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CCso (1M) ECso (1M) SI (=CCs0/ECs0)
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H1N1 HIN?2 H1N1 HIN?2

A > 100 543 +232 11.20 + 2.46 22.53 £ 5.51 9.38 £ 1.61

B > 100 475+ 1.39 993 £294 23.02 £ 4.77 11.04 £ 2.30

C > 100 2.57 + 045 5.47 + 040 40.14 + 5.60 18.38 + 1.25

D > 100 3.70 £ 0.25 585+ 1.12 27.15 £ 1.71 17.74 £ 2.75

E > 100 428 + 241 6.96 + 2.28 34.21 £ 842 16.10 + 3.55
Ribavirin? > 100 392+079  247+098  2659+428 4805+ 11.50

“Positive control.
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78% H 5\©\ 7a = 44%, Tb = 8%
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ST A2 EM Sodium borohydride (NaBH,)E AHETHC}: Hf

QK| O|MZEX Hl€ 1 : 112 anti-cis X2 HPIZl O FE= 3stE22
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\ 0/%

o NBS, TEA NN
Y N0 > H 850

N S CH,Cly, 0°C , 20 min o

H ol
5 6
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1) DMDO, CH,Cl, , - 78 °C , 15 min '
> N O N o
2) NaBH,4, MeOH, 25 °C , 30 min H H :}S=O . H 0 :/S=O
O (0]

7a = 3.4%, 7Tb = 38% (3steps)

7a 7b

Scheme 6. anti-cis T+Z2| 3a-hydroxyl HPI &1}
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2.2 HPIQ| &N MEHM o=

sigtE2 dats gdEs MASIICL 2 Sy FE =ietE=z
gdsE Olfe M 2Zds Sl o5 & Ut

F7HX| epoxide SH|7} HEEICE Figure 49| a)= 7a7t €dkl=
epoxide SUHME M FZ2 ESH AOILL fIF2=ZE epoxide?t
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protectionE amine= OF{ZFO0| f(X|5tH e[zt BE0| TIA 7|0
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UAE[7]0f ofzg{iES 2l

-_

123t IS MY TSI 77t FE L=EE s 82, 62

24X T=F S oM dEds o=5g + ALk (Figure 5)

o
>t
rio
n
o
oA
my
o
o

Pyrroloindole2| A} Aotk|= HHE0A DMDO=
Re face®t Siface & LM SH0| 735 DMDOL| 22 #butyl
ester/t @[Z0| fIX|oCte FXRHQ UM TOHE QSH Re face=
|| ofFCt HtH Si face= UM FOHZF 817 WEOf AtzbA| 7t

E 2010l epoxide’t d-EEl= HS0| M= & Z0|2t O &St

15



a) 7a7l /4El= epoxide FZHA

b) 7b7} &4kl epoxide SZHA|

Figure 4. Tryptophan S EX|7} &t2}1El epoxide SZHA|

Lo s A=l st



Repulsion

Easy to attack

DMDO

Figure 5. 112|2} @S0 TIWE 62 M=

17 e A st



2.3 HPIQ| XN = &M

StHEl 7aQt 7be= 7|EO0| EDE|O{E 3a-hydroxyl HPI EHE9]
spectrum dataE ELCHE N LxE S4St0X} 5L

syn-cis TtZ=2| HPIPl 7aE= tosylO| K|S0 UX[AES 2Kt amine
TZ& (10)7F E0E0 JUCLT 7a2F magnesium (Mg) powderE methanol

M EFSAIZ| 102 SHSHRALE (Scheme 7) E48H 102 7|Z=0| 210 &

2%

—_

TZ9| spectrum data?t LX|st= US EHOISHIHC

HO @)

N H /\/s=o W%
OQ MeOHOC3h

93%

7a 10

Scheme 7. syn-cis HPI tx=2| N = ol g a1

anti-cis TZX2| HPIQl 7b= tbutyl ester CHAl methyl ester T+2E
7tXIH  amineOl= benzenesulfonylO| protection® 130 HEI1E[0]
UCH®  MX  trifluoroacetic acid (TFA)S A23I0  tbutyl esterE
carboxylic acid22 HR0f FCt MEHHO=Z  carboxylic acid&
methylation & = Q&  trimethylsilyldiazomethane (TMSCH,N,)E
AE&3SL0 methyl ester= = YTHCHID MHEl 112 tosyl deprotection =,
benzenesulfonyl  chloride (C¢HsSO,CVE  ARESIO] 2k amineO|

benzenesulfonylO| protection® 132 HSIRALE (Scheme 8)1'3 g5t

132 E1E FXO| spectrum datalt LX|steE AS &QISHRALE,

s B &
18 -'\-\."i . E



HO o HO Q2
<:§?~0J< <:g>‘0H
NN TFA NN
H H //S:O - H H //S:O
O Toluene, 25 °C, 2h O

7b
HO 0
O/
TMSCHN, iNj'; N, Mg
s H H /SZO >
MeOH, 0 °C, 25min o MeOH, 0 °C ,3 h

53% (2steps)

1"

|
:‘ nWO
(@)

Z g

@]

\

Na,CO3, CgHsSO,CI !
o— 2 3 6'l5 2 > N2 8
NH H20, -5 °C to RT, 5h H H
19% (2steps)

Iz
IV
oN

12 13

Scheme 8. anti-cis HPI #+ZxX°| X = =tol st npd

19 A 2 t]



2.4 HAZHH HPIQ| OpF 2| Bdabd
3a-hydroxyl HPIQl 72| 3%t alcohol2 silyl group2 2 protectiondtR} 1,
HEIOIE HLEE TSI DXL tosyl@ deprotectiondtd] 2XF amineS

et 5t QCE (Scheme 9)

Q x( : /% TBSOTY, 2,6- Iutldlne :TE E : /%

CH,Cl,, 0°C, 20 h

8a=85%,8b=64%

BSO e}
Mg (powder)
MeOH, 0 °C ;3 h N~V NH
H H

9a=61%,9b =57%

Scheme 9. HEIO|E HISE 2|8t 2Xl amine &/4d1}%H

3Kt alcoholOl tert-butyldimethylsilyl (TBS) groups protectiondtd 8=

FAY
o

ot
OF

e st

mo
M
o
ot
Q
=]

MK  tert-butyldimethylsilyl ~chloride

(TBSCHQ  imidazolE  AMESIRILE  HISO|  TIHEX]  RERULCH.

O

0e
N

=HE HHO 1,8-diazabicyclo(5.4.0)Jundec-7-ene (DBU)Z EHISS

™
OOI-

o Aot 17%2] =22 8a= 0| == RUFULCL TBSCIZ AtESt=
2% 23980  otAZE ot EESEY fert-butyldimethylsilyl

trifluoromethanesulfonate (TBSOTf)& 0|23l B2 =H X HJIE

TISHSIRICE (Table 2) TBSOTfRl 2,6-lutidine® AR3H x7| HI20M=

20 I



entry 1) B3 A2 58 19%2| 2=

8a2 YOold == QURLCE (entry 2) TBSOTFE dropwisestd 8aE

Table 2. 3%} alcohol2| TBS protection X|X3} 1H7d

o
HO O
WO%
HH S=0
(0]

TBSOTf (4eq), 2,6-lutidine(8eq)

BSO 0]
A 0/%
HH S0
(0]
DCM (0.07M), Temperature, Time

7a

8a
entry Temperature (°C) Time (h) 8a (%)
1 25 3 trace
2 25 16 19
32 25 16 48
42 0 16 85

*TBSOTT was added dropwise to the reaction mixture

Tosyl deprotection gt82 powder HEf2| Mg £ methanol &0(2t A
0 °COl A ZIZHSIRALE Sulfonyl group 2| deprotection IFE-2 radical Of

H

o

OfF

r
O

olf| tn 22X UL Magnesium 2 methanol 0|A] H Xt O]&

21 -":lx_! _'q.l_'\-'_ 1“ _...:ll!
I Il



chov #ro|

SHE|
—

|
—

O{L} tosyl deprotection Of

ol
=

S0l

H
()

0 20% O|ste| =2 97}

AT

S30] 0 °COlM EHS S TISHO] 2 Xt amine 2

Ct 22

| of
PN

g

JoI

300

:_1-li &F 7
| -'I_ 11

2 S
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3. Melicopteline C, D2| FgHd

3.1 M¥ BEIHEO|S sttgol $A

= =H O

X|Z7X] Melicopteline®| 24l FZtA| 3a-hydroxyl HPIE BHdSHRICH
2 79 g JFHE= 5709 otbjito] MY FXRE O|RL Us

Y HEHZEO|E stgt

=

Mo
3
L
mujn
o
0x
Ot
rir
PO
o
inl

OtOO|E sttEE gdsts o= 21390l £2 acyl chloridet
amine®| Bh3, carboxylic acidit aminel| =gt B8 & 0{2{7kX|7} QULCH
= gT0AME ool 2y #EE EE = U= coupling
reagentsE 0|83t 198 dStAX SIRALCE =3 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide (EDC), N'-dicyclohexylcarbodiimide
(DCO)2F &2 carbodiimide /2| reagentstt hexafluorophosphate
benzotriazole  tetramethyl uronium (HBTU), hexafluorophosphate
azobenzotriazole tetramethyl uronium (HATU)?t Z2 uronium {2
reagents7t OFOIO|E ZAY HIZES Tl O AMEEICE 2 HF0M=

My HEFHEOIEE gddste AHOA HBTUE coupling reagent®

HY de¥oz A¥ £ A& Gly-Glyo| acetyl chloride (AcChE
71510 142 $HASIALCE AcClDt methanolO] BHS3FH HCIO| MM gD,
carboxylic acid® &3}%[0 methylationO| ZIEEICHI4 N-Boc-L-Phe]
carboxylic acid2 HBTUO| 2J3f Z2 O[H7|= BHA =1 142

otorol= Zg HISO| TAsIe 5t sietE 158 doHRALE 159



bocPtE MEHMO=Z deprotection t0] &  HEHC| amine 152
gHdStQACt Chs ofopo|E HrEE TIMSH7| ™ N-Cbz-L-Thr2 2%t

alcohol2 TBSZ protection®t 162 T-ASIYUCE™ 161 free amine

otojole  ZAg H3E Ao ol IetE 172

eHdst Lt gt d &l 172 palladium on carbon (Pd/C)

o
o
O
ot
+
>
ot

B2 Sl CbzE MEHXMOZ deprotectionstd 17'2 FO{LYRALCE
O|{M free amine 17'Zt N-Boc-L-valZ}Q| OfO(O|E ZTts TS0
182 TSt EOZ methyl esterE carboxylic acidZ Zt+E3lst=
HES TASHACE oluf 4P| Z2EQ lithium hydroxide (LIOH)E

2SO0l AESHO] HERO[=S] M= £ABI0| methyl esterft

mjo

bl SERACE & 8 THAO Z2M 574e] ofbjk:4to] MEFES

Ol HEHHEIOIE 195 THMSIRILCE (Scheme 10)

¥ P 11 ";
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H\)OJ\ AcCl
HN" N OH . . >

o]
Gly-Gly

(o}

OH

HN.
Boc

N-Boc-L-Phe

OR O

OH

HN
Cbz

N-Cbz-L-Thr
R:H

(@) |__)16 R:TBS

64%

N-Boc-L-Val

MeOH, 25 °C

2h
100%

14, HBTU
DIPEA

DMF, 25 °C
12h
73%

15', HBTU
DIPEA

DMF, 25 °C
3h

71% (2steps)

17', HBTU
DIPEA

DMF, 25 °C
6h

78%(2steps)

o
H
H2N/\H/N\)J\O/
Hol O

14

H
N
HN/\n/ AcCl
] ;\ -
(0] o (0)

H
N
HN/\[r;\
0% 00"

MeOH, 25 °C
2h
NH )
Boc” NH, - HCI
15 15'
N N
sl st
o} o)
0~ 0707 Ha PdIC o~ 020"
HN.__O MeOH, 25 °C HN.__O
2h
_Cbz
N NH,
Bso TBSO
17 17
N N
HN/\"/ ;\ HN/\"/ ;\
o} . o
o~ 0% 0" LiOH 0~ 07 “OH
HN. O MeOH/H,0 HN. 0 4
H 0°C,6h H
H “Boc 96% H “Boc
TBSO ° TBSO
18 19

Scheme 10. Melicopteline C, D2| M¥ HEFHE}O|= $Hd 1l
Reagents and conditions: (a) TBSCI, Imidazole, DMAP, DMF, 25 °C, 36h

25



3.2 Melicopteline C, D2| HeHd &=

= ATFE2 Melicopteline C (1)2] MgHdE Scheme 112 Z0| 2tz

ot

OIOIC}

AL
T A AN

H
N
BSO o) HN/I( ;\ .
w /% . o0 ° 0% on HOA, ColIldlne,HATU>
W ANH o HN._O DCM, 0 °C t0 25 °C, 3 h
HH g N 83%
N “Boc °
OTBSHJI

1) TFA, Toluene, 25 °C, 10 h

. . HN
2) HOAt, DIPEA, HATU »NH
DMF, 0 °C to 25 °C, 60 h HN

H
N
;00 72 H —— :8
H
TBSO o 62% (2step) >__2t:oo oo N RN
tBuO
OTBS

21a

HN4>7
NH
TBAF - 0 S

THF, 0°Ct0 25°C,1.5h 0] (6] H H

' >—2: 00 N
52% HO  HN
NH OH

Melicopteline C (1)

Scheme 11. Melicopteline C2| HgHd 28

syn-cis T-Z&2| HPIO|HA 2Xt amine®! 9a%t carboxylic acid 192]

SAMHEIOIE  (20a)2 SRt

=

0k

ofopol=  Agt HEE2 S M
SHRACE M M HEHHEIOIEE CtEE MPEOIM ARESH coupling
reagent®l HBTUEZ 0|83}0] 20aE gddt= OfOIO|E ZAg H32
ZIHo| &|X| QUQUCE MEFM HATUR HERO| HISS Figs| =2Qte O,

26 pa i



M

ot FEE 20aS YT & UMUCLE FFE 20a2| Bocit #Bu
protectione &A|0| deprotection StIA TFAE ALESIRULE TFAE
O|8%t deprotection IHFIOIA ELS A|7H0] [ME MEZ0| LCHE

LIEfLE= AS =HQISHALEL. (Table 3)

Table 3. TFAE 0| &%t deprotection?| %X} 0}

HN— H HN R
}N }N
TFA HN H
HN NS 2 K - 0 o 72 H N
TBSO 0 0Ny Toluene, 25 °C, Time O © 97w
HN._O u0o PG2: HN._O ¢
0TBS PG oTBS
.
NH o NH, o
Boc

PG, = tBu, PG, = TBS : 20aa
PG;=H, PG,=TBS:20ab
PG, =tBu, PG, =H : 20ac
PG;=H, PG,=H :20ad

Entry Time (h) Major product Minor product
1? 5 20ad 20ac
2 2 20aa 20ac
3 10 20ad
4 16 Decomposed

aReaction mixture is in the DCM solvent condition

X Z0l= Boc deprotectionOf| Al 7}% 25tH AtEE[= BHSEHQ! DCM
S0j0A LSS TI™AHSIEULCE (entry 1) EE=EA7| ZIE Soff 24t
alcohol2| TBS deprotection®™ &A[0| ZIHE[0| 20ad, 20ac, 20ab, 20aa

HZtR| =tet=0] 2% LiEtL= AS =2eStACt ojof =2 ¢ E2

27 -":I'-\._= "%;:'1.'5 ]



ofoo|E ZATS TdlE £ = free aminellt carboxylic acid TtZ=2

20ablLt 20adt0] & sigtE2 TlL|=

olo
P!
X

As HAX SFACEH

ol
=2
P
r\l
mjo
o
-+
=
—+
o
C

D

>

D

ol
=
P!
[
Ot
=2
x
rx
olo
mjo
a]
00|'
Ot
ke
>
N
=2

2At alcoholO] protectiondt TBSZ7t ™A deprotecion El= ZWE

K
>
T
o

SOIBIRALE. (entry 2) P& protection group= deprotection S}

=

g sHEYeL, oo dgE  =gENA Z2dE=s 2uvt

ZHEE|RALE (entry 4) O[O0 22| HFE2 entry 3 ZUZS 7|HICZ 510

4%
N
oz
>
=
oz

Bocdt #Bu deprotections FASIIUCt HHE 2tetE2

®O0l |24 1d2[ HEOE =

mjn
PN
rr
i
Q

10
o
o
o
[n
ny
o
T
olo
mjo

71
ZIHSH0], 2CHA|0| 2K ot =282 21aS ESIRACLY O[T e 2
21a0| ZERXMSt= 3%t alcohol?| TBSE  deprotectionSt Xt fluoride

0] 2

o

Z55E  tetrabutylammonium  fluoride (TBAF)E  0|-23}0]
Melicopteline C (1)& 2t ESIRALCE 12 =4 silica ZHIAZ0LEJ2fm|7}
Ot <4 Cc18 ZEAZOIEOMUE Sof 228 F MEBES AHHF

=50t ZElfURACE &7 &8 HEE Sl T 178, L-tryptophan

Melicopteline D (2)2| &40 dSStRULt Melicopteline D (2)& anti-cis
TZO| HPIE Zgot UNFHFERE 7HALD A7 HE0] 9b2t 192

OtOro|= Zgts TS0l M AAEEO|E F229 20bS &H5HRAL.
¥

Ty

28

] O 11 =1
x_='|'1'|'



20b= A Melicopteline C (1) g IpEn Z=2 M =A
deprotection, 2|2} OOO|E ZA%, TBS deprotection X MZEEES
X2 THSHRAUCE E 19EHA, L-Tryptophan 7|F 3.0%2| =22 MA=

Melicopteline D ()& &tde = URULCE (Scheme 12)

H
N
BSO 0 HN/ﬁO( ;L .

