-\)K

1-((2R)-1,4-Dioxopentan-2-yl)-1 H-pyrrole-2-carbonitrile (98).

{tE% 94 (59 mg, 0.20 mmol)iZ acetone 1 ml, H2O 1 ml, pTsOH.H20 5.7 mg (0.030
mmol) Z Nz 12 BFEINEGERE L7z, faf1.NaHCOs #/1% . AcOEt THitf L. brine T¥E
B, MiAK(NaeSO4) . #E#E L7-, 31 mg DEEEADIIRS 2157, IR 81%,

1H NMR (CDCls, 400 MHz) § 2.24 (3H, s), 3.14 (1H, dd, /= 6.4, 18.4 Hz), 3.45 (1H, dd, J
=6.0, 18.4 Hz), 5.34 (1H, t, J= 6.0 Hz), 6.29 (1H, dd, J= 3.0, 4.0 Hz), 6.91 (1H, dd, J=
1.4, 4.0 Hz), 6.93 (1H, dd, J= 1.4, 3.0 Hz), 9.73 (1H, s).

nz

Boc
N
EtO,C/, [~ -OH

1-tert-Butyl (2R, 3 R)-2-ethyl 3-(hydroxymethyl)aziridine-1,2-dicarboxylate (103).

PTsONHBoc 9.85 g (34.3 mmol)i{Z Na2COs 10.9 g (103 mmol), filft 74 (1.26 g, 3.43
mmol), CH2Clz2 172 ml #{EA L7-, L& 101 (6.60 g, 37.9 mmol) ®» CH2Cls IA# 150 ml
Iz, =T 18 Refififk L7z, KZ&Mx ., CHClz THitH L. Bik(NazSO)% . JEfE L
oo MAELAEW 102 & LT 11.7 g OEAMKRY AF/2, 8% EtOH 90 ml [T S, oK
WCHAI LT, NaBH41.3 g (34.3 mmoD) &z, 1B L7, K&z, AcOEt Thf
ML, BiAKNaSO)%, WML, WT7 L7~ k7T 7 ¢ —(Hex:AcOEt 3:1 then 1:1)
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THHRL, LAY 108 % 7.63 g DEARY & L TR, IE 91%,

1H NMR (CDCls, 400 MHz) § 1.32 (3H, t, J= 6.8 Hz), 1.47 (9H, s), 3.02 (1H, dt, J = 4.4,
2.8 Hz), 3.08 (1H, d, /= 2.8 Hz), 3.68 (1H, brd, J= 12.4 Hz), 3.98 (1H, brd, J= 12.4 Hz),
4.15-4.3 (2H, m).

IT%oc
N
EtO,C., |~ OTBDMS

1-tert-Butyl (2,3 R)-2-ethyl 3-((tert-butyldimethylsilyloxy)methyl)aziridine
-1,2-dicarboxylate (104).

&% 1038 (7.25 g, 29.5 mmol) % DMF 60 ml (ZiEfE S ¥, 1HImidazole 2.41 g (35.4
mmol) # Mz 7=, K& F tertbutyldimethylchlorosilane (4.90 g, 32.5 mmol)?® DMF /&%
WM FLTMA, TOBRERT 1R L, KkEMZ, AcOEt THitfi L. brine T
U7, Bik(NaoSO) %, IBfg L7, W 7 57~ b 7T 7 4 —(Hex:AcOEt 4:1) THRLL |
9.04 g DAY & 157-, I 85%, TH NMR (CDCls, 400 MHz) § 0.0065 (3H, s), 0.0072
(3H, s), 0.89 (9H, s), 1.45 (9H, s), 1.32 (3H, t, J= 6.8 Hz), 1.47 (9H, s), 2.94 (1H, dt, /=
2.4, 3.6 Hz), 3.00 (1H, d, J= 2.4 Hz), 3.72 (1H, dd, J= 4.0, 11.6 Hz), 3.87 (1H, dd, J= 4.0,
11.6 Hz), 4.15-4.3 (2H, m).

NHBoc

TBDMSO\/'\/COZEt

Ethyl (3 R)-3-(tert-butoxycarbonylamino)-4-(tert-butyldimethylsilyloxy)butanoate (105).
Sm, turnings 2.51 g (16.7 mmol){Z THF 33ml Z /il 2. Jk# L7z, diiodomethane (1.1 ml,
13.9 mmol)Z —FEITM A, JKMG FT 1 W, DWTERT 1 Wefisk L7z, BEKE L
N, N-dimethylaminoethanol 2.8 ml (27.8 mmol) & iUk} 104 (2.00 g, 5.56 mmol)?®> THF &
(A1 mD) % 15 53720 TR T LTINA, £ Dtk 30 /it & #tid 72, ffl NaHCOs aq. %
Mz, AcOEt THiti L. brine THeH L7z, BiAK(Na2SO)#, Wi L7z, BT L7~ |
77 7 4 —(Hex'AcOEt 4:1) THHL L. 1.83 g OIEAMRM 2 157-, K 91%, 'H NMR
(CDCls, 400 MHz) & 0.042 (6H, s), 0.89 (9H, s), 1.26 (3H, t, J = 7.0 Hz), 1.44 (9H, s),
2.5-2.65 (2H, m), 3.62 (1H, dd, J= 5.2, 10.0 Hz), 3.68 (1H, dd, J= 3.6, 10.0 Hz), 4.03 (1H,
brs), 4.13 (2H, q, J = 7.0 Hz), 5.09 (1H, brd, J = 7.6 Hz); MS (ESI-TOF); calcd for
C17H35NO5SNa [M+Nal: 382, found 382.
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NH,
TBDMSO._A___CO,Et
Ethyl (3 R)-3-amino-4-(tert-butyldimethylsilyloxy)butanoate (106).
{t&% 105 (339 mg, 0.938 mmol) Z CH2Cle 3.1 ml |Z¥&fi# S+, 2,6-lutidine (0.16 ml, 1.41
mmol) # NNz 7=, K% F TBDMSOTS (0.16 ml, 1.41 mmol) Z Il x S5 T 1.5 B L7,
EtOH 3ml, citric acid 100 mg Z 1z, =& T 11 B +# L7=, brine Z/1x. CH2Cly T
i U, BiAk(NasSO)%., i L7z, AT L2710~ 7T 7 4 —(AcOEt:MeOH 10:1) TH
L. 360 mg DA % Betajiiikiy & L TH57-, 1H NMR (CDCls, 400 MHz) § 0.093 (3H,
s), 0.10 (3H, s), 0.90 (9H, s), 1.28 (3H, t, J= 7.2 Hz), 2.74 (1H, dd, J= 5.2, 18.0 Hz), 2.80
(1H, dd, J= 6.8, 18.0 Hz), 3.7-3.8 (2H, m), 3.8-3.9 (1H, m), 4.20 (2H, t, J= 7.2 Hz); MS
(ESI-TOF); caled for C12H27NOsSiNa [M+Nal: 284, found 284.

OTBDMS

HN™ ~o
TBDMSO._A___CO,Et
Ethyl (3R)-4-(tert-butyldimethylsilyloxy)-
-3-((tert-butyldimethylsilyloxy)carbonylamino)butanoate (108).
{t&# 105 (339 mg, 0.938 mmol) % CH2Cls 3.1 ml [Z{AfiF S+, 2,6-lutidine (0.16 ml, 1.41
mmol) Z NNz 7=, K¢ F TBDMSOTS (0.16 ml, 1.41 mmol) Z Il x F|1E. T 1.5 B L7,
KEMZ, AcOEt Thit L7, brine TUF#%., Bik(NaSOo) LIEME L7z, BT L7 B~
k272 7 4 —(Hex:AcOEt 4:1) THHL L. 351 mg DEEATIIRY 2 157-, LR 89%, 'H NMR
(CDCls, 400 MHz) § 0.044 (6H, s), 0.26 (6H, s), 0.89 (9H, s), 0.92 (9H, s), 1.21 (3H, t, J =
7.2 Hz), 2.52 (1H, dd, J= 6.6, 15.8 Hz), 2.58, (1H, dd, /= 5.8, 15.8 Hz), 3.5-3.7 (2H, m),
3.9-4.1 (1H, m), 4.09 (2H, q, J= 7.2 Hz), 5.21 (1H, brd, J= 8.8 Hz).

B

TBDMSO\/@\/COzEt

Ethyl (3 R)-4-(tert-butyldimethylsilyloxy)-3-(1 H-pyrrol-1-yl)butanoate (107).

A% 108 (345 mg, 0.822 mmol)|Z toluene 3.5 ml, 7K 3.5 ml, AcOH 1 ml Nz 7=,
2,5-dimethoxytetrahydrofuran 0.16 ml (1.2 mmol) Z /1%, 70 CT 30 /3iH#E L7=, K%
Mz, AcOEt THiH L7=, 7K, #F0 NaHCOsaq., brine THEE# . MBi/k(Na:SO4) LiEHME L
oo W77~ 87T 7 4 —(Hex:AcOEt 4:1) THHRL L. 215 mg DAY 2 157=,
IV 84%, 'H NMR (CDCls, 400 MHz) § -0.011 (3H, s), -0.004 (3H, s), 0.88 (9H, s), 1.20
(3H, t, /= 7.2 Hz), 2.76 (1H, dd, J= 8.0, 16.0 Hz), 2.97 (1H, dd, J = 6.4, 16.0 Hz), 3.78
(1H, dd, J= 5.6, 10.2 Hz), 3.84 (1H, dd, J= 4.8, 10.2 Hz), 4.09 (1H, q, J= 7.2 Hz), 4.10
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(1H, q, J= 7.2 Hz), 4.45-4.55 (1H, m), 6.12 (2H, t, J= 2.0 Hz), 6.72 (2H, t, J = 2.0 Hz);
MS (ESI-TOPF); caled for C16H20NO3SiNa [M+Nal: 334, found 334.

