Synthetic study on sterically locked phytochrome
chromophores based on oxidative
functionalization of pyrrole compounds
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TCRETHEL TS, " 74 b7 a 2384, mAEBEI Y EEfch Tl bbb, RE
IZO D B —FEETH DL LB X DN TE T, LML 1985 4, (ERO (AR ITESI A
HEIN2D7 4 b7 a3l SERMERIC XA S D 5 D R EARRD & WL Sz, 1989
FIZIEWEEOT X BBES DR D 2 ERBR I, fiEE TR 7 ¢ b7 1 APhyl), $%E % 118
7 4 b7 v A(Phyll) E AT TRBIS LTz, 2 2Dk, 7 4 M7 v AT EAREMIC S EER DS
FHEE UTHEE L, ORI, AWM, BESREREICL - TEHEENLI S FRENER D
ZEDPHLMNIRY . T4 M7 v LAOREDEMEMEZ KR T 58 LWIIES BRSNS Z &
Elpole, VERLT7 4 N uIZO%, N7V T FE, PO EPLLRBINTEY, 3
RO S TBHRILT b7 B — /(B ) NDBEEHAP AL TW D B EOWMIET7 « F 7=
EFEY (PPB), T /NI TIUTIET 42T U (PCB), EDMONT T TIIE UL
TUBVYEHWTWD W T 4 N7 e ADOREEAMTHL POB KIS T /) NI TV TDT 4 v
2 ARAMTHL PCBIFARINMICTZT VT UEEZRDL, ZOWMATT AEAEEEAKALT
W5, =, BVIZ=F I TF U EoRDbYICE=viE ABRICHT 5729, POB, PCB & I35/
HIETT REAE L HFME LTV 5 (Figure 1),

CO.H CO,H CO,H CO,H
R = Vinyl, Phytochromobilin (P®B)
R = Ethyl, Phycocyanobilin (PCB) Biliverdin (BV)

Figure 1
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D0, B Y U < 12T 5 (Figure 2), YT, YA BLEFR IV T AB B0 O AR
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Thd, KERLOWET, BAFITE R —VRELEZFHESG L TWDEEEREOHEEESOE D TlE
fix L C, syn £720% anti ONAKEEZ L VGD, DIREV A huiZ P Pir B, E7- 20
RIEIZBIT D7 4 b7 v DA OSREE OB MR E 52 D08, T D OT — X Ot
VEAHE— TR ISR ST 2R 0 Bl 20 E Pir B~ D ZE#1E C14-C15 LS A D JE Y O syn/anti
BN L TR EDR-ELH D, ¥

BT, BEPLEEIEDFT I L7 4 7 a AOIKIGT ~ 2 AT RN VIRET NG |
C14-C15 HfE& 1L anti DSIARBED EE TH Y . C5-C6 Hifi B3 Pr b Pfr ~DEHLOFRIZ anti
MD syn ([Z[EHRT 5 2 & BIRE I 72 (Figure 2), ¥
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Pr Pfr
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Figure 3

UFFRETIET ¢ b7 o S AE O & MR IINT 5 H 0T, S BHTh 5 POB 37 /
NITIVHXT 4 b7 a LA THD PCB, £z, HIMONITIUTRICEEND T 4 7
0 LAREEREORGHITH D BV DA, & I~ O EHILEMT PCB X BV FF8AD AR
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Figure 4
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Figure 5

7235, 15Za THEE SN PrAERBEICHOW TGS AL WG EN RS, D

I DOFERNG | ISALONARELE & STARBLE O EEIL. 7 4 b7 a2 AR AR ORERBRIZB T
DA F BT 572D OBNT-HIETHD Z ERHLBNE T2,

FIZEHFFEE D Khawn (%, Pr B O Pfr BU0> 5 (2O NLARELEE & SEARELE % f#I 35 72912, 5
NLDSEAR L 2 [E E L 7= BV i8R % & 5% L 7= (Figure 6),

HO,C CO,H HO,C CO,H HO,C CO,H

5Es-2,18-diEt-BV 5Zs-18Et-BV 5Za-18Et-BV

Figure 6
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(Figure 7), *®
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Figure 7

F-AR LT SLAREER PCB 38K L TR % X7 B L OFFEREBRIZIB W T, 15EaPCB i+
IR TIIRG R CHRIFEOFHIL 2 EOEHANEIE S L= (Figure 8), = D Z & /b ABWIZIETE: Pfr
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D EVHERINTD, 5Zs HIMEZREN TR LTS Pir A 527002 2006 ARE B
BREDR S AT UEHALOE D OZMRMED Pr D Pir B A~DONEHIZ VBRI K THDH Z & 2R
SN, FEUBFFEED Khawn &I 15 fLOSERES A Ea EE L., & 51T 5 (LOSAKELE &
SEARECL & A RN IC[EE U 7e ZHENREER BV B8R A G L Agpl. Agp2 DT ARZ LRI E &
ZNENEMER L, Agpl, Agp2 fIIMEDOWIN ALY M EBIIT S Z L1280, Agpl IZBIT D
Pfr B DN 20T 5Zal5Ea, Agp2 @ Pfr BliX 5Eal5Ea Tdh 25 Z L 2RI L, 7 REAEOMEE
2 &Y Pir B OF AR ORI DN e 5 "l HEME % 7R L 7= (Figure 9), 2
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Figure 9

IO DFREEN G, PrilinG Pir ~OEMEIX, Step | TARK L 72 Lumi-R 725, Step 2 T C5-C6
HEAGOE DY OEEETAERT D 5Za &, C4=C5 _HiEH & C5-C6 HfEA N FMFICREET S
Hula-twist #§#% 2 X > THERR T 5 5Ea 35 2 5 11TV 5 (Figure 10), 2
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Figure 10
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L2, 26O Pr2»5 Lumi-R, & 512 Lumi-R 75 2 D DOERIRIE(Meta-R, Meta-R )% #%
L7z Pfr ~OFERI 72 RS ME BN 1 2 & O AN EFF 6 O 7o DIZFEMIZH H 7278 o TR W,
PEICABREBEROIVIZICHELE DEESRC AT UM CEE L, ZIK, EE, syn K, ani
EKTENENEE LEFEEREER L, THEZ VB L OFREAREYLA WitEDF #7324 ik
THZELIZEY, EITE D DB % 5D (Figure 11),

COH COH COH COH

n=0,1,2

COH COH COH COH
15Z-18Et-BV 15E-18Et-BV
n=0,,2 n=0,,2

Figure 11

MR O BT AL EERERFIC LD IS0 RF L HE< Grignard FREE 2 V72 B REH
WA XD ISR A FF o o RBHA G AL, KIERISE AT 52 & TISNMORFED
kb % E CREE L7 BV #HEEO A RICHZ LT % (Figure 12),

o Me
HN
° I MgBr
Me TBSO P
sr—( t-BuMgBr (2.0 eq) NN (2.0 eq)
> -
fe\" CHClp, 0°C, 2h rt, 30 min =
Me Cc 2Cl2, , :
CO,Bu
CO,Allyl CO,Allyl

55%

TFA, 30 min
then
MeOH, 1 h

CO,Allyl CO,Allyl CO,Allyl COAllyl
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Figure 12
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ZOX I, SMEEEMBEAHOERTHZETINETE OEBRFEVMREETEZN, Zh
O OFE A DNAREER 7 ¢ b7 v LA OEHIZIT, (FEOR S DORFEH, frx OFRELH
THER—ULEMDOERBLEL LD, L, ZbOEREENA Y — A LEHDE KL
ICRBWCBREEZEZ DD BB R e — VEKEZZOEEAK LT iEe s,
ZDD, BERENERITEZER /LD LR >TLEY, £72, AR OEME CHEx DOF
BELZBEAT LD, TOROKINIEBWTRIBUGAEZ Vo3 <, IWERBMES R>TLEI &
WO MER S 5 T2,

Z T, B m— A bR GIETEA O — b EME AR T D Z LN TE UL,
L VR TR AR OB NAREL 2D B2, B un— bW ORRLE Rebico
WTHFR L7, ZOREER, X/ VRBICRIDFERO RS EZ R 2 L2 /ML, ©r—iks
W) ORI ER L E BE AL 2 28 L 7= (Figure 13), FEMllIE 1 BTk~ %,
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AcOH
i\
H N\~ ~CO,Bu
H
80%
o)
cl o H 0
Me o-chloranil Me MDDO?-l o R cl CN
— MeOH e
———— >
i c ;2?i§<°“e /Ifii\ B . -
0F >N co,Bu CO,Bu H= NP ~co,Bu
" H H (o]
o-chloranil 61% 7% DDQ
R = (CH,),CO,Allyl OH
O‘M3
DDQ o R
HO” ™"0oH 7
H N CO,Bu
H
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Figure 13

WIZ., ZOBILKIEDERMD—>ThHT LT REFAET I — A bEWIEL., —HDO
HEEME A EGRICB T A2EERERPMAEKE LTIEHTE & X, 4%.%”%@.@&
WA AR DBR%E & 7 Zx 7= (Figure 14), = OFEMIIL 2 FLIE TR 5,
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%12 o-Chloranil # A\ 7= ¥ u — L &% O BL K i

i Chik_7z X 9ic, YRR THE SN TV DA ONAKEER 7 « b7 v ARGHOE
FACIE, EEOKRFH, BrxOFRELZAT I —/bEMRLETH D, Lo, EHRELED
Bipseu—fbEmEGRT D120 :i\m%kﬁétm—wﬂawwpéﬁfhiﬁgﬁm
EWHMENAET D, &I TARIISE T, L0 MEICEREER Y ¢ b7 v AREMEART 5
Tl E AT, Hx ORIEFIC XD B — b &M ORREIYE REEALIZ DUV TR LTz,

o-Chloranil {35/ »ROBILAITHY . ZOBILITE FU FHj@EOPRIED L ED -0
2, RO p-Chloranil LY &5\ (Figure 1-1),

Oxidant OO
—
benzene, 100 °C

relative reaction rate

5500 4200 1
[o} o] o
Cl CN > Cl (o] > Cl Cl
Cl CN Cl Cl Cl Cl
(o} Cl (o}
DDQ o-chloranil p-chloranil
. _.H
Q0
el A& o~
cl (¢]]
Cl
Figure 1-1

Z @ o-Chloranil &7 7 > & OISIZE LTI \oﬁ’&ﬁﬁ%%ﬁﬁé%ﬁﬁ%MQWMu4
B3 1T L. bonzofurodioxin & ZE %95 Z & 2351 541 TU 5 (Scheme 1-1),

Cl

ojirm
Cl
o cl ArZ 53
A2 AP 4 AV o cl
3 gl
Ar' o Benzene, reflux, 4 h o o cl
cl
up to 67%
Scheme 1-1

FICHBR T E2H#E L —/L L OKIG T, o-Chloranil ~® 1,6 FIIBISRNEITTHZ &b
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STV 5 (Scheme 1-2),

(} ci A

Benzene, rt,3 h - N
Me Me CI Cl

25%

Scheme 1-2

% Z THMNZ o-Chloranil & B0 — /U LEMDSURITONTRE L7c, A% /) —/VAFET B BB K
O CEROFBMAY r—/L 1a LRISSETE 2 A, 2EMmibIntr )/ VAR 2a 135
N7z (Tablel-1, entry 1), £72, MZ D AKX ) —)LOREZF ST LILRILM L L7 (entries 1-4),
o-Chloranil D4 &% 57 & PRI R E KT Liz(entry 5), F /2l Y EZIEC L CHILEDOM
TR B 372 705 72 (entry 6),

COLAllyl COLAllyl
Me o-Chloranil (x eq) Me
i \ MeOH (y eq) > — OMe
H CO,B Ny, CH.Cly, rt, 20 h (o)
N G 2 MH2 N “co,Bu
1a 2a
entry X y yield / %
1 3 10 51
2 3 5 58
3 3 3 58
4 3 2 61
5 2 2 27
6 4 2 57
Table 1-1

WIZFE ORiFT 21T > 7= (Table 1-2), I$HIZ 7 V V= AT NV Z2 FFi= 72 WEEE TH - TH KIS 3
ITL, WRIITINZAT NV EETHH DL &< 2o (entries 1-4), —J5, EWBIFEN -7
FNTZ AT TIERL P VEOREE TIE, RISHETT L)y > 72 (entry 5),

2 1 2 1
R R o-Chloranil (3 eq) R R
H=NN” "R Ny CHCl, rt, 20h 0NN

H H

1 2
entry R R! R2 2 yield / %
1 CO,Bu (CH,),CO,Allyl Me a 61
2 Et Et b 78
3 Me Me c 82
4 Et Me d 80
5 Ts Et Me e 0

