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AGm 3 LT O HEERB L OREEI L TR0 LIS L7,
Ac acetyl

aqg. aqueous

9-BBN 9-borabicyclo[3.3.1]nonane

brsm based on recovered starting material
Bu butyl

cat. catalyst

Chz benzyloxycarbonyl

CD circular dichroism

Cosy correlation spectroscopy

Cp cyclopentadienyl

DBN 1,5-diazabicyclo[4.3.0]non-5-ene
DBU 1,8-diazabicyclo[5.4.0]undec-7-ene
DDQ 2,3-dichloro-5,6-dicyano-p-benzoquinone
DFT density functional theory

DMF N,N-dimethylformamide

d.r. diastereomeric ratio

ee enantiomeric excess

EDTA ethylenediaminetetraacetic acid
equiv. equivalent

Et ethyl

FGI functional group interconversion

GEESS




HMBC
HMQC

HRMS

KHMDS
LCMS
lit.

Me

min
mCPBA
Ms

MS

MTIAs

NMR

NOESY

Ph

PIDA
PIFA
PPTS

PTLC

hour

heteronuclear multiple-bond correlation
heteronuclear multiple quantum coherence
high resolution mass spectrometry
infrared absorption spectrometry
potassium hexamethyldisilazide

liquid chromatograph mass spectrometry
literature

methyl

minute

m-chloroperoxybenzoic acid
methanesulfonyl

molecular sieve

monoterpenoid indole alkaloids

normal

nuclear magnetic resonance

nuclear overhauser effect and exchange spectroscopy
ortho

para

phenyl

phenyliodine diacetate

phenyliodine bis(trifluoroacetate)
pyridinium p-toluenesulfonate

preparative thin-layer chromatography




guant.
r.r.

r.t

TBAF
TBAT
TBDPS
TBS
Temp.
Teoc
Teoc-OSu
Tf
TFA
TFAA
THF
TLC
TMS
Ts

uv

VT

quantitative yield

regioisomeric ratio

room temperature

tertialy

tetra-n-butylammonium fluoride
tetrabutylammonium difluorotriphenylsilicate
tert-butyldiphenylsilyl

tert-butyldimethylsilyl

temperature

2-(trimethylsilyl)ethoxycarbonyl
N-[2-(trimethylsilyl)ethoxycarbonyloxy]succinimide
trifluoromethanesulfonyl

trifluoroacetic acid

trifluoroacetic anhydride

tetrahydrofuran

thin-layer chromatography

trimethylsilyl

p-toluenesulfonyl

ultraviolet

variable temperature




£

SA
i

B SRR TR PR DS EA T D RIAEIL G O—EIx, NEICE->TH
WIAEYTEER AL TRY, Fexr BNEERAL COBEELONL—Y Lo TNDIENZ NI
FEERL 1981 4E5 2019 AEFETIC EHLZEFMDIG | £ 50%0° KR HIKRL TERY, Fr
JREI S ORI TEZ1TH ETIIRDERNERED —D 7> B, £ /7L~ 4
RALR=ATNFaAR (LT MTIAS)IZZ D X722 RIRIFED— D> TH LB, K7V juAR
JHIX, Figure 1 (ORULTZE/ T ASUVEBE RO o= (WM 74y (M EFRE
THEEFE RNHEDO—FETHY, Rz o
KENHERLHEE L CTRIHAESN TE T 28},

FauF IR ~F RO SR E T0E meo 1/]),
VRRER) & F %, ZAVETIC 3000 FliA 2 5% o HO
72 MTIAs 73 RESIDHEER TS TRY, &6 secologanin (1) tryptamine (2)

GZ%OD%Q:H/ \’C%j] E’Jiﬁé?@(ﬁ'l‘iﬁ)ﬁﬁé Figure 1. Secologanin and tryptamine.
h—(b \50

Figure 2 (2%, MTIAs OB EFRCEIK L FE21TZ DOV —RMEAEHEL TR ST
HeEWkEE R LT, FavF 7 U E Rauwolfia serpentina S0 HEESN7ZL BB AT EEIC
BT E BRE S RS EZ RO L TR, R EA., ER FAlELTRIAS
TWND, B BN TR D IR E RS2 5T V<Y b F7- R. serpentina L0 RLHIE AL, HIARHE
JREFEEL THWHIL TS, [FICLFarFZhFod Catharanthus roseus LV A HHEhoe 7
TAF AL, Btz 2 OALR =N T NIaARINERD Z&KT NV IIaARO—FTHY, F
2=V CHEL TN EDEA A E T LI TCHEGE R Z R T, IXXF
Camptotheca acuminata & V7 % £} Cinchona pubescens J0# i E L BEES - h 7 T
VU FR = RFAV R ISR R Wb OO | SIS LTI T Ve AR RO A A R