B

TBDMSO\/I;I\/COZH

(8 R)-4-(tert-Butyldimethylsilyloxy)-3-(1 H-pyrrol-1-yD)butanoic acid (109).

&% 107 (190 mg, 0.610 mmoD)(Z EtOH 2.4 ml, H2O 1.2 ml, LiOH 128 mg(3.1 mmol)
Nz SRIR T 2 MR L 72, H20 10ml & 1IN-HC1 5 ml 212 AcOEt THlith L 72, brine
T4 Bk (NagSOs), ME L=, FiEZ v U s a~ b 777 4 —(Hex:AcOEt 1:1)
THRL L, 136 mg O MAJHRY) % £57-, IR 78%, H NMR (CDCls, 400 MHz) § -0.02 (6H,
s), 0.88 (9H, s), 2.82 (1H, dd, J= 8.0, 16.4 Hz), 3.04 (1H, dd, J= 6.4, 16.4 Hz), 3.78 (1H,
dd, J=5.8, 10.2 Hz), 3.85 (1H, dd, J= 4.8, 10.2 Hz), 4.45-4.55 (1H, m), 6.13 2H, t, J =
2.2 Hz), 6.72 (2H, t, J = 2.2 Hz); MS (ESI-TOF); calcd for C14H2sNOsSiNa [M+Nal: 284,
found 284.

m

N~ O

TBDMso. I co,Et

Ethyl (5R)-6-(tert-butyldimethylsilyloxy)-3-oxo-5-(1 H-pyrrol-1-yhexanoate (110).
{44 109 (130 mg, 0.457 mmol)(Z THF 2.3 ml, CDI 111 mg (0.686 mmol) % Il . i T 1
WEEEER L 7=, MgClz 65 mg (0.68mmol), potassium monoethyl malonate 117 mg (0.686
mmol), EtsN 0.096 ml (0.686 mmol) % /il 2 E i T 24 K L7z, 10%NH4Cl aq. % %
AcOEt THiitt L7=, brine TU#%. Mi/k(NaSO4) ., WEHE L71=, HEEZ VANV 7o~
~27'Z 7 4 —(Hex:AcOEt 4:1) THHL L, 150 mg DAY &2 1572, IR 93%, 'H NMR
(CDCls, 600 MHz) § -0.024 (3H, s), 0.005 (3H, s), 0.87 (9H, s), 1.26 (3H, t, J = 7.2 Hz),
3.04 (1H, dd, J= 7.2, 17.4 Hz), 3.18 (1H, dd, J= 6.6, 17.4 Hz), 3.78 (1H, dd, /= 5.4, 10.2
Hz), 3.83 (1H, dd, /= 4.8, 10.2 Hz), 4.5-4.6 (1H, m), 6.12 (2H, t, /= 1.8 Hz), 6.71 (2H, t, J
= 1.8 Hz); MS (ESI-TOF); calcd for C1sH31NO4SiNa [M+Na]: 376, found 376.

n

N O

TBDMSO\/':\)J\H/COZEt

N
Ethyl (5/)-6-(tert-butyldimethylsilyloxy)-2-diazo-3-oxo-5-(1 H-pyrrol-1-yl)hexanoate
(111).
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ft&% 110 (44.3 mg, 0.125 mmol)(Z CHsCN 1.2 ml, EtsN 0.035 ml (0.25 mmol),
dodecylbenznesulfonyl azide 53 mg (0.15 mmol) Z /1 % . FiE. T 30 ZyEHie L=, EHE L.
YUBFNT < 7T 7 4 —(Hex:AcOEt 3:1) THRL L. 36.3 mg DAY &2 157-,
I 77%, 'H NMR (CDCls, 600 MHz) & -0.026 (3H, s), -0.013 (3H, s), 0.86 (9H, s), 1.32
(3H, t, J=7.2 H2),3.36 (1H, dd, J= 6.0, 17.0 Hz), 3.52 (1H, dd, J= 8.0, 17.2 Hz), 3.81 (2H,
ddd, J=5.6, 10.0, 14.0 Hz), 4.29 (2H, q, J= 7.2 Hz), 4.6-4.75 (1H, m), 6.10 (2H, t, J= 2.0
Hz), 6.73 (2H, t, J= 2.0 Hz); MS (ESI-TOF); calcd for Ci1sH29N304Si[M+Nal: 402, found
402.

pum—

TBDMSO” NN
7 Co,Et
OH
(R)-Ethyl

5-((tert-butyldimethylsilyloxy)methyl)-7-hydroxy-5,6-dihydroindolizine-8-carboxylate
(113).

{EA% 111 (30.0 mg, 0.0790 mmol)iZ CHzCl2 1.6 ml & Rh2(0OAc)s 3.5 mg Z /%, =iE T
1R Lz B L v U v s a~ b 75 7 ¢ —(Hex!AcOEt 4:1) THEHRL L . 27.0 mg
DIEAIRY 2 457-, IWE 97%, H NMR (CDCls, 600 MHz) § -0.02 (3H, s), 0.00 (3H, s),
0.88 (9H, s), 2.76 (1H, dd, J= 2.8, 17.2 Hz), 2.98 (1H, dd, J= 6.4, 17.2 Hz), 3.60 (1H, dd,
J=8.4,10.0 Hz), 3.67 (1H, dd, J = 5.6, 10.0 Hz), 4.15-4.25 (1H, m), 4.25-4.50 (2H, m),
6.12 (1H, dd, J = 2.8, 3.2 Hz), 6.35 (1H, dd, J = 1.6, 3.2 Hz), 6.60 (1H, dd, J = 1.6, 2.8
Hz).12.71 (1H, brs).

B

TIPSO\/Iél\/COZEt

(R)-Ethyl 3-(1 Hpyrrol-1-yl)-4-(triisopropylsilyloxy)butanoate (115).

{44 114 (70 mg, 0.355 mmol)(Z CH:2Clz 3 ml, 7Pr2EtN 0.074 ml (0.43 mmol) % Il 2 K5
L7, TIPSOTf 0.12 ml (0.43 mmol) % /il . 30 4y ffiE#: L7z, fiafn NaHCOs % /il 2. AcOEt
T L7-, brine TPEFH%. BikNaSOs), B L71-, FEEEZ VXAV u~ N7 T 7
4 —(Hex:AcOEt 4:1) THHL L, 125 mg O Ak 2 157, I3 99%, 'H NMR (CDCls,
400 MHz) § 0.95-1.1 (21H, m), 1.19 (3H, t, J = 7.2 Hz), 2.78 (1H, dd, J = 8.2, 16.0 Hz),
3.05 (1H, dd, J=6.0, 16.0 Hz), 3.87 (1H, dd, /= 6.0, 10.0 Hz), 3.95 (1H, dd, J =4.8, 10.0
Hz), 4.09 (1Hx2, q, J= 7.2 Hz), 4.53 (1H, ddt, J= 4.8, 8.2, 6.0 Hz), 6.12 (2H, t, J= 2.2 Hz),
6.73 (2H, t, J = 2.2 Hz); MS (ESI-TOF); calcd for C19Hs5NOsSiNa [M+Nal: 376, found
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376.

HZNOC\®
N O
TIPSO _~
\/\)J\OEt

(R)-Ethyl 3-(2-carbamoyl-1H-pyrrol-1-yl)-4-(triisopropylsilyloxy)butanoate (116)

{b&% 115 (1.8 g, 4.7 mmol) &2 CH2Cls (9.3 mDIZiAESFE X1, k¥ L 7=, trichloroacetonitrile
(0.79 ml, 6.5 mmoD) ANz, =R T 19 RefHfiE#R L7z, 5 72%IRIC EtsN (2.0 ml, 14
mmol) & EtOH 9.3 ml /0%, 2R T 24 Refilfi# L7z, KEMZ . AcOEt THit L7z,
fidfl NaHCOs aq. TUEF 2. WiAk(NaeSOs), MG L=, HiEE TV WXV~ 7T 7
+4 —(Hex'AcOEt 1:1) TR L | 1.4 g OIEEAIRY 2 1572, IR 77%., 'H NMR (CDCls, 400
MHz) § 0.95-1.15 (21H, m), 1.18 (3H, t, J= 7.2 Hz), 2.94 (1H, dd, J =8.2, 16.0 Hz), 3.02
(1H, dd, J/=6.8, 16.0 Hz), 3.97 (1H, dd, J= 4.0, 10.4 Hz), 4.0-4.15 (3H, m), 5.53 (2H, br),
5.75-5.85 (1H, m), 6.11 (1H, dd, /= 2.8, 4.0 Hz), 6.60 (1H, dd, /= 1.6, 4.0 Hz), 7.07 (1H,
dd, J= 1.6, 2.8 Hz).

Br

Hnoc— )

-

TIPSO
OEt

(R)-Ethyl 3-(4-bromo-2-carbamoyl-1 H-pyrrol-1-yl)-4-(triisopropylsilyloxy)butanoate
(118).