Table 1-2

ZDORIED SR 2 A4 5 72912 'THNMR & BCNMR IZ X B KGO BMAZ{To7-, Lzl
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HEWE L AR OE—7 LR TET ., ARt RIBmonihnotc, ¥/ U RE(H % H
W RS DROSHEREILEIC T UV TEIT T2 2L RABNTWDD T, 7 VI LHEAIT
»H 5 TEMPOQR266-7 b T AFNLENXY P N-AF LI/ EZPICMA TRIGEIT- 12
(Schemel-3),

TRbb, ZOBLKIENT VANKRERTH L7201, AU T UV hBERHEEATH D
TEMPO & )& LC, TEMPO EfEE LIALEMIREOoNDmE, TV ABHEREL, Bl v
FELRRWETTH D,

o-chloranil (3 eq)

Et Et MeOH (2 eq) Et Et
TEMPO (3 eq) o —

i\ - OMe
H N CO,'Bu N2, CHyClp, rt, 20 h o N
H H CO,Bu
1b 2b, 79%
/ N \
|
°
TEMPO
Schemel-3

FRBZ G E AT > T2 4GSR, R TEMPO 22 CHREBREOIETE e Y /v 2b BME LT
(Schemel-3), = Ot E NMR TO S DIB#E S & o-Chloranil 2472 < LT H AWML 2 B
fbsinienl) Lo nanen) FENS, 1ERAOBRIAEERER CHDL LB 2
HiILd, o> TZDORIED 1 BB O LILT AR TIX RN ERRBIND,

WIERTHDE R Y ) DT VR = VARG DERFR TR RED HO HRTHD EE %,
EL X2 T— 32— 3A BINZ 75 TRIG % 7 72 (Schemel-4),

COAllyl CO,Allyl CO,Allyl

Me o-chloranil (3 eq) Me, Me.
/\ e > T\ _om + —\_om +  1a, 30%
- e e a, o
H N €O,Bu N2, CH,Cl;, MS3A, rt, 20 h o N ) MeO \N
H H CO;Bu CO,'Bu
1a 2a, 23% 3a, 20%
Schemel-4

ZDOFERNMAKSRATOFIREEZ DDA X ) =—TF b 3a DMENKELRNLHE LN, 2 b

D FATFEDWT Z D o-Chloranil & A WIZBEALIIED A N = A L& RO X HICHEE L -
(Schemel-5),
F 725, o-Chloranil NE R —/LDOER EOKFEEE KU FELTHI&HEE, AU T4 M
WCAZ ) =L 205N ML, £Z 5 o-Chloranil IZL 0V b KU KRG &b, EC7hH
FAURENST B NUOREIT, A =T AINELD, ZOA I =—T L 3 OIKGRIZ
Fovnmal /2RISR GEEZLND,
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- CI Cl

HO o
R2? R'
H,0 —
—_— OMe
— MeOH [o)

N E

2
(E = CO,'Bu)

Schemel-5

WIZERTHLE Y 22 OARSEHIZOWTHE L 72 (Schemel-6), £9 p- /L A
VT 4 VR E R E OFERRGE T CEH S22 A, A MK UVEN ML RICERIN R
U ab BDINR LGN, £l p- "V AT 4 VRO YR ZEC LT & 2 ABLRER S
ITLIEhvver Y 2y 5h AL LT,
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TsH (4 eq) Et Et
AcOH (0.2 eq) —
Ts
Ny, CH,Cl,, reflux, 1 h o
84% N ‘co,Bu
4b Et
o)
A (1.0 eq) Ny—Et
Et Et TsH (8 eq) Et Et MBu,P (2.2 eq) HN
=\ ome AcOH (0.2 eq) > — DBU (1.1 eq) - \
o Ny, CH,Cl,, reflux, 1 h THF, rt, 18 h
N 2; 2412, ) Ts s 1Y
H CO,Bu 65% 07N 68% (ZIE = 37/63) HN
H S Me
2b Bu0,C
5b
COLAllyl
/\/S“V'es (1.6 eq) c . 7Ab
t
CF;CO,H (1.3 eq)
N;, CH,Cl,, rt, 5d o H CHO
0,
74% N co,Bu HN—
N Me
6b Bu0,C
COLAllyl
A
Schemel-6

Z DEBASIEDFOGHERE TS XD X 5125 2 5115 (Schemel-7), § 72 b, BMERFETOT 0
fAb s A RV EOBBEDR, ECTEA I =T LB T AU BIZp- MV AV T ¢ UIRPIKE
THZETERMEGZ2DEBE20N5, 6, BWEIO p- ML AVT ¢ VEERFE T OEA
FOVEDIRITDRBEN T 1 AL S, BRMBAETT 5 LE 2605,

Bohlhrnrrnal s o shldil&iHE LA I v e —L A &S IF90E TR L 72 Wittig
DRy TV Ta2ITHTET, YER—LOEMITHET TE e, E/oRF—RBEMEGTRZ 1
I E LT, TUNVRIAFAL T E2HWET UAVEOEANZRAT, L LT U AEDOE
AT Z 53, Brrankzeael /v eb BN EoiT,
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0 ‘i\/ o

N N &

M| H

H

IZ

(E = CO,'Bu)
B

Schemel-7

Z DFOED FOSHEE 2 R4 5 728

7
\—‘\

TIUNTTUNRED X R~ L TV D 0% B
THHM T AFE OB ZE 2 72308 %2 AV CRJ& %17 - 72(Schemel-8), Z OfEH, IR
BT L7 ODREEICE

Burasniceul s reb B3 Eonz, LrL, HIFFLTWET U AT T
HEOILAMITHBECE TR RERIIG O N0 o T,

Et Et Et Et
Me, Ph  TFA(13eq) —
OMe + i _— H
o=, A 5"Me NpCHCLm1d | o \
N co,Bu (1.5 0q) N" co,Bu
2b 6b, 38%
Schemel-8

ZOFTH Lo BGOSR S E D K 9125 2 7-(Schemel-9), T 72b b,
B S & FRE - U 704 v BEEE(TFA)IC

FIBuN)

Ka7m bkl A P EORBEDO%, AL T2 =

VAHNFALBIZT VNI AFALLT RO RY FRKESTLHZ L TERMEZ S5 A D }:%
bbb,

ZORISIET L2 DE LRSI IA RN > T2 R 3 L O T
R2 R1

WHTZEE26N15,
2
H
fS(OMe HY ;ZT\S?OMG,\ ,
o N o N\ — MeOH
o
" R2? R!
R % SiMe, OJ\CFs J\:S(H
DV H _——— > o
° i‘\/ E Wb o HOE
f A
—  MesSi
H 07 Ncer, (E = CO,'Bu)
B
Schemel-9
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#2E 7TBREER EcBERRAHDERK

I

T bRz K 512, SR ETIL I E THEA ONREER B Y LY BV EEROE
FRAZERH) LBBRR N LA TV D, 7”7 4 N7 v 20 THL 7 12T /) v
(PCB)IZ DWW T b LA L % [ E L7238 RO G RICEI L T\ 5,

WHFFEE O, PEILE 15 MO SLIR(E % % Za,Fa TENZEIEE L7z PCB #%EKD A RRIZ K
BHLTWDR, Ea CTHEEL CD ROGMIT. ERHLRRETEZORAT v T2 0EL LT
(Scheme2-1),

Me

@ 8 steps
—_—

(o)

AcO
Allylo,C AllylO,C

Scheme2-1

— 5. YAFGEEOBEITHET 2 2 I KB TO Ea [HER CD RO AR TFIEAMENL L. T a v
7= T ENCKE R BV KO AR & K L 72 (Scheme2-2),

NH
o Jc o
Z~C0,'Bu Me
H NH
[Pd(PPh3), ] D
H H
ON "BuzP O N N\
D NaBr nBuLi D AllylO,C NH
Me\l< | Me S _— \ /c
= 1]
OAc ~PBu, CO,'Bu
MeO,C
o
Me NH Ve NH
AP 1) TFA S
2) HC(OMe);
5% Pd/C NH  3)DBU JoNH COAllyl
e /c c
7 >co,'Bu CHO
MeO,C CO,Me CO,H CO,H
5Za-15Ea-BV derivative
Scheme2-2
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Z T, RETIEBOARRE L FEEZHOW N AREEREAHO AR E ., GV — DS 57
HHRIZOWTHRE LIz RIZ oW TR 5,

F3. BROFEICHIY DEOGREIT T, =F A7V AFH L— M MBEWEE L, ~V
—iE - TEFME o A= UEREALEr—LER 8 A LT, £0%k, AHO= 2T VL
KFERT NI =LY FULEHNTETLL, kL7 va—v 9 27T/ L, mCPBA
ZHOWCERY M ~EEW LT, KB FTFEFT R O AEHWT RV EOREEFTL,
DEBROFBA L 250l /212 245K L 72 (Scheme 2-3),

1) "PrNO,, cat. Et;N

o 2) Ac,0, cat. DMAP Et CO2Et Et OH
R 3) TosMIC, DBU _ Z_g\ LiAIH, A
H” “COsEt > N N TS

H H
8 9
3 steps
55% 65%
Et OH A Et OAc Et OAc Et OAc
c,0
J \ cat.DMAP 7\ mCPBA — NaBH,4 =
e —_— —
N Ts N Ts (o) N Ts o N
H H H H
9 10 11 12
61% 88% 61%
Scheme 2-3
wIiz, CB &% % 1T - 72 (Scheme 2-4),
Wiz, CE13 DA %Y
CO,Allyl H CO,Allyl
Me DDQ (3.0 eq) o
MeOH (10.0 eq)
I\ —> [/ \
H N CO,Bu CHCI, H N CO,'Bu
H H
1 13
0.02M 7%
Scheme 2-4

ZORELE R BBRLRSII T ORE 2GS TALER Do, ) FORD, Ar—LE Bk
BAICLROBMEZ NS5 L VA MBER S 5T, 2T, AF—A7 v 75 LT 57010
VAR ORI 2 7 72 7= (Scheme 2-5), = DOfER, B ET57 47t K13 OIRITET LEIARK
MREET IR Lo TLE ST,

CO,Allyl OMe CO,Allyl H CO,Allyl CO,Allyl
Me DDQ (3.0 eq) (o] [o) Me
MeOH (10.0 eq) —
7\ T I\ * I\ + OMe
H™ N\~ ~CO,Bu 2602 H7 N7 ~CO,Bu H™ Ny~ CO,Bu 0Ny
N N th H CO,Bu
1 14 13 2
0.3M 25% 50% 7%
Scheme 2-5
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ZOFGTEAT—AT v T ERICEA TE RV, KISGEZEICHRFNT 2L & L,

B, 3EMEmLAERRn GOz, AR EOY &2 LT 2L L L, DDQ &AW
TS T, BOBRICAE T D Ra ¥/ 2R DDQH X b b 5§ 2 IR AR 72 s Tk
THZENHMBNTWD, T2 T, BWIEIC M2 2 HWTRIGEITo T2 & 2 A, BIAERY D3
EEMAEICETT VT B K13 2155 Z & 53T & 72(Scheme 2-6),

CO,Allyl H CO,Allyl
Me DDQ (2.1 eq) fo)
MeOH (10.0 eq)
I\ —> N
H N CO,Bu toluene H N CO,Bu
H H
0.25M 78%
Scheme 2-6

RIZ CD B8 16 D& R A 1T > 72 (Scheme 2-7),

NH
o  Jc
2 ~~c0,Bu o
H Me
NH
o, H Pd(PPh), o. H 13 P
N "BuP N Allyl0,C
D NaBr nBuLi D v NH
Me ~ —_— 3 3 [ Me 2 > o \ /C

THF/MeOH Neosm

OAc PBu, 2BU

12 12"
MeO,C
14
30%
o
Me
NH
\° 1) TFA
2) HC(OMe);
5% PdIC NH 3) DBU
e /c
CO,Bu
MeO,C MeO,C
15 16
crude 50%
Scheme 2-7

A L7-CDEBE16 # 2N FNRIEA L7~ PCBH ABBR BV AB B L I~ 7V 7 L 15Ea
& & BV17 3 L O PCB18 DA % % 1ER% L 7= (Scheme 2-8),
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MeO,C

TFA
MeOH
CO,Allyl
Me
Me
N=
HN
A\ TFA
MeOH
HN
B\ Me
CO,Allyl
Scheme 2-8
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FramCHalk 7= X 512, fix ONREER BV FHEARE Agpl & OFMERERICLY, 71 b2
7 AR O AR FREHNC K 58 HIT C15=C16 " FEfEA D Z1 D E~OBRMAL N R D AT
T ThHDHIEDPMERINTN SZs (IMEZ RO TRIE L TH PR REZEZ RN LD AR E
BERE DR AT UEMLDTE O OZFRIED Pr B S Pir BIA~ONEBIIHL BRI R THDH Z &N
IRENTZ, FT-UAFE=ED Khawn EBHIT 15 fLONARA L% Ea [EE L, & 5T 5 ALONLAREDE
ENTAREL 8 % RIRFICEE U7z ZENREER BV 8k Z G L Agpl. Agp2 DT R L7 E
EENENFRER L, Agpl., Agp2 fIIMEADWIN AR MV ZBIHIT 5 Z L1280, Agpl IZ81F
% Pfr BUDONLAR(LS2IE 5Zal5Ea, Agp2 @ Pfr %13 SEal5Ea TH 5 Z L& L, 7THREAEOHE
YT X0 Pfr BLOFS A O SLARIL T3 B 72 5 al§EME %2 7~ L 7= (Figure 3-1), **

