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Neoxaline (1)i%. ALREMFZEFTIZE WV TEHE OH _OR
Aspergillus japonicus Fg-551 ¥k D EE i L 0 B /=0 o

BEsSNT-A v R—AT LA RTHY, H MeZHNﬂ NN
BIORNA > RY AR T I F— /L FHK, OHN N OHN N
TEEANL AR ER SR LD Y N—2 7 L =)V EL & E- Neoxaline (1) R=H ;Meleagrin A (2)

R = Me ; Oxaline (3)

TERBERATFUVUNEEICELE LR
HEEEAT D, 1IEF 2—7 ) VEAREIC L2 ME SR EEEEZ R 2 &
WEINTVDN, FRRIRFEDEMIESIEICE DL D ITEET 2O00IRFAETH
5o 1 %L LizA >V R 20T I —VEKEH L KR O 24 AT
< 1 OMERRIRD Meleagrin A (2) DHEXI LG HIRE STV RV, FEF I L
DR BRI ER & T OIEMICHRZ R D RIRE TH S Neoxaline B DHEXE A 1E
DWRTEZ BIIIZ 1 ORERMTRICER Y i, 1 EHRAETH D 2, KT Oxaline (3)
DD RF AR Z#ER L= (Ideguchi, T. et al., J. Am. Chem. Soc. 2013, 135, 12568.),
T 277,

[Hi& - #R]
1. WA RRARAT

Neoxaline $ERFH DEH THDHA > R AT I F— LB OREERIIETE
RFFEE NS L= —BIZ R 540 (Sunazuka, T. et al., Org. Lett. 2005, 7, 941.), 7 X
— IS & B OARFOTFRREE bR TH D, £, — I "= 7L
=D LS IREEWVEREREE A VR U BN ~EA L, EE 4 BRI A LA
BIRAICHEE T 5 2 LIIR S TiERWY, UEDZ b, A R 2T I,
—IVEROWEEE, U =27 L = VIO SLRERAY 7038 ATE DL & AR DR
e L. AR 2N T/ (Scheme 1), /> R U AT 7 —/LERITKRE
PEDOEW= e v Z2 Rl L =Rk ZRIOMBRKIGIC LY | ZERICHEE T
XHLRMUIZ, UV AR—RAT L= VO RRIN G AL, FTEIFFEENHE L
TENE 3a-b Ry 7oA RU v Q) HWE=FELAIGHT S 2 & TER
TELHEEBR, TBMEETII8DAFZFMHL, 7rA v R OB ~D
SEARTERARAN 72 7 VU VIR OE AIZARII L TV D, AFEEZSEIC, 816 L., EBIL
BAZRHALTIUN—ZRT V= VR EAT L Z LN TENX, BADORFF L
AREL B2 T2, 1 ORBRITAY e T I F— K5 28 L%, 7ArTk R4k
DTN R—=NAEEIZ LV ERTE D EE 2T,
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HARRE O SETRBIREIC Y R—Z2F Lo VEREA S 7 A R UK 10 2
—ONAREMEAR & U TEIEE TR, Hit< N,O-7 &% — /L OiE B % & {efli ~
BRI LD 10 205 10 TR, U 53% CEALAIBRIA & 72D 11 5 LT,
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kL, = bhr 12 L BRIUIK 13 24572 (Scheme 3), 12 | EtN fF/E ., N8
VHTMEAT 52 LT 13 ~EELL ZERTE, 131X PO I LV ERIR=Fr o fk
14 ~ER{bC&x 70, EBEOILERIZ 14 2 TBAOH THEITH Z &L TEl L., 1 v
KU AR T 2 —/{E (9R)-15 % B — @imiikafHkOMMk%M%
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BERERIICATV, 11706 4 TRECTHRVEE ZMEE LT12D, B oMECib, BbxlF—
FOSRN CERAIICAT Y & & TRTREZ MM T 5 Z LICksh Lz, BlG 11 Ok
WFRD% ., PbO, LEEEZINZ =L 2 A, 12 OB L E 13 O3 #EIT L., 1 TR T
14 A/ T&7, ZHICED, 11252 TRTOR)-15 24T 252 ENTE T,
LovL., KR &Rl UNIARZ 3 5(99)-15 1B H ke o 72728, %D TREIZ T
IONLDKEEFEEZ T E A VL SHDZ L& LT,

4. E-T b Rub AF VL O

AR L7 15 OKBEIEDOEIRAI 72 A FAGIET I RO A FUALRHA L CTREET
HoT-X KEEHEAZ TBS K. 7 2 REZSEMETENZENIR# L T16 & L7 (Scheme
4), HWWTCTTBAF %20 °C TE S®., 7 I A KA 344 R TBS Hhz 3
RENTERE L, Fi< AT RIZED N-X R4k 17 #8pk L7z, 7/V7 B K 18
ELTEDT NV R=ARISEBAD 19 % 2O T A7 VAREY (dr=1.0:1.2)
ELTHXT W TKBEDOHBEC LD E-T 8 RRE ATV OMELIRGT LT,
TV K= UAHIME 19 @ o (L7 1 s AR 5 KSR TR, B Z
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5. Neoxaline (1), Meleagrin A (2). Oxaline (3)D &A%

Neoxaline % &5 KT < E-20 DR & 9 (L DONLRK A 1T > 72 (Scheme 5),
E-20 @ 9 (LD NLARILZEIE Me,AICT Z VT SEM JE A BRZE L 72 BRI S R~ 5
T EMTE, IEIT 21 O 9 (KEEFED TBS £ % HF-pyridine TErETHZ L T1
DYIDEEREFERK LTz, £i2, G L2 1 OKEEHE DMSO & Ac,0 % v 7=5%
HCTRRIL L., ST B F /MEIc XV 2 DRO LB/ EER L=, 3 DEGMIT
HRREAR E-20 725 TBS BEDfrE & £ U /KBEDERLICH S T 2T kIiz kv
23 (5=t IKERIL D A F Al & SEM FEDFRZFEIC L 0 2Rk L7z, A1k L 72 Neoxaline
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I RAY OFFE NMR 227 kb, 7203 X ks SuAEE & e s & o ikic &
D ZFOREEZTER L, RIRETH o7 1 & 2 Ok % Scheme 5 17~ T &
INZRTE LT,

7 2
OTBS OH
0 )OTBS 9 1) Ac,O —
R Me,AI(CI HF-pyridine DMSO
NOO ——— N O ——— N N ©
'T‘ CH,Cl, | HN pyridine THN 2) l\}jlze%ol-f THN _
—-78°Cto0°C 779 -
MeO / =" g0, MeO — % MeO m MOl MeO —
SEM o AN N 21 OHN_N OHN__N|[ (2steps) O HN__N
E-20 Neoxaline (1) Meleagrin A (2)
TBAF CHZCIZ 90%
1) TMSCHN, 7
MeOH OMe
1) Ac,O Benzene =
DMSO 76 % o
N N
KzCos 2) Me,AICI [HN. =
MeO / _ g";g”(z tops) CH,Cl, MeO —
SEM HN o (< Steps SEM HN -78°Cto0°C HN
O (6] 74 % o N
22 23 Oxaline (3)

Scheme 5 Neoxaline, Meleagrin A, Oxaline D45

6. &k L 7= Neoxaline & &k AR O IE MR
B L 1. BROARFTEEOHE, Hi~vZ V7, Lk U R0 Y —<{EHERER
AT oTce AV RV AR I T —/VEREA LI 1, 24133 SDOiEHRRICK
WCTEMEZ R S 72 o 7208, BRI 25, 26, 27 IZ@WHL R U /R Y —< 5
NRHE SN, BbRUVEEZ R L 27 IZFELENZ LD, LR U2 Y —
~HEOFHY — MeEm L HFTE 5, (Table 1),

Table 1. Ak L7= 1. ROEKAFFEEOH KV R v —< 15

4 2 2 2
OH OTBS 0TBS OH
Neoxaline AN ON=y N HN © N O N O

N N
S VST S S I O R I
Me MeO HaN HeN

Q 0] o] 0
IC50 (ng/ml) Z-Neoxaline (24) 25 26 27
(—"1"—‘35‘}“;‘; GI;‘;;"; b >12.5 >12.5 11.90 7.03 0.21
C(y;/}’;{’é‘g)ty 2824 <0.1 3451 56.00 >100
[#aFE]

EHIINFIENE 3a-b Fax o 7aA 2y RY VOARFEFH USRI Y
N=AFT V= VEOBEAN, = tr 2@l LA R o 2em T I F—/Fkgo
RELE, E BIRMRT E Fo b 2 F V0 ORELE A #1C Neoxaline (1) & kA D
Meleagrin A (2) & Uf Oxaline QYD HIDAFRER A EMR L, 1 & 2 O LIRS %
RE LTz, IEMHRHIOR R, Al L7z LTt U NV —< G E2 RS-0 d
DD G N U X — =] %Hﬁ_ﬁa M2 A LicBRch &R 27 S R Sz,






I -1. Neoxaline

I -1-1. Neoxaline D& H,

INETIT, BEY., Y ERDT KK DX NI & B 2 - #8155 & FF oA 1%
IbEWD»EL < BBES TRV | £ OWIESENE & AWIENED D RIRWITEFE L > —
ADEEE S, BHx, RN TebTE -, @, KRHEROEMIEED'E
DRI, ER & R DAEMER ORI Z T & 32, Lol ZOHETITENE L
TGS OF 72 ETENE 2 BT D BRI & Wik & 3 alete & 5, £ 2 Tk
BAWFIERT O KK HIE, T OREERIE T 0 OB E Db EW &+ 0 R L,
Z D% TRRRANZAEDTEEZN T 2L WO a7 FOTF, RI—=F 0 LT 2
RELZHNZ T IDNVAT V== 7 24T HERIZHBRZR 10 FEH £ 0 O
HEmHZRARMERR L Y, Neoxaline (1)iZ L2~ U —=1 71T Aspergillus
japonicus Fg-551 ¥k DB & 0 M S Lz A > R—A T v uA R THDH 1,

I -1-2. Neoxaline D&, AWiE M

B <372 Neoxaline (1)IZFEHI7Z2 NMR 227 R UEIT OFER, A > KU > D 2 fif
DIRFBICEZODDBHBFRFNERINTA R AT I F—/0 &) M H
ZRIBRVDVEREZA L, SDICZOEREBEMD 1,1-AF AT VHE (Y= 7
V=) (BE)-Tk Fub AF VU RNEEICEEL-#ETHL Z LnkEshE?
(Figure 1), 113 A YK, THRMRIEERZ AT 52 L MESNTNDLDATH
V. BRI AEMTEMEICOWTII R TH 72, Lo L, dEBRAMEEIIFEATIC BN T

UN=RTLZIVE

\OH
o CAVEYY
N — 2FO73I+-ILE#K
|HN /—
MeO mt\ i ) »
O HN\7N — E-TE FOEAF IV

Neoxaline (1)

Aspergillus japonicus Fg-551

Figure 1. Producer and structure of Neoxaline (1)



FRBUA AAI ORI A B RSB E BN 2 A KAETAEY IR ES O A 7 )
— =V T AT o TR R 1 ANHE I EEE A LTV D 2 ERbho7= Y (Jurkat
cell; ICsp = 43.7 uM), F 7=, IEFILBEAMGB A e OBGE R E & % —TiTo 7=
TEVERI S L RHL R U X ) Y —< B2 LT D 2 & LT,

I -1-3. Neoxaline Dl i E HIFEETEMEIZ DWW T

EEE%EHS% ENTWVDLHRARIOHFIZIZZ XV A Flbaee 7 rhuAg
R7p EWUNEITER LA SRR ZLEST 5 Z & THIBEY 2 M #TEIESE5(0E
M5, o, A F=A T T RITRA LI GHIT, TLd=A v uid
Gy WITHIME I 245 1k S ¥ 5 2 & THIEEEIEZ R Y, 20X 9 2%ER b
JEIHN 522 % )2 1E 9 Neoxaline (W)IZFLAAAIDOEREEM & R D AR B D, £ 2
T, PTEMFZERT Tld Flow cytometer Z N, 1728 EOMBEWIZA/EH L T\ o &
#r L7z ¥ (Figure 2), HIFEH D Gy #1113 DNA A O YEM IR TH v & & DNA &3/
7R OHEREE T & S (DNA count; 200), S #iClIfEHHIED DNA EIHIM CTH 579
DNA E(ikkx & 7‘;5 (DNA count; 200-400), Go/M HiIZ#HEHEL L 7= 22 Ol G
IR % BRI IS IZ0Bl U TR XA Z I Th 5720, DNA =i G o —
& & 725 (DNA count; 400), fELLEED Jurkat cell Tik DNA D\ Go/M H DIz
e Gy HIDOMIE NS < 72 o TWD DIk L, 1 TOE L-HCITEED A L
T Go/M HIoFfa s 2 T D, £, 1 OMREYREE®HILX G, T = v 7 KA
NBREFA] CBP501 DA Z T 2o 122 v D, G ITTOREIEM TIER Wz &2
HOMMNE o7, DLEORERE DS 1 1% Jurkat AL OMIIRE BT M i Tk
S ZENHALMNERST,

7 uM 20 uM 200 uM

29%

Neoxaline

Figure 2. Effects of Neoxaline on cell cycle progression. Jurkat cells were incubated in
96-well plates with neoxaline at the indicated concentrations for 20 h



I -2. Neoxaline &k

HBIfE % TIZ Neoxaline iz K%M & L T Oxaline, epi-Neoxaline, Meleagrin .
Glandicoline JHAA S ST\ 5, LLFICZEOFEMAERLT,

[ -2-1. Oxaline

Neoxaline & L CTHI TR S 72 RIW)IE, 1970 FFITEE Penicillium oxalicum
DEEFHEH 7 5 Bl S 172 Oxaline (2) Tdh v O, ALEAFSEAT T Penicillium Sp. Fg-234
HRh B OB 2 A LT % 2 (Figure 3), 2 1% Neoxaline (1) D&k & A FAKIZ L D |
O NAKFEIG 3N A TN ) — N T—T )V E o I iE R BT 5D, £ OfFEITHEES
VT2 IRFIA T o 723, 1974 45 X OBk s S BT |2 & 0 ARRE ST & 23 © 7>
Lot D, Fim, 2012 4F, Zhu BT o 7= 2 O X BfE SRS AR 12 X 0 #seh SRS
WRPE SN, 2131 & ABEOIERERIC X 2 MaE I EEME (1Cso; 8.7 ng/mL)
EAETS Y, SHICHEEOEN Z 327 Th % Fabl (Bacterial enoyl-acyl carrier
protein reductase) DHNHIVEM (ICso = 38.7 uM)AS LI &40 9, FriFTE I OB A Y

E DA EENT,
%
\\OMG}——x%wlwﬁue%w%ﬁ
@)
: h

|HN. /—
MeO

O AN __N
Oxaline (2)

Figure 3. Structure of Oxaline (2)

1 -2-2. epi-Neoxaline

epi-Neoxaline (3)i% 2006 4F-{Z Overy (2 & - T Penicillium tulipae 7> 5 B < 7= %8
BIETHY O, EWIEMEERAE LI @®EIT 22 (Figure 4), 0 'H-NMR 2227 kL
I% Neoxaline (1)D7 —# EESELL TV 23, HehESEE, CD A7 MLV OZERNG 1
DINDOTEIRTHDH EEZ HTZ, F7=. Overy 5% 3 ® NOESY A7 kL% H
EL, AMFTOAFALELL IO T e FOMBEEZHELTEY, ZOZLnb 3
I% Figure 4 |23 X 5 RAEXINEAREE CTH D LHEE SN D,



N
| HN_ /=—
MeO —

O HN__N

epi-Neoxaline (3) <—> ; NOESY

Figure 4. Structure and NOESY spectrum of epi-Neoxaline (3)

I -2-3. Meleagrin %8

Meleagrin A (4)iZ Penicillium. meleagrinum % (X U, P. chrysogenum, P. radicicola,
P. tulipae, P.albocoremium 72 £k % 72 Penicillium B~ HAEESIND A > R—L T VH
A RThHD W, ZoOREEIL, 1984 T 4 NHFFE LT 9-0-p-7 HENL Y A LA
KD X #ifs il E R IC L > TIRE SN TEH Y 2 Neoxaline (1) DKERENR L. E
o ) — MK ER A9 % (Figure 5), E#iEME L L C Oxaline (2) & [RIARIZ IR E
P 1320 Fabl HITENE V245 Z &b S AAL, EIRHEEOGEHWE L e b
AIHEME DN ARE X U5, Meleagrin B-E (5-8)i Gu 5 (Z & = T Penicillium sp. F23-2 ¥k7> 5
4 LILZHBESNTERIETHY , 4 OA I XY —VEHNERER LI NI EEE RO
B0 Gu B3 4 3 L5 28 HL-60 AIRARRIZ 3 L, Z4LEH ICs0 = 7.4 uM, ICsp= 6.7 uM

THifaFEEEZ T~ T Z & 2lE Lz, 512 Gu &% Flow cytometer 2 H v CHlllaE4:
DOVEFRBEFF 2T LT 5, ZORERNG, 4 OMIIEEMEIT 1 & [FEEO M D& IR E
EHEIC L 2O TH Y, 5 OMIEEENEIT HL-60 MIfRIZ k92 7R h—v 2AFRIERIC
ERTHHLOTHD EHIA L, £z Qian HiX 4 N7 VY RO EDFE ZRET
5L RMELTVS YW (ECs=1.10 pg/mL), 7 VRIS, A8, R+ H3%E
FTDFGKIEBINATE T D 2 & TERARFER L 72 O TEHEAED E LT
bD, TOXIREREND, 413 EFEROHEZ RN T &P IR Al O
WwEE L CbHIfFSh D,

OH . . Q2 _W
Meleagrin B (5); Meleagrin C (6); R~ =

0
0 R =

! KXY
e HN«:E - Meleagrin D (7); R2 = S
O NG N-g2 OH
Meleagrin E (8); R? =m

Meleagrin A (4); R> =H

Figure 5. Structure of Meleagrin group (4-8)



1 -2-4. Glandicoline &

Glandicoline A (9)F X Y B (10)1% 1994 4, Kozlovsky © (T & - T Penicillium.
glandicola 7> & i S 7= %A TH 5 1, 9 O Meleagrin A (4) & il # b 1k
L7=2bOTHY, 101X 4 A TF A Li=tE&EZ2 A3 25 (Figure6), 9. 8L 10 D
EPENE DS IT D7 < T RUEREITR L TENLEIL, ICs =64 pg/mL, ICso =
100 pg/mL THIETEM Z 7T 2 ENRE SN TWEDHRTH S ),

74 74
OH OH
N © N ©
) )
|_|HN\€:>:\ HOHN — _
O ANN O ANN
Glandicoline A (9) Glandicoline B (10)

Figure 6. Structure of Glandicoline group (9, 10)

PIEIZR L7 X D512, 2 E TIZ Neoxaline # & 723 10 DA > R A2 a 7y
ST VERERE LLERRT Ve A RRERLINTWD, HEINTO D 4EDENE
BRDE, TNETNHEENE, MilnEtEZ2 A L2528, Nexaline (W)IXPUETENE % £F
TN e h . 2D RIMBEOREETE A BB N R - b, F72, 2< D
Neoxaline FHi% A& 723 5 @ Penicillium J& X 0 BEf ST\ 5 Z &xf L, 1 1% Aspergillus
D HEBES N TEME—DILEWTH D | AARRIRELAR) D b IEF ICHBRE LAY
T b, RIEIZ, BEE TICHE SN TV 5 Neoxaline $E DA G AR IS 12DV Tl <
Do



I -3. Nexaline 38 O HE T LB BOR I

P. Oxalicum (2 & % BC, ¥ LV N Tk L 7= Roquefortine C (11) DZEHAEER ) |
Oxaline (Q)IZ KM 11 R L, BB ESND Z LD h> T 5 9 (Scheme 1), £
7= 16-Hydroxyroquefortine (12)73 11 & F£{Z P. crustosum 7> 5 HEE S LTV D Z L b,
ZDEE L 11 O 16 L DOER{LIZHE 7 hEXRTF U U OREEA R v
W DFAICRE S BROFEEEZRTA U R AR T I F— /VERPREE S, &
BIZA L RY 15 7 IOk, 7 I A Radxd A REeKEBEED A FVb
W2V 2GR ESND EHEESND,

% 7 H 4
0 Qb o) O
L_n® NH CQJG NH oo pens oy C NGO
NS 161 DB AE N 2] NN
H H N HH N H Nﬁ
¥ —
HNTN\
lQ O HAN__N

16-Hydroxyroquefortine 12

TR 2D
73 DBAE.
XFNAIE

Oxaline (2)

Scheme 1. Predict biosynthetic pathway of Oxaline (2) (C = *C, N = °N)

% 7= Driessen 51X, DNA ~ 1 7 17 L A {512 X % Penicillium chrysogenum ® 44k,
BAR BT 217\ . Mereagrin A (4). 3 X OF Roquefortine 32D A& I B 5§ 5 & 151
U5 AR —E WG LT Y, #isCTIE rogA (Pc21g15480). rogR (Pc21g15470). rogM
(Pc21g15460) . roqO (Pc21g15450). rogN (Pc21g15440). rogD (Pc21g15430). roqT
(Pc21g15420) 7> Roquefortine/Meleagrin £ & BlR 2] & DT TG L TE Y (Figure 7
(RT KD RESITHAET D Lif b TV D,

®OO®OO

rogT  rogD rogN rogO rogM rogR rogA

P. chrysogenum

Figure 7. Roquefortine/meleagrin biosynthetic gene cluster



S 512 Driessen & 134G RUEIS T O RIEFR 2 H57E L. Roquefortine/Meleagrin & %
BREME DEEZR BT HZ & T, TNENDOBEE TN EOAGKTRRIZES LT
HNERELTND, TOHRETIE, T rogA LY eRxFT 16 VY TF FT >
VAT BT FENRT VUK 18 BEK SIS, VT, rogD OBHIZ LD U N—
ATV =) VFEDNE AN S 4, Roquefortine D (20)23 4Rk S 405, F 72 [RIRFIZ 18 13 rogR @
BETTE RREAF VAR ~ Wb D, tohitLiz 19 & 20 1%, rogD,
WM rogR IZE D EEN T L =11k, Bk Z 4. Roquefortine C (11)ITUXHT %,
rogM 1% 11 @ Glandicoline A (9)~DZEHZFI G- L T\ D & S, Bif L72 K 912 16 /7
Dbz R & LIRSzl 5 EHER S 415,913 roq0 12 X W gk & 41T Glandicoline
B (10)i272 v . i< rogN O X 12 & 5 KEEEED A F 1L T Meleagrin A (4) 3G AL S
N5EBEZBNTNWD, 728, roqT ORI CIXAEEMEICHE R ZITHERE TE T,
roqT IZAEBR & FMOEFEIR S5 & L HEHELZIT I LERH D L5 TN D,

(0]
m
N rogR
H 16 roqA q
\ (Pc21g15470)
NH,
HO
(0] NN
NH
17

(Pc21g15480)
rqul (Pc21g15430) rogD l (Pc21g15430)
7z
¢ )
O 16
NH
N NH N N
N rogrR H H AN
H H _— o)
o (Pc21g15470) N\
L “y
N Roquefortine C (11) H
Roquefortine D (20) H

rogM J(Pc21g15460)

74 7 7
OH OH OH
o) rogN 1) roqO (o)
NN NN NN
JHN. )= (Pc21g15440) /HN. )= (Pc21g15450) IHN )=
MeO — HO — H —
O HN__N O HN_ _N O HN__N

Meleagrin A (4) Glandicoline B (10) Glandicoline A (9)

Scheme 2. Proposed roquefortine/meleagrin biosynthetic pathway.



[ -4. Noxaline 22D N b5~

I -4-1. Oxaline (2) D sct LR DY £ TORKE

AR REA T3 % Roquefortine C (11) Dffaset SEAAME G XA BT EARIC L 0 e &
NTHEH O AEARRKEND Oxaline QD 3 MOSRITEEINS EE2 LD
(Figure 8), Z D%, 2 OHRISIARMEEIL 2S, 3R EHEE STz, Z OHEEIX 2012
O Zhu B D X B ERESHRNTIC L 2 LIRS DR E L W IED o 72 2 & 3GERA
EnTng o,

7z
o OMe
N N NH  piosynthesis 3R\ 55 o
NY, ] — NN
o | HN_/—
< O AN _N
Roquefortine C (11) Oxaline (2)
TEEG/MICLD ESRHERLD BN IR EEEHEE
eI ABIEE RE (R OXIRIERBERRTICLD RE)

Figure 8. Stereochemistry of Roquefortine C (11) and Oxaline (2)

I -4-2. Neoxaline (1)D 2 fif.. 3PLD N DIIE

AT JEFEEE Tl Oxaline (2) & Neoxaline (1) 5 Z N ENIHG@FHER L 22 D N-X F b
-Oxaline 22 # &k L. &FEEERRT —# Z i LT % 2 (Scheme 3), AlH 1 D 9 fir/k
feiofftic kv = ) — 77—k 21 ~8Ex < 7 & F/1{E T Meleagrin A (4)
O LTz, 554072 4 % CHoNy TALEE9 %5 Z L T N-A F/L-Oxaline (22) & L7, &
7oy 221F 2128 L, CHo Ny Z W2 A F b %247 9 & <E ’C“?B/Eu\ﬁif“% oo TNEND

KIRDDBENTFHEIR 22 DAY MAT —Z TR —H L2 b, 1 D 2
Mq3ﬂ@4%%%i2kﬂbf%é;k#bﬂD\BJRE&ELTwéo



DMSO Me(')HN T meoH | HN
73% 83%
© HN\&“ o HN N
. 21
Neoxaline (1) Meleagrin A (4)
74
OMe
CH,N, Mes, /=0 CH,N,
- N -
Et,0, 63% MeO ;“ N\ Et,0, 72%
Me O HN N
N-Methyl-Oxaline (22) Oxaline (2)

Scheme 3. Synthesis of N-methyl-Oxaline (22)

I -4-3. Neoxaline (1) 9 i D SAAR B F DOHETE

Neoxaline (1) HifLIRE, 9 LD NLARILF O FHNITINEE T - 7253, 2007 1T
epi-Neoxaline (3) D HAEfE AN M S 7= 19, Z o Tk, NOESY FHEEL Y 3 0 9 fit/k
PRl DN k% RECE SHEE L CWVWD, ZDOZEND 1 ONKEE%E 9S L&z 7
(Figure 9),

Neoxaline (1)
241, 3RIDILIAIS
OxalinefB &AL DLLE NG IRTE NOESY /A kJLicLh <—> ;NOESY

9 {2 DIT Al NOEST AT -
o LOTIE, o MMARR AR EEHE

epi-Neoxaline (3)

Figure 9. Proposed stereochemistry at C9 position of Neoxaline (1)
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I -5. WF5EH Y

Neoxaline (1)Z X U & LIz > R A a7 I —/VEKEH T 55t 10
HORKYDORERDOBEILINETICRL  BROBEIET DL ST RN
EMND YDA RIET AL BIRE W, F 72 KW H» O HiE < 717- Neoxaline
BIPLD AAEERCHIEIEE 2 RO FE R ME SN TVDIB, A R Aer T I —
JVERE N E D X O ITEMIERICEE L CWANIARATH Y . L0 i iEiE e
BOREIZIT AR FIEIC L 2FEREEP AR THD, LEO XS s,
DR T A2 Tl Neoxaline BHO AR A ER L. M S iAEE 2 ET 5
ZEE, EMTR, ETEABETICERDOH DS LD EAIE ST, Neoxaline DA
AT HL $A T,

I -6. Neoxaline # & &35 ECoOE

Neoxaline (1)D 44 FHEMS & N7 T2 L CRHICEE L 72 2 DA, Al L CTHRiR A
YRU U RAERT IS AEBEMET 20 ThH D (Figure 10), ZIE TIZ
Neoxaline JEKA DER THDHA > R 207 I F— /VEKOREEGNL /2L, 7
I UM E A G TR OF IR TH D%, MEH OBV — b &2 &E
TOMENS D, WICHEE 2808, (E)-7T 8 RREXF U UHMOEETHL, —
AT e Fa T 2V REGKT 256, BIFICLER ZERPEon5 %, EiE
K27 e Fa7 2 JBROBEIIT LT LIZRENME S, 3 SHOREIZ) =27
L = VHEEDSIRRIREY 728 AT %, Neoxaline (1)D Y NR—RXF L =L TA R
VORGIMICHFEL TER Y, IBRAASTE 4 BKER O EEEA TS, Z0DA,
VNR=ZF V=V EOBENTS & LD @O RRRPEOFEBUC b IREED S & P4
Shd, L, UN=RAT L=V 2 SLIRERIICEA L2 1388 H 0 . i
T 1 OEGHICHICHAERTELDH D, WHICINETICHRE SN TN D U A=A
TV = OBENEIZONW T~ S,

UN=2ATF LZIVEDIIRFIRABEA

0 ARy
NN —————— AEA7IF L BB OBE
| HN

MeO m
O HN _§ — EERMBTE FOE AF IV DIEE
>~

Neoxaline (1)

Figure 10. Key points for total synthesis of Neoxaline
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[-7.) =27 L= )LEDEAIZDNT

A2 RY ERED AL 4 RIKFFIZ Y N— AT L= V2 RO KIRIE Neoxaline 35
DA b #5% < B STk Y, _Eib L7 Roquefortine 38121 % . Amauromine (23).
Ardeemin (24). Flustramines A (25). Aszonalenin (26). Notoamide C (27). Brevicompanine
B (28)72 &3 d % 1 (Figure 11), JEl2 bk 7= 0 | —#¥AYIC 3T 4 #RECSE & TR
BIRWICHBET 2 2 L IFES TIERWZ L A4 2 R L BHEO 3AL~DILAREIR
72 U N—=AF L= )VEOBHNIL, 26 RO EARRIZBT 28T L /> T %,
ZDOXDRHEHNG . T E TITHR A ZRIFPE=R 0 D ILREIRAY 2 U N — 2 7 L= )L A
DEANEDNF > THRE SN TE T, LLTFIZZDO—HE2MIT 5,

74 74
0 N
HH [ Br
NN N N o
N H ”HV
o
V

o) ’/Me

Amauromine (23) Ardeemin (24) Flustramines A (25)

Aszonalenin (26) Notoamide C (27) Brevicompanine B (28)

Figure 11. Natural products possessing reverse prenyl group at C3 position of indoline
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[ -7-1. REBNLFZ 7z Pd RS XD SRIBRIRAG 2R Y X=X 7 L = LD A

Trost D IEARFEUL T Ly & Pd iREEA VT, AF n-7 UL Pd 85K %2 £ L 72304k
EIRAY 72 U R— 2T L=V IEOEAEZ RS LTz 2 (Scheme 4), A1 TITBML 12
KO PESRIPEZFIEHT 5 2 ERFEETH O SREEN NS WL Z WD Z LT,
TV VAN RRIRICEATE D,

CN
CN Z —CN
Br 7.5 mol % (S,S)-L4 or L, -
N (e} Br Br
N~ O N~ O
OBoc 5 5 mol % Pd,dba*CHCl,
| MeM 30 mol % TBAT, CH,Cl, | |
23 Me 30 or 31

70%, 90% ee 55%, >99% ee

NH HN NH HN
PPh, Phy,P PPh, Phy,P

Scheme 4. Trost’s method for stereoselective introduction of reverse prenyl group

[ -7-2. REBNLAZH O I il XA SIRKEIR R U N—=X 7 L = )L OE A

Krische H I3 ARFENLF Ls & Ir iR A2 H W T, 3- DV R=-2-FF A > F—/1 32
D 3PLITNASBIRENC ) N—= A F L= VA EA L, R 4R BEHBEL T D 2D
(Scheme 5), AFETIZLI-VAFAT L ORDOVIZTIAT T — 25 Z
ET, TIUNER T a FIOVEONRERIZZEALARE L LTS,

MeO
[{Ir(cod)CI},] (2.5 mol%) ' N ‘
1,1-dimethylallene (200 mol%) HO E | E
O iPrOH (200 mol%) \k/ ' MeO Z PPh, !
5%),L 9 ! :
@—3i CsCO3 (7.5 %), L3 (5 mol%) R @ . MeO y PPh, |
N“TO 3-NO,-BzOH NTTO N | :
Bn PhMe (1.0 M), 60 °C, 40h Bn ' |
90%, 96% ee : i
32 0 0 33 : L; MeO

Scheme 5. Krische’s method for stereoselective introduction of reverse prenyl group
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[-73. REF IV ITIA B UG E GO R ) U LD REIRE 22 U X=X F L =
JVIEDOIESE L B E A~ D

JIE S, IAVR= DA VT 4 A/ F VT 4 o DEMAL S ARF T T A ¥ RN
DRI IRIEHEHAN=AX A > R—=L D 3[IARHK 4k REORESEE A HE LT D
2 HAREINCIENFRTE AV RY Y 34 ODHAR= L EVT ) AFAERAKRR— h
EDHWE BUSMZE D ALV T ¢ 2R L, ORI AF 27 T4 B A
XA A L F—= D INAITAREIRANZ ) XR—=ZA T L=V EAE AL TW5, £
7o ARTFIEIZ XY Flustramine A (25) D &AL S 7= (Scheme 6),

NC NC
o (Et,0),P(O)CH,CN y
t-BuOK B \
Br Br — °br o
N 0" Hex N "Hex
Ac
36

0| “jox DMF, 78 °C to rt N "
Ac  H 70% Ae H H

Flustramine A (25)

Scheme 6. Kawasaki’s method for stereoselective introduction of reverse prenyl group and
total synthesis of Flustramine A (25)

1-7-4. PV T R 77 VOARAFZRA LUNRBIRAR ) XR—=2F L= LV EDEA L
AR~ D H]

Danishefsky & 136G L- N U 77~ 7 7 U EFEIK 38 12xF L PPTS 71 . N-PSP
FAER &, L0 LZER pre-exo (RICEB W TERIL &S5 Z & THEEANLIZ PhSe £ 4 ViR
SEIRATEA LT 5 2 (Scheme 7). % 5 13 AR & L TH BT PhSe 4 40 12 5%
L. WA ABIFIE T, V=T TRELIEHSEL 2T AV FU U 2D AHK
ERUHUSMKRERIRMIZ) A=A T VLoV EEBBATEDLZEE2RELE, &5I1C
Danishefsky, Joullie 52 X > TARFE%Z MV /2 Adreemin (24). Roquefortin C (11),
Amauromine (23) D ARF A KN ER S h 7 192,
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SePh

@eOzC H Q_-.Q,COZMe
slow
N HN‘Boc e N2 NBoc

B T
o¢ SePh Boc H
L pre-endo i 39
Disfavored
38 B 7
SePh SePh
Q\ fast CO:Me
N H COQMe —_— NBoc
Boc” L:E\‘ H N H
Boc Boc
B pre-exo | 40
favored
= SnBus J
MeOTf CO,Me
2,6-lutidine
40 - N NBoc —
CH2C|2 | H
—78°Ct0 40 °C Boc
0,
60% a

Amauromine (23)

Scheme 7. Danishefsky’s method for stereoselective introduction of reverse prenyl group and
total synthesis of Ardeemin (24), Roquefortine C (11), and Amauromine (23)

UED X 91, @BREAFCIRBIORF LR LT ) N—=2 7 L =)L E DAL
RBRIRAY 7038 NIEDRHE SN TV D, BIEFILIZINGOHFTEH, RO RF LA
IZJA < P S 725508 & F5o. Danishefsky & D F{k% Neoxaline (1) D24 5T
ML= 2, WIHEIZRHEE T > 72 1 OB R OB 2507,
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I-8. FTBMFZERIZH1T 5 Z 4L E TD Neoxaline D5 AT IE

[ -8-1. FiEF DN ASEINF 72U N— A7 L = )L HDE A

AEE BRI L2 RiE R A v F— VB A F L= 2T LICx L,
Danishefsky & O #5455 12, CHCl, 1, PPTS f#1E . N-PSP Z{Efl S#, 3a-7 =
=kl =nrruaA R 43 245/ LT7 (Scheme 8), LirL7edin, £ RU v
D 3a L ONABIRPEI IR T, THDO LB L FDOPT AT LAY—ThDH 44131 :
1 DAERMETHLNDMRER>TND, KK OO T AT VA~ —% > 7
TN N TT T 4 —ThHEELT%, TN 2 A3 5 43 1Tk L, CHCl,
th. MeOTf, 2,6-lutidine ZFE . L=/ ) 7FALTPFTE2EAIELZ LT, 3afr
DNEERFFLOD U N—RA T L=V EZE AL, FREOINET 45 215 TN 5,

7
SnBu
SePh /2 = ° 2
oy W
3a OMe MeOTf , OMe
(@] (0]
O ITI , CH,Cl, N Y,
N-PSP Boc 43 40 OC, 58% Boc
N OH +
| CH2C|2
Boc
SePh O
42 =l
33 OMe
—QO
ITI -
BocH
44

Scheme 8. Stereoselective introduction of reverse prenyl group in previous synthetic study of
Neoxaline (1)

[-82. FfEEDA L R A a7 I F— )UEKOREE

IR T 457765 THRT A6 ~E B L%, 55472 46 1ITxF L, CHCl, H,
MesAl ZEM &% 2 & T, NO-T B Z —LORRZIE S EEDOT I R DOREK
BICEIVERZHMEL, 77—/ 47 L L7z (Scheme9), e\ TT I F—/1 47 DX
VAT U NY 7 A EAWEEEIC LY = h a2 48 B AL LT-1% .48 % CHCls,
MeOH DIEAERIET . DIPEA &2 B 7 )V TCULFL4+ 5 2 L T5 BEfbEE, £ KV
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VAERT I T IVEEET D 49 O EENRL TWD,

7
o
5 steps “\/(
P —— N
45 Em— (@]
N
H H
H,N
46 2
7 74
OH OH
N32WO4 2H20
H202 -Urea o silica gel, DIPEA o
- - N N
MeOH/H,0 +N CHCl3, MeOH NN
46% _0 63% HO
H2N o HN"N o
a7 48 49

Scheme 9. Construction of indoline spiroaminal framework in previous synthetic study of
Neoxaline (1)

1-8-3. Hi{E& D&KL ICE S £ R

UL ED X 912, Neoxaline (D)DEGHICE T L THRON, U NX—XT L =)LED
MALAL U R AT 2= UBROEEITER SN, 1 ORAMGERE T,
FODMEITERINNT e Ree ATV UHOBADATHD, LrL, AHEE DS
AR TIE, 7= LB WA v R BN O ARFAERICB T DT AT
UABIRMENELS | £/, UNR—ZRT L=V HOEBAR, = harofEsE, LERL
DPEEPENE A R AT 7 —/1{K49 O BRI ICRE Z 7% L Tz,
F 2 CEF T Z O RE Z R RTRE 22 A GBS & 87 72 12 E L Neoxaline D245 kT4
WZEF LT,
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IT -1.Neoxaline ™ ¥i& FRfEMT