MeO

reserpine ajmaline vinblastine
- drug for the treatment of - antiarrhythmic drug - antineoplastic drug
hypertensive nervous and mental disorder

MeO

camptothecin quinine
- anticancer drug - antimalarial drug

Figure 2. Clinically applied monoterpenoid indole alkaloids as drugs.
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EMORRZEM LT GRS — 7y e U TR AIZE B ST, FEFRIZ, Figure 2 127”1
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LZ AT, Figure 2 IZRLIET AV AAARZIICS . ZE CICHBER S SNz MTIAs DlEE
AEETIIIGED | PR LA AR E L CTEARSNDZEN I TV DB, Scheme 1 12
MTIAs DA RIS OIS 27~ LT, MTIAs OEARKIE, AT =)V RN D AN
VIR AN L TELSE T AUEBEH RO van = (D)BERBENDE, £ 1 (3R
NI o B—B LMD B AR 2T LTSRS AY 72 Pictet-Spengler UG IZ IV R
U7 EI QLRI T 52T, MTIAs EA KO IBE T A THHL AN Ve Pr (3)~&
BHINDP, ZD%, 3 13K — 2 T KA L 740, D va—R 84, B-7 /UL
—heW ST BUSTEE RBEEIZ BT DRk 4 2 P A MR T 2872 MTIAs ~EIRAET D,
R, MTIAs DK DSIEBRLHHAR L L TRIHSILTWDIEEE EX DL, 3 D D-27 /La— A
DOBRZIE MTIAs A/ D FTHEERAR IO —DTHHE 6 FEKZIE, BERIZID 3 D
BESHNYIWTSILDEARN v T 7V ay (B)EMHENS EiEEFR AN AT ., 2y +
NORE# 22 R CRE A FIR R T D2 EIC I B SERIEICE AT TV IaA R EN AR
RS TS, EVRZ DL MTIAs OEGUTISISHED m W LG DGR L —%
&L CHIZ I DERIZ AR L T D,

O O
1] 1]
)\/\O/ R\O/ F:\ o strictosidine related alkaloid glycosides
o- O~

isopentenyl diphosphate

l mevalonate
l pathway \ NH,

tryptamine (2)
strictosidine synthase

Pictet-Spengler reaction

secologanin (1) strictosidine (3)

removal of
D-glucose chain

l B-glycosidase

non-glycosylated MTIAs

heteroyohimbine-type
vallesiachotamine-type
akagerine related
lyaline related
naucleaoral related
etc.

skeletal rearrangement

| strictosidine aglycone (4)

Scheme 1. Brief of the biosynthetic pathway of monoterpenoid indole alkaloids.
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EFL, DR D SRR RN EINDE G AT TATN THETHIENTEN
X, —EOG R CIEIFR R AR FTREL 20 Z L3 HIfr S LD, :@iﬁfgiﬁiﬁ{/ﬁ*”
DERIEIT, B BRI DR M2 IR TED LMD, RV E RO BIZH N T
BB HONDHRIE D — 2> TH LU, b —ikry7a &L T, 1917 4£IZ Robinson 573 i&ibf_
Rt 2 DA AT BALS(Scheme 2)E8), Robinson DAL TIE, EERICHESD T ICEA SN
TWALEZ DNDATL T IVTER TR DIIVR R AF VT I BNHIEE RIS LT
AW TERY, AN ICIRDRGEWSME T TRUGEITIZEITED . 1 T, 42%L0)
WD CEWEIERIEChee /2SR T D2 LIS BL T D,

HO

o o
H C82CO3 \N
+ o + MeNH,-HCI %
H H,0 )
o] 42% .
o
HO tropinone

Scheme 2. Robinson’s biomimetic total synthesis of tropinone.

DX A RERIE T MTIAs D& RIZB O THEACFI I TWD, —fFlEL T, 2014 4

ICRESPHE LT MTIAs OB # LA RRIZ OV T Scheme 3 (Z#E120, MTIAs 4
BRICBWT, TAER A L= T URT X = AR BRI E DL TV ha AR
1%, TeRaa P LIRS PREESIRAEL TOWDEEZ BN TS, LasL, AKX
HOERTARD TR E ThHHESN TR, ZEICHHEL TN Bl IREHm S S TV
W, — . REDIL, TeRmEa  r OL PR L ER N =T LV CEBS Ve re )Y
UREIEIZER KT 5B 2 =T VA B REIMEOT VI TEBRLIZFFEIR 5 2 XL ET