{bA5 %116 (77.7 mg, 0.196 mmol)(Z THF 1 ml & MeOH 1 ml # iz, —40°C 2@ EI L 7=,
1,3-dibromo-5,5-dimethylhydantoin (36.0 mg, 0.127 mmol) Z /1%, 30 4 L7=, 10%
Na2SOs aq. Z /% . AcOEt ThitH L7, brine TU#%. Bi/k(Na2SO4), MEME L7-, 7RI
VRN~ 87T 7 ¢ —(Hex:AcOEt 2:1) THRLL . 51 mg OMEAIRY 2157,
IV 55%, 'H NMR (CDCls, 400 MHz) § 0.95-1.05 (21H, m), 1.19 (3H, t, /= 7.2 Hz), 2.91
(1H, dd, J= 8.4, 16.4 Hz), 2.98 (1H, dd, /= 6.8, 16.4 Hz), 3.93 (1H, dd, /= 3.6, 10.4 Hz),
4.01 (1H, dd, J= 3.6, 10.4 Hz), 4.09 (1H, dd, J= 7.2, 14.4 Hz), 4.10 (1H, dd, J= 7.2, 14.4
Hz), 5.6 (2H, br), 5.78 (1H, ddt, J= 6.8, 3.6, 8.4 Hz), 6.58 (1H, d, /= 1.8 Hz), 7.06 (1H, d,
J=1.8 Hz).

MeO
H
\©\/N\/\/C02Me

(£)-Methyl 4-(4-methoxybenzylamino)but-2-enoate (119).
4-methoxybenzylamine 11.5 g (83.8 mmol), THF 40 ml, ProEtN 5.8 ml (34 mmol) Z{Z &
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L7z, ethyl 4-bromocrotonate 5.32 g (29.7 mmol)?® THF {&i% (30 ml) % . Wi 35 ELL T
IR CHEE TR F LTI, ZD% 1 REF=IR TR L7, KZMx., AcOEt Tt L.,
brine TPF# . Bi/KkNa2S0s)., M L7, >V BNV~ 7T 7 4 —(Hex:AcOEt 1:1
—AcOEt—AcOEt:MeOH 20:1) THHRL L, 5.52 g OEAOMRY 2 1E7-, WK 79%, H
NMR (CDCls, 400 MHz) & 3.43 (2H, dt, J= 5.6, 0.8 Hz), 3.75 (2H, s), 3.87 (3H, s), 3.89
(3H, ), 6.03 (1H, dt, J= 15.6, 0.8 Hz), 6.82 (2H, d, J= 8.6 Hz), 6.85 (2H, d, J= 8.6 Hz),
6.88 (1H, s), 7.03 (1H, dt, J= 15.6, 5.6 Hz).

I\

MeO O H

(£)-Methyl 4-(N-(4-methoxybenzyl)-1 H-pyrrole-2-carboxamido)but-2-enoate (120).

&% 119 (5.52 g, 23.5 mmol), 1H-pyrrole-2-carboxylic acid 2.88 g (25.9 mmol),
HOBt.H20 4.32 g (28.2 mmol), DMF (47 ml) Z/&A& L. WSC 5.38 g (28.2 mmol) # Il . 7=,
IR T 2 BRI L7z, KZEIZ, AcOEt THiiHi L. brine Ty, BlAk(NazSO4),
ML YU BTNV a~ 7T 7 4 —Hex'AcOEt 4:1—-1:1) THHELL . 6.25 g DA DM
W &157-, IR 74%, 'H NMR (CDCls, 400 MHz) § 3.75 (3H, s), 3.81 (3H, s), 4.26 (2H,
brs), 4.76 (2H, brs), 5.95 (1H, brd, J= 14.8 Hz), 6.20 (1H, d, J= 2.8 Hz), 6.4-6.5 (1H, m),
6.89 (1H, t, J= 8.6 Hz), 6 95 (1H, dt, J= 1.2, 2.4 Hz), 6.95-7.05 (1H, m), 7.20 (1H, d, J =
8.6 Hz), 9.51 (1H, brs); MS (ESI-TOF); calcd for C1sH20N205Na [M+Nal: 351, found 351.

MeO @) N
\©\/N\)\/C02Me

Methyl
2-(2-(4-methoxybenzyl)-1-ox0-1,2,3,4-tetrahydropyrrolo[1,2-alpyrazin-4-yl)acetate (121).
JEUEF 120 (6.25 g, 17.4 mmol) %2 DMF 35 ml (Ziafi# &8, K2COs 240 mg (1.74 mmol) Z
ZWIRT 30 S Lz, KZMz., AcOEt THitf L. brine T¥eiF%. Mi/K(NazSO4).
JRAE L7z, 6.30 g OIS A DR & 1572, I E A, 1H NMR (CDCls, 600 MHz) § 2.52
(1H, dd, J=17.8, 16.8 Hz), 2.59 (1H, dd, /= 6.0, 16.8 Hz), 3.35 (1H, dd, J/= 2.7, 12.9 Hz),
3.58 (3H, s), 3.80 (3H, s), 3.81 (1H, dd, J = 4.2, 12.9 Hz), 4.28 (1H, d, J = 14.4 Hz),
4.55-4.6 (1H, m), 5.01 (1H, d, J= 14.4 Hz), 6.22 (1H, dd, J= 2.4, 3.6 Hz), 6.73 (1H, dd, /
=1.2,2.4 Hz), 6.86 (2H, d, J= 8.4 Hz), 6.96 (1H, dd, J= 1.2, 3.6 Hz), 7.24 (2H, d, J= 8.4
Hz); MS (ESI-TOF); caled for C1sH20N204Na [M+Nal: 351, found 351.
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MeO o@ MeO O&Br . 7\
N N MeO o Br
TN come TN come U
121 122 123

&% 121 (4.00 g, 11.2 mmol)Z THF 20 ml, MeOH 20 ml Z#/lx, -40 ‘CIZ@HEILT,
dibromatin 1.92 g (6.72 mmol) Z A2 1 REfIfFE#E L7z, FUGHRZ 10% Na2S0s aq.iZiEE
AcOEt THifti L. brine TH%, BAKNaSOs), EME L=, YU NIa~ vTT7
4 —(Hex'AcOEt 4:1—3:2) THHL L. monobromo & 122 2.80 g (I3 61%) & dibromo &
123 1.61 g (L3 30%) & 137=,

MeO o N Br

\©\/N\)\/C02Me
Methyl
2-(6-bromo-2-(4-methoxybenzyl)-1-oxo-1,2,3,4-tetrahydropyrrolo[1,2-alpyrazin-4-ylacet
ate (123).
1H NMR (CDCls, 400 MHz) § 2.42 (1H, ddd, J= 1.2, 3.5, 16.9 Hz), 2.52 (1H, dd, /= 10.8,
16.9 Hz), 3.53 (3H, s), 3.53 (1H, dd, J= 1.2, 13.6 Hz), 3.80 (3H, s), 3.82 (1H, ddd, J= 1.2,
2.8,13.6 Hz), 4.16 (1H, d, /= 14.4 Hz), 4.55-4.65 (1H, m), 5.07 (1H, d, J= 14.4 Hz), 6.27
(1H, d, /= 4.0 Hz), 6.85 (2H, d, /= 8.4 Hz), 6.96 (1H, d, J= 4.0 Hz), 7.23 (2H, d, J= 8.4
Hz); MS (ESI-TOF); caled for C1sH19BrN204Na [M+Nal]: 429, found 429.

(@]
Br
NI
MeO
Br
CO,H

2-(6,7-Dibromo-2-(4-methoxybenzyl)-1-oxo-1,2,3,4-tetrahydropyrrolo[1,2-alpyrazin-4-yl)
acetic acid (124).

A% 123 (1.60 g, 3.29 mmol)iZ MeOH 10 ml & 1IN-NaOH 10 ml Z 01z, 1 R nEGE
&z, MeOH 20 —4 ) —x /R L— & — T2 L IN-HCI 20 ml & AcOEt 1 ml %
INA T AT 2 I8 E L, K CTUeif L7z, IREEE L, 1.63 g DEAMEKRAZ 157, IR 98%,
H NMR (CDClIs, 400 MHz) § 2.51 (1H, ddd, J= 1.2, 3.2, 17.2 Hz), 2.63 (1H, dd, J= 10.8,
17.2 Hz), 3.58 (1H, dd, J= 1.4, 13.4 Hz), 3.78 (3H, s), 3.83 (1H, ddd, J= 1.4, 4.4, 13.4 Hz),
4.29 (1H, d, J=14.4 Hz), 4.55-4.65 (1H, m), 4.96 (1H, d, /= 14.4 Hz), 6.85 (2H, d, J= 8.6
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Hz), 7.03 (1H, s), 7.22 (2H, d, J = 8.6 Hz); MS (ESI-TOF); calcd for C16H15Br2N202 [M —
CO:zH]: 425, found 425.

N -
Y/ Br
N
MeO

Br

EtO,C

Ethyl
4-(6,7-dibromo-2-(4-methoxybenzyl)-1-oxo-1,2,3,4-tetrahydropyrrolo[1,2-alpyrazin-4-yl)-
3-oxobutanoate (125).