FFax e L 7o i & it 2773 (Scheme 1),

E-selective
HWE
Reaction

/=0
N - 12 idati !
3 I HN P<OR HéHN\g Oxidation _0 /L
% HO o and HoN
OH

o) 4 5 O Cyclization x 2 6

Z-selective - -
o HWE
NN /l:l Reaction
S =
Me&HN N) (R=Ph)
o H
2

7
OH
ref OH
— § —> g N\ A Y
. . ’T‘ H N H N
Oxidation PG H H
x 2
8 9 Tryptophol

Scheme 1. Retrosynthetic analysis of Neoxaline

Neoxaline DA FIIHREEMTA > R AR T I F— /K5 D 120121 I X
VYINRAFIVTF= L E ERINAICEAL, 78 RRERAF U U HZHEET H 2 & T
RCEDEEZLT, RMICT e FaT 2 BEART 56, BB REE R
E OBTERMEROEEIIEFS ThnE Ehbd, £Z T 5 ~O&EIRWAR(E)-T Futk
AF D EROREEIZIZT VT B R 3 AR AKRFR— k4 LD Horner-Wadsworth-Emmons
(HWE) S22 4HE L7 D2, —i%HIC HWE SR L 27 Re 7 3 2 BRA RO %/
SEIMEIZ A 2R R — R OEHIE R 12X - THIITX R =Ph OFIZ E kD 29 R=Et
DEHZ ZROF v a7 I 2 BHREs5 2D Neoxaline DA ROEE. 7k R
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ERAFUUERIZ 2T 2 FRB D0, T N KRE pEHI L LGRS, R
R, R = Et OFFICETED ERNREHN D &5 272, Neoxaline JHD RKIRAY FERIRA
DA EMEEEZ BBRIZED FITOND2EEKETHIET,. T R IV BO%
T BMENEMEIC E D BTN ERECTEDEHFF LTz, FAFR— 41X 5 00
Wyl L, #ERDA R AERT I T )UEEOBETIX, gifEEOT
Y 2BEIC, = buroRBEFHEEZRIHA L, X0 RN GRS Z ST,
S, AEHITRIEE 7 200 ZRObE “HOBRLZ R THETEIbDEE X,
—ODDORGR TIL & BRALZBHICIT) 2L TT b L TRETSZ A TE 5 AlHE
MWRH D, BIERT7IEA4 2 R 8L EKTE D EEE LT, AESE O/ BIRIKIC
TR & 72> TOEABEANL A~ DRI 72 U N — 2 7 L = VRO L, SRFHENE
3a-t Rk 7oA rRFYy 9) ™ ORFLEZFHTL L TERTED EHFLE,
FTEMIERE CIXmEIZIZ LT 4 Ty s 352 LTV R VA2 E
T4 YRy (WOARFLREGHKEZ®E L TWD Y (Scheme 2) , #5712 11 DAL TlE.
HFIEEER DAFZFA L CRABRNMBRIETT VUV EZ 7 v A > R > OREEH
MANEANLTEY, EFIARTFEEZREBRA2 Y N—RX 7 L= VOB NG T
XpHEEZT, b, OBab Ry 7oA R 9DKREEZBEEELE L, &

t-BUOOH, (+)-DIPT

Ti(O-iPr)4, CH2C|2
\\ OH >

N 4 AMS, -40°C
H 72%, 99% ee
Tryptophol

PN 7
H
-\ | ----- »
&30 0
+’\\l O l}j 7
A PG PG
13

Scheme 2.  Application of 3a-hydroxyfuroindoline (9) and strategy for stereoserective
introduction of the reverse prenyl group
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BOIRRE A 2R T AU SRR ED D 7 a Xy 7 R BB RERE O SRR 3
1T UNAREIRIC AT E D 13 2 5.2 5 & %2, 9 % Neoxaline 24 ik D HFE JFEHT IR E
L7-e JCSAEVER 9 I3ATBII RN MG L-, ¥ —F L ADARFZRF AL Y %
JEH LIEAFBACS 2D 2 ETHIRO R 7 R 74— b 1 TR THEKTE
s
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I-2. SEEREIRH R ) RXR—=RAT L=k 7uA o R U DERK

M-2-1. £ X5 — k15 DERL

Lo nTaA Y R IATBIEE CBEICBR SR FENC IV o b Y 7
N7 =i 1 TEE, >99% ee ORI T/ (Scheme 3), o677 1A 2 KV
Y9 OE BT N IR A AR ERAVTHB S Z LA HEL, TaA v
RU O NO-7 X —NVORHEE A7 I A — " A — M RIRGEREZE AT
HZ Ui, PREERRICITREMA PSR ChRRETE 5 Alloc EZ2B-R L, 9 OF
7 X 2%t L CHLClp & sat. NaHCO; aq. DiRATEEEH  Alloc-Cl Z/EH &5 Z & T,
N-Alloc 1K 14 Z X% 94% CTHRL L1z, HWT, SH7z 14 OF =k 7T v a— i
BERL L 70 D% %*%@@mwk)7uu7ﬁb4‘? NEE AL, NYsmuay
T RAIF—RMEIva2Iv MV adfbxkin @ ICHOWORABEERETH Y |
BF3+OEt, 72 & DV A AFEAFAE T TOMBERRIZHrIZmn & & 2 b, HEMESMET T
IS KR IEICEATHZENTE D, A X7 — FDOEAIL 14 % CHCl, T, il &
O DBU fFET, NV Zmue7® h=R U VCTUEST L ETERL, A I7— MK
15 % & BRI IH T,

t-BUOOH, (+)-DIPT Alloc-Cl CI;CCN CCI3
Q—f\\ Ti(O-iPr)4, CH,Cl, QJQ NaHCO3 W DBU QJQ
OH > o)
. MS 4A, —40 °C O CHyCl, CH,Cl,
H 72%, >99% ee H20, 94% AIIoc quant. AIIoc
Tryptophol 9 14 15

Scheme 3. Synthesis of imidate (15)
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[[-2-2. VU R— R L= )LHEDE A

BoNT 15126 L, U AN—R T L = LHEDOSTRERIR I 7238 A & it L 7= (Scheme
4), BB D SREANCIZ T L =L Y ZF 42 v, LA AFRICIE BF3*OEt,
B LT-, Bi6. 15125t L, CH.Cltf, L =)L F U 7FL4F(EE T, —40°C I
TR D BFeOEL Z#EH I 2 A, UN—XT L= VEREAINT 16 #H
—DVT AT LA ~—¢ LT, ZOZ LB REMINE, SO ER Y EBIR
BEA ZRRHE L ERDOENTND Xy 7 2T LB 2 6z, L,
FTEED 16 DIRITIHFRRETH Y | BIERME LTA v R— 17 B E6T,

N
B 4
CCI3 >_fsnBu3 { ¢
H
@JQ 0 -0y - Q0
BF3+OEt, (0.1 eq.) * N4 N
AIIoc CH,Cly, —40 °C A PG 16 Alloc 17 Alioc

15

Scheme 4. Stereoselective introduction of the reverse prenyl group

R 17 35 O D HEE OGRS 2 7~ (Scheme 5), £, 15 DA I 7 — kR
A AFRIZ L > THEHAL SN, TIV0bOBEFOBEIZ - THEEL, 1 I=7 A
AFA PR 18 525, ZDk., TSN 18 @ 3a (LIAHINd 2 Al ik L

77,:/]) \:5‘_“__ ]\75§ 8a,fi®7ou ]\‘/%glgw< : (1:(:‘ Dlﬁzﬁk% 17 i)) %%ﬂf;k*ﬁﬂib
7o

NH - LA NH -
0~ >ccl CCl3

. BF3+OEt,

a
8a 0 _— Y, _— _— \ (0]
N N
Alloc Alloc AIIoc \/ Alloc

18 0% ~ccl

15 L —\j i 17

Scheme 5. The propoed mechanism of unexpected reaction
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ZZ T, MEEL7=A 2T —bOBT 1 FUBEERZINZ D728, BFseOEL & 1 4 &EH
TUNR—=RAT L= VEDOEAZRAAT- (Scheme6), 151Z%f L. CH.CLH., L =/
U 7 F T FELE T, —40°C 12T BFs*OEL & 1 &Mz 72 & 2 A, 16 DULRIL 57%
EOTMICSE LT (6q. 1), ARG Tl BF3OEt, 21 F L T2 MBI S ST T
LTWADZ ENRE IR, ERFIEEZ ANVE X, BF*OEL, & 3733 CH.CI,
WL, —40 °C IS TRUSHEHE 15 D CHCL ISRz T3 28217 o7& 25, X
L 87%FE T E L7z (eq. 2).

74
CC|3 >_fS”B“3
W o) eq. 1
CHZCIZ —40 C !
AIIoc 57% Alloc
15 16
74

BF3+OEt, (1.0 eq.)

SnBus > o
>J CH,Cly, —40 °C 'T‘ 3 eq. 2

_then Alloc
15 n CHchZ
87% 16

Scheme 6. Improvement of reaction condition for introduction of reverse prenyl group
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I1-2-3. SAARDHER

AR L7716 D H-NMR 227 ML TlE 8afid B — 7 N7 r— KL TWi=%. Alloc
HAEBREL THZ7a A KU 18 @ NOE Z#HllE L7= (Scheme 7). ZDfER., 8a
fiD7Ta v YR=2AF L= )LEDORAF LD T 0 v OB 2R TX  3afii &

8a (DSR2 IR E LTz,

74 7
= E
Pd(PPhs), 1% 0.8%
Ja dimedone — “n
8\ 0 — e o — \O
N H

N H o MeoH, 97 % N
Alloc

16 18
<— =NOE

Scheme 7. Removal of the Alloc group and NOE correlation of 18
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-3. BRALAIBRIR E 72 B4 2 KU > 22 DAL

-3l 0-b Kooy 3 REAOMEOuNE-1

FWTEALRIBRIR L 225, LIV EIC = 2BHEZ 2 HA LA R 22 &
RICET L=, HD 22 D o-& Ku X7 2 REROIE, 16 725 N,O-7 & # — /L DA
HEETTETNa— OB LIV T 2707 e K19 IZXLT=RM) LEEA
L7, = VUL 20 OIKGEICHKES 7Y v 2=y FOREEICL VAR TEH L
% % 7= (Scheme 8),

7 7 7
OH OoH
0 OH
——————— E H CN COZH O
16 . > - IS IS N HN
" N " y
Alloc Alloc Alloc HN"

19 20 21 22

Scheme 8. Synthetic strategy of a- hydroxyamide 22
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I1-3-2. N,O-7 & Z — )L D& LHIBHZL

FIECTAMR L7042 R UK 16 A 2 RU VX ) — VR ~EHS D%,
N,O-7 & # — /iR 5y D& eI & M5t L 7= (Table 1), 1,2-Dichloroethane ¢ 16 (Z
%t LC, HERRTEAET. NaBH(OAC); ” Z/EH SH7-28, FEMNEIL SN D DR 57
(Entry 1), FE\ T, KD\ a F R THD TFA F7E T, NaBH(OAC); #1EH &+
72, RCLJFEEINREIR S D DR TH -7 (Entry 2), F7=. TFATFE T, 16 (2%
L TEILAITH B EtsSiH ZEH S /7o ARSEHTH RIGITHET L7222 > 7= (Entry 3),
I, 16 1% L. CHyCly 1, BF3*OEt fA1E F T, Et:SiH 2B Sw7228 8, TRk A3 m
WNENDLDOBTH-7- (Entry 4), HWT, LVFRWILA AR TH D, TiCly, £/
TMSOTF f77E F T8It V% Mt U723, —78 °C OIRIRSEETH B N E L .
ZEORIERM % 5 2 DFER L 72> 7= (Entry 5, 6), Entry 6 ® TMSOTf & F\ 7= i
A TIE, BUSHRPTELEZ RN 7 da A X U ZVR VPRI EZRZ LTV D
RIRBMEDN 8 o 7 %y, 2,6-lutdine ZWSIN L 72 Stk b AREt L7223, RIBROFE R 35 bz,
F72. 161k L. CH.ClH1, —78°C T T, /v A AfpttZH9 58K T 5 DIBAL
FER S0, 2HOBAERME 525 DHTH -T2,

Table 1. Attempts for reductive cleavage of N,O-acetal

J 7
Table
d > ) OH
E"o'g A”OC
16 23
Entry Condition Result

1 AcOH, NaBH(OAC)3, 1,2-dichloroethane No reaction
2 TFA, NaBH(OAC)3, CHClI; No reaction
3 TFA, Et;SiH, CH,CI, No reaction
4 BF3°Et,0, Et;SiH, CH,Cl,, —78 °C to rt No reaction
5 TiCly, Et3SiH, CH,Cl,, —78 °C Multi spots
6 TMSOTT, Et3SiH, CH,Cl, —78 °C Multi spots
7 TMSOTHT, Et3SiH, 2,6-lutidine, CH,Cl, —78 °C Multi spots
8 DIBAL, CH,Cl,, -78 °C Multi spots
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HHIOT Vv a— U EKREL N2 WERIRE LT, 5 %7 I 0R#EKXTHS Alloc
HENETRGMEEZF L TWVD L, NO-TEX— AR L TV EREZX LT,
% 2T, Alloc 2 %2FrE L7k, NO-7 & X — /L OiEtBE 273 A 7= (Scheme 9),
B 16 (2xf L, MeOH H', Dimedone 177E T, Pd(PPhs)s Z{EFH &% Z & T, Alloc
EEREL, 18 %ﬁ%to eV C 18 % 1,2-dichloroethane #', FEBS{F/E . NaBH(OAC)s
THFES 5 Z & T, BEITLHIC N,O-T B X — Bl ST=A » R U v 24 2K 88%
THRTE 72, &kl :%:&7 > R & RER O G4 % VTR Alloc 2% TR#
THZLETHED 23 %6/ LT-,

7z 74 7 7
Pd(PPh3), NaBH(OAc); Alloc-CI
dimedone AcOH NaHCO
N _dimedone " g —_AH oH_MantOs OH
VM MeoH, 97 % N'H  1.2-dichloroethane N CH,Cl N
Alloc 88% H,0 Alloc
16 18 24 97% 23

Scheme 9. Synthesis of alcohol 23

31



1-3-3. = F U L&A & IIK RO K ET

AR L= T b3 —/L 28 % CHyCl, T, DMP #3810 ZER &H 52 L TP LT B
19 ~ZE#L L 7-%. THF f1. Et;N f77E F T, TBSCN Z{Efi &8 2 AW, H—osr
(REME L LT= kUK 25 2457~ (Table 2), e\ THEMESETHO= K U o
KR A U=, Entry 1~3 12T, 2512%f L. MeOH i, H,0 774 F. LiOH,
KOH. £721% NaOH % TN FIANEM S22, BUITEI T8 R AN EI S D D A
Tholz, £72. NaOH % T 60 °C IZMEN L TR iR % sk =3, BB Dy iR
MEZ VD, HRYD 26 1350007z, HEWT, BESE T TO= U Lok
fift et L7z, 25 12%f L. MeOH 1, 6 N HCI Z{Ef &H7-2%, TBS ik & L
DRIz E D . FTLm 26, giViE 21 3G oo 7z, £72. MeOH B, H0
FAE T CTFA Z/EH & E7208 B TBS R 27 MG SN D DA T= U LERSy DI
RSNz oTlz, I HIZ, TFALFTET. 60 °C TR iR &2 AT, FE D IR
DX DDHTHoT, LLEOKENG= MU VONKSFRIIREETH 2 & | L,
-7 a-b e o7 I FHEBEOKIKEZ I THZ L L LT,

Table 2. Introduction of nitrile and attempts for hydrolysis of nitrile

7z
OR
CO,H
¢ ¢ ’Tl 26; R=TBS
 TBSCN QTBS Aloe o1 R=H
DMP EtsN cN Table 2
23 ——> e N QS S >
CH,Cl, N CH,Cl, N 4
quant Alloc 95% Alloc OH
19 25 CN
\
Alloc 97
Entry Condion Result
1 LiOH, H,O, MeOH No reaction
2 KOH, H,0, MeOH No reaction
3 NaOH, H,0, MeOH No reaction
4 NaOH, H,O, MeOH, 60 °C Decomposed
5 6N HCI, MeOH 27; 47% (single diastereomer)
6 TFA, H,0, MeOH 27; 85% (single diastereomer)
7 TFA, H,0, MeOH, 60 °C Decomposed
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1-3-4. 0t BT 3 RS O EEHIE-2

Meredy HIET7 V7 RIZR L, RUMBFLET, A VT =FE2{FlSE52L& T
NN Ry —=F A TORKIEHEITL, oot R T I FRGELNLZ &%
LTV 5 2 (Scheme 10), & OHEERISHEME T, £, 747t F 28 Rk Vg
IZEVIEHAEE I, IROWTA VYU T = ROT VT b RaOREAMINE AU HZFT LD
IKEEFEDENLIZ LD A X REE29 L 7p o721k, BMALIZEI D 7 I NK30 &72%, 2L
THROSHE TR K ZIMZ D Z & TR UBRSBEE L., Ak 31 2525 LHEESND

13)

o

)OJ\ R'-NC OH H
R)ﬁ“/ ‘R'I
R™ "H B(OH)3, DMF J
28 61~82% 31
J [ +H,0 TB(OH)s
_ HO _
/OH HO o
B(OH), _B—on \;-OH \_OH
o o~ {.\ O/B
I = 0 e Jde .
1 1 ~ O
R”H RS R H R’
Xy CJ
R? 29 “R2 30 HN

Scheme 10. Boric acid-mediated addition of isocyanoacetate

LEDO@REESEZBIZT AT E R1I9 DO EHE -8 Faxv 7 I MERE#EETLHZ &
& L7z (Scheme 11),
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o OH
NS
] N_R
- AN O
N N
Alloc B(OH)s Alloc R>
19 e
o-E FOFI7I R

Scheme 11. Strategy for synthtesis of a-hydroxyamide

11-3-5. 4 V7 = KOOk

RIS &, 7T R 19 ~DA VT = KOG ZBEt L7z
(Table 3), MFHIIX, = F NV AT IVEFG LA VT =R32, HLHWVIEAF LT
TNEHLIEA YT =R3BEMW, £7. fwmsGidEio FEICHIY . 1912k L,
DMF J& IR AR R (1.0eq.) fFE P RIRICTA VYo T = R R AEH S 2 A,
JFOEHEI & 2 HAID a-b R 7 I RK 34 2RISR 2 B 4572 (Entry 1), XU
IR R 50 °C £ CHIES - L 2 A, 34 OWERDLT MM L (Entry2), F
T AV YT =R3R2%8YE, RUBRE 4.0 éi%u\f_bu’fﬂ T CAINOE 2 3 A
7o& A, 34 DPEEN T0%~ L TE 72 (Entry 3), S HIZ Entry 3 & [RIERIZ, 44
BEORUBIFAET, 50 °CICTAFIVZATIVER Lf:4 Vo7 = K33 % 19 IZ/EH
SHELEZA EMNETo-bE FrXo 7 I A3 ZEKTE 72 (Entry 4), 7235, Entry
3. 4 DINEDOHEITTZ AT LOEBRLETIERL, TR LA Vo7 = ROMFEDREEIC
Kb EEZLNT,

Entry 1~4 ORRFHIIB W T 34 B L35 1T 9S:9R=2:1 O T AT VARG E L
THEONT, BT 208, FEFRME L THELNT S KTIEA v R 2R T
T IVEREBETE R oA, RERMEZRET L, £7 TFA ZHWe Ny
YY) == WIS TA VT = ROMMERBR -0, ERDIERTDHDHTH T,
KT, Alcaide & DR 1 2 5E (2 CH.CLIEEEHT, 19 12%F L. PhP(OH), & Ut H,0
FAET. A VYT = REEHSEEZ A, INEFEA0%T 34 2157275, 9S:9R=26:1
DIT AT LA Th -7, WICIRA L OWA ) 212, 19 D CHClL LT, H0
&R D PRoBOH FAE T, A4 VYo7 = REEHIEIL L Z A, INE 24%, VT AT
LA 9S:9R=3.3:1 T34 #1537 (Entry5), #\T. EEHEOFBIIIEETRH S
72356-F U Z7Am-2-v°) R 36 Aflfit & U THW DS 283 L 7=, Benzene
D19 1ZxF L, iR 36 & HOFAE T, 4 V¥ 7T = REEHSE L2 A, il
TRISHHEIT LT D 34 ZUR 74%, 7 AT L AIRAH 95: 9R=25:1 TH/-,
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Table 3. Introduction of isocyanide

7 74
7 0 s \)OL 32 R = OEt OH O ;
SN ' OF E
y R 33.R=0Me 0 : H E
N HN N HN ' !
N N | X | X . F7ONTTO
| condition Alloc or Alloc . H i
Alloc Et0 Yo MeO catalyst 36
19 34 35 heeeeeeeeed
Inseparable Inseparable
diastereomeric mixture diastereomeric mixture
9S:9R=2:1 9S:9R=2:1
Entry Isocyanide Condition Result
_ 8% (SM; 78%)
1 R=0Et(1.0eq.) B(OH); (1.0 eq.), DMF, rt 9S 9R =2 1
_ o 18% (SM; 60%)
2 R =OEt (1.0 eq.) B(OH)3 (1.0 eq.), DMF, 50 °C 95 OR=2:1
3 R =0OEt(8.0eq.) B(OH); (4.0 eq.), DMF, 50 °C 70%
R SV ’ 9S:9R=2:1
4 R =0Me (7.5¢€q.) B(OH); (4.0 eq.), DMF, 50 °C 91%
= SRS ’ 9S:9R=2:1
_ TFA (2.0 eq.), pyridine (4.0 eq.),
5 R=0Et(1.5¢€q.) CHoCl, 1t Decomp.
_ PhP(OH) (0.1 eq.), H-O (1.0 eq.) 40% (SM; 44%)
6 R=0OEt(l1eq) CH,Cly, rt 9S:9R=26:1
_ Ph,BOH (0.05 eq.), H,O (1.0 eq), 24% (SM; 55%)
! R=0Et(75¢eq) CH,Cly, rt 9S:9R=33:1
_ catalyst 36 (0.2 eq.), H.0 (2.0 eq.), 75%
8 R=OEt(20¢eq) Benzene, rt 9S:9R=25:1

A V2T = RIMOSARERIRME DO SCEIIRNE#ECTh > 724, 35 @ 9 fii/KkigH % IBX
WAk 12k A b o ~E{E L. MeOH 1,78 °C |2 T NaBH, T t$ %5 Z & T9S: 9R
=1:95 DY T AT LA A~WFETE - (Scheme 12), DD YT AT LA ~—(F
NI A< NT T T 4 —TORBENKNEETE 57272 IREW O F F RO
77
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7 7 7

OH o) , O
0 IBX O NaBH, 0]
N~ AN _ N~ AN _ N~ HN
| DMSO, 95% | MeOH I
Alloc Alloc _78 °C. 99% Alloc
MeO™ Yo MeO™ Yo MeO™ Yo
35 37 35

[es:or=2:1]1 > | 9s:9R=1:95 |

Scheme 12. Conversion of diastereomeric ratio

WHEICDNAREIRVEIZ DWW T, RO K 9 I2EE L= (Figure 1), 7 b 1K 37 OEBIR
BITRBEE R EmEm A o R & U= T L= VL2l 5 X5 72 37TA, 37B 73
EZ N, B KU REBEITIIVREEZBT D XL 51841 > KU 50O Fid HH#ET
L. 37TA DEBIKEEIZ R K%, 37B DEBIKEIZ S H2HE&Ex bivd, 3TB T
X7 2 REGy & U R—R T L= L & OMICNREE DN B S 720, 37TA Z#%H L7012
TEESE L OR (KM L T b & B LT,

[H]
—
steric
37 )/ hindrance
[H]
—
\- |
) Alloc
’Tj MeO 0
Alloc (95)-35
- 38B —

Figure 1. Discussion for stereoselectivity of hydride reduction
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11 -3-6. BRALEIBRIK 40 D&k

AR LTV T AT LARAWD 3512%F L. CHCl, 1. 2,6-lutidine 74 F. 0 °C T
TBSOTf ZEH &4, 55 KBRS TBS A AL, 38 & E EAIZ A L7 (Table
4), T Pd(PPhg)s % I T Alloc DR EE R LT-, KISRTCTEL D -7 UL
Pd #hD 2 732 — & LT dimedone, 2\ i3 NaBH, & V5 464 19 i, i
D 39 1X{F B OO, ZOIREMEOV S bOTEAM-T (Entryl, 2), 2
T, FOREMEOE D NN-CAF LS E Y — LR 19D 2 2 R D v — N b
A, BIETHMD 39 2155 Z LN TE T, 39 D ZODONREMERIZ Y 5
sna~ 777 4 —CHEECTX, ILRIL (95)-39 7% 8%, (9R)-39 21X 83% TH -7, K
12, (9R)-39 } TX(9S)-39 % 4% 7T & =7 /MeOH ¥A#k T 60 °C |{ZIMEAT 5 Z & T
AFNVTZATIVENLZ T I B L, = H>DREHRIF %A LI-BLETERA(9R)-40,
(95)-40 % TN EHUILE 90%, 70% T,

Table 4. Removal of Alloc group and synthesis of amide 40

Z 7 Z
O-R OTBS 4% NH3/MeOH OTBS
9 9 60 °C, 90% g
Condition (9R)-39 ——— = (9R)-40 o
N O N~ HN ° N~ AN
N H (95)-39 —————— (95)-40 H K
Alloc X MeO 4% NH3/MeOH H,N
MeO 0 60 °C, 70% o
TBSOTf 35-R=H Separable diastereomeric
2,6-lutidine [ ’ mixture by silica gel
CHyCly 38: R =TBS column chromatography
quant. ’
Entry Condition Result
1 Pd(PPh3),, dimedone, MeOH 15%
2 Pd(PPh3)s, NaBH4, MeOH, 0 °C to rt 24%
3 Pd(PPh3)4, 1,3-dimethylbarbituric acid 91%
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2%, B L72(9R)-40, (9S)-40 DKEEED NI KIT, HilRDA > F—A i d 75
N BEE LAY & O TH-NMR DBz L v E L= (Scheme 13) .

7 1) NaBH(OAc);

o 74
I AcOH OTBS
X Ref. 3 * 1,2-dichlorethane *
\ OMe -~ NH 78% 9R
B H H O 2) TBSOTf N
oc H,N 2,6-lutidine
CH,Cl, 92% H,N 5
41 42
(9R)-40

( EENEBLEOR)-40E )
"H-NMRH —EL =

Scheme 13. Assignment of stereochemistry of C9 position
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M-4 A2 R RAERT I F— Bk OHEE

M-4-1. A2 FY AT I F—/VEK OO

LI DAL R v AE BT I VESEE OIS %~ (Scheme 14), o >~ K
VoA T I VERKITAR LTZ 400056 . O7 2 Rad % K43 ~DfE1k,
@=t v 44 ~DEt, @7 IF—/L 45 ~D 6 BB, @BIKk=ha L 46 ~DfE
b, @A R 2T IF—/LIK 4T ~D 5 BR{LEREA L TR TE DL LEX
7oo ZORUG TRRIE 3 [BIOILRIG & 2 [BIOBRLRIGH GRS TEY | —D2DK
JSRNT 47T AT 5 Z ENARETH D, L, M7/ o BT, Bx554
7S 43, 44, 45, 46, (2R)-47. (25)-47 L 5obH V. £z, BILEIFEG. O T
WEET AL PHEINLTED, KEDE=X ) VI RRAECH D LIEEINT-, 2
T, ETEMEAR 47T OARIELZHNL L, TORNZIEIZ 1 TR TOARKREZAARLD Z
Ll LT, T2, ODBRIETIEA V FU VD 2MTARFHLNTE S, UAN—RAT 1
=VRTXF LT, trans & 72 D3R A2 AT D (2R)-47 1L, £ O = IRIUHIEIZIIT D
BEOENML AR REE TH Y 2MORFIILELD SHELND EEZT,

N s > CooN T > ! R
H X HO l -0
H,N
40 ° O a3 N0 as N0
2 74
OTBS OTBS OTBS OTBS
®
(o) @ o o o
N TN T e ? g
NoHTy ) LE N "=
o | HN | HN
N SN HO HO
2 o) 2 (0] o) or @)
45 46 (25)-47 (2R)-47

Scheme 14. Synthetic strategy of indoline spiroaminal framework
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I1-4-2. Bk 7 2 F— V1K 45 D&%

%9 Neoxaline ® 9 (\LDNAR L (372D OR DNAKEH LIz EE(9R)-40 Z T,
BT I ok ER AT, BIMEFEIREITHRIC T, ELo#HE L,
Na;WO42H,0 & Hy0z+Urea % AW ELGefE NS T= b 49 2L T2
(Scheme 15), = O#E % Hi2, NayWO42H,0 % FV 7= ek Stk 2 gt L 7= (Scheme
16),

7 7
9,OH OH
N32WO4'2H20
R H,0,-Urea
o __-° @ . (0]
N N~ N
N H MeOH/H,O +
46% 0
HoN o HoN o
48 49

Scheme 15. Previous condition of oxidation

(9R)-40 (2%} L T, MeOH/H,0 IA#EH . Na;WO4+2H,0 1F7E T T, HaOzeurea (4 €q.)% 0 °C
TERHSHET L 2 A, ISBG) G LR TRERNHER L, 7 Fad$d IR
Sbhilffbshic=trmr 44 L ZDBRILIKAS N2 1O THELNTL, =hue 44
DERAGITIEMESM:, FRIRIERMESRMFICTERTE D EEZOND, L L, Bi&E
f— MCTHRBE L7z o- A B ¥ AR 50 ZFRMESRMFICHT &, U AN—X T L= LED
33-3 /7~ hu b —IZ LV A RU D2 T L= b ENT-51 5L =
ENRDho T, £ T, 44 L 45 DIRAEY % Benzene 1, EtsN 77{E [T 60 °C (T
ﬂn*ﬂ Lo & ZABRALIK 45 28 2 TR, 93% TR LTz, BRILIK 45 I3H — D RMERTH

2T a kol oD AF VIO NOE A MR TE -2 L b 2 LD
{Zliﬂﬁiii RERELT,
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7 Y Y Z
Me
RO 1BS OTBS oTBS Me oTBS
9 3.6%
O NaQWO4'2H20 o) 1) 2\R o) °
N H,0,eurea (4 eq.) “ HN N

N N N
H —_ ’ ! | H 2.8% | H
HoN MeOH, H,0,0°C - © *  HO HO

2 (@) H2N H2N H2N 45

(0] (0]
(9R)-40 44 45 NOE: —»
| Et;N, Benzene T

I

60 °C, 93% (2 steps)

7
acidic (e}
a0 condition \ NM
- o NH,

+ N N2

I | OMe
o) OMe OH

HoN 0O

50 51

Scheme 16. Synthesis of cyclic aminal 45

I1-4-3. BRIK= bk & 2 (9R)-46 D5 k%

T, 45 DRk ZfRET L7c (Table5), E&fbAlL L T Pb(OAc), Zi%IR L, CH,Cl,
BT 45 L DS ZHRATZE 2 A BRIR=Fr K46 ZmIGERTHEMRT D Z &0
Hisk7= (Entry 1), L7cL., ARISIZEEMENZ L, fEn v F3E2 % Pb(OAC),
WD EINENREFE LR T T AR ERo7-, £, hve y hoREE HW= 05
NEWNETH-72Z D, = bar~OR{LIZiX Pb(OAC)s Doy it niBlH- LT
WhH EHEHI SNz, 7Ik RaAXT Nid PO, Z#1/EHESEA = baXx 700
NADBER T hr o ~EBHIND 2 ERRESh TS D oz nb
Pb(OAC)s D43 % PbO, & THI L. (9R)-46 (kT AEREHIE LCHW=EZ A, T
A0 T OB LS EIT L, IR 85% TERIR= k= L {R(9R)-46 % G RkHik7z (Entry
2), Ll RIGHEEIIHBECEFRUGTERMET 8 RHAZZE L7, &I T Pb(OAC),
DIFRIZ LY PO, & IRITA T D AcOH b SUNMIE G- L T\ b AlREMEZ 58 L. PbO,
Z WD EREERIEIZ ACOH Z Nz 728 2 A, RUSIIINE X4 10 43 CTRUS D586 L.
FEEL, »oElET= ha v 46 ~E T 5 5% T& 7= (Entry 3),
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Table 5. Attempt for oxidation of 45

y 7
OTBS OTBS
N N 0] Condition \ N/ N O
A 2o
HO .
HN" g HaN™ o
45 46
Entry Condition Reaction time Result
1 Pb(OACc)4, CH,CI, 30 min 12~96%
2 PbO,, CH,CI, 8h 85%
3 PbO,, AcOH, CH,Cl, 10 min 91%

1-4-4. 5 BER{LOKE

BT IX. 9 (MO MLRFE DK IL A FF ORIk = F v > {K 49 (Zxf L. CHCIly/MeOH
H1. silica gel f77£ . DIPEA #{EH & ¥ 52 L Th BR{bEEHRKL, 1> KU &
Er7 I B A RS LT 5 D (Scheme 17),

7 7
OH OH
) o silica gel, DIPEA o
N~ N NN
+) CHCI3, MeOH | HN
_0 63% HO
HoN"™Ng o
49 53

Scheme 17. Previous cyclization condition of 49

FITEEL, ZOFGESBIZA L R U AERT I T — /VEBIEEORFHIER
Do Tz, LUTIC 46 O 5 BERALOMET ORI R Z <7 (Table 6), £, AIfEE S
LT 4lE A BT, 46 10k LT CHCI/MeOH DIRATEEEH . DIPEA &3 U 7L
EMAT=H, BUSITHESTE S, FRA L S5 D4 T -7 (Entry 1), WU
HA W25 LTz (Entry 2~4), HEFEMEDTHU KoCOs & CspCOs, i HME DR
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VW NaH 2 HWTENEIURT L7225, WL UG ET Land, BHERIREY
BE 255D THoT-, £, AEILTHS DBU, TBD Z HW =B b iR T= 23,
ELHLDOEMTHILEW Dot L MR AW % 5 2 D% L 72 > 7= (Entry 5. 6),

Table 6. Attempt for cyclization of nitrone 46

7 7
OTBS OTBS
( N/ N o Condition N N fe)
l l | HN\%
e HO
HN"NG s
46 47
Entry Condition Result
1 silica gel, DIPEA, CHCI3, MeOH No reaction
2 K>,CO3;, DMF No reaction
3 Cs,CO3, DMF No reaction
4 NaH, THF, 0 °C Complex mixture
5 DBU, CH,Cl,, 0 °C Multi spots
6 TBD, CH,CI,, 0 °C Multi spots

BALDEIT L2 WRIR & L CEEvy TBS RDONAREENE 2 bz, £Z T 9L
KEEFEDLLRFED %, Scheme 17 (278 L7ZRHEE OS5 %2 AW T 5 Bk a21T9 Z &
& L7z (Table7), TBS 2% FRET 2 HMIT46 2% L, CHCl, 1, TBAF Z{Ef] =+
Tl ZA HBREWNT L2 TBS KOFREZ M- TEBRIL L7256 & TBS A ILRGE S 1
TIZBRIL LA >V RU A BT I F— UK 47 2L 42%, 55% T4z, TBS
BEH LR 47 EORZZ EnD, TBS BRORETBRILICHNIETIZRNZ LR35 0
STy Floo A R AR T I F—)L 56 IZRHEZFOREMHE —F L, FDOIE
BFZRE LIz, TBAF ZHWD Z & TRAEDEIT LI Z &0, BUSKRFTALT
N-BusN"OH MHEJE & U CERALICH S Lz & B 2 HIiz, & 2 T.46 1ZxF L CHL.Cly /1,
N-BusN"OH @ MeOH iz F L7 & 2 A, INZR 62% T 47 2155 2 & Nk, &%
BT, R E%E-8 °C DERMIZTITH Z & TINERE 3% FE Tl TE 72, 7B, 5
BBRAIT A TIRERAICHETT U, (9R)-47 I ZH — DS KB L L TE L,
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Table 7. Cyclization of nitrone 46

7z 4 Z
OTBS OH OTBS
Table (0] (0]
N0 ———— NN + NN
l l | HN\% | HN\%
_0 HO HO
HN"Nq % %
(9R)-46 (9R)-56 (9R)-47
Entry Condition Result
1 TBAF, THF 56; 42%, (9R)-47; 55%
2 n-BusN"OH", CH,Cl, (9R)-47; 62%
3 n-Bus;N*OH", CH,Cl, -8 °C (9R)-47; 93%

44



BERERI 72 A R 2B T I /VERREEIZOWTE L5 (Scheme 18), A
BRIA T3 5 (9R)-40 %, NayWO422H,0 & HyOqeurea & VD SIS TR LT H Z & T
=t 44 LBIRT I F—ILIR(9R)-45 DIRAW 15T, BFOLNT-IREW % EtsN 17
7£F. Benzene H1C 60 °C IZMNENT 2 Z & T 44 OB LA MEITSH, 2 TR, IR 93%
T 45 21372, %< ACOH fF(E T TD PbO, & FHW - iz L 0 45 Z Btk = h r R
46 ~EHEL72% ., n-BuNOH 28 & L CTEH S ®, s BRIbSEDHZ L TH U RY
VAV BT I VEBIERE R ER LT,

74 7 7
OTBS OTBS OTBS
N32WO4'2H20 f0) fe)
N~ HN o H,O,eurea (4 eq.) + [Tj/ HN 'Tl 3 N
H X MeOH, H,0, 0 °C -0 /z + HO /L
N, HN" g HN" g
(9R)-40 44 45
‘ Et3N, Benzene T
60 °C, 93%
7 Z
OTBS OTBS
PbO,, AcOH P 0 n-BU4N+OH' e}
CH,Cl,, 91% l CH,Cl,, -8 °C I HN
_0 93% HO
HN"Y, |
46 47

Scheme 18. Synthesis of indoline spiroaminal 47
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M-45. A2 KU VAL T L F— VERBEICET 5 RS TRKOHE(

=hr ol BALRISIZ L D | (9R)-40 705 4 TRE, IR 79% TA > K
VAR T I T — /VEKREHEE TX-, 512, BIKIORLEXL2C, —D2DOIG
BN CTERLAUG & BALBUG 28t AT 21, 1 TRTA v R v AvrT I )7 —L
K47 ZERTEDEHFFCED, 22 C. RIA R A a T I F—VEED
K 0 NI A) L B LT X MFT AT 72 o 72 (Table 8), £ 7. BRILATHRIA(9R)-40
12%F L. MeOH/H,0 ¥AREF . Na,WO,+2H,0 134E F ¢, 10 %48 H,Opeurea % 0 °C |2
TUFREA S BT L 25, BRIRT I — 11K 45 & & BICEREASEST LT8Rk = b
B AR 46 23S E BN 68%. 15% T b, E7o. BERSE LTA v F—L
D 5 ML EME S A7 54 35 B (Entry 1), $5V T NagWO,+2H0 1#7E T TR LA