N\
=
\
N
7-8 steps H CO,Me
dehydrosecodine
N\ CO,Me
=~ N —
\ RZ pp— \ /

N N 0 N H
H  CO,Me Rt CO:Me H W co,me
common intermediate 5

synthetic building blocks

(x)-vincadiformine
aspidosperma-type

unnatural-type

COzMe H Me COzMe
(t)-andr'ahglmne -catharanthine ngouniensine-type
andranginine-type lboga type

Scheme 3. Oguri’s biogenetically inspired collective synthesis of MTIAs.
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FOGHEDHIE NS 72 G AP RRE U CRRETL . 7R E VT 1 7 7 ay 7 0GR, £
D%, REEOITIRIBAE AU A WA FREWSINITID, 5 AR ELTE BT T4
TURTUR=U  NETTF U DIEBINIR B R TER LT, SHIZKRELIT, 52 HWDHZET,
XA =2 RO FHERRIE RN E A R OB B DB S AL T\D, 20X
T, fyk%Aﬁi%xftﬂ ARG RREIATZE T, — ISR R OGN AT REL 720 |
hERIID ORI KIRW T A7 TV — D% ST HZ LN TED,

Fex DT N—F 12BN Th, OB IR HSU V2 MTIAs ORI A 0 Bl 78
AT TE, KR 2 13, MTIAs AR OB R ELE 2D Ban = ()DEMBEION,
1 DI ISMEEFIH LT A BB O 258U LA FE MTIAS ~OJRACHE S LTz 101
2019 4EITIE, AR 7 2R 9547 Michael BUGHE LB TS E SEIBRAL I A — R
IZEDF TR e T 10 DGR D SRBRIRBIZR2E GBS T 55 BIEIC I il 3-
NIAF LT B —binh T TR, FRIE 25%, 7 B0 T LA — W2 T 1 OR#ERT
boHean =T 74—k (12)&4HE 35282 P L= (Scheme 4), 7235, 12 13 3 T
FECranh=r ()ICEHATRETHY, 2 1 OHRBIORFH A R Lao 710,

Ph
Ph
MeO (o] ™S H OTMS
™S \ O  SEt ~N cat. 7 (3 mol%)  TMS
X_ _H TFA MS4A | PhS(CH,);CHO
MeO (o}
o CH,Cly, r.t. ° MeO
%1030 (o] SEt E.on’g C \n-m,
commercially available anti:syn = 25:1 O SEt
—tri i -Z=1: organocatalytic
3-trimethylsilylpropynal 6 (E:z=1:1) Seymmetric  anti-adduct (8, d.r. = 1:1)

Michael reaction
OAc

— — cl;c o,,_H ~_LOAc
SPh
NH l/])',"OAc
Pd/C N

AcO

Et3SiH BF;-OEty, MS 3A
THF, r.t. 76% (2 steps) CH,Cl,, 0 °C
87%
Fukuyama spontaneous 10 stereoselective
reduction | 9 ] cyclization Schmidt glycosylation

(d.r. =1:1,>99% ee)

1) TBAT, THF, r.t., quant.
2) 9-BBN, cat. Cp,ZrHCl o

OR
THF, 30 °C “ H OR
then ag. H,0,, r.t., 70% ¥ N\
MeO (o) Y,
3) PO(OMe)3, o-dichlorobenzene OR
reflux, 68% o) RO

R = Ac; secologanin tetraacetate (12)
3 steps
P |: R = H; secologanin (1)
Scheme 4. Our developed synthesis of secologanin.
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EBHIT 2020 41T, (R)-a-> 7 /M7 43 (13)ean = B A Z W=D T7 AT LA
IR Pictet-Spengler BRLAZE LRI 7 /b —r o A&BFE L, Scheme 1 [Z/RL7Z AR 2
b B—RBIZEVEN SN TS SR AR A T T AN THETHZEICH LT
(Scheme 5), REHUZEYD, MTIAs A& KICBTAILET IR THLAN 7y (3)DH)
DARFRERAER LT, SHIZ 3 OFEMRE, M A BLELIAEEGRHITEE SIS F A AR
AT =R | EFERRUTE B ST 28T ARV MR XA T U7V AR A P AE
VR, 3o-VeRuab X ey Za-A VR b Z e b ot 3 (B9 S ECRE AR 0
MTIAs ZEEHHNZ R E T DI EITH AL T LI,