&% 124 (1.40 g, 2.97 mmol)Z THF 14.9 ml (ZIAfi# &, N, N-carbonyldiimidazole 626
mg ZEIR TNz 7z, 1.5 FFH#HE#E% . potassium ethyl malonate 657 mg (3.86 mmol) &
MgClz 368 mg (3.86 mmol) Z 1%, W 7 Refifii#l L7z, 10% NH4Cl %/l 2 AcOEt Tl
i L. brine Ty . Bi/k(NazSO4), i L1z, >V B Z v 2ru~< h 75 7 4 —(Hex'AcOEt
2:1—3:2) TR L, 1.50 g DM HRY 2 157, I 93%, 'H NMR (CDCls, 400 MHz) §
1.25 (3H, t, J= 7.2 Hz), 2.62 (1H, d, /= 18.4 Hz), 2.75 (1H, dd, J= 10.8, 18.4 Hz), 2.97
(1H, d, J=16.0 Hz), 3.08 (1H, d, J= 16.0 Hz), 3.45 (1H, dd, J= 1.4, 13.4 Hz), 3.80 (3H, s),
3.85 (1H, ddd, J= 1.8, 4.2, 13.4 Hz), 4.11 (1H, d, J= 14.4 Hz), 4.18 (2H, q, J= 7.2 H2),
4.65-4.75 (1H, m), 5.04 (1H, d, J = 14.4 Hz), 6.87 (2H, d, /= 8.6 Hz), 7.01 (1H, s), 7.23
(2H, d, J= 8.6 Hz). MS (ESI-TOF); calcd for C21H22BraN20sNa [M+Nal: 562, found 562.

N -
Y/ Br
N
MeO

N> Br

EtO,C

Ethyl
2-diazo-4-(6,7-dibromo-2-(4-methoxybenzyl)-1-oxo0-1,2,3,4-tetrahydropyrrolo[1,2-alpyraz
in-4-yl)-3-oxobutanoate (126).

A& 125 (1.48 g, 2.73 mmol)iZ CHsCN 14 ml & p-dodecylbenzenebenzenesulfonyl
azide (1.15 g, 3.28 mmol) % i1z 7=, EtsN 0.76 ml (5.46 mmol) % =55 Tz 30 4y [ifE#E L
oo WBEL, YU BNV I a~ 7T 7 4 —(Hex:AcOEt 2:1—>1:1) THHRI L, 1.35g O
ERZ 4572, IU% 87%, H NMR (CDCls, 400 MHz) § 1.33 (3H, t, J= 7.2 Hz), 2.73 (1H,
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ddd, J=1.6, 2.8, 18.8 Hz), 3.02 (1H, dd, J=11.2, 18.8 Hz), 3.53 (1H, dd, J= 1.2, 13.6 Hz),
3.80 (1H, d, J= 14.4 Hz), 3.85 (1H, ddd, J= 1.6, 4.0, 13.6 Hz), 4.28 (2H, q, /= 7.2 Hz),
4.65-4.75 (1H, m), 5.31 (1H. d, J= 14.4 Hz), 6.79 (2H, d, J= 8.6 Hz), 7.02 (1H, s), 7.19
(2H, d, J= 8.6 Hz); MS (ESI-TOF); caled for C21H20BraN4OsNa [M+Nal: 589, found 589.

(@]
N/
MeO
Br
CO,H

2-(6-Bromo-2-(4-methoxybenzyl)-1-oxo-1,2,3,4-tetrahydropyrrolo[1,2-alpyrazin-4-yl)acet
ic acid (128).

A4 122 (2.80 g, 6.88 mmol)iZ MeOH 21 ml, IN-NaOH 21 ml # iz, 2 BEhnEGE R
7z, MeOH # v —4 J —x /R L—4% —CE %L IN-HCI 30 ml & AcOEt 1 ml % /il
AT FriidhZ2 8l L, AT L7c, IREEERE L, 2.44 g OEAMKEZIG2, IR 90%.
1H NMR (CDCls, 400 MHz) § 2.51 (1H, ddd, J= 1.4, 3.4, 17.4 Hz), 2.63 (1H, dd, /= 10.6,
17.4 Hz), 3.60 (1H, dd, J= 1.4, 13.4 Hz), 3.83 (1H, dd, /= 2.8, 13.4 Hz), 4.38 (1H, d, J=
14.4 Hz), 4.64 (1H, dt, J=10.6, 3.4 Hz), 4.90 (1H, d, J= 14.4 Hz), 6.29 (1H, d, J= 4.0 Hz),
6.84 (2H, d, J=8.6 Hz), 6.97 (1H, d, J= 4.0 Hz), 7.23 (2H, d, J= 8.6 Hz); MS (ESI-TOF);
caled for Ci16H16BrN202 [M — CO2H]: 347, found 347.

6-Bromo-4-(3-diazo-2-oxopropyl)-2-(4-methoxybenzyl)-3,4-dihydropyrrolo[1,2-alpyrazin-
1(2H)-one (129).

LA 128 (322 mg, 0.819 mmol) % CH2Clz 3 ml (257 X+, oxalyl chloride 0.027 ml
(0.314 mmol) & == T X 72, 1 ReNEGEE S8, SO 2 84 L 7=, 7% CH2Clz 3 ml
\ZPAfRE S, K T trimethylsilyldiazomethane (2 M in Et20) & 12 40 43 B¥E#: L7-,
IR ZERME LV B 7 v a~ v 75 7 ¢ —(Hex'AcOEt 2:1) THR L, 210 mg D4
DR %157, I 61%, TH NMR (CDCls, 400 MHz) § 2.41 (2H, s), 3.51 (1H, dd, J= 1.2,
13.2 Hz), 3.79 (3H, s), 3.84 (1H, dd, J= 3.6, 13.2 Hz), 4.03 (1H, d, J= 14.0 Hz), 4.65 (1H,
s), 4.7-4.8 (1H, m), 5.16 (1H, d, J=14.0 Hz), 6.26 (1H, d, J= 4.0 Hz), 6.87 (2H, d, /= 8.6
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Hz), 6.95 (1H, d, J = 4.0 Hz), 7.27 (2H, d, J = 8.6 Hz); MS (ESI-TOF); calcd for
C1sH17BrN4OsNa [M+Nal: 439, found 439.

MeO

130

{LE# 129 (52.7 mg, 0.134 mmol) % CH2Cl2 34 ml (Z¥Af# <+, Rha(tpa)s (3.9 mg, 0.00268
mmo) M Z 7z, IR T 1R L7, IBMEL., > U W5 nrm~ b7 T 7 4 — TR
72, 18 mg DMK & L ThAEW 180 3% bz, I 34%, 'H NMR (CDCls, 400
MHz) § 2.71 (1H, ddd, /= 3.2, 1.8, 17.8 Hz), 2.86 (1H, d, J= 12.0 Hz), 2.95 (1H, dd, /=
3.2, 17.8 Hz), 3.60 (1H, dd, J= 5.2, 12.0 Hz), 3.68 (1H, d, /= 13.0 Hz), 3.80 (3H, s), 3.90
(1H, d, J=13.0 Hz), 4.11 (1H, s), 5.29 (1H, dm, J= 5.2 Hz), 6.34 (1H, d, J= 4.4 Hz), 6.88
(2H, d, J= 8.6 Hz), 7.13 (1H, d, /= 4.4 Hz), 7.22 (2H, d, J= 8.6 Hz); 13C NMR (CDCls,
150 Hz) & 40.6, 51.3, 54.6, 55.3, 58.4, 79.1, 110.5, 113.9, 114.2, 118.6, 128.5, 130.2, 132.2,
159.2, 180.6, 201.5; MS (ESI-TOF); caled for C1sH17BrN20sNa [M+H]: 389, found 389.

Ph_.NH,
Ph ”AC(CH3)3

(1.5,29- Nneopentyl-1,2-diphenylethane-1,2-diamine (138e)

Pivalaldehyde (1.2 mL, 11 mmol) was added to a solution of (1.52.5-DPEN (2.12 g, 10.0
mmol) in methanol (20 mL) at room temperature. After stirring for 1h, the reaction
mixture was cooled to 0°C and NaBH4 (1.51 g, 20.0 mmol) was added portionwise. The
mixture was stirred at 23°C for 1.5 h and quenched with water (100 mL). The
precipitates were collected by filtration. The product was air-dried at 65°C to give the
title compound as white amorphous powder (2.45 g, 87% yield). The data of 'H and 13C

NMR spectra were consistent with those in the literature.40
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Typical procedure of asymmetric aziridination.

Cbz—NQ

@]

Benzyl (1.5,5.9)- 2-oxo0-6-azabicyclo[3.1.0lhexane-6-carboxylate (135b).

To a stirred mixture of 138e (560 mg, 2.00 mol), benzoic acid (1.22 g, 10.0 mmol), sodium
hydrogen carbonate (4.20 g, 50.0 mmol) and pTsONHCbz (3.21 g, 10.0 mmol) in
chloroform (100 ml) at room temperature was added 2-cyclopenten-1-one (2.5 ml, 30
mmol). After stirring the mixture for 40 h, the mixture was quenched with water. The
whole was extracted with dichloromethane. The organic layer was washed with brine,
dried over sodium sulfate, and concentrated in vacuo. The resulting yellow oil was
purified by column chromatography (eluent; n-hexane:EtOAc = 3:1) to give 1.74 g of the
title compound as a yellow oil (75% yield, 95% ee): [alp19+64.0 (¢ 1.15 MeOH); IR(neat)
Amax 3904, 3871, 3854, 3840, 3802, 3752, 3736, 3712, 3691, 3677, 3650, 3629, 3620,
3568, 1717, 1653, 1558, 1541, 1522, 1507, 1473, 1457, 1396, 1324, 1266, 1163 cm'}; 1H
NMR (CDCls, 400 MHz) & 1.65-1.79 (1H, m), 2.02-2.14 (2H, m), 2.43 (1H, dd, J = 9.2,
12.4 Hz), 3.08 (1H, d, J= 3.2 Hz), 3.44 (1H, t, J= 3.2 Hz), 5.15 (2H, s), 7.28-7.42 (5H, m);
13C NMR(CDCls, 100 MHz) § 21.3, 31.0, 43.9, 44.0, 68.7, 128.59, 128.62, 128.64, 135.1,
159.3, 207.0; HRMS (ESI-TOF); caled for CisHi1sNOsNa [M+Nal: 254.0895, found
254.0888; The enantiomeric excess was determined by the HPLC analysis (DAICEL
CHIRALPAK AD-H, n-hexane:2-propanol = 90:10, flow rate = 1.0 mL/min, A = 214 nm,
retention times; 11.5 min (minor), 13.2 min. (major), 95% ee). The enantiomer ent-135b

was prepared in 59% yield with 59% ee by using (1£,2/)-DPEN as a catalyst .