T HoOp /KT 2 AT AL At 23k 7o & 2 A 45 75 T2%, 46 75 9%, BillZER#) 54
75> trace THFH AL, Entry 1 LIRIFFEEROFER L 2o, o, = e ORIEEL L
THIES KO Goti DL DB enE iz 20 72T L USANDERRETH % SeO,.
F 721X MeReO; & W =B (L b iRET L7e 2y, BE ORI X DM IRE W% 5-
ZHDHTH-oT,

Table 8. Oxidation condition of amide (9R)-40

7
OTBS OTBS otes 1 OTBS
o Condition N (o)
RO N A R
HN, HN" g - H2N o - HNTRg
(9R)-40 (9R)-45 (9R)-46 54
Entry Condition Result
1 Na;WO,+2H,0 (1.0 eq), H,Ozeurea (10 eq.) (9R)-45; 68%, (9R)-46 15%,
MeOH, H,0, 0 °C, 14 h 54; 7%
) Na;WO,¢2H,0 (1.0 eq), 30% H,0; ag. (10eq.)  (9R)-45; 72%, (9R)-46; 9%,
MeOH, 0 °C, 14 h 54; trace
Se0, (1.0 eq), H,Ozeurea (10 eq.) .
3 MeOH. 0°C. 1 h multi spots
4 MeReO3 (1.0 eq), H20,eurea (10 eq.) multi spots

MeOH, 0°C, 1 h
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Entryl, 2128\ T, BIERY) 54 353 515 GRS 2 HEE L 7= (Scheme 19), =+
F°. JFUEHOR)-40 DR L L BRAVICE D BRIRT 2 F— v 45 NAER SN D, VT M
AHFOBLANCE DA RV DT I VNI LIZERESIL 55 o7k, B Ra®
SOVIEDWEE & A U KB b T = 2 D 5 A ~DH N HEST L. 57 WER S5,
57 I3 AEERILZED 7o by 7 Mok 58 L=t HUBM LI, B4R
Y54 BhEonzEEZ T,

74 V4 7 7
OTBS OTBS OTBS H o‘/’\ OTBS
o y &
O HN o __ . AN ) [O] - + HN 0 AN o
H /\ N H
" 0 0 %"
N, HN" g HN" N HaN™ Yo
(9R)-40 45 55 56
OH 7 7 7 74
H OTBS HO, otes HO OTBS HO oTBS
[Q]
—_— \Kl N o —_— N N o—> Kl N o 7 N 9
LN Y H CH +N
' | 7N |
Ne) OH HO O_ HO o)
HN" g HNT g HN"Ng 2 T HNTX
57 58 59 54

Scheme 19. Proposed mechanism for synthesis of byproduct 54

fE & LT, NapaWO42H,0 % W DI bt i i IR B < Bk, BRALOL % i
ITEEDLTENgnotc, L, BRIRT I —/b 45 O ITE<S . F728R
=har 46 OBRILITET Lo T, SOOI E RRFRkBT 5 EBIZERY & LT
54 NELNAHZ LD, 1 TRTERIR=Fe K46 0104 R AERT I F—/L
K47 25T 256, BRAERYOIREROEK T LB E Sz, T2 THEHEIL, 4012
%L MeOH 1, 0 °C (27T NayWO042H,0 & Hy0.eUrea Z1EA SH, = b 44 L8
bk 45 DR ZHER L%, SR TIC PbO, & ACOH # Mz /- 2 A, =Fhr v
44 DAL & FE< BRIR= ha K 46 ~DIR LD ECHITHETT L, 47 2 81% TH
% Z & AT E 72 (Scheme 20), — 77 AR TERIR= b 1 K 46 DAER & TS84
GBI n-BuuNOH 2322 TA U R AR T I F— K47 D 1R
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MR ERTE D LR LIy, BMERIEEWMAE G A DDHREoT,

Y 7 7 7
OTBS OTBS OTBS then OTBS
N82WO4'2H20 (1 .0 eq) PbOZ
H,05eurea (4.0 eq.) _ 0] o AcOH o
AN O NN NN — X2 N
N /g MeOH, 0 °C 0 /L o /L 81% 6 /L
HN HaN" Y HoN" g HaN" Y
40 - 44 51 45 - 46
YV 7
OTBS Na,WO,42H,0 (1..0 eq.) OTBS
H,O5eurea (5.0 eq.)
MeOH, 0 °C (0] then
HN o] >~ >N N —  »  decomposed
|
i /g PbO. heAncOH -0 /L n-BuN"OH
HoN z HN™ o
o L _
46
40
isolation 7
n-BusN*OH" o)
46 1 ", N
CH,Cl,, -8 °C | HN
93% HO
O
47

76% (from 40)

Scheme 20. One-pot synthesis of nitrone 46

PLED X1, FEFITA L R 44 BERIR= K46 £ TRICnzED
HZEWHI L, A v R vrAavn T I F— VEROBETREE2 2 TREI T 7=,
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1-4-6. 9S A TOA v R Y v A a7 I F— /VEMBHE O

AT CHESL L 7251206V, Neoxaline &R U 9 WD NAKL A2 HTHA4 2 KU >~
(99)-40 ZHWTA » R AR T I 7 —/LEEOEEZ AT (Scheme 21),
(95)-40 (Z5%F L, MeOH/H,0 IZE#EH . NapWO4+2H,0 1F4E F. 0 °C {2 T HyOpeurea % 1E
HESEELZ A, TLCIZT= Fr O AR Uiz, BOSLELZ | (9R)-44 DOER1L
ISR LD £ £5 5N 7-IREW % EtsN 177E T . Benzene H CINEL L 72 3 ARG
TITBRIEDHET Lo 7o, 2 Z TEBN L U S EEMED IRV Vi-Pro,NH % F VT Benzene
HTIEALT- & 2 A, BRIEDEIT L, BRIRT I — 1K (9S)-45 Z IR 63% (2 steps)
TH—ORME L LTHT, 2B, (95)-45 D 2 (iDL LEIE (9R)-45 DR 6 R
EHEE LTz, fe BRIR= b a UAR~DEE{bIL, CHCl 1, Pb(OAC), Z#1E S EH Z &

THK T, (95)-46 &N 19% THM IR
@jéﬂ
WOTBS OTBS
9
N O Pb(OAc), PNl

OTBS 1) Na,W0,+2H,0
H,05eurea
O  MeOH, H,0, 0 °C

H X 2)i-Pr,NH, Benzene o /L CH,Cl, 79% /l
H,N 60 °C H,N H,N
2 o 63% (2 steps) z 0 2 0
(9S5)-40 (9S5)-45 (9S5)-46

Scheme 21 Synthesis of nitrone (9S)-46

BEWT, BRIR= h i fk (95)-46 Z W TA > KU AR T 2 F— k& OREE
ZHEt L7z (Table9), F9°. R IKTHENL L7-5MHIFED X, (95)-46 (2% L., CHyCl,
H. —8°C 2T n-BusN'OH Z1EH &87228, WIFFIZ/ LT, (9S)-47 13156, #HkE
IRIREME G2 DDIRIEST, Flo, AHEERWME L7 &2V, CHCl3 & MeOH
DIREIRE | silica gel 77E N C DIPEA Z/EA S 7203, FUEFR R S5 D IiE -
7mo X512, (95)-46 1Zxf L. THF T TBAF Z#{EH & E 25 Z &£ T, ORIKDLGA LF
FRIZ TBS DBl A £ - 7= B L3 EIT 95 S HIFF L7225, TBS A3 iifE L 7= (9S)-60
UL 32% CTHEHILD DA T, BALDETT L7z (95)-47. (95)-56 1315 5720~ 7=,
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Table 9. Attempts for synthesis of (9S)-47 or (9S)-56

7 7
OTBS OR OH
9 ‘ » 9 9 \
+N/ N 0 Condition N (0] +N/ N e
| l | HN\( l /L
-0 HO _0
HaN" g o HaN" g
(9S)-46 (95)-47; R =TBS (95)-60
(9S)-56; R=H
Entry Condition Result
1 n-BusN"OH", CH,Cl, -8 °C Complex mixture
2 silica gel, DIPEA, CHCI3;, MeOH No reaction
3 TBAF, THF (9S)-60; 32%

M-4-7. BIR= b K47 O 5 BBRILDOHEE

UbDXoicA R v 2va 7 2 F— VEREEORKEMICEHBV T, (9R)-46
B L L. (99)-46 IZBR{L L7271 ro 72, (9R)-46 3 L TN(9S)-46 D 5 EERAKICHOWTHAE
b E W B2 % ~d (Figure 2) 7 /VIEE L L CTBS ik U R—XT7 L =)Lk
Zt-Bu RlcEEXHI RIS F e R 460 B LN U R AT 2 —LK 47
(2%} L DFT-B3LYP/3-21G &M il L. #HA1T-7-, 5 BRILISITIE, Bk= T
BUREAL U R AR T I T UREDVE RS D LTRSS, 9R (KIZET
%3 ODFT INVIE TIE.(2S, R)-AT BET) PRI IR b L EREE TH D (2R, 9R)-47°
DR RNLEEEETHA LHIA L, ORI, 5 BEBRIICHET 52T 2
DAY R AR T I —/UH1RIZIRT 5 &2 6, BEEOERIZBNTHEY)
FHNCLET: (2S, R)-ATPIERINIZHE LN TS, £, 9S KDA D 9R (K & [H]
FRICHGEANL D t-Bu Xt LT cis DNARBLE ZHF T 5 (9S, 25)-47' 05 i & K E 72 1E T
bHEDLNY, = bar XVBRNFHNCRERA R AR T I F—/{K (28,
9S)-AT KT 5 & THREND, LinL, EEOERTIEITH & B2 28RNSO
T2o T D728, (95)-46°725 (2S, 95)-47°1Z )3 TIFAET B T R /L X —[EhE )N A7 A4
HFTnWpeEZOND, 2T, = hrr (9R)-46°3F L8 (95)-46° DI 22 iE =R T
MEZERE L, 9 MKEBEDSRDERN, 5 BRILIZHE X 5 BEEETH L&
L7,
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[ HN | | HN
HO _0 HO
HoN 0O

o) (@]
(2S, 9R)-4T" (9R)-46' (2R, 9R)-4T"
0.66 kcal/mol 0.88 kcal/mol 20.33 kcal/mol

9 \\Ot-Bu Ot-Bu
o 9
~ N o 2 —N O

+|Tl - Nz
[ HN
-0 l HO \%
H,N

(0]

(e}
(2S, 9S)-41 (9S)-46' (2R, 95)-4T"
0 kcal/mol 11.52 kcal/mol 22.24 kcal/mol

Figure 2. Equilibrium between nitrone and indoline spiroaminal compound calculated by
DFT-B3LYP/3-21G

R EFEHOFE LD EH ST (9R)-46> & (9S)-46° D HE & %2 iE Bl JE % 7~ ¢
(Figure 3), (9R)-46°DZERLE Tl §-7 7 X LT30S oD t-Bu FEOKFEIZ L W XD
KO R 2 TR T D 2 LD, TORE, U T I R =hr o
FRNCAIE T 2IRREIC/R Y KT X FIEBESIC= e U fipicEE T 50k L 72
5o ZD%, (R)-46°1ZxF LEEFEZH WD EEADORILDBHEITL, A RU AR
TIFT—IVEREBET LN TERLLHE Lz, —F., (95)-46°DZEERE TIX
t-Bu JE[R L ONAR I N 2N B, §8-TF 7 Z DENIE ONLD -7 R UEG A= R Y
TANLEIR D X D706 BEREJEL 72> TWVD, ZOHE, 7V 7 2 FEaiE=h
2O FMANIALE T DIRREIC 2D R E L TR 2 RO b= e i
b cE i s L rEINT, vB. Eiko@E b | FBEAN O t-Bu T L. trans
& 72 % 5 BERIEHITZE DA OB FHIRNL EMERIZEIT LR & LT,
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C)\
ZQD
g %

los]
C
\
e
Il
o 2z
I
N

+N N 0o
+ RO
l /L CI) H t-Bu
" HyN o)
(9R)-46'
9‘\\Ot-Bu
9
- P Ot-Bu —
O S N -
> III/ N - £ L (@) -
-0 l HN%
HoN o)
(9S)-46'

Figure 3. Calculated most stable conformation of (9R)-46” and (9S)-46°

U EOFFEMREELDD L, 98 OVEKERFT LA R A8 n7 IF—/K
(2S, 9S)-47°1F = K 1 2 (95)-46° & LLik L CEEICLETH D Loz, L LK
JEFRAI R BLSN D EEET B L (95)-46°78 5 BERIESEICAFRary R A—v a v &2
LTSIz, FEHEDT S T URGRETIIBRIEDNEIT Lo T B2 b b,

FEIL L LT, K4 Neoxaline (1) & 13D, EE720 9R DNLIEEHT 5 47 OGS
Nie% ., $BRIZONIKBEDNLIMEZE IS5 E L, IROTE RreAF Vv
HOMEFLITHY AT,
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-5t Fa b XAFT U EZl OIS

Neoxaline @7 & R b ZAF 2 A IZHRIGE Y . 47 D 12 fPIZAR AR R — h &8 A
L7, HWE SUSZ K D595 2 & & L7z (Scheme 22),

OTBS
OTBS OTBS
N
0] ) o
(o) (0] HN—/ N N

N e > N
Ny - N P,OEt ———————————————— > |HN_ /—
|HN_ /12 | HN 1 ~OEt PGO —

HO MeO o) HWE O HN. N

o) o} Reaction N\

47 61 62

Scheme 22. Strategy for Condtruction of E-dehydrohistidine

0-5-1. EERAY7Z O- A FUfk, 7135 TBS L DTS

ki@ A R 28R 7 I F— VEKICIE= N EOVEERH D LB 2
DAL, FTBMEEOEVIKIEFEITIR AR R — NEADBRICERZELZ 5.2 5 2 &L P&
ENb, £ZT, POTIVE Radxy RO OKBIEIZATF AL EATSHZ L
& L7z (Table 10), £9°. 47 iZxf L. THF %&@#H, DIPEAfFE T, 78 °CIZTAF
MMEAITH S MeOTF ZEH S B2 & 2 A, R ILEMBniE L., HEEERIRA Y%
5.z 7= (Entry 1), F7=. THF &+, DIPEA (£ F, —78 °C 12T Meerwein A3
(Me3OsBF,) D) ZE] SE7228, ZOHA S Entry 1 & [RIBEO#E F% 5 2 7= (Entry 2),
KEFHEDFENAFIACHITITEER L FTED A b X UERBGF LR T2D
T, LR ATF LRI TH D Mel Z HWTHRETZ1T70 o7, BlG ., THF I
NaH f77E ., —78 °C {ZC Mel Z/EH &¥ 7=, —78 °C TlE., MIGHHER TE 2o T
%, 0°C ETIHRLAICHIELIZE Z A, HEYD O- A F /11K 63a 7 trace, N- X F /LK 63b
DN 42%., KEEFEL T X R AF AL ENTZ NO-¥ A F /LK 63c 23 30% CTH Sz
(Entry 3), Mel Z 5 Z & CKREEIZATNVELZEBATE LI ERbroTcd, R
IZATFIALD B REHERIN M 2 BT <, A AP OICHRF 21T/ > 72, DMF ¥4
Hi, 47 1% L KyCOs 77E FC Mel ZER S 5% TIE, Fr2o 63a i3EF6zd
DD, ZDOUFRIT 9% &K< . M2 N,O-T A F /LK 63c 7% 40% T S AL, 7% 0 1350k
B & 72> 72 (Entry 4), £7o. THF EEEEF, 47 1Tk L t+-BUOK 174E F T Mel & 1EH
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SHEL T A, 63a 7 10%. 63c 23 45% T H AL, JFUEHAS 24% TR &Nz, IRICH
B CTo®H % DBU, TBD & W A F/Ubaimat Lics, Ziaub O EEE V-4
WL BN R L. HHERIRAEME 525 DHRTH 7= (Entry 6, 7). LLED#E
Ko, BIRAYZR O- A F AR EE &l U, ek RERZEAT L &
& LTz, BHEHSRIN 2 REE A DIRRS & L, MER T L OFAENREm VT Y L
BrEHAWD Lt aBEzlz, BILKEREET I Ry U VEEZEAL, BREOTHNT
I REEIRICH S U b3 5 2 & & LTz, CHCLEMH, 47 IZxf L, DIPEA fF1E
TCTBSOTf #{Ef &S®7=L Z A, TLC L TKBEDOLRN VY b Ehi=E /v v
AR 63d BLW, TBS NS DB A SN E RV Y MR ER I N, BEAT U LK
FKFEIL K OV X K% TBS /b &7z 63e, E72id 63f &2 b b, AXEZE sat.
NaHCOzaq. CHRMEE L 7= Z A, 7 I FEDO T U VFEOBBESET L, MERICETE
DE U MEZINEE 98N CTHKT 5D Z & HIsk7- (Entry 8),

Table 10 Attempts for selective methylation or silylation of hydroxy group.

7 7 7
OTBS OTBS OTBS
@ Condition 0] O
Wy R
HOHN\{ RO _; \% SEMO N
o} OTBS
47 63a; R'=Me, R2=H 63f
63b; R' = H. R? = Me
63c; R' = Me, R?2 = Me
63d; R'=TBS, R?=H
63e; R'=TBS, RZ2=TBS
Entry Condition Result
1 MeOTf, DIPEA, THF, -78 °C complex mixture
2 Mes;OBF,4, DIPEA, THF, 78 °C complex mixture
3 Mel, NaH, THF, -78 °C to 0 °C 63a; trace, 63b; 42%, 63c; 30%
4 Mel, K,COs3, DMF, 0 °C 63a; 9%, 63c; 40%, SM; 34%
5 Mel, t-BuOK, THF, 0 °C 63a; 10%, 63c; 45%, SM; 24%
6 Mel, DBU, THF, 0 °C complex mixture
7 Mel, TBD, THF, 0 °C complex mixture
8 TBSOTf, DIPEA, CH,CI,, 98% 63d; 98%
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1-5-2. A0 7 I F—/L{k 63d O EAELO MG

12 fE~DR AR F— FDOEAIZIHEILD, 63d 1IZxF L CTEARKEIMEREIT- T2,
(Scheme 23), &Rk L7 63d (2% L, THF &K H, —78 °C {2 T LDA, 721 LiIHMDS
ZRMF L, 0°C £ CTHIE L%, D0 2z Tzl S8, L, B L
LB D 12 fi~DHEKRFITHEZR TE o7z,

Z 2
OTBS OTBS
LDA or LIHMDS
NN ° I I NN Ny
THN )12 THF, 78 °Ct0 0 °C |HN_ D
TBSO then D,O TBSO
O 0
63d 64

Scheme 23. Attempt for Deuteration of 63d

ZOFKFE LT, RO Te b Ebd, T RORTa UoRNERLTEY .,
RAOPTm M AERREINTZZ EBEZ N, £, FEORIE KL, 7
T ROBT 7 AR BIBOSD TSN, £ 2 TEHIL. 7 R~OR#ELD
WOAZHY LA TZ (Table 11), £9°. CH.ClLia#EH, 63d (2% L. EtsN, 3 X U8 DMAP
171E T C Alloc-Cl ZEA 7208, MUGCTHEF T3 R B S 7= (Entry 1), [FIEE
2, Boc %5, Cbz ZEOEA G MFT L2, HEMIFGE LT, B A S 41 5 55 5
L7 o7z (Entry 2, 3), HtV T Ac ZEZE AT X< | MeCN &L, 63d (2%} L. pyridine
fFET, 0 °CIZTACCI ZEHSETR, REOREH OHRTH-T- (Entry 4),
WIZ, THF L. NaH fF7E T, BnCl Z/EH S 72203, ZOFRMETHEMERIEAEY
DL DHER L 72> 7 (Entry 5), Entryl~5 {28\ T, BEIDOT 2 FI#EAENRE L
RWEIRE LT, UNR—RAT Lo VHEONRREEIC LY | BEWSRENT I R
PR CERNWI EDRB 2 LN, E 2 TRIGRDOSNAREE R /NE ) SEM-Cl 23R L |
7 X FOR#EERAT P, 63d D THF #A#EH. 0°C 12T NaH & SEM-Cl Z{Ef &4
T A FIEDT I RERH#EIK65 % 97% & mINETHRT 5 Z LN TE 7= (Entry 6),
2B AT ~D, T 2 FERAZ SEM R A i3KEERED SEMALDBEAICE Y. N
HCTHoT,
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Table 11. Protection of amid

7 7
OTBS OTBS
o T 0]
N N able \ N
| HN | N
TBSO \% TBSO / \g
o) PG 0O
63d 65
Entry Condition Result
1 Alloc-Cl, DMAP, EtzN CH,CI, No reaction
2 Boc,O, DMAP, Et;N, CH,Cl» No reaction
3 Cbz-CIl, DMAP, EtsN, CH,CI, No reaction
4 AcCl, pyridine, MeCN, 0 °C complex mixture
5 BnCl, NaH, THF, 0 °C complex mixture
6 SEM-CI, NaH, THF, 0 °C 65; PG = SEM; 97 %

BoNT- 65 2 MW TEAKFE(LEBRAZIT->7- (Scheme 24), 65 ® THF %k, 78 °C
IZTC LIHMDS % F L, 0°C £ CHIE L7=1%. D,O # HW TG EEIL LT &2 A,
12 MENEKRFAL ENT-ALEWY 66 78 84% D D ALK TH LN, £/ Z O, 9NN E
KFEAL SN AEFITHER ST, 9NMIIASHICB QI e oAb Enian s
ERbhol, TORRELVFAAFRR— FOPREICIZ65 ZHWHZ L & LTz,

YV 7
oTBS OTBS

9 o o
N ©  LHMDS NN

N D

L N LN e

TBSO ['\(2 THF.—78°Cto0°C  TBSO /
SEM then D,O SEM 4
65 66

(84% D-incorporation)

Scheme 24. Deuteration of 65
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I1-5-3. 'R AARF— F OREE

AR LT265 2T, RABR— b 67 DEMEMF L7 (Table12), %7, 65
(Z%f L, 78 °C {2 T, THF %+, LIHMDS % /1%, 0 °C % THi L 72#. CIP(O)(OEt),
RERSEER, =7 5 — FOBRHEFR TR AR R — FAEASIE 68 ODHBED
AUl (Entry 1), WICHEEE L LT, LDA, KHMDS % V727235, Entry 1 & RO RS %

52 20HTH-o7= (Entry 2, 3),

Table 12. Attempts for synthtsis of phosphonate 67

Va 74
74
OTBS OoTBS OTBS
fe) (@]
o) i N
’Tj ¥ N Condition 'T‘ ) N P:%Ett SE N\/X
TBSO \g TBSO /«\II B / Ot
SEM S SEM ¢ © SEM 0-PL okt
65 67 68 ©
Entry Condition 67 68

1 LiHMDS, CIP(O)(OEt),, THF, -78 °C to rt 0% 75 %
2 LDA, CIP(O)(OEt),, THF, -78 °C to rt 0 % 72 %
3 KHMDS, CIP(O)(OEt),, THF, -78 °C to rt 0% 55 %

Sk 77 & LC CIP(O)(OEL), % F M= 4e kT, SRIRAYIC 68 2ME BN DR & 72
ST, 2T Wiemer 5OFE 2B E|ITRAKRR— FET 5L L L, D
IZRE AN CIP(OED), Z HHWNTT 2 RD afiiZHA A7 74 haEAL, i BRLIZ
K DRARR— b ~DEWZHE L TV D (Scheme 25),

R 0O R 0O
R 0 N N
N— LDA, CIP(OE), OJ\(N—Me 30% H,0, O%\/N—Me
oFANMe i e on b 68% o=p
| “OEt | “OEt
EtO EtO
69
70 71
= =
R = 5

Scheme 25. Wiemer’s method to construct a phosphonate
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Wiemer & & [AREO ST, THF K, 78 °C T65(Z LDA Z{EHEH, =i ZE
THIE U721, CIP(OEt), Z N % . JFUEIOHKE ., W L/KFBKTUBE LT & Z A, P
%@$X$X~ K67 ZH—DYT AT LA~—L L TAMTE 7= (Scheme 26),

/
OTBS OTBS
o LDA, CIP(OEt N
N (OEL), N _OEt
| N POEt
SEM ) then 30% H202, 78% SEM
65 67

Scheme 26. Synthesis of phosphonate 67

II-5-4. HWE [JSIC X AT B R b ZF 2V U O M

HWE )Gz W7 B R e 2F 2 OREEEE Joullie 5 28 Iso-Roquefortine C D4
BRI TRE L T % %8 (Scheme 27),

OMe
OMe
,'?‘OMe
DBU, CH,Cl, Boc A
BOC O°Ctort \
67% N
Tr

72

Scheme 27. Joullie’s method to construct a dehydrohistidine

TORE TATE RELTAIZ Y —N Tr HTHREINTIAIFXS U AT LT
ER732 BV T2, LS REEIC 73 Z WV, ARAR R — K 67 &£ D HWE
[ A fEt L7z (Table 13), £ 3. Schmidt & D4 2 1256V Li HAFE/E FTO HWE
Btz 5827, BIH 67 12k L, MeCN ¥ | LiCl f77E F C DIPEA Z{EH ¥, 7
T v RT3 AT ROSITETE T BB EI & D DA TH - 7= (Entry 1),
ZF 2T, L IRWEIETH D DBU Z VA, ARSE T BUSITHEST L2 Do 72 29
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(Entry 2), ¥IZ, LiCl, ¥£7-1% Nal /£ F T, DBU =& 25 2930 67 1 12
MOZERVERHERTE B0, TEOTE KR AF VU RIS 5T
(Entry 3, 4), #t\ )T, THF ¥&#EH | Nal /7/£ T CT-78 °C {2 C NaH % {EH & 7228 29,
67 DT A UL FEFR T 5 DT HWE S IZIT L 722> 7= (Entry 5),

Table 13. Study of HWE reaction

74
7z - 7z
OTBS o7 e OTBS OTBS
N=/
73
N O " ondition NAN ° N O
'Tl \ P,OEt Condition I N = 'Tl \ P/OEt
SEM § o < SEM §
Tr
67 75 76
Entry Condition Result
1 DIPEA, LiCl, MeCN, rt No reaction
2 DBU, MeCN, 0 °Ctort No reaction
3 DBU, LiCl, MeCN, 0 °C tort Epimerization
4 DBU, Nal, MeCN, 0 °C to rt Epimerization
5 NaH, Nal, THF, -78 °C to rt Epimerization

PLED X 91z AR 3 — b 67 125 LA HWE SUOSDOEME 2T Lz, S5
IZBWTHEDT b Fr b AFVUARKIHE LR o7z, L L., BETO Entry 3~5
IZBWTC, EOZEA VAR T EnD, RADOKH T e hickbdx /) 7
— MERBRIZHEREITL TWD Ll TE 5, 202 L5 HWE UL EST L7
WRIRE, RARR— B 67 Bmm <. AREFIZ LD 7 L7 8 R 73767 D 12 /7l
B CEXRNZilhd EHEE L,
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1-5-5. 7 & Ru b 2AF VRO HHLA RN

TERBERAF VU EBET DITEES o7 b DD, RAKR R — FERIIHEE
HkizZ Emb, A R A a T I F—/UKRD 12 (] LD ERER 2 E AT
HZEFAEEEZOND, £ T, EHIIB ET AT E RTT EOT IV R—)VEH
ICED AIEY—NEEHEANLT R, BKKIEEIT) ZETTE RREAT VU
DEAERT H Z L L L7z (Scheme 28),

74 4 a
OTBS OTBS OTBS
Aldol
o LDA, CIP(OE), N O Reaction s
’T‘ N OEf = hll \ Y - ) OH
P: o
OEt THF,-78°Ctort
TBSO | I : TBSO / A TBSO / \g_g:\
o then 30% H,0, 07 > F \wpe
SEM 729 SEM g N/ SEM g No_NPG
69 68 77 -8
74
OTBS
HWE
Reaction o Dehydration |
// . N N € oo ___2
/7 N
TBSO / _
SEM § Ny NPG
79

Scheme 28. Second strategy for construction of dehydrohistidine
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I[-5-6. 7)V R—/VINIEDA I XY — /L=y FDEA

B 7RERIR OGN, 65 & T LT K803V E D7 L R— L&t L= (Scheme
29), 65 (2% L., THF i, —78°CICCLDA # 1.1 % &M%, 0°C £ CHEL7=%. 7
LT N80 % 1.2 UEMZT-E ZALBEDKIGEHHEIT L, 7TV R— LA IMEN 2 FEoD
T AT LA~ —& L TENEN 8la; 50%., 81b; 9% CTH /-, F7-. ElAME LT
KEEHEIZ Boc JENVE A S 72 82 MEL—DHEMER E L CTINEK 280 TE O, 725,
82 DKL FIX 8la E[RILTHD Z L aER Lz (1Bih),

Y D 4 4

OTBS OTBS
oTBS 80 N . (12eq)
(o) (@]
N (0] LDA (1.1 eq.) N N OH N OBoc
N ’Tj N 'Il N
| N THF N N
TBSO TBSO
TBSO / \g —78°Cto0°C SEM/ m D SEI\/I/ m »
SEM ¢ o N o N
Boc Boc
65 81a; 50% 82; 28%
81b; 9%

Scheme 29. Aldol reaction to introduce a imidazole unit

TV R—= )V DONTAREERMEIZ DV Tl Scheme 30 D L 9 12 EEZR L, A TH
% 8la DNiARLEZ TR L=, BIH, VF v A=/ J— MEIZxF L, @&iEv N-O-TBS
EORFNOT AT RREGE L, SNEREBIREEZ RS Z & CVARSERIRMENA T,
12S. 15R ONLARE A2 A Lz 8la N EARME LTHE L= E FHIL,

7
OTBS

o]
N OH

N 12
| N = \15 N
TBSO / 4 | \>
SEM ¢ N

Boc

(12S, 15R)-81a
(Predicted
major diastereomer)

Scheme 30. Discussion for stereoselectivity of aldol reaction
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11 -5-7. 81 D P/K SIS DI ET

Iz 8la DK LD (E)-T b Ru b ZAF V0 O A4 #Er L7= (Scheme 31),
8la ® 12 iz, 15 L DNARBLEIZZNZEINS, RTHDHETHLIZZ D, KBEED
syn BLBENR(Z)-7 & Rr e AF VU ERE 5 2, anti BEEN(E)-T & RreXTF Uz
HEFEzTz, 8lallxt L., Sai L34 L72 EDC & CuCly & V7= KER D syn g
W AR L A, Z ORMBENEZFLETE Frb 2F VUK (2)-83 BILE 76%
THEONZ, ZOZ D, PEEBY ., 7TV F—/UAHIIMEN 12S, 15R B & O SR
EATDHIENTRBEINT, ks, AR 83 DM BRI REAERY E CEE, K
#X Neoxaline & D EHRIZ K 0 IE LTz, itV CKEREE D E2 IR X 5 anti Bl ff 2 7l 2
7oo 8lalZxf L. CHCL¥EHEH ., EtsN fF/E T, MsCl Z/EH S5 Z & TREEEIZN
B L 72D Ms A B A L7z, Ms UIRIIARIERO E £, DMF I+ T K,CO3 Z HN
L. MEALT= & ZARA YT — MUOSITEIT L=, PRI L, Z O%MEEZH
L7z (2)-83 OxB™ELNTZ, £, T F—AfMIED~ A F—T AT LA~ —
ZHWT, RO X BKEREED syn B, £721% Ms bz 7=2%, Wi
it & BT Lo Tz,

7 7 7
OTBS EDC, CuCl, OTBS OTBS
toluene, 45 °C, 76%
(0] (0]
N OOH N N N:\ N N
TN ) LN SN N = E
TBSO / B N 1) MsCl, EtzN, CH,Cl, TBSO / oc TBSO / —
SEM Hol \> > SEM g z SEM N NBoc
o N 2) K,CO3, DMF, A A
oc
81a 29% (2 steps) (2)-83 (E)-83
predicted major (desired)
diastereomer
74
EDC, CuCl, OTBS
toluene, 45 °C
ti (0]
minor (no reaction) R N N
diastereomer //// - I N =
81b MsCl, Et;N TBSO / =\
o SEM
CH,Cl, O N NBoc
(no reaction)
83

Scheme 31. Dehydration reaction of aldol adduct 81
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IT-5-8. $&(iBRME D Z L

i A > — N OBEBER T I T B SEREIRPEIZ DWW T, BLFIZB 22 L7e (Scheme
32), EHIIAKIED B2 RS TIER<, =/ 7 — M &fkH7 % ELcB & DO Tl
AV — NPT LI LB LT, ELeB i CIIH AR E LT, A7 — MEon
=/ 77—zt L, BEITHEEST S A &L, AT — MNP 77— RO TEITH
BT 2 BRFEETHEEZOND, BHDEKELEZ HFEIEA TIIAIF Y —L
WoaiE=/ 77— Mkt L, PN ETDHIZEERD, A I —NifgE=) T—
~ DOERFER T, OV N-O-TBS K & ORI SAREENFET D L E 2 T, X LT,
IR B TldA &4 —an= /) 77— FO EANCAIE L TR SEREE &5
LONRHERTE RN oTe, ZOZ L HRIA B Z88H L7z BB MESE L, #ERAVIC
(2)-7 & R b ATV U RPNRIRINICE DNz LB LT,

=< 7
SEM\ s OTBS
N
’ N O
N N—\ “Ooms N
£60 AT oo | N )=
Q SX’\\I‘\\H TBSO / —
y B N SEM o Ny_NBoc
OTBS A Boc
(E)-83
0
AN, Soms KeCOs 1
12 —_—
I N =<5
TBSO / { 4y )=, DMF, A
SEM O N_NBoc ]
84 : p
predicted OTBS
diastereomer
o)
N N=\
T RS B
TBSO / 7 oc
SEM §
- - (2)-83

Scheme 32. Geometric selectivity in anti elimination of mesylate
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IT -6. Neoxaline D424 1%

0-6-1.(2)-7 & Rk XAF VK 83 7»H D Neoxaline D4 F i Hk MK

INFETORFHZ LY, KEEESE > O anti FLBE, syn BBEO SR IEIZB W THIER
R DT BMAREZET 5 2)-T Rr b ZF T AROBNE LT, HBiRd 508,
Neoxaline & [FIfRICT & Rk AF ¥ 2 H7 % Roquefortin C 1%, JEMURHIZ I v 4k
FUT 4 EBEMAET D 2 E RS TN DL 2D D SRR T Z (R E R
ML, B)-TE R e AFVUEHMEST LI L LT, £72. (2)-83 1TXRAK
Neoxaline ® 9 fi Tt~ —(KTHH-O, TOVKENIZESELLERDH D, FEHIT
(2)-83 DT I A RaAdxH A NOBRIINLRE & XA F b, ED = SORELD
brE & 9 fKBEEDO=E XA U(L, O)-Tt FebEAF VD ER~OREMEIMIZE S
Neoxaline D4 Ak Z 5HE L 72 (Scheme 33),

7 7
OTBS OTBS
9 9
N, ON= EREBRE N ON=,  TBS#,SEM, Boc£0)r§1>£>
N T VR A VIR T U VL VT A VT T
N N N X N
TBSO / MBOC AFIVE MeO / MBOC
SEM o) SEM 0O
(2)-83 85

,,OH OH
R O IKELEE D o
(@] IEAYE
N N N= =77~ » N N
LHN, N |HN_ /=
MeO MeO _
0 OHN __N
86 Z-Neoxaline (87) Neoxaline (1)

Scheme 33. Synthetic strategy of Neoxaline (1) from (Z2)-85
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I1-6-2. N- A %3 85 DEFK

Neoxaline ™ N- A k% U E 5 OREZEIZIE,. N-O-TBS By DB 72 LR NS B b
725, (2)-831Zxf L, THF 1, 0°CIZ T 1% &ED TBAF ZEH & E7= & 2 A, |INW
IZ N-O-TBS JED iffi# 231817 L 7= (Scheme 34), 55 417= 88 D /Kfig}E % DMF H1,
K.CO3 fFE . Mel Z1ER &E 2% 2 & TR AZ AT L L, N-A h3FT1K 85 %Y
8N THM TX T,

74
OTBS OTBS OTBS
e ON—  TBAF(1.0eq) o N—\ Mel, K,CO5 0 N—\
N N
L N/SN THF \
T8SO | w(\/Z\/Boc b HO/ Boc DMF, 86% Meo/ Boc
SEM § SEM  § SEM §
(2)-83 88 85

Scheme 34. Synthesis of N-methoxide 85

IT -6-3. Z-Neoxaline D& L

WIZ, 7 oAb A A2 8D SEM DR EZRAAT- (Table 14), ZiZiL TBAF,
CsF. TASF Z W THET L7228, IR TlX 9 fKERE D TBS N REIN DDA T
Ho7- (Entry1~3), =2 C, TBAF{F/E T, 60°C LTI L= L Z A, LTBS &
90 7% 32%, TBS & & SEM F: D Kk TMS 57 DEEIAR 91 23 8% TH: H 4172 (Entry 4),
FTo. ML TSR TIIALEM D3RR TE T2 &0 b SEM DO NiEEIC
EoTHELUEFNVAT LT E RBBIMNEZREZ LB, Al L TTF LUy
T IV EFIETRISEATo e, EHERIEGW A 525 D3 Th 72 (Entry 5),
T oAb A F T LD SEM BEDOREIFIREETCH o7 B, VA AWE VT B IRES
st Uiz 2%, £9°, 85|2%f L. MeNO, & EL,0 DIRAEIE T, MgBr, 2 1EfH &
W, FEERREIRESN DDA TH-T, £ T, XVEWWLA REETHS MesAl
% F N T2 SO 2 ik ATz, 85 D CHLCl ¥ 78 °C 12T MesAl 2Nz, =L E CTHIA
SH7- L Z A Boc L SEM EDOBEESHETT L .89 Z UK 71% T 5 Z & A HIkT-,
Flo. AROSTE, 92 v U HEHONARERE (R BLE)IE MesAl (2 X5 M SEM kD
BT SEES~DOERRTE A UERET L, A0 9S OV b2 E2HT5 89 =5
T E T,

65



Table 14. Removal of SEM group

7
OTBS
9
\ N (0] N=\ Table
N
| NMBOC
MeO /
SEM o)
85
Entry Condition Result
1 TBAF, THF, rt 91; 92%
2 CsF, THF, rt 91; 64%
3 TASF, THF, rt 91; 68 %
4 TBAF, THF, 60 °C 90; 32%, 91; 8%
5 TBAF, ethylenediamine, THF, 60 °C Complex mixture
6 MgBr,+Et,0, MeNO,, Et,O No reaction
7 MesAl, CH,Cl,, —78 °C to rt 89; 71%

9 (kR FE D B X JAkiX 85 D 89 ™ ROESY A~J hIVHENTIZ XV #EFR L7=, 85
D ROESY A7 M TIEA MFIEDATFNAILL 9D 7 1 b (R OFE B 3 B
STz (Figure 3), Z#uiX 9R DNLAR A FFO KA epi-Neoxaline 12 & Bl < 412 FH B
Th5®, —FH. QMONAERTE A UL L7289 D ROESY A2 ML TlEA hF

85 epi-Neoxaline

<—> : ROESY
<—> ; NOESY

Figure 4. ROESY correlation of 85 and 89 / NOESY correlation of epi-Neoxaline
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9D Tm U TTOMBITIMRE TE 3, ROVITA MFr& TBS KD A F LA
& DOMIZ ROESY FHRS Z HER CT& 7=, LLEDOEH S, MesAl ALEEZ XV 9 fr/kFRk:
DNMBIEFER R B S ~ETE XA UL LT Z & AURMEE S v, FEBIZ 89 225 9S DILIA
B % A4 5 Neoxaline DA EEMR L TWD (Bih),

BT X VLRSI DWW TEE L2 (Scheme 35), 3. MeAl ODERIC X
D, 10 (LD I NVKR=AREH LS, =7 T — MR A BRSNS, B
B, A2 R U . RIS N-A R U BNRREE L 72> T D &, SERBYIZZE N
TWbxT ) 77— hDOEANSEDT v b AL HEIT L, 9S RNRINIZIS DTz & &%
L7,

Scheme 35. Discussion of stereoselectivity of epimerization by MezAl

RIZ 9 ALKEEFL D TBS 2% HFepyridine 2 W TRRZE L. IXEE 73% T Neoxaline @
L] FAEAR T dH 5 (Z)-Neoxaline (87) % A p% L 7= (Scheme 36), #i\ T, (2)-7t Frkt
ATV ERO BSOS & BT LT,

(0]
89 Z-Neoxaline (87)

Scheme 36. Synthesis of (Z)-Neoxaline (87)
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11 -6-4. Roquefortine C @ St EPEAV IS IZ DWW T

Roquefortine C | Neoxaline OHtE LA THIAETH Y, (E)-7 & FrEXF VU %
H3 %, Scott &% Roquefortine C (92)I1Zxf LIERRIN 2175 Z & THAAA L 7 ¢ U2 R
AL TE D LadE L TR0, FERARBOLM M %4 L7z Isoroquefortine C (93)
&L TV 2 (Scheme 37).