: /% . 0 © 0% on HOAL, Collidine HATU
NN 0 HN._O DCM, 0°C t0 25 °C, 3 h
H H H .

N “Boc 88%
oTes!
9b 19
1) TFA, Toluene, 25 °C, 10 h HN
HN— H
}N 2) HOAt, DIPEA, HATU NH
Y 4 DMF, 0°C 0 25 °C, 60 aw o d .
0 o © H
63% (2steps) 00 N N
HO HN X
NH :
OTBS
20b 21b

HN4>7
TBAF NH
-

H

-

THF, 0°Ct025°C,1.5h

51% HO HN} %

Melicopteline D (2)

Scheme 12. Melicopteline D2| H&Hd etz
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4. Melicopteline EQ| FgHd
4.1 Melicopteline EQ| MA HEHHE}O|E =S| &d

Melicopteline E (3)2] &AL Melicopteline C (1)1t 7t& & %xjo|HE2

OtO| =4t  L-phenylalanineO| L-tyrosine, L-threonineO| L-isoleucine?!

METZE Z=Ch= AOo|Ct olof mzp HAE e F™EZ 0|85t
Melicopteline E (3)2| 2d= Z&St A} StRALCE PhenolOf protectionE

silyl group2 =22H8e A2E 0450 benzyl (Bn)E L-tyrosinel|

OF

phenol& protectiondt= &-d™2F2 MZICL (Scheme 13)

MX 142} N-Boc-O-Bn-L-TyrZto| OFONO|E ZAgtE TEMDICE 22&=
CHS OtOlojE ZATS 2I510 AcCl2 O|&3t0 Bocfta ME{Xo=Z
deprotection®tCt. O] 1EZ EHES0]  N-Boc-L-lle, N-Boc-L-Val2t
dXMez oforolE AgE TS 23, 248 gLl E2=
7t25f H82 &3 methyl ester® carboxylic acidZ HHLO|
Melicopteline E (3)2| 7Tgdo| ZEest My HEREEOIE 258

e dst ALt

30 A =TH 9]



HoN /\[r N \)J\OH
Gly-Gly

OBn

O
OH

HN.
Boc

N-Boc-O-Bn-L-Tyr

= O

A on

HN.
Boc

N-Boc-L-lle

N-Boc-L-Val

AcCl

MeOH, 25 °C
2h

100%

14, HBTU
DIPEA

DMF, 25 °C
12h
83%

22', HBTU
DIPEA

DMF, 25 °C
3h

88% (2steps)

23', HBTU
DIPEA

DMF, 25 °C
6h

68%(2steps)

0O
H
HZN/\H/N\)J\O/
C 0

HCl
14
OBn 0Bn
H H
HN/\H/ ;\ AcCl HN/\H/N;\
(@] - °
0"~ o Me0|-2|,hzs c 0% 00"
BOC/NH NH, - HCI
22 22'
OBn OBn
N N
HN/\n/ ;\ HN/\n/ ;\
o) o)
o~ 020" __ AcCl o~ 00"
MeOH, 25 °C HN.___O
2h
NH,* HCI
23"
OBn OBn
N s
HN/\n/ ;\ HN/\"/ ;\
0 o}
o~ 0“0 LiOH 0 -~ 0° OH
—
HN. O 4 | MeOH/H,0 HN0 o y
N 0°C,6h H
' N Boc N Boc
H 86% H
24 25

Scheme 13. Melicopteline EQ| M¥ HEHHELO|=E $Hdad
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4.2 Melicopteline E2} F& M ol &M<l Hehd
2=

2 GFEZ2 syn-cis X2 HPI 9a2} carboxylic acid 258 A&
Melicopteline E (3)2 HgtdE et=SIYLCt (Scheme 14) Coupling
reagent2 HATUEZE AR8SH Mo GAMHEOIE X9 26as
etk ACE TFAE  O|8% Bocdt #Bu groupll deprotections
TIEHSIRAO T, O|HO|= L-tyrosine@| phenol0| protection®t BnO| Y
deprotection El= SZHMZt ZEEIJACEDT BnO| deprotection E|X|

BAHLL 25 deprotection®l= B AlZtES 7| 8 RITEMUIE

o
%
bt

| Mot PEE2 AZSHRULCE BtE A[ZHO] B2 &% #Bu ester’t
deprotectionT|X| RUH HSA|ZLS FItAIZI B2 dEE 2eg=E0|
R ZofE|RACt mEtM ddE =2ES A8 ofotolE Agt
S22 TS AL}, L-tyrosinell phenold| BnO| protection® 27a’1t
deprotection® 27a 2t=0| Z0| LHE[RUCLt 27a'2 EF Pd/CE
ol8st 43t HEE2 B9 Bn2 deprotectionstd] 27aZ HHO
FAN, B22 3% alcohol®| TBSE TBAFE 0|83 O gt
S5t deprotectionStRUCE 47| A3 Z1t Melicopteline E 3)= &

17%HA|, L-tryptophan 7|& 1.9%2| =82 TgdS t=sHGICt

32 2] 2- )



H
N
oTBS O HN
/\g ;\ HOA, Collidine, HATU
o + 0~ 07 "OH >
N~V NH DCM, 0 °C t0 25 °C, 6 h
b HN.__O
: ? H 60%
/ N. °
N Boc
H
9a 25

OR

HN H

4>// TFA 4>//N
oF - oY

0

Toluene, 25°C, 10 h

OTBS OTBS

H tBuO M
o

Boc

26a R=HorBn
OH
HN HN
HOAt, DIPEA, HATU_ 4>ﬁNH }NH
> HN 0 O + W ©0o0
DMF, 0 °C to 25 °C, 60 h .
27a' = 33%, 27a = 20% y 0

-, o o:g H o o:g H N
- y O O N 7 (0] N
HN — X‘Z } HN H X—i )
(2steps) NH NH

OTBS oTBS
27a" 27a
| H,, Pd/C A
MeOH, 25 °C, 2 d
100 %

OH

TBAF HN
> %NH

THF, 0°Ct025°C,1.5h H
57%

Melicopteline E (3)

Scheme 14. Melicopteline EQ| HeHd etz
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deprotection gt32 A2 ZASA LD F 19%HA, L-tryptophan 7|&E

12%2| =22 282 Mo d5sIALE

34 s &g



HOAt, DIPEA, HATU

DMF, 0 °C to 25 °C, 60 h
27b' = 34%, 27a = 20%
(2steps)

TBAF
THF, 0°Ct025°C,1.5h
55%

OBn

HOAt, Collidine,HATU

-

DCM,0°Cto25°C,6h

57%

OR

HN H
TFA _ }N
» I HN H
: 0O

Toluene, 25 °C, 10 h

OBn

Py E

OTBS OTBS

27b' 27b
| Hy, PdIC A
MeOH, 25 °C, 2d
100 %

OH

-~
R

H

Scheme 15. Melicopteline EQ| £& X O dEHN Td 2=

3 5 -":lx_i "%I: -




5. F&E Melicoptelinelt TH4E  Melicoptelinell

2 ARE2 MAE Melicopteline C (1), D (2), E (3)2 %Xz HMetHd
SHICH =l Melicopteline®| FtZ&= 3C2t 'H NMR2 Sdff =l ¢
UR/AD, O|E Melicope ptelefoliadl M FE3H Melicopteline w1t H| 8|
2Lt O Z1t Melicopteline C (1), D (2)2| HIOIE 7} H=ts| LX|etS
2 = ARALE (Table 4, 5)

Melicopteline E (3)2 'H NMROJA| HPI2| 8a protonO| YX|EHX| Gi=

ANE AFR/USLE 3C NMR2 H&SHAH LX|SHFLL (Table 6) ™ AH=Z0]| A
FZEE Melicopteline E (3)2F & AF0A THt zietE2 #2 1n2[H
HEIOIE 3Iet=O0|X|TF StMHEl ZTANAC 12| HEf t™Edo] <ost

HEf O|dEAM| (conformational isomer)2 O AtE|O{XICt 0|5 HHSIA}
4 El Melicopteline E (3)2] OfO|=A F7|MEol A2 EXM  High-
performance liquid chromatography (HPLC)Ol =1t sHd=2| co-

injectiongs 8% € =2 =, A20 A2l '"H NMR =58 & F7t8¢

L

MSS E8 Melicopteline E (3)2] +ZHQI Metdg 2QIsiE DX}; st



Table 4. &% E! Melicopteline C2} &€l Melicopteline C (1)2] H|iL

meta  Para

ortho
L-Phe Gly'
HN
P
HN O :8
L-Thr ©
O
HO HN 6
L-Val
Natural Melicopteline C* Synthetic Melicopteline cP
Position &¢ &y (Jin Hz) &c &y (Jin Hz)
HPI
CcO 171.1 171.1
2 62.3 4.16, overlap 62.3 4.16, overlap
3 48 240, dd (12.8, 9.6) 419 240, dd (13.6, 9.2)
2.29, dd (13.6, 4.8) 2.29, dd (13.6, 5.4)
3a 88.0 88.0
3b 132.1 132.1
4 123.0 7.25,d (7.5) 123.0 7.25,d (7.6)
5 118.8 6.75, t (7.4) 118.8 6.75, t (7.2)
6 129.3 7.11, 1 (7.6) 129.3 7.11, 1 (8.0)
7 110.7 6.66, d (7.9) 110.7 6.66, d (7.6)
7a 148.8 148.8
8a 83.6 5.63,d (3.9 83.6 5.63,d (4.0)
NH 6.90, d (4.5) 6.90, d (4.4)
OH 6.17, br s 6.17, br s
Val
CcO 170.6 170.6
a 59.1 4.14, overlap 59.1 4.14, overlap
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B 30.8 211, m 30.8 211, m
y 18.3 0.86, d (6.8) 18.3 0.86, d (6.8)
19.7 0.87, d (6.8) 19.6 0.87, d (6.8)
NH 7.92,d (12.0) 7.92,d (15.2)
Thr
co 170.4 1704
a 56.7 4.30, dd (6.7, 2.9) 56.7 4.30, dd (6.8, 3.2)
66.7 4.02, brs 66.7 402, brs
184 0.95, d (6.2) 18.4 0.95, d (6.4)
NH 7.55,d (6.9) 7.56, d (6.8)
OH 5.19, brs 5.19, br s
Phe
co 171.0 171.0
a 56.1 4.15, overlap 56.0 4.15, overlap
5 357 3.18, dd (14.2, 5.5) 357 3.18, dd(14.0, 5.6)
2.89, dd (14.2, 9.3) 2.89, dd(14.0, 8.4)
y 138.0 138.0
ortho 129.0 727, m 129.0 7.27, m
meta 128.3 729, m 128.3 729, m
para 126.4 7.21,1(6.9) 126.3 721, m
NH 8.22,d (4.4) 8.23,d (4.8)
Gly'
co 169.1 169.1
o 16 3.94, dd (16.8, 7.3) 426 3.94, dd (14.8, 6.8)
341, dd (16.9, 4.8) 340, dd (17.0, 5.2)
NH 8.66, t (5.5) 8.66, t (6.0)
Gly?
co 168.5 168.5
a 40 4.50, dd (17.0, 8.2) 40 4.50, dd (17.2, 8.8)
3.89, d (16.8) 3.89, d (15.6)
NH 7.90, overlap 7.91, overlap

aData obtained from ref 3 recorded in DMSO-dg at 800 MHz 1H-
NMR and 200 MHz 13C-NMR. ®Data recorded in in DMSO-ds at 400 MHz *H-
NMR and 100 MHz ¥C-NMR.
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Table 5. &% E! Melicopteline D2} 2‘4El Melicopteline D (2)2| H|iL

para

meta

ortho
L-Phe
HN
L-Thr
HO HN
L-Val
Natural Melicopteline D* Synthetic Melicopteline DP
Position &¢ &y (Jin Hz) S&¢ &y (Jin Hz)
HPI
co 172.1 172.2
2 62.2 4.76, dd (104, 6.0) 62.2 4.76, dd (10.0, 6.0)
3 435 2.76, dd (14.2, 10.4) 435 2.76, dd (14.0, 10.0)
2.05, dd (14.2, 5.9) 2.04, dd (14.4, 5.9)
3a 88.4 88.4
3b 133.0 133.0
4 122.8 7.21,d (7.5) 122.8 7.21,d (7.2)
5 119.9 6.79, t (74) 119.8 6.78, t (7.6)
6 129.1 7.11,t(7.9) 129.1 7.10, t (84)
7 1114 6.60, d (7.9) 1114 6.60, d (8.0)
7a 147.2 1471
8a 85.1 5.58,d (4.7) 85.0 5.58, d (4.8)
NH 7.20, overlap 7.20, overlap
OH
Val
co 170.0 170.0
a 57.0 411, dd (10.5, 4.4) 57.0 411, dd (9.2, 3.6)
301 210, m 301 2.10, m
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y 15.9; 0.50, d (6.9) 15.9; 0.50, d (6.8)
18.5 0.35,d (6.9 18.5 0.35,d (6.8)
NH 7.53,d (10.0) 7.54, d (9.6)
Thr
co 169.8 169.7
a 56.5 413, dd (5.3, 3.8) 56.5 4.13,dd (5.2, 3.8)
65.6 4.05 m 65.6 4.05, m
y 17.1 1.00, d (6.5) 17.1 1.00, d (6.4)
NH 7.11,d (7.0) 7.11,d (7.0)
OH
Phe
co 171.6 171.6
a 56.0 427, m 56.0 427, m
5 382 2.99, dd (13.9, 6.4) overlap 2.99, dd (14.0, 6.4)
2.89, dd (13.9, 8.8) 2.89, dd (14.0, 8.8)
y 136.8 7.24, m 136.8 724, m
ortho 128.9 7.31,t (7.6) 128.9 7.31, t (8.4)
meta 128.4 7.24,t (6.7) 128.4 7.24, 1t (6.7)
para 126.6 7.95,d (4.3) 126.7 7.98, d (4.0)
NH
Gly!
co 168.8 168.8
a 426 3.87, dd (17.0, 7.1) 426 3.85, dd (16.8, 7.2)
343, dd (17.0, 5.0) 344, dd (17.2, 4.8)
NH 8.86, t (5.9) 8.85, t (6.0)
Gly?
co 167.5 167.4
a 417 451, dd (17.8, 8.1) 417 4.50, dd (18.0, 8.0)
3.98,d (17.4) 3.99, d (17.2)
NH 8.04, d (8.0) 8.04, d (8.0)

aData obtained from ref 3 recorded in DMSO-dg at 800 MHz 1H-
NMR and 200 MHz 13C-NMR. "Data recorded in in DMSO-ds at 400 MHz H-
NMR and 100 MHz 3C-NMR.
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Table 6. &=ZE Melicopteline EQt B/dE Melicopteline E (3)2] H|1d