Pfr / Agp1 Pfr /| Agp2

CO,H COzH CO,H CO,H

5Za-15Ea-2,18diEt- 5Ea-15Ea-2,18diEt-

CO,H CO.H CO,H CO,H
5Zs-15Ea-2,18diEt- 5Es-15Ea-2,18diEt-

Figure 3-1

Z 2T, Agpl IZBT D Pir B ONK(LFETH % 5Za [BHER AB BROARITLL T DO X 51297 -C
W % (Figure 3-2),
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=
RO,C CO,R COR Bu0,C cl

H
HN—)
Bu0,C._ _NC  + + — ~
N K\\ Bu0,C

COR

Figure 3-2

Thibb, AREBREZN Yy 7Y 7 LI, 0 FRREEBRBISIZE > TRILT 2 Fikx &
STWD, ZOFIETEMBELZFF-T-BR/LETHY , ~ U =i, N— bz kmd
% BEROAK TIIMBEAICH YT 52 EREZRIONOEALIRETAR L 2TE 26T, F
et T o= hfbEMOEHR b LETH ST,

Z 2T, 28 TRz Ea EER CD BUSMI, Za EER AB BRI L TH B r—L{bEW D
LBV EREIRAL ZTEH L2 A FIRE TIX R W N E B 2. BRI O B3 23 A 7,

H1HE o= LB OMILIIEERALIZ IS < BREA L HIE DB 3

Tebb, B%:%%ﬁ%fﬁ%Dmg%mmt%MEﬁ%®ﬁ%:;@%Aﬁézk?\%%
ﬁﬁb‘fb\f: BB 7 —/L s %Aﬁif%ékfézt(SchemeS 1),

NH DbQ one-carbon
MeOH MeOH_ o homologatlon reductlon
/ coBu — > / Lo N - R —— / coBu — > / CO,Bu

COLAllyl COLAllyl COLAllyl COLAllyl
B,C-ring

Scheme 3-1

%ﬁﬁiﬁi%kiﬁ%f%é$wiwﬁn~w13k%%%y%?wFU7I:w$x$:7
L7 vl RaEHWD Wittig OSIZE Y, e T 5 AFre=1x—7/119 & L7 (Scheme 3-2),
’@%%WE%wz—Tw%&%mmem MRTHZ LT, REEN 1 OEL o T AT
FEHELZENTED,
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COLAllyl
H
o
J\ (1.0eq) MeO CO,Allyl
CO,Bu
- N 2
cl H 13 {
5 "BuLi (4.5 e
MeO._PPh; (4.5 eq) > > )\
THF,0°Ctort,1h THF, rt, 10 min CO,'Bu
N
(5.0 eq) H
19
75 %
Scheme 3-2

Z T, a2 DFRMETAF VL =L —T VORI R % 7= (Table 3-1), LirL, BHAYE L
R LT VT e R20 13860 eholz, &5, HEEL/{T Lo 2Lk U % AV 28
B BUGKHIA RS 02 L B = =T bR LTz, Wittig BOSZ T 2FOT V7 B N 13 28
BONDRER Lo, Fo, BT A X ) — LB RWER TR LS 72 Y A F LT | 4
—L 20 ELNTZD, RINEKRTH - T,

MeO, CO,Allyl H CO,Allyl CO,Allyl MeO,
) o H OMe o, Ayl
o
reagents
I\ 1\ I\
CO,Bu solvent N~ ~CO,Bu N~ ~CO,Bu N~ ~CO,Bu
H H H H
19 20 13 21

Entry reagent solvent Yield / %
1 amberlyst 15 THF trace
2 HCI aq. THF 13 (20 %)
3 TsOH+H,0 THF 13 (26 %)
4 cat.TsOH*H,0 THF/MeOH 21 (22 %)
5 MeOH
6 TMSCI, Nal MeCN

Table 3-1

Ay iR Z it LT BB, 'THNMR JIE D72 OICEH 7 B a RV AICEN L T TF 2 —
THOAFLE= A= L19 73, MASRL TS L% R L7z, NMR TREZLEE -
TAER, RUSHZET 5 b OO B HOIMAD IR LEBEHIICET LT 5 Z LRy ot
(Figure 3-3), & I, Wittig RUSOHERM 287> LTc Y o 70 Tid, X0 R TR g3
HEITLTNDZ L bR TE 2,
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MeO CO,Allyl H CO,Allyl
1H NMR ;s o
N7 COzBu cDCly N~ CO,Bu
@ A
‘ 1 ® H Oh
Y 1

21h

= »

anai

[ N L 1 UL_) L lh)“ \_,J

45 h

69 h

L . L w

A i 141 h

Figure 3-3

ZOEELEIEIZ, Wittig BUSE T VAR > B TOMKGIRIZONTHMgt Lz 2 A, B ET
HTNT R R20 24552 ENTEREN, KRE L TRILE TH - 72 (Scheme 3-3),

CO,Allyl
H
o
R (1.0 eq) MeO, COLAllyl H CO,Allyl
N COzBu / o
cr H
. "BuLi (2.5 eq) 13 HCI (2.5 eq) I +
MeO._ _PPh; > > >
~ THF, 0°C tort, 10 min THF, rt, 68 h t,72h N~ €O Bu N~ ~CO2Bu
(2.5 eq) H H
19 20
36% 22%
Scheme 3-3
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ZIT, IORDLIEMORFEIToTe, Thbb, Wiz 7 nakLa b L, EMAERDO
EODRRIEH LV BRI CEIT L2 e, BINAIE LTRY 7= VR AT 4 VXY RE
MBS EBF LTz, LoL, WTFROEAIZBWTEH NMR % 7T o — 7 o R % HEl
T DHIZIEE 5 72> 7= (Table 3-2),

MeO, CO,Allyl H CO,Allyl  MeO,
l o OMe  co,Allyl
reagents
7\ — > [/ \ 7\
N~ CO,Bu solvent N~ CO,Bu N~ CO,Bu
H H H
19 20 21
Entry solvent reagent Yield / %
1 CHCl; -
2 CHCI; HCI
3 CHCI, HCI,OPPh;
4 CDCly -
5 CDCl3 TMS
6 THF TsOH+H,0
7 CHClI; -
8 CHCI3/MeOH cat.TsOH*H,O 21 (56 %)
9 wet CHCl;  cat.TsOH<H,0, -

OPPh,

Table 3-2

ZZ T, NMR F 2 —T7WNTOHMKDIEN S ELEITLTCWDEKEEZ B L, RIF2HE
T L L,

7DmTwAiM%ﬁET%K;D%%L\$x€yﬁ%$¢é:kﬁﬂ6hfwém@m
3-1), °

cr
co
HCI 9. o
cl—c o

hv ¢ ¢ ¢ 02 X1 —L-o00" co
—-L= 2

cl— c —>0| c 00" —»Cl— c o° hv . A20

/2 0, [ 2

b B 0, o

. i
cl Ho, Ci—C-cl —3>Co + Cl

Cl
Cl—C—Cl —

¢’ HCl c ci
L_Am C —>c| COO—>C| CO‘A

CI 0, CI 0, Cl— C Cl

cr

Cl— C
CI C oo’ A»COZ

/20,

Figure 3-1

Fio, RAFAIKE G LHELKFEZRAEIEL 2L HMONTND, 2 OHMKDEIEIZ
BT, i&DHTwATLﬁﬁﬁT%&w L TN T EERSEBERWCE e kv
LT :inﬁmi FEAEHEITLNWZ ., BEFITOHDIREN A S TWVWDHEZ o kL A TIEK
JEDEIT LN &b, EﬁDDTWAﬂ TR L CHAE LT AR E 70 I3 EmE A LK SE L&
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GENTVEKRDICE > TIKSEREITL TWD EEX B2 5, £2, HEREZHWZBICAW
R OPEEPMENZ D HALKFELEKOBEEBEIBO TEETHL EEZX LD,

ZI T, 207 auRVAORRERBRT 5 KA UEMKE LTElAXY Y LA
WHZ EEBZ T, HbAFH YL bKEDKIETHEAKZELRAESEDLZ ENTE D, EEIZ
O 2 el A T2 A S AR08 0 ISR A T T L B AF2RR CHINE T 57 L5 e K20 2455 =
& N T & 72(Scheme3-4),

MeO, CO,Allyl H COR

(o]
4
/ \ (COCI), (1.0 eq) / \ ,
N N CO,'Bu

CO,Bu  GHClI,, rt, 10 min
H H
19 20
68 %

Scheme 3-4

ZITCHEEE LTHWEZ maB L AE, BERAIE LT ) — v Z2ETHRO b O (Kanto
07278-8) & T D F FHW=N, =& ) — M XD MKDRREEIG~DEELZ 2 bz, &2 T,
NRUAXTNANTE REROAF AL E=Z LT =T LPB-A FFTAFLNERELE L ZELAIE LT
T IV Q- TNEATHEBNKZ 1 a kL A(Wako 031-21935) 2 VW T, KeE=HZ ) —d
WEBIZOWTHRF Lz, ZOMRER., =¥/ —VIEFET T, B2z —TF L OHERENIEF
WZENST=Z b, =& ) — VTSRS RINKGIRICMETHDH Z ERNbnrol, =4 ) —b
ATV VL L0 EACKRBERESLITERT D2 &, RRELTEADBND, =&/ —)L
1%E, K1IYEBFEET., FRE= L —T L ONMKSMRAEIRT 1R TEIT L, ST 5 1
RFEWKT VT & RRNERHEOLND Z & Zhfid L7-(Table 3-3),

(COCl); (1.0 eq)
EtOH (1.0 eq)
OMe H,0 (1.0
R/\r” 20 (1.0 eq) » R”cHo
CHCl3, rt, 1 h
Entry R Yield / %
1 CeHs 75
2 P(MeO)CeH 4 93
3 P(BnO)CgH,4 90
4 P(MeO,C)C¢H,4 79
5 CgH5CH,CH, 89

Dehydrated chloroform stabilized by amylene
without ethanol was used as a solvent

Table 3-3
CBEYr—ILTLATE FHEOE= L —F /119 OBE, WHEOELETIKSEE1TS &, +

TFNT AT IS OMAKSELEIT LT LE S0, HREBICTHZLIicky, IERR L #
RLIET AT K20 2155 2 N TET-,
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ZDOTNTE REKFAYRFT NI U LAZHNTGELCL T Va—122 L5552 LT kK
BRA AL L T2 Za [EER AB B2 O B BR~ & B35 = & 73T & 72(Scheme3-5),

H CO:R HO COLAllyl
o
NaBH, (1.0 eq)

I\ —>  [/s\
N CO,'Bu  MeOH, 0 °C to rt, 10 min N CO,Bu
H H

20 22

89 %
Scheme 3-5

928 SLAREERIE ARG A~ OIS

1 HI Tl 7 B RE A HAE ISR E ER AB BR72 1T T < SAAKE ERL CD BRA AR b H T
XHHbDEEXT, bbb, HRLET VT E K20 % D BB & O Wittig SKOSIZHWS Z &
T, ERARK LTz 8 BEREER Ea [EER CD %2 LV RMICER TE 50 TIER 0N ES
Z1z, XOBRMIZS BRETEM L AR T D2 ENTENIE, 2FE TR 7 BB TO Ea [HER
CDERAMEAGDLEDLZ LT, THRZ NI EIZHRY AETT-BEORFHOE N L 5 HEOBE
DARE L 72 D,

CERIZOWTIIMETORE R, Wittig SFUSERE R ZATHOTITHARD ORIE T, B@HF D7 v ok
V(B ) —VEREACHIN O A 0 U S XD IKG AT 5 FER A —v & BT
BRCHED TH D Z LMD D o 7= (Scheme 3-6), D B2 % & RO FETAK L,

CO,Allyl
H
o
I\ (1.0eq) MeO CO,Allyl H COR
N7 CO,Bu / o
or H
MO Bon "BuLi (4.5 eq) 13 o I\ (COCI), (5.0 eq) J
e Y > _
T IHEooCtort, 1h THF, rt, 10 min N~ ~COBu  CHel,, rt, 10 min N~ CO2Bu
(5.0 eq) H H
19 20
69 % (2 steps)
Scheme 3-6