7 7
0] O
N NH hv N NH Ne
Nob N T oon N H N\ \jNH
0 EtC())H 0O
HN-N 87%
L\N
Roquefortine C (92) Isoroquefortine C (93)

Scheme 37. Photoisomerization of Roquefortine C (92)

F 72, Joullie 51X, Roquefortine C 35 L OV Isoroquefortine C D= R /L ¥ —7%
Hartree/Fock 75 %, B8 X OV T1 3 Ic LW EHI L TH Y, ZELED Isoroqueforting C O
TR —DHPEN T L ER~RTV 2 3 (Table 15),

Table 15.  Relative Energies for Roquefortine (92) and Isoroquefortine C (93) %

Isomer Relative energies 12 Relative energies 1°
Roquefortine C 17 kJ/mol 15 kJ/mol
Isoroquefortine 0 kJ/mol 0 kJ/mol

a; Calculated by the Hartree/Fock Method with the 6-31G* Basis Set
b; Calculated by the T1 Method

ZDOZENLNHEMALOE Z B IRMEIT, FERARETH B Isoroquefortine C 73 KX
@ Roquefortine C £V B ) FRIICZE TCH DL Z LITERN L TWD EEX B D,

— 7. Neoxaline (1) =K itfi&E Tlx, A I &V — LA 13 LD VAR = /VEESRIT

ITHE L. (2)-Neoxaline (87)TldA I &V — /LD 10 MDA NVHE = NAVBRFEIZIEET D
(Figure 5), ZIKIZH T 4 I Z Y — )Ll L R T & OIREEDS ERDOLGA LV b,
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L DRONIERRBENGFET DI EEZ DN, 2D Z 05, Neoxaline D4, JEXR
I D ZAEL Y | RIRD EERDIZ ) BWEE LB X Hiv, Neoxaline ()IZHIF57 b R
0t AF T ORMALKIG T ERZ BRI E 25 E IR L, EEOFERICER DM
NTZ,

N

N
| HN_ /—
MeO 13

OHN__N

Neoxaline (1)

Me-(:)O " / \\\NH
Z-Neoxaline (87) steric hindrance

Figure 5. Proposed tridimensional structure of Neoxaline (1) and (Z)-Neoxaline (87)

1-6-5.(2)-T & R b AF VDI EMEN

Scott BTV, (E)-7 & RrERF VU Z2HET << | (2)-Neoxaline (87)DJEHME
(b %7+ 7= (Scheme 38), (Z)-Neoxaline (87) MeOH ¥A# (2% L. 100W /K$R 7 o
7" (A > 254 nm)Z W TR 2 12 T > 72 & 2 A, HAJD Neoxaline (1) % L=
6% TERKT HZ LN TE T, £z, I 58% CHUEF 87 Z [ L 7= %, Neoxaline (1)
DU ) < RS %2 24 BefE1T - 7228, Neoxaline (1) & FUEFO I HRIZ A bIX
2oz, & 51T, Neoxaline (1) MeOH W% L CHBH Z1T-7-2L 2 5,
(Z2)-Neoxaline (87)DEMNHER TEIZZ EnD, ZOXRBH TIZEITST e Keke &
TV ORMEACITIT N FET D Z EVH LT,
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hv (. > 254 nm)
12hor24 h
MeOH, 26%

=\ (58% recovery)

N
W — | HN

— Meom

0 O HN__N

Z-Neoxaline Neoxaline
Scheme 38. Photoisomerization of (Z)-Neoxaline

FERIRTTH 5 (Z2)-Neoxaline (87)23 FAM E LTINS LTI EiZ2oWT
(Z)-Neoxaline (87) & Neoxaline (1) UV I & & & DRI HE%2 L7= (Figure 6),

OH
(0]
N N
[HN_ /=
MeO —
0 O HN__N
(Z)-Neoxaline Neoxaline
amax; 314 nm amax; 330 nm
—— Neoxaline
— Z-Neoxaline
4;)0 nm

325 nm

Figure 6. UV-absorption spectrum of Neoxaline (1) and (Z)-Neoxaline (87)

(Z)-Neoxaline (87) & Neoxaline (1) UV I EZHIE L7z & 2 A, MRRRIIGEE
IZ(2)-Neoxaline (87)%% 314 nm, Neoxaline (1)2%330 nm Th -7, £7=. EARTH S
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Neoxaline (1) DWLU GBI, WOREIZIIZZEREI D REWZ LD, (-7 B RrERT
Vyib%(aft&mtx%y/@ﬁﬁ%MmuL@ﬁ_£of%tém%ﬁm
ZENmoTle, ZTDOZEND, NEMALKISDFERBRIZIBNT 1 OYERMEW R
ZIRE ERDREINLT IOEICERT LD TH D LRI,

0-6-6. JERMEALSUGIZ BT DR D

T YRR DOIEMACIR T BTN D K DI, JERMARIZI T 5 A7, cis
ﬁRUms%@%WXmﬁ%»@%%ﬂ%b\%%Tét@&ﬁ%ﬁmﬁézg@ﬁ

#Tx % *® (Scheme 39),
Q @S Q Q
N=N
@ hv (410 nm)

trans-azobenzene cis-azobenzene

Scheme 39. Photoisomerization of azobenzene

FITEFRT, M EOREAME L, EXLT7 0 v OREEZMZ D Z ENTER
X, BRGSO )Y Neoxaline ~MEo &EE %2, UV By 7 4 v FZ—% HT
% R 7= (Scheme 40)., (Z)-Neoxaline (87)(Z%F L. MeOH #. 325 nm 2L Ed UV
WRZEW T 57 4V Z—%EB LT 100W KT TORERE LI-LZ A,
Neoxaline (1)7% 55%. (Z)-Neoxaline (87)23 14 =R 35% T15& & 4v, HWifFm » BMEALSUL D
WRZ LD Z LI LTz, o, ARUS%E 3 [Hi#R 0 IR$Z & T, IR 77%T
Neoxaline (1) & %55 Z £ 23 CT& 7=, Ak L 7= Neoxaline (1) & K% Neoxaline D 4%-ff A~
7 ]‘/1/7‘ ZO—E AR L (RICHEMZRET) . FEE 1TEA O KA Neoxaline D]
B K TR 24 TRE, #UUR 2.7% TR L7z,

WOH hv (% < 325 nm)

\ MeOH, 55%
o) (35% recovery,

N N=\ 77% in 3 cycles)

N N
HN, N ———— ‘uN =
MeO - MeO —

o OHN__N

Z-Neoxaline (89) Neoxaline (1)
Scheme 40. Photoisomerization of (Z)-Neoxaline using hv-cutfilter
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1-6-7. &b & KARY D2 T — X Db

A% L 7= Neoxaline (1) '"H-NMR IZ K%M DT — & & B\ —F &7k L= (Figure 7,
8), 7=, BAIHD BC-NMR, FlA., IR 227 ML RO T — & L —H LT
B, HEREIZ BT, BIEPICHEARESEFH L (+2.1~+36.5), HIMEDOH D
B 28 ) 72 o=, — 05, ALBBFZERT > & A S 30727 3CTld Neoxaline (1) D e fE
JEEIE CHCl 1T [a]p® = -16.1 L STV 7= %), Neoxaline ()13 B HERE T H
DAIFS—NEFTLHIENG, BOZELBZT, Bior v MLy KE<
AN NT DL Z ENFREINTZ, £ 2T 1.0%AcOH/ICHCI; Z il & LCTHW., AL
72 Neoxaline (L) D HESEZHE L& 2 A, BUEOEE 722 < 228 L CHEEE %
HIET D LINTE D Z L Ao 7= [synthetic Neoxaline; [a]p?* = +78.7 (¢ = 0.02)], 15
ST EEZ RO H O L g3 572 %, Neoxaline OAFEWTH 5 Aspergillus
japonicus Fg-551 % FF U5 L, K4K Neoxaline 215 7= 1%  HLEEAZHE LIz & 2 A,
“ODRIEMIZEW—%& < L7= [naturally occurring Neoxaline; [a]p?® = +78.3 (¢ =
0.02)], £72. LC-CD A7 ML TH R & EREIZERW—8 %R L7 (Figure 9),
INHORERND . Neoxaline Offaxt 7 #E% 2S, 3R, 9S EIRETE /=,

7
AN =] —\ OH
Jdom R . S —
&V Y / 7_N/L*:o
\I\\IHN ?—
e MeO \ \/f_—g\
U L o
g [
. )} Ao MO
10.00 9.0 8,‘() 7?0 h,‘(l 5![] 4’() ]{(l 0 1.0 0 1.0
X : parts per Million :
RKIRW)

abundance

—
lll ?

_

f(—

Figure 7. *H-NMR spectra of Nat. Neoxaline (1) and Syn. 1
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Figure 8. *C-NMR spectra of Nat. Neoxaline (1) and Syn. 1

0 L Natural_Neoxaline - CH1
\. rdl
] \
\
~2000 L
Y]
-4000
-6000
— T T T
0.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Retention Time [min]
o ] Synthetic_Neoxaline - CH1|
] ‘\-\\ /
\ /
] Vo
-2000 (.
i \
] ||
-4000 | L
] 1/
-6000
T T T T T T T 1
0.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

Retention Time [min]

Condition; 24% MeCN/H, O (0.1% TFA)
Column; Develosil ODS-HG-5

(Nomura Chemical Co., Ltd., 4.6 mm I.D. x 150 mm L)

Flow rate; 1.0 mL/min

CD detect; 250nm
Temperature; 40 °C

Figure 9. LC-CD spectra of Nat. Neoxaline (1) and Syn. (1)
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I1-7. Neoxaline & —HEKDF &

LLUTIZ Neoxaline (L) D — ARG KA £ & ® 5 (Scheme 41),

AT BRI TE = CARIENHENL ST FHIEE 7 e A U KU 9 2 FERIE L, 2 T
BTHELNDA IFT— b 15 (2% L, BFs*OEL fFEF, L =/L b TF L4 24E
FESE57 L TEBRIEA ZREALTY SN—2F L = LA ST RRINAICEA L B
—DRPERE LT16 28R L7z, $i< 4 T, IR 8% TI6 Ol LT /LT
R 19 126 L. RUBHFEFTOA YT = ROMMEIZEY ., a-8 RT3
N3 &G LTz, B L7z 35 b4 BREAZAHLIC LV 5 TR, ISR 70% CERILAT
AR 40 ~E W=, A R AT I F— R OBEIIKREFEREV= e
Db AR L bERH L, 2Ky b CTERK L, BIG, 40 2 NaWO,4+2H,0
3 L OV H 0z0urea & W2 BRALARRICH L, = b v > & BRABIK 45 DA A2 fERR L 7o 4.
PbO, & AcOH Nz % Z & Tk L 45 Ok a#ITSH, BRIR=Fr K46 % 1
Ry NCHEK LT, £V RV AR T 2 —/U1K 47 1% 46 (2% L n-BusN'OH % 1E
HEEDLZ LT, AR TE, 2 LETAIOT I FatxdY A FET I Raex
NEFNWREL-H%, 7T R8 DTV F—LisE . Hi< EDC 2 H W=k
XD, @)-Te RebeRF VK8 28K LTz, 50472 83 12xf LT 4 DDOfR
FEILOBRE, B Ry 7 I UENO O-A F ke 9 fiKkERFEE D= v X UALE4T H
Z & TR o ST EM: A 459 5 (Z2)-Neoxaline (87)& &k L7z, H%IC UV 7w b
T4 NE = HWTRBNISICE Y, (2)-Te Rre AF U U ERELIEL 2L
T Neoxaline (1) DHIDARHF G ZEM LT, A L7z Neoxaline (1) D& FfkasT —
ZIIRR DO H D & B —F &7~ L. Neoxaline (1) Dffaxf ST H#1E % Scheme 41 (7R
T L9, 2S,3R,9S LIRE LT,
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SLAREIRIGY N—ATLZILEDE A

J‘f SnBu; >_/’SHBU3
HO 2 steps 0~ ~CCly >J
O3 — O3 o \
o — o) BF;-OFt,
N 96% N
H H CH,Cl,
" Alloc -40°C "\‘ Alloc
v)
9 15 87% _A Alloc 1 16
AVI7_FORMICED
a-t FOFV73 FOBHR
OTBS
_CO,Me
4 steps 5 steps
H B(OH)3 HN HN
—»
)
83% | DMF, 91% AIIoc 0%
Alloc MeO o 40 HoN
35
9S:9R=2:1
— AV ERMALEZERMNG
A1V R)VAEA7I F—IL B OIEE
N ] %
z
OTBS OTBS
N82WO4 - 2H2O then -
H,0,- urea N O PbO,, AcOH 2~N7 O n-BuyN*OH N
N — ] . N
MeOH, 0 °C | H 9 CH,Cl,, -8 °C I HN
o HO /L 81% - Nl 93% HO
HaN" Y 2N o o O
L 45 ] 46
1) N=\
7 O A NBoC go
OTBS LDA, THE OTBS
-78°Cto0°C 9
2 steps
o) 9 0 4 steps
-, AN 50% . N N:\N
S
95% TBSO | 2 Eﬁﬁéausclzc TBSO ) MBOC 40%
o 76% o
65 83
REMARGICLS
hv (A > 325 nm) X
MeOH 0
> N
55% |HN /=
(35% recovery of 87) MeO =
0 HNVN

Scheme 41. First generation of total synthesis of Neoxaline (1)
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[-8. St Nub RFIUEOREEEDMUE

I1-8-1. 2 —{ifCE RO

Neoxaline (1) DD R EEFITER SN2, F O FfK TRED S BYELSUEG DUL
RIIHRRETHD . 5mg L EO A — )V CHKIEEIT I EWNEN S BIZTIKRTT 5, £
7. TV R—VRIGZE DA I XY —a=y MEADIELHEE W DO TR,
Neoxaline DFEfFMCFHEIR G AE~EB T 5121X, L VR RE)-TE Kuke AFY
VIROMAEIEN VB ThH T, T2 TEHIL. 7TV R—AKETH O 81 Ok
FISIZ L% ESIRI T  Ra b AF V0 ORI 2 S bICHRET 522 & LT,

I1-8-2. EJ®RIRAN/RT & R b XF L DAL

TV R— VOB W TRIAERY) & L THE 672 0-Boc 1K 82 @ Boc #:&4FRE L.
TV R—= AT A D B 2 5772 (Scheme 42),

7
OTBS N oTBS oTBS
Boc
N N OBoc
| aldol
BSO / TBSO /
TBSO / reaction N D
SEM SEM ¢ | > SEM | >
68 Boc Boc
813; 50% 82: 28
81b; 9% PR

BocE MR E

Scheme 42. Hydroxy selective removal of Boc group of and recovery of aldol adduct 82

HHE Boc FLITFEMESECTHRETE 528,82 D -HdD TBS < SEM A i~ % /]
REMEDN B » 722, Boc £ 2 RIS RIC L W BrET D 2 & & L. THF AP, 82 (2x%f
L C. MeONa #{EH =7 (Scheme 43), L/»L. PAHEL CW=T7 /13— K 81,
FRTBEFELNT, A IF Y=L EDBockil b Kafxo T I UEMLO TBS £
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M2t & 42 O-Boc #OMLEENSEIT L, E ORI EMEEZF L-T Rabe AF K
(E)-94 23U 76% T HiLi,

74
OTBS OTBS OTBS
MeOH, NaH (@]
OBoc . N N OH
| N

THF, 76%
SN o o= | Y
o) SEM ¢ HN N o] NVN‘R
82 BOC
(E)-94 81; R = Boc; 0%
95; R=H; 0%

Scheme 43. Synthesis of dehydrohistidine (E)-94

Z DOBLRERIT . THF IR ¢ 82 12%F L NaH Z/Ef &1 % 721 TlddEf T84, MeOH
SIS % 2 & TH#EIT L7 (Scheme 44), Z D Z &b, ARG TIEX NaOMe DR
KRNZ E D7 I ORREIC > TEFDBBE L, BRBIGHAE X H0 & THEL
Too 708, TV R— L IMA 8la Ikt LANBESE A7 L7222y, 7 I D Boc kb b
R o7 I N TBS B BEEL 72 96 MG LN D DA TH -T2, L-oT, A%
T ORIEIEE 7> OBBEIZ X Boc 2D X 5 e iBEsE 2 A9 58 1Ko FEKOBANR
AIRTHDHEDNST,

/ 7z
OTBS OTBS
O NaH then O
N VN OBoc ——» (no reaction) ——» N <OBoc — (E)-94
| N MeOH
TBSO | 15 | N\ THF TBSO / W \>
SEM & > SEM 0 o © ome
Boc
5o
©
OTBS OTBS
MeOH NaH
THF 67%
T8S0 | X HO /
SEM | > SEM oI4N N
Boc
81a 96

Scheme 44. Proposed mechanism of removal of O-Boc group
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11 -8-3. Z(gedRIED B4

AIZ V= ED Boc EOBIRH#EERED E BINIBBEL S IZOWTEE LT
(Scheme 45), ZEIZFC L7z EL1cB il DR (Scheme 30)72 5, ZDOKISIZHBWTH H
— Rt — FOBEDE, affOf7 e btk = T— MR ERB LTS &
Ezbnb, BIb, BE2E5FMED R A—3 9 1% Scheme 46 12T A & B
L%, AL BIREDOIEROLE, =) F— b A I XY —UInid T, Fmicik
VHSEATER T D L EZA BN D, BHD(E)-TE Ru b 2 F D kE b2 5K A
T/ 77— FNORBIA LA I XY — N n L ONREENTRIBR SN, —FH., Z
Ka 52 2R BIZBWTIEL, A 2 XV — VE D N BICAFAET D A NVR = VERFR I
TRNSEEET 5 X ) I EREENER S ND EBEZOND, ZORF, A I X —
oy 10 NED B NVKR = NVBEERFR . BLO= ) 7 — O FANZFET D EE TBS
B OMICHBEA L0V b RERNVKEENFAET D EB 2 iz, ZONREED
ZIZE, EEOEBRERIZBWTE)-TE Rae AF VU BNEEMICE LN L5

217,
N OTBS
SEM\ _TBs
N o O
N7 -\ 0 NN
:(%X \ | N
A AN SEM HN
TBS\\L 7/, (0] N

A \
4 . (E)-94
OTBS less hindered

NaH

O or
MeOH N OBoc

82 — » N < .
THF TBSO / mﬁ z

SEM
O N No 74
g OTBS
> NN O N=y

HO / 7 Boc

SEM ¢
(Z2)-94

B more
hindered

Scheme 45. Disscution for geometric selectivity
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I1-8-4. O-Boc IEDE K

O-Boc K 821X 7 /v R— A ISIZ X 0677 v a— 1 8lallxt L. THF a8
DMAP 774 FC, Boc,0 #{EH &5 Z &L THE Oz (Scheme 46), 7 /v K— VK&
BRI E LTIEOND 82 & 8lan b= 82 1L tH-NMR N5l —8 L= 2 &
#5(u35m@4¢%ﬁbfmé&m%éMKoit\iﬁ®%@%ﬁf%%§m
WETTHOTHIVUX, TV =R TEL D 2 DONKMEFATERT D4, ~

AT = THHVAREEARLFIHTE, 78 e b AF U AROIERTN ET 51
T ThbH, EZ T, TIVR=IKILD~YA T =T AT VA~ —Th 5 8lb DKL

W2k LT Boc ZEDEAZ AT, UNTHEIT Lo o T2,

OTBS OTBS ¢ OTBS
N Boc,0, DMAP 15 MeOH, NaH N O
N
o,
TBSO / | \> THF, 88% TBSO / | \> THF, 72% o /N =
SEM 1 SEM SEM D hN
Boc Boc N
81a 82 94

Scheme 46. Synthesis of O-Boc 82
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I1-8-4. N- X 3 14K 100 DAL

RICERE LTZ(E)-94 Ok Rk 7 I UENORERKZ O- A F bz kst Lz
(Scheme 47), (E)-94 (Zxf L. DMF ¥&IEH . K,COsfFE T, Mel ZE S W28, i
BHEIY & dLice Redo 7 I UL eE A 2 ¥ — v EOZERN NO-V A F /b Ehn
72 97 MU BE% T HaL, KEEELEIRIVIC A F U ST AR IR T & 7o
7co F7o. TMSCHCN; Z W5 Tl RUSHEITE T, BRI S D D A
Thoil,

K2CO3, Mel
DMF, 55% (SM 30%)
o > o

N 11 N
| N /— 1 | N /—
HO / __ TMSCHN, MeO / —
Benzene, MeOH

SEM HN
OGN (no reaction)

(E)-94 97

Scheme 47. Attempt for selective O-methylation

LLED X HIZ(E)94 D O-AF AL TIE, A XX —IERLLD A T AL TS LT %,
AIFY—Na=y NEBATHHBEETCATFAEZEATHZ & & L (Scheme
48), B1H 88 DAL EFIBRICA  RU v AR T I F—/{K 65 12 L, THF H1, 0°C
IZC TBAF Z/EH&E 2 2L Tk Faxo 7 I UENLO TBS A2 BIMICKRE LT
#%. KCOsz & Mel Z W2 AFAIZE D N-A FF K98 A LTz, ICERKL
7298 L7 T K80 &EDT IV R— Vi ZikATz, 98 1Zxf L, THF i, —78 °C
IZCLDA ZfFH &, 0°C £ CTHIR L%, 77T R8s 2 A, FrED
A Q99 728 1.0: 12 DY T AT VARG E L THELN, 728, N-O-TBS 1K 65 %
HW=TV R—= VR TIEY T AT UALN5.6:1 THY ., TBS M Me I E b -
Tl ETRERTT AT UAERIREOLE(LE T2 b L, £/, 65 ZHW=T /L K—
IS DRI T 5D O-Boc RIIAKISE TG LN hoTo, ENWRI &I, RE
¥ 99 1. Boc,O LBFRIZ LV, WY T AT L A~—EE 0-Bocfbd 52 LR Tx-,
BHN 7 O-Boc KA SEICHESL LTZ(E)-T & R b AF VU OREFLEMICH LTz & 2 A,
(E)-T & Rr kb AF VUK (E)-100 MUK 73%, (2)-7 & Kb AF V1K (2)-100 3
6% TENTNERTE, MY T AT v A~—%2FH LI & CINKRELETE T,
N-O-TBS & 65 W /-G TIX(E)-T & Fr b ZAF UKD ELN TN, A I X
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=Ly & DNTARESE & 72 o TUVZ TBS 7S Me SRICiE X #b o 72 7= 012, g
FOSZ R8T DRI O BN E LD Z e oTz,

¢ ¢ OTBS ¢
OTBS 1) Boc,0 OTBS
o LDA, THF o gmfp o
N N -78°Cto0°C N N OH - N N + (2100
N then 7 >N LN 2) NaH | N )= 16%
R;I(E)M/ \g O/\[ S Mg(éM/ H /)= )MeOH MeO / —  in2steps
o) N O NG N F SEM HN
80 Boc S Boe H O HN__N
”g ?é":ég;': 65, R=TBS 99 (E)-100
2) Mel, K,CO4 88%, dr=1:1.2 73% in 2 steps

DMF,88% . 98;R=Me

Scheme 48. Synthesis of N-methoxide 100
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[[-8-5. 7t Rk ZAF VUM ORELEEDE &

LTFICE AL E - HROTFT e Fe e 2AF P U HoBERICHONVWTE LD S
(Scheme 49), FH—MREGKMTOT )V F—/VSDOIRITHRRE T, 72, HFo6h b
DDV T AT LAY —DOHN, Tt b AF VU ARK~EHRTX - D13 8la DHTh -
720 8la® 12O v kI ALIZENT % EDC 2 W 2liKk, AT — N OBiEET
FEERWZENB N, —), B ARG TIX 65 D N-O-TBS #4537 % N-A k%
VICEEWZ T8 HRE L L, TV R— VRt E T > T2, TV K= UAHINK 99 1375
WERT10:12D0P T AT LAHRAEWE LTELN., #Hi< Boc o A b ¥ FLALE|Z
XV EBBRMICTE Fr e 2AF VU HEAMETE o, RGO RIL, BE#EE KL S
T E D2 T < PR 1000 & T 2 BRI 1247 & 15O NEARDHIT D72,
T R—=VEOSMZ BT ARSI A R TE 5 2 L Th D,

F—HASHK

7 4 4
OTBS OTBS 81b /] OTBS
(9%) I7
o) o)
o N N T N=\
NN - . Ny OH EDC, CuCl, NTL D AN
R—(l) /N« aldol TBSO / N\ toluene, 45 °C, 76% TBSO / Z Boc
SEM reaction SEM g | N> 81a or SEM o
Boc (50%)
65; R = TBS 1) MsCl, EtsN, CH,Cl (2)-83
2) K,COj3, DMF, A
29% (2 steps)
2 steps
7 B 74 7 V4
OTBS OTBS
1) Boc,0O OTBS
o DMAP o
THF o)
98;R=Me —» ITI N1N 15501 ——— ’T‘ Ng 15 - N
aldol MeO / ﬁ:\ 2) I\,\/lligH MeO / m Me(l) /Nm
reaction SEM ¢ NON  THF SEM ¢ NN SEM o HN_ _N
99 Boc . Q >
— 100 - E)-100
88%, dr = 1.0:1.2 (E)-

73% in 2 steps

%:Tﬁ{%é}ﬁ ((2)-102 = 16%)

Scheme 49. Summary of construction of E-dehydrohistidine moiety
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II-9. Neoxaline ® &4 F%-2

5 51172 (E)-100 % VT Neoxaline (1) D&% %R A 7= (Scheme 50), 9", SEM
FaEBREFT L, CHLClLH, (E)-100 (ZxF L CTH—HR DM & FERIZ MesAl % 1EH
SED, FEREIN S NS DAHRIEST, £ TRV A AFETH S MeAlCI
BRI, CHCL F CERH EE 72 & 2 A, BLRT & [FERIZ 9 KR D= v X VA L& fF
- T SEM JE3 iR L. 101 Z U 87% CTHL T E 72, fi&IC 9 AiKEEI D TBS K%
HFepyridine % F\ T 77% Tk % L, Neoxaline D&k & FERL L 72,

T R=VBOSDIENEE L, EBIRNART & Fe b 2F 2 OMEUENTENL L
722k, SSEOEMBHEFREIC 2 VD . KRR Neoxaline & 300mg A 77 —/L
THT 2 Z LTkt Lz,

Me3Al, CH,Cl,
—-78°Ctort
9 (no reaction)

HF-pyridine

—_—

| N )= — pyridine ’TIHN —
MeO / _— 7% MeO —
SEM Me,AICI, CH,Cl,

OHN_N  "7gCto0°c OHN N O AN N

(E)100 87% 101 Neoxaline (1)

Scheme 50. Total synthesis of Neoxaline (1)
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11 -10. Neoxaline ¥E#5/A D24 Rk

FRLE TORMRITE Y Neoxaline DRI RERA R EERNK L, £ Okt L IARKE
ELHALNE L, o, AR OUGEIZL Y Neoxaline D E&MIMLFG  FIHE & 72 -
72. % Z . Neoxaline (1) D¥E# A T&H 5 Meleagrin A (102), Oxaline (103) DA kI
EF LT, 708, Neoxaline FHixADREMOMEIL LTS | Oxaline (102)ZBRE
Z ORI LA E S RRETH D,

I1-10-1. FERIR DS kR ig

Neoxaline ¥8#% K C & % Meleagrin A (102)i% Neoxaline (1) 9 (T /KR A B (L35 =
& THRTE 5 &% %, Oxaline (103)1Z Meleagrin A (102) D 9 A7k g FLERIRAY 72 A F /L
Bz L W ARk T& % L& X 7= (Scheme 51),

7 74
OH OMe
o selective e
N o methylation N o
______________ -

[HN. /= |HN_/=—
MeO m MeO m
O HN__N O HAN__N

Neoxaline (1) Meleagrin A (102) Oxaline (103)

Scheme 51. Synthetic strategy for Neoxaline analogs
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1T -10-2. Meleagrin A O 24 1%

AL ERBFFERT D4 H 6 1L RKIRD Neoxaline DFFEAIZ T 9z /KEE I % Albright-Goldman
DIRLSME V% AV TERE L TS ), Zo@ &Iy, DMSO |, Ao
Neoxaline (1)IZ%f L Ac,0 Z1EH &8, 7 F K104 & L, RO FE % K,CO5 &
MeOH Z{EHHSHE 5 Z & TAc E&ZBREL, 2 TR, ILEE 75% T Meleagrin A (102)D
WD AR A R L 7= (Scheme 52),

— Y -
OAc 7 OH
N o K2003 (@)
N - - N N
MeéHN\&::ﬁ}_\ MeOH | HN_ )=
HN — 75% (2 steps) MeO =
O PN O HN__N
Neoxaline (1) 104 Meleagrin A (102)

Scheme 52. Total synthesis of Meleagrine A (102)

1-10-3. &% L 7= Meleagrin A & KX Meleagrin A & @ Lrig

AR L7- Meleagrin A & 'H-NMR Z22 /L & KK Meleagrin A Ol *D & % b
L7ZEZA, T Rrbe RF U UEDD 150, 1807, 20D X /v 7 MEIZ
ENRZER NGB Bz, L L. Neoxaline DA L [AFEIZ, Meleagrin A 132 < @
BHERFF, HEMEAETLIA IE Y =N EEATWD S, HIEEREED pH 23, 47
SHNTT MEICEEE 5 X2 TWAAREENH -7, % Z T, Enzo Life Science, Inc.
B IRFE STV 5D KK Meleagrin A ZIEA L, Apiaih, KD H 3 L OV PC-NMR
EENENEEY DUBWEPTHE L EZ A, ZODRAXRY MTF — XI55 —
A&7~k L, Meleagrin A D25 & #esd L7- (Figure 10), F7=&Eubh & KIRW) O L fiE
FEIZRW—HA2 R L7 LD {[synthetic Meleagrin A; [o]o® = —108.0 (c = 0.5,
CHCI3)]. [naturally occurring Meleagrin A; [a]p”® = -116.0 (c = 0.088, CHCl3)]}Meleagrin A
DXL E A2 FKFLOMEY | 2S,3R LIRETE T2,
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[:;f\\ ! S~
A kit &\ =0
=1 B a]u] RN P "N/
3 [HN_ /=
] MeO \& =
= OHN__N
] Meleagrin A
H
S =] . n _JL
2
- T T T T T T T T T
9.0 20 6.0 5.0 4.0 30 20 1.0 0 -1
X : parts per Million : 1H
N?
E E Eli\\ %a
3 4 |
E 4
< 1
i | )
= T T T T T ™ L B T T T T T T T T T T T T T
9.0 8.0 6.0 5.0 4.0 3.0 20 1.0 0 -14
X : parts per Million : 1H
=2 AR
= Xan
0 bl ! ! dl my ! it
_ =4l ) ' )
) L " Wkl e i Al
=
7
2
2000 1900 180.0 1700 1600 1500 140.0 1300 1200 1100 1000 90.0 800 700 600 500 400 300 200 100 0 -10.0
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E
‘ {l\ I | TH ([T | Iy ' |
T L | | | |
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Figure 10. *H and *C-NMR spectra of Nat. Meleagrin A (102) and Syn. 102
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11 -10-4. Oxaline D44k

Oxaline O & F%1E Meleagrin A @ 9 i /KEEIE 2 A F AL TEIUTER TE L8, 7
IREAIZT—NHDRATFMMERFHET D ETHIND, BEICINETIIT- 2
TIvE FrA %y ROBRWZR 2 FIULORFITIE, EOAFMALEETH, 73
KA I Z =D A F AL 5iA LT 5 (Scheme 53),

7 7
OTBS OTBS
N o MeOTf, Me;OBF; or Mel N o
'T‘HN > I N
HO \( any base MeO \%
Me
o} o)
47 66c
7 7
OTBS K,COs, Mel OTBS
DMF, 55% (SM 30%)
o] o]

N T
| N_/— 171 | N /—
HO / — TMSCHN, MeO / =
Benzene, MeOH SEM o N

SEM HN
O PN (no reaction)
(E)-96 99

Scheme 53. Previous attempts for selective methylation

L2xL, TMSCHN, & HWe & TldA I 7Y — I A F b2 & o
3o TND Ly REMETOD 9 NLKEEHED 2 F At &7 AT, BlE Meleagrin A (2% L,
Benzene/MeOH H'C, TMSCHN, Z/Eflsd7= & 2 A, TPHREBEVAIX S —ILDATF
JAGIZEITE T, 9NIKEEIED XA FIALMNEIT L7122, 7 X RO XA TF AL A L.
DAF IS T2 105 DE BN DR L 72 o 72 (Scheme 54),

7 7z
OH OMe
o TMSCHN, 0
N N - N N
|HN_ /= Benzene/MeOH | N_/—
MeO — 60% MeO | —
O HN__N Me O HN N
Meleagrin A (102) 105

Scheme 54. Methylation of Meleagrin A (102)
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BRI 72 9 KR I D A FNAIZR S T T L, 7 2 NERFEK 100 2> 5B
KEEFE DA & TMSCHN, & W A F AL Z AT o 72  SEM a2 fRET 52 L & L
7-. Neoxaline (1) D& T EATEH % 100 D TBS H:% CH,Cl, ', TBAF Z/EH &8 %
Z & TEREL., 105 & EINER T 7= (Scheme 55), ¥kiZ. Albright-Goldman fig{l o> &1
TP 105 OKEEIEDER L & | Fe BT EF Iz LV 106 2 2 THE, IR 72% CTH K
L7z, KEEHD X F 1 {bid, 106 (Zxf L, Benzene/MeOH H1, TMSCH,N, % {Ef =
HZ LT, INET6% TER L, %I MeAICI ZHWT SEM & frE4 52 & T,
Oxaline DY D&/ & ERK LT,

4 % 1) TMSCHN, Vi
O-R OH MeOH OMe
1) Ac,O = Benzene =
0,
o DMSO o 76 % o
N : NN —_— N
— 2) KoCO3 2) Me,AICI
MeO / = 7293 MeO / __ CHC, MeO _
SEM o SEM —-78°Cto0°C
O HN. N (2 steps) OHN__N 74 9 O HN__N
TBAF 100; R = TBS 106 Oxaline (103)
CH,Cl, E
90% 105;R=H

Scheme 55. Total synthesis of Oxaline (103)
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I1-10-5. K%Y Oxaline (103) & &k & Ok T — Z D bl

Z
K4 Oxaline (103) (Figure 11)® 'H-NMR 57— % |3t ELAF52 M

FTOASHLNME LD & L bAHE L7EH O T 15147, "

18 (i, 20 2D/ X v 7 MERE/R > T 5% 092 Lpk Nk =

L 7= Oxaline (103)0 H-NMR 11 “SOBEED L b5 b~ 0 Ll

BLZhoTz, T 6 OE L Neoxaline (1)<° Maleagrin A b

(102) D4 & AR EAE DO pH DEBIC L B b D L B2 5 Oxaline (103)

N5, EFLIZ Oxaline (103)D H-NMR Z~%7 ~LHIEIZIIT  Figure 11, Oxaline
% BT D BB & FE L 72 O CTLL R IZ 9 (Table 16),

Table 16.
Nat. Oxaline Syn. Oxaline
(CDCly) cDCl, 0.1% 0.01% 0.005%
Ref. 39b Ref. 41 TFA/CDCI; TFA/CDCl; TFA/CDCl;
15z 8.32 8.37 8.37 8.33 8.34 8.35
18 iz 7.42 7.58 7.68 7.74 7.51 7.52
207 7.02 7.23 7.26 7.17 7.13 7.14

F9°, ARk L7z Oxaline (103)% CDCly O A THIE L7=8a. 18L& 20 D7 1 kv
DNERSC DR & Be7p DA R L=, RIZ 0.1% TFA @ CDCl 512785 L. Oxaline
DMHNMR ZRIELT-E A, #HE LT —H LAV E DD, CDCls DA THIE LT
AL LT, IS5 MO I Ny T MEOEBSEY 7 b, 18 (i 2 Ny 7 b
EORBEG Y 7 M, 20/ LD I N7 MEDOERSGY 7 MR TE -, 70, 15
AL, 18 fr, 20 PWLLIADBIEEIC XA 2o T2, RIZ 0.01%TFA/CDCl; A1 T,

Oxaline (103)ZHEL7-L Z A, 0.1% TFA/CDCl; & L LT I8 (D7 I v 7 b
ERERIEY 7 R L=, &5120.005% TFA/CDCls & ZA LT O E O B TIE,

0.01% TFA/CDCl3 TOHRIERF & Rl U R L 72 o7z, LLEOKRFHT LV, EIEEL T O
DIEEEAH Oxaline (103)D 15 i, 18 fif, 20 iz H-NMR A7 MZ A 5.2 % =
CHRFAIATE -, 2. ZOREEID TH-NMR 2227 FLOHEE & DIz L 55
Ji% Oxaline (103) DA IER EILREE - E 2 b s, &2 T, ARk L7z Oxaline (103)d X
PGS AT 5 2 & & Lz, Ak L72 Oxaline (103) X #pfk Sh i & ARAT 12 & -
THELILT-HEEIL, KK Oxaline (103)0 X #ifkdb i EfRHT *¥ 12 L » TR S - trE
&—E L, Oxaline (103)D &AM AZ =K L= 2 & 2R C& 7= (Figure12), £7-. &
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fdh & R D LLESEE & BV —E &7~ L= Z £ x5 Oxaline DN AR ZHER T 7=,
{[synthetic Oxaline; [a]p?® = —49.5(c = 0.5, MeOH)]. [naturally occurring Oxaline; [a]p? =
_45.0 (c = 0.3, MeOH)]}

Oxaline

Figure 12. X-ray crystal structure of Oxaline (103)
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I1-10. Neoxaline & & D& B IR O TE M REA

AR L7z Neoxaline, 3 X ONERFMAEOHRE, Hfi~7 V7, FLREY N YV —<iE
PR AT o 72, RICHE., Pi~7 U T2 A LI b EMITE A TE R o7z
LOD, GREFHEOH N Y X Y —<iEEE AT 2 LN T& 7z, LATICIER A m
B AT B R R o # — IS THT o 72t b U X ) — < IEHERBR OE R 2 R
(Table 17),

Table 17. Anti- trypanosome activity of synthetic Neoxaline (1) and intermediates

1Cs (ng/mL)
Anti-tryp activity Cytotoxity
Sample T.b.b GUTat 3.1 MRC-5 Si
Nat. Neoxaline 1.76 - -
Syn. Neoxaline >12.5 >28.24 <2.3
Z-Neoxaline >12.5 <0.1 <0.008
39 11.90 34.51 2.9
40 7.03 56.0 8.0
107 0.21 >100 >476.2
(9S)-45 7.03 58.13 8.3

\\OH
N (0]
N
|HN_ /—
MeO — MeO
Neoxaline Z-Neoxaline
74
oTBS OTBS OH
(6]
(o) (@)
N~ HN N~ AN N~ HN
H H H  H
MeO HaN HoN HO N
e o O 2 o) H, 0
39 40 107 (95)-45
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KX Neoxaline (ZFWHL h Y X YV —<iEEEZ R L2 DD, A% L7- Neoxaline
FPLR U X ) —<IE R R E Do T, 2D LD, KW SO R M) 03
BE->TEY, TORMBNHL N Y RV —<iEEOIEEARIKTS S -7l REMEN B 5,
— T, AV R AT I —/VEKEA L TORWERFREIEL 39, 40, 107,
(95)-45 DHL R U X YV —<{EEN R S vz, b i7eiE M (ICs =0.21 pg/mL) %
R L7z 107 138 BEVY (ICs >100 pg/mb)Z EMBH MU /R —<FOHH Y —
NMea & L THIFFCE %, 107 O/KEEIEAN TBS (b &7z 40 Tik, IEMEDOIL T A4
BTz, TDOZ D TBS HAEHT 5 39, (95)-45 D /KEEEL % Bifri#E 3 AUZTEMEA W)
T LT, £72, 40 & 6 BERILIATH 5(9S)-45 OIEMEIT K E 72721 B
RN ENG, BIRT I TV OFBITEEICEE LW EE X BILD,
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EFITIQ)Y A=A T L= VOSBRI R QRN RA > R A D
T B O, QE BRI T E e b AT VU HOME L ER L, (4)KAR
¥) Neoxaline, Meleagrin A, Oxaline DHIDARF EE KA E/NK LTz, TORERELITIZ
FEH5,

(1) V/R—=RT L= VHED LRI 7238 A

FTBAFIEE DA LT FIE TR L FENER 3ot Rr¥F v 7 Af R 9
2D 2 TR, R 94% T, 16 ~EHa L7, BF;-OELfFA{E . L= ) T7TF /L
TIRELIEIED 2 & T VEARIRIZY R—=A T L=V HEREA ST A VR
U 16 ZH—DRMEARLE L THDS Z LIZaE) L7z (Scheme 56).