H

O
meta
ortho
L-Tyr Gly'
HN

HN O

Natural Melicopteline E* Synthetic Melicopteline £
Position &¢ &y (Jin Hz) S&¢ &y (Jin Hz)
HPI
co 171.0 171.0
2 62.4 4.18, overlap 62.5 4.18, overlap
3 e 241, m 417 241, m
2.32,dd (16.7, 4.4) 2.31, dd (16.0, 4.0)
3a 88.1 879
3b 132.0 132.2
4 123.0 7.26,d (7.2) 122.9 7.25,d (7.2)
5 118.8 6.75, t (8.0) 118.7 6.75, t (7.2)
6 129.3 7.12, ddd (8.0, 8.0, 1.6) 129.1 7.11, ddd (8.0, 8.0, 1.6)
7 110.7 6.66, d (8.0) 110.7 6.66, d (8.4)
7a 148.7 148.7
8a 83.6 5.65, d (4.8) 834 5.69, d (4.4)
NH 6.90, d (4.5) 6.90, d (4.4)
OH 6.29, br s
Val
co 170.8 170.8
a 58.9 4.16, overlap 59.0 4.16, overlap
31.2 211, m 31.2 2.08, m
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y 18.1 0.86, d (6.4) 18.2 0.86, d (6.4)
19.6 0.88, d (7.2) 19.6 0.88, d (7.2)
NH 7.79,d (9.9) 7.79, d (10.4)
lle
Cco 170.9 170.9
a 56.4 428, m 56.5 428, m
B 38.0 1.68, m 379 1.68, m
y 19.7 0.77,d (7.2) 19.7 0.77,d (7.2)
S 115 0.89, m 11.5 0.89, m
£ 153 0.74, t (7.2) 15.3 0.76, t (7.2)
NH 745, d (1.6) 7.56, d (6.8)
OH
Tyr
Cco 170.8 170.7
a 55.9 4.05, m 56.0 4.05, m
) 347 3.05, dd (14.3, 5.8) 347 3.04, dd (14.0, 5.6)
2.79, dd (144, 9.1) 2.79, dd (14.4, 8.8)
y 127.6 6.99, d (8.0) 127.6 6.99, d (8.0)
ortho 129.7 6.66, d (8.0) 129.7 6.65, d (8.0)
meta 115.0 115.0
para 155.8 155.9
NH 8.23, s 8.27, s
Gly'
co 169.4 169.3
“ 425 3.95, dd (16.7, 7.5) 45 3.95, dd (16.8, 7.8)
3.36, dd (16.8, 4.4) overlap
NH 8.46, brs 847, brs
Gly?
co 168.7 168.6
o 417 447, m 417 448, m
3.81, d (15.6) 3.80, d (15.6)
NH 8.14, brd (7.2) 8.15, br d (8.0)

aData obtained from ref 3 recorded in DMSO-dg at 800 MHz 1H-
NMR and 200 MHz 13C-NMR. "Data recorded in in DMSO-ds at 400 MHz *H-
NMR and 100 MHz C-NMR.
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Iv. Ad

Mmooz 7Y Jhse Al

ol

oiE2 >7r8e gHarg  8lol

ALESIAClH BE HEE2 round bottom flask (RBF)OAl ZIZHE| AL

c
olo
10
o

b= 254nm, 365nm LHEQ| UVSHOAM TLCE ZESIRULE
HHIEE et column chromatography silica gel 230~400 mesh?2
silica gel& AE9%t0] TSRO, =72 Biichi B-540 melting point

7(H:||

o

Ul

AESHFLE  Nuclear magnetic resonance spectra= JEOL JNM-
ECZ 400s [400 MHz (1H), 100 MHz (13C)] spectrometerE A&} RALC} "H-
NMR & ™C-NMR spectra= CDCl; (6 7.26 in 'H and & 77.16 in '3Q),
DMSO-ds (6 2.50 in "H and & 39.52 in "*C), MeOD-d, (6 3.31 in 'H and
& 49.00 in BO)E WE 7|ZE2E 310 FHSIRALE Chemical shift= part
per million (ppm) THRIZ, coupling constant ()= HzE H7|SHRULE.
Infrared (IR) spectra= JASCO FT/IR-300E and Perkin-Elmer 1710 FT
spectrometerE AHESIRALCE Optical rotations a JASCO polarimeter P-
2000 seriesE AMBSH0] ZHSIRALE  High-resolution mass spectra

(HRMS)= JEOL JMS 700 1} Agilient 6530 Q-TOF spectrometer®

Al

SOt ALt
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1. HASZHY HPIC| EHd

Tosyl L-tryptophan (4)

o)
oH TsCl OH
\ > Y N0
NH; NaOH/H,0, 25°C, 3 h N S
N H S
H

99.9%
L-Tryptophan 4

RBFO| L-tryptophan (4 g, 19.59 mmol)2 &1 H,0 (98 mL)2 3N NaOH
(24 mL)O| =RACE TsCl (6.609 g, 34.67 mmol)2 Et,0 (20 mL)0| =0
RBFZ &Ll & 30| HO|=EF 25 °COlM 3A|Ztse L5HA
wEtstHA pHE HQISIICE TICE A|ZEHO| ZEF AREJSS
2oloh £ A™O ELOR 52 18 A FRALCL =30 2N HAS
7tSt| pHZb 27t E|=& SHRAL. =85S DCM2Z 33 FEA, 22
77158 MgSO,2 =z 8 EHSID HUSFOLN ofek 1M HEf 4
(7.0g 100% yield)2 ACt m.p.: 160-162 °C; 'H-NMR (400 MHz, CDCl5)
6 8.04 (s, TH), 7.53 (d, /= 79 Hz, 2H), 743 (d, /= 79 Hz, 1n), 732 (d, / =
79 Hz 1H), 718 (t, /= 7.6 Hz, TH), 7.11 (d, /= 7.9 Hz, 2H), 7.04 (t, /= 7.3
Hz, 1H), 6.97-7.00 (m, 1H), 5.15 (d, / = 8.6 Hz, 1H), 4.20-4.25 (m, 1H), 3.23
(qd, /= 15.0, 5.7 Hz, 2H), 2.35 (s, 3H); *C-NMR (100 MHz, CDCl3) & 143.69,
136.04, 135.97, 129.52, 127.10, 126.93, 123.57, 122.20, 119.75, 118.54,
111.23, 108.70, 55.73, 29.69, 28.79, 21.52; IR (neat) v 3409, 3288, 3057,
2923, 2359, 1725, 1597, 1423, 1327, 1158, 1090, 743; HRMS (FAB) m/z
caled for CigH19N,O4S [M+H]*: 359.1066, found: 359.1061; [a]3°= -37.9
(c=1.0 in MeOH)

45



tert-butyl tosyl-L-tryptophanate (5)

o o)
OH TEBAC, K2003, t-BuBr )<
VN o > \ °
N ~g% DMA, 25 °C to 55 °C, 19 h HN\S//O
H N

1] N
0 77.8% H

SHE X7 MX|El RBFO| 5 (7.0 g, 19.58 mmol), TEBAC (4.5 g, 19.58
mmol), K2CO3 (13.5g, 97.92 mmol)Z €1 Ar 7tA X|2HZ SIRUCE DMA
(65 mL), t-BuBr (22 mL, 195.84 mmol) & ™75t H20|A 5A|ZHS
wESHRACE O|F 55 CE 2L E 2o uWbtsiRch TICE A|ZEEO|
2 ARRQUSES oSt = HBES MBS HIISHO quenching
SIRACL EtOAcRt &8 ARE%H0] 3|4

= 52 EOAcE 3
FESIAULCL 0|7 |IIEE MgSO,E dZx 8 TESID 4

ot
ot
4

558 2
column chromatography (silica gel, hexane : EtOAc = 5:1to 1: 1)&
TIHSHRACE 2O 22=2 DCMIL hexaneg H7ISHY MEAIZl =

LHE Sl st ZMo| 5 (63 g, 78% yield) MEE2S LALCE mp. :
122-124 °C; "H-NMR (400 MHz, CDCls) & 8.04 (s, 1n), 7.63 (d, / = 7.9 Hz,
2H), 7.55 (d, /= 7.9 Hz, 1H), 7.32 (d, / = 7.9 Hz, 1H), 7.15-7.19 (m, 3H),
7.05-7.11 (m, 2H), 5.22-5.11 (1H), 4.12-4.17 (m, TH), 3.15-3.24 (m, 2H), 2.36
(s, 3H), 1.15 (s, 9H); *C-NMR (100 MHz, CDCl3) & 170.45, 143.49, 136.80,
136.10, 129.61, 127.51, 127.28, 123.35, 122.15, 119.59, 118.98, 111.24,
109.60, 82.51, 56.65, 29.47, 27.70, 21.56; IR (neat) v 3734, 2979, 2317, 1716,
1508, 1339, 1156, 1091, 815, 748, 670 ; HRMS (FAB) m/z calcd for
CooH2sN204S [M+H]*: 414.1613, found: 414.1618; [a]3°= -14.2 (c=1.0 in
MeOH)
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tert-butyl (2S,3aR,8aS)-3a-hydroxy-1-tosyl-1,2,3,3a,8,8a-
hexahydropyrrolo[2,3-b]lindole-2-carboxylate (7a)

o HO o)
)< DMDO 0/%
o) - AN
N ) HN\s//O CH,Cl,, - 78 °C, 15 min H H S=0
0
H ('5\@\ 7a:7b = 43.5% : 8.5% Q

5 7a

RBFO 5 3.2 g, 7.68mmol)& €2 F Ar 7t2& X|gt2 3Ct O|=
DCM (77 mL)E ®7I5t1 -78 °CO|lA DMDO (0.07 M in acetone, 118

DE FIIeHRE Z22 2=0M 15878 udEet oF TICE

3

-

IH=20| 25 2EHEAZS 2ol = Y SF SIACL o

- —

=
2o
—

rfot
ot

=2 column chromatography (silica gel, hexane : EEOAc=9:1to 1:

x

N

i

) WSt SHoF K| HE§ 7a (14 g, 44% yield) MEES L UL
m.p. : 72-74 °C; "H-NMR (400 MHz, CDCls) & 7.81 (d, / = 7.9 Hz, 2H), 7.24-
7.30 (m, 3H), 7.16 (td, / = 7.6, 1.2 Hz, 1H), 6.80 (t, /= 7.3 Hz, 1H), 6.63 (d,
J =79 Hz, 1H), 575 (d, / = 3.7 Hz, 1H), 498 (d, / = 3.7 Hz, 1H), 4.29 (s,
1H), 4.18 (dd, / = 8.9, 2.1 Hz, 1H), 2.32-2.46 (m, 5H), 1.46 (s, 9H); *C-NMR
(100 MHz, CDCl3) & 173.73, 147.29, 143.96, 137.02, 130.11, 130.00, 129.75,
127.75, 122.94, 119.80, 110.50, 88.70, 88.19, 83.67, 61.98, 43.20, 27.88,
21.69; IR (neat) v 3383, 2977, 2929, 2348, 1745, 1614, 1471, 1338, 1156,
981, 814, 748, 671; HRMS (FAB) m/z calcd for CyHysN,OsS [M+H]*:
430.1562, found: 430.1558; [a]2’= -144 (c=1.0 in MeOH)
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tert-butyl (2S,3aS,8aR)-3a-hydroxy-1-tosyl-1,2,3,3a,8,8a-
hexahydropyrrolo[2,3-b]lindole-2-carboxylate (7b)

0
P Wata
\ 0/%
o) NBS, TEA NN
\ H > H //S:O
N s CH_Cl,, 0 °C, 20 min 0
S

1) DMDO, CH,Cl, , - 78 °C , 15 mln W /%

2) NaBH,, MeOH, 25 °C , 30 mm

7a:7b =3.4% :37.6% (3steps) Q

7b
RBFO| 5 (200 mg, 048 mmol)2 E2 = Ar 7tA& X|&t=2 SIRULCE O|=
DCM (30 mL)E ®7tst 0 °COlA NBS (85 mg, 0.48 mmol)@t TEA (0.2
mL, 145 mmol)2 H7ISICt 2027t WSt ChE TICE A= EHO
25 ALEAZE Holot T 4 ZSFRSHULCE O|=F silica gel2 0[8%
ZHE s == 62 LUC RBFO| 62 E2

StSICE 0|2 DCM (2 ml)

2 Ar 7S Kghs

acetone, 7 mL)E M7t

=
cH &

ANEHESEHO| BF AREQUZES =20 42 SFESIACL oz

F=0 MeOH (3 mLE H7ISHRICE 0 °COlA NaBH, (54 mg, 1.45

mmol)S F7tet =, H20|A 3027 WBSHRICH EtOAcS AESHY

rlot
|IOI-

3|Mst & 1M HCl (3 mL)Z quenching otFLCE £52 EtOACE 3H
= SIQCL 0| R7|58 MgSO,2 Ax U TEstn Y 57D

g 2
column chromatography (silica gel, hexane : EtOAc = 9 : 1 to 1: )&
sty Z2M K HEf 7b (78 mg, 38% yield) MH=S YACE mp. :
153-155 °C; "TH-NMR (400 MHz, CDCl3) & 7.78 (d, / = 8.3 Hz, 2H), 7.35 (d,

J =78 Hz, 2H), 7.18-7.22 (m, 2H), 6.76-6.80 (m, 1H), 6.69 (d, / = 8.3 Hz,
4 8 1 O 11

—
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1H), 5.01 (d, / = 5.1 Hz, 2H), 4.32-4.35 (m, 1H) 2.70 (d, / = 13.3 Hz, 1H),
2.44-2.53 (m, 2H), 1.11 (s, 9H); "*C-NMR (100 MHz, CDCl3) & 169.56, 150.25,
144.22, 135.93, 131.43, 130.19, 12848, 127.27, 124.02, 119.94, 110.96,
87.88, 83.65, 82.06, 61.77, 40.66, 27.49, 21.74; IR (neat) v 3734, 3402, 2887,
2348, 1715, 1613, 1469, 1338, 1163, 1038, 1026, 749, 670 HRMS (FAB) m/z
calcd for CpHzN,OsS [M+H]*: 430.1562, found: 430.1563; [a]3°= 96.7
(c=1.0 in MeOH)

b 11
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1.2 3%} alcohol®| TBS protection 88 =%

Q ; : /% TBSOTY, 2,6- Iut|d|ne i i : %

CH,Cl,, 0°C, 20 h

RBFOI 7 (1 equivyig &1 Ar 7tA X|2HE SIRACE 0|2 DCM (0.1 M),
2,6-lutidine (8 equiv)2 H7tst1 0 °COA 1527t WHISIACL O|F
TBSOTf (4 equivi& T®3| dropwisestd] HItstn Z2 2Z0fA
20A1ZH WBHSHRICE TICE AREEO0| ZF AEEJZS =2t =2
NaHCO; +=&MES T7I8 quenching tRACE 11 CtE =52 DCMRE

o
3 FE SIRALE 22 RIISE MgSO,2 A= A EESL HY

ol
—
—
(e}

F5F% & column chromatography (silica gel, hexane : EtOAc = 1

Hoto dots dd=5 RULL

.b
H1J
okl
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BSO o)
AN o%
HH S=0

o)

8a

tert-butyl (2S,3aR,8aS)-3a-((tert-butyldimethylsilyl)oxy)-1-tosyl-
1,2,3,3a,8,8a-hexahydropyrrolo[2,3- blindole-2-carboxylate (8a).