BOCNQ

o
tert-Butyl (15,559 2-oxo-6-azabicyclo[3.1.0lhexane-6-carboxylate (135a).
Prepared by typical procedure: 89% yield; 'H NMR (CDCls, 400 MHz) & 1.47 (9H, s),
1.9-2.0 (1H, m), 2.0-2.2 (2H, m) 2.4-2.5 (1H, m), 3.01 (1H, d, J= 3.2 Hz), 3.39 (1H, dt, J =
0.8, 2.8 Hz); The enantiomeric excess was determined by HPLC analysis.(DAICEL
CHIRALPAK AD-H, n-hexane:2-propanol = 90:10, flow rate = 0.75 mL/min, 1 =214 nm,

retention times; 8.6 min. (major), 8.0 min. (minor), 88% ee).
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BocNX:Q

O
tert-Butyl (1R,5R)- 2-oxo-6-azabicyclo[3.1.0]lhexane-6-carboxylate (ent-135a).
Prepared by typical procedure using (R, RB)-DPEN as a catalyst.: 81% yield; 'H NMR
(CDCls, 400 MHz) § 1.47 (9H, s), 1.9-2.0 (1H, m), 2.0-2.2 (2H, m) 2.4-2.5 (1H, m), 3.01
(1H, d, J = 3.2 Hz), 3.39 (1H, dt, J = 0.8, 2.8 Hz); The enantiomeric excess was
determined by HPLC analysis.(DAICEL CHIRALPAK AD-H, mhexane:2-propanol =
90:10, flow rate = 0.75 mL/min, A= 214 nm, retention times; 8.0 min. (major), 8.6 min.

(minor), 71% ee).

BOCNQ

@)
tert-Butyl (1.5,6.9-2-0x0-7T-azabicyclo[4.1.0lheptane-7-carboxylate (136a).
Prepared by typical procedure: 80% yield; 'H NMR (CDCls, 400 MHz) & 1.45 (9H, s),
1.6-1.7 (1H, m), 1.7-1.9 (1H, m), 1.9-2.1 (2H, m), 2.2-2.3 (1H, m), 2.4-2.6 (1H, m), 2.89
(1H, d, J=6.0 Hz), 3.0-3.1 (1H, m). The enantiomeric excess was determined by HPLC
analysis.(DAICEL CHIRALPAK AD-H, nhexane:2-propanol = 95:5, flow rate = 0.75

mlL/min, A= 214 nm, retention times; 9.8 min. (major), 10.5 min. (minor), 97% ee).

CszQ

0]
Benzyl (15,6.9-2-0xo0-7-azabicyclo[4.1.0]heptane-7-carboxylate (136b).

Prepared by typical procedure: 84% yield; TH NMR (CDCls, 400 MHz) & 1.6-1.7 (1H, m),
1.7-1.9 (1H, m), 1.9-2.1 (2H, m), 2.2-2.3 (1H, m), 2.50 (1H, dt, J= 4.8, 17.6 Hz), 2.99 (1H,
d, J=6.0 Hz), 3.1-3.2 (1H, m), 5.13 (1H, d, /= 12.4 Hz), 5.16 (1H, d, J= 12.4 Hz), 7.3-7.4
(5H, m);. The enantiomeric excess was determined by HPLC analysis.(DAICEL
CHIRALPAK AD-H, n-hexane:2-propanol = 80:20, flow rate = 0.75 mL/min, 1 =214 nm,

retention times; 10.0 min. (major), 12.4 min. (minor), 97% ee).
BocN

O
tert-Butyl (1.5,75)-2-0x0-8-azabicyclo[5.1.0]octane-8-carboxylate (148a).
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Prepared by typical procedure: 91% yield; H NMR (CDCls, 400 MHz) § 0.8-1.0 (1H, m),
1.45 (9H, s), 1.60-1.85 (4H, m), 2.2-2.3 (1H, m), 2.4-2.5 (1H, m), 2.7-2.8 (1H, m), 2.8-2.9
(1H, m), 3.03 (1H, dd, J = 1.6, 6.8 Hz); The enantiomeric excess was determined by
HPLC analysis.(DAICEL CHIRALPAK AD-H, n-hexane:2-propanol = 95:5, flow rate =

0.3 mL/min, A =214 nm, retention times; 22.3 min. (major), 22.9 min. (minor), 92% ee).

Cbz—N

(6]
Benzyl (1.5,7.9-2-0x0-8-azabicyclo[5.1.0]octane-8-carboxylate (148b).

Prepared by typical procedure: 83% yield; [a]p22 —73.5 (¢ 1.155 MeOH).; IR(neat) Amax
3854, 3750, 3650, 2934, 1731, 1700, 1456, 1275, 1230, 1211, 1105, 1048, 744, 698 cm™1.;
1H NMR (CDCls, 400 MHz) § 0.90-1.05 (1H, m), 1.55-1.90 (4H, m), 2.25-2.35 (1H, m),
2.40-2.50 (1H, m), 2.74 (1H, dt, J= 3.6, 11.2 Hz), 2.95 (1H, dd, J= 4.8, 6.8 Hz), 3.12 (1H,
dd, J= 1.6, 7.2 Hz), 5.14 (2H, s), 7.30-7.40 (5H, m); 13C NMR(CDCls, 100 MHz) & 23.4,
23.6, 27.6, 40.3, 40.9, 47.2, 68.6, 128.3, 128.5, 128.6, 135.3, 161.7, 208.6; HRMS
(ESI-TOF); caled for CisH17NNaOs [M+Nal: 282.1106, found 282.1111.; The
enantiomeric excess was determined by HPLC analysis in comparison with ent -148b,
which was prepared by using (£, B)-DPEN as a catalyst.(DAICEL CHIRALPAK AD-H,
nm-hexane:2-propanol = 80:20, flow rate = 0.75 mL/min, A =214 nm, retention times; 7.9

min. (major), 9.6 min. (minor), 94% ee).

Cbz
o}
CH3(CH2)4/'\-)J\M

Benzyl (2R,39)-2-acetyl-3-phenylaziridine-1-carboxylate (149).

Prepared by typical procedure: 99% yield; 'TH NMR (CDCls, 400 MHz) § 0.87 (3H, t, J=
4.8 Hz), 1.2-1.5 (7TH, m), 1.5-1.7 (1H, m), 2.27 (3H, s), 2.65-2.75 (1H, m), 3.05 (1H, d, J =
2.0 Hz), 5.10 (1H, d, J = 8.0 Hz), 5.18 (1H, d, J = 8.0 Hz), 7.2-7.4 (5H, m); The
enantiomeric excess was determined by HPLC analysis.(DAICEL CHIRALPAK AD-H,

mhexane:2-propanol = 90:10, flow rate = 0.75 mL/min, A= 214 nm, retention times; 7.9

Z—

e

min. (major), 8.9 min. (minor), 76% ee).

-06 -



Benzyl (2R,3.5)-2-acetyl-3-phenylaziridine-1-carboxylate (150).

Prepared by typical procedure: 51% yield; 'TH NMR (CDCls, 400 MHz) § 2.36 (3H, s), 3.35
(1H, d, J=2.0 Hz), 3.73 (1H, d, J= 2.0 Hz), 5.09 (1H, d, J=12.0 Hz), 5.24 (1H, d, J =
12.0 Hz), 7.2-7.4 (10H, m); The enantiomeric excess was determined by HPLC
analysis.(DAICEL CHIRALPAK AD-H, mhexane:2-propanol = 80:20, flow rate = 1

ml/min, A= 214 nm, retention times; 11.5 min. (major), 9.1 min. (minoxr), 24% ee).

Cbz—NQ

OH

Benzyl (152R,59)-2-hydroxy-6-azabicyclo[3.1.0]lhexane-6-carboxylate (160).

The ketone 135b (445 mg, 1.93 mmol) in MeOH (4.0 ml) was cooled to 0 “C in an ice
bath and NaBH4 (36 mg, 0.96 mmol) was added. After stirring the mixture for 15 min,
the reaction mixture was quenched with water. The whole was extracted with ethyl
acetate, washed with brine, dried over sodium sulfate, and then concentrated in vacuo.
The resulting crude product (430 mg, 96%) was used for the next step without further
purification: [alp24 +17.9 (¢ 0.90, MeOH, 95% ee); IR(neat) Amax 2950, 1712, 1452, 1392,
1325, 1263, 1184, 1101, 1072, 1006, 750, 698, 601, 541, 461 cm'’; 'H NMR (CDCls, 400
MHz) § 1.03 (1H, ddt, J= 8.4, 10.7, 13.5 Hz), 1.71 (1H, ddt, J = 2.6, 8.6, 13.5 Hz), 1.98
(1H, dt, J=8.2, 14.0 Hz), 2.12 (dd, J= 8.2, 14.0 Hz), 2.45-2.55 (1H, m), 2.99 (1H, dd, J=
2.7, 3.9 Hz), 3.11 (1H, dd, J= 2.8, 3.9 Hz), 4.28-4.40 (1H, m), 5.14 (1H, d, /= 12.2 H2),
5.19 (1H, d, J=12.2 Hz), 7.3-7.4 (5H, m); 13C NMR (CDCls, 100 MHz) § 25.3, 27.9, 42.2,
45.1, 68.4, 73.8, 128.4, 128.5, 128.6, 135.6, 162.9; MS (ESI-TOF); calcd for C13H1sNO3Na
[M+Nal: 256.0950, found 256.0899.