NH N J

) Alloc-Cl SnBus
NaH003 aq. O)J\CCI3 >J
CH,Cl,, 94% Q_X
Qﬁ 3 —grrem | ST | — LK
2) CI3CCN, DBU BF;-OEt, N

N . Y
CH2C|2 quant A”o‘: CH20|2 —40°C Alloc
87%

15 16
Scheme 56. Stereoselective introduction of the reverse prenyl group

(2) A FU AR T I F—/LEEOHELE

ko> 16 725 10 T2, 51% T 40 285 L., ¥ 7 AT Ui N UL Huwiz
iz i, =bhr 44 LBRIUIK 46 O EZHR LT, ZD%, RIGHRFIC @b
e WER AN Z T 44 OBR{L L 45 O ZEITIHE, RIR=he K46 2 1A > b
TEHR LT, B4 46 % t-BuyN'OH TULEET A2 LT, A1 R v AR T ) —
IVERG E GRS D 2 L ITEE) L 7= (Scheme 57),

4 Z
OTBS OTBS OTBS
Na,WO, then PbO,
H,O5curea o AcOH
HN - > ~ HN N — >
N +N N
H MeOH | | H 87%
H2N O0°Ctort OH N H?—| N
(@] 2 2
0 © O 45 _
7 4
OTBS OTBS
o  TBAOH
> N = NN
| l CH,Cl, L HN
- -8°C HO
H N
2 o} 93% 54 O

Scheme 57. Construction of indoline spiroaminal framework



QR)EEBIRM AT B Rk ATV U OHEEE

AV RYAEBRT I T — R4 5 4 TFETABRLTZN-A FX14K98 & 7T
K80 EDT IV K=V LD TV K= LAk 99 & —“FED 7 A7 LV AREW
& LT (dr=1:1.2), #i\ T 99 O/KEEEIC Boc HAaH A L7, HAMSRMETIC
TA I XY —)L D Boc EDMHEIZAE D BRI S 2 BT S E 5 2 & T, EBRMIC
TE RRERATF UV UMEMEST HZ L3 TX 7z (Scheme 58),

74 7 B a
OTBS OTBS OTBS
LDA , THF o 1) Boc,0, DMAP o
N ~78°C1t00°C N on __THF N SoBoc
N then | N | N
MeO / \{ N MeO / H = 2) NaH, MeOH MeO / | N\>
SEM 04\[\> SEM o N nN_ HF sem ¢ L
“Boc S)
N
65 g0 N 99 C
88% dr = 1:1.2
7
OTBS
s
- . N

I Nﬁ
MeO / —

SEM ¢ HN\7N

(E)-100
73% in 2 steps
((2)-102 = 16%)

Scheme 58. E-selective construction of dehydrohistidine moiety
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(4) Neoxaline, Meleagrin A, Oxaline DAk & #oxf SR & DY E

(E)-100 ® SEM #£i% Me,AICI ZEH &% Z & TN ONAKMEFEDO = B A2 VAL Z
S>THRETHZ ENTE (Scheme 59), &2, 9NI/KEEILD TBS K& FrETH 2
& C Neoxaline D& A 2R L7z, Meleagrin A (102)0)/£ (1%, Neoxaline ()75
KEEFEDOER(L, 7 ' F b 2 TR TRk L7z, Oxaline (103)D 44 B (E)-100 &
O NL/KERIE DML & R ik < A F AL ZITV, BIZIC SEM K& frET 52 LT
R LT,

7
4 OH OH
oTBS 1) Me,AICI, CH,CI s
€2 , LU
° —-78°Ct00°C o 1)3&2&) N o)
N © 87% NN N
N — |HN_ )= —_— o HNW
MeO /Nﬂ 2) HF-pyridine MeO = 2)5@%?_'3 W
— e . N \
SEM  { HN N pyridine, 77% e} HN\7N 75 % >
he Neoxaline (1) (2 steps) Meleagrin A (102)
(E) 100
TBAF
CH20I2
90%
7
1) TMSCHN, OMe
OH MeOH _
1) Ac,O Benzene 5
¥ o
o DMSO 76 A) N N
ch03 2) Me,AlCI MeéHNﬂ
MeO / —, MeOH MeO / CHyCl W
SEM GHN__N 2% (2steps) SEM OHN 78 C100°C O HN__N
e 4% Oxaline (103)
105 106

Scheme 59. Total synthesis of Neoxaline (1), Meleagrin A (102) and Oxaline (103)
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1. General Information

Unless otherwise noted, Reactions were conducted under nitrogen atmosphere. Reagents
and solvents were commercial grades and were used without any purification. Dry THF,
toluene, CH,Cl,, DMF, DMSO were purchased from Kanto Chemical Co., Inc and stored over
activated MS4A. All reactions were monitored by thin layer chromatography (TLC) using
Merck silica gel 60N F252, pre-coated plates (0.25 mm). Flash chromatography was carried
out with Kanto Chemical silica gel (Kanto Chemical Co., Inc., silica gel 60N, spherical
neutral, 0.040-0.050 mm). Preparative thin-layer chromatography (Prep. TLC) was carried out
with E. Merck silica gel plates (60F-254, 0.25 or 0.50 mm). Nuclear magnetic resonance (*H
NMR (500 MHz), *C NMR (125 MHz)) spectra were determined on JEOL JNM-ECA-500.
Chemical shifts for ‘H NMR were reported in ppm relative to the center line at 7.26 ppm
(CDCl3), 3.31 ppm (CD30OD), 2.50 ppm (DMSO-dg), and 7.58 ppm (pyridine-ds). The
following abbreviations are used for spin multiplicity: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, br = broad. Chemical shifts for >*C NMR were reported in ppm relative
to the center line at 77.0 ppm (CDCls), 49.0 ppm (CD3;0D), 39.5 ppm (DMSO-dg), 163.15
ppm (DMF-d), 135.91 ppm (pyridine-ds). All infrared (IR) spectra were measured on Horiba
FT-210 spectrometer and were reported in wavenumbers (cm™). Optical rotations were
measured with a Jasco P1010 polarimeter. Melting points were measured on Micro Melting
Point Apparatus (Yanaco New Science Inc., MP-S3). LC-CD was performed on Jasco
CD-2095 Plus (CD detector), Jasco PU-2080 Plus (HPLC pump), Jasco CO-2065 Plus
(column oven). High resolution mass spectra (HRSM) were measured on a JEOL
JMS-AX505 HA, JEOL JMS-700 MStation and JEOL-JMS-T100LP. The photolysis reactions
were carried out with high-pressure mercury lamp (Daico MFG Co., Ltd., 100 W,
HL100CH-4) and shortpass filter (Asahi Spectra Co,. Ltd., Shortpass Filter / UV 325nm,
ZUS0325)

104



2. Experimental procedure

(3aR, 8aS)-3a-Hydroxy-2,3,3a,8a-tetrahydro-furo-indole-N-allyl ester (14)

HO HO
@ Alloc-Cl, NaHCO, W
_— >
N o CH,Cly, H,0, 94% N o
H H  H
Alloc
9 14

To a solution of 9 (1.80 g, 10.1 mmol) in CH,Cl, (25 mL) was added sat. aq.
NaHCO;3; (25 mL) and allyl chloroformate (4.3 mL, 40.4 mmol) at room temperature. After
stirring for 45 min at room temperature, the reaction mixture was extracted with CH,Cl; twice.
The combined organic extracts were dried over Na,SO, and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel (Hexane : EtOAc =1:0to
5:1)to give 14 as a colorless oil (2.48 g, 94%).

[0]o%® —22.7 (¢ = 1.0, CHCI5); IR (Diamond Prism) vmax (cm™): 3433, 2924, 1689, 1404, 1041,
763; 'H NMR (500 MHz, DMSO-ds, 70 °C) & 7.69 (brd, J = 7.5 Hz, 1H), 7.44 (m, 1H), 7.32
(ddd, J = 7.5, 7.5, 1.7 Hz, 1H), 7.11 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 6.01 (ddt, J = 17.2, 10.6,
5.2 Hz 1H), 5.93 (brs, 1H), 5.66 (s, 1H), 5.40 (ddt, J = 17.2, 1.7, 1.7 Hz, 1H), 5.26 (ddt, J =
10.6, 1.7, 1.2 Hz, 1H), 4.74 (m, 2H), 3.99 (ddd, J = 9.2, 7.5, 2.2 Hz, 1H), 3.39 (ddd, J = 10.9,
9.2, 5.2 Hz, 1H), 2.38 (ddd, J = 12.0, 10.9, 7.5 Hz, 1H), 2.29 (ddd, J = 12.0, 5.2, 2.2 Hz, 1H);
13C NMR (125 MHz, DMSO-dg, 70 °C) & 152.0, 141.7, 133.3, 132.5, 129.1, 124.2, 123.1,
117.2, 113.7, 98.0, 85.3, 66.9, 65.3, 40.4; HRMS (ESI*) m/z 284.0909 [(M+Na)*; calcd for
CuH1sNO,Na: 284.0899].

(3aR, 8aS)-3a-Trichloroacetoiminoxi-2,3,3a,8a-tetrahydro-furo-indole-N-allyl ester (15)

H

CCI3
W _ClsCCN, DBU w
CH,Cl,, quant.
AIIoc AIIoc
14 15

To a solution of 14 (2.40 g, 9.2 mmol) in CH,Cl, (92 mL) was added CI;CCN (11.1
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mL, 110 mmol) and DBU (0.14 mL, 0.92 mmol) at room temperature. After stirring for 2 h at
room temperature, the reaction was quenched with sat. agq. NH4Cl (20 mL), and the resulting
mixture was extracted with EtOAc. The organic extract was washed with brine and dried over
Na,SOy. The solution was concentrated in vacuo and the residue was purified by flash column
chromatography on silica gel (Hexane : EtOAc = 4 : 1) to give the trichloroacetoimidate 15
(3.72 g, quant) as a colorless oil.

[0]p®* +134.1 (c = 1.0, CHCI3); IR (Diamond Prism) vma (cm™): 3332, 2947, 1721, 1396,
1257, 1065, 756; *H NMR (500 MHz, DMSO-ds, 70 °C) & 9.39 (brs, 1H), 7.70 (brd, J = 7.5
Hz, 1H), 7.52 (d, J = 7.5 Hz, 1H), 7.38 (m, 1H), 7.12 (dd, J = 7.5, 7.5 Hz, 1H), 6.31 (s, 1H),
6.02 (ddt, J = 17.2, 12.2, 5.2 Hz, 1H), 5.41 (ddt, J = 17.2, 1.7, 1.7 Hz, 1H), 5.27 (m, 1H), 4.76
(m, 2H), 4.10 (ddd, J = 9.2, 7.6, 1.7 Hz, 1H), 3.45 (ddd, J = 11.7, 9.2, 5.2 Hz, 1H), 2.71 (ddd,
J =123, 11.7, 7.6, Hz, 1H), 2.61 (ddd, J = 12.3, 5.2, 1.7 Hz, 1H); *C NMR (125 MHz,
DMF-d;) & 159.8, 153.7, 145.7, 134.1, 131.8, 129.2, 125.8, 124.6, 118.2, 115.5, 96.5, 95.7,
92.3, 67.4, 67.1, 41.0; HRMS (ESI*) m/z 426.9998 [(M+Na)*; calcd for CiH1sClsN,O4Na:
426.9995]

(3aR, 8aS)-3-(1,1-Dimethyl-2-propenyl)-2,3,3a,8a-tetranydro-furo-indole-N-allyl ester (16)

J‘I‘ SnBug 74
o~ ~ccl, >J
—_—
Qﬁ BF;-OEt, o
N"H CH,Cl,, —40 °C NTY,

| |
Alloc 87% Alloc
15 16

To a solution of prenyl tributyl stannane (0.85 mL, 2.3 mmol) and BF3*OEt, (0.26
mL, 2.1 mmol) in CH,CI; (11 mL) was added the solution of imidate 15 (0.85 g, 2.1 mmol) in
CH,Cl, (10 mL) dropwise at -40 °C. After stirring for 5 min at -40 °C, the reaction was
qguenched with sat. ag. NaHCO3 (10 mL), and the resulting mixture was extracted with
CH.CI; twice. The combined organic extracts was washed with brine and dried over Na,SO,.
The solution was concentrated in vacuo and the residue was purified by column
chromatography on silica gel containing K,COs (silica gel : K,CO3 =10 : 1, Hexane : EtOAc
=18 : 1) to give the prenylated product 16 (0.57 g, 87%) as a colorless oil.
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[a]p?* —27.2 (c = 1.0, CHCI5); IR (Diamond Prism) vmax (cm™): 2970, 1712, 1396, 1273, 1041,
926, 756; *H NMR (500 MHz, pyridine-ds, 70 °C) & 8.11 (m, 1H), 7.34 (d, J = 7.5 Hz, 1H),
7.33 (d, J = 8.6 Hz, 1H), 7.10 (dd, J = 7.5, 7.5 Hz, 1H), 6.23 (s, 1H), 6.05 (dddd, J = 17.2,
11.5, 5.2, 5.2 Hz, 1H), 6.00 (dd, J = 17.2, 10.6 Hz, 1H), 5.47 (d, J = 17.2 Hz, 1H), 5.20 (m,
1H), 5.07 (d, J = 10.6 Hz, 1H), 5.04 (d, J = 17.2 Hz, 1H), 4.89 (dd, J = 13.5, 5.2 Hz, 1 H),
4.84 (dd, J = 135, 5.2 Hz, 1 H), 3.95 (dd, J = 8.3, 7.7 Hz, 1H), 3.44 (ddd, J = 11.5, 8.3, 4.6
Hz, 1H), 2.37 (ddd, J = 11.7, 11.5, 7.7 Hz, 1H), 1.99 (dd, J = 11.7, 4.6 Hz, 1H), 1.08 (s, 3H),
1.00 (s, 3H); **C NMR (125 MHz, pyridine-ds, 70 °C) & 153.5, 145.1, 144.3, 134.3, 133.8,
129.4, 126.2, 123.8, 118.1, 115.4, 114.4, 96.4, 68.7, 66.7, 63.7, 41.3, 36.3, 24.1, 23.5; HRMS
(ESI") m/z 336.1579 [(M+Na)"; calcd for C19H23NO3Na: 336.1576].

(3aR, 8aS)-3-(1,1-Dimethyl-2-propenyl) -2,3,3a,8a-tetranydro-furo-indole (18)

7 7

Pd(PPh3),

dimedone

TR .

N MeOH, 98% T
 H H H
Alloc
16 18

To a solution of 16 (1.80 g, 5.8 mmol) in MeOH (58 mL) was added dimedone (1.6 g,
11.6 mmol) and Pd(PPh3), (670 mg, 0.6 mmol). After stirring for 2 h at room temperature, the
reaction was diluted with CHCI3; (30 mL) and filtered through celite pad. The filtrate was
concentrated in vacuo and the residue was purified by flash column chromatography on silica
gel (Hexane : EtOAc =10 : 1) to give 18 (1.31 g, 98%) as a colorless amorphous.

[a]p?® —117.8 (c = 1.0, CHCIs); IR (Diamond Prism) vmax (cm™): 3340, 2970, 1604, 1466,
1041, 910, 741; *H NMR (500 MHz, CDs0D) & 7.13 (dd, J = 7.5, 1.2 Hz, 1H), 7.00 (ddd, J =
7.5,7.5,1.2 Hz, 1H), 6.65 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 6.54 (d, J = 7.5 Hz, 1H), 6.07 (dd, J
=17.5, 10.9 Hz, 1H), 5.41 (s, 1H), 5.08 (dd, J = 10.9, 1.2 Hz, 1H), 5.04 (dd, J = 17.5, 1.2 Hz,
1H), 3.87 (ddd, J = 8.6, 7.5, 1.2 Hz, 1H), 3.38 (ddd, J = 11.5, 8.6, 4.9 Hz, 1H), 2.35 (ddd, J =
11.5, 11.5, 7.5 Hz, 1H), 1.95 (m, 1H), 1.10 (s, 3H), 0.99 (s, 3H); *C NMR (125 MHz,
CD;0D) § 152.5, 146.2, 132.2, 129.3, 126.3, 119.1, 113.8, 109.3, 96.8, 68.4, 65.8, 41.7, 37.1,
23.9, 23.5; HRMS (FAB®, NBA matrix) m/z 230.1540 [(M+H)"; calcd for CisH,oNO:
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230.1545].

NOE observation of 18

Ybos%

1.2%

Iz

NOE; —

(3R)-3-(1,1-Dimethyl-2-propenyl)-3-(2-hydroxyethyl)-2,3-dihydro-indole (24)

% NaBH(OAc);, AcOH %\/
1,2-dichloroethane

88%

To a solution of 18 (1.20 g, 5.2 mmol) in 1,2-d|chloroethane (26 mL) was added
NaBH(OACc);(3.30 g, 15.6 mmol) and AcOH (0.9 mL, 10.4 mmol) at room temperature. After
stirring for 3 h at room temperature, the reaction was quenched with sat. ag. NaHCO3 (10 mL),
and the resulting mixture was extracted with CH,CI, three times. The combined organic
extracts were washed with brine and dried over Na,SO,4. The solvent was concentrated in
vacuo and the residue was purified by flash column chromatography on silica gel (Hexane :
EtOAc =8 : 1) to provide 24 (1.05 g, 88%) as a colorless amorphous.

[a]o?+15.0 (c = 1.0, CHCIy); IR (Diamond Prism) vima (cm™): 3325, 2962, 1604, 1466, 1034,
748; 'H NMR (500 MHz, CDCls) 6 7.15 (d, J = 7.5 Hz, 1H), 7.04 (ddd, J = 7.5, 7.5, 1.2 Hz,
1H), 6.72 (dd, J = 7.5, 7.5 Hz, 1H), 6.62 (d, J = 7.5 Hz, 1H), 6.00 (dd, J = 17.2, 10.9 Hz, 1H),
5.05 (dd, J = 10.9, 1.4 Hz, 1H), 5.02 (dd, J = 17.2, 1.4 Hz, 1H), 3.61 (d, J = 9.7, 1H), 3.44
(ddd, J = 11.3, 6.7, 5.2 Hz, 1H), 3.32 (d, J = 9.7 Hz, 1H), 3.29 (m, 1H) 3.23 (ddd, J = 11.3,
8.0, 5.7 Hz, 1H), 2.01 (ddd, J = 13.7, 5.7, 5.2 Hz, 1H), 1.93 (ddd, J = 13.7, 8.0, 6.7 Hz, 1H),
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1.08 (s, 3H), 1.08 (s 3H); *C NMR (125 MHz, CDCl3) & 151.5, 145.3, 131.7, 127.6, 125.2,
118.7, 112.7, 110.1, 60.6, 53.8, 53.8, 42.8, 38.1, 23.0, 22.7; HRMS (FAB*, NBA matrix) m/z
232.1706 [(M+H)"; calcd for CisH2,NO: 232.1701]

(3R)-3-(1,1-Dimethyl-2-propenyl)-3-(2-hydroxyethyl)-2,3-dihydro-indole-1-allyl ester (23)
7 7
OH Alloc-Cl, NaHCO4 OH

CH2C|2, Hzo, 970/0 N

|
Alloc
24 23

To a solution of 24 (2.80 g, 12.1 mmol) in CH,Cl, (60 mL) was added sat. ag.
NaHCO;3; (60 mL) and allylchloroformate (5.1 mL, 48.4 mmol) at room temperature. After
stirring for 1 h at room temperature, the reaction mixture was extracted with CH,Cl, twice.
The combined organic extracts was dried over Na,SO,4 and concentrated in vacuo. The residue
was purified by flash column chromatography on silica gel (Hexane : EtOAc=1:0to1:1)
to give 23 as a colorless oil (3.70 g, 97%).

N
H

[a]o—16.5 (c = 1.0, CHCI5); IR (Diamond Prism) vimax (cm™): 3425, 2962, 1697, 1404, 1026,
756; *H NMR (500 MHz, CDCls) 6 7.86 (m, 1H), 7.21 (m, 1H), 7.17 (d, J = 7.5 Hz, 1H), 6.96
(dd, J = 7.5, 7.5 Hz, 1H), 6.00 (m, 1H), 5.84 (dd, J = 17.2, 10.9 Hz, 1H), 5.36 (brd, J = 16.6
Hz, 1H), 5.26 (brd, J = 9.7 Hz, 1H), 5.07 (d, J = 10.9 Hz, 1H), 5.02 (d, J = 17.2 HZ, 1H), 4.76
(m, 1H), 4.70 (m, 1H), 4.08 (brd, J = 11.5 Hz, 1H), 3.75 (d, J = 11.5 Hz, 1H), 3.45 (m, 1H),
3.34 (m, 1H), 2.22 (ddd, J = 13.8, 9.2, 5.7 Hz, 1H), 1.90 (ddd, J = 13.8, 8.6, 6.3 Hz, 1H), 1.0
(s, 3H), 0.98 (s, 3H); **C NMR (125 MHz, CDCl;) §152.3, 143.9, 143.4, 133.0, 132.6, 128.2,
125.3,121.9, 117.7, 114.6, 113.8, 65.8, 60.2, 54.4, 51.0, 43.3, 36.3, 22.2, 21.9; HRMS (ESI*)
m/z 338.1742 [(M+Na)"; calcd for C1gH,sNOsNa: 338.1732].
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(3R)-3-(1,1-Dimethyl-2-propenyl)-3-(2-etanal)-2,3-dihydro-indole-1-allyl ester (19)

YV 7
o
OH DMP
- = H
N CH,ClI,, quant. N
|
Alloc Alloc
23 19

To a solution of 23 (0.30 g, 0.95 mmol) in CH,Cl, (10 mL) was added Dess-Martin
periodinane (810 mg, 1.9 mmol) at room temperature. After stirring for 30 min at room
temperature, the reaction was quenched with sat. ag. NaHCO3 (3 mL) and sat. ag. Na;S,03 (3
mL). After stirring for 30 min at room temperature, the resulting mixture was extracted with
Et,0. The organic extract was dried over Na,SO,4 and concentrated in vacuo. The resulting
residue was purified by flash column chromatography on silica gel (Hexane : EtOAc =10 : 1)
to give a 19 (0.29 g, quant) as a colorless oil.

[0]o?* ~60.4 (C = 1.0, CHCIs); IR (Diamond Prism) vmax (cm™): 2970, 1705, 1396, 1149, 756 ;
IH NMR (500 MHz, CDCls, 60 °C) & 9.47 (m, 1H), 7.83 (brs, 1H), 7.28 (d, J = 8.6 Hz, 1H),
7.24(d, J = 7.5 Hz, 1H), 7.02 (dd, J = 7.5, 7.5 Hz, 1H), 6.04 (ddt, J = 17.2, 10.3, 4.6 Hz, 1H),
5.88 (dd, J = 17.5, 10.9 Hz, 1H), 5.40 (d, J = 17.2 Hz, 1H), 5.30 (d, J = 10.3 Hz, 1H), 5.17 (d,
J=10.9 Hz, 1H), 5.10 (d, J = 17.5 Hz, 1H), 4.77 (d, J = 4.6 Hz, 2H), 4.29 (d, J = 12.0 Hz,
1H), 3.85 (d, J = 12.0 Hz, 1H), 2.98 (dd, J = 15.5, 1.2 Hz, 1H), 2.68 (dd, J = 15.5, 2.9 Hz, 1H),
1.07 (s, 3H), 1.04 (s, 3H); °C NMR (125 MHz, DMF-d5) § 202.7, 153.3, 145.1, 144.6, 134.7,
134.5,129.4,126.8, 123.2, 118.1, 115.5, 114.9, 66.8, 56.0, 51.3, 48.6, 44.2, 23.0, 22.8; HRMS
(ESI") m/z 336.1576 [(M+Na)"; calcd for C19H23NO3Na: 336.1568].
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(3S, 2°S)-3-(1,1-Dimethyl-2-propenyl)-3-[2-hydroxypropyl-3-one-3-(glycine methyl
ester)]-2,3-di- hydroindole-1-allyl ester ((9S)-35)

and (3S,2°’R)-3-(1,1-dimethyl-2-propenyl)-3-[2-hydroxypropyl- 3-one-3-(glycine methyl
ester)]-2,3-dihydro-indole-1-allyl ester ((9R)-35)

O

% sv %
o OMe OH o)
H
B(OH); N
- - + 9R JJ\OMe
N DMF (0]
Alloc 50°C, 91% Alloc Elloc
(9S:9R=2:1)
19 (9S)-35 (9R)-35

To a solution of 19 (0.5 g, 1.6 mmol) in DMF (1.6 mL) was added
methyl-isocyanoacetate 7 (1.2 g, 12.0 mmol) and B(OH)3 (0.2 g, 3.2 mmol) under an ordinary
atmosphere. After stirring for 8 h at 50 °C, the reaction was quenched with sat. ag. NaHCO3 (5
mL) and extracted with EtOAc twice. The combined organic extracts was washed with brine
and dried over Na,SO,. The solution was concentrated in vacuo and the residue was purified
by flash column chromatography on silica gel (Hexane : EtOAc =5 : 1) to give the ester 35
(0.63 g, 91%, (95)-35 : (9R)-35 = 2 : 1) as an inseparable diastereomeric mixture. The
spectroscopic data were described later in page 113.

(3R)-3-(1,1-Dimethyl-2-propenyl)-3-[2-propanon-3-one-3-(glycine methyl
ester)]-2,3-dihydro-indole- 1-allyl ester (37)

74 74
OH o) o] o)
H H
N
9 \)J\OMe IBX - NQJ\OMe
N ) N )

| DMSO \
Alloc 99 % Alloc

35 37
(R:S=1:2)

To a solution of 35 (90 mg, 0.21 mmol) in DMSO (2.1 mL) was added IBX (88 mg,
0.32 mmol) at room temperature. After stirring for 1 h at room temperature, the reaction was
guenched with sat. aqg. NaHCO3; (1 mL) and stirred for 30 min. The resulting mixture was
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extracted with Et,O and washed with brine, dried over Na,SO,. The solution was concentrated
in vacuo and the residue was purified by flash column chromatography on silica gel (Hexane :
EtOAc =10 : 1) to give the ketoamide 37 (89 mg, 99%) as a colorless oil.

[0]o?+14.4 (c = 1.0, CHCI5); IR (Diamond Prism) vma (cm™): 3381, 2964, 1682, 1487, 1404,
1333, 1205, 1144, 756; *H NMR (500 MHz, CDCls) 8 7.75 (brs, 1H), 7.19 (dd, J = 7.5, 7.5
Hz, 1H), 7.11 (d, J = 7.5 Hz, 1H), 7.03 (m, 1H), 6.89 (dd, J = 7.5, 7.5 Hz, 1H), 6.02 (ddt, J =
17.2, 10.3, 4.6 Hz, 1H), 5.86 (dd, J = 17.2, 10.9 Hz, 1H), 5.38 (d, J = 17.2 Hz, 1H), 5.26 (d, J
= 10.3 Hz, 1H), 5.12 (d, J = 10.9 Hz, 1H), 5.07 (d, J = 17.2 Hz, 1H), 4.74 (brd, J = 4.6 Hz,
2H), 4.17 (d, J = 12.0 Hz, 1H), 4.04 (d, J = 12.0 Hz, 1H), 3.98 (dd, J = 18.3, 5.7 Hz, 1H),
3.88 (dd, J = 18.3, 5.7 Hz, 1H), 3.81 (d, J = 16.6 Hz, 1H), 3.73 (s, 3H), 3.12 (d, J = 16.6 Hz,
1H), 1.05 (s, 3H), 1.01 (s, 3H); *C NMR (125 MHz, DMF-d-, 80 °C) & 198.5, 170.5, 162.9,
153.3, 145.2, 144.8, 134.9, 134.6, 129.1, 126.4, 122.8, 118.0, 115.2, 114.9, 66.7, 55.6, 52.6,
51.8, 44.6, 41.9, 40.6, 23.1, 22.8; HRMS (ESI") m/z 451.1836 [(M+Na)*; calcd for
CasH2sN,06Na: 451.1845].

(3R, 2°S)-3-(1,1-Dimethyl-2-propenyl)-3-[2-hydroxypropyl-3-one-3-(glycine methyl ester)]
-2,3-di- hydroindole-1-allyl ester ((9S)-35) and (3R, 2’R)-3-(1,1-dimethyl-2-propenyl) -3-
[2-hydroxypropyl- 3-one-3-(glycine methyl ester)]-2,3- dihydro-indole-1-allyl ester ((9R)-35)

7 7
(0] H le) OH H fe}
N NaBH
%OMe o eshs 5 N\)kOMe
0 N 0

ITI MeOH, -78 °C
Alloc 99% Alloc
35
(R:S=95:1)

To a solution of 37 (89 mg, 0.21 mmol) in MeOH (2.1 mL) was added NaBH, (11
mg, 0.3 mmol) at -78 °C. After stirring for 30 min at —78 °C, the reaction was quenched with
sat. ag. NaHCO3 (2 mL), and the resulting mixture was extracted with EtOAc. The organic
extract was washed with H,0O, brine and dried over Na,SO,. The solution was concentrated in
vacuo and the residue was purified by flash column chromatography on silica gel (Hexane :
EtOAc = 1 : 1) to give hydroxyamide 35 (89 mg, 99%, (9S)-35 : (9R)-35 =1 : 9.5) as an

37
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inseparable diastereomeric mixture.

'H NMR (500 MHz, CDCl3) 7.92 (m, 0.9H), 7.85 (m, 0.1H), 7.53 (m, 0.1H), 7.29 (d, J = 7.5
Hz, 0.9H), 7.28-7.17 (1.1H), 7.12 (m, 0.9H), 6.99 (m, 0.1H), 6.98 (dd, J = 7.5, 7.5 Hz, 0.9H),
6.10-5.92 (1H), 5.85 (dd, J = 17.2, 10.9 Hz, 0.9H), 5.79 (dd, J = 17.2, 10.3 Hz, 0.1H),
5.43-5.31 (0.1H), 5.36 (d, J = 16.9 Hz, 0.9H), 5.26 (d, J = 10.3 Hz, 0.9H), 5.30-5.21 (0.1H),
5.08 (d, J = 10.9 Hz, 0.9H), 5.02 (d, J = 17.2 Hz, 0.9H), 5.12-4.96 (0.2H), 4.85-4.60 (2H),
4.25 (d, J = 11.5 Hz, 0.1H), 4.14 (m, 0.9H), 4.11-3.91 (3H), 3.87 (d, J = 12.6 Hz, 0.9H),
3.91-3.81 (m, 0.1H), 3.73-3.71 (3H), 3.12 (brs, 0.1H), 2.50 (d, J = 14.9 Hz, 0.1H), 2.39 (d, J =
14.9 Hz, 0.9H), 2.17 (dd, J = 14.9, 8.6 Hz, 0.9H), 1.92 (brs, 0.9H), 1.85 (dd, J = 14.9, 10.3 Hz,
0.1H), 1.00 (s, 2.7 H), 1.01-0.96 (3H), 0.96 (s, 0.3H);

3C NMR (125 MHz, DMF-d7, 80 °C) & for (9R)-35: 176.5, 171.4, 153.6, 145.9, 145.0, 135.2,
134.6, 128.8, 128.0, 122.5, 118.0, 115.1, 114.1, 70.8, 66.6, 55.4, 53.2, 52.4, 44.6, 41.8, 40.8,
23.4, 23.0; for (9S)-35: 176.4, 171.4, 153.4, 145.8, 145.4, 135.2, 134.7, 129.0, 127.4, 122.8,
117.9, 115.4, 114.1, 71.4, 66.6, 55.4, 53.5, 52.4, 44.8, 41.8, 38.5, 23.2, 22.9; HRMS (ESI")
m/z 453.1996 [(M+Na)"; calcd for Cp3H3oN,OgNa: 453.2002].

(3R, 2°S)-3-(1,1-Dimethyl-2-propenyl)-3-[ (2-tert-butyldimethylsiloxypropyl-3-one)-3-glycine
methyl ester]-2,3-dihydroindole-1-allyl ester ((9S)-38)

and (3S, 2°R)-3-(1,1-dimethyl-2-propenyl)-3-[(2-tert-butyldimethylsiloxypropyl-3-one)-3-
glycine methyl ester]-2,3-dihydro-indole-1-allyl ester ((9R)-38)

7z 7
OH OTBS
R 2 P
,B6-lutidine

9 oOMe —M 9 OMe
N o) CH,Cl, N 0
Alloc 0 °C, quant. Alloc

35 38
(S:R=1:9.5)

To a solution of 35 (89 mg, 0.21 mmol) in CH,CI, (2.1 mL) was added 2,6-lutidine
(24 pL, 0.43 mmol) and TBSOTTf (0.1 mL, 0.41 mmol) dropwise at 0 °C. After stirring for 1 h
at 0 °C, the reaction was quenched with sat. ag. NaHCO3 (1 mL) and extracted with EtOAc.
The organic extract was washed with 1N HCI aqg., brine and dried over Na,SO,. The solution
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was concentrated in vacuo and the residue was purified by flash column chromatography on
silica gel (Hexane : EtOAc =10 : 1) to give silyl ether 38 (112 mg, quant, (9S)-38 : (9R)-38 =
1:9.5) as an inseparable diastereomeric mixture.

'H NMR (500 MHz, CDCl3) 6 7.88 (d, J = 7.5, 0.1H), 7.84 (d, J = 7.5 Hz, 0.9H), 7.23 (m,
0.1H), 7.20-7.06 (1.9H), 7.02 (dd, J = 7.5, 7.5 Hz, 0.1H), 6.91 (dd, J = 7.5, 7.5 Hz, 0.9H),
6.77 (brdd, J = 7.5 Hz, 0.1H), 6.59 (m, 0.9H), 6.10-5.91 (1H), 5.81 (dd, J = 17.2, 10.9 Hz,
0.9H), 5.73 (dd, J = 18.3, 12.0 Hz, 0.1H), 5.41-5.32 (0.1H), 5.36 (d, J = 17.2 Hz, 0.9H),
5.29-5.21 (0.1H), 5.26 (d, J = 10.3 Hz, 0.9H), 5.07 (d, J = 10.9 Hz, 0.9H), 5.07-5.01 (0.1H),
5.00 (m, 0.9H), 4.98 (m, 0.1H), 4.83-4.61 (2H), 4.28 (d, J = 12.0 Hz, 0.9H), 4.23 (d, J = 11.5
Hz, 0.1H), 4.15 (dd, J = 5.3, 4.0 Hz, 0.9H), 4.10-3.95 (1.3H), 3.88 (dd, J = 18.3, 5.2 Hz,
0.9H), 3.77 (s, 0.3H), 3.72 (s, 2.7H), 3.53 (dd, J = 18.3, 3.4 Hz, 1H), 2.48 (dd, J = 14.9, 4.0
Hz, 0.9H), 2.35 (m, 0.1H), 2.13 (dd, J = 14.9, 5.3 Hz, 0.9H), 1.87 (dd, J = 14.9, 10.3 Hz,
0.1H), 0.96 (s, 2.7H), 0.93 (s, 0.3H), 0.91 (s, 0.3H), 0.91 (s, 2.7H), 0.85 (s, 8.1H), 0.84 (s,
0.9H), —0.07 (s, 2.7H), —0.21 (s, 2.7H), —0.20 (s, 0.3H), —0.65 (s, 0.3H);

3C NMR (125 MHz, CDCls) & for (9R)-38; 173.7, 169.7, 152.4, 143.8 (2C), 132.8, 132.4,
128.2, 126.8, 121.4, 117.7, 114.2, 114.1, 72.2, 65.8, 53.6, 52.3, 51.4, 44.2, 40.8, 38.4, 25.7,
22.3, 21.8, 17.8, —5.4, —5.7; for (9S)-38; 175.0, 169.9, 152.3, 144.2, 143.6, 132.7, 131.5,
128.4, 126.6, 122.0, 117.8, 115.0, 113.9, 72.7, 65.8, 54.0, 52.4, 51.8, 44.1, 40.8, 38.0, 25.6,
21.8,21.6,17.5,-5.4,—6.8

: HRMS (ESI") m/z 567.2852 [(M+Na)"; calcd for Co9H4sN,0sSiNa: 567.2866].
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(3R, 2°S)-3-(1,1-Dimethyl-2-propenyl)-3-[ (2-tert-butyldimethylsiloxypropyl-3-one)-3-glycine
methyl ester]-2,3-dihydroindole ((9S)-39) and (3S, 2’R)-3-(1,1-dimethyl-2-propenyl)-3-
[(2-tert-butyldimethylsiloxypropyl-3-one)-3-glycine methyl ester]-2,3-dihydro-indole
((9R)-39)

Pd(PPhs),
O
Y Me\N J\N/Me V
otBs o AN OTBS o
9
N%OMe T oo 9R N%OMe +
THF, 90%
ITI (0] H (@]
Alloc
38 (9R)-39 (95)-39

To a solution of 38 (80 mg, 147 pmol) in THF (15 mL) was added
1,3-dimethylbarbituric acid (46 mg, 294 pumol) and Pd(PPhs)s (17 mg, 15 umol) at room
temperature. After stirring for 30 min at room temperature, the reaction mixture was diluted
with CHCI3 (10 mL), and filtered through celite pad. The filtrate was concentrated in vacuo
and purified by flash column chromatography on silica gel (Hexane : EtOAc = 10 : 1) to give
the (9R)-39 (56 mg, 83%) and (9S)-39 (5 mg, 7%) as a colorless amorphous, respectively.