. &7] 3%t alcohol®| TBS protection 2t8 =710 7a (685 mg, 1.59
mmol)Z AHESI0 2t @Y HE] 8aE YRULCE (735 mg, 85% yield). H-
NMR (400 MHz, CDCls) & 7.71 (d, / = 8.3 Hz, 2H), 7.22 (d, / = 8.3 Hz, 2H),
7.08-7.16 (m, 2H), 6.75 (t, / = 7.6 Hz, 1H), 6.50 (d, / = 7.8 Hz, 1H), 5.39-
543 (m, 1H), 5.16 (s, 1H), 403 (t, /= 7.1 Hz, 1H), 2.65 (dd, / = 129, 7.8
Hz, 1H), 2.52 (g, / = 6.6 Hz, 1H), 2.39 (s, 3H), 1.53-1.41 (9H), 0.79 (s, 9H), -
0.19 (t, /= 7.8 Hz, 3H), -0.32 (t, /= 9.2 Hz, 3H); *C-NMR (100 MHz, CDCls)
& 170.22, 148.47, 143.39, 137.90, 130.30, 130.10, 129.42, 127.47, 124.16,
119.26, 110.08, 89.23, 84.14, 81.95, 61.65, 44.69, 28.06, 25.70, 21.66, 18.01,
-3.61, -3.69; IR (neat) v 3598, 3403, 2929, 2887, 2309, 1748, 1612, 1472,
1339, 1158, 1038, 1026, 836, 670; HRMS (FAB) m/z calcd for CygH41N,OsSSi
[M+H]*: 545.2505, found: 545.2513; [a]3°= -189 (c=1.0 in MeOH)
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BSO o)
< EN § N>\ ‘o%
HH S=0
o]

8b

tert-butyl (2S,3aS,8aR)-3a-((tert-butyldimethylsilyl)oxy)-1-tosyl-
1,2,3,3a,8,8a-hexahydropyrrolo[2,3- blindole-2-carboxylate (8b).

. 7] 3%t alcohol@| TBS protection BtE Z=HO| 7b (774 mg, 1.80
mmol)2 AFESH0] SIQF K| HEH 8bE FRALE (626 mg, 64% yield). :
m.p. : 201-203 °C; "H-NMR (400 MHz, CDCls) 6 7.78 (d, / = 8.3 Hz, 2H),
7.34 (d, /= 7.8 Hz, 2H), 7.09-7.16 (m, 2H), 6.72 (t, / = 7.1 Hz, 1H), 6.62 (d,
J=7.8Hz 1n), 495 (s, TH), 4.86 (s, 1H), 4.33 (dd, /= 9.7, 1.4 Hz, 1H), 2.70
(dd, /=129, 0.9 Hz, 1H), 2.44 (s, 3H), 2.33-2.41 (m, 1H), 1.10 (s, 9H), 0.71
(s, 9H), -0.24 (s, 3H), -0.33 (s, 3H); *C-NMR (100 MHz, CDCl3) & 169.56,
150.42, 144.09, 136.15, 130.88, 130.07, 128.37, 127.25, 124.89, 119.30,
110.61, 89.64, 83.83, 81.97, 61.77, 43.80, 27.52, 25.60, 21.69, 17.88, -3.66, -
4.16; IR (neat) v 3308, 2929, 1705, 1613, 1351, 1312, 1168, 1107, 891, 776,
672; HRMS (FAB) m/z calcd for CugHigN.OsSSi [M]: 544.2427, found:
545.2435; [«]25= 93.3 (c=1.0 in MeOH)
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1.3 Tosyl deprotection ¥t8 =7

BSO (0]
O/% Mg (powder) w /%
N N\
HH S=0
(@)

MeOH, 0°C ,3 h

RBFO| 8 (1 equiv), Mg (20 equiv)& €1 Ar 7tA X|gH2 SHRILCH MeOH
0.1 M)Z HIFSHE 0 °COlA 3A[ZH WBSIICE TLCE A|EEEO0| BF
X7 8siE WX 2N HCIE 7t5H9]
=352 pHZt 80| Em7HX| K,CO3=
H FESIACL 22 R7I|FS MgSO,E

ADg|ee ZOIsH

ot

quenching otRALt Ol =
H7tot ALt +52 DCMRE 3
Azx A EHESID 4Y FFS & column chromatography (silica gel,

hexane : EtOAc =2 :1to 1:2)2 M5l Yst= MHES AL}
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BSO 0
ik
H H
9a
tert-butyl (2S,3aR,8aR)-3a-((tert-butyldimethylsilyl)oxy)-1,2,3,3a,8,8a-
hexahydropyrrolo[2,3-blindole-2-carboxylate (9a)
. 7| tosyl deprotection BFS ZO| 8a (721 mg, 1.32 mmol)2
AHE S SQF K| HEY 9aE ALt (315 mg, 61% yield) m.p. : 188-
190 °C; "H-NMR (400 MHz, CDCl3) & 7.17-7.24 (m, 1H), 6.82 (t, /= 7.6 Hz,
1H), 6.73 (d, / = 7.8 Hz, 1H), 5.67 (s, TH), 5.30 (s, TH), 3.95 (dd, / = 10.6,
7.4 Hz, 1H), 2.74-2.83 (m, 2H), 1.50 (s, 9H), 0.84 (s, 9H), -0.10 (s, 3H), -0.30
(s, 3H); "*C-NMR (100 MHz, CDCl;) & 166.84, 149.06, 131.17, 128.02,
124.58,119.77, 110.48, 89.30, 84.82, 82.90, 58.13, 43.97, 28.16, 25.78, 18.02,
-3.56, -3.81; IR (neat) v 3734, 3260, 2929, 2854, 2359, 1743, 1613, 1474,
1253, 1151, 1039, 837, 677; HRMS (FAB) m/z calcd for C,1H35N,05Si [M+H]*:
391.2417, found: 391.2415; [a]3°= -87.9 (c=1.0 in MeOH)
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BSO o)
< -ZN S N>H 0/%
H H

9b
tert-butyl (2S,3aS,8aS)-3a-((tert-butyldimethylsilyl)oxy)-1,2,3,3a,8,8a-
hexahydropyrrolo[2,3-b]lindole-2-carboxylate (9b)
. &7| tosyl deprotection P& Z=710]| 8b (192 mg, 035 mmol)Z
A SHeF K| HEH 9bE R ALt (78 mg, 57% yield) m.p.: 89-91 °C;
"H-NMR (400 MHz, CDCl3) 6 7.19 (d, / = 7.4 Hz, 1H), 7.06-7.10 (m, 1H),
6.73 (t, /= 7.4 Hz, 1H), 6.57 (d, / = 7.8 Hz, 1H), 4.84 (s, 1H), 3.86 (q, / =
4.1 Hz, 1H), 2.63 (dd, /= 12.6, 7.6 Hz, 1H), 2.50 (dd, / = 12.9, 4.6 Hz, 1H),
1.20 (s, 9H), 0.84 (s, 9H), -0.20 (d, / = 12.9 Hz, 6H); *C-NMR (100 MHz,
CDCl3) & 172.86, 149.72, 131.17, 129.90, 125.19, 119.18, 110.61, 90.69,
84.56, 81.11, 60.55, 44.89, 27.78, 25.83, 18.08, -3.22, -3.67; IR (neat) v 3369,
2929, 2853, 2358, 1729, 1612, 1472, 1250, 1106, 1038, 836, 742; HRMS
(FAB) m/z calcd for Cy1H3sN,OsSi [M+H]*: 391.2417, found: 391.2427;
[a]35= 123 (c=0.5 in MeOH)
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HO 0
HO 0
< :NS N;\ 0/% Mg
H H S=0 R 0/%
o} MeOH, 0 °C 3 h N~V NH
H H
7a 10

tert-butyl (2S,3aR,8aR)-3a-hydroxy-1,2,3,3a,8,8a-
hexahydropyrrolo[2,3-b]lindole-2-carboxylate (10)

RBFO| 7a (156 mg, 0.36 mmol), Mg (176 mg, 7.26 mmol)& £ Ar 7tA&
X|gts StGICt. MeOH (3 mL)2 H7tets 0 °COIAM 3A[ZF WmBHSHRALY,
TLCE AAHZHO| R& AREJASS =Helet & M7t s WX
2N HCIZ 7I5t0 quenching StRICt Ol £+=F2| pHZI 80| EIj7ItX]|
K,CO32 M7l =532 DCMRE 3H FESIQULCL 22 }7|B2
MgSO,2 A= 9l ZEHstn Zt
(silica gel, hexane : EtOAc =2 : 1to 1:2)2 FA|5t0] &}k 0| HEH 10
(93 mg, 93% yield2 YACE. LOIT! 102] spectrum data= =21t
UX|SHA 2FEHCET mop. : 172-174 °C; 'H-NMR (400 MHz, MeOD-dy) &
723 (d, /=64 Hz 1H), 7.08 (td, /= 7.6, 1.2 Hz, 1H), 6.73 (dd, /= 8.6, 7.3
Hz, 1H), 6.59 (d, /= 7.3 Hz, TH), 4.95 (s, 1H), 3.57 (dd, /= 9.5, 6.4 Hz, TH),
243 (9, /= 6.3 Hz, 1H), 2.28 (dd, / = 12.2, 9.2 Hz, 1H), 1.47 (s, 9H); 3C-
NMR (100 MHz, MeOD-d,) & 173.59, 151.72, 132.37, 130.69, 124.90, 119.81,
110.77,90.04, 86.07, 82.69, 61.00, 46.17, 28.22; IR (neat) v 3840, 3566, 3335,
2929, 2348, 2309, 1729, 1611, 1487, 1368, 1159, 1038, 845, 744; HRMS
(FAB) m/z calcd for CqsH,1N,O3 [M+H]*: 277.1552, found: 277.1543; [a]3°=
-72.1 (c=1 in MeOH)

2
ol

5% ZF column chromatography
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HO
§ }j M J< § zj e
) TFA, Toluene, 25 °C, 2h —N

> N & =0
2) TMSCHN,, MeOH, 0 °C o)
25 min
7b "

Methyl (2S,3aS,8aR)-3a-hydroxy-1-tosyl-1,2,3,3a,8,8a-
hexahydropyrrolo[2,3-b]lindole-2-carboxylate (11)
RBFO| 7b (54 mg, 0.13mmol)& €1 Ar 7tA X[2h2 StRILCE Toluene (7
mLh2 H7tet = 0 °COlM TFA (7 mL 9178 mmol)g H7}sIRALE.
2 £ =23 2A|t nERRACH TICE A[REEO0| 2EF
Aes 2ot = HUSF SIAUCL RBFE Ar 7tA X|2hE St
methanol (2 mL)2 HM7tSHCE 0 °COlA| TMSCHN, (0.2 mL, 0.13 mmol)=
dropwise ST = 2587t WESIFICE TICE A|HEZO0| ZEF
2RCASS =S £ AYSHF SIACL LT == column
chromatography (silica gel, hexane : EtOAc = 4 : 1 to 1 : NE FX|5tN
SHoF Al HEH 11 27mg, 53% yield)g Y ACE m.p.: °C; H-NMR (400
MHz, CDCl3) & 7.80 (d, / = 8.3 Hz, 2H), 7.38 (d, / = 8.3 Hz, 2H), 7.21 (q, /
= 7.0 Hz 2H), 6.80 (t, /= 7.4 Hz, 1H), 6.73 (d, /= 7.8 Hz, TH), 5.11 (s, TH),
444 (dd, /= 9.2, 1.8 Hz, 1H), 3.26 (s, 3H), 2.73 (dd, / = 12.9, 1.8 Hz, 1H),
2.43-2.52 (m, 4H); 3C-NMR (100 MHz, CDCl5) & 171.00, 150.10, 144.22,
135.49, 131.28, 130.05, 127.81, 127.11, 123.80, 119.65, 110.68, 87.29, 83.69,
60.92, 52.39, 40.45, 21.56; IR (neat) v 3902, 3735, 3566, 2348, 2310, 1748,
1689. 1508, 1339, 1163, 1038, 670; HRMS (FAB) m/z calcd for CigH20N,0sS
[M+H]*: 388.1093, found: 388.1097; [a]3°= 51.2 (c=0.33 in MeOH)
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HO o) HO O
C : 5 / o— o—
NN 1) Mg, MeOH, 0 °C ,3 h : ZNK-__ N,
H H //S—O > H H //S:O
0 2) Na,CO3, CgH5S0O,CI o)
H20, -5 °C to RT, 5h

1 13
Methyl (2S,3aS,8aR)-3a-hydroxy-1-(phenylsulfonyl)-1,2,3,3a,8,8a-
hexahydropyrrolo[2,3-b]lindole-2-carboxylate (13)
RBFO| 11 (17 mg, 0.05mmol), Mg (21 mg, 0.90 mmol)& &1 Ar 7tA&
X|gh=S SIRALE MeOH (1 mL)E H7tetF 0 °COIA 3A|ZH mEHSHRICT.
TLCE AAHZHO| R& AREJASS =Helet & M7t s WX
2N HCIE 7t5t0] quenching StQICt Ol =&
K.CO32 H7IStQICL =32 DCMLE 3H FEIIRULCL 22 RIS

MgSO,2 = 8 EHStD A SFSIALE RBFO| AT ==t

o| pH7} 80 EHI7HX]

=]
Na2CO3 (1.5 mg, 0.01 mmol) 2 21 H,O (0.1 mbL= HI}SIRALCE
5 °COlA C6H5S02CI (0.002 mL, 0.01 mmol)2 H7IstIALCE
2Z0fA 1A[ZH WS O A

— —

TLCE A|H=EO| 2F

HCIE HIISIQCE 38 DCME At8ds| 33 FEIQCt Z22
f7182 MgSO,E2 A= 8 EEStn AY FTFF T column
chromatography (silica gel, hexane : EtOAc = 4 : 1 to 1: )2 EHX5I
SHoF K| HER 13 (4 mg, 19% yield)2 FRACH LO{Z 132] spectrum
datac= 280t LK[SHA ZHEEICEHS m.p.: 192-194 °C; "H-NMR (400 MHz,
CDCl;) & 7.90-7.93 (m, 2H), 7.54-7.65 (m, 3H), 7.19-7.22 (m, 2H), 6.79 (t, J
= 7.1 Hz, 1H), 6.70 (d, J = 8.3 Hz, 1H), 5.06 (s, 1H), 437 (dd, J = 9.9, 1.6
Hz, 1H), 3.02 (s, 1H), 2.72 (dd, J = 12.9, 1.4 Hz, 1H), 2.49-2.52 (m, 1H), 2.33-
2.38 (m, TH); 3C-NMR (100 MHz, CDCl3) & 169.65, 150.50, 138.03, 133.36,
131.64, 129.47, 127.74, 127.07, 123.60, 120.09, 111.14, 88.11, 83.96, 62.11,
52.06, 41.23; IR (neat) v 3743, 3451, 2924, 2853, 2372, 2320, 1734, 1448,
.