N3

CbzHN E

OH
Benzyl (15,2R,5R)-2-azido-5-hydroxycyclopentylcarbamate (161)

To a stirred solution of 160 (530 mg, 2.27 mmol) in MeOH (10 ml) was added AcOH (0.65
ml, 11 mmol), water (2 ml), and NaN3 (443 mg, 6.81 mmol). The mixture was stirred at
room temperature for 18 hours. The mixture was diluted with sat. NaHCOs aq. and

extracted twice with EtOAc. The combined organic layers were washed with brine, dried
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over sodium sulfate, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (eluent, n-hexane:EtOAt = 2:1) to give the title compound
as a white amorphous powder (487 mg, 78 % yield): [a]p24 —29.0 (c 0.208, MeOH, 95%
ee); 'H NMR (CDCls, 400 MHz) § 1.5-1.8 (2H, m), 1.9-2.3 (3H, m), 3.7-3.9 (2H, m), 4.24
(1H, s), 5.13 (2H, s), 5.36 (1H, s), 7.3-7.4 (5H, m); 13C NMR(CDCls, 100 MHz) § 26.5, 30.6,
60.7, 64.7, 67.2, 71.2, 128.2, 128.3, 128.6, 136.2, 156.2; IR(neat) Amax 3854, 3676, 3650,
3366, 2099, 1698, 1521, 1260 cm; MS (ESI-TOF); caled for CisHi6N4OsNa [M+Nal:
299.1120, found 299.1079.

H2N/

CbzHN ;

OH

Benzyl (15,2 R,5F)-2-amino-5-hydroxycyclopentylcarbamate (163).

Azide 161 (409 mg, 1.48 mmol) was dissolved in MeOH (7.4 ml) and cooled to 0 “C in an
ice bath. NiCl2.6H20 (35 mg, 0.148 mmol) and NaBH4 (56 mg, 1.48 mmol) were added
successively. After stirring the mixture for 0.5 h, the mixture was diluted with water
and EtOAc. The insoluble black powder was removed by filtration through celite. The
filtrate was separated and the aqueous layer was extracted with EtOAc. The combined
organic extracts were dried over sodium sulfate, concentrated in vacuo to give a white
amorphous powder. The resulting crude product 163 (359 mg, 97%) was used for the
next step without further purification: [a]p24-61.0 (¢ 1.045, MeOH, 95% ee); 'H NMR
(CDsOD, 400 MHz) § 1.2-1.4 (1H, m), 1.5-1.7 (1H, m), 2.0-2.2 (2H, m), 3.1-3.2 (1H, m),
3.4-3.5 (1H, m), 4.0-4.2 (1H, m), 5.13 (2H, ), 7.3-7.5 (5H, m); 13C NMR (CD30D, 100
MHz) § 30.2, 31.2, 56.1, 64.7, 67.6, 72.2, 128.96, 128.99, 129.5, 138.3, 159.0; IR(neat)
Amax 3411, 3350, 2943, 1699, 1523, 1456, 1261, 1221, 1155, 1051, 1026, 914, 741, 700,
578 cm'l. MS (ESI-TOF); caled for C13H1sN203Na [M+Nal: 273.1215, found 273.1166.

Br

o. I\
N
HN, H

CbzHN ;

OH

Br

Benzyl
(1S2R,5K)-2-(4,5-dibromo-1 H-pyrrole-2-carboxamido)-5-hydroxycyclopentylcarbamate
(164).
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Amine 163 (378 mg, 1.51 mmol), 4,5-dibromo-1H-pyrrole-2-carboxylic acid (487 mg, 1.81
mmol), and 1-hydroxybenzotriazole hydrate (348 mg, 2.27 mmol) were dissolved in 7.5
ml of dichloromethane and cooled in an ice-bath.
1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (435 mg, 2.27 mmol) was
added. The reaction mixture was stirred at room temperature for 7 h. The mixture was
treated with 1IN-NaOH and extracted with EtOAc. The organic extract was dried over
sodium sulfate and concentrated in vacuo. The residue was purified by silica gel
chromatography (n-hexane:EtOAt = 4:1, then EtOAc) to give the title compound 164 as
a white amorphous powder (614 mg, 81% yield): [alp26 —56.7 (¢ 0.76, MeOH, 95% ee);
'H NMR (CD:0D, 400 MHz) § 1.4-1.6 (1H, m), 1.6-1.8 (1H, m), 2.0-2.3 (2H, m), 3.7-3.9
(1H, m), 4.13 (1H, ), 4.2-4.5 (1H, m), 4.9-5.2 (2H, m), 6.79 (1H, s), 7.2-7.3 (5H, m); 13C
NMR (CDsOD, 100 MHz) § 27.7, 31.0, 53.9, 62.1, 67.6, 71.5, 100.0, 106.1, 114.5, 128.6,
128.8, 128.9, 129.4, 138.3, 158.9, 162.0; IR (neat) Amax 2947, 1699, 1631, 1562, 1523,
1415, 1323, 1230, 1028, 978, 823, 754, 696, 617, 542 cml. MS (ESI-TOF); calcd for
C18H19BrzN304Na [M+Na]: 521.9640, found 521.9679.

[\
OY(NS\Br
H

HN,

CbzHN ;;
O

Benzyl (1.52R)-2-(4,5-dibromo-1H-pyrrole-2-carboxamido)-5-oxocyclopentylcarbamate
(165).

To a stirred solution of alcohol 164 (307 mg, 0.613 mmol) in DMSO (3.0 ml) was added
IBX (257 mg, 0.919 mmol) at room temperature. The reaction mixture was stirred for 14
h. The mixture was diluted with sat. NaHCOs aq., and extracted twice with EtOAc. The
combined organic layers were washed with brine, dried over sodium sulfate, and
concentrated in vacuo. The residue was purified by column chromatography on silica gel
(eluent, mhexane:EtOAc = 60:40 then EtOAc) to give the title compound as a white
amorphous powder 165 (293 mg , 96 % yield): [alp26-37.2 (¢ 0.20, MeOH, 95% ee); 'H
NMR (DMSO-ds, 400 MHz) § 1.7-2.5 (4H, m), 3.90 (1H, t, J= 9.6 Hz), 4.2-4.7 (1H, m),
4.98 (1H, d, J=12.3 Hz), 5.03 (1H, d, J=12.3 Hz), 6.93 (1H, s), 7.1-7.4 (5H, m), 7.59 (1H,
d, J= 8.2 Hz), 8.28 (1H, d, /= 8.6 Hz), 12.74 (1H, s); 13C NMR (DMSO-ds, 100 MHz) &
24.8, 35.1, 50.6, 62.1, 65.5, 97.8, 104.7, 112.7, 127.6, 127.7, 128.0, 128.3, 136.9, 156.0,
158.8, 211.5; IR(neat) Amax 3743, 2318, 1753, 1701, 1637, 1562, 1523, 1415, 1323, 1250,
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1072, 976, 823, 756, 698 cml. MS (ESI-TOF); caled for CisH17BraNsOsNa [M+Nal:
519.9484, found 519.9503.

N3,
NH&
o]

(3a.S,4R,6aR)-4-azidohexahydro-2 H-cyclopentald]oxazol-2-one (162)

&4 160 (80 mg, 0.21 mmol)iZ DMF-/K (1.0 ml1—0.5 ml) 7 {t7F kU 7 A (65 mg,
1.0 mmoD) &N 2 IR T 7 Wi+ L7, fafniREg/AKsET MU U LK% %, AcOEt
THEMH L. brine THHEE., BiKNaSOs, M LIz, YUV BT NIa~v NI T7 14—
(Hex:AcOEt 7:3) TR L, 60 mg OMEAIRY A 157, ¥ 88%, IR(neat) Amax 3269,
2098, 1735, 1241, 1073, 1073, 1000, 948, 831, 767 cm'l; 'H NMR (CDCls, 600 MHz) &
1.94 (1H, dd, J=4.8, 12.6 Hz), 1.95-2.10 (2H, m), 2.13 (1H, dd, J= 5.4, 12.6 Hz), 3.96 (H,
d, J= 3.6 Hz), 4.07 (1H, d, J= 6.6 Hz), 5.13 (1H, t, J = 6.6 Hz),6.53 (1H, s); 13C NMR

(CDCls, 100 MHz) & 27.5, 31.1, 61.9, 67.0, 81.5, 159.5. MS (ED); caled for CsHsN4O
[M-CO]J:140, found 140.

CszQ- 11SePh

o

Benzyl (1.8,35,59-2-0x0-3-(phenylselanyl)-6-azabicyclo[3.1.0lhexane-6-carboxylate
(166).