For (9R)-39: [o]p** +3.3 (¢ = 1.0, CHCI3); IR (Diamond Prism) vimax (cm™): 3363, 2954, 1674,
1520, 1095, 748; *H NMR (500 MHz, CDCls) & 7.06 (brd, J = 7.5 Hz, 1H), 6.97 (ddd, J = 7.5,
7.5,1.2 Hz, 1H), 6.75 (brdd, J = 5.4, 5.2 Hz, 1H), 6.62 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 6.52 (d,
J =175 Hz, 1H), 5.93 (dd, J = 17.7, 10.9 Hz, 1H), 5.04 (dd, J = 10.9, 1.7 Hz, 1H), 4.99 (dd, J
=17.7, 1.7 Hz, 1H), 4.10 (dd, J = 5.7, 3.4 Hz, 1H), 3.94 (dd, J = 18.3, 5.4 Hz, 1H), 3.78 (d, J
=10.3 Hz, 1H), 3.74 (s, 3H), 3.73 (dd, J = 18.3, 5.2 Hz, 1H), 3.53 (d, J = 10.3 Hz, 1H), 2.31
(dd, J = 14.9, 3.4 Hz, 1H), 2.10 (dd, J = 14.9, 5.7 Hz, 1H), 1.00 (s, 3H), 0.96 (s, 3H), 0.85 (5,
9H), —0.12 (s, 3H), —0.26 (s, 3H); *C NMR (125 MHz, CDCl3) § 174.7, 170.0, 152.9, 144.9,
130.6, 127.8, 126.7, 117.5, 113.1, 109.3, 72.0, 53.9, 52.2 (2C), 43.9, 41.0, 40.8, 25.7, 22.5,
222, 17.8, =5.4, —5.8; HRMS (ESI") m/z 483.2663 [(M+Na)"; calcd for CasHN204SiNa:
483.2655].

For (95)-39: [0]o**—34.8 (c = 1.0, CHCI3); IR (Diamond Prism) vimax (cm™): 3356, 2954, 1751,
1666, 1458, 1211, 1095, 833, 748; 'H NMR (500 MHz, CD;0D) & 7.01-6.97 (2H), 6.64 (m,
1H), 6.54 (d, J = 7.5 Hz, 1H), 5.95 (dd, J = 17.2, 10.9 Hz, 1H), 5.03 (dd, J = 10.9, 1.2 Hz, 1H),
4.99 (dd, J = 17.2, 1.2 Hz, 1H), 4.10 (dd, J = 9.2, 2.5 Hz, 1H), 3.89 (d, J = 9.7 Hz, 1H), 3.87
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(s, 2H), 3.72 (s, 3H), 3.54 (d, J = 9.7 Hz, 1H), 2.26 (dd, J = 14.9, 2.5 Hz, 1H), 1.89 (dd, J =
14.9, 9.2 Hz, 1H), 0.98 (s, 3H), 0.97 (s, 3H), 0.87 (s, 9H), —0.15 (s, 3H), —0.32 (s, 3H); **C
NMR (125 MHz, CD3;0D) 6 178.0, 171.5, 155.3, 146.4, 130.9, 129.1, 127.9, 118.0, 113.5,
110.9, 74.4, 55.6, 53.6, 52.7, 45.2, 41.7, 40.7, 26.4, 22.9, 22.6, 18.8, —4.9, —5.5; HRMS (ESI")
m/z 483.2665 [(M+Na)"; calcd for CysHoN,0,SiNa: 483.2655].

(3R, 2’R)-3-(1,1-Dimethyl-2-propenyl)-3-[(2-tert-butyldimethylsiloxypropyl-3-one)-3-
glycilamide]-2,3- dihydro-indole ((9R)-40)

74 74
otBS OTBS 4
H 4% NHg in MeOH H
N N
9R ¢J\0Me . . > 9R \)J\NHZ
N & 60 °C, 90% N 5
H H
(9R)-39 (9R)-40

A round bottom flask was charged with (9R)-39 (2.1 g, 4.5 mmol) and 4% NH3
solution in MeOH (90 mL). After stirring for 24 h at 60 °C, the reaction mixture was
concentrated in vacuo. The residue was purified by flash column chromatography on silica gel
(Hexane : EtOAc = 1:1) to give a (9R)-40 (1.8 g, 90%) as a yellow amorphous.

[a]o? +5.0 (¢ = 1.0, CHCI3); IR (Diamond Prism) vmax (cm™): 3386, 3201, 2931, 1651, 1257,
1095, 740, 602; *H NMR (500 MHz, CDCl3) & 7.06 (brd, J = 7.5 Hz, 1H), 6.99 (ddd, J = 7.5,
7.5,1.2 Hz, 1H), 6.94 (brdd, J = 5.1, 5.1 Hz, 1H), 6.63 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 6.54 (d,
J =75, 1H), 6.20 (brs, 1H), 5.92 (dd, J = 17.8, 10.9 Hz, 1H), 5.51 (brs, 1H) 5.05 (dd, J = 10.9,
1.2 Hz, 1H), 5.00 (dd, J = 17.8, 1.2 Hz, 1H), 4.10 (dd, J = 5.7, 3.4 Hz, 1H), 3.81 (dd, J = 16.6,
5.1 Hz, 1H), 3.74 (d, J = 10.3 Hz, 1H), 3.62 (dd, J = 16.6, 5.1 Hz, 1H), 3.54 (d, J = 10.3 Hz,
1H), 2.31 (dd, J = 14.9, 3.4 Hz, 1H), 2.10 (dd, J = 14.9, 5.7 Hz, 1H), 1.00 (s, 3H), 0.96 (s, 3H),
0.85 (s, 9H), —0.13 (s, 3H), —0.24 (s, 3H); *C NMR (125 MHz, CDCls) $175.1, 170.6, 152.8,
144.9, 130.7, 127.9, 126.6, 117.7, 113.2, 109.5, 72.1, 53.9, 52.2, 44.0, 42.5, 41.0, 25.7, 22.5,
22.2, 17.8, —5.3, —=5.7; HRMS (ESI*) m/z 468.2658 [(M+Na)"; calcd for CasHagN3OsSiNa:
468.2658].
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(3R, 4aR, 9aR)-3-tert-Butyldimethylsiloxy-4a-(1,1-dimethyl-2-propenyl)-1-(2-amino-2-
oxoethyl)-9-hydroxy-2-oxo-2,3,4,4a,9,9a-hexahydropyrido[2,3-b]indole ((9R)-45)

Etz;N, Benzene

| 60 °C, 93% (2 steps) l

% 2 /
H
H,O, - urea
N 2U2 N 9R
1 ¢LNH2 I )
MeOH, H,O 7 N
0°C +N o N H \\«NHZ
_0 HO

(9R)-40 (9R)-44 (9R)-45 O

Iz

To a solution of (9R)-40 (480 mg, 1.1 mmol) in MeOH (10 mL) was added H,O (1
mL), Na;WQO,42H,0 (360 mg, 1.1 mmol) and H,O<Urea (1.0 g, 11 mmol) at 0 °C. After
stirred for 1 h at 0 °C, the reaction mixture was diluted with H,O (10 mL) and extracted with
CHCI; twice. The combined organic extract was washed with brine and dried over Na,;SO..
The solution was concentrated in vacuo to provide the mixture of (9R)-44 and (9R)-45. To the
solution of crude products in benzene (22 mL) was added Et;N (0.46 mL) at room
temperature. After stirring for 3 h at 60 °C, the reaction mixture was concentrated in vacuo.
The residue was purified by flash column chromatography on silica gel (Hexane : EtOAc =1
1) to give an aminal (9R)-45 (470 mg, 93 %) as a yellow amorphous.

[a]p?® —118.9 (c = 1.0, CHCIs); IR (Diamond Prism) vmax (cm™): 3317, 2954, 1674, 1466,
1250, 1150, 833, 748; 'H NMR (500 MHz, CD30D) & 7.37 (brd, J = 7.5 Hz, 1H), 7.26 (m,
1H), 7.00 (ddd, J = 7.5, 7.5, 1.3 Hz, 1H), 6.92 (brd, J = 7.5 Hz, 1H), 6.04 (brdd, J = 17.2, 10.9
Hz, 1H), 5.15 (d, J = 10.9 Hz, 1H), 5.12 (dd, J = 17.2, 1.2 Hz, 1H), 4.79 (s, 1H), 4.23 (d, J =
16.0 Hz, 1H), 4.10 (d, J = 16.0 Hz, 1H), 3.90 (dd, J = 13.2, 4.6 Hz, 1H), 2.31 (dd, J = 13.2,
12.6 Hz, 1H), 2.10 (dd, J = 12.6, 4.6 Hz, 1H), 1.12 (s, 3H), 0.99 (s, 3H), 0.76 (s, 9H), —0.06 (s,
3H), —0.14 (s, 3H); **C NMR (125 MHz, CD;0D) & 177.0, 174.3, 151.8, 145.0, 131.1, 129.9,
125.6, 124.0, 115.0, 114.4, 89.6, 68.9, 54.4, 52.1, 44.0, 40.7, 26.3, 23.4, 22.9, 19.2, —4.7,
—5.4; HRMS (ESI*) m/z 482.2446 [(M+Na)"; calcd for Ca4Ha;N30,SiNa: 482.2451].
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(3R, 4aR)-3-(tert-Butyldimethylsiloxy)-4a-(1,1-dimethyl-2-propenyl)-1-(2-amino-2-oxoethyl)
-9-oxy- 2-0x0-2,3,4,4a,9-pentahydro-4aH-pyrido[2,3-b]indole ((9R)-46)

7 7
OTBS OTBS
9R PbOZ, AcOH 9R
N © Za\ ©
wj \ \\\(NHz CH,Cl,, 96 % 4 [Tj \\(NHZ
HO -0
(6] (0]
(9R)-45 (9R)-46

To a solution of (9R)-45 (1.0 g, 2.2 mmol) in CH,CI; (22 mL) was added PbO, (2.6 g,
11 mmol) and AcOH (250 uL, 4.4 mmol). After stirred for 10 min at room temperature, the
reaction mixture was filtered through celite pad. The filtrate was washed with sat. NaHCO3
aq., brine and dried over Na,SO,4. The solution was concentrated in vacuo, and purified by
flash column chromatography on silica gel (CHCI; : MeOH = 50 : 1) to give the
N-oxo-amidine (9R)-46 (915 mg, 91%) as a colorless amorphous.

[0]p2 +321.8 (c = 1.0, CHCls); IR (Diamond Prism) vimax (cm™): 3325, 2931, 1685, 1142, 984,
837, 767, 667; 'H NMR (500 MHz, CDCls) 5 8.00 (brs, 1H), 7.72 (d, J = 7.5 Hz, 1H), 7.54
(ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 7.46 (m, 1H), 7.42 (d, J = 7.5 Hz 1H), 5.80 (dd, J = 17.2, 10.9
Hz, 1H), 5.53 (brs, 1H), 5.17 (d, J = 10.9 Hz, 1H), 5.04 (d, J = 17.2 Hz, 1H), 4.54 (d, J = 14.9
Hz, 1H), 4.39 (d, J = 14.9 Hz, 1H), 4.05 (t, J = 9.2 Hz, 1H), 2.48 (d, J = 9.2 Hz, 2H), 1.04 (s,
3H), 0.90 (s, 3H), 0.86 (s, 9H), 0.15 (s, 3H), —0.01 (s, 3H); *C NMR (125 MHz, CDCl3) &
170.6, 169.6, 147.4, 145.6, 141.3, 136.2, 129.2, 128.5, 123.8, 116.2, 114.3, 68.7, 53.6, 48.1,
45.3,31.3, 25.7, 22.9, 22.3, 18.3, —4.5, —5.8; HRMS (ESI") m/z 480.2299 [(M+Na)*; calcd for
CasH3sN304SiNa: 480.2295].

(6R, 7aR, 12aS)-6-(tert-Butyldimethylsiloxy)-7a-(1,1-dimethyl-2-propenyl)-6,7,7a,12-
tetrahydro-12-hydroxy-1H,5H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5(3H)-dione (47)

74
OTBS
OTBS
= TBAOH o
N0 N
CH,Cly, 8 °C
+N \\«NHZ 93 % Hcl)HN\g
o
- o) )
(9R)-46 47
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To a solution of (9R)-46 (1.25 g, 2.7 mmol) in CH,Cl, (27 mL) was added TBAOH
(10% in MeOH, 7.0 mL, 2.7 mmol). After stirred for 8 min at —8 °C, the reaction was
quenched with sat. ag. NH4CI (4 mL) and extracted with EtOAc. The organic extract was
washed with sat. aq. NH4CI, brine and dried over Na,SO,4. The solution was concentrated in
vacuo, and the residue was purified by flash column chromatography on silica gel (Hexane :
EtOAc = 3 : 1) to give the indoline spiroaminal 47 (1.17 g, 93%) as a yellow amorphous.

[a]o?—22.5 (c = 1.0, CHCls); IR (Diamond Prism) vma (cm™): 3278, 2931, 1720, 1465, 1149,
833, 756; ‘H NMR (500 MHz, CDs0D, 60 °C) & 7.45 (d, J = 7.5 Hz, 1H), 7.25 (ddd, J = 7.5,
7.5, 1.2 Hz, 1H), 6.97 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 6.89 (d, J = 7.5 Hz, 1H), 6.16 (m, 1H),
5.15(d, J =17.2 Hz, 1H), 5.10 (d, J = 10.9 Hz, 1H), 4.42 (dd, J = 12.6, 5.7 Hz, 1H), 3.97 (d, J
=16.6 Hz, 1H), 3.89 (d, J = 16.6 Hz, 1H), 2.41 (dd, J = 13.5, 12.6 Hz, 1H), 2.15 (dd, J = 13.5,
5.7 Hz, 1H), 1.33 (s, 3H), 1.28 (s, 3H), 0.82 (s, 9H), 0.03 (s, 3H), —0.05 (s, 3H); °C NMR
(125 MHz, CD30D, 60 °C) 8 173.0, 172.9, 149.5, 145.9, 130.0, 129.8, 125.7, 123.2, 113.9,
112.1, 103.2, 69.4, 55.1, 47.4, 44.1, 42.7, 26.3, 24.7 (2C), 19.2, —4.5, =5.2; HRMS (ESI*) m/z
480.2305 [(M+Na)"; calcd for CsH3sN30,4SiNa: 480.2295].

(3R, 4aR, 9aR)-3-tert-Butyldimethylsiloxy-4a-(1,1-dimethyl-2-propenyl)-1-(2-amino-2-
oxoethyl) -9-hydroxy-2-0xo0-2,3,4,4a,9,9a-hexahydropyrido[2,3-b]indole ((9R)-45),

(3R, 4aR)-3-(tert-Butyldimethylsiloxy)-4a-(1,1-dimethyl-2-propenyl)-1-(2-amino-2-oxoethyl)
-9-oxy- 2-0x0-2,3,4,4a,9-pentahydro-4aH-pyrido[2,3-b]indole ((9R)-46) and

(3R, 4aR)-3-(tert-Butyldimethylsiloxy)-4a-(1,1-dimethyl-2-propenyl)-1- (2-amino-2-
oxoethyl)-6-hydroxy -9-oxy-2-0x0-2,3,4,4a,9-pentahydro-4aH- pyrido[2,3-b]indole (54)

7 ¢ 7 HO ¢
OTBS OTBS OTBS OTBS
N62WO4'2H20
o H202-urea N N O P (0] ~ N (@]
N~ HN N + >NT N + +N
N X MeOH, H,0, 0 °C o /L ! l ; l
_0 -
HaN" HN" S0 HoN"Ng HN"0
(9R)-40 (9R)-45; 68% (9R)-46;15% 54: 7%
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To a solution of (9R)-40 (50 mg, 0.11 mmol) in MeOH (1.1 mL) was added H,O
(100 pL), NayWO4+2H,0 (36 mg, 110 pmol) and H,O,¢Urea (110 mg, 1.17 mmol) at 0 °C.
After stirred for 14 h at 0 °C, the reaction mixture was diluted with H,O (5 mL) and extracted
with CHCI; (5 mL) twice. The combined organic extract was washed with brine (10 mL) and
dried over Na,SO,4. The solution was concentrated in vacuo. The residue was purified by
preparative TLC on silica gel EtOAc to give an aminal (9R)-45 (34 mg, 68%), nitrone (9R)-46
(8 mg, 15%) and byproduct 54 (4 mg, 7%).

For 54; colorless amorphous solid

[a]p?” +353.2 (¢ = 0.5, CHCIs); IR (Diamond Prism) vmax (cm™): 2939, 2854, 1682, 1597,
1466, 1250, 1150, 833, 687; 'H NMR (500 MHz, CD;0D) & 7.41 (d, J = 8.0 Hz, 1H), 6.95 (d,
J=2.3Hz, 1H), 6.91 (dd, J = 8.0, 2.3 Hz, 1H), 5.91 (dd, J =17.2, 10.9 Hz, 1H), 5.15(d, J =
10.9 Hz, 1H), 5.10 (d, J = 17.2 Hz, 1H), 4.67 (d, J = 16.0 Hz, 1H), 4.62 (d, J = 16.0 Hz, 1H),
4.43 (dd, J=9.2, 8.0 Hz, 1H), 2.53 (dd, J = 14.3, 9.2 Hz, 1H), 2.48 (dd, J = 14.3, 8.0 Hz, 1H),
1.08 (s, 3H), 0.93 (s, 3H), 0.92 (s, 9H), 0.15 (s, 3H), 0.07 (s, 3H); *C NMR (125 MHz,
CD;0D) & 173.2, 172.1, 159.7, 148.1, 143.3, 139.0, 138.8, 116.5, 116.2, 115.5, 113.0, 69.4,
545, 47.5, 46.5, 32.4, 26.3, 23.3, 22.6, 19.2, —4.5, -5.4; HRMS (ESI") m/z 496.2244
[(M+Na)": calcd for CasH3sN305SisNa: 496.2255]

1-pot synthesis of
(3R, 4aR)-3-(tert-Butyldimethylsiloxy)-4a-(1,1-dimethyl-2-propenyl)-1-(2-amino-2-oxoethyl)
-9-o0xy- 2-0x0-2,3,4,4a,9-pentahydro-4aH-pyrido[2,3-b]indole ((9R)-46)

(0]

B 7 7 7 7
OTBS OTBS ,,0TBS 0,OTBS
R R
N32WO4'2H20
(o) . (o) O then Pb02 ~
\ HN H,O5eurea N/ HN N N >N N
0 L H AcOH '
H MeOH 0 HO _0
H,N o 0°C H,N o + HoN™ g HoN
(9R)-40 44 45 (OR)46
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To a solution of (9R)-40 (210 mg, 0.47 mmol) in MeOH (4.7 mL) was added
Na,WO,4+2H,0 (155 mg, 0.47 mmol) and H,O<Urea (230 mg, 2.43 mmol) at 0 °C. After
stirred for 1 h at 0 °C, the reaction mixture was added PbO, (560 mg, 2.34 mmol) and AcOH
(270 uL, 4.73 mmol). After stirred for 10 min at room temperature, the reaction was quenched
with sat. NaHCOj3 ag. (10 mL) and filtered through celite pad. The filtrate was extracted with
EtOAc (10 mL), washed with brine (10 mL) and dried over Na,SO4. The solution was
concentrated in vacuo and purified by flash column chromatography on silica gel (EtOAc) to
give 46 (174 mg, 81 %) as a colorless amorphous solid.

(3R, 2°5)-3-(1,1-Dimethyl-2-propenyl)-3-[(2-tert-butyldimethylsiloxypropyl-3-one)-3-
glycilamide]-2,3-dihydroindole ((95)-40)

oTBS 4 OTBS o
I H 4% NH; / MeOH R
N\)J\ _— > ~ N
OMe 9s NH,
60 °C, 70%
N o) N o}
H H
(95)-39 (9S)-40

A round bottom flask was charged with (9S)-39 (0.42 g, 0.91 mmol) and 4% NH;
solution in MeOH (40 mL). After stirring for 24 h at 60 °C, the reaction mixture was
concentrated in vacuo. The residue was purified by flash column chromatography on silica gel
(Hexane : EtOAc = 1:1) to give a (9S)-40 (0.28 g, 0.63 mmol, 70 % yield) as a yellow
amorphous.

[a]o? —32.3 (¢ = 1.0, CHCI3); IR (Diamond Prism) vmax (cm™): 3317, 2954, 1674, 1466, 1149,
833, 748; 'H NMR (500 MHz, CD3;0D) & 7.02 (brd, J = 7.5 Hz, 1H), 6.99 (ddd, J = 7.5, 7.5,
1.2 Hz, 1H), 6.64 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 6.54 (d, J = 7.5 Hz, 1H), 5.95 (dd, J = 17.2,
10.9 Hz, 1H), 5.03 (dd, J = 10.9, 1.7 Hz, 1H), 4.99 (dd, J = 17.2, 1.7 Hz, 1H), 4.09 (dd, J =
9.2, 2.3 Hz, 1H), 3.88 (d, J = 9.7 Hz, 1H), 3.87-3.70 (2H), 3.54 (d, J = 9.7 Hz, 1H), 2.29 (dd,
J =143, 2.3 Hz, 1H), 1.87 (dd, J = 14.3, 9.2 Hz, 1H), 0.98 (s, 3H), 0.97 (s, 3H), 0.88 (s, 9H),
—0.17 (s, 3H), —0.33 (s, 3H), *C NMR (125 MHz, CDs;0D) & 177.6, 172.9, 155.1, 146.2,
130.7, 129.0, 127.8, 117.9, 113.4, 110.8, 74.3, 55.5, 53.4, 45.1, 42.4, 40.5, 26.3, 22.8, 22.4,
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18.6, —5.0, —5.7; HRMS (ESI") m/z 468.2654 [(M+Na)"; calcd for CysH3gN3O3SiNa:
468.2658].

(38, 4aR, 9aR)-3-tert-Butyldimethylsiloxy-4a-(1,1-dimethyl-2-propenyl)-1-(2-amino-2-
oxoethyl)-9-hydroxy-2-0x0-2,3,4,4a,9,9a-hexahydropyrido[2,3-b]indole ((95)-45)

7 7
QTBSH e} Na,WO, « 2H,0 QTBSH e}
B H202 = urea : i-PerH
9s N\)J\NHZ—> 9s N\)J\NHZ —
2 Benzene

o} MeOH, H,0 o H NH
N 0°C +0 60°C OH \\W ’
0 63% (2 steps)
(9S5)-40 (9S5)-44 (9S)-45

To a solution of (9S)-40 (240 mg, 0.54 mmol) in MeOH (4.9 mL) was added H,O
(0.5 mL), Na;WQ,42H,0 (0.26 mg, 0.81 mmol) and H,0,-Urea (300 mg, 3.2 mmol) at 0 °C.
After stirred at 0 °C for 1 h, the reaction mixture was diluted with H,O (5 mL) and extracted
with CHCI; twice. The combined organic extract was washed with brine and dried over
Na,SO,. The solution was concentrated in vacuo to give the nitrone (9S)-44 To the solution of
crude (9S)-44 in benzene (11.0 mL) was added i-Pr,NH (0.23 mL) at room temperature. After
stirred at 60 °C for 3 h, the reaction mixture was concentrated in vacuo. The residue was
purified by flash column chromatography on silica gel (Hexane : EtOAc = 1 : 1) to provide
(95)-45 (0.16 g, 63%, 2 steps) as a yellow amorphous.

[a]o?*7 ~160.1 (c = 1.0, CHCI5): IR (Diamond Prism) vmax (cm™): 3325, 2931, 1666, 1466,
1365, 1250, 1111, 833; *H NMR (500 MHz, CDs0D) & 7.22 (d, J = 7.5 Hz, 1H), 7.16 (ddd, J
= 75,75, 1.2 Hz, 1H), 6.96 (m, 1H), 6.88 (d, J = 7.5 Hz, 1H), 6.03 (m, 1H), 5.14 (d, J = 10.9
Hz, 1H), 5.10 (m, 1H), 4.92 (s, 1H), 4.30 (dd, J = 3.4, 3.4 Hz, 1H), 4.25 (d, J = 16.6 Hz, 1H),
4.18 (d, J = 16.6 Hz, 1H), 2.40 (dd, J = 14.9, 3.4 Hz, 1H), 2.34 (dd, J = 14.9, 3.4 Hz, 1H),
1.07 (s, 3H), 0.90 (s, 3H), 0.54 (s, 9H), —0.10 (s, 3H), —0.21 (s, 3H); *C NMR (125 MHz,
CD;0D) & 173.9, 172.7, 151.8, 145.1, 135.6, 128.9, 124.8, 124.0, 116.0, 115.1, 90.4, 71.0,
522, 52.0, 45.3, 37.5, 26.1, 23.3, 22.4, 18.7, —=5.0, —5.2; HRMS (ESI") m/z 482.2458
[(M+Na)"; calcd for Co4H37N304SiNa: 482.2451].
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(38, 4aR,9aR)-3-(tert-Butyldimethylsiloxy)-4a-(1,1-dimethyl-2-propenyl)-1-(2-amino-2-
oxoethyl)-9-oxy-2-0x0-2,3,4,4a,9-pentahydro-4aH-pyrido[2,3-b]indole ((95)-46)

7
~OTBS OTBS
Pb(OAc), 0s
—_—
NN NTO

~
! H NHy  CH,Cly, 79% N\ NH,
OH o)

o) o)
(95)-45 (95)-46

To a solution of (9S)-45 (0.12 g, 0.26 mmol) in CH.Cl, (2.6 mL) was added
Pb(OAc), (0.12 g, 2.6 mmol) at room temperature. After stirred for 10 min at room
temperature, the reaction mixture was filtered through celite pad. The filtrate was washed with
H,O, brine and dried over Na,SO4. The solution was concentrated in vacuo, and the residue
was purified by flash column chromatography on silica gel (CHCI; : MeOH =50 : 1) to give
N-oxo-amidine (9S)-46 (93 mg, 79%) as a colorless amorphous.

[a]p?® +205.2 (c = 1.0, CHCI5); IR (Diamond Prism) vmax (cm™): 3390, 2931, 1651, 1365,
1095, 837, 744, 607; *H NMR (500 MHz, CDCls)  8.67 (brs, 1H), 7.70 (d, J = 7.5 Hz, 1H),
7.49 (ddd, J =7.5,7.5, 1.2 Hz, 1H), 7.43 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 7.39 (d, J = 7.5 Hz,
1H), 5.76 (dd, J = 17.3, 10.7 Hz, 1H), 5.43 (brs, 1H), 5.17 (d, J = 10.7 Hz, 1H), 5.05 (d, J =
17.3 Hz, 1H), 4.46 (d, J = 14.9 Hz, 1H), 4.36 (dd, J = 3.4, 2.9 Hz, 1H), 4.29 (d, J = 14.9 Hz,
1H), 2.53 (dd, J = 14.9, 3.4 Hz, 1H), 2.28 (dd, J = 14.9, 2.9 Hz, 1H), 1.05 (s, 3H), 0.83 (s, 3H),
0.48 (s, 9H), —0.07 (s, 3H), —0.19 (s, 3H); *C NMR (125 MHz, CDCls) 5 169.7, 169.5, 149.1,
145.6, 141.7, 137.7, 128.7, 128.4, 123.0, 116.0, 114.7, 71.1, 54.8, 48.4, 45.1, 32.1, 24.9, 22.7,
22.4, 17.3, —5.1, —5.8; HRMS (ESI") m/z 480.2302 [(M+Na)"; calcd for Ca3HgN206SiNa:
480.2295].
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(6R, 7aR, 12aS)-6,12-(tert-Butyldimethylsiloxy)-7a-(1,1-dimethyl-2-propenyl)-6,7,7a,12-
tetrahydro- 1H,5H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5(3H)-dione (63d)

Z
OTBS OTBS
=0 TBSOTf =0
N ’ N
| HN DIPEA | HN
HO CH,Cl, 0 °C TBSO
S 98% S
47 63d

To a solution of 47 (100 mg, 0.22 mmol) in CH,Cl, (2.1 mL) was added DIPEA.
After stirring for 5 min at 0 °C, TBSOTf (0.15 mL, 0.66 mmol) was added to the reaction
mixture dropwise. After stirring for 30 min at 0 °C, the reaction was quenched with sat. aq.
NaHCO;3; (1 mL), and extracted with EtOAc. The organic extract was washed with 10% aq.
citric acid, sat. ag NaHCOg, brine, and dried over Na,SO,4. The solution was concentrated in
vacuo, and the residue was purified by flash column chromatography on silica gel (Hexane :
EtOAc =10 : 1) to give the silylether 63d (120 mg, 98%) as a colorless amorphous.

[0]o™ —18.7 (c = 1.0, CHCI3), IR (Diamond Prism) vimax (cm™): 2931, 1736, 1466, 1250, 1149,
833, 748; 'H NMR (500 MHz, CD;0D, 60 °C) § 7.54 (d, J = 7.5 Hz, 1H), 7.28 (dd, J = 7.5,
7.5 Hz, 1H), 7.07 (dd, J = 7.5, 7.5 Hz, 1H), 6.90 (d, J = 7.5 Hz, 1H), 6.15 (m, 1H), 5.19-5.05
(2H), 4.62 (dd, J = 11.9, 5.4 Hz, 1H), 3.88 (s, 2H), 2.48 (dd, J = 11.9, 11.9 Hz, 1H), 2.18 (m,
1H), 1.33 (s, 3H), 1.27 (s, 3H), 1.03 (s, 9H), 0.85 (s, 9H), 0.25 (s, 3H), 0.12 (s, 3H), 0.07 (s,
3H), 0.00 (s, 3H); °C NMR(125 MHz, CD;0D, 60 °C) § 172.2, 171.9, 149.4, 145.4, 131.4,
129.5, 125.6, 124.6, 114.1, 113.7, 104.6, 69.9, 55.2, 47.8, 44.5, 43.7, 26.4, 25.1 (2C), 19.3,
18.8, —3.8, —4.3, —4.8; HRMS (ESI") m/z 594.3147 [(M+Na)*: calcd for CsoHasN304Si-Na:
594.3159].
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(6R, 7aR, 12a85)-1-[[2-(Trimethylsilyl)ethoxy]methyl]-6,12-di-(fert-butyldimethylsiloxy)-7a-
(1,1-dimethyl-2-propenyl)-6,7,7a,12-tetraheydro-1H,5 H-imidazo[1',2": 1,2 ]pyrido[2,3-b]indole
-2,5(3H)- dione (65)

7 7
OTBS OTBS
SEMCI
NaH
O
N © N
'H TI:iF, 0 0C /N
TBSO 0°C, 97% TBSO /
SEM
fo) (6]
63d 65

To a solution of 63d (130 mg, 0.22 mmol) in THF was added SEMCI (47 mg, 0.28
mmol) and NaH (8 mg, 0.33 mmol) at 0 °C. After stirring for 40 min at 0 °C, the reaction was
guenched by sat. ag. NaHCO3 (1 mL) and extracted with EtOAc. The organic extract was
washed with H,O, brine, and dried over Na,SO,4. The solution was concentrated in vacuo, the
residue was purified by flash column chromatography on silica gel (Hexane : EtOAc =15 : 1)
to give 65 (150 mg, 97%) as a colorless amorphous.

[0]o®* +78.7 (¢ = 1.0, CHCI5); IR (Diamond Prism) vmax (cm™): 2954, 2862, 1697, 1250, 1072,
833, 748; "H NMR (500 MHz, CDCls) & 7.49 (d, J = 7.5 Hz, 1H), 7.23 (ddd, J = 8.0, 7.5, 1.2
Hz, 1H), 7.00 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 6.77 (d, J = 8.0 Hz, 1H), 6.21 (dd, J = 17.2, 10.9
Hz, 1H), 5.08 (d, J = 17.2 Hz, 1H), 5.07 (d, J = 10.9 Hz, 1H), 4.64 (dd, J = 11.5, 6.9 Hz, 1H),
4.23 (d, J = 10.3 Hz, 1H), 4.14 (d, J = 10.3 Hz, 1H), 3.97 (d, J = 17.2 Hz, 1H), 3.92 (d, J =
17.2 Hz, 1H), 3.54 (ddd, J = 10.9, 9.7, 6.3 Hz, 1H), 3.40 (ddd, J = 10.9, 9.7, 5.7 Hz,1 H), 2.50
(dd, J = 14.3, 11.5 Hz, 1H), 2.05 (dd, J = 14.3, 6.9 Hz, 1H), 1.33 (s, 3H), 1.31 (s, 3H), 0.99 (s,
9H), 0.84 (s, 9H), 0.89-0.70 (2H), 0.20 (s, 3H), 0.10 (s, 3H), 0.66 (s, 3H), 0.00 (s, 3H), —0.07
(s, 9H): 13C NMR (125 MHz, CDCl3) § 170.9, 170.3, 147.9, 143.8, 130.5, 128.3, 123.7, 122.8,
113.5, 110.7, 106.1, 75.2, 68.8, 67.7, 55.0, 45.9, 44.8, 43.0, 25.9, 25.7, 24.7, 23.8, 18.4, 18.1,
17.9, -1.5, —4.1, 45, —4.5, —5.1; HRMS (ESI") m/z 724.3973 [(M+Na)*: calcd for
CasHesN30sSisNa: 724.3973].
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(6R, 7aR, 12a85)-1-[[2-(Trimethylsilyl)ethoxy]methyl]-6,12-di-(fert-butyldimethylsiloxy)-7a-
(1,1-dimethyl-2-propenyl)-3-(diethoxyphosphosphinyl)-6,7,7a,12-tetraheydro-1H,5 H-imidazo
[1',2":1,2]pyrido[2,3-b]indole-2,5(3H)- dione (69)

Y 74
OTBS OTBS
o LDA, CIP(OEt ©
N » CIP(OE), N _OEt
| N N /TPLoEgt
T8SO | THF, 78 °C to 0 °C TBSO / &
SEM then 30% H,0,, rt SEM
9 74%
65 69

To a solution of 65 (18 mg, 26 umol) in THF (250 uL) was added LDA (0.8 M in
THF, 45 pL, 36 pmol) dropwise at =78 °C. After stirring for 6 min at —78 °C, the reaction was
warmed to 0 °C and stirred for 8 min. To the reaction mixture was added CIP(OEt), (7 uL, 46
umol) at 0 °C. After stirring for 10 min at 0 °C, the reaction was added 30% H,0, (25 uL,
0.31 mmol) and stirred for more 10 min at room temperature. The reaction was quenched by
sat. ag. NaHCOj3 (3 mL) and extracted with EtOAc (5 mL). The organic extract was washed
with H,O (3 mL), brine (3mL) and dried over Na,SO,. The solution was concentrated in
vacuo, and the residue was purified by preparative TLC on silica gel (Hexane : EtOAc =5:1)
to give the adduct 69 (16 mg, 74%) as a colorless oil.

[a]p? +58.8 (¢ = 1.0, CHClI5); IR (Diamond Prism) vimax (cm™): 2939, 2862, 1743, 1466, 1257,
1149, 1018, 833, 779, 687; *H NMR (500 MHz, CDCls) 6 7.53 (d, J = 7.5 Hz, 1H), 7.20 (dd, J
=7.5,75Hz 1H), 6.99 (dd, J=7.5, 7.5 Hz, 1H), 6.70 (d, J = 7.5 Hz, 1H), 6.47 (dd, J = 17.2,
10.9 Hz, 1H), 5.18 (d, J = 17.2, 1H), 5.15 (m, 1H), 4.72 (brd, J = 9.7 Hz, 1H), 4.66 (d, J =
15.5 Hz, 1H), 4.30-4.18 (5H), 3.99 (d, J = 9.7 Hz, 1H), 3.76 (m, 1H), 3.48 (ddd, J = 9.7, 9.7,
6.3 Hz, 1H), 2.57 (dd, J = 12.6, 12.6 Hz, 1H), 1.95 (brm, 1H), 1.43 (s, 3H), 1.36 (brs, 3H),
1.33 (t, J = 6.9 Hz, 3H), 1.31 (t, J = 6.9 Hz, 3H), 0.98 (s, 9H), 0.77 (s, 9H), 0.84-0.73 (2H),
0.15 (s, 3H), 0.10 (s, 3H), 0.06 (s, 3H), —0.05 (s, 9H), —0.06 (s, 3H); *C NMR (125 MHz,
CDCls) ¢ 172.0, 169.3, 147.7, 146.1, 129.4, 128.2, 124.7, 122.9, 113.6, 110.0, 106.2, 75.1,
68.6, 67.7, 63.7 (d, Jcp = 6.0 Hz), 63.6 (d, Jcp = 6.0 Hz), 56.0 (d, Jcp = 157.2 Hz), 54.9, 45.0,
43.6, 26.0, 25.7, 23.1 (2C), 18.4, 18.2, 17.9, 16.3 (d, Jcp = 7.2 Hz), 16.2 (d, Jcp = 7.2 HZ), -
1.4, -36, -4.1, -45 -53; HRMS (ESI+) m/z 860.4252 [(M+Na)"; calcd for
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C40H72N308P18i3Na: 8604263]

(6R, 7aR, 12aS)-1-[2-(Trimethylsilyl)ethoxy]methyl]-3-[(1-carboxylic acid)-1,1-
dimethylethyl-ester]-imidazole-2-yl-hydroxymethyl]-6,12-di-(tert-butyldimethylsiloxy)-7a-(1,
1-dimethyl-2-propenyl-6,7,7a,12-tetrahydro-1H,5H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5
(3H)-dione (81a, 81b) and

(6R, 7aR, 12aS)-1-[2-(Trimethylsilyl)ethoxy]methyl]-3-{[(1-carboxylic acid)-1,1-
dimethylethyl-ester]-imidazole-2-yl-oxy-[(carboxylic acid)-1,1-dimethylethyl-ester] }-6,12-
di-(tert-butyldimethylsiloxy)-7a-(1,1-dimethyl-2-propenyl-6,7,7a,12-tetrahydro-1H,5H-imida
zo[1',2":1,2]pyrido[2,3-b]indole-2,5 (3H)-dione (82)

= N
y Y / y

OTBS OTBS
oTBS 80 N . (1.2eq)
o o]
N (0] LDA (1.1 eq.) N N OH N OBoc
N 'Tl N 'Il N
| N THF N N
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TBSO / \g _78°C100°C - m > SEM m >
SEM ¢ o N o N
Boc Boc
65 81a; 50% 82; 28%
81b; 9%

To a solution of 65 (150 mg, 0.21 mmol) in THF (2.1 mL) was added LDA (1.1 M in
THEF, 210 pL, 0.23 mmol) dropwise at —78 °C. After stirring for 8 min at =78 °C, the reaction
was warmed to O °C and stirred for 6 min. To the reaction mixture was added
imidazolylaldehyde 80 (50 mg, 0.25 mmol) at 0 °C. After stirring for 15 min at 0 °C, the
reaction was quenched by sat. ag. NH4Cl (3 mL) and extracted with EtOAc (5 mL). The
organic extract was washed with H,O (3 mL), brine (3mL) and dried over Na,SO,4. The
solution was concentrated in vacuo, and the residue was purified by flash column
chromatography on silica gel (Hexane : EtOAc = 20 : 1) to give the adduct 81a (94 mg, 50%),
81b (17 mg, 9%) and 82 (59 mg, 28%) as a yellow oil.