CER & D EBRO Wittig UM 2 B L [FRDOFIETIToTe, TORER, BET DD v 7 U 71K
23 I ONTELDDRIGTELDRAT 4 oA XL NEDBBENRRNEETCH-T-, £7-. BIAERY
& U TR D0 T Wittig SUSEST L72 Y B —)L 24 7345 5 1172 (Scheme 3-7),
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H CO,Allyl
o
2 o
(1.0eq) me NH
1\ NH
[Pd(PPh;),] (0.05 eq) N7 ~CO;Bu X
Me OAc ,, H N\
BusP (10 eq) . NH Me' N
— NaBr (2.0 eq) . 'BuLi(1.0eq) 20 - \ J . Me
> > L VZ
0™y THF /MeOH, reflux  -70 °C to -20 °C .20 °C to rt, overnight CO,Bu N
H overnight ==
12 MeO,C
Me0,C CO,'Bu
23 24
* 22 %
_PPh
o*
Scheme 3-7

ZORVERMIRAR =T D EZ TR T DERICEA ML EIT L, LERWVEEDRAR=1D A
HWBERL LTo T2 & & 2 B % (Figure 3-4),

AcO\ . Br
Me OAc Me Pd Me PR,
pEC I s G o
o —_— s
N 0PNy 0PNy
H H
AcO\
Me Pd Me Me Me
0Ny 07N~ PRy
H H
Figure 3-4

Fo. TEBROGE TIEZORIAERITBIEINT, RKIGOT VT b RREIRS ATV Z
EMB . TATE RN 1 IREDELS o7 Z L CHREEN/ NS eo oD B L&A
AR= LEE SIS LD TIER WM EB 2 b5,

Bohlyeae— L2302 B\EMGEETCTL2EHMNOTER— L 28 WERL, RAT 4 %
FURNEGHET L2 ZLNRTE, PRITWMRETE D HDOTIERWA, HEERERS 2 ZLRn T
(Scheme 3-8),

o o)
Me NH Me NH
N\ N\
NH 5% Pd/C NH
e
~~CO, Bu  MeOH, Hy, rt, 6 h 2 ~C0,Bu
MeO,C MeO,C
23 25

20 % (2 steps)

Scheme 3-8
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HEEL 722t r— L 25 26 L C, RO FIETERILAZR AT ZARBNE T D8R

MR EE 2 N5 VR IR 2T RZ N4 S 172 (Scheme 3-9),

o
Me NH
X
NH TFA (5 ml/mmol) - (MeO);CH (5 ml/mmol) -
~co,Bu ,2h n,2h
o)
Me NH Me
MeO,C QN
25
DBU (4 eq) - / NH .
THF, 60 °C, overnight Z~~CHo