To a stirred solution of 135b (1.43 g, 6.18 mmol) in toluene (31 ml was added
N, Obis(trimethylsilyl)acetamide (4.5 ml, 18 mmol) and DBU (0.18 ml, 1.2 mmol). The
reaction mixture was stirred at room temperature for 16 h, and then cooled to —78 °C
using a dry ice-acetone bath. PhSeCl (3.54 g, 18.5 mmol) in toluene (15 ml) was added
dropwise over 20 min. and then stirred for 30 min. The reaction mixture was poured
into sat.NaHCOs aq. and extracted with EtOAc. The organic extracts were washed with
10% NH4Cl and brine, dried over sodium sulfate, and concentrated in vacuo. The
residue was purified by silica gel chromatography (z-hexane:EtOAt = 3:1) to give the
title compound 166 (1.78 g, 75% yield) as a yellow oil: [a]lp2! +49.4 (¢ 0.60, MeOH, 95%
ee); IR(neat) Amax 3885, 3853, 3801, 3750, 3671, 3649, 1719, 1507, 1457, 1395, 1316,
1260, 1187, 741, 695 cm'; 'H NMR (CDCls, 400 MHz) § 2.12 (1H, ddd, J= 3.2, 8.4, 14.4
Hz), 2.81 (1H, dd, J= 8.4, 14.4 Hz), 3.17 (1H, d, J= 3.2 Hz), 3.25 (1H, t, J= 8.4 Hz), 3.31
(1H, t, J= 3.2 Hz), 5.11 (1H, d, J= 12.0 Hz), 5.14 (1H, d, J =12.0 Hz), 7.21-7.38 (8H, m),
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7.43-7.49 (2H, m); 13C NMR(CDCls, 100 MHz) & 30.8, 40.4, 42.2, 42.8, 68.9, 127.0, 128.4,
128.7, 128.8, 129.2, 134.9, 135.1, 159.2, 203.8; HRMS (ESI-TOF); caled for
C19H17NO3SeNa [M+Nal:410.0271, found 410.0292.

Cbz—NQ' 11SePh

OH
Benzyl
(1.528,35,59-2-hydroxy-3-(phenylselanyl)-6-azabicyclo[3.1.0]lhexane-6-carboxylate
(168)
The selenide 166 (1.71 g, 4.43 mmol) in THF-H20 (22.2 ml-1.1 ml) was cooled to —78 °C
in a dry ice-acetone bath and NaBH4 (166 mg, 4.43 mmol) was added. After stirring the
mixture for 30 min, the reaction mixture was quenched with water and allowed to warm
to room temperature. The whole was extracted with ethyl acetate, washed with brine,
dried over sodium sulfate, and then concentrated in vacuo. The resulting crude product
(1.71 g, 99%) was used for the next step without further purification.: [a]p2! +43.8 (¢
0.515, MeOH, 95% ee); IR(neat) Amax 3871, 3853, 3839, 3801, 3751, 3711, 3689, 3676,
3649, 3595, 3567, 1716, 1698, 1653, 1558, 1541, 1522, 1507, 1473, 1457, 1396, 1264, 741,
696 cm'L.; 'H NMR (CDCls, 400 MHz) § 1.84 (1H, ddd, J =2.8, 10.4, 14.0Hz), 2.45 (1H,
brs), 2.52 (1H, dd, J= 7.6, 14.0Hz), 2.83 (1H, dt, J= 10.4, 8.0 Hz), 2.97 (1H, dd, J= 2.4,
4.4 Hz), 3.13 (1H, dd, J= 2.8, 4.4 Hz), 4.15 (1H, brs), 5.09 (1H, d, J =12.4 Hz), 5.15 (1H,
d, J=12.4 Hz), 7.20-7.40 (8H, m), 7.45-7.60 (2H, m); 13C NMR(CDCls, 100 MHz) § 34.0,
40.8, 42.0, 44.6, 68.5, 78.0, 127.5, 128.1, 128.4, 128.5, 128.6, 129.1, 135.4, 135.5, 162.4;
HRMS (ESI-TOF); caled for C19H19NOsSeNa [M+Na]:412.0428, found 412.0443.

Ph
CbzN 1Sé
\

o

OH
Benzyl
(1.528,35,59-2-hydroxy-3-(phenylseleninyl)-6-azabicyclo[3.1.0lhexane-6-carboxylate
(171
To a stirred solution of 168 (50 mg, 0.129 mmol) in THF (1.3 ml) at room temperature
was added 30% hydrogen peroxide (44 ul, 0.386 mmol). After stirring the mixture for 2 h,
the mixture was quenched with water. The whole was extracted with ethyl acetate. The
organic layer was washed with brine, dried over sodium sulfate, and concentrated in

vacuo. The resulting residue was purified by column chromatography (eluent;
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EtOAc:MeOH = 2:1) to give 44 mg of the title compound as a colorless oil (84% yield).
The diastereomeric ratio (7:1) was determined by H NMR analysis. : IR(neat) Amax
3057, 2958, 2245, 1712, 1577, 1442, 1387, 1313, 1255, 1174, 1103, 1070, 1028, 997, 906,
854, 806, 725, 690, 646, 592, 548, 470 cm'; 'H NMR (major diastereomer) (CDCls, 400
MHz) § 1.64 (1H, dd, /= 7.6, 13.8 Hz), 2.11 (1H, dt, J= 13.8, 2.9 Hz), 2.70-2.85 (1H, m),
3.02 (1H, dd, J=2.6, 4.4 Hz), 3.24 (1H, dd, J= 2.9, 4.4 Hz), 4.64 (1H, dd, J= 2.7, 8.1 Hz),
5.05 (1H, d, J=12.0 Hz), 5.12 (1H, d, J= 12.0 Hz), 7.26 (5H, m), 7.46 (5H, m); 13C NMR
(major diastereomer) (CDCls, 100 MHz) 5 23.57, 40.95, 45.05, 60.61, 68.62, 77.24, 125.61,
128.47, 128.53, 128.55, 128.63, 129.67, 131.34, 135.33, 162.18; HRMS (ESI-TOF); calcd
for C190H19NNaO4sSe [M+Na]:428.0377, found 428.0349.

N3, Ph
/
/Qlllse
CbzHN

OH

Benzyl (1.5,25,35,5R)-5-azido-2-hydroxy-3-(phenylselanyl)cyclopentylcarbamate (169)
To a stirred solution of 168 (1.25 g, 3.22 mmol) in MeOH (10.7ml) was added AcOH (0.92
ml), water (2.1 ml), and NaNs (1.05 g, 16.1 mmol). The mixture was stirred at room
temperature for 7 days. The mixture was diluted with sat. NaHCOs aq. and extracted
twice with EtOAc. The combined organic layers were washed with brine, dried over
sodium sulfate, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (eluent, n-hexane:EtOAt = 2:1) to give the title compound
169 as a colorless oil (1.08 g, 78 % yield): [alp2! —=53.9 (¢ 1.00, MeOH, 95% ee); IR(neat)
Amax 3393, 2101, 1698, 1520, 1259, 1052, 739, 694 cm.; 'H NMR (CDCls, 400 MHz) §
1.5-1.7 (2H, m), 2.3-2.5 (1H, m), 2.66 (1H, dt, J = 14.4, 8.0 Hz), 3.43 (1H, dt, J= 3.2, 8.0
Hz), 3.6-3.9 (1H, m), 4.0-4.2 (2H, m), 5.12 (2H, s), 4.6'5.4 (1H, m), 7.2-7.4 (8H, m),
7.5-7.6 (2H, m); 13C NMR(CDCls, 100 MHz) § 34.4, 43.1, 58.5, 64.0, 67.2, 77.2, 128.18,
128.23, 128.3, 128.6, 129.4, 134.6, 135.3, 136.1, 156.1; HRMS (ESI-TOF); calcd for
C19H20N403SeNa [M+Nal:455.0598, found 455.0616.

N3/

Q- 11SePh
H N>ro
0]
(3254 R,6.5,6aS5)-4-azido-6-(phenylselanyl)hexahydro-2 H-cyclopentald]oxazol-2-one

(170)
To a stirred solution of 168 (80 mg, 0.21 mmol) in N, N-dimethylformamide-H20 (1.0
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ml-0.5 ml) at room temperature was added sodium azide (65 mg, 1.0 mmol). After
stirring the mixture for 7 h, the mixture was quenched with water. The whole was
extracted with ethyl acetate. The organic layer was washed with brine, dried over
sodium sulfate, and concentrated in vacuo. The residue was purified by column
chromatography (eluent; m-hexane:EtOAc = 7:3) to give 60 mg of the title compound 170
as a colorless oil (88% yield). : [alp2¢=-60.4 (c 1.445 MeOH 95% ee); IR(neat) Amax 3053,
1917, 2362, 2104, 1751, 1577, 1477, 1437, 1385, 1302, 1240, 1099, 1070, 1022, 947, 849,
766, 739, 692 cm'’; 'TH NMR (CDCls, 600 MHz) § 2.20 (1H, dm, J= 15.0 Hz), 2.72 (1H,
ddd, J= 5.4, 6.9, 15.0 Hz), 3.80 (1H, dm, /= 6.9 Hz), 4.03 (1H, dt, /= 5.4, 1.5 Hz), 4.25
(1H, dd, J = 1.5, 7.5 Hz), 5.15 (1H, brs), 5.21 (1H, d, J = 7.5 Hz), 7.30-7.35 (3H, m),
7.55-7.60 (2H, m); 13C NMR(CDCls, 100 MHz) § 35.17, 44.29, 62.04, 67.50, 87.40, 128.13,
129.56, 129.68, 133.50, 158.15; HRMS (ESI-TOF); caled for CizH1:N4NaOzSe [M+Nal:
347.0023, found . 347.0002.