For 81a: [a]p™>* +75.6 (¢ = 1.0, CHCI3), IR (Diamond Prism) vma (cm™): 2939, 2862, 1751,
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1697, 1466, 1389, 1250, 1149, 1080, 1011, 833, 748; *H NMR (500 MHz, CDCls) 5 8.01 (d, J
= 1.2 Hz, 1H), 7.53 (d, J = 7.5 Hz, 1H), 7.37 (d, J = 1.2 Hz, 1H), 7.21 (ddd, J = 7.5, 7.5, 1.2
Hz, 1H), 6.98 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 6.72 (d, J = 7.5 Hz, 1H), 6.42 (dd, J = 17.2, 10.1
Hz, 1H), 5.46 (d, J = 8.0 Hz, 1H), 5.10 (d, J = 17.2 Hz, 1H), 5.05-5.10 (1H), 4.80 (m, 1H),
4.48 (brd, J = 9.7 Hz, 1H), 4.43 (dd, J = 12.9, 5.7 Hz, 1H), 4.04 (d, J = 9.7 Hz, 1H), 3.68 (m,
1H), 3.45 (ddd, J = 10.3, 10.3, 5.7 Hz, 1H), 2.54 (dd, J = 13.2, 12.9 Hz, 1H), 1.99 (dd, J =
13.4, 5.7 Hz, 1H), 1.60 (s, 9H), 1.25 (m, 6H), 0.98 (m, 9H), 0.90-0.70 (2H), 0.79 (s, 9H), 0.18
(s, 3H), 0.17 (s, 3H), 0.05 (s, 3H), —0.03 (s, 3H), —0.07 (s, 9H), *C NMR (125 MHz, CDCl5)
§ 173.9, 171.7, 147.9, 147.0, 145.4, 143.1, 136.8, 129.4, 128.2, 124.4, 122.7, 114.1, 113 .4,
110.2, 105.5, 85.3, 75.3, 68.7, 67.9, 67.5, 63.1, 54.8, 44.5, 43.5, 27.8, 25.9, 25.7, 23.6, 18.5,
18.2, 17.9, —1.5, —3.4, —3.6, —4.7, —5.2; HRMS (ESI") m/z 920.4829 [(M+Na)"; calcd for
CusH75Ns05SisNa: 920.4821].

For 81b: 'H NMR (500 MHz, CDCl3) 6 8.02 (d, J = 1.2 Hz, 1H), 7.55 (d, J = 7.5 Hz, 1H),
7.40 (s, 1H), 7.22 (dd, J = 7.5, 7.5 Hz, 1H), 7.02 (dd, J = 7.5, 7.5 Hz, 1H), 6.71 (d, J = 7.5 Hz,
1H), 6.50 (dd, J =17.2, 10.9 Hz, 1H), 5.38 (d, J = 5.2 Hz, 1H), 5.22 (d, J = 17.2 Hz, 1H), 5.18
(m, 1H), 4.99 (m, 1H), 4.66 (m, 1H), 4.58 (dd, J = 12.9, 5.2 Hz, 1H), 3.99 (d, J = 10.3 Hz,
1H), 3.66 (m, 1H), 3.39 (ddd, J = 9.7, 9.5, 5.7 Hz, 1H), 2.61 (dd, J = 13.2, 12.9 Hz, 1H), 2.01
(m, 1H), 1.59 (s, 9H), 1.46 (s, 3H), 1.43 (brs, 3H), 0.95 (s, 9H), 0.81-0.71 (2H), 0.79 (s, 9H),
0.18 (s, 3H), 0.14 (s, 3H), 0.06 (s, 3H), —0.02 (s, 3H), —0.06 (s, 9H); HRMS (ESI*) m/z
920.4818 [(M+Na)"; calcd for C45H75N50gSisNa: 920.4821].

For 82: See page-135.
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(6R, 7aR, 12aS, 32)-1-[2-(Trimethylsilyl)ethoxy]methyl]-3-[(1-carboxylic acid)-imidazole-
2-yl-metylene]-6,12-di-(tert-butyldimethylsiloxy)-7a-(1,1-dimethyl-2-propenyl)-6,7,7a,12-tetr
ahydro-1H,5H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5-(3H)-dione (83)

7 7
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To a solution of 81a (240 mg, 0.27 mmol) in toluene (2.7 mL) was added CuCl; (3.6
mg, 27 umol) and EDC (84 mg, 0.54 mmol) at room temperature. After stirring for 1 h at
45 °C, the reaction mixture was concentrated in vacuo. The residue was purified by flash
column chromatography on silica gel (Hexane : EtOAc = 10 : 1) to give the dehydrohistidine
83 (181 mg, 76%) as a colorless amorphous.

[a]o? +51.4 (c = 1.0, CHCI5); IR (Diamond Prism) vimax (cm™): 2947, 2862, 1759, 1728, 1381,
1250, 1157, 1010, 833; *H NMR (500 MHz, CD;0D) & 8.19 (d, J = 1.2 Hz, 1H), 7.67 (d, J =
7.5 Hz, 1 H), 7.36 (dd, J = 8.0, 7.5 Hz, 1H), 7.15 (ddd, J = 7.5, 1.2 Hz, 1H), 6.94 (s, 1H), 6.93
(d, J = 8.0 Hz, 1H), 6.88 (s, 1H), 6.28 (dd, J = 17.2, 10.9 Hz, 1H), 5.15 (d, J = 17.2 Hz, 1H),
5.01 (d, J = 10 9 Hz, 1H), 4.66 (d, J = 10.3 Hz, 1H), 4.58 (dd, J = 12.0, 5.7 Hz, 2H), 4.17 (dd,
J =10.3 Hz, 1H), 3.68 (td, J = 9.7, 6.3 Hz, 1H), 3.49 (td, J = 9.7, 5.7 Hz, 1H), 2.61 (dd, J =
13.5, 12.0 Hz, 1H), 2.10 (dd, J = 13.5, 5.7 Hz, 1H), 1.65 (s, 9H), 1.38 (s, 3H), 1.34 (s, 3H),
0.99 (s, 9H), 0.84 (s, 9H), 0.88-0.76 (2H), 0.22 (s, 3H), 0.09 (s, 3H), —0.01 (s, 3H), —0.03 (s,
9H), —0.06 (s, 3H); 1*C NMR (125 MHz, CDCls) & 170.0, 168.2, 149.2, 148.0, 145.2, 137.9,
137.4, 131.1, 130.0, 125.7, 125.0, 124.1, 122.2, 114.5, 112.6, 107.8, 106.9, 87.5, 76.9, 70.5,
68.7, 56.2, 46.1, 44.2, 28.0, 26.5, 26.3, 25.1, 24.0, 19.3, 19.0, 18.9, —1.4, -3.5, 4.1, —4.1,
—4.8; HRMS (ESI*) m/z 902.4714 [(M+Na)"; calcd for C4sH73sNsO;SisNa: 902.4716].
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(6R, 7aR, 12aS, 37)-1-[2-(Trimethylsilyl)ethoxy]methyl]-3-[(1-carboxylic acid)-imidazole-
2-yl-metylene]-6-(tert-butyldimethylsiloxy)-7a-(1,1-dimethyl-2-propenyl)-12-hydroxy-6,7,7a,
12-tetrahydro-1H,5H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5(3H)-dione (88)

7 7
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To a solution of 83 (61 mg 0.07 mmol) in THF (0.7 mL) was added TBAF (1.0 M in
THF, 70 pL, 0.07 mmol) dropwise at 0 °C. After stirred for 5 min at 0 °C, the reaction was
guenched with sat. ag. NH4CI (0.5 mL) and extracted with EtOAc. The organic extract was
washed with H,0O, brine and dried over Na,SO4. The solution was concentrated in vacuo, and
the residue was purified by flash column chromatography on silica gel (Hexane : EtOAc =
10 : 1) to give 88 (47 mg, 88%) as a colorless amorphous.

[a]o? +89.1 (c = 1.0, CHCIs), IR (Diamond Prism) vimax (cm™): 2947, 1728, 1381, 1250, 1149,
1011, 833, 748; 'H NMR(500 MHz, CD30D) & 8.18 (d, J = 1.2 Hz, 1H), 7.62 (d, J = 7.5 Hz,
1H), 7.30 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 7.06 (s, 1H), 7.03 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H),
6.92 (d, J = 7.5, 1H), 6.91 (s, 1H), 6.26 (dd, J = 17.2, 10.9 Hz, 1H), 5.04 (d, J = 17.2 Hz, 1H),
4.99 (d, J = 10.9 Hz, 1H), 4.80 (dd, J = 11.5, 6.9 Hz, 1H), 4.62 (d, J = 10.3 Hz, 1H), 3.95 (d, J
= 10.3 Hz, 1H), 3.48 (m, 1H), 3.33 (m, 1H), 2.58 (dd, J = 13.8, 11.5 Hz, 1H), 2.11 (dd, J =
13.8, 6.9 Hz, 1H), 1.65 (s, 9H), 1.37 (s, 3H), 1.19 (s, 3H), 0.85 (s, 9H), 0.9-0.83 (2H), 0.10 (s,
3H), 0.02 (s, 3H), —0.02 (s, 9H), *C NMR (125 MHz, CDCls) § 167.5, 164.8, 146.8, 146.7,
143.6, 137.3, 135.8, 128.9, 128.5, 123.3, 122.4, 121.8, 120.7, 112.7, 109.2, 109.1, 103.4, 85.6,
72.1, 69.1, 67.1, 53.3, 42.7, 42.1, 27.8, 27.0, 25.8, 21.3, 18.4, 18.0, —1.6, —4.4, —5.4; HRMS
(ESI") m/z 788.3863 [(M+Na)"; calcd for C3gHsgNs07Si,Na: 788.3851].
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(6R, 7aR, 12aS, 37)-1-[2-(Trimethylsilyl)ethoxy]methyl]-3-[(1-carboxylic acid)-imidazole-
2-yl-metylene]-6-(tert-butyldimethylsiloxy)-7a-(1,1-dimethyl-2-propenyl)-12-methoxy-6,7,7a
,12-tetrahydro-1H,5H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5(3H)-dione (85)
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To a solution of 88 (50 mg, 0.06 mmol) in DMF (0.6 mL) was added K,CO3 (24 mg,
0.18 mmol) and Mel (17 mg, 0.12 mmol). After stirring for 4 h at room temperature, the
reaction mixture was quenched with sat. ag. NH4CI (1.0 mL), and stirred for 20 min. The
mixture was extracted with EtOAc and washed with H,O, brine, dried over Na,SO,4. The
solution was concentrated in vacuo, and the residue was purified by flash column
chromatography on silica gel (Hexane : EtOAc = 15 : 1) to give the methyl ether 85 (40 mg,
86%) as a colorless amorphous.

[0]p* +93.8 (¢ = 1.0, CHCI5), IR (Diamond Prism) vma (cm™®): 2947, 2862, 1728, 1381, 1250,
1149, 1011, 833, 748; *H NMR (500 MHz, CD30OD) 5 8.17 (d, J = 1.2 Hz, 1H), 7.63 (d, J =
7.5H), 7.31, (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 7.08 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 7.03 (s, 1H),
6.96 (d, J = 7.5 Hz, 1H), 6.95 (s, 1H), 6.27 (dd, J = 17.2, 10.9 Hz, 1H), 5.09 (d, J = 17.2 Hz,
1H), 5.00 (d, J = 10.9 Hz, 1H), 4.76 (dd, J = 11.5, 6.3 Hz, 1H), 4.33 (d, J = 10.3 Hz, 1H), 4.27
(brd, J = 10.3 Hz, 1H), 3.70 (s, 3H), 3.49 (m, 2H), 2.62 (dd, J = 13.8, 11.5 Hz, 1H), 2.11 (dd,
J=13.8, 6.3 Hz, 1H), 1.65 (s, 9H), 1.36 (s, 3H), 1.28 (s, 3H), 0.84 (s, 9H) 0.88-0.74 (2H),
0.10 (s, 3H), 0.03 (s, 3H), —0.04 (s, 9H); *C NMR (125 MHz, CD;0D) § 170.4, 167.8, 147.9,
147.0, 145.2, 138.0, 137.5, 130.0, 129.8, 125.5, 124.3, 123.8, 121.9, 114.1, 111.1, 108.6,
105.3, 87.5, 75.8, 70.8, 68.3, 65.0, 55.7, 45.1, 43.6, 28.1, 26.3, 25.1, 24.1, 19.4, 18.8, 1.3,
~4.3,-5.2; HRMS (ESI*) m/z 802.3996 [(M+Na)*; calcd for CaoHg:NsO7SiNa: 802.4007].
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(6S, 7aR, 12a8, 37)-3-[1 H-Imidazole-2-yl-metylene]-6-(tert-butyldimethylsiloxy)-7a-
(1,1-dimethyl-2-propenyl)-12-methoxy-6,7,7a,12-tetrahydro-1H,5 H-imidazo[ 1',2":1,2]pyrido[
2,3-b]indole-2,5(3H)-dione (89)
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To a solution of 85 (36 mg, 46 umol) in CH,CI; (0.92 mL) was added MesAl (1.0 M
in hexane, 0.21 mL) dropwise at —78 °C. After stirring for 5 min at room temperature, the
reaction was quenched with sat. aq. potassium sodium tartrate (1 mL) at O °C. The mixture
was stirred for 30 min at room temperature and extracted with EtOAc twice. The combined
organic extract was washed with H,O, brine and dried over Na,SO,. The solution was
concentrated in vacuo, and the residue was purified by flash column chromatography on silica
gel (CHCI3 : MeOH =10: 1) to give 89 (18 mg, 71 %) as a colorless amorphous.

[a]o?*° —20.0 (¢ = 1.0, CHCI3); IR (Diamond Prism) vmax (cm™): 2931, 2854, 2160, 2021,
1967, 1712, 1666, 1327, 1257, 1111, 910, 833, 756; *H NMR (500 MHz, CDs0D) & 7.72 (s,
1H), 7.50 (brd, J = 7.6 Hz, 1H), 7.32 (dd, J = 7.6, 7.6 Hz, 1H), 7.09 (dd, J = 7.6, 7.6 Hz, 1H),
6.99 (s, 1H), 6.98 (d, J = 7.6 Hz, 1H), 6.73 (s, 1H), 6.16 (brs, 1H), 5.16 (d, J = 17.2 Hz, 1H),
5.08 (brs, 1H), 4.49 (m, 1H), 3.70 (s, 3H), 2.58 (brdd, J = 12.3, 12.3 Hz, 1H), 2.31 (m, 1H),
1.4-1.2 (6H), 0.85 (s, 9H), 0.07 (s, 3H), 0.01 (s, 3H); **C NMR (125 MHz, CD;0D) & 170.2,
168.4, 147.8, 145.6, 136.8, 132.3, 130.1, 129.2, 127.8, 126.2, 124.3, 123.4, 114.2, 112.6,
108.6, 103.2, 79.5, 70.0, 65.2, 54.6, 43.8, 26.3, 24.5 (2C), 19.3, —4.5, -5.2; HRMS (ESI*) m/z
550.2853 [(M+Na)*; calcd for CagHoNs0,SiNa: 550.2850].
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(6S, 7aR, 12aS, 32)-3-[1H-Imidazole-2-yl-methylene]-6-hydroxy-7a-(1,1-dimethyl-2-
propenyl) -12-methoxy-6,7,7a,12-tetrahydro-1H,5H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5
(3H)- dione (87)

HFepyridine

pyridine
73%

To a round bottom flask charged with 89 (26 mg, 43 pumol) was added 50%
HFepyridine in pyridine (0.47 mL) at room temperature. After stirring for 3 h at room
temperature, the reaction was quenched with sat. ag. NaHCO3; (10 mL) at 0 °C. The mixture
was stirred at room temperature for 1 h and extracted with CH,Cl, three times. The combined
organic extracts was washed with brine and dried over Na,SO,. The solution was concentrated
in vacuo, and the residue was purified by flash column chromatography on silica gel (CHCl; :
MeOH=30: 1) to give 87 (15 mg, 73% yield) as a colorless solid.

[a]p?°-181.3 (c = 1.0, CHCIs); IR (Diamond Prism) vmax (cm™): 2970, 2931, 1712, 16686,
1327, 1119, 756, 617; *H NMR (500 MHz, CDs0D) & 7.71 (brs, 1H), 7.47 (brd, J = 7.5 Hz,
1H), 7.31 (dd, J = 7.5, 7.5 Hz, 1H), 7.09 (dd, J = 7.5, 7.5 Hz, 1H), 7.00 (s, 1H), 6.96 (d, J =
7.5 Hz, 1H), 6.86 (brs, 1H), 6.16 (m, 1H), 5.18 (d, J = 17.2 Hz, 1H), 5.10 (brd, J = 7.5 Hz,
1H), 4.29 (m, 1H), 3.71 (s, 3H), 2.58-2.32 (2H), 1.40-1.20 (6H); *C NMR (125 MHz,
CD;0D, 60 °C) § 171.6, 168.4, 148.1, 145.9, 137.3, 132.1, 130.1, 129.1, 128.7, 126.4, 124.1,
123.7, 114.0, 112.6, 109.3, 103.7, 68.0, 65.3, 54.9, 44.0, 38.7, 25.2, 24.2; HRMS (ESI") m/z
458.1808 [(M+Na)"; calcd for C3sHasNs04SiNa: 458.1804]; mp 188 °C dec.
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Neoxaline (1)

hv (A <325 nm)

MeOH, 55%
(35% recovery
of 85)

A solution of 85 (6 mg, 14 umol) in MeOH (0.5 mL) was irradiated by mercury
vapor lamp with a shortpass filter. After irradiated for 6 h at room temperature, the reaction
mixture was concentrated in vacuo, and the residue was purified by preparative TLC (CHCl; :
MeOH xz= 10 : 1) to give the Neoxaline (1) (3.3 mg, 55%) as a colorless solid with starting
material 85 (2.1 mg, 35%). All spectroscopic data was identical with reported data of naturally
occuring neoxaline except for the **C NMR and the optical rotation. Therefore, we took the
13C NMR of naturally occuring neoxaline, which was stored at our research group. Finally,
the *C NMR spectra of the synthetic neoxaline was identical with naturally occurring one.
The value of optical rotation in 1% AcOH in CHCI3 was identical, too.

For synthetic Neoxaline (1): [a]o®* = +78.7 (¢ = 0.02, 1.0% CH3COOH/CHCI3); IR (Diamond
Prism) vmax (cm'l): 3186, 2927, 1071, 1628, 1589, 1462, 1354, 1311, 1092, 1007, 752; ‘H
NMR (500 MHz, CDCl) & 12.80 (brs, 1H), 8.29 (s, 1H), 7.59 (s, 1H), 7.53 (d, J = 8.0 Hz,
1H), 7.27-7.35 (2H), 7.09 (dd, J = 8.0, 8.0 Hz, 1H), 6.91 (d, J = 8.0 Hz, 1H), 6.00 (m, 1H),
5.14 (d, J = 17.7 Hz, 1H), 5.03 (d, J = 10.4 Hz, 1H), 4.54 (brs, 1H), 3.73 (s, 3H), 2.38 (m, 1H),
2.31(dd, J = 13.1, 13.1 Hz, 1H), 1.38 (s, 3H), 1.25 (s, 3H):

'H NMR (500 MHz, pyridine-ds, 60 °C) & 8.95 (s, 1H), 7.99 (s, 1H), 7.69 (d, J = 7.5 Hz, 1H),
7.64 (s, 1H), 7.33 (dd, J = 7.5, 7.5 Hz, 1H), 7.15 (dd, J = 7.5, 7.5 Hz, 1H), 6.94 (d, J = 7.5 Hz,
1H), 6.83 (brs, 1H), 6.39 (brs, 1H), 5.19 (dd, J = 13.2, 6.3 Hz, 1H), 5.02 (brs, 1H), 4.47 (brs,
1H), 3.69 (s, 3H), 2.81 (dd, J = 13.2, 13.2 Hz, 1H), 2.57 (brm, 1H), 1.41 (6H):

3¢ NMR (125 MHz, CDCI3) 6 171.6, 164.4, 145.6, 144.9, 137.2, 135.4, 129.2, 127.6, 125.8,
124.9,123.9, 121.5, 114.3, 111.7, 111.0, 99.9, 66.2, 65.3, 53.1, 43.6, 39.5, 28.1, 20.2;

13C NMR (125 MHz, pyridine-ds, 60 °C) 5 173.2, 167.2, 147.4, 145.4, 138.0, 135.6 (This
signal was ditected by HMQC), 130.6, 129.3, 127.7, 125.8, 124.9, 123.9, 114.2, 112.5, 109.8,
102.5, 68.2, 65.2, 54.5, 44.4, 42.7, 24.8 (2C); HRMS (ESI*) m/z 458.1806 [(M+Na)": calcd
for Co3HasNs504Na: 458.1804]; mp 191 °C dec. (lit. 202 °C).
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For naturally occurring neoxaline; [a]p®® = +78.3 (¢ = 0.02, 1.0% CH3;COOH/CHCI,); *H
NMR (500 MHz, CDCls) & 12.81 (brs, 1H), 8.30 (s, 1H), 7.61 (brs, 1H), 7.53 (d, J = 8.0 Hz,
1H), 7.34-7.28 (2H), 7.09 (dd, J = 8.0, 8.0 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.00 (m, 1H),
5.15 (d, J = 17.7 Hz, 1H), 5.04 (d, J = 10.4 Hz, 1H), 4.52 (brs, 1H), 3.74 (s, 3H), 2.39 (m, 1H),
2.31 (dd, J = 12.8, 12.8 Hz, 1H), 13.8 (s, 3H), 12.4 (s, 3H); ©C NMR (125 MHz, CDCls) &
171.6, 164.4, 145.6, 144.9, 137.3, 135.4, 129.3, 127.6, 125.8, 124.9, 123.9, 121.5, 114.3,
111.7,111.1, 99.9, 66.2, 65.4, 53.0, 43.6, 39.5, 28.1, 20.2.

(6R, 7aR, 12aS)-1-[2-(Trimethylsilyl)ethoxy]methyl]-3-{[(1-carboxylic acid)-1,1-
dimethylethyl-ester]-imidazole-2-yl-oxy-[(carboxylic acid)-1,1-dimethylethyl-ester] }-6,12-
(tert-butyldimethylsiloxy)-7a-(1,1-dimethyl-2-propenyl-6,7,7a,12-tetrahydro-1H,5H-imidazo[
1',2":1,2]pyrido[2,3-b]indole-2,5 (3H)-dione (82)
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To a solution of 81a (41 mg, 46 umol) in THF (900 puL) was added DMAP (5 mg, 41
umol) and Boc,O (15 mg, 210 umol). After stirring for 2 h at room temperature, the reaction
was quenched with sat. NaHCO;3; ag. (4 mL) and extracted with EtOAc (8 mL). The organic
extract was washed with brine (4 mL) and dried over Na,SO,4 and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel (Hexane : EtOAc =10 : 1)
to give 82 (40 mg, 87%) as colorless amorphous solids.

[0]p? +93.4 (¢ = 1.0, CHCI5); IR (Diamond Prism) vmax (cm™%): 2939, 2862, 1751, 1389, 1250,
1157, 833, 779, 679; 'H NMR (500 MHz, CDCl3) 5 8.03 (d, J = 1.2 Hz 1H), 7.54 (d, = 7.5
Hz, 1H), 7.28 (s, 1H), 7.19 (dd, J = 7.5, 7.5 Hz, 1H), 6.97 (dd, J = 7.5, 7.5 Hz, 1H), 6.70 (d, J
= 7.5 Hz, 1H), 6.47 (dd, J = 17.2, 10.9 Hz, 1H), 6.43 (s, 1H), 5.16 (d, J = 17.2 Hz, 1H), 5.14
(m, 1H), 5.04 (d, J = 1.2 Hz, 1H), 4.59 (brm, 1H), 4.40 (dd, J = 12.6, 5.2 Hz, 1H), 4.01(d, J =
10.3 Hz, 1H), 3.74 (brm, 1H), 3.47 (ddd, J = 9.7, 9.7, 5.7 Hz, 1H), 2.61 (dd, J = 12.6, 12.6 Hz,
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1H), 1.97 (m, J = 12.6 Hz, 1H), 1.58 (s, 9H), 1.46 (s, 9H), 1.43 (s, 3H), 1.37 (s, 3H), 0.95 (s,
9H), 0.77 (s, 9H), 0.85-0.73 (2H), 0.19 (s, 3H), 0.17 (s, 3H), 0.05 (s, 3H), ~0.01 (s, 3H), —0.06
(s, 9H); 13C NMR (125 MHz, CDCl3) & 173.4, 171.0, 152.6, 148.2, 147.1, 146.1, 140.5, 136.9,
129.9, 128.1, 124.7, 122.7, 114.6, 113.3, 110.2, 105.8, 85.2, 82.3, 75.3, 71.6, 69.0, 67.6, 58.9,
54.9, 45.1, 43.8, 28.0, 27.9, 26.1, 25.8, 24.2 (2C), 18.5, 18.3, 18.0, -1.3, -3.2, 3.6, —4.5, —
5.1; HRMS (ESI) m/z 1020.5336 [(M+Na)*; calcd for CsoHesNsO1o0SisNa: 1020.5345]

(6R, 7aR, 12aS, 3E)-1-[2-(Trimethylsilyl)ethoxy]methyl]-3-[1H-imidazole-2-yl-metylene]-6-
(tert-butyldimethylsiloxy)-7a-(1,1-dimethyl-2-propenyl)-12-hydroxy-6,7,7a,12-tetrahydro-1H
,5H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5(3H)-dione (E-94)
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To a solution of 82 (60 mg, 60 umol) in THF (540 mL) was added NaH (7 mg, 290
umol) and MeOH (60 pL). After stirred for 5 min at room temperature, the reacti on was
guenched with sat. NaHCO3; ag. (4mL) and extracted with EtOAc (10 mL). The organic
extract was washed with brine, dried over Na,SO,, and purified by flash column
chromatography on silica gel (Hexane : EtOAc = 1 : 2) to give E-94 (29 mg, 73%) as yellow
amorphous solids.

[a]p? +23.8 (¢ = 1.0, CHCl5); IR (Diamond Prism) vimax (cm™): 2954, 2854, 1697, 1396, 1250,
1111, 833, 748, 687; *H NMR (500 MHz, CDCls, 60 °C) & 8.54 (s, 1H), 7.70 (s, 1H). 7.61 (brs,
1H), 7.52 (d, J = 7.5 Hz, 1H), 7.36 (s, 1H), 7.27 (dd, J = 7.5, 7.5 Hz, 1H), 6.98 (dd, J = 7.5,
7.5 Hz, 1H), 6.89 (d, J = 7.5 Hz, 1H), 6.15 (brm, 1H), 5.03-4.86 (3H), 4.70 (brm, 1H), 3.55
(brs 1H), 3.48 (ddd, J = 11.5, 9.2, 5.7 Hz, 1H), 3.15 (ddd, J = 12.0, 9.2, 5.2 Hz, 1H), 2.48 (dd,
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J=132,13.2, 1H), 2.03 (m, 1H), 1.40 (brs, 3H), 1.10 (brs, 3H), 0.95 (ddd, J = 14.9, 12.0, 5.7
Hz, 1H), 0.86 (m, 1H), 0.84 (s, 9H), 0.12 (s, 3H), 0.02 (s, 3H), ~0.02 (s, 9H); *C NMR (125
MHz, CDs0D) & 170.5, 165.2, 146.9, 143.8, 136.9, 135.7, 128.9, 128.6, 126.5, 123.6, 122.7,
122.0, 112.7, 111.0, 108.9, 103.0, 72.4, 69.1, 67.7, 54.4, 43.0, 42.8, 26.9, 25.8, 21.7, 18.5,
18.2, -1.6, -4.6, -5.3; HRMS (ESI") m/z 666.3510 [(M+H)*; calcd for CsqHsNsOsSiy:
666.3507]

(6R, 7aR, 12aS)-1-[[2-(Trimethylsilyl)ethoxy]methyl]-7a-(1,1-dimethyl-2-propenyl)
-6,7,7a,12-tetraheydro-12-hydroxy-1H,5 H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5(3H)-

dione (65°)
7 7
OTBS OTBS
NN ©  1BAF, THF N O
—_—
| N

N
| N

TBSO / 0°C, 89% HO /\g

SEM 4 SEM 4
65 65’

To a solution of 65 (1.2 g, 1.71 mmol) in THF (17 mL) was added TBAF (1.0 M in
THF, 1.70 mL, 1.70 mmol) dropwise at 0 °C. After stirred for 5 min at 0 °C, the reaction was
guenched with sat. NH4Cl ag. (12 mL) and extracted with EtOAc (25 mL). The organic
extract was washed with H,O (30 mL), brine (30 mL) and dried over Na,SO,4. The solution
was concentrated in vacuo, and the residue was purified by flash column chromatography on
silica gel (Hexane : EtOAc =5 : 1) to give 65’ (890 mg, 89%) as a colorless amorphous solid.

[a]o?®+99.3 (¢ = 1.0, CHCI5); IR (Diamond Prism) vma (cm™): 2951, 2893, 1736, 1697, 1427,
1250, 1149, 1068, 833, 748; *H NMR (500 MHz, CDCls) & 7.58 (s, 1H), 7.49 (d, J = 7.5 Hz,
1H), 7.23 (m, 1H), 6.94 (m, 1H), 6.85 (m, 1H), 6.15 (brm, 1H), 5.97 (brd, J = 17.2 Hz, 1H)
4.90-5.02 (2H), 4.83 (dd, J = 11.5, 6.9 Hz, 1H), 4.67 (brs, 1H), 4.21 (d, J = 17.8 Hz, 1H), 3.99
(d, J = 17.8 Hz, 1H), 3.46-3.37 (2H), 3.08 (ddd, J = 12.0, 9.2, 5.2 Hz, 1H), 2.45 (dd, J = 13.7,
11.5 Hz, 1H), 2.05 (dd, J = 13.7, 6.9 Hz, 1H), 1.36 (brs, 3H), 1.14 (brs, 3H), 0.93 (ddd, J =
13.8, 12.0, 6.30 Hz, 1H), 0.84 (m,1H) 0.84 (s, 9H), 0.11 (s, 3H), 0.02 (s, 3H), —0.02 (s, 9H);

137



13C NMR (125 MHz, CDCI3) § 170.1, 169.8, 147.3, 143.9, 129.1, 128.6, 123.4, 121.6, 112.6,
108.7, 103.9, 72.0, 67.4, 54.4, 46.3, 43.7, 42.6, 26.5, 25.8, 22.4, 18.5, 18.1, ~1.6, 4.5, -5.2;
HRMS (ESI") m/z 610.3102 [(M+Na)"; calcd for CsoHasN3OsSi-Na: 610.3108].

(6R, 7aR, 12aS)-1-[[2-(Trimethylsilyl)ethoxy]methyl]-7a-(1,1-dimethyl-2-propenyl)
-6,7,7a,12- tetraheydro-12-methoxy-1H,5H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5(3H)-
dione (98)

Z 2
oTBS oTBS
o) o
N Mel, K,CO4 NN
| N | N
HO / DMF, 93% MeO /
SEM & SEM &
65' 98

To a solution of 65’ (1.0 g, 1.70 mmol) in DMF (17 mL) was added K,COj3 (470 mg,
3.41 mmol) and Mel (220 uL 3.56 mmol). After stirring for 5 h at room temperature, the
reaction mixture was quenched with sat. NH4Cl ag. (12 mL) and stirred for 20 min. The
mixture was extracted with EtOAc (25 mL) and washed with H,O (20 mL), and brine (20 mL),
dried over Na,SO,4. The solution was concentrated in vacuo, and the residue was purified by
flash column chromatography on silica gel (Hexane : EtOAc =5 : 1) to give the methyl ether
98 (950 mg, 93%) as a yellow amorphous solid.

[0]o? +110.0 (¢ = 1.0, CHCIL3); IR (Diamond Prism) vmax (cm™): 2947, 2885, 1736, 1697,
1427, 1311, 1250, 1149, 1065, 833, 748; *H NMR (500 MHz, CDCl3) § 7.47 (d, J = 7.5 Hz,
1H), 7.23 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 6.96 (ddd, J = 7.5, 7.5, 1.1 Hz, 1H), 6.84 (dd, J = 7.5
1.1 Hz, 1H), 6.18 (dd, J = 17.2, 10.7 Hz, 1H), 5.03 (d, J = 17.2, Hz, 1H), 5.01(d, J = 10.7 Hz
1H), 4.85 (dd, J = 11.9, 6.9 Hz, 1H), 4.40 (d, J = 10.9 Hz, 1H), 4.15 (d, J = 17.2 Hz, 1H), 3.96
(d, J = 17.2 Hz, 1H), 3.87 (brb, J = 10.9 Hz, 1H), 3.74 (s, 3H), 3.43 (ddd, J = 10.9, 9.2, 5.7 Hz,
1H), 3.35 (m, 1H), 2.48 (dd, J = 13.8, 11.9 Hz, 1H), 2.03 (dd, J = 13.8, 6.9 Hz, 1H), 1.33 (s,
3H), 1.23 (s, 3H), 0.83 (s, 9H), 0.88-0.75 (2H), 0.11 (s, 3H), 0.01 (s, 3H), ~0.05 (s, 9H); 1°C
NMR (125 MHz, CDCI3) & 170.7, 170.5, 146.0, 144.0, 129.2, 128.5, 123.9, 122.4, 113.1,
109.6, 104.1, 74.2, 69.0, 67.3, 64.1, 55.3, 45.6, 44.5, 42.8, 25.8, 24.9, 23.9, 18.5, 18.1, ~1.4, —
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4.6,-5.3; HRMS (ESI") m/z 624.3259 [(M+Na)*; calcd for Cs;Hs;N3OsSi,Na: 624.3265].

(6R, 7aR, 12aS)-1-[2-(Trimethylsilyl)ethoxy]methyl]-3-[(1-carboxylic
acid)-1,1-dimethylethyl
-ester]-imidazole-2-yl-hydroxymethyl]-6-(tert-butyldimethylsiloxy)-7a-(1,1-dimethyl-2-prope
nyl)-6,7,7a,12-tetrahydro-12-methoxy-1H,5H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5
(3H)-dione (99)

p /
N OTBS
OTBS 04\{\>
80 —N
o)
Boc
N
N~ © LDA, THF N OH
N - M c|> /N N
| N o o e H
Meo/\g 78 Csoo C sev B
SEM o 88% B
99
98 dr=1.01.2

To a solution of 98 (260 mg, 0.43 mmol) in THF (4.3 mL) was added LDA (1.1 M in
THF, 430 uL, 0.47 mmol) dropwise at —78 °C. After stirring for 8 min at =78 °C, the reaction
was warmed to O °C and stirred for 6 min. To the reaction mixture was added
imidazolylaldehyde 80 (170 mg, 0.86 mmol) at 0 °C. After stirring for 15 min at 0 °C, the
reaction was quenched by sat. NH4Cl (10 mL) ag. and extracted with EtOAc (15 mL). The
organic extract was washed with H,O (10 mL), brine (10 mL) and dried over Na,SO,4. The
solution was concentrated in vacuo, and the residue was purified by flash column
chromatography on silica gel (Hexane : EtOAc = 10 : 1) to give the diastereomeric mixture 99
(301 mg, 88%) as a yellow amorphous solid.