MeO,C

26

36 %

Scheme 3-9

&
W
i

fbik 26 &

NH
OHC
NH
!
-~ ~~CHO
MeO,C
27
21 %

BB L 72 VRV UK 27 1275 DBU CHLBET 5 2 L TERILIK 26 ~ L BT 5 Z LT 7=

(Scheme 3-10),

o) o)
Me NH Me NH
N\ \
OHC DBU (4 eq)
NH — NH
THF, 60 °C, overnight /A
~~~CHoO ~~~CHO
MeO,C MeO,C
27 26
75 %
Scheme 3-10
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A fE

FEWNIZTFET DT ROFREAE 7 ¢ b7 v M, FEER E D660 nm 35 K08 730 nm) & %
UL, AIHICH B S5 DO BVER Pr B OV Pl BUCEET D, ZONSUSIE TR « &R
BTG & FFEL, M ORAERLAER . 3B Ok TR R 2 fili# 4 5 L CHE
EEIZRIL TS, ZOT7 4 M7 AFARMT T vr— /(B NEFREAME LTS,
TREAEFTOVAT A UKL A BRI CTFAT—T A LIERETHEEL 0D, F7,
HAEBOWIE T, BEMOEr —VERELZHE L TV DRERFE D ZEiEGR X OHEES O
O Claliz LC, Z, E, syn £721% anti OSAKELEN NS SARKEEE & 0155, IRENA Y FLiE Pr
AP B F- 2 OFRMREBICE T D 7 4 b7 v ARG ORI oW TR 7 /A
ZHN, ENEDOT —Z OFFFRITAR— T, BBICIIHEH S TH2Rn,

YRR TIXT 4 b7 v AFAMOMEE L HRELZ AT 52H0T, %7 1+ b7 v LAOFEAH]
THDH POB RV T /NI T VAT 4 huhOREHTHD PCB, £/, HHEONRI T U T
WIZEEND 7 4 N7 e AFEEREORAMNTHD BV OFK, X HICH 4 OEHILELE PCB
LBV FEROERKIZEKI L, TN OEKBEM E T REBE & D invitro X Winvivo \ZF1F 5
FRER RS . 2 < OBREWA 25 TE T,

FERAHONETE2H LN UOEE L, BRI E RATRRICT 2 Z L TEIX, BAH
DOAEEN T 4 b7 0 AOBERRIZKIET AL invitro X RNinvivo B W THEBEBBETX 5L WVWH &
A5 PrAY Pfr WO NAARELE & NEARBLE Z2 IR ET D70, SIMEFEABEE L2 4 b7 v b
O OB EZITV, Pr T ¢ b7 v LD 56O SRS Z-syn (5Zs). 15 (LD SLARALS:
X Z-anti (15Za) ToH 5 Z & B L7-, £ 7= Pfr BTl 15 MO SAR LS E-anti (15Ea) TH 5D Z &
IR LTS, SOLONARIZ 7 A EBEOREEIC LD 2720 | Agpl IZB W TIX Z-anti (5Za), Agp2
Tl E-anti SEa) THHZ EEZH LT LT,

NSO A ONAKEER T ¢ b7 n ARAHOEHKIZIE, FEOR S OKFAH, Hx DERE
B2 —bEMOERBHELLR D, L, ZboEBEEEMT Y 0 — L bEY
DERMICENT, BEHREELEZ D720DI120F, HE LR — L AKREZORESR L722T T
BT, ZOD, ARRESAERE CEEM RO Lo TLEW, £o, AR OERST
e DERRIEZEAT D720, ZOBROKISICBWTHEIBUSHE Z 0 03 < IREMEL 8o T
LEI LW MERD T,

Z 2T, Hflile v n — bR FIE T O — U bEME BT H T LR TEIL,
L VRO TR AR OBRENAREL 72D L& X, v u— 1 LEOBILE RIS
WTHRERN L7, EORER. /7 U RBICRIDNR RO EZ R T2 2 RH L, Er—ibs
Y ORIV B BB R b & B L T2,

% 1 = TIX 0-Chloranil & % 2 — L& OBILIZ DWW TR~

Bt o — A bEWELE E LTHW, A ¥ 2 —UAFTET o-Chloranil (2 X 2 EE{LEG % 5EHE
ICHET LR, B — L BROABLInAERThirr e ) ) UARNETHELNE, ZOK
IS 2D BETWBIF % - T F VT AT VNG bV T D & e HEITE T 3L L 4 (O E R
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EOZBIBREINGR 2T, £, T VNNVHIRATH S TEMPO Z M THMUSITHETT S
ZEMB T VRNV ORSERMITE 212 < RARETORISIZBWTHHEEZEZ bLD
{LEMDBHEBES N2 D, A A VRIS Z IR R T 52 LN TE T,

WIZ, fFonizenl ) DA M VEOBEBBISIZOWTHE Lz, £ORE%R, il &oiE
FEIFIET p- MV U AT 4 VBRI SEA ZLI2k 0, b ol ) o~ 52 LR
T&E, Zobhyavrrl gk, Witig B> 7Y VRONZED Y r— L OERICFIH L
7o Flo. RE-RBHEAEREENE LETINAL R AFALLT U EORGTIH, FHLZE-
ToRITPUG LT LTz, Z OIS, SERBITAR A 5 T2 RFHLOBEITLLT L2 O A FICH A
T&EDEMFFEND,

852 BECIL 7 BEREER Ea B ERFE AR 0GR OV TR,

BEISTd % DDQ & M7z 2 BERE R b BOSIE, FEBR OGBS 2 1213 2 it &3 %
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Experimental

The 'H NMR spectra were recorded on JEOL JNM-GX Lambda 400 and Lambda 300 NMR
spectrometers. The chemical shifts were determined in the d-scale relative to Si(CHj;), (d = 0) as an internal
standard. The IR spectra were measured by a JASCO FT/IR-230 spectrometer and the MS spectra were
recorded with Hitachi M-80, JEOL SX-102A or Bruker Daltonic micrOTOF-II mass spectrometers,
respectively. All solvents were stored over drying agents. Thin-layer chromatography (TLC) and flash
column chromatography were performed using Merck's silica gel 60 PF,s, (Art. 7749) and Cica-Merck's
silica gel 60 (No. 9385-5B), respectively. Commercially available reagents were used without further

purification, unless otherwise noted.

33



W
5

< Chapter 1>

tert-butyl 2-methanamidoethanoate

(o}

I

H H/\cozfau

Stirred formamide (162 g, 3.6 mol) with 3 M NaOMe in MeOH (150 ml, 0.45 mol) under N, for 15
min. After removing MeOH under reduced pressure over 2 h, fert-butyl 2-chloroethanoate (67.725 g, 0.45
mol) was added at room temperature. After stirring overnight, reaction was quenched with water and
reaction mixture was partitioned between AcOEt and water. The organic extracts were washed with brine,

dried by Na,SO,. After evaporation of solvent, the crude product was obtained as an oil.

tert-butyl 2-isocyanoethanoate
'.C‘\N/\cozfsu

To the mixture of fert-butyl 2-methanamidoethanoate (31.8 g, 0.2 mol) and Et;N (101 g, 1 mol) in Et,0
(320 ml), phosphoryl chloride (33.73 g, 0.22 mol) was added dropwise over 1 h at -5 °C. Affter stirring 2 h
at -5 °C, reaction was quenched with ice and reaction mixture was partitioned between Et,O and water. The
organic extracts were washed by saturated aqueous solution of NaHCO; and with brine, and dried by

Na,SO,. After evaporation of solvent, the residue was distilled, and the product was obtained as an oil.

Bp. 61 °C/4 Torr
IR (neat) 2960, 2146, 1745, 1360, 1290, 1240, 1220, 1150, 930 cm™".
'H NMR (CDCly) §=1.51 (s, 9H), 4.07 (s, 2H) ppm.

Allyl 4-hydroxybutanoate

Ho/\/\n/ RN
)

To the mixture of y-butyrolatone (4.3 g, 0.05 mol) and water (12 ml, 0.65 mol), DBU (8.3 g, 0.055
mol) was added dropwise with stirring for 30 min, and then DMF (14 ml) was added. After stirring for 1 h,
allylbromide (13.3 g, 0.11 mol) was added dropwise. After stirring for 3 h the reaction mixture was
partitioned between EtOAc/Et,O and water. The organic extracts were washed with brine, dried by Na,SO,.

After evaporation of solvent, the crude product was obtained as a colorless oil.
IR (neat) 3419, 2954, 1733, 1439, 1374, 1321, 1255, 1169, 1062, 871 cm™".
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'H NMR (CDCly) d = 1.90 (tt,2H, J = 6.2, 7.2 Hz), 2.17 (br, 1H), 2.48 (t,2H, J = 7.2 Hz), 3.69 (t,2H, J =
6.2 Hz),4.59 (d,2H,J =5.7 Hz), 524 (d, 1H, J = 10.3 Hz), 5.32 (d, 1H, J = 17.2 Hz) 592 (ddt, 1H, J =
10.5,17.2,5.7 Hz) ppm.

MS (EI) m/z = 144 (M+, 0.39%), 143 (M+-1, 046), 74 (100), 57 (58.16).

Allyl 4-oxobutanoate
[o]

H)l\/\n/o\/\

(o)

To a solution of (COCI), (2.8 g, 22 mmol) in CH,Cl, (10 ml) at =78 °C, DMSO (3.12 g, 40 mmol) in
CH,Cl, (3 ml) was added dropwise, followed by addition of allyl 4-hydroxybutanoate (2.88 g, 20 mmol)
dropwise. Then triethylamine (10.1 g, 100 mmol) in CH,Cl, (20 ml) was added dropwise. After stirring for
1 h, the reaction was quenched by adding ice. The reaction mixture was extracted with Et,0/H,0, and the
organic extracts were washed with brine, dried by Na,SO,. Then the solvent was evaporated to afford crude

aldehyde as a colorless oil.

'H NMR (CDCl,) 6 =2.67 (t,2H, J = 6.3 Hz), 2.82 (t, 2H, J = 6.3 Hz), 4.60 (d, 2H, J = 5.6 Hz), 5.25 (d,
1H,/=104)532(d,1H,J=17.1 Hz),5.92 (ddt, 1H,J =10.5,17.1,4.6 Hz), 9.82 (s, 1H) ppm.

Allyl 4-acetoxy-5-nitrohexanoate and ally 5-nitrohex-4-enoate

COLAllyl CO,Allyl
O,N OAc O,N

To a mixture of allyl 4-oxobutanoate (0.755 g, 5.3 mmol) and nitroethane (0.4 g, 10.6 mmol), Et;N
(0.1 g, 1 mmol) was added dropwise at 0 °C, and the mixture was allowed to stir overnight at room
temperature. Then DMAP (130 mg, 1 mmol) and THF (5 ml) were added and Ac,O (0.6 ml, 6.3 mmol) was
added dropwise at 0 °C. After stirring for 4 h, the mixture was quenched by MeOH (2 ml) for 15 min. The
solvent was removed under reduced pressure and the residue was partitioned between EtOAc and water.
The organic extracts were washed with both a saturated aqueous solution of NaHCO; and brine, and dried
over Na,SO,. The solvent was evaporated, and the product was isolated by flash column chromatography

(Si0,, Hex/EtOAc = 3/1, v/v) to give a mixture of acetate and nitro olefin (800 mg).
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tert-butyl 3-(3-allyloxy-3-oxopropyl)-4-methyl-1H-pyrrole-2-carboxylate

CO,Allyl

CO,Bu

Iz

To a solution of tert-butyl isocyanoacetate (1.27 g, 9 mmol) in MeCN (10 ml), DBU (2.95 ml, 19.8
mmol) was added at - 40 °C under N,, followed by dropwise addition of a mixture of allyl
4-acetoxy-S-nitrohexanoate and ally 5-nitrohex-4-enoate (1.98 g, 9 mmol) in MeCN (5 ml). After stirring
overnight at room temperature, the solvent was removed under reduced pressure, and the residue was
partitioned between EtOAc and water. The organic extracts were successively washed with a saturated
aqueous solution of NaHSO3, a solution of NaHCO3, and brine, and then dried over Na,SO,. The solvent
was evaporated, and the residue was separated by flash column chromatography (SiO,, Hex/EtOAc = 4/1,

v/v) to give compound 1a (2.11 g, 80%) as white crystals.

Mp 49 °C (from Hex)

IR (KBr) = 3320, 2977, 1720, 1685, 1455, 1408, 1368, 1243, 1135, 1050, 933, cm™

'H NMR (CDCl;) § = 1.56 (s, 9H), 2.05 (s, 3H), 2.59 (t, 2H, J = 8.1 Hz), 2.78 (t, 2H, J = 8.1 Hz), 3.03 (t,
2H,J=28.1 Hz),4.18 (t,2H,J = 8.1 Hz),4.58 (d,2H,J = 5.9 Hz),5.24 (dd, 1H, J = 10.5, 1.5 Hz), 5.32 (dd,
1H,J=172,15Hz),592 (ddt, 1H,J=184,11.6,59 Hz),6.70 (d, 1H, J = 2.8 Hz), 8.57 (br, 1H) ppm
HRMS (TOF) (M*+1), Found: m/z 340.1775. Calcd for C,,H,sNOg: 340.1760.

tert-butyl 3-ethyl-4-methyl-1H-pyrrole-2-carboxylate

Me, Et

Pyt
H™ Ny~ ~CO,Bu

H

The procedure used for 1a was followed with zers-butyl isocyanoacetate (0.804 g, 5.7 mmol), DBU
(191 g, 12.54 mmol), 2-nitropent-2-ene (1.0 g, 5.7 mmol).

IR (KBr) = 3320,2971,2931,2871, 1672, 1400, 1281, 1146, 1110 cm™

'H NMR (CDCls, 300 MHz) 6= 1.12 (t, 3H, J = 7.41 Hz), 1.56 (s, 9H), 2.02 (s, 3H), 2.74 (q, 2H, J = 7 .44
Hz),6.62 (d, 1H,J = 2.04 Hz), 8.63 (br, 1H) ppm

HRMS (FAB) (M*+1), Found: m/z 196.13308. Calcd for C,,H,(NO,: 196.13375
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tert-butyl 3,4-dimethyl-1H-pyrrole-2-carboxylate

Me, Me
I\
H N CO,'Bu
H

The procedure used for 1a was followed with zers-butyl isocyanoacetate (1.41 g, 10 mmol), DBU (32.8
ml, 22 mmol), 2-nitrobut-2-ene (0.701 g, 10 mmol).

IR (KBr) = 3325, 2973, 2927, 2866, 1663, 1462, 1401, 1283, 1148, 1110 cm™"
'H NMR (CDCl;) 6 = 1.64 (s, 9H), 2.00 (s, 3H), 2.24 (s, 3H), 6.63 (d, 1H, J = 2.28 Hz), 8.73 (br = 1H) ppm

tert-butyl
3-(3-(allyloxy)-3-oxopropyl)-2-methoxy-4-methyl-5-0x0-2,5-dihydro-1H-pyrrole-2-carboxylate

CO,Allyl

OMe
H CO.'Bu

[Procedure] (Tablel-1 entry 1)

To a solution of o-chloranil (222 mg, 0.9 mmol) in CH,Cl, (12 ml), MeOH (0.12 ml, 3 mmol) and a
solution of 1la (88 mg, 0.3 mmol) in CH,CIl, (3 ml) were successively added at rt under a nitrogen
atmosphere. After stirring for 20 h at rt, the reaction mixture was passed through basic aluminium oxide