-
|
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1366, 1250, 1168, 1024, 753; LRMS (FAB) m/z calcd for CisH:gN,Os5S
[M+H]*: 374, found: 375; [a]3°= 12.1 (c=0.33 in MeOH)
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2. ¥ HEFAEO E g 4P

Methyl glycylglycinate (14)

O H o
H AcCl
N\)J\ —_— H-N N\)J\O/
HNT Y OH  MeoH,25°Cc 2 /j)(
o) 2h HCI
Gly-Gly 14

RBFOl Gly-Gly (435 mg, 3.29 mmol)& 21 Ar 7t2& X|2HS ALt
MeOH (3 mL)2 E7tst & 0 °COlAM AcCl (1 mL)2 dropwise

Meoz 252 23 2

Of

FACE

meEtst F OTICE A|XEZFO0 ZF
ARCUSE HOISIAUCEH HYUSFE o = Stk OH HE§ 14 (601 mg,
99% vyield)S YRACt. m.p. : 145-147 °C; "TH-NMR (400 MHz, MeOD-d,) &
4.04 (s, 3H), 3.75 (s, 2H), 3.74 (s, 2H); 3C-NMR (100 MHz, MeOD-d) &
171.56, 167.86, 52.75, 41.77, 41.41; IR (neat) v 3734, 2956, 2348, 1746,
1688, 1564, 1218, 1032, 749, 649; HRMS (FAB) m/z calcd for CsH1,N,O5

[M+H]*: 147.0770, found: 147.0767; [a]3°= -3.60 (c=1 in MeOH)



N-((benzyloxy)carbonyl)-O-(tert-butyldimethylsilyl)-L-threonine (16)

OH O OTBSO
Imidazole, DMAP, TBSCI
OH > OH
HN . DMF, 25 °C, 36h HN .
Cbz Cbz
N-Cbz-L-Thr 16

RBFO| N-Cbz-L-Thr (725 mg, 2.86 mmol)Zd} Imidazole (390 mg, 5.73
mmol), DMAP (245 mg, 2.01 mmol), TBSCI (604 mg, 401 mmol)2 &
Ar ZkA KB SIRACE DMF 3 mL)2 HI7IEH & A20M 367t

=

2holot

WHISIRALE TICE A|XZHEHO| 2HF AZEAZ

ot
K mo
o mo

ret
ot

=
=

nld

7t5t0]  quenching dtRALCH +=FS EtOACE 3H
77152 Mgso,2 = % EEHStD Y SFRIIALCL  column
chromatography (silica gel, hexane : EtOAc = 1 : 1 to 1 : )2 FH|5tN
SHeF X HE§ 16 (674 mg, 64%)= YRALE m.p. : 165-167 °C; "H-NMR
(400 MHz, DMSO-a) & 7.31-7.38 (m, 5H), 6.79 (d, / = 8.9 Hz, T1H), 5.05 (s,
2H), 4.28-4.33 (m, 1H), 4.04 (dd, /= 9.8, 3.1 Hz, TH), 1.11 (d, / = 6.1 Hz,
3H), 0.82 (s, 9H), 0.01 (d, /= 11.0 Hz, 6H); *C-NMR (100 MHz, DMSO- %)
6 171.95, 156.49, 136.93, 128.38, 127.81, 127.67, 68.32, 65.66, 59.85, 20.57,
17.69, -4.48, -5.18; IR (neat) v 3406, 3095, 2929, 2309, 1736, 1525, 1250,
1203, 1038, 964, 835, 776 ; HRMS (FAB) m/z calcd for CigH3oNOsSi [M+H]™:

368.1893, found: 368.1898; []2°= 5.15 (c=1 in MeOH)
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2.1 A WEHHEO|Eo| ofojolE Ag g =7
RBFO|| N-protected amino acid (1 equiv)2t HBTU (1.2 equiv)2 €1
kA K|gkE SHRICE DMF (02 M2 E7Iet = HR20|AM 30=27t
WHISICE CHE RBFO| amine (1.1 equiv)Zt DIPEA (2.1 equivie €1
Ar ZtA& X[2Z2 SIGICE DMF (02 M2 #H RBFZ
O|SSIRALE TICE A|FEEO| RF AHEJUZS oy mi7x|

N

Of
ot
o
>

H20|N  RUSIACH 22 7I8t0 quenching B T £35S EtOACZ
3H =ZBIQICE 22 Q7S MgSO.2 HWE Y HEsID 7o
Z53IRALt column chromatography (silica gel, hexane : EtOAc = 1: 1 to

:8)2 FHoto] Aots dd== /UCL

H
N
o)
o~ 0”0~

_NH
Boc

15
methyl (tert-butoxycarbonyl)-L-phenylalanylglycylglycinate (15)

D g7l Y HEHEEIC|=9] ofOro|E A #ES ZZ0| N-Boc-L-Phe
(2.5 g, 9.46 mmol)2t amine 14E ALE3SI0] o12F x| HEf 158 L UL
(2.7 g, 73% yield) m.p. : 118-120 °C; 'H-NMR (400 MHz, DMSO-d5) 6 8.23
(dt, /= 19.0, 5.7 Hz, 2H), 7.26 (d, / = 4.1 Hz, 4H), 7.18 (td, / = 8.4, 4.1 Hz,
1H), 6.99 (d, / = 8.3 Hz, 1H), 4.16-4.21 (m, TH), 3.75-3.93 (m, 4H), 3.63 (s,
3H), 3.01 (dd, / = 13.8, 4.1 Hz, 1H), 2.69-2.76 (m, TH), 1.29 (s, 9H); 3C-
NMR (100 MHz, DMSO-ak) & 172.06, 170.16, 169.34, 155.41, 138.24, 129.22,
128.02, 126.17, 78.14, 55.77, 51.74, 41.83, 40.55, 37.33, 28.14; IR (neat) v
3309, 3080, 2851, 2309, 1748, 1662, 1526, 1367, 1169, 1038, 700 ;HRMS
(FAB) m/z calcd for CigH2sN306 [M+H]*: 394.1978, found: 394.1982; [a]3°=
10.6 (c=1 in MeOH)



H
N
HN/\[(;\
0% 00"

HN_ _O
_Cb
N Z
880 N
17

methyl N-((benzyloxy)carbonyl)-O-(tert-butyldimethylsilyl)-L-
allothreonyl-L-phenylalanylglycylglycinate (17)

D g7l Y HIEHEEIC|=9l OfOrO|E Zeh HE =0 1

H

6 (557 mg,
1.52 mmol)2t amine 15'E A2t o}k 1K HEH 178 L AL (693
mg, 71% yield) m.p. : 161-163 °C; "H-NMR (400 MHz, DMSO-a5) & 8.43 (t,
J =55Hz 1H), 822 (t, J = 5.9 Hz, 1H), 8.08 (d, J = 7.8 Hz, 1H), 7.30-7.39
(m, 5H), 7.16-7.22 (m, 5H), 6.90 (d, J = 9.6 Hz, 1H), 5.01 (d, J = 1.8 Hz, 2H),
4.59 (dd, J = 137, 8.2 Hz, 1H), 3.93 (dd, J = 9.5, 6.1 Hz, 1H), 3.84 (q, J =
6.4 Hz, 3H), 3.74 (d, J = 5.9 Hz, 2H), 3.62 (s, 3H), 3.02 (dd, J = 13.7, 5.0 Hz,
1H), 2.75 (dd, J = 13.5, 8.9 Hz, 1H), 0.87 (d, J = 6.4 Hz, 3H), 0.79 (s, 9H), -
0.05-0.00 (m, 6H); *C-NMR (100 MHz, DMSO-a) 6 171.16, 170.21, 169.41,
169.18, 155.75, 137.42, 136.86, 129.26, 128.37, 128.04, 127.88, 127.85,
126.35, 69.14, 65.67, 60.88, 53.76, 51.75, 41.67, 40.54, 37.92, 25.66, 20.19,
17.61, -4.66, -5.10; IR (neat) v 3296, 3065, 2929, 2310, 1748, 1639, 1525,
1216, 1102, 971, 836, 778, 699; HRMS (FAB) m/z calcd for C3,H47N4OsSi
[M+H]*: 643.3163, found: 643.3160; [a]3°= 0.49 (c=1 in MeOH)
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H
N
")
o)
o~ 0”0”7

HN.___O

Q H
N.
N Boc
8BS0 N
18

methyl N-((fert-butoxycarbonyl)-L-valyl)-O-(tert-butyldimethylsilyl)-
L-allothreonyl-L-phenylalanylglycylglycinate (18)

D71 A HEPEEIO|EQ otOrolE ZY #1E Z=70| N-Boc-L-Val
(150 mg, 0.69 mmol)2} amine 17'E AME5I0 o}k 10X HE{ 188
AL} (381 mg, 78% yield) m.p. : 241-243 °C; 'H-NMR (400 MHz, DMSO-
dé) 6 8.36 (t, /= 5.5 Hz, 1H), 818 (t, / = 5.7 Hz, 1H), 7.84 (d, / = 7.8 Hz
1H), 7.48 (d, / = 83 Hz, 1H), 7.14-7.24 (m, 5H), 6.81 (d, / = 8.7 Hz, 1H),
4.63 (dd, /= 13.3, 7.8 Hz, 1H), 4.25 (q, / = 4.1 Hz, TH), 4.01-4.07 (m, 1H),
3.72-3.86 (m, 5H), 3.63 (s, 3H), 3.02 (dd, / = 14.0, 5.3 Hz, 1H), 2.80 (dd, /
= 13.8, 8.3 Hz, 1H), 2.69 (s, TH), 1.89-1.99 (m, TH), 1.38 (s, 9H), 0.99 (d, /
= 6.0 Hz, 3H), 0.77-0.81 (m, 15H), -0.00 (d, /= 16.1 Hz, 6H); '*C-NMR (100
MHz, DMSO-d6) & 171.17, 170.90, 170.19, 169.13, 169.01, 155.53, 137.24,
129.08, 128.06, 126.31, 78.05, 68.67, 59.70, 57.54, 53.42, 51.74, 41.63, 40.54,
37.88, 30.10, 28.18, 25.73, 19.66, 19.21, 17.98, 17.66, -4.81, -5.10; IR (neat)
v 3295, 2960, 2930, 2309, 1748, 1638, 1525, 1366, 1176, 835, 699; HRMS
(FAB) m/z calcd for Cs4HsgNsOgSi [M+H]™: 708.4004, found: 708.4010;
[]25= -5.94 (c=1 in MeOH)
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22

methyl (S)-(S)-(3-(4-(benzyloxy)phenyl)-2-((tert-
butoxycarbonyl)amino)propanoyl)glycylglycinate (22)
D7) Y HEHEEIO|EQ| otopo|E Agt H#1g =0 N-Boc-O-Bn-L-
Tyr (60 mg, 0.16 mmol)2t amine 145 AM8SIO] S1QF K| HEf 228
A ALt (67 mg, 83% yield) m.p. : 86-88 °C; '"H-NMR (400 MHz, DMSO-d6)
6 8.21 (td, /= 11.0, 5.7 Hz, 2H), 7.30-7.44 (m, 5H), 7.17 (d, / = 8.6 Hz, 2H),
6.92 (dd, / = 11.7, 8.6 Hz, 3H), 5.06 (s, 2H), 4.12 (td, / = 9.0, 4.1 Hz, 1H),
3.75-3.88 (m, 3H), 3.63 (s, 3H), 2.93 (dd, /= 13.5, 4.3 Hz, 1H), 2.64-2.70 (m,
1H), 1.25 (d, / = 39.3 Hz, 9H); 3C-NMR (100 MHz, DMSO-d6) & 172.15,
170.18, 169.37, 156.90, 155.45, 137.26, 130.34, 130.25, 128.44, 127.80,
127.66, 114.36, 78.15, 69.13, 56.02, 51.77, 41.81, 40.55, 36.47, 28.17; IR
(neat) v 3309, 3066, 2309, 1749, 1662, 1510, 1367, 1242, 1176, 1024, 697 ;
HRMS (FAB) m/z calcd for Co6H34N307 [M+H]*: 500.2397, found: 500.2404;
[a]2°= 13.9 (c=1 in MeOH)
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N
HN/\W;\
0% 00"

HN O
‘. H,Boc
23

methyl ((S)-3-(4-(benzyloxy)phenyl)-2-((2S,3S)-2-((tert-
butoxycarbonyl)amino)-3-
methylpentanamido)propanoyl)glycylglycinate (23)
D7) A HEPHERO|EQl ofOrolE ZAg HE =0 N-Boc-L-lle
(118 mg, 0.51 mmol)2} amine 22'E AME3I0 o}k X HE{ 238
L ALt (275 mg, 83% yield) ) m.p. : 101-103 °C; '"H-NMR (400 MHz, DMSO-
dé) 6 8.33 (t, /= 5.8 Hz, 1H), 8.21 (t, /= 5.8 Hz, 1H), 7.93 (d, / = 7.9 Hz
1H), 7.30-7.43 (m, 5H), 7.15 (d, / = 8.6 Hz, 2H), 6.87 (d, / = 8.6 Hz, 2H),
6.74 (d, / = 8.6 Hz, 1H), 5.04 (s, 2H), 4.52 (dd, / = 13.4, 8.6 Hz, 1H), 3.84-
3.90 (m, 2H), 3.70-3.78 (m, 2H), 3.62 (s, 3H), 2.94 (dd, / = 14.1, 4.9 Hz, 1H),
2.73 (dd, /= 14.1, 9.2 Hz, 1H), 1.54 (d, / = 6.1 Hz, 1H), 1.21-1.40 (m, 10H),
0.93-1.00 (m, TH), 0.73 (t, / = 7.3 Hz, 3H), 0.61 (d, / = 6.7 Hz, 3H); 3C-
NMR (100 MHz, DMSO-d6) & 17148, 171.37, 170.19, 169.22, 156.95,
155.31, 137.25, 130.27, 129.75, 128.44, 127.79, 127.60, 114.31, 78.13, 69.11,
58.96, 54.00, 51.74, 41.75, 40.55, 36.76, 36.63, 28.20, 24.22, 15.14, 10.89; IR
(neat) v 3296, 2310, 1748, 1689, 1646, 1509, 1242, 1176, 1025, 649; HRMS
(FAB) m/z calcd for Cs;HasN4Og [M+H]*: 613.3237, found: 613.3245; [a]3°=
-15.7 (c=1 in MeOH)
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methyl ((S)-3-(4-(benzyloxy)phenyl)-2-((2S,3S)-2-((S)-2-((tert-
butoxycarbonyl)amino)-3-methylbutanamido)-3-
methylpentanamido)propanoyl)glycylglycinate (24)

D71 A HEPEEIO|EQ otOrolE ZY #1E Z=70| N-Boc-L-Val
(145 mg, 0.67 mmol)2} amine 23'E AMESI0 o}k X HE{| 245
ALt (67 mg, 68% yield) m.p. : 208-210 °C; 'H-NMR (400 MHz, DMSO-
dé) & 8.24 (s, 1H), 8.17 (t, /= 5.5 Hz, 1H), 8.08 (d, /= 7.4 Hz, 1H), 7.61 (d,
J=9.2 Hz, 1n), 7.30-7.43 (m, 5H), 7.13 (d, /= 8.6 Hz, 2H), 6.86 (d, /= 8.6
Hz, 2H), 6.77 (d, / = 8.6 Hz, 1H), 5.03 (s, 2H), 446 (dd, / = 13.5, 8.0 Hz,
1H), 4.18 (t, / = 8.3 Hz, 1H), 3.70-3.85 (m, 5H), 3.62 (s, 3H), 2.93 (dd, / =
13.8, 5.2 Hz, 1H), 2.76 (dd, / = 14.1, 9.2 Hz, 1H), 1.87 (t, / = 6.7 Hz, TH),
1.65 (d, /= 6.7 Hz, 1H), 1.38 (d, /= 12.3 Hz, 10H), 0.98-1.09 (m, 1H), 0.75
(9, / = 6.5 Hz, 12H); *C-NMR (100 MHz, DMSO-d6) & 171.30, 171.15,
171.09, 170.16, 169.24, 156.94, 15543, 137.24, 130.11, 128.44, 127.81,
127.65, 114.34, 78.02, 69.11, 59.77, 56.26, 54.10, 51.76, 41.71, 40.55, 36.77,
36.41, 29.90, 28.18, 24.01, 19.23, 18.33, 15.14, 10.84; IR (neat) v 3284,
2962, 2309, 1748, 1689, 1641, 1513, 1242, 1177, 1025, 649; HRMS (FAB)
m/z calcd for C37Hs4NsOg [M+H]*: 712.3922, found: 712.3920; [a]3°= -29.6
(c=1 in MeOH)
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RBFO| methyl ester 18, 24 (1 equiv)2t LIOH (6 equiv)2 €1 MeOH
0.1 M)Zt = (0.5 M2 T7ISHE = 0 °COlM 6A[ZH WESIRACE TICE
(0]

AEBHO RE AREYSS o

S A 20l £ 1IN HCIZ ARSI pH 1-2 2
X=RACE =TS DCMRE 3H FED & 22 {752 MgSO.E
Az 9 HHSICH 4 7510 Adte dd=S L/UCH
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N-((tert-butoxycarbonyl)-L-valyl)-O-(tert-butyldimethylsilyl)-L-
allothreonyl-L-phenylalanylglycylglycine (19)