'H NMR (500 MHz, CDCls) 8 8.03 (s, 0.45H), 8.02 (s, 0.55H), 7.50 (d, J = 7.5 Hz, 0.45H),
7.45 (d, J = 7.5 Hz, 0.55H), 7.40 (s, 0.55H), 7.39 (s, 0.45H) 7.23 (dd, J = 7.5, 7.5 Hz, 0.55H),
7.22 (dd, J = 7.5, 7.5 Hz, 0.45H), 6.96 (dd, J = 7.5, 7.5 Hz, 0.45H), 6.94 (dd, J = 7.5, 7.5 Hz,
0.55H), 6.86, (d, J = 7.5 Hz, 0.45H), 6.77 (d, J = 7.5 Hz, 0.45 H), 6.36 (dd, J = 17.2, 10.9 Hz,
0.45H), 6.10 (dd, J = 17.2, 10.9 Hz, 0.55H), 5.50 (brm, 0.45H), 5.46 (brm, 0.55H), 5.11-5.02
(1.35H), 4.98 (d, J = 10.9 Hz, 0.55H), 4.96 (d, J = 17.2 Hz, 0.55H), 4.74 (d, J = 1.7 Hz,
0.45H), 4.69 (d, J = 2.9 Hz, 0.55H), 4.58 (d, J = 11.5, 0.55H), 4.35-4.45 (1H), 4.09 (brm,
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0.45H), 3.72 (s, 1.65H), 3.70 (s, 1.35H), 3.67 (d, J = 11.5 Hz, 0.55H), 3.66-3.56 (1H), 3.47 (m,
0.45H), 3.32 (m, 0.55H), 2.50 (m, 0.45H), 2.48 (dd, J = 14.3, 11.5 Hz, 0.55 H), 2.09 (dd, J =
14.3, 7.7 Hz, 0.55H), 1.92 (brm, 0.45H), 1.61 (s, 4.05H), 1.59 (s, 4.95H), 1.30 (s, 1.65H),
1.21 (s, 2.7H), 1.16 (s, 1.65H), 0.90-0.70 (2H), 0.84 (s, 4.95H), 0.76 (s, 4.05H), 0.13 (s,
1.65H), 0.03 (s, 1.65H), 0.02 (s, 1.35H), —0.04 (s, 4.95H), 0.06 (s, 4.05H), —0.08 (s, 1.35H);
13C NMR (125 MHz, CDCls, 60 °C) § 175.4, 171.9, 171.2, 169.2, 147.2, 146.1, 145.7, 145.5,
1455, 143.9, 143.1, 142.9, 136.7, 136.4, 129.8, 128.7, 128.3, 128.2, 124.9, 123.1, 122.6,
122.0, 114.4, 114.3, 113.2, 113.0, 109.9, 108.6, 104.0, 103.6, 85.4, 85.3, 75.1, 73.0, 69.4, 68.8,
68.6, 68.3, 67.6, 66.9, 64.2, 63.9, 63.3, 62.7, 56.4, 55.3, 44.4, 44.2, 43.1, 42.5, 28.0, 25.8, 25.8,
24.2, 237, 185, 185, 18.2, 17.9, -1.4, -1.4, -45, 4.7, -5.3, -5.4; HRMS (ESI*) m/z
798.4286 [(M+H)"; calcd for CagHesNsOsSiz: 798.4293].

(6R, 7aR, 12aS, 3E)-1-[2-(Trimethylsilyl)ethoxy]methyl]-3-[1H-imidazole-2-yl-metylene]-6-
(tert-butyldimethylsiloxy)-7a-(1,1-dimethyl-2-propenyl)-12-methoxy-6,7,7a,12-tetranydro-1H
,5H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5(3H)-dione (E-100) and

(6R, 7aR, 12aS, 32)-1-[2-(Trimethylsilyl)ethoxy]methyl]-3-[1H-imidazole-2-yl-metylene]-6-
(tert-butyldimethylsiloxy)-7a-(1,1-dimethyl-2-propenyl)-12-methoxy-6,7,7a,12-tetranydro-1H
,5H-imidazo[1',2":1,2]pyrido[2,3-b]indole-2,5(3H)-dione (Z-100)

J 7 4
OTBS OTBS oTBS
o 1) Boc,O, DMAP o o N
NN OH THF NN NYN LD
Y | N )= | N N
RS TS O Ty
SEM ¢ N OHN__N o]
99 Boc (E)-100 (2)-100
dr=1.012 73% 16%

To a solution of 99 (120 mg, 151 pumol) in THF (1.5 mL) was added DMAP (18 mg,
147 pmol) and Boc,O (42 mg, 193 umol). After stirring for 4 h at room temperature, the
reaction was quenched with sat. NaHCO3 aqg. (8 mL) and extracted with EtOAc (8 mL). The
organic extract was washed with brine (8 mL) and dried over Na,SO,4 and concentrated in
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vacuo. The solution of crude residue in THF (1.5 mL) was added MeOH (300 uL) and NaH
(18 mg, 0.75 mmol). After stirred for 5 min at room temperature, the reaction was quenched
with sat. NH,Cl ag. (10 mL) and extracted with EtOAc (8 mL). The organic extract was
washed with brine (5 mL), dried over Na,SO,, and purified by flash column chromatography
on silica gel (Hexane : EtOAc =1 : 1) to give E-100 (75 mg, 73%) and Z-100 (16 mg, 16%)
as yellow amorphous solids.

For E-100; [a]p?*+57.3 (¢ = 1.0, CHCI5);IR (Diamond Prism) vmax (cm™): 2951, 2858, 1697,
1358, 1250, 1111, 833, 748; *H NMR (500 MHz, CDCls) & 8.45 (s, 1H), 7.72 (s, 1H), 7.50 (d,
J=75Hz, 1H), 7.34 (s, 1H), 7.26 (m, 1H), 7.01 (m, 1H), 6.87 (d, J = 7.5 Hz, 1H), 6.16 (brm,
1H), 5.07-4.88 (3H), 4.49 (d, J = 10.9 Hz, 1H), 3.90 (brm, 1H), 3.73 (s, 3H), 3.44 (ddd, J =
10.9, 9.7, 5.7 Hz, 1H), 3.37 (brm, 1H), 2.51 (dd, J = 13.5, 13.5 Hz, 1H), 2.02 (dd, J = 13.5,
6.3 Hz, 1H), 1.34 (brs, 3H), 1.18 (brs, 3H), 0.90-0.74 (2H), 0.82 (s, 9H), 0.11 (s, 3H), 0.01 (s,
3H), —0.05 (s, 9H); *C NMR (125 MHz, CDCls) & 171.0, 166.1, 145.6, 143.8, 136.5, 134.5,
128.8, 128.7, 126.6, 124.7, 124.0, 123.0, 122.6, 113.3, 109.9, 103.4, 74.8, 69.3, 67.5, 64.5,
55.1, 43.8, 42.9, 25.8, 25.4, 23.2, 18.5, 18.1, 1.5, -4.7, -5.4; HRMS (ESI*) m/z 680.3669
[(M+H)"; calcd for CasHssN5OsSi: 680.3664]

For (2)-100; [a]p®® +130.6 (c = 1.0, CHCls); IR (Diamond Prism) vma (cm™): 2951, 2858,
1720, 1415, 1250, 1115, 833, 748; '"H NMR (500 MHz, CDCI3) & 7.83 (s, 1H), 7.51 (d, J =
7.5 Hz, 1H), 7.33 (s, 1H), 7.27 (m, 1H), 7.04 (s, 1H), 7.04 (s, 1H), 7.02 (m, 1H), 6.88 (d, J =
7.5 Hz, 1H), 6.17 (brdd, J = 17.2, 10.9, Hz, 1H), 5.05 (d, J = 17.2 Hz, 1H), 4.99 (d, J = 10.9
Hz, 1H), 4.88 (dd, J = 12.9,. 5.7 Hz, 1H), 4.40 (d, J = 10.9 Hz, 1H), 4.20 (m, 1H), 3.70 (s, 3H),
3.58-3.45 (2H), 2.55 (dd, J = 13.2, 12.6 Hz, 1H), 2.04 (dd, J = 13.2, 5.7 Hz, 1H), 1.32 (s, 3H),
1.23 (s, 3H), 0.90-0.75 (2H), 0.83 (s, 9H), 0.12 (s, 3H), 0.03 (s, 3H), —0.05 (s, 9H); °C NMR
(125 MHz, CDCls) & 172.8, 166.0, 145.8, 143.7, 138.3, 135.7, 128.9, 128.7, 126.8, 124.2,
123.1, 117.4, 113.7, 110.1, 104.4, 103.6, 75.0, 69.6, 67.8, 64.4, 54.9, 44.0, 42.8, 25.8, 24.7,
235, 18.6, 18.2, 1.4, —-4.6, -5.3; HRMS (ESI*) m/z 680.3663 [(M+H)"; calcd for
CasHs:N50sSi,: 680.3664].
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(6S, 7aR, 12aS, 3E)-3-[1H-Imidazole-2-yl-metylene]-6-(tert-butyldimethylsiloxy)-7a-
(1,1-dimethyl-2-propenyl)-12-methoxy-6,7,7a,12-tetrahydro-1H,5H-imidazo[1',2":1,2] pyrido][
2,3-blindole-2,5(3H)-dione (101)

7

9 Me,AlCI

(0] >
N

o -78°Cto0°C
MeO / m 86%

To a solution of E-100 (26 mg, 38 umol) in CH,Cl, (380 uL) was added MesAl (1.0
M in hexane, 190 pL) dropwise at —78 °C. After stirring for 10 min 0 °C, the reaction was
guenched with sat. potassium sodium tartrate ag. (3 mL) at O °C. The mixture was stirred for
30 min at room temperature and extracted with EtOAc (5 mL). The combined organic extract
was washed with brine (5 mL) and dried over Na,SO4. The solution was concentrated in
vacuo, and the residue was purified by flash column chromatography on silica gel (CHCI; :
MeOH =50 : 1) to give 101 (18 mg, 86 %) as a colorless amorphous solid.

[0]o®® +96.58 (c = 0.5, CHCI3); IR (Diamond Prism) vma (cm™): 2931, 2854, 1697, 1628,
1396, 1350, 1250, 1103, 833, 748; 'H NMR (500 MHz, CDCls) & 8.37 (brs, 1H), 7.61 (brs,
1H), 7.53 (d, J = 8.0 Hz, 1H), 7.31 (dd, J = 8.0, 8.0 Hz, 1H), 7.28 (s, 1H), 7.09 (brdd, J = 8.0,
8.0 Hz, 1H), 6.92 (d, J = 8.0 Hz, 1H), 6.01 (brdd, J = 16.6, 10.6 Hz, 1H), 5.13 (d, J = 16.6 Hz,
1H), 5.02 (d, J = 10.6 Hz, 1H), 4.58 (m, 1H), 3.72 (s, 3H), 2.52 (dd, J = 12.6, 12.6 Hz, 1H),
2.12 (m, 1H), 1.40 (brs, 3H), 1.22 (brs, 3H), 0.82 (s, 9H), 0.09 (s, 3H), —0.01 (s, 3H) °C
NMR (125 MHz, DMF-d, 80 °C) & 171.7, 166.4, 147.3, 145.8, 138.1, 133.8, 130.0, 129.6,
128.0, 125.8, 124.8, 124.2, 114.2, 112.2, 109.8, 101.9, 69.8, 65.5, 54.6, 44.3, 43.4, 26.4, 25.2
(2C), 19.2, —4.1, —4.8; HRMS (ESI) m/z 550.2850 [(M+H)"; calcd for CaoHaoNsO.Si:
550.2838].
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Neoxaline (1)

OH
HF-pyridine @)
'TIHN
- o —
pyridine, 77% MeO _
HN
N (0] N
101 Neoxaline (1)

To a round bottom flask charged with 101 (38 mg, 69 umol) was added 50%
HFepyridine in pyridine (140 pL) at room temperature. After stirring for 3 h at room
temperature, the reaction was quenched with sat. ag. NaHCO3 (15 mL) at 0 °C. The mixture
was stirred at room temperature for 1 h and extracted with EtOAc (10 mL) three times. The
combined organic extracts was washed with sat. NaHCO3 ag. (20 mL) and brine (20 mL) and
dried over Na,SO,4. The solution was concentrated in vacuo, and the residue was purified by
flash column chromatography on silica gel (CHCl3 : MeOH= 20 : 1) to give 1 (23 mg, 77%)
as a colorless solid.

For synthetic neoxaline (1): See page 134.
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Meleagrin A (102)

7
\ 1) Ac,O =
0] DMSO o

N _— N N
N
[HN_ /= 2) K,COs [HN_ /=

MeO —  MeOH MeO =
OHN__N 75 % (2 steps) O AN __N
Neoxaline Meleagrin A

To a solution of 1 (10 mg, 23 pumol) in DMSO (230 pL) was added Ac,0O (230 pL) at
room temperature. After stirring for 24 h at room temperature, the reaction was quenched with
MeOH (1 mL) and sat. NaHCO3 aq (2 mL). After stirred for 1 h, the resulting mixture was
extracted with CH,Cl, (5 mL) twice. The combined organic extracts were washed with brine
(5 mL), dried over Na,SO, and concentrated in vacuo. The crude residue was diluted with
MeOH (230 pL) and added K,CO3 (15 mg, 109 pmol). After stirring for 5 h at room
temperature, the reaction was quenched with sat NH4Cl aq. (5mL) and extracted with EtOAC
(10 mL). The organic extract was washed with brine (5 mL) and dried over Na,SO,4. The
solution was concentrated in vacuo, and the residue was purified by flash column
chromatography on silica gel CHCI3; : MeOH= 30 : 1) to give 102 (7.5 mg, 75% in 2 steps) as
a yellow solid.

For synthetic Meleagrin A

[]p?°-108.0 (¢ = 0.5, CHCls);[a]p? -110.26 (c = 0.5, 1% AcOH/CHCIs);

IR (Diamond Prism) vmax (cm™): 3170, 3070, 2981, 2935, 1697, 1674, 1651, 1628, 1589, 1458,
1439, 1400, 1354, 1315, 1250, 1223, 1111, 1034, 984, 915, 825, 752, 690; *H NMR (500
MHz, CDCls) & 8.25 (s, 1H), 7.60 (s, 1H), 7.57 (d, J = 7.5 Hz, 1H), 7.31-7.27 (2H), 7.08 (dd,
J =75, 75 Hz, 1H), 6.97 (d, J = 7.5 Hz, 1H), 6.11 (brm, 1H), 5.50 (s, 1H), 5.20-4.94 (2H),
3.72 (s, 3H), 1.33 (s, 3H), 1.24 (s, 3H); *H NMR (500 MHz, pyridine-ds) & 9.05 (s, 1H), 8.08
(s. 1H), 7.78 (s, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.26 (dd, J = 8.0, 8.0 Hz, 1H), 7.14 (dd, J = 8.0,
8.0 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H), 6.31 (brm, 1H), 5.83 (s, 1H), 5.14 (d, J = 17.8 Hz, 1H),
4.97 (m, 1H), 3.69 (s, 3H), 1.40 (s, 3H), 1.37 (s, 3H); *C NMR (125 MHz, CDCl3) & 165.4,
159.2, 146.4, 143.0, 141.9, 137.2, 135.1, 128.7, 126.1, 125.4, 124.9, 123.8, 122.2, 114.3,

144



112.2, 110.3, 108.0, 101.6, 65.3, 52.7, 42.9, 25.1, 23.2; **C NMR (125 MHz, pyridine-ds) &
167.4, 160.8, 148.0, 145.7, 144.3, 138.3, 135.1, 128.9, 128.2, 127.6, 126.0, 125.3, 123.5,
113.8, 112.8, 110.0, 109.5, 103.4, 65.5, 53.7, 43.3 23.8 (2C, this signal was ditected by
HMQC); HRMS (ESI") m/z 434.1822 [(M+Na)"; calcd for Cp3H,4sNsO4: 434.1828]; mp 241
°C dec. (lit. 250 °C).

For naturally occurring Meleagrin A

[a]p?®-111.52 (¢ = 0.3, 1% AcOH/CHCI3); *H NMR (500 MHz, pyridine-ds) & 9.05 (s, 1H),
8.07 (s. 1H), 7.77 (brs, 1H), 7.70 (d, J = 8.0 Hz, 1H), 7.26 (dd, J = 8.0, 8.0 Hz, 1H), 7.14 (dd,
J=18.0, 8.0 Hz, 1H), 6.93 (d, J = 8.0 Hz, 1H), 6.31 (brs, 1H), 5.83 (s, 1H), 5.14 (d, J = 17.2
Hz, 1H), 4.98 (m, 1H), 3.69 (s, 3H), 1.40 (s, 3H), 1.37 (s, 3H); *C NMR (125 MHz, CDCl3) §
165.3, 159.2, 146.4, 143.0, 141.8, 137.2, 135.3, 128.8, 126.1, 125.4, 125.0, 123.9, 122.0,
114.4, 112.2, 110.4, 107.9, 101.6, 65.3, 52.7, 42.9, 25.1, 23.1; *C NMR (125 MHz,
pyridine-ds) & 167.5, 160.8, 148.0, 145.8, 144.3, 138.3, 135.1, 128.9, 128.2, 127.6, 126.0,
125.3, 123.5, 113.8, 112.8, 110.0, 109.5, 103.4, 65.5, 53.7, 43.3 23.9 (2C, this signal was
ditected by HMQC);

(6R, 7aR, 12aS, 3E)-1-[2-(Trimethylsilyl)ethoxy]methyl]-3-[1H-imidazole-2-yl-metylene]-6-
hydroxy-7a-(1,1-dimethyl-2-propenyl)-12-methoxy-6,7,7a,12-tetrahydro-1H,5H-imidazo[1',2'
:1,2]pyrido[2,3-b]indole-2,5(3H)-dione (E-105)

V4 74
B OH
OTBS  1gaF
9 CH2C|2
o ——~ N O
ITI \ 90% 'T‘ N =
o I "l b
SEM ¢ HN,_N O HN__N
100 105

To a solution of 100 (120 mg, 177 umol) in THF (1.7 mL) was added TBAF (1.0 M
in THF, 170 pL, 0.17 mmol) dropwise at 0 °C. After stirred for 30 min at room temperature,
the reaction was quenched with sat. NH4Cl ag. (3.0 mL) and extracted with EtOAc (3 mL).
The organic extract was washed with brine (3 mL), and dried over Na,SO,4. The solution was

145



concentrated in vacuo, and the residue was purified by flash column chromatography on silica
gel (CHCI3 : MeOH =50 : 1) to give 105 (90 mg, 90%) as a colorless amorphous solid.

[0]p%*+29.1 (c = 1.0, CHCls); IR (Diamond Prism) vmax (cm%): 2942, 2897, 1693, 1392, 1358,
1292, 1250, 1092, 833, 748; 'H NMR (500 MHz, CDCI3) & 8.42 (s, 1H), 7.74, (s, 1H), 7.51 (d,
J=8.1Hz, 1H), 7.39 (s, 1H), 7.27 (dd, J = 8.1, 8.1 Hz, 1H), 7.01 (dd, J = 8.1, 8.1 Hz, 1H),
6.88 (d, J = 8.1, 1H), 6.15 (brm, 1H), 5.02 (d, J = 17.2, 1H), 5.00 (m, 2H), 4.92 (dd, J = 11.5,
7.5 Hz, 1H), 4.52 (d, J = 10.9 Hz, 1H), 3.90 (brm, 1H), 3.74 (s, 3H), 3.44 (m, 1H), 3.36 (brm,
1H), 2.39-2.23 (2H), 1.35 (s, 3H), 1.18 (s, 3H), 0.93-0.74 (2H), —0.05 (s, 9H); *C NMR (125
MHz, CDCls) 5 172.0, 165.8, 145.6, 143.6, 136.8, 134.7, 128.9, 128.7, 126.3, 124.0, 123.0,
122.2, 113.5, 110.4, 110.2, 103.7, 74.8, 67.6, 67.1, 64.6, 55.3, 43.1, 42.7, 29.7, 23.2, 18.1, —
1.4; HRMS (ESI*) m/z 566.2787 [(M+H)"; calcd for CasHaoNsOsSi: 566.2798].

(6R, 7aR, 12aS, 3E)-1-[2-(Trimethylsilyl)ethoxy]methyl]-3-[1H-imidazole-2-yl-metylene]-6-
hydroxy-7a-(1,1-dimethyl-2-propenyl)-7a,12-dihydro-12-methoxy-1H,5H-imidazo[1',2":1,2]p
yrido[2,3-b]indole-2,5(3H)-dione (E-105)

7 7
OH OH
1) Ac,0 —
DMSO

N0 - > N
LN = 2KLO TN )=
MeO / — 9419312 tops) M0/ —
steps
SEM ¢ HN\7N ° SEM ¢ HN\?N

105 106

To a solution of 105 (80 mg, 142 umol) in DMSO (1.4 mL) was added Ac,O (1.4
mL) at room temperature. After stirring for 21 h at room temperature, the reaction was
guenched with MeOH (2 mL) and sat. NaHCOg3 ag. (5 mL). After stirred for 1 h, the resulting
mixture was extracted with CH,CIl, (5 mL) twice. The combined organic extracts were
washed with brine (5 mL), dried over Na,SO, and concentrated in vacuo. The crude residue
was diluted with MeOH (1.4 mL) and added K,COj3 (140 mg, 1.0 mmol). After stirring for 3 h
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at room temperature, the reaction was quenched with sat NH4Cl ag. (5mL) and extracted with
EtOAc (10 mL). The organic extract was washed with brine (5 mL) and dried over Na,SO..
The solution was concentrated in vacuo, and the residue was purified by flash column
chromatography on silica gel CHCI; : MeOH= 50 : 1) to give 106 (57 mg, 71% in 2 steps) as
a yellow amorphous solid.

[a]p?*-139.9 (c = 1.0, CHCI3); IR (Diamond Prism) vmax (cm™): 2958, 2867, 1655, 1423, 1308,
1246, 1092, 833, 748; *H NMR (500 MHz, CDCls) & 8.37 (s, 1H), 7.72 (s, 1H), 7.50 (d, J =
7.5 Hz, 1H), 7.39 (s, 1H), 7.24 (m, 1H), 7.00 (m, 1H), 6.90 (d, J = 7.5 Hz, 1H), 6.15 (dd, J =
17.5, 10.8 Hz, 1H), 5.44 (s, 1H), 5.00 (d, J = 17.2 Hz, 1H), 4.99 (d, J = 10.8 Hz, 1H), 4.58 (d,
J =10.9 Hz, 1H), 3.77 (d, J = 10.9 Hz, 1H), 3.70 (s, 3H), 3.36 (ddd, J = 10.9, 9.2, 5.7 Hz, 1H),
3.16 (ddd, J = 10.9, 9.2, 5.7 Hz, 1H), 1.34 (s, 3H), 1.14 (s, 3H), 0.88-0.72 (2H), —0.06 (s, 9H);
B3C NMR (125 MHz, CDCl5) & 165.6, 159.8, 146.5, 142.9, 141.4, 137.1, 135.6, 128.4, 126.2,
124.4,123.6, 122.7, 121.8, 113.4, 110.6, 109.9, 109.3, 104.0, 73.7, 67.2, 64.9, 54.2, 42.1, 25.3,
22.9,17.9, —1.48; HRMS (ESI*) m/z 564.2629 [(M+H)"; calcd for CaoH3sNsOsSi: 564.2642].

(6R, 7aR, 12aS, 3E)-1-[2-(Trimethylsilyl)ethoxy]methyl]-7a,12-dihydro-3-[1H-imidazole-2-yl
- metylene]-6- hydroxy-7a-(1,1-dimethyl-2-propenyl)6,12-dimethoxy-1H,5H-
imidazo[1',2":1,2]pyrido [2,3-b]indole-2,5(3H)-dione (E-106)

7 7
OH OMe
TMSCHN
e T N O
’T‘ N = MeOH, Benzene ’T‘ N =
s @ o Moo \8_\%7
SEM OHNVN SEM OHNVN
106 106’

To a solution of 106 (29 mg, 52 umol) in Benzene (830 pl) and MeOH (160 pL) was
added TMSCHN; (1.0 M in hexane, 100 uL). After stirring for 3 h at room temperature, the
reaction was quenched with AcOH (50 pL) at 0 °C. The mixture was then added sat. NaHCO3
ag. (1 mL) and extracted with CH3Cl (5 mL) twice. The combined organic extract was washed
with brine (5 mL) and dried over Na,SO,. The solution was concentrated in vacuo, and the
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residue was purified by flash column chromatography on silica gel (CHCI; : MeOH =50 : 1)
to give 106’ (25 mg, 83 %) as a yellow amorphous solid.

[a]p?® -108.5 (c = 1.0, CHCl5); IR (Diamond Prism) vmax (cm™): 2939, 2893, 1689, 1635, 1419,
1242, 1087, 1049, 833, 748; *H NMR (500 MHz, CDCl5) § 8.47 (s, 1H), 7.81 (s, 1H), 7.53 (d,
J =75 Hz, 1H), 7.40 (s, 1H), 7.27 (dd, J = 7.5, 7.5 Hz, 1H), 7.03 (dd, J = 7.5, 7.5 Hz, 1H),
6.92 (s, J = 7.5 Hz, 1H), 6.15 (dd, J = 17.2, 10.9 Hz, 1H), 5.12 (s, 1H), 5.02 (d, J = 10.9 Hz,
1H), 5.01 (d, J = 17.2 Hz, 1H), 4.60 (d, J = 10.9 Hz, 1H), 3.76 (d, J = 10.9 Hz, 1H), 3.72 (s,
3H), 3.63 (s, 3H), 3.38 (m, 1H), 3.17 (m, 1H), 1.35 (s, 3H), 1.16 (s, 3H), 0.88-0.72 (2H),
—0.05 (s, 9H); *C NMR (125 MHz, CDCl3) § 165.5, 157.9, 146.3, 146.1, 142.5, 136.2, 133 .4,
128.5, 126.5, 124.5, 123.4, 122.9, 122.5, 113.5, 110.8, 109.5, 107.9, 103.4, 73.2, 66.9, 65.0,
55.7, 53.8, 41.7, 25.6, 22.5, 17.7, —-1.5; HRMS (ESI") m/z 578.2785 [(M+H)"; calcd for
C3oH4oN50sSi: 578.2799].

Oxaline
74 74
OMe OMe
Me,AICI
e 2 N NS
'Tl N /= CH2Clz THR )=
MeO -78°Cto0°C MeO
SEIVI/ ‘ 72% -
O RN N O ANN
106 Oxaline (103)

To a solution of 106” (23 mg, 40 umol) in CH,Cl, (800 pL) was added MezAl (1.0 M
in hexane, 120 pL) dropwise at =78 °C. After stirring for 5 min at 0 °C, the reaction was
guenched with sat. potassium sodium tartrate ag. (1 mL) at 0 °C. The mixture was stirred for
30 min at room temperature and extracted with CH,Cl, (3 mL) twice. The combined organic
extract was washed with brine (3 mL) and dried over Na,SO,4. The solution was concentrated
in vacuo, and the residue was purified by flash column chromatography on silica gel (CHCl; :
MeOH =30 : 1) to give 103 (13 mg, 72 %) as a yellow solid.

[a]p® -49.5 (¢ = 0.5, MeOH); [a]p?’ -32.2 (¢ = 0.5, 1% AcOH/CHCIs);
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IR (Diamond Prism) vimax (cm'l): 3140, 2978, 2939, 1697, 1682, 1628, 1419, 1350, 1234, 1103,
1011, 910, 748; *H NMR (500 MHz, CDCl5) & 8.33 (s, 1H), 7.58 (d, J = 7.5 Hz, 1H), 7.45 (s,
1H), 7.28 (dd, J = 7.5, 7.5 Hz, 1H), 7.09 (dd, J = 7.5, 7.5 Hz, 1H), 7.06 (s, 1H), 6.97 (d, J =
7.5, 1H), 6.08 (brm, 1H), 5.12 (s, 3H), 5.08 (brd, J = 17.2 Hz, 1H), 5.02 (brm, 1H), 3.71 (s,
3H), 3.63 (s, 3H), 1.31 (brs, 3H), 1.25 (brs, 3H); *H NMR (500 MHz, pyridine-ds) & ; 9.06
(brs, 1H), 8.07 (s, 1H), 7.76 (dd, J = 7.5, 1.2 Hz, 1H), 7.73 (brs, 1H), 7.30 (ddd, J = 7.5, 7.5,
1.2 Hz, 1H), 7.19 (ddd, J = 7.5, 7.5, 1.2 Hz, 1H), 6.96 (dd, J = 7.5, 1.2 Hz, 1H), 6.29 (brm,
1H), 5.48 (s, 1H), 5.15 (d, J = 17.2 Hz, 1H), 5.15-4.75 (2H), 3.71 (s, 3H), 3.51 (s, 3H), 1.41 (s,
3H), 1.38 (s, 3H); °C NMR (125 MHz, CDCls) § 166.1, 157.4, 146.6, 146.5, 142.8, 136.4,
133.7, 128.5, 126.2, 125.9, 124.7, 123.4, 123.1, 114.0, 112.1, 109.7, 106.8, 101.5, 65.3, 55.7,
52.4, 42.4, 23.7 (2C); *C NMR (125 MHz, pyridine-ds) 5 167.4, 158.4, 148.2, 148.1, 144.2,
138.1, 134.9 (this signal was ditected by HMQC), 129.2, 128.0, 127.6, 126.1, 125.2, 123.4,
114.1, 112.9, 109.8, 108.8, 103.1, 65.5, 56.2, 53.8, 43.3, 24.6, 24.5; HRMS (ESI*) m/z
448.1987 [(M+H)"; calcd for Cp4Ho6NsO4: 448.1985]; mp 230 °C dec. (lit. 220 °C).

(3R, 2’R)-3-(1,1-Dimethyl-2-propenyl)-3-[(2-hydroxy-3-one)-3- glycilamid]-2,3-
dihydro-indole ((9R)-107)

7
OTBS OH
o) TBAF @)
N~ HN o N~ HN
H /L THF H /L
H-N O0°Ctort H-N
20 67% 0o
40 107

To a solution of 40 (60 mg, 135 pumol) in THF (1.3 mL) was added TBAF (1.0 M in
THEF, 200 pL, 200 pmol) dropwise at 0 °C. After stirred for 30 min at room temperature, the
reaction was quenched with sat. NH,Cl ag. (3.0 mL) and extracted with EtOAc (5 mL). The
organic extract was washed with H,O (5 mL) and brine (5 mL), and dried over Na,SO,. The
solution was concentrated in vacuo, and the residue was purified by flash column
chromatography on silica gel (CHCIl3 : MeOH = 50 : 1) to give 107 (30 mg, 67%) as a
colorless amorphous solid.
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[a]p?’ +87.0 (c = 0.2, CHCI5); IR (Diamond Prism) vmax (cm™): 3317, 2970, 2931, 1651, 1520,
1373, 1234, 918, 748; *H NMR (500 MHz, CDs0D) & 7.12 (d, J = 7.5 Hz, 1H), 7.00 (dd, J =
7.5, 7.5 Hz, 1H), 6.66 (dd, J = 7.5, 7.5 Hz, 1H), 6.61 (d, J = 7.5 Hz, 1H), 6.03 (dd, J = 17.2,
10.9 Hz, 1H), 5.05 (d, J = 10.9 Hz, 1H), 5.03 (d, J = 17.2 Hz, 1H), 4.02 (dd, J = 5.2, 5.2 Hz,
1H), 3.83 (d, J = 17.2 Hz, 1H), 3.71 (d, J = 17.2 Hz, 1H), 3.63 (d, J = 10.9 Hz, 1H), 3.50 (d, J
= 10.9 Hz, 1H), 2.29-2.13 (2H), 1.05 (s, 3H), 1.01 (s, 3H); *C NMR (125 MHz, CDs0D) &
178.3, 174.0, 154.3, 146.6, 132.8, 128.9, 127.9, 118.9, 113.4, 111.4, 71.3, 55.7, 54.0, 44.5,
427, 41.4, 23.3, 23.1; HRMS (ESI") m/z 354.1786 [(M+Na)*; calcd for CigH2sN3O3Na:
354.1794]
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The 500 MHz 'H NMR spectrum of 14
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The 125 MHz 33C NMR spectrum of 14
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The 500 MHz *H NMR spectrum of 15
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The 125 MHz 3C NMR spectrum of 15

o._w_m Q.n__g o.n__z o.n__ﬂ o.o_mH D.D_E

D1 : uorrA 1ad syred -

Q.n__f o.o_wH o.o_: o.n__wﬁ o.o_,ﬂ o.n__ON

L0

£

0

o

90

80

aduepunge

154



The 500 MHz *H NMR spectrum of 16
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The 125 MHz 3C NMR spectrum of 16
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The 500 MHz *H NMR spectrum of 18
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The 125 MHz 3C NMR spectrum of 18
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The 500 MHz NOE spectrum of 18
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The 500 MHz

'H NMR spectrum of 24
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The 125 MHz 3C NMR spectrum of 24
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The 500 MHz *H NMR spectrum of 23
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The 125 MHz 3C NMR spectrum of 23
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The 500 MHz *H NMR spectrum of 19
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The 125 MHz 3C NMR spectrum of 19

D1 :uorr 1ad syed -

£ ] ] ) 0L ] o.__u_m o.n_.g o.o_: o.o_z o.o_ﬁ D.ﬁi o.o_mH o.o_mH o.o_i o.n_.m; o.o_a o.n_.ouu.oﬂm_

[0

0

Aduepunge

165



The 500 MHz *H NMR spectrum of 35
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The 125 MHz 3C NMR spectrum of 35
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The 500 MHz *H NMR spectrum of 37
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The 500 MHz *H NMR spectrum of 35
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The 500 MHz *H NMR spectrum of 38
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The 125 MHz BC NMR spectrum of 38
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The 500 MHz *H NMR spectrum of (9R)-39
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The 125 MHz 33C NMR spectrum of 39
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The 500 MHz *H NMR spectrum of (9S)-39
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The 125 MHz 13C NMR spectrum of (9S)-39
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The 500 MHz *H NMR spectrum of (9R)-40
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The 125 MHz 13C NMR spectrum of (9R)-40
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The 500 MHz *H NMR spectrum of (9R)-45
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The 125 MHz 3C NMR spectrum of (9R)-45
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The 500 MHz 'H NMR spectrum of (9R)-46
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The 125 MHz 3C NMR spectrum of (9S)-46
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The 500 MHz *H NMR spectrum of 54
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The 125 MHz 13C NMR spectrum of 54

DET : vorquA 1ad spred :

0I- o.ﬁ,: o.wm o.mm c.mw o.,om o.,ow o.wn o._ow o.wo o.o_ﬁ: o.o,: o.o_ﬁ o.o,m_ 0.43 o.o_ﬁ o.o,g o.o,: o.o,f 0.0_9 o.o,o@.og
Wy W
14°]
@) ZN_I_ ~ r
7
Z +
O /4
Sd10 OH

0
duepunqe

185



The 500 MHz *H NMR spectrum of 47
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The 125 MHz 3C NMR spectrum of 47
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The 500 MHz *H NMR spectrum of (9S)-40
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The 125 MHz 33C NMR spectrum of (95)-40
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The 500 MHz *H NMR spectrum of (9S)-45
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The 125 MHz 3C NMR spectrum of (9S)-45
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The 500 MHz *H NMR spectrum of (9S)-46
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The 125 MHz 13C NMR spectrum of (9S)-46
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The 500 MHz *H NMR spectrum of 63d
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The 125 MHz 3C NMR spectrum of 63d
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The 500 MHz *H NMR spectrum of 65
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The 125 MHz 3C NMR spectrum of 65
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The 500 MHz *H NMR spectrum of 67
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The 125 MHz 13C NMR spectrum of 67
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The 500 MHz *H NMR spectrum of 81a
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The 125 MHz 3C NMR spectrum of 81a

potT-

oot

006

D1 : uorrA 1ad syred -

o._nw_”: o.n_.z o.o_ﬁ o.n__f o.o__wH o.o_mH o.n__f o.m_.._‘.H o._”wwH o.n_._mH o.o_om

(

asurpunge

_ Pyt L__ ﬂ.,l‘lj)ﬁlllllllii.

L0

D

£0

0

<o

90

80

6°0

01

201



The 500 MHz *H NMR spectrum of 81b
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The 500 MHz *H NMR spectrum of 82
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The 125 MHz 3C NMR spectrum of 82
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The 500 MHz *H NMR spectrum of 83

=
“ )
5
l“———__ _J
[ N 2 <=
il —
- ]
L —~ .J
| [ <
\—\__\_\_ (o]
]
|
\Hl E‘
=)
J [ en
=
- [ <
[ 5 [ =
l_‘_\ bt
-
=
=]
=
(6] —
8 =
Z —
1 T
Y,
U) Z k__'\
m
= O [ o
™
zZ © « =
N = g
Z\ w = é
0 °3
0 g
= £
[ o &
[ o
IIIIIIIIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|1IIIIIIII|IIIIIIIIIIII-I IIIII IIII|IIIIIIIIIII '_'M
(1! 001 06 0'8 0L 09 0°s 0t 0t 0C 01 0
aduepunge

205




The 125 MHz 3C NMR spectrum of 83
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The 500 MHz *H NMR spectrum of 88
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The 125 MHz 3C NMR spectrum of 88
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The 500 MHz *H NMR spectrum of 85
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The 125 MHz 3C NMR spectrum of 85
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The 500 MHz *H NMR spectrum of 85 (in DMSO-dy)
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The 500 MHz NOE spectrum of 85 (in DMSO-d,)
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The 500 MHz *H NMR spectrum of 89
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The 125 MHz 3C NMR spectrum of 89
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The 500 MHz *H NMR spectrum of 87
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The 125 MHz 3C NMR spectrum of 87
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The 500 MHz 'H NMR spectrum of neoxaline (1)
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The 125 MHz 3C NMR spectrum of neoxaline (1)
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4. LC-CD Spectra
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Condition; 24% MeCN/H,0 (0.1% TFA)

Column; Develosil ODS-HG-5 (Nomura Chemical Co., Ltd., 4.6 mm I.D. x 150 mm L)
Flow rate; 1.0 mL/min

CD detect; 250nm

Temperature; 40 °C
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The 500 MHz *H NMR spectrum of (E)-94
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The 125 MHz 3C NMR spectrum of (E)-94
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The 500 MHz *H NMR spectrum of 65’
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The 125 MHz 33C NMR spectrum of 65’
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The 125 MHz 33C NMR spectrum of 98
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The 500 MHz *H NMR spectrum of 99
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The 125 MHz 3C NMR spectrum of 99
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The 500 MHz *H NMR spectrum of (E)-100
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The 125 MHz 33C NMR spectrum of (E)-100
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The 500 MHz *H NMR spectrum of (Z)-100
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The 125 MHz 13C NMR spectrum of (Z)-100
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The 500 MHz *H NMR spectrum of 101
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The 125 MHz 3C NMR spectrum of 101
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The 500 MHz *H NMR spectrum of Meleagrin A (102)
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The 500 MHz *H NMR spectrum (pyridine-d) of Meleagrin A (102)
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The 125 MHz 3C NMR spectrum of MeleagrinA (102)
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The 125 MHz 3C NMR spectrum (pyridine-ds) of MeleagrinA (102)
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HMQC spectrum (pyridine-ds) of MeleagrinA (102)
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The 500 MHz 'HNMR spectrum (pyridine-d;) of
naturally occurring Meleagrin A (102)

The 500 MHz *HNMR spectrum (pyridine-d:)
of synthetic Meleagrin A (102)
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The 500 MHz *H NMR spectrum of 105
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The 125 MHz 3C NMR spectrum of 105
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The 500 MHz *H NMR spectrum of 106
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The 500 MHz *H NMR spectrum of 106
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The 500 MHz 'H NMR spectrum of 106’
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The 500 MHz *H NMR spectrum of 106’
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The 500 MHz *H NMR spectrum of Oxaline (103)
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The 500 MHz *H NMR spectrum (pyridine-d:) of Oxaline (103)
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The 125 MHz 13C NMR spectrum of Oxaline (103)
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The 125 MHz 13C NMR spectrum (pyridine-d.) of Oxaline (103)
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HMQC spectrum (pyridine-d;) of Oxaline (103)

I [T

I T

10.0 20.0

T
0
(thousandths)

~10.0

I

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

| e
0¢ 0C 01 0

aouepunqe

R ARREN
0°0¢1

REmaE R
0°0LT 0061 001IC
D€ s uonA Jad sued @ g

X : parts per Million : |H

254




The 500 MHz *H NMR spectrum of 107
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The 500 MHz *H NMR spectrum of 107
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