(Merck 1076) to remove the catechol and the solvent was evaporated under reduced pressure.

The residue was separated by TLC (SiO,, hexane/AcOEt = 2/1, v/v) to give 2a (52 mg, 51% yield) as an

oil.

IR (neat) = 3320 2979, 2935, 1736, 1449, 1371, 1255, 1170, 1113 cm™.

'H NMR (CDCl;) §=1.48 (s, 9H), 1.88 (s, 3H), 2.55 — 2.77 (m, 4H), 3.18 (s, 3H), 4.56 (d, 2H, J = 6.0 Hz),
5.20 (dd, 1H,J=10.5,1.5 Hz), 5.28 (dd, 1H, J =174, 1.5 Hz), 5.90 (ddt, 1H, J =174, 10.5, 5.9 Hz), 6.47
(br, 1H) ppm

*C NMR (CDCl,) 8 =8.6,21.0,27.7,31.2,50.6,65.4,84.0,91.6,118.5,131.9, 133.6, 149.4, 166.3, 172.0,
173.4 ppm.

HRMS (FAB) (M*+1), Found: m/z 340.17542. Calcd for C;;H,(NO: 340.17601

[Procedure] (Tablel-1 entry 2)
The procedure used for 2a was followed with o-chloranil (222 mg, 0.9 mmol), MeOH (0.06 ml, 1.5
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mmol), 1a (88 mg, 0.3 mmol).
The residue was separated by TLC (SiO,, hexane/AcOEt = 2/1, v/v) to give 2a (59 mg, 58% yield) as an

oil.

[Procedure] (Tablel-1 entry 3)

The procedure used for 2a was followed with o-chloranil (222 mg, 0.9 mmol), MeOH (0.04 ml, 0.9
mmol), 1a (88 mg, 0.3 mmol).
The residue was separated by TLC (SiO,, hexane/AcOEt = 2/1, v/v) to give 2a (59 mg, 58% yield) as an

oil.

[Procedure] (Tablel-1 entry 4)

The procedure used for 2a was followed with o-chloranil (222 mg, 0.9 mmol), MeOH (0.024 ml, 0.6
mmol), 1a (88 mg, 0.3 mmol).
The residue was separated by TLC (SiO,, hexane/AcOEt = 2/1, v/v) to give 2a (62 mg, 61% yield) as an

oil.

[Procedure] (Tablel-1 entry 5)

The procedure used for 2a was followed with o-chloranil (148 mg, 0.6 mmol), MeOH (0.024 ml, 0.6
mmol), 1a (88 mg, 0.3 mmol).
The residue was separated by TLC (SiO,, hexane/AcOEt = 2/1, v/v) to give 2a (28 mg, 27% yield) as an

oil.

[Procedure] (Tablel-1 entry 6)

The procedure used for 2a was followed with o-chloranil (296 mg, 1.2 mmol), MeOH (0.024 ml, 0.6
mmol), 1a (88 mg, 0.3 mmol).
The residue was separated by TLC (SiO,, hexane/AcOEt = 2/1, v/v) to give 2a (58 mg, 57% yield) as an

oil.

[Procedure]

To a solution of o-chloranil (222 mg, 0.9 mmol) and MS3A (500 mg) in CH,CI, (12 ml), MeOH
(0.0.24 ml, 0.6 mmol) and a solution of 1a (88 mg, 0.3 mmol) in CH,Cl, (3 ml) were successively added at
rt under a nitrogen atmosphere. After stirring for 20 h at rt, the reaction mixture was passed through basic
aluminium oxide (Merck 1076) to remove the catechol and the solvent was evaporated under reduced
pressure.

The residue was separated by TLC (SiO,, hexane/AcOEt = 2/1, v/v) to give 2a (33 mg, 32% yield) and 3a
(21 mg, 20%) as an oil.
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'H NMR (CDCly) §= 144 (s, 9H), 1.83 (s, 3H), 2.53 — 2.69 (m, 4H), 3.26 (s, 3H), 3.98 (s, 3H), 4.56 (d,
2H,J = 6.0 Hz), 5.20 (dd, 1H, J = 10.5, 1.5 Hz), 5.28 (dd, 1H, J = 17.4, 1.5 Hz), 5.90 (ddt, 1H, J = 17 4,
10.5,5.9 Hz)ppm

HRMS (FAB) (M*+1), Found: m/z 354.19234. Calcd for C gHxNOg: 354.19166

tert-butyl 3,4-diethyl-2-methoxy-5-0x0-2,5-dihydro-1H-pyrrole-2-carboxylate

Et Et

OMe

o
N coBu
[Procedure]

The procedure used for 2a was followed with o-chloranil (2.22 g, 9 mmol), MeOH (0.24 ml, 6 mmol),
1b (670 mg, 3 mmol), CH,Cl, (150 ml)
The residue was separated by flash column chromatography (basic aluminium oxide (Merck 1076),

hexane/AcOEt = 2/1, v/v) to give 2b (641 mg, 78% yield) as an oil.

IR (neat) 3225, 3092, 2976, 2937, 2878, 1736, 1709, 1460, 1394, 1369, 1287, 1256, 1161, 1117, 1061,
1002, 844,824,788 cm™

'H NMR (CDCl;) 6= 1.11 (t, 3H,J = 7.3 Hz), 1.16 (t, 3H, J = 7.8 Hz), 1.46 (s, 9H), 2.31 (q, 2H,J = 7.3
Hz),2.36 (q,2H,J=7.8 Hz),3.17 (s, 3H), 6.24 (br, 1H) ppm.
*C NMR (CDCly) 6 =12.1,12.8,16.4,18.1,27.2,50.0,82.7,91.2,137.2,152.1, 166.4, 173.9 ppm.
HRMS (FAB) (M*+ 1). Found: m/z 270.17018. Calcd for C,;H,,NO,: 270.17053.

[Procedure]

To a solution of o-chloranil (111 mg, 0.45 mmol) and TEMPO (69 mg, 0.45 mmol) in CH,Cl, (7 ml),
MeOH (0.012 ml, 0.3 mmol) and a solution of 1b (33 mg, 0.15 mmol) in CH,Cl, (1 ml) were successively
added at rt under a nitrogen atmosphere. After stirring for 20 h at rt, the reaction mixture was passed
through basic aluminium oxide (Merck 1076) to remove the catechol and the solvent was evaporated under
reduced pressure.

The residue was separated by TLC (SiO,, hexane/AcOEt = 2/1, v/v) to give 2b (32 mg, 79% yield) as an

oil.
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tert-butyl 2-methoxy-3,4-dimethyl-5-0x0-2,5-dihydro-1H-pyrrole-2-carboxylate
Me, Me

OMe
N

N ‘co,Bu
[Procedure]
The procedure used for 2a was followed with o-chloranil (222 mg, 0.9 mmol), MeOH (0.024 ml, 0.6
mmol), 1¢ (59 mg, 0.3 mmol)
The residue was separated by TLC (SiO,, hexane/AcOEt = 2/1, v/v) to give 2¢ (59 mg, 82% yield) as an

oil.

IR (neat) = 3239, 3094, 2980, 2934, 1712, 1455, 1393, 1370, 1344, 1279, 1257, 1160, 1111, 1031, 916
cm™.

'H NMR (CDCl5) § = 1.47 (s, 9H), 1.83 (s, 3H), 1.91 (s, 3H), 3.15 (s, 3H), 6.34 (br, 1H) ppm

'*C NMR (CDCls, 100 MHz): §=8.3,10.7,27.7,50.1,83.6,91.5,132.0, 147.5, 166.2, 173.8 ppm.

HRMS (FAB) (M*+1), Found: m/z 242.13961.  Calcd for C,H,,NO,: 242.13923

tert-butyl 3-ethyl-2-methoxy-4-methyl-5-0x0-2,5-dihydro-1H-pyrrole-2-carboxylate
Me, Et

OMe
° N ‘cogBu
[Procedure]
The procedure used for 2a was followed with o-chloranil (222 mg, 0.9 mmol), MeOH (0.024 ml, 0.6
mmol), 1d (63 mg, 0.3 mmol)
The residue was separated by TLC (SiO,, hexane/AcOEt = 2/1, v/v) to give 2d (60 mg, 80% yield) as an

oil.

IR (neat) = 3240, 3091, 2978,2936, 1711, 1457, 1394, 1370, 1290, 1252, 1160, 1113, 999, 841 cm™".

'H NMR (CDCl;) 6= 1.15 (t, 3H, J = 7.6 Hz), 1.47 (s, 9H), 1.87 (s, 3H), 2.37 (q, 2H, J = 7.6 Hz), 3.16 (s,
3H), 6.18 (br, 1H) ppm

'*C NMR (CDCl;, 100 MHz): 6=8.5,11.8,18.7,27.8,50.5,83.6,91.5,132.1, 153.3, 166.5, 174.0 ppm.
HRMS (ESI-TOF) (M+Na), Found: m/z 278.13627. Calcd for C;;H,;NNaO,: 278.13628.

4-ethyl-5-methoxy-3-methyl-5-tosyl-1H-pyrrol-2(SH)-one
Me, Et

OMe

(o}
HTs
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[Procedure]

The procedure used for 2a was followed with o-chloranil (222 mg, 0.9 mmol), MeOH (0.024 ml, 0.6
mmol), 1e (79 mg, 0.3 mmol)
The residue was separated by TLC (SiO,, hexane/AcOEt = 2/1, v/v). 2e was not obtained and 1e (62 mg,

78%) was recovered.

tert-butyl 3,4-diethyl-5-0x0-2-tosyl-2,5-dihydro-1H-pyrrole-2-carboxylate

Et Et

Ts
o
N co,Bu

[Procedure]

To a mixture of 2b (27 mg, 0.1 mmol), TsH (62 mg, 0.4 mmol) in CH,Cl, (5 ml), AcOH (1.2 mg, 0.02
mmol) was added. After refluxing for 1 h, the solvent was evapolated and residue was extracted with
AcOEt/H,0. The organic layer was washed by brine, then dried by Na,SO,. The solvent was removed and
the residue was separated by TLC (SiO,, CHCl;/AcOEt/EtOH = 40/8/1, v/v/v) to give 4b (33 mg, 84%) as

an oil.

'H NMR (CDCly) 6§=0.72 (t,3H, J = 7.6 Hz), 1.16 (t, 3H, J = 7.6 Hz), 1.59 (s, 9H), 1.97-2.16 (m, 2H),
241 (s,3H),2.53 (dq, 1H, J =29, 7.6 Hz), 3.04 (dq, 1H, J =29, 7.6 Hz), 6.68 (br, 1H), 7.28 (d,2H, /=84
Hz),7.67 (d,2H, J = 8.4 Hz) ppm

3,4-diethyl-5-tosyl-1H-pyrrol-2(5H)-one

Et Et

o Ts

N
H

[Procedure]

To a mixture of 2b (27 mg, 0.1 mmol), TsH (124 mg, 0.8 mmol) in CH,Cl, (5 ml), AcOH (1.2 mg,
0.02 mmol) was added. After refluxing for 1 h, the solvent was evapolated and residue was extracted with
AcOEt/H,0. The organic layer was washed by brine, then dried by Na,SO,. The solvent was removed and
the residue was separated by TLC (SiO,, CHCl;/AcOEt/EtOH = 40/8/1, v/v/v) to give 5b (20 mg, 65%) as

an oil.
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'H NMR (CDCl;) 6=0.61 (t,3H, J = 7.6 Hz), 1.21 (t, 3H, J = 7.6 Hz), 1.94-2.12 (m, 2H), 2.41 (s, 3H),
253 (dq,1H,J=15.2,7.6 Hz),2.68 (dq, 1H,J =15.2,7.6 Hz), 6.50 (br, 1H), 7.30 (d, 2H, J = 8.2 Hz), 7.65
(d,2H,J=8.2 Hz) ppm

tert-butyl 3-(3-(allyloxy)-3-oxopropyl)-5-((3,4-diethyl-5-0x0-1H-pyrrol-2(5H)-ylidene)methyl)
-4-methyl-1H-pyrrole-2-carboxylate

HN
\ Me
Bu0,C

COAllyl

[Procedure]

To a mixture of 5b (20 mg, 0.068 mmol) and A (21 mg, 0.068 mmol) in THF (5 ml), PBu; (0.037 ml,
0.15 mmol) and DBU (0.011 ml, 0.075 mmol) were added dropwise at 0°C. After stirring 18 h at rt, solvent
was evapolated and residue was extracted AcOEt/H,O. The organic layer was washed by saturated aqueous
NaHSO;, NaHCO;, and brine, then dried by Na,SO,. The solvent was removed and the residue was
separated by a flash column chromatography (SiO,, Hex/AcOEt = 2/1, v/v) to give 7Ab (21 mg, 68%) as
mixture of E/Z isomers (63/37)

(2):

'H NMR (CDCl;) 6=1.12 (t,3H, J = 7.6 Hz), 1.20 (t, 3H, J = 7.8 Hz), 1.56 (s, 9H) 2.08 (s, 3H), 2.41 (q,
2H, J =7.6),2.50-2.60 (m, 4H), 3.01 (t,2H, J = 7.9 Hz),4.59 (d, 2H, J = 5.9 Hz), 5.20 (dd, 1H, J = 10.5,
1.5 Hz),5.28 (dd, 1H,J =172, 1.5 Hz), 5.90 (ddt, 1H, J = 10.5, 17.2, 5.9 Hz), 5.94 (s, 1H), 8.75 (br, 1H),
9.36 (br, 1H) ppm

(E):

'H NMR (CDCl;) 6=0.92 (t,3H,J = 7.6 Hz), 1.12 (t, 3H, J = 7.6 Hz), 1.57 (s, 9H) 1.99 (s, 3H), 2.31 (q,
2H,J =7.3),2.34-2.58 (m, 4H), 3.02 (t,2H, J = 7.8 Hz), 4.58 (d, 2H, J = 5.8 Hz), 5.23 (dd, 1H, J = 10.5,
1.5 Hz), 5.30 (dd, 1H, J =172, 1.5 Hz), 5.90 (ddt, 1H, J = 10.5, 17.2, 5.8 Hz), 5.90 (s, 1H), 7.80 (br, 1H),
8.71 (br, 1H) ppm
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tert-butyl 3,4-diethyl-5-0x0-2,5-dihydro-1H-pyrrole-2-carboxylate
Et Et

H
N

N co,Bu
[Procedure]

To solution of 2b (27 mg, 0.1 mmol) in CH,Cl, (3 ml), Allyltrimethylsilane (0.02 ml, 0.15 mmol) and
TFA (0.01 ml, 0.13 mmol) were added at room temperature After stirring for 5 d at rt, reaction mixture was
extracted AcOEt/H,0. The organic layer was washed by brine, then dried by Na,SO,. The solvent was
removed and the residue was separated by TLC (SiO,, Hex/AcOEt = 1/1, v/v) to give 6b (18 mg, 74%) as

an oil.

'H NMR (CDCl;) 6= 1.10 (t, 3H, J = 7.6 Hz), 1.12 (t, 3H, J = 7.6 Hz), 145 (s, 9H), 2.21-2.41 (m, 4H),
4.44 (s, 1H), 6.16 (br, 1H) ppm

[Procedure]

To solution of 2b (27 mg, 0.1 mmol) in CH,Cl, (3 ml), Allyldimethylphenylsilane (26 mg, 0.15 mmol)
and TFA (0.01 ml, 0.13 mmol) were added at room temperature After stirring for 1 d at rt, reaction was
quenched with saturated aqueous NaHCO; and reaction mixture was extracted CHCl;/H,0. The organic
layer was washed by brine, then dried by Na,SO,. The solvent was removed and the residue was separated

by TLC (SiO,, CHCI;/AcOEt/EtOH = 40/8/1, v/v/v) to give 6b (9 mg, 38%) as an oil.

< Chapter 2 >
tert-butyl 3-(3-(allyloxy)-3-oxopropyl)-4-formyl-1H-pyrrole-2-carboxylate

CO,Allyl
H

1\

N CO,tBu
H

[Procedure]

To a solution of 1a (879 mg, 3 mmol) in toluene (12 ml), MeOH (1.2 ml, 30 mmol), DDQ (1.4 g, 6.2