D AT TR BhE A0 18 (224 mg, 0.32 mmol)E ARSI ook
X HEf 198 LRALCE (210 mg, 96% yield) m.p. : 106-108 °C; 'H-NMR
(400 MHz, DMSO-d6) 6 8.35 (t, J = 5.2 Hz, 1H), 8.05 (t, J = 5.8 Hz, 1H),
7.83 (d, J =79 Hz 1H), 7.48 (d, J = 8.6 Hz, 1H), 7.14-7.24 (m, 5H), 6.82 (d,
J = 8.6 Hz, 1H), 463 (dd, J = 13.0, 7.8 Hz, 1H), 4.25 (g, J = 4.1 Hz, 1H),
4.04 (dt, J = 11.6, 5.3 Hz, 1H), 3.66-3.85 (m, 5H), 3.39 (s, 1H), 3.02 (dd, J =
14.1, 4.9 Hz, 1H), 2.80 (dd, J = 14.1, 8.6 Hz, 1H), 1.89-1.96 (m, TH), 1.34 (d,
J = 23.8 Hz, 9H), 0.99 (d, J = 6.1 Hz, 3H), 0.76-0.84 (m, 15H), -0.00 (d, J =
16.5 Hz, 6H); *C-NMR (100 MHz, DMSO-d6) & 171.11, 170.88, 168.98,
168.89, 155.53, 137.24, 129.08, 128.06, 126.31, 78.06, 68.78, 62.16, 59.88,
57.50, 53.40, 41.69, 40.62, 37.91, 30.10, 28.19, 25.73, 19.65, 19.21, 17.99,
17.66, -4.79, -5.10; IR (neat) v 3296, 3080, 2929, 2855, 2309, 1639, 1525,
1250, 1124, 1026, 835, 649; HRMS (FAB) m/z calcd for C33HssNsOoSi [M+H]*:
694.3847, found: 694.3842; [a]3°= -3.61 (c=1 in MeOH)
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((2S)-3-(4-(benzyloxy)phenyl)-2-((2S)-2-((S)-2- ((tert-
butoxycarbonyl)amino)-3-methylbutanamido)-3-
methylpentanamido)propanoyl)glycylglycine (25)

: M| TR 28 =N 24 (323 mg, 045 mmol)E AtE3I0] 5ok
K HEj 258 QUL (273 mg, 86% yield) ) m.p. : 219-221 °C; '"H-NMR
(400 MHz, DMSO-d6) & 8.23 (t, /= 5.5 Hz, 1H), 8.02-8.09 (m, 2H), 7.61 (d,
J = 8.7 Hz, 1H), 7.30-7.43 (m, 5H), 7.13 (d, / = 8.7 Hz, 2H), 6.86 (d, / = 8.7
Hz, 2H), 6.78 (d, / = 8.5 Hz, 1H), 5.03 (s, 2H), 446 (dd, / = 13.3, 8.3 Hz,
1H), 418 (t, / = 8.3 Hz, 1H), 3.62-3.77 (m, 5H), 2.93 (dd, / = 14.0, 4.8 Hz,
1H), 2.74-2.78 (m, 1H), 1.84-1.97 (m, 2H), 1.65 (d, / = 6.4 Hz, 1H), 1.36 (s,
9H), 0.99-1.06 (m, 1H), 0.72-0.77 (m, 12H); *C-NMR (100 MHz, DMSO-d6)
171.27, 171.12, 171.07, 171.03, 16894, 156.92, 155.46, 137.24, 130.10,
129.73, 128.43, 127.80, 127.66, 114.31, 78.00, 69.09, 59.88, 56.43, 54.92,
54.10, 41.82, 40.69, 36.76, 30.06, 28.17, 24.00, 19.22, 18.33, 15.15, 10.83; IR
(neat) v 3284, 2962, 2348, 1689, 1641, 1514, 1396, 1243, 1176, 1025, 649;
HRMS (FAB) m/z calcd for CsgHs5oNsOg [M+H]*: 698.3765, found: 698.3754;
[a]3°= -28.5 (c=1 in MeOH)
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RBFO|| 2%} amine 9 (1 equiv), carboxylic acid

(4.2 equiv), HATU (2.8 equiv)S €3 Ar 7t X[t

HOAt, Collidine,HATU

DCM,0°Cto25°C,3h

19 / 25 (1.1 equiv), HOAt
= StRULE 0|2 DCM

(0.04 ME HZISIRALCL 0 °CHlM collidine (6.2 equivig H7t5t
HA2o2 R2LEE 23 3AIZH nEIRICE TICE A|R=EHEO|
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tert-butyl (2S,3aR,8aS)-1-(N-((tert-butoxycarbonyl)-L-valyl)-O-(tert-
butyldimethylsilyl)-L-allothreonyl-L-phenylalanylglycylglycyl)-3a-
((tert-butyldimethylsilyl)oxy)-1,2,3,3a,8,8a-hexahydropyrrolo[2,3-
blindole-2-carboxylate (20a)
D7) MY SAPEEIO|EQ| ofoto|E Ag B =70 9a (40 mg, 0.10
mmol)2t 19 (78 mg, 0.11 mmol)2 AFE3I0 otoF X HEf 20as
AL} (90 mg, 83% yield) m.p. : 187-189 °C; 'H-NMR (400 MHz, DMSO-
d6) & 8.33-8.39 (m, 1H), 8.00 (t, / = 5.8 Hz, 1H), 7.83 (t, / = 8.6 Hz, TH),
7.44 (dd, / = 30.9, 7.6 Hz, 1H), 7.13-7.24 (m, 7H), 7.04-7.08 (m, TH), 6.74-
6.85 (m, 2H), 6.64 (t, /= 7.3 Hz, 1H), 5.47 (dd, J = 10.1, 4.0 Hz, 1H), 4.62-
475 (m, TH), 4.24-4.30 (m, 1H), 3.97-4.13 (m, 3H), 3.62-3.84 (m, 3H), 3.01-
3.04 (m, 1H), 2.76-2.83 (m, 1H), 2.54-2.63 (m, TH), 2.30-2.46 (m, 1H), 1.91-
1.99 (m, 1H), 1.47 (s, 3H), 1.38 (d, / = 6.7 Hz, 12H), 0.96-1.03 (m, 3H), 0.81
(d, /= 3.7 Hz, 21H), -0.01 (d, /= 16.5 Hz, 6H), -0.17 (d, / = 12.8 Hz, 3H),
-0.29 (d, /= 12.8 Hz, 3H); *C-NMR (100 MHz, DMSO-d6) 6 171.20, 170.96,
170.67, 168.97, 168.87, 155.55, 148.61, 137.28, 130.51, 129.10, 128.09,
126.32, 123.10, 118.86, 110.86, 88.09, 84.64, 82.63, 80.52, 78.09, 68.69,
59.78, 58.75, 57.51, 53.36, 42.43, 41.83, 40.82, 38.04, 30.11, 28.20, 27.73,
25.75, 19.69, 19.23, 18.00, 17.68, -3.53, -3.69, -4.80, -5.08; IR (neat) v 3565,
3296, 2928, 2854, 2359, 1746, 1704, 1637, 1516, 1431, 1367, 1255, 1157,
1104, 836, 778, 677, HRMS (FAB) m/z calcd for Cs4HggN;O41Si; [M+H]*:
1066.6080, found: 1066.6048; [a]4°>= -31.6 (c=0.5 in MeOH)
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tert-butyl (2S,3aS,8aR)-1-(N-((tert-butoxycarbonyl)-L-valyl)-O-(tert-
butyldimethylsilyl)-L-allothreonyl-L-phenylalanylglycylglycyl)-3a-
((tert-butyldimethylsilyl)oxy)-1,2,3,3a,8,8a-hexahydropyrrolo[2,3-
blindole-2-carboxylate (20b)

D7) Y SAMEERO|=2| ofbto|E Zg Bhg =40 9b (47 mg, 0.12
mmol)2F 19 (92 mg, 0.13 mmol)Z AE3SI0] Stk X HEH 20bE
A AL (113 mg, 88% yield) m.p. : 166-168 °C; ' R (400 MHz, DMSO-
dé) & 8.32-8.35 (m, TH), 7.94-8.03 (m, 1H), 7.82 (d, / = 8.3 Hz, T1H), 7.47 (t,
J = 17.8 Hz, 1H), 7.14-7.23 (m, 6H), 7.02-7.10 (m, 1H), 6.82 (d, / = 8.7 Hz,
1H), 6.52-6.67 (m, 2H), 5.11 (s, 1H), 4.84 (d, / = 9.2 Hz, 1H), 4.59-4.68 (m,
TH), 4.24-4.26 (m, 1H), 4.02-4.08 (m, TH), 3.91-4.00 (m, 1H), 3.69-3.84 (m,
3H), 2.99-3.05 (m, 1H), 2.57-2.88 (m, 3H), 1.90-1.97 (m, 1H), 1.34 (d, / =
24.8 Hz, 9H), 1.01 (d, / = 10.6 Hz, 12H), 0.77-0.81 (m, 21H), -0.01 (d, / =
16.1 Hz, 6H), -0.19 (d, / = 7.4 Hz, 3H), -0.29 (d, / = 14.7 Hz, 3H); 3C-NMR
(150 MHz, DMSO-d6) & 171.46, 171.13, 170.82, 168.95, 168.89, 155.49,
151.17, 137.03, 130.27, 129.04, 127.95, 127.59, 126.25, 117.50, 109.16,
86.69, 84.55, 81.19, 80.72, 78.03, 68.60, 59.47, 58.74, 57.49, 53.33, 42.31,
41.77, 40.90, 38.21, 31.26, 28.14, 26.89, 25.68, 19.89, 19.56, 17.97, 17.61, -
3.84, -4.16, -4.86, -5.14; IR (neat) v 3566, 3298, 2928, 2853, 2348, 2309,
1704, 1631, 1509, 1250, 1038, 836, 647; HRMS (FAB) m/z calcd for
Cs4HggN,O1:Si, [M+H]*: 1066.6080, found: 1066.6087; [a]3°= 71.1 (c=0.5
in MeOH)
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tert-butyl (2S,3aR,8aS)-1-(((S)-3-(4-(benzyloxy)phenyl)-2-((2S,3S)-2-
((S)-2-((tert-butoxycarbonyl)amino)-3-methylbutanamido)-3-
methylpentanamido)propanoyl)glycylglycyl)-3a-((tert-
butyldimethylsilyl)oxy)-1,2,3,3a,8,8a-hexahydropyrrolo[2,3- b]indole-
2-carboxylate (26a)
D g7 A SAHEERO|EQl ofotolE ZY #E =0 9a (125 mg,
0.32 mmol)2t 25 (245 mg, 0.35 mmol)& AtESt0 St9F 1K HE| 26a
£ ALt (206 mg, 60% yield) m.p. : 231-233 °C; "H-NMR (400 MHz,
DMSO-d6) & 8.20 (d, / = 19.6 Hz, 1H), 8.02-8.06 (m, 2H), 7.61 (d, / = 9.2
Hz, 1H), 7.30-7.42 (m, 5H), 7.03-7.24 (m, 5H), 6.86 (d, / = 8.6 Hz, 2H), 6.74-
6.80 (m, 2H), 6.64 (t, /= 7.3 Hz, 1H), 6.54 (d, /= 7.9 Hz, 1H), 547 (dd, / =
11.3, 3.4 Hz, 1H), 5.03 (s, 2H), 4.73 (d, / = 9.2 Hz, 1H), 450 (s, 1H), 4.27
(dd, /= 16.8, 5.2 Hz, 1H), 4.18 (t, /= 7.9 Hz, 1H), 4.09 (dd, / = 8.3, 5.8 Hz,
1H), 3.99 (dd, /= 17.3, 5.3 Hz, 1H), 3.66-3.85 (m, 4H), 3.39 (s, TH), 3.05 (s,
TH), 2.94-2.98 (m, 1H), 2.73-2.79 (m, T1H), 2.54-2.63 (m, 1H), 2.43 (dd, / =
13.8, 9.5 Hz, 1H), 2.32 (dd, / = 134, 5.5 Hz, 1H), 1.88 (d, / = 6.7 Hz, TH),
1.66 (d, /= 7.9 Hz, 1H), 1.47 (s, 4H), 1.38 (d, /= 9.8 Hz, 13H), 0.86 (t, / =
6.7 Hz, 1H), 0.80 (d, / = 3.1 Hz, 8H), 0.75 (d, / = 6.4 Hz, 6H), -0.17 (d, / =
12.8 Hz, 3H), -0.25 (d, / = 16.2 Hz, 3H); *C-NMR (100 MHz, DMSO-d6) &
Carbon13-NMR (101 MHz, DMSO-D6) 6 171.31, 171.12, 170.86, 169.57,

74



168.93, 156.91, 155.44, 149.10, 137.24, 130.50, 130.10, 129.79, 128.40,
127.77, 127.62, 127.60, 118.83, 114.30, 110.82, 90.52, 88.06, 81.84, 80.51,
77.99, 69.09, 59.91, 59.75, 58.54, 56.51, 53.67, 42.33, 41.84, 41.29, 36.74,
30.05, 28.16, 27.70, 25.56, 19.21, 18.44, 17.63, 15.20, 10.82, -3.55, -3.72; IR
(neat) v 3717, 3576, 3429, 2889, 2372, 2320, 1682, 1513, 1394, 1251, 1038,
835, 773; HRMS (FAB) m/z calcd for Cs;HgsN;O1:Si [M+H]*: 1070.5949,
found: 1070.5993; [a]3°= -21.8 (c=1 in MeOH)
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26b

tert-butyl (2S,3aS,8aR)-1-(((S)-3-(4-(benzyloxy)phenyl)-2-((2S,3S)-2-
((S)-2-((tert-butoxycarbonyl)amino)-3-methylbutanamido)-3-
methylpentanamido)propanoyl)glycylglycyl)-3a-((tert-
butyldimethylsilyl)oxy)-1,2,3,3a,8,8a-hexahydropyrrolo[2,3- b]indole-
2-carboxylate (26b)

D7) MY SAFEERO|EQ| ofotolE Agt #HE ZEZ0| 9b (10 mg, 0.03
mmol)2t 25 (20 mg, 0.03 mmol)= AtE3St0] 52k 1AM HEf 26bE LY
Ck. (16 mg, 57% yield) ) m.p. : 181-183 °C; "H-NMR (400 MHz, DMSO-d6)
6 8.22 (t, J = 6.4 Hz, 2H), 7.98-8.06 (m, 4H), 7.61 (d, J = 8.6 Hz, 2H), 7.30-
7.43 (m, 10H), 7.02-7.19 (m, 8H), 6.79-6.87 (m, 6H), 6.52-6.67 (m, 4H), 5.11
(s, 2H), 5.03 (s, 4H), 4.83 (d, J = 9.2 Hz, 2H), 4.47-4.50 (m, 2H), 418 (t, J =
7.6 Hz, 2H), 3.97 (td, J = 17.6, 4.9 Hz, 2H), 3.70-3.82 (m, 6H), 2.91-2.98 (m,
2H), 2.86 (d, J = 12.2 Hz, 2H), 2.57-2.78 (m, 4H), 1.87 (d, J = 6.1 Hz, 2H),
1.66 (d, J = 6.7 Hz, 2H), 1.34 (d, J = 21.4 Hz, 18H), 1.02 (d, J = 104 Hz,
18H), 0.74-0.79 (m, 42H), -0.19 (d, J = 7.3 Hz, 6H), -0.29 (d, J = 14.1 Hz,
6H) ;*C-NMR (100 MHz, DMSO-d6) & 171.22, 170.88, 168.95, 168.72,
168.34, 156.91, 155.51, 151.24, 137.24, 130.34, 130.11, 129.75, 128.41,
127.78, 127.62, 127.26, 117.14, 114.30, 109.16, 89.88, 86.71, 81.25, 80.05,
77.99, 69.09, 59.86, 59.73, 58.82, 56.50, 53.93, 41.89, 41.38, 40.92, 36.57,
30.05, 28.16, 27.02, 25.59, 19.21, 18.35, 17.59, 15.19, 10.86, -3.80, -4.12; IR
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(neat) v 3647, 3296, 2348, 2309, 1748, 1637, 1509, 1338, 1248, 1174, 1026,
837; HRMS (FAB) m/z calcd for Cs7HgsN;,O1:Si [M+H]*: 1070.5998, found:
1070.5995; [a]3°= 99.9 (c=0.5 in MeOH)
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3.2 12|" SALEELO|E9| ofOo|E ZEH HIS =

HN4>f

i K 1) TFA, Toluene, 25 °C, 10 h aN. b d
- o o= HH
2) HOAt, DIPEA, HATU N
DMF, 0 °C to 25 °C, 57 h 0o N
OTBS R BN
NH
OTBS
BOC
R=OTBS,R'=H: 20 R=OH,R'=H : 21
R=Me, R"=0Bn: 26 R=Me, R"=0Bn: 27

RBFOl 20, 26 (1 equiv)@ 1 Ar 7t X[2Z SIRALCE Toluene (0.02

%

)2 HItst = 0 °COlM TFA (725 equivi2 H™7ISIGICH HR22=2
pN|
==

M
255 28] 10A|7 WUSIGICH TICR A|MEX0| 25 ADEYUSES
Solst & ZAYEF SHRACE RBFO| 2O0{T =gh=1F HOAt (8 equiv),