H,N,

/Q- 11SePh
CbzHN

OH

Benzyl (1.5,2:5,35,5R)-5-amino-2-hydroxy-3-(phenylselanyl)cyclopentylcarbamate (173).

Azide 169 (1.08g, 2.50mmol) was dissolved in MeOH (12.5 mL) and cooled to —20 °C in
an ice-MeOH bath and NiCl2.6H20 (59 mg, 0.25mmol) and NaBH4 (189 mg, 5.00 mmol)
were added successively. After stirring the mixture for 1h, the mixture was diluted with
water and EtOAc and allowed to warm to room temperature. The insoluble black
powder was removed by filtration through celite. The filtrate was separated and the
aqueous layer was extracted with EtOAc. The combined organic extracts were dried
over sodium sulfate, concentrated in vacuo to give the title compound 173 as white
amorphous powder (963 mg, 95% yield): [a]p22 -67.0 (¢ 0.805, MeOH, 95% ee); IR(neat)
Amax 3338, 1685, 1540, 1477, 1456, 1437, 1243, 1054, 735, 692 cm'’; 'H NMR (CDCls,
400 MHz) 5 1.35 (1H, dt, /= 13.8, 8.8 Hz), 2.57 (1H, dt, /= 13.8, 7.6 Hz), 3.20 (1H, dm, J
= 8.8 Hz), 3.41 (1H, dt, J = 3.6, 8.4 Hz), 3.68-3.78 (1H, m), 4.19 (1H, brs), 5.11 (2H, s),
5.29 (1H, brs), 7.25-7.38 (8H, m), 7.52-7.60 (2H, m); 13C NMR(CDCls, 100 MHz) § 38.1,
43.9, 56.5, 61.1, 66.9, 76.7, 127.8, 128.0, 128.15, 128.18, 128.5, 129.20, 134.2, 136.3,
156.8; HRMS (ESI-TOF); calcd for C19H22NaN20sSe [M+Na]:429.0693, found 429.0691.
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OF/Q\S\Br
H

HN,,
/Q' “1SePh
CbzHN
OH
Benzyl

(1.5,25,35,5R)-5-(4,5-dibromo-1 Hpyrrole-2-carboxamido)-2-hydroxy-3-(phenylselanyl)cy
clopentylcarbamate (172)

Amine 173 (300 mg, 0.74 mmol), 4,5-dibromo-1 H-pyrrole-2-carboxylic acid (298 mg, 1.11
mmol), and 1-hydroxybenzotriazole hydrate (170mg, 1.11 mmol) were dissolved in 3.7
ml of dichloromethane and cooled in an ice-bath, and
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (213 mg, 1.11 mmol) and
DMAP (18 mg, 0.15 mmol) were added. The reaction mixture was stirred at room
temperature for 24 h. The mixture was treated with 1IN NaOH aq. and extracted with
EtOAc. The organic extract was dried over sodium sulfate and concentrated in vacuo.
The residue was purified by silica gel chromatography (z-hexane:EtOAt = 4:1, then
EtOAc) to give the title compound 172 as a colorless oil (383 mg, 79 % yield): [a]p22
-108.5 (¢ 1.00, MeOH, 95% ee); IR(neat) Amax1692, 1619, 1532, 1449, 1343, 1051, 979,
738, 693 cm'; 'H NMR (CDsOD, 400 MHz) § 1.55 (1H, ddd, J= 7.2, 9.6, 14.2 Hz), 2.67
(1H, dt, J=14.2, 8.4 Hz), 3.53 (1H, t, J= 7.2 Hz), 4.08 (1H, d, J= 4.8 Hz), 4.16 (1H, dd, /
=4.8,10.4 Hz), 4.44 (1H, ddd, /= 8.4, 9.6, 10.4 Hz), 4.98 (1H, d, J= 12.6 Hz), 5.10 (1H, d,
12.6 Hz), 6.81 (1H, s), 7.2-7.4 (8H, m), 7.4-7.6 (2H, m); 13C NMR(CDs0D, 100MHz) &
35.7, 43.6, 53.7, 59.5, 67.6, 77.1, 100.0, 106.2, 114.7, 128.5, 128.6, 128.8, 129.4, 130.3,
131.3, 134.6, 138.2, 158.8, 161.9; HRMS (ESI-TOF); calcd for Cz4H23Bra2NaNsOsSe
[M+Nal:677.9118, found 677.9117.

o. I\
YFNS\Br
HN, H
CbzHN ;

OH

Benzyl
(182 R 5K)-2-(4,5-dibromo-1 H-pyrrole-2-carboxamido)-5-hydroxycyclopent-3-enylcarba
mate (41)
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Compound 172 (103 mg, 0.157 mmol) was dissolved in THF (1.6 mL) and pyridine (25
uL, 0.31 mmol) was added at room temperature and 30% hydrogen peroxide (48 pL, 0.47
mmol) was added. After stirring the mixture for 1h, the mixture was treated with
sat.NaHCOsaq. and extracted twice with EtOAc. The organic extracts were dried over
sodium sulfate and concentrated in vacuo. The residue was purified by column
chromatography on silica gel to give the title compound 41 as amorphous powder (75 mg,
96% yield): [alp23 —-200.9 (¢ 1.62, CHCls, 95% ee); IR(neat) Amax 3311, 1698, 1635, 1559,
1521, 1455, 1338, 1050, 756 cm'l; tH NMR (CDs0D, 400 MHz) § 3.94 (1H, t, J= 6.4 Hz),
4.4-4.6 (1H, m), 4.9-5.1 (3H, m), 5.8-6.1 (2H, m), 6.7-6.9 (1H, m), 7.1-7.4 (5H, m); 13C
NMR(CD30D, 125 MHz) § 59.3, 60.9, 67.7, (68.2), 73.5, (73.9), 100.0, 106.2, (114.5),
114.7,128.7, 128.8, 128.9, 129.4, (134.3), 134.5, (137.4), 137.6, 138.2, 158.8, 161.9. Minor
carbon signals of two rotamers are listed in parenthesis. HRMS (ESI-TOF); calcd for
C1sH17Br2NaNsO4 [M+Nal:519.9484, found 519.9458.

Br
OM\/(
HN, N7 Br
CbzHN “
o)
Benzyl [(3.5,3a5,9aR)-7,8-dibromo-2,5-dioxo-2,3,3a,4,5,9a-hexahydro- 14

-cyclopentalelpyrrolo[1,2-alpyrazin-3-yllcarbamate (174).

A solution of the compound 41 (14 mg, 0.028 mmol) was dissolved in DMSO (0.5 ml) and
IBX (16 mg, 0.056 mmol) was added. After stirring at room temperature for 17 h,
1Pr2EtN (0.020 ml, 0.112 mmol) was added. After stirring for 2 h, the mixture was
treated with sat. NaHCOs aq. and extracted twice with EtOAc. The organic extracts
were dried over sodium sulfate and concentrated in vacuo. The residue was purified by
column chromatography on silica gel to give the title compound 174 as amorphous
powder (9 mg, 65% yield). 'TH NMR (CDsOD, 400 MHz) § 2.22 (1H, dd, J= 9.0, 19.4 Hz),
3.05 (1H, dd, J = 9.0, 19.4 Hz), 4.69 (1H, t, J = 4.8 Hz), 4.5-5.0 (1H, m), 5.16 (2H, s),
5.1-5.3 (1H, m), 7.2-7.5 (6H, m).

- 105 -



Theoretical calculations
DFT calculations were carried out with Spartan '06 program. The geometry

optimizations were carried out by using the BSLYP functional with 6-31G* basis set.

Conformer ()

ATOM X Y Z

1 N -1.027244  -0.293741 0.474286
2 C -2.174769  -0.764313 0.879504
3 C -3.368290  -0.799467  -0.035758
4 C -4.712625 -1.832950 1.859140
5 C -3.442954  -1.843665 2.651795
6 C -2.279469  -1.314975 2.210800
7 C -0.665349 0.252728 -0.847141
8 C 0.876349 -0.011589 -1.004203
9 C -1.053988 1.719537  -0.995445
10 C 1.134204 -1.493140 -1.249024
11 C 1.312879  -2.411602  -0.205200
12 C 1.481370 -3.770732 -0.476839
13 C 1.468980 -4.231887 -1.794310
14 C 1.295459  -3.324914 -2.841068
15 C 1.132751 -1.966651 -2.567472
16 C -1.253143 2.223167  -2.289195
17 C -1.557663 3.569264  -2.485842
18 C -1.672286 4.429414 -1.391450
19 C -1.483232 3.935671  -0.100820
20 C -1.176247 2.587425 0.097832
21 C 3.003721 0.428567 0.192187
22 C 3.659445 1.015040 1.462800
23 C 5.184186 0.854803 1.301153
24 C 3.326354 2.513212 1.611122
25 C 3.196815 0.247671 2.714963
26 H -5.563269 -1.673662 2.531726
27 H -1.385840 -1.335932 2.829052
28 H -1.177713  -0.335539  -1.612075
29 H 1.177329 0.5640371  -1.909127
30 H 1.358438 -2.061029 0.822476
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31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Conformer (IT)
ATOM

1
2
3

asjiasiigaiiasjias o siias B@ Nia i/l oo jia oo vl oo ji o i a sl as Ji o s o il ac i o il o i a o i oo fia s a ol as Ji o s i a sl a o

Q Q Zz

1.633232
1.606639
1.299189
1.015155

-1.171206
-1.712015
-1.912189
-1.574757
-1.045600

3.282599
3.409684
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