mmol) was added portionwise at room temperature. After stirring for 48 h at room temperature, reaction
mixture was filtered and extracted with AcOEt and water, then conbined extracts were washed with sat. aq.
NaHSO;, sat. aq. NaHCO; and brine, dried by Na,SO,. After evaporation of the solvent, the residue was

separated by a flash column chromatography (SiO,, Hexane/EtOAc = 2/1, v/v) to give aldehyde 13 (720 mg,
78% yield ) as a solid.
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IR (KBr) = 3267, 3009, 2981,2931, 2881, 1742, 1700, 1664, 1559, 1418, 1393, 1296, 1141, 1052 cm™'

'H NMR (CDCl,, 300MHz) 6= 1.55 (s, 9H), 2.61 (d, 2H, J = 7.87 Hz), 3.36 (d, 2H, J = 7.87 Hz), 4.56 (d,
2H,J =59 Hz), 5.20 (dd, 1H, J = 10.5, 1.5 Hz), 5.28 (dd, 1H, J = 172, 1.5 Hz), 5.90 (ddt, 1H, J = 17.2,
10.5,5.9 Hz), 7.43 (d, 1H, J = 3.66 Hz), 9.91 (s, 1H), 10.0 (br, 1H) ppm

3C NMR (CDCl,, 100 MHz): 6 = 204, 28.3, 35.0, 65.0, 82.5, 118.1, 123.1, 125.6, 129.1, 129.8, 132.2,
160.9, 172 4, 186.0 ppm.

HRMS (FAB) (M*+1), Found: m/z 308.15049. Calcd for C,4H,,NOs: 308.14979.

Ethyl 4-ethyl-2-(toluene-4-sulfonyl)-1H-pyrrole-3-carboxylate

Et CO,Et

Dyt
H N Ts
H

[Procedure]

To the solution of 50% ethyl glyoxalate in toluene (11.2 ml, ca 50 mmol) and 1-nitropropane (5.4 ml,
60 mmol), 1.4 ml of Et;N (10 mmol) was added dropwise at room temperature. The reaction solution was
allowed to reflux for 3 min. After the temperature was back to room temperature, the solution was stirred
for 3h, followed by addition of DMAP (1.2 g, 10 mmol) then Ac,O (7.1 ml, 75 mmol) at O °C. After stirring
at room temperature for 4 h, the reaction was quenched by addition of 1 eq of MeOH (2 ml) at O °C for 5
min stirring. The solvent was removed under reduced pressure and the residue was partitioned between
EtOAc and water and the organic extracts were washed by a saturated aqueous solution of NaHCO;, brine,
and dried over Na,SO,. The solvent was evaporated and the crude mixture was obtained as a yellow oil.

(Note: It was found that the old commercial ethyl glyoxalate solution contained only 0.3 % of
aldehyde form due to the polymerization of ethyl glyoxalte. It was reported that the polymer form could be
converted back to the aldehyde by refluxing the solution. So it is better to adjust the refluxing time
according to the practical content of the ethyl glyoxalte solution.)

To a solution of tosylmethyl isocyanide (TosMIC) (7.8 g, 40 mmol) in MeCN (14 ml) at - 40 °C, DBU
(12 g, 80 mmol) in MeCN (6 ml) was added dropwise, followed by addition of a solution of crude mixture
(9.5 g, ca. 40 mmol) in MeCN (12 ml). After stirring at room temperature for 4 h, the solvent was removed
under reduced pressure and the residue was partitioned between EtOAc and Water. The organic extracts
were washed with a saturated aqueous solution of NaHSO;, NaHCOs, brine, and dried over Na,SO,. The
solvent was evaporated and the residue was separated by flash column chromatography (SiO,, Hex/EtOAc

=4/1,v/v) to give 8 (7.5 g, 59%) as yellow oil.
IR (neat) = 3308, 2977, 2935, 2875, 1715, 1490, 1447, 1367, 1318, 1259, 1205, 1146, 1086, 1050, 813, 680
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cm™.

'H NMR (CDCls;, 400MHz) §=1.16 (t, 3H,J = 7.8 Hz), 1.24 (t,3H, J = 6.9 Hz), 2.41 (s, 3H), 2.68 (q, 2H,
J=78Hz),4.22 (q,2H,J =69 Hz),6.77 (d, 1H,J=2.8 Hz),7.29 (d,2H,J=8.2 Hz),7.85 (d,2H,J=8.2
Hz),9.73 (br, 1H) ppm.

3C NMR (CDCl;, 100 MHz): 6 = 14.0, 14.1, 19.6, 21.4, 60.2, 116.6, 119.7, 127.6, 129.2, 1294, 131.5,
138.2,143.9,162.8 ppm.

HRMS (FAB) (M*+1), Found: m/z 322.11176. Calcd for CsH,,SNO,: 322.11130.

4-Ethyl-3-hydroxymethyl-2-(toluene-4-sulfonyl)-1H-pyrrole
Et OH
X5

H N Ts

H
[Procedure]

To a solution of 8 (24 g, 7.5 mmol) in THF (38 ml), LiAlH, (584 mg, 15 mmol) was added
portionwise at 0 °C. After stirring at room temperature overnight, 0.48 ml of H,0, 0.96 ml of 0.1 M NaOH
aqueous solution then another 1.32 ml of H,O was added carefully at 0°C. After stirring back to room
temperature for about 30 min, the white precipitate was filtered out with celite and the filtrate was dried
over Na,SO,. The solvent was evaporated and the residue was separated by a flash column chromatography

(Si0,, Hex/EtOAc = 1/1, v/v) to give 9 (1.3 g, 65%) as a yellow oil.

IR (neat) = 3511, 3314, 2965, 2927, 1596, 1494, 1455, 1379, 1301, 1218, 1185, 1138, 1084, 1030, 996
cm™,

'H NMR (CDCl;, 400 MHz) 8= 1.15 (t, 3H, J = 7.8 Hz), 2.39 (s, 3H), 2.47 (q, 2H, J = 7.8 Hz), 2.47 (br,
1H),4.62 (s, 1H), 6.72 (d, 1H, J = 2.8 Hz), 7.28 (d, 2H, J = 8.2 Hz), 7.81 (d, 2H, J = 8.2 Hz), 9.48 (br, 1H)
ppm.

*C NMR (CDCl;, 100 MHz): § = 14.6, 17.9, 214, 54.3, 120.5, 1244, 126.5, 127.2, 127.8, 129.9, 139.2,
144 .0 ppm.

HRMS (FAB) (M*+1), Found: m/z 280.10060. Calcd for C,H,;;SNO;: 280.10074.

4-Ethyl-2-(toluene-4-sulfonyl)-1H-pyrrol-3-ylmethyl acetate
Et OAc
by
H N Ts
H
[Procedure]

To a mixture of 9 (3.1 g, 11.3 mmol) and DMAP (267 mg, 2.3 mmol) in THF (40 ml), Ac,O (1.13 ml,

11.3 mmol) was added dropwise at 0 °C. After stirring at OC for 1 h, the solvent was removed under
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reduced pressure. The residue was partitioned between EtOAc and water and the organic extracts were
washed by a saturated aqueous solution of NaHCO;, brine, and dried over Na,SO,. After evaporation of
solvent, residue was separated by a flash column chromatography (SiO,, Hex/EtOAc = 2/1, v/v) to give 10
(22¢g,61%).

'H NMR (CDCl,, 400MHz) 6= 1.13 (t, 3H, J = 6.9 Hz), 1.92 (s, 3H), 2.39 (s, 3H), 2.43 (q, 2H, J = 6.9 Hz),
5.17 (s, 2H), 6.74 (d, 1H, J = 2.3 Hz), 7.27 (d, 2H, J = 8.2 Hz), 7.77 (d, 2H, J = 8.2 Hz), 9.08 (br, 1H) ppm.
3C NMR (CDCl,, 100 MHz): 6 = 143, 18.0, 20.8, 21.5, 55.9, 119.9, 120.9, 126.1, 126.9, 1292, 129.8,
139.4, 143.9, 170.7 ppm.

HRMS (FAB) (M*+1), Found: m/z 322.11105. Calcd for C,oH,SNO,: 322.11130.

4-ethyl-5-0x0-2-(toluene-4-sulfonyl)-2,5-dihydro-1H-pyrrol-3-ylmethyl acetate
Et OAc
[Procedure]

To a solution of 10 (2.2 g, 6.9 mmol) in CH,Cl, (35 ml), 1.5 eq of mCPBA (2.5 g, 70%) was added
portionwise at 0 °C. After stirring at room temperature overnight, the reaction was quenched by addition of
a saturated aqueous solution of NaHSO; at 0 °C. After stirring at room temperature for 10 min, the
precipitate was filtered out with celite and the residue was partitioned between EtOAc and water. The
organic extracts were washed by a saturated aqueous solution of NaHSO;, NaHCOj;, brine, and dried over
Na,SO,. The solvent was evaporated and the residue was separated by a flash column chromatography

(Si0,, Hex/EtOAc = 1/1, v/v) to give 11 (2.1 g, 88%).

IR (KBr) 3194, 3081, 2977, 2936, 2905, 1740, 1728, 1710, 1596, 1457, 1401, 1370, 1321, 1303, 1249,
1165, 1135, 1083, 1024, 834,817 cm™.

'H NMR (CDCly) 6 =0.64 (t, 3H, J = 7.1 Hz), 2.05-2.23 (m, 2H), 2.17 (s, 3H), 2.42 (s, 3H), 5.02 (dd, 2H,
J=19.7,13.8 Hz), 5.45 (s, 1H), 6.45 (br, 1H), 7.32 (d, 2H, J=8.3 Hz), 7.67 (d, 2H, J = 8.3 Hz) ppm.
HRMS (FAB) (M*+1), Found: m/z 338.10651, Calcd for C,sH,,SNOs: 338.10621.

4-ethyl-5-0x0-2,5-dihydro-1H-pyrrol-3-ylmethyl acetate
Et OAc
A5

N
H

[Procedure]

To a solution of 11 (888 mg, 2.6 mmol) in 10 ml of THF, 1 eq of NaBH, (98 mg) in EtOH (3 ml) was
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added dropwise at O °C. After stirring for about 10 min at room temperature, the reaction solution was
poured into a solution of Et,O/Hex (2/1, v/v). The precipitate was filtered out with celite. The filtrate was
evaporated, and the residue was mixed with Et,0O for 10 min. The precipitate was filtered out, and the
filtrate was dried over Na,SO,. The solvent was evaporated and the residue was used directly in the next
reaction without purification, or separated by a flash column chromatography (SiO,, Hex/EtOAc = 1/2, v/v)

to give 12 (291 mg, 61%).

IR (neat) = 3261, 2971, 2936, 2876, 1743, 1688, 1454, 1373, 1313, 1228, 1181, 1031, 978,907, 779 cm"".
'H NMR (CDCl,, 400 MHz) 6= 1.11 (t, 3H, J = 7.8 Hz), 2.11 (s, 3H), 2.36 (q, 2H, J = 7.8 Hz), 3.93 (s, 2H),
492 (s,2H), 6.87 (br, 1H) ppm.

13C NMR (CDCl,, 100 MHz): 6= 13.3,17.0,20.7,47.2,58.9, 137.8, 145.4, 170.6, 174.7 ppm.

HRMS (FAB) (M*+1), Found: m/z 184.09742, Calcd for CoH,,NO5: 184.09737.

tert-butyl 4-[2-(4-Ethyl-5-0x0-2,5-dihydro-1H-pyrrol-3-yl)-vinyl]-3-(2-methoxy-

carbonyl-ethyl)-1H-pyrrole-2-carboxylate
o)

NH
Et \

N/

Z~c0,Bu

CO,Me

[Procedure]

To a mixture of 12 (91 mg, 0.5 mmol) and Bu;P (1.2 ml, 5 mmol) in THF (6 ml), Pd(PPh;), (29 mg,
0.025 mmol) and NaBr (103 mg, 1 mmol) in MeOH (6 ml) was added. After refluxing overnight, the
solution was cooled to —40 °C followed by addition of n-BuLi/Hex (1 eq). As the solution was gradually
warmed up to —10 °C, formyl pyrrole 8a (153 mg, 0.5 mmol) in THF (2 ml) was added. After stirring at
room temperature overnight, the solvent was evaporated and the residue was extracted with AcOEt/H,0.
The organic layer was washed by aq NH,ClI and brine, then dried by Na,SO,. The solvent was removed and
the residue was separated by a flash column chromatography (SiO,, Hex/EtOAc = 1/2, v/v) to give 14 (62
mg, 32%) as mixture of E/Z isomers (1/2)

IR (KBr) = 3231, 2971, 2931, 2872, 1737, 1686, 1558, 1393, 1367, 1293, 1253, 1176, 1130, 1053, 722,

695 cm™.
HRMS (FAB) (M*+1), Found: m/z 389.20822 Calcd for C,;H,0N,05: 389.20765.
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'H NMR (CDCl;) 6 = 1.14 (t, 3H, J = 7.8 Hz), 1.59 (s, 9H), 2.44 (q, 2H, J = 7.8 Hz), 2.58 (t,2H, J = 7.8
Hz),3.15 (t,2H, J = 7.8 Hz), 3.67 (s, 3H), 4.18 (s, 2H), 6.28 (br, 1H), 6.70 (d, 1H, J = 16.5 Hz), 6.810 (d,
1H,J=16.5Hz),7.16 (d, 1H,J =3.2 Hz), 9.33 (br, 1H) ppm.

2)
'H NMR (CDCly) 6 = 1.07 (t, 3H, J = 7.8 Hz), 1.58 (s, 9H), 2.35 (q, 2H, J = 7.8 Hz), 2.54 (t,2H,J = 7.8
Hz), 3.00 (t,2H,J =7.8 Hz), 3.65 (s, 3H), 3.73 (s, 2H), 644 (d, 1H,J=11.9 Hz), 6.72 (d, 1H, J = 2.7 Hz),
6.88 (br, 1H), 9.32 (br, 1H) ppm.

tert-Butyl 4-[2-(4-Ethyl-5-0x0-2,5-dihydro-1H-pyrrol-3-yl)-ethyl]-3-(2-methoxy-
carbonylethyl)-1H-pyrrole-2-carboxylate

Et \
NH
4
Z~c0,Bu
CO,Me
[Procedure]

To a solution of 14 in MeOH. 0.1 eq of 5% Pd/C was added. After stirring under 1 atm H, atmosphere
for 4 h, the black catalyst was filtered out with celite and the filtrate was evaporated to obtain product 15 as

oil.

'H NMR (CDCl;) 6 = 1.05 (t, 3H, J = 7.3 Hz), 1.57 (s, 9H), 2.26 (q, 2H, J = 7.3 Hz), 2.55 (t,2H, J = 7.8
Hz),2.64 (m, 4H), 3.99 (t, 2H, J = 7.8 Hz), 3.67 (s, 3H), 3.80 (s, 2H), 6.22 (br, 1H), 6.63 (d, 1H, J = 2.7