HATU (4 equiv)& E1 Ar 7tA X|ghg StRICE 0|= DMF (0.0015 M)E
HILSEALCE 0 °COlA DIPEA (12 equiv)2 E7I5t0 4202 28 2
60A|Zt WESIRICE TICE A[ZEHO0| ZF AZEAIS =Holst =
22 H™7t quenching BtRICL EtOACt 22 AME3I0] M3 =
+5S FtOACE AME3f 335 FEoIQLH 22 &

% ZHStD ZY FFS = column chromatography (silica gel, EtOAc :

MeOH =30:1to 10: )E HXsI0] Ast= HHd=22 LRULCH
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(3S,6S,9S,17aS,22bR,23aS)-9-benzyl-22b-((tert-
butyldimethylsilyl)oxy)-6-((S)-1-hydroxyethyl)-3-isopropyl-
5,6,8,9,11,12,14,15,18,22b,23,23a-dodecahydro-2H-
[1,4,7,10,13,16]hexaazacyclooctadecino[1',2":1,5]pyrrolo[2,3- b]indole-
1,4,7,10,13,16(3H,17aH)-hexaone (21a)

C &7 D2y AAFEEIO|EQ| OFOIO|E At B8 X0 20a (230 mg,
0.21 mmol)& ArESH0] 512k K| HE 21aS R RUACL (104mg, 62% yield)
m.p. : 231-233 °C; '"H-NMR (400 MHz, DMSO-d®6) 8.64 (t, / = 6.2 Hz, TH),
8.37 (d, /= 6.0 Hz, 1H), 8.08 (d, /= 10.1 Hz, 1H), 7.72 (d, / = 6.9 Hz, 1H),
7.56 (d, /= 6.4 Hz, 1H), 7.36 (d, / = 7.4 Hz, 1H), 7.27-7.31 (m, 4H), 7.18-
7.22 (m, 3H), 6.80 (t, /= 7.6 Hz, 1H), 6.75 (d, /= 7.8 Hz, 1H), 543 (d, / =
3.7 Hz, 1H), 5.26 (s, 1H), 4.65 (g, / = 8.6 Hz, 1H), 4.36 (q, / = 3.4 Hz, 1H),
4.08-4.13 (m, 1H), 3.98-4.03 (m, 2H), 3.93 (dd, /= 17.0, 6.9 Hz, 1H), 3.73-
3.81 (m, 2H), 3.02 (dd, /= 12.4, 7.4 Hz, 1H), 2.87-2.95 (m, TH), 2.29 (t, / =
11.7 Hz, TH), 2.10 (td, / = 14.0, 7.2 Hz, 1H), 0.83-0.91 (m, 6H), 0.80 (s, 9H),
-0.23 (d, / = 7.8 Hz, 6H); *C-NMR (100 MHz, DMSO-d6) & 170.85, 170.80,
170.74, 170.56, 169.25, 168.93, 149.97, 138.53, 130.70, 129.43, 129.09,
128.28, 126.27, 124.73, 119.08, 111.52, 89.04, 80.92, 66.82, 61.93, 56.87,
56.04, 42.63, 40.55, 35.52, 30.93, 25.56, 19.85, 18.74, 17.66, -3.68, -3.77; IR
(neat) v 3326, 2957, 2857, 2372, 2320, 1653, 1524, 1260, 1113, 886, 837,
747, 700; HRMS (FAB) m/z calcd for C39HsgN;OgSi [M+H]*: 778.3960, found:
778.3964; [a]3°= -162 (c=1 in MeOH)
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(3S,6S,9S,17aR,22bS,23aS)-9-benzyl-22b-((tert-
butyldimethylsilyl)oxy)-6-((S)-1-hydroxyethyl)-3-isopropyl-
5,6,8,9,11,12,14,15,18,22b,23,23a-dodecahydro-2H-
[1,4,7,10,13,16]hexaazacyclooctadecino[1',2":1,5]pyrrolo[2,3- b]indole-
1,4,7,10,13,16(3H,17aH)-hexaone (21b)

D 7| ey AAHEERO| =S| ofOpolE A Bhg Z0| 20b (77 mg,
0.07 mmol)= AFE3H0 Stk M| HEH 21bS ALt (35 mg, 63% yield)
m.p. : 231-233 °C; 'TH-NMR (400 MHz, DMSO-d6) 8.71 (d, J = 5.5 Hz, 1H),
8.14 (d, J = 7.3 Hz, 1H), 7.89 (d, J = 4.9 Hz, 1H), 7.20-7.32 (m, 9H), 7.14 (t,
J =76 Hz 1H), 6.79 (t, J = 7.3 Hz, 1H), 6.62-6.69 (m, 2H), 5.52-5.55 (m,
2H), 475 (q, J = 5.1 Hz, TH), 4.37-4.46 (m, 1H), 4.28 (d, J = 14.1 Hz, TH),
4.04 (d,J = 16.5 Hz, 3H), 3.89 (dd, J = 17.1, 7.3 Hz, 1H), 3.45 (dd, J = 16.8,
4.6 Hz, 1H), 3.39-3.36 (1H), 3.02 (q, J = 6.7 Hz, TH), 2.86-2.94 (m, 1H), 1.97
(t, J = 134 Hz, 2H), 0.98 (d, J = 6.1 Hz, 2H), 0.81-0.85 (m, 12H), 0.41 (d, J
= 6.7 Hz, 3H), 0.32 (d, J = 6.7 Hz, 3H), -0.15--0.11 (m, 6H); *C-NMR (100
MHz, DMSO-d6) 6 171.52, 171.11, 170.32, 169.70, 168.99, 167.86, 147.96,
137.05, 130.94, 129.96, 128.95, 126.69, 123.53, 119.70, 111.44, 91.08, 83.93,
65.74, 61.48, 57.43, 55.84, 42.61, 41.21, 36.18, 31.31, 25.54, 18.70, 17.63,
16.51, -3.25, -3.68; HRMS (FAB) m/z calcd for CsgHsgN;OgSi [M+H]*:
778.3960, found: 778.3959; [a]3°= -34.1 (c=0.33 in MeOH)
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(3S,6S,9$,17aS,22bR,23aS)-9-(4-(benzy|oxy)benzyl)-6-((S)-sec—butyl)-
22b-((tert-butyldimethylsilyl)oxy)-3-isopropyl-
5,6,8,9,11,12,14,15,18,22b,23,23a-dodecahydro-2H-
[1,4,7,10,13,16]hexaazacyclooctadecino[1',2":1,5]pyrrolo[2,3- b]indole-
1,4,7,10,13,16(3H,17aH)-hexaone (27a’)

D7 2|y SAHEEIO|EQ| ofOro|E At H#hg =20 26a (161 mg,
0.15 mmol)2 ArESI0] otoF A HEH 27a'S A RACL (44 mg, 33% yield)
m.p. : 245-247 °C; 'TH-NMR (400 MHz, DMSO-d6) 8.57 (d, / = 5.5 Hz, 2H),
798 (d, /= 9.8 Hz, 1H), 7.77 (d, / = 8.3 Hz, 1H), 7.30-7.50 (m, 7H), 7.18-
7.22 (m, 2H), 7.12 (d, /= 8.6 Hz, 2H), 6.95 (dd, / = 26.9, 8.6 Hz, 2H), 6.74-
6.82 (m, 1H), 6.62-6.71 (m, 1H), 5.45 (d, / = 3.1 Hz, 1TH), 5.05 (d, / = 12.8
Hz, 2H), 4.66 (dd, /= 16.8, 9.5 Hz, 1H), 4.29 (s, 1H), 4.07 (t, /= 4.9 Hz, 1H),
3.94-3.99 (m, 2H), 3.76 (dd, /= 16.2, 9.5 Hz, 2H), 3.21 (dd, /= 14.7, 49 Hz,
1H), 3.03 (g, / = 6.5 Hz, TH), 2.89 (dd, /= 13.6, 10.9 Hz, 1H), 2.27 (t, / =
11.9 Hz, 1H), 2.04 (t, /= 7.0 Hz, TH), 1.96 (d, /= 14.1 Hz, 2H), 1.23 (s, 6H),
0.85 (t, /= 6.4 Hz, 3H), 0.80 (s, 9H), 0.66-0.76 (m, 5H), -0.26 (d, /= 9.8 Hz,
6H); *C-NMR (100 MHz, DMSO-d6) & 171.05, 170.74, 170.68, 170.60,
169.56, 169.13, 155.95, 149.91, 137.26, 131.71, 131.57, 129.69, 129.38,
128.69, 128.43, 127.59, 124.70, 119.00, 115.06, 111.46, 88.99, 84.86, 65.68,
61.89, 59.86, 56.77, 55.69, 42.60, 41.51, 38.19, 33.73, 31.29, 25.56, 19.76,

81 7



19.44, 18.77, 15.10, 11.56, -3.72, -4.97; IR (neat) v 3295, 2924, 2853, 2320,
1733, 1573, 1434,1252, 1124, 1025, 740; HRMS (FAB) m/z calcd for
C4sH6sN70gSi [M+H]*: 896.4742, found: 896.4746; [a]3°= 49.0 (c=0.5 in
MeOH)
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(3S,6S,9S,17aR,22bS,23aS)-9-(4-(benzyloxy)benzyl)-6-((S)- sec-butyl)-
22b-((tert-butyldimethylsilyl)oxy)-3-isopropyl-
5,6,8,9,11,12,14,15,18,22b,23,23a-dodecahydro-2H-
[1,4,7,10,13,16]hexaazacyclooctadecino[1',2":1,5]pyrrolo[2,3- b]indole-
1,4,7,10,13,16(3H,17aH)-hexaone (27b’)

D &7 ey SAREERO|Eo| otOrolE Ag B Z710| 26b (36 mg,
0.03 mmol)2 ArEst otk 1K HEf 27b'E YRACE (10 mg, 34%
yield) m.p. : 163-165 °C; 'TH-NMR (400 MHz, DMSO-d6) & 8.21 (dd, J =
24.6, 6.7 Hz, 1H), 8.06 (d, J = 9.2 Hz, 1H), 7.93 (d, J = 8.3 Hz, 1H), 7.53-
747 (1H), 7.32-7.44 (m, 3H), 7.07-7.26 (m, 9H), 6.92 (d, J = 8.7 Hz, 1H),
6.85 (s, TH), 6.73 (dd, J = 21.4, 7.6 Hz, 1H), 6.62 (d, J = 7.8 Hz, 1H), 5.49 (s,
1H), 5.07 (d, J = 5.1 Hz, 2H), 4.72 (d, J = 9.2 Hz, 1H), 4.44-4.29 (1H), 4.13
(s, 3H), 3.97 (s, 1H), 3.78-3.84 (m, 1H), 3.70 (s, TH), 3.51 (s, TH), 3.39-3.43
(m, TH), 3.17 (s, 4H), 2.67 (s, 2H), 1.99 (s, 3H), 1.58 (s, 1H), 0.80-0.86 (m,
12H), 0.71 (t, J = 7.8 Hz, 3H), 0.44 (dd, J = 10.3, 6.2 Hz, 3H), 0.28 (d, J =
6.4 Hz, 3H), 0.06 (d, J = 7.8 Hz, 3H), -0.15 (d, J = 13.8 Hz, 6H); *C-NMR
(100 MHz, DMSO-d6) & 171.20, 170.85, 170.74, 170.66, 169.60, 169.25,
156.83, 150.94, 138.52, 131.64, 131.43, 130.10, 128.56, 128.37, 128.10,
127.58, 124.80, 119.26, 114.69, 112.03, 89.42, 85.21, 65.33, 61.20, 59.96,
57.15, 55.97, 42,97, 41.64, 38.27, 33.73, 31.19, 25.40, 19.37, 19.01, 18.69,
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15.07, 11.76, -3.86, -5.20; IR (neat) v 3647, 3565, 3284, 2926, 2852, 2377,
2318, 1646, 1508, 1447, 1025, 834, 670; HRMS (FAB) m/z calcd for
CusH66N70gSi  [M+H]*: 896.4742, found: 896.4760; [a]3°= 57.4 (c=0.33 in
MeOH)
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272
(3S,6S,9S,17aS,22bR,23aS)-6-((S)- sec-butyl)-22b-(( tert-
butyldimethylsilyl)oxy)-9-(4-hydroxybenzyl)-3-isopropyl-
5,6,8,9,11,12,14,15,18,22b,23,23a-dodecahydro-2H-
[1,4,7,10,13,16]hexaazacyclooctadecino[1',2":1,5]pyrrolo[2,3- b]indole-
1,4,7,10,13,16(3H,17aH)-hexaone (27a)

: 87| Bn deprotection gt8 Z0| 27a’ (85 mg, 0.1 mmol)ES ALESHY
Sk M| HEf 27aS L RULCE (76 mg, 100% yield) m.p. : 208-210 °C; 'H-
NMR (400 MHz, DMSO-d6) 6 8.54 (t, ) = 6.4 Hz, 2H), 7.96 (d, J = 9.8 Hz,
1H), 7.80 (d, J = 6.7 Hz, 1H), 7.48 (d, J = 7.3 Hz, 1H), 7.36 (d, J = 7.3 Hz,
1H), 7.18-7.21 (m, 2H), 6.97 (d, J = 8.6 Hz, 2H), 6.80 (t, J = 7.3 Hz, 1H), 6.75
(d, J =79 Hz, 1H), 6.57-6.66 (m, 3H), 544 (d, J = 3.7 Hz, 1H), 465 (q, J =
8.6 Hz, 1H), 4.30 (g, J = 3.7 Hz, 1H), 3.93-4.03 (m, 3H), 3.75 (dt, J = 17.9,
7.8 Hz, 2H), 3.15 (dd, J = 14.4, 4.6 Hz, 1H), 3.02 (dd, J = 12.2, 7.3 Hz, T1H),
2.79-2.87 (m, TH), 2.26 (t, J = 11.6 Hz, 1H), 1.97-2.08 (m, 1H), 1.60 (d, J =
22.6 Hz, 1H), 0.69-0.88 (m, 27H), -0.24 (d, J = 10.4 Hz, 6H); '*C-NMR (100
MHz, DMSO-d6) & 171.09, 170.70, 170.63, 170.55, 169.59, 169.08, 155.77,
149.84, 132.22, 130.72, 129.71, 129.30, 124.60, 119.05, 115.00, 111.53,
88.99, 84.96, 61.80, 59.76, 57.49, 55.49, 42.58, 41.68, 38.35, 34.22, 31.28,
25.54,19.76, 19.72, 18.71, 15.25, 11.55, -3.72, -4.33; IR (neat) v 3317, 2928,
2855, 2320, 1730, 1651, 1574, 1434, 1272, 1121, 1025, 837, 745; HRMS
(FAB) m/z calcd for C41HgoN;OgSi [M+H]*: 806.4273, found: 806.4276;
[a]2°= 38.1 (c=1 in MeOH)
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27b
(3S,6S,9S,17aR,22bS,23aS)-6-((S)- sec-butyl)-22b-(( tert-
butyldimethylsilyl)oxy)-9-(4-hydroxybenzyl)-3-isopropyl-
5,6,8,9,11,12,14,15,18,22b,23,23a-dodecahydro-2H-
[1,4,7,10,13,16]hexaazacyclooctadecino[1',2":1,5]pyrrolo[2,3- b]indole-
1,4,7,10,13,16(3H,17aH)-hexaone (27b)