H cN
\ diastereoselective
\ NH, Pictet-Spengler reaction
N /reductive decyanation
H
(R)-a-cyanotryptamine (13) 1) TFA, CH,Cly, 0 °C

quant., 3S:3R =>10:1

2) NaBH3CN, AcOH
MeOH, r.t., 85%

deacetylation I: R = Ac; strictosidine tetraacetate (14)
91% R = H; strictosidine (3)

bioinspired transformations |

3a-dihydrocadambine
3a-isodihydrocadambine

Scheme 5. Our developed total syntheses of strictosidine and related alkaloid glycosides.
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i Chilk~_7=L 80, ZNETICRHEN TS MTIAs O RER IS KL TRY,
AN R Q)DHEHDBZUZ IV AER T HAN IR VT 7 Uar (8)hh, BE RO/
AIEZINEZDZETERRESNTODEL 4 13~ I7|Z— 1 HUD da IS S ICE0 T v
TERBID 4 ~LEHESNDE, 5 HIZHTEL TW 25D R E LR =V H(CL7,
C21, C22)NFEH L, ZNORA R — L HEER(NL)HDHNE 2 #hT7 I MHEERZ (N E R
HZETER AN AU D(Scheme 6), Bz X, 4 (L% £ L 21 (IR F THEB TR H#ITT 5
t~ruger v Mlex. ThIeRuT7 /L AR=2 (15)], 2V T A M ex. YeRualt oo
A2 (16)]. Fer e Alex. LY (ANDOTNAVAuARNERKRSND, £/, 4 (rZEHL
17 (1D 22 (LR FBEDBRLIZZENE AL TazIy (18), FU/LTHIL B(lg)c:
BE 27 NV aARE 525, — 5, AV F—/VER ETOBRCEISITZENE N, 17 ALK
EDBRALTT 7V (20), 2L L fRFBEDERALTI TV QLICBEE T &L 525,

H - H
O OH
tetrahydroalstonine (15) dihydrocorynantheine (16) yohimbine (17)
heteroyohimbine-type corynantheine-type yohimbine-type

aldehyde form vallesiachotamine (18)

l N1-C17 l N1-C21

naucleaoral B (19) akagerine (20) lyaline (21)
Scheme 6. Biosynthetic transformations of strictosidine aglycone.
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L7eioT 4 ZE L, TDRISHEZ RS 52 L3 TENIL, Scheme 6 DAEGRKIZIH>
CEARTRIERRE R DT )V Fr A N A SR FIH AR FTREL 72 D ZE IR S LD, LnL7end
5., 4 13 B TRLETHY, — AT DLE IR D5y FNELEOR S ETTL T
LEIZENOLZEITHBES BN IRIZHRE SN TR, 2 THA I, BARRTIL 4 DK
JSERARI 7R ()L T/ VAL REEAICID RIEMALEIN TS RIZE B L, 3 OFEEH
ZARAR G CTRED TR VIV EICEE MR I AN 7 b DT 7 ar v o —7 v
22 %% EtL7=(Scheme 7), 22 I )7 B REA M AT 7= h VN ORREE G| &4:LT
HAN I T 7V FFEARD in situ TOERREBGE R S A A A2 AT — R
LD B HLA T, Scheme 6 [T RLIZ T L A EARIE~LIRAETEXHEE X -, F-.22 1T
Fex MPAFLIZANZh Py Q)DAERIEEZSEI, VERRE U FHER 10 hOAKTED
EERT, Tebb 10 btranli =77 Va iYL e—7)L 23 DEREITT206, 23
Z(R)-a-> 7 /N7 X (13)& =TT AT L AR Y Pictet-Spengler SUGAE TTiIfiis 7
MU T ZE TERRATREE B 2 7200 W, 2pds B AT LUV, 22 D& RO+
DM ZHIDZEZIAF LT -7 F P AF LUV IL(TBS M) 2R E LT,

PIF., OB IOV CRd b,

biosynthesis

D-glucose chain masks generation of 4

synthetic isostere

CTTTTTT \ -7

non-glycosylated
monoterpenoid
indole alkaloids

o si-Me: this work

[o] silyl ether as a ‘pin’

strictosidine aglycone
silyl ether 22

diastereoselective
Pictet-Spengler reaction
/reductive decyanation

secologanin aglycone
silyl ether 23

Scheme 7. Synthetic strategy of non-glycosylated monoterpenoid indole alkaloids.
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Scheme 7 D& MG IZIE D&, Lan =0T 7Var LUV —T )0 23 L OAN 7w
LT IVAL YN E—T L 22 DEFICIRVFLATE, LIHT, Fox BB LI e = ()0
BRIEEBELL, [ZUDICH TV PERRE TV GREK 10 O~ITv#— L KIBIEDO LI LT
—T NSO FTHIEL U, BREALMOFIELL T, JeiZ 10 O~ITF—/LK
feds FIZTUNVEE(TBS B A EALT-GA. OHO LR TOT VX =)L UNLIE(TMS ££)Di
R ENREL 252 LN TSN, Z27C, %618 10 DT AF U8 