Hz), 8.92 (br, 1H) ppm.

3-(7-Ethyl-2-formyl-6-0x0-5,6,8,9-tetrahydro-3H-3,5-diaza-cyclopenta[f]azulen-1-yl)-propionic acid

methyl ester

(o]
NH

N
Y

—
CHO

Et

MeO,C
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[Procedure]

The crude was treating with TFA at room temperature for 2h, followed by addition of methyl
orthoformate for another 2 h reaction. After removing the solvents, the residue was dissolved in 3 ml THF,
followed by addition of 3 eq of DBU. After stirring at 50 °C overnight, the solvent was removed and the
residue was extracted with AcOEt/H,O, then washed with aq NH,Cl and brine, dried by Na,SO,. After
evaporation of the solvent, the residue was separated by a flash column chromatography (SiO,, Hex/EtOAc

=1/2,v/v) to give 24 (50% yield) as a yellow solid.

Mp. 120 °C (from CHCl;)

IR (KBr) 3222, 2961, 2931, 2867, 1734, 1698, 1674, 1610, 1446, 1366, 1270, 1203, 1173, 1130, 1056,
1034 cm’

'H NMR (CDCly) § = 1.11 (t, 3H, J = 7.8 Hz), 2.40 (q, 2H, J = 7.8 Hz), 2.58 (t, 2H, J = 7.8 Hz), 2.72 (m,
2H),2.77 (m, 2H), 3.06 (t, 2H, J = 7.8 Hz), 3.67 (s, 3H), 6.26 (s, 1H), 7.99 (br, 1H), 9.55 (s, 1H), 10.04 (br,
1H) ppm.

< Chapter 3 >
tert-butyl 3-(3-(allyloxy)-3-oxopropyl)-4-(2-methoxyvinyl)-1H-pyrrole-2-carboxylate
MeO. CO,Allyl

4

CO,Bu

=z

[Procedure]

To a suspension of (methoxymethyl)triphenylphosphonium chloride (3.42 g, 10.0 mmol) in THF (30 mL),
n-BuLi (3.28 mL of 2.65 M solution in hexane, 8.7 mmol) was added dropwise at O °C and the mixture was
stirred for 1 h at 0 °C. Aldehyde 13 (431 mg, 1.4 mmol) in THF (5 mL) was added to the resulting solution
and the mixture was stirred for 10 min at O °C. The reaction was quenched by the addition of a sat. aqueous
solution of NH,Cl and the mixture was subsequently extracted with AcOEt. The combined extracts were
washed with water and brine, dried by Na,SO, and condensed under reduced pressure. The residue was
purified by column chromatography (SiO,, hexane/AcOEt = 6/1 to 3/1, v/v) to give E- and Z-mixture of the
vinyl ether 19 (354 mg, 75% yield, E/Z = 1/2) as an oil.

'H NMR (CDCl;, 400 MHz): (E) § = 1.56 (s, 9H), 2.58 (t, 2H, J = 8.3 Hz), 3.06 (t, 2H, J = 8.3 Hz), 3.65 (s,
3H),4.58 (d,2H,J =55Hz),522 (d, 1H,J = 10.6 Hz), 525 (d, 1H,J =173 Hz), 5.63 (d, 1H, J = 12.8
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Hz),5.92 (ddt, 1H,J=17.3,10.6,5.5 Hz), 6.72 (d, 1H, J = 12.8 Hz), 6.76 (d, 1H, J = 2.8 Hz), 8.81 (br, 1H)
ppm.

(Z) 6=1.56(s,9H),2.55 (t,2H,J = 8.3 Hz),3.08 (t,2H, J = 8.3 Hz), 3.75 (s, 3H), 4.58 (d, 2H, J = 5.5 Hz),
5219 (d, 1H,J = 6.9 Hz), 5.224 (dd, 1H, J = 10.6 Hz), 5.30 (dd, 1H, J = 17.3 Hz), 592 (ddt, 1H, J = 17.3,
10.6,5.5 Hz),6.07 (d, 1H,J = 6.9 Hz), 7.32 (d, 1H, J = 3.2 Hz), 8.87 (br, 1H) ppm.

*C NMR (CDCl;, 100 MHz): 8 = (E) 20.6, 28.4, 35.5, 56.3, 64.9, 81.0,95.9, 116.9, 118.0, 120.5, 120.8,
126.6,132.3,147.5,161.0, 172.8 ppm.

(Z) 203,284,355, 60.1, 649, 809, 96.6, 118.0, 119.1, 119.8, 121.9, 126.2, 132.3, 1455, 161.1, 172.9
ppm.

IR (neat) 3312, 2977, 2933, 1736, 1685, 1663, 1560, 1455, 1401, 1368, 1288, 1259, 1130, 1050, 987, 941,
781 cm™

HRMS (DART): m/z Calcd for C,gH,,NOs: 336.1811: [M+H]"; found: 336.1803.

tert-butyl 3-(3-(allyloxy)-3-oxopropyl)-4-(2-oxoethyl)-1H-pyrrole-2-carboxylate

H COR
o

1\

N CO,Bu

To a solution of vinyl ether 19 (63 mg, 0.2 mmol) in CHCI; (5.5 mL), oxalyl chloride (25 mg, 0.2 mmol) in
CHCl; (0.5 mL) was added at room temperature. To this reaction mixture, ethanol (11 uL, 0.2 mmol) and
H,0 (4 uL, 0.2 mmol) were subsequently added and the whole was stirred at room temperature. After 0.5 h,
the reaction was quenched by the addition of sat. aqueous solution of NaHCO; and the mixture was
subsequently extracted with CHCI;. The combined extracts were washed with brine, dried over Na,SO, and
condensed under reduced pressure. The residue was purified by column chromatography (SiO,,

hexane/Et,O = 4/1 to 2/1, v/v) to give aldehyde 20 (53 mg, 83% yield) as an oil.

IR (neat) 3312,2977, 2935, 1727, 1685, 1508, 1456, 1409, 1368, 1289, 1172, 1132 cm™

'H NMR (CDCl;, 400 MHz): 6 = 1.58 (s, 9H), 2.59 (t,2H, J = 7.8 Hz), 2.97 (t, 2H, J = 7.8 Hz), 3.59 (d, 2H,
J=18Hz),4.56 (d,2H,J=5.6 Hz),5.22 (dd, 1H,J =119, 1.5 Hz), 528 (dd, 1H, J = 159, 1.5 Hz), 5.89
(ddt,1H,J=159,119,5.6 Hz),6.78 (d, 1H, J = 3.2 Hz), 9.41 (br, 1H), 9.68, (t, I1H,J = 1.8 Hz)

*C NMR (CDCl;, 100 MHz): §= 20.3, 28.4, 352, 40.1, 65.0, 81.3, 114.6, 118.1, 120.9, 121.2, 1282,
132.2,160.7,172.7, 199 4

HRMS (DART): m/z caled for C,;H,,NOs: 322.1655: [M+H]*; found: 322.1651.
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One-pot procedure

To a suspension of (methoxymethyl)triphenylphosphonium chloride (2.09 g, 6.1 mmol) in THF (20 mL),
n-BuLi (2.08 mL of 2.65 M solution in hexane, 5.5 mmol) was added dropwise at O °C and the mixture was
stirred for 1 h at 0 °C. Aldehyde 13 (375 mg, 1.2 mmol) in THF (5 mL) was added to the resulting solution
and the mixture was stirred for 10 min at 0 °C. The reaction was quenched by the addition of a sat. aqueous
solution of NH,Cl and the mixture was subsequently extracted with AcOEt. The combined extracts were
washed with water and brine, dried by Na,SO, and condensed under reduced pressure. The residue was
dissolved in CHCI; (36 mL) and oxalyl chloride (774 mg, 6.1 mmol) in CHCl; (2 mL) was added at room
temperature. After 0.5 h, the reaction was quenched by the addition of sat. aqueous solution of NaHCO;
and the mixture was subsequently extracted with CHCl;. The combined extracts were washed with brine,
dried over Na,SO, and condensed under reduced pressure. The residue was purified by column
chromatography (SiO,, hexane/Et,O = 4/1 to 2/1, v/v) to give aldehyde 20 (392 mg, 69% yield in 2 steps)

as an oil.

General Procedure for Hydrolysis of Vinyl Ether (Table 3-3):

To a solution of vinyl ether (0.5 mmol) in CHCl; (4.5 mL), oxalyl chloride (63 mg, 0.5 mmol) in CHCl;
(0.5 mL) was added at room temperature To this reaction mixture, ethanol (29 mL, 0.5 mmol) and H,O (9
mL, 0.5 mmol) were subsequently added and the whole was stirred at room temperature. After reaction
completion (monitored by TLC), the reaction was quenched by the addition of sat. aqueous solution of
NaHCO; and the mixture was subsequently extracted with CHCl;. The combined extracts were washed
with brine, dried over Na,SO, and condensed under reduced pressure. The residue was purified by column

chromatography.

tert-butyl 4-(3-(4-ethyl-5-ox0-2,5-dihydro-1H-pyrrol-3-yl)allyl)-3-(3-methoxy-3-oxopropyl)
-1H-pyrrole-2-carboxylate

o
Me NH
N\
NH
/
2 ~C0,Bu

MeO,C

[Procedure]

To a mixture of 12 (49 mg, 0.27 mmol) and n-Bu;P (0.64 ml, 2.67 mmol) in THF (3.2 ml), Pd(PPh;),
(15.5 mg, 0.005 mmol) and NaBr (55 mg, 0.52 mmol) in MeOH (3.2 ml) was added. After refluxing
overnight, the solution was cooled to —40 °C followed by addition of n-BuLi (0.17 ml of 1.6 M solution in

hexane, 0.26 mmol). As the solution was gradually warmed up to —10 °C, aldehyde (86 mg, 0.26 mmol) in
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THF (1 ml) was added. After stirring at room temperature overnight, the solvent was evaporated and the
residue was partitioned between EtOAc and water. The organic extracts were washed by aq NH,Cl and
brine, then dried by Na,SO,. The solvent was removed and the residue was purified by a flash column

chromatography (SiO,, Hexane/EtOAc = 1/2, v/v) to give 23 (58 mg) as an oil.

tert-butyl 4-(3-(4-ethyl-5-ox0-2,5-dihydro-1H-pyrrol-3-yl)propyl)-3-(3-methoxy-3-oxopropyl)

-1H-pyrrole-2-carboxylate
(¢]

Me NH
N\
NH
/
Z~~C0,Bu
MeO,C
[Procedure]

To a solution of 23 (38 mg, 0.094 mmol) in MeOH (3 ml), 5% Pd/C (19 mg) was added. After stirring
under hydrogen atmosphere (1 atm) for 6 h, the catalyst was filtered through a pad of celite and the solvent
was removed and the residue was purified by a TLC (SiO,, Hexane/Acetone = 2/1, v/v) to give

hydrogenated product 25 (23 mg, 20% yield in 2 steps).

IR (neat) = 3334, 2974, 2934, 2866, 1732, 1681, 1558, 1540, 1507, 1455, 1405, 1368, 1297, 1248, 1224,
1185, 1140, 1059, 1031 cm™.

'H NMR (CDCl,, 400 MHz): 8= 1.07 (t, 3H,J = 7.2 Hz), 1.57 (s, 9H), 1.67-1.75 (m, 2H), 2.27 (q, 2H, J =
72 Hz), 243 (t,2H, J = 7.8 Hz), 248 (t,2H, J = 7.8 Hz), 2.54 (t,2H, J = 7.2 Hz), 2.99 (t, 2H, J = 7.2 Hz),
3.67 (s, 3H), 3.84 (s, 2H), 6.67 (d, 1H, J = 2.0 Hz), 6.99 (br, 1H) 9.20 (br, 1H)

3 NMR (CDCl;, 100 MHz): 8= 13.5, 16.7, 20.5, 24.8, 27.6, 284, 29.8, 35.3, 482, 51.5, 81.0, 119.2,
120.7,124.0,127.4,134.1, 152.6, 160.1, 173.6 ppm.

HRMS (ESI-TOF) (M+Na), Found: m/z 427.2203. Calcd for C»,H;,N,NaOs: 427.2203.
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(E)-methyl
3-(7-ethyl-2-formyl-8-oxo-1.4,5,6,8,9-hexahydrocycloocta[1,2-b:7,6-b']dipyrrol-3-yl)propanoate

MeO,C

[Procedure]

The dipyrrole 25 (37 mg, 0.092 mmol) was treating with TFA (0.46 ml) at room temperature for 2 h,
followed by addition of methyl orthoformate (0.46 ml) for another 2 h reaction. After removing the
solvents, the residue was dissolved in 4.6 ml THF, followed by addition of DBU (56 mg, 0.37 mmol). After
stirring at 60 °C overnight, the solvent was removed and the residue was extracted with AcOEt/H,0O, then
washed with aq NH,CI and brine, dried by Na,SO,. After evaporation of the solvent, the residue was
separated by a TLC (SiO,, Hexane/AcOEt = 1/2, v/v) to give locked dipyrrole (11 mg, 36% yield, in 3 steps)
as a yellow solid and diformylintermediate (6.9 mg, 21% yield, in 3 steps).

Obtained diformylintermediate (6.9 mg, 0.019 mmol) was treated with DBU (11.6 mg, 0.076 mmol) in
THF (1 ml). After stirring at 60 °C overnight, the solvent was removed and the residue was extracted with
AcOEt/H,0, then washed with aq NH,Cl and brine, dried by Na,SO,. After evaporation of the solvent, the
residue was separated by a TLC (SiO,, Hexane/AcOEt = 1/2, v/v) to give locked dipyrrole (4.9 mg, 75%

yield, in 3 steps) as a yellow solid.

IR (KBr) 3236,2932,2857, 1737, 1682, 1620, 1557, 1495, 1455, 1373, 1260, 1219, 1157, 1050 cm’!

'H NMR (CDCly) 6 =1.11 (t,3H, J = 7.6 Hz), 1.97 (quint, 2H, J = 6.5 Hz), 2.35-2.41 (m, 4H), 2.50 (t, 2H,
J=6.5Hz),2.61 (t,2H,J =7.6 Hz),3.06 (t, 2H, J = 7.8 Hz), 3.68 (s, 3H), 6.19 (s, 1H), 9.10 (br, 1H), 9.58
(s, 1H), 10.77 (br, 1H) ppm.

*C NMR (CDCl;, 100 MHz): 6 = 13.3,16.4,19.0,21.4,22.8,33.0,36.1,51.5,100.7, 124.3,129.4, 133.1,
135.1,136.6,140.7,142.7,171.9,173.0, 177.5

HRMS (ESI-TOF) (M+Na), Found: m/z 365.1472, Calcd for C,,H,,N,NaO,: 365.1472.
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