: 87| Bn deprotection gt8 Z=0| 27b’ (30 mg, 0.03 mmol)& ArESHN
5ok A HEf 27bE R RALCE (27 mg, 100% yield) m.p. : 191-193 °C; 'H-
NMR (400 MHz, DMSO-d6) & 8.64-8.66 (m, 1H), 8.-19-8.22 (m, 1H), 7.52-
7.54 (m, TH), 7.02-7.23 (m, 4H), 6.96 (d, J = 7.4 Hz, 2H), 6.78 (t, ) = 7.6 Hz,
1H), 6.64 (t, J = 6.4 Hz, 4H), 5.50 (s, TH), 4.69-4.75 (m, 1H), 438 (d, J =
13.8 Hz, 1H), 4.06-4.15 (m, 3H), 3.99 (d, J = 14.7 Hz, 2H), 2.98 (dd, J = 14.5,
5.7 Hz, TH), 2.64-2.78 (m, 2H), 1.96 (d, J = 11.5 Hz, T1H), 1.72 (s, 1H), 0.72-
0.86 (m, 25H), 045 (d, J = 6.4 Hz, 3H), 0.29 (d, J = 6.4 Hz, 3H), 0.07 (d, J
= 7.4 Hz, 1H), -0.14 (d, J = 14.2 Hz, 6H); *C-NMR (100 MHz, DMSO-d6)
171.25, 170.86, 170.67, 170.48, 170.26, 168.35, 156.28, 148.61, 132.11,
130.45, 130.13, 129.69, 124.42, 119.44, 115.21, 111.32, 90.19, 83.52, 61.09,
59.94, 57.03, 55.91, 42.36, 41.57, 38.12, 35.33, 31.00, 25.54, 18.98, 18.69,
17.67, 15.27, 11.62, -3.39, -3.81; IR (neat) v 3626, 3297, 2376, 2318, 1732,
1652, 1513, 1260, 1014, 836, 778, 688; HRMS (FAB) m/z calcd for
C41HeoN;OgSi [M+H]*: 806.4273, found: 806.4288; [a]3°= 59.1 (c=0.33 in
MeOH)
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R=0H,R'=H : 21 Melicopteline derivate

RBFOl 21, 27 (1 equiv)2 1 Ar 7tA X|&2 SHRICE THF (0.12 M)2
H7tet = 0 °COlAM TBAF (2eq)S H7IotRALE H=201M 15A[ZF miko
F TICE AH=EHO| 25 2EEASS =HQUSIRALE EtOAcRt =5
HM718ll quenching StRICE R7IE2 AY SHFES & 52 EtOAE
Arg3l 32| FESIRUCE 22 ]R7I5S2 MgSO,E2 Az A EHSID Y
F5% & column chromatography (C18, H20 : ACN =99 : 1 to 1:99)2
HHSACE HOT EEH2 MeOHIt EtOAc, hexanes H7}st0]
MEAMZ 2 EHE S Hote dEdE2 AT
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Melicopteline C (1)

. 7| TBS deprotection BH& ZZ10| 21a (27 mg, 0.04 mmol)2 A+&3}
of ook X HEf 12 LRUACE (12 mg, 52% yield) m.p. : 248-250 °C; 'H-
NMR (400 MHz, DMSO-d6) 6 8.66 (t, / = 6.1 Hz, 1H), 8.23 (d, / = 4.9 Hz,
TH), 7.90-7.94 (m, 3H), 7.56 (d, / = 6.7 Hz, 1H), 7.17-7.31 (m, 8H), 7.11 (t,
J =76 Hz, 1H), 6.90 (d, / = 43 Hz, 1H), 6.75 (t, /= 7.3 Hz, TH), 6.65 (t, /
= 8.3 Hz, 1H), 6.17 (s, TH), 5.63 (d, / = 4.3 Hz, TH), 5.19 (s, 1H), 4.47-4.56
(m, TH), 4.30 (q, / = 3.5 Hz, TH), 4.11-4.17 (m, 4H), 3.95-4.02 (m, 2H), 3.89
(d, /=159 Hz, 1H), 3.18 (dd, / = 13.8, 5.2 Hz, 1H), 2.89 (dd, /= 14.4, 8.9
Hz, 1H), 2.41 (dd, / = 13.3, 9.3 Hz, 1H), 2.27-2.33 (m, 1H), 2.11 (g, / = 6.7
Hz, 1H), 0.94-0.98 (m, 4H), 0.85-0.90 (m, 7H); *C-NMR (100 MHz, DMSO-
dé) 6 170.88, 170.82, 170.44, 170.18, 168.93, 168.34, 148.58, 137.78, 131.95,
128.79, 128.07, 126.16, 122.79, 118.73, 110.49, 87.79, 83.37, 72.06, 66.48,
62.08, 60.04, 58.93, 56.68, 55.86, 42.31, 41.68, 38.89, 38.68, 35.52, 30.64,
19.45, 18.23, 18.15; IR (neat) v 3647, 3565, 3309, 2851, 2348, 2309, 1748,
1658, 1542, 1397, 1038 670; HRMS (FAB) m/z calcd for Cs3H4N,Og
[M+H]*:664.3095, found: 664.3090; [a]3°= -15.9 (c=0.5 in MeOH)
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Melicopteline D (2)

. &7| TBS deprotection #r& X740 21b (27 mg, 0.04 mmol)= AtE5}
Of o9k N HE§ 28 HRUCE (12 mg, 52% yield) m.p. : 220-222 °C; 'H-
NMR (400 MHz, DMSO-d6) 6 8.86 (t, / = 5.8 Hz, 1H), 7.99-8.06 (m, 2H),
7.55 (d, /= 9.8 Hz, 1H), 7.21-7.33 (m, 10H), 7.11 (t, /= 7.6 Hz, 1H), 6.78 (t,
J=173Hz 1H), 6.61 (t, /= 83 Hz, 1H), 5.58 (d, / = 49 Hz, 1H), 4.76 (q, /
= 5.5 Hz, 1H), 450 (q, /= 8.6 Hz, 1H), 4.28 (dd, /= 19.6, 6.1 Hz, TH), 4.12
(td, J = 9.2, 4.3 Hz, 2H), 3.97-4.06 (m, 2H), 3.80-3.89 (m, TH), 3.00 (q, / =
6.7 Hz, TH), 2.90 (dd, /= 13.8, 8.9 Hz, 1H), 2.76 (dd, /= 14.1, 10.4 Hz, 1H),
1.86-2.15 (m, 4H), 1.59 (d, / = 25.7 Hz, 2H), 1.00 (d, / = 6.1 Hz, 3H), 0.80-
0.86 (m, 2H), 0.50 (d, / = 6.7 Hz, 3H), 0.36 (d, / = 6.7 Hz, 3H); *C-NMR
(100 MHz, DMSO-d6) & 172.24, 171.59, 169.98, 169.69, 168.75, 167.43,
147.12, 136.78, 132.99, 129.08, 128.91, 128.41, 126.69, 122.75, 119.80,
111.38, 88.41, 85.00, 65.58, 62.16, 57.03, 56.48, 56.02, 43.50, 42.60, 41.66,
30.68, 18.50, 17.08, 15.89; IR (neat) v 3585, 2960, 2926, 2853, 2320, 1671,
1540, 1457, 1246, 1101, 1038, 841, 746, 682; HRMS (FAB) m/z calcd for
C33H4N,Og [M+H]*:664.3095, found: 664.3110; [a]3°= 18.5 (c=0.33 in
MeOH)
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Melicopteline E (3)

: 7| TBS deprotection gt8 Z0| 27a (17 mg, 0.02 mmol)S A&t
of sk oK HE§ 32 HACL (8 mg, 57% yield) m.p. : 152-154 °C; 'H-
NMR (400 MHz, DMSO-d6) & 8.48-8.54 (m, 1H), 8.27 (s, 1H), 8.15 (d, / =
7.9 Hz, 1H), 795 (d, /= 104 Hz, 1H), 7.55 (d, /= 6.7 Hz, 1H), 7.23 (t, / =
8.3 Hz, 1H), 7.11 (t, /= 7.6 Hz, 1H), 6.98 (d, / = 8.6 Hz, 3H), 6.89 (d, / =
4.3 Hz, 1H), 6.74 (t, / = 7.6 Hz, 1H), 6.65 (dd, / = 8.4, 2.6 Hz, 4H), 5.69 (d,
J =43 Hz, 1H), 445-456 (m, 1H), 4.28 (q, / = 3.7 Hz, 1H), 4.15 (dd, / =
15.1, 9.3 Hz, 2H), 4.02 (g, / = 4.7 Hz, 1H), 3.94 (q, /= 7.9 Hz, 1H), 3.79 (d,
J=15.3 Hz, 1H), 3.04 (dd, /= 14.1, 5.5 Hz, 2H), 2.79 (dd, / = 14.4, 8.9 Hz,
TH), 2.28-2.43 (m, 2H), 2.04-2.10 (m, TH), 1.68 (s, TH), 1.23 (s, 4H), 0.86 (t,
J =58 Hz 8H), 0.75 (t, /= 7.6 Hz, 6H); *C-NMR (125 MHz, DMSO-d6) &
171.01, 170.91, 170.86, 170.77, 169.28, 168.57, 155.88, 148.66, 132.26,
129.73, 129.11, 127.58, 122.90, 118.74, 114.97, 110.66, 87.94, 83.38, 62.47,
59.04, 56.53, 56.00, 42.48, 41.67, 37.88, 34.75, 31.20, 19.71, 19.63, 18.22,
15.30, 11.47; IR (neat) v 3647, 3566, 3308, 2961, 2348, 2309, 1748, 1658,
1542, 1397, 1038, 671; HRMS (FAB) m/z calcd for CssHaN;Og
[M+H]*:692.3408, found: 692.3400; [a]3°= -25.6 (c=0.5 in MeOH)
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28
Diastereomer of Melicopteline E (28)
. &7| TBS deprotection ©H& =W 27b (10 mg, 0.01 mmol)2
A5 ofeF K| HE§ 282 YRUACE (5 mg, 55% yield) m.p. : 164-
166 °C; "H-NMR (400 MHz, DMSO-d6) & 8.46 (d, J = 7.8 Hz, 1H), 8.38 (t, J
= 57 Hz, 1H), 7.89 (t, J = 6.0 Hz, 1H), 7.29-7.34 (m, 2H), 7.18 (d, ) = 7.8
Hz, 1H), 7.04-7.08 (m, 2H), 6.95 (d, J = 8.7 Hz, 2H), 6.73 (t, ) = 7.4 Hz, 1H),
6.62 (d, J = 8.3 Hz, 2H), 6.56 (d, J = 7.8 Hz, 1H), 5.52 (d, J = 4.1 Hz, 1H),
4.69 (q, J = 5.2 Hz, TH), 4.25-4.29 (m, 1H), 4.10 (dd, J = 10.3, 4.4 Hz, 3H),
397 (d,J =175 Hz 1H), 3.89 (dd, J = 16.8, 7.1 Hz, 1H), 3.13 (s, 2H), 2.87
(9, J = 7.0 Hz, 1H), 2.66-2.76 (m, 1H), 2.13 (dd, J = 13.8, 5.5 Hz, 1H), 2.03
(s, TH), .79 (t, ) = 7.1 Hz, 1H), 1.71 (9, J = 6.4 Hz, 1H), 0.90 (t, J = 7.4 Hz,
1H), 0.72-0.83 (m, 9H), 0.45 (d, J = 6.9 Hz, 3H), 0.32 (d, J = 6.9 Hz, 3H); IR
(neat) v 3627, 3585, 3313, 2923, 2349, 2320, 1732, 1644, 1549, 1397, 968,

671; HRMS (FAB) m/z calcd for CssHaN;Os [M+H]*:692.3408, found:
692.3401; [«]2°= 35.6 (c=0.33 in MeOH)
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"H-NMR of compound 4 (CDCl;, 400MHz)
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"H-NMR of compound 5 (CDCl;, 400MHz)
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"H-NMR of compound 7a (CDCl;, 400MHz)
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"H-NMR of compound 7b (CDCls;, 400MHz)
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"H-NMR of compound 8a (CDCl;, 400MHz)
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"H-NMR of compound 8b (CDCl;, 400MHz)
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"H-NMR of compound 9a (CDCl;, 400MHz)
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"H-NMR of compound 9b (CDCl;, 400MHz)
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"H-NMR of compound 10 (MeOD-d,, 400MHz)
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"H-NMR of compound 11 (CDCl3, 400MHz)
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"H-NMR of compound 13 (CDCl3, 400MHz)
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"H-NMR of compound 14 (MeOD-d,, 400MHz)
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"H-NMR of compound 16 (DMSO-a;, 400MHz)
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"H-NMR of compound 15 (DMSO-a;, 400MHz)
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"H-NMR of compound 17 (DMSO-ag, 400MHz)
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"H-NMR of compound 18 (DMSO-a;, 400MHz)
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"H-NMR of compound 22 (DMSO-ag, 400MHz)
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"H-NMR of compound 23 (DMSO-ag, 400MHz)
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"H-NMR of compound 24 (DMSO-ag, 400MHz)

223 2 & 2383358384
Bom 3 EEEE L
3323 3333333354

%‘

é
-

w
094012
100

vy
24
o M
SO,»W.JUMLJUJ Utg___“w U
s -

0.82-0
200—=
0960
0970

2.08-0
2080

X : parts per Million : Proton

™
12]°
098]
10.10f]
0.97-] =]
12.06-{]

13C-NMR of compound 24 (DMSO-ds, 100MHz)

S 23 g 3 g g B g8%
o4
~] H
N
SO Y
kE 0 -
(6] (0] (©)

|
- HN (6]
©] (0]
; N
L " ~
- N Boc
=3 H
3,
24 24
@]
’;,
=
w4
3
<
3
«“]
~ 4
3

go

E KMIMllllWMmmMMmm“muhnmnm.umm.mmmm S i e 0l

170.0 160.0 150.0 1400 130.0 120.0 110.0 100.0 90.0 80.0 70.0 60.0 50.0
X : parts per Million : Carbon13

88
a8
a%

— 41714
— 36770
— 29.899
T 28184
— 24.006
— 15142
— 10839

=

1 MI].J | gl \\\.Lnldhdm L

40.0 300 20.0 100

113



"H-NMR of compound 19 (DMSO-ag, 400MHz)
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"H-NMR of compound 25 (DMSO-a;, 400MHz)
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TH-NMR of compound 26a (DMSO as, 400MHz)
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"H-NMR of compound 21a (DMSO-d5, 400MHz)
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"H-NMR of compound 21b (DMSO-d%, 400MHz)
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"H-NMR of compound 27a’ (DMSO-g, 4OOMHz)
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"H-NMR of compound 27b’ (DMSO-ag, 400MHz)
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"H-NMR of compound 27a (DMSO-a%, 400MHz)
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"H-NMR of compound 27b (DMSO-d%, 400MHz)
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"H-NMR of compound Melicopteline C (1) (DMSO-d%, 400MHz)
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"H-NMR of compound Mellcoptellne D (2) (DMSO-ag, 4OOMHz)
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"H-NMR of compound Mellcoptellne E (3) (DMSO a, 400MHz)
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"H-NMR of compound 28 (DMSO-ag, 400MHz)
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VI. Abstract

Cyclic peptides are generally known as pharmaceutically promising
candidates because they are more stable in vivo than linear peptides and
can reduce structural fluidity. Melicopteline, one of such cyclic peptide
substances, is extracted from leaves of Melicope ptelefolia and exhibits
strong anti-influenza activity against influenza A viruses HIN1 and HI9N2
in Madin-Darby Canine Kidney Cell. Among the separated Melicopteline
groups, Melicopteline C, D, E, which has a unique heterocycle structure of
Hexahydropyrrolo[2,3-blindole (HPI), showed more robust activity.

In this study, we have synthesized all of the natural products of
Melicopteline with HPI skeletons and will apply them to the medicinal
chemistry research for anti-influenza drugs. Melicopteline C is synthesized
in two parts, 3a-hydroxy-HPI in which L-Tryptophan is oxidized and linear
pentapeptide. An oxidative cyclization reaction of L-tryptophan
simultaneously synthesized the structures of two diastereomers, syn-cis
and anti-cis HPI, each having stereospecificity, to determine the
stereospecific structure.

A cyclic peptide compound is attempted by the amide formation
between the obtained 3a-hydroxy-HPI and linear pentapeptide. The
synthesis of Melicopteline C is completed with a total yield of 4.7% based

on L-tryptophan. Additionally, we synthesized with Melicopterine D, a
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diasteromer of Melicopterine C, by using a similar synthesis strategy.
Melicopterine E and diasteromer having other amino acids chain structure

are also synthesized by the modified synthesis strategy.

Key words : Melicopteline, A cyclic peptide, Hexahydropyrrolo[2,3-
blindole, Oxidative cyclic reaction, Amide coupling reaction, Anti-influenza
activity

Student No. : 2019-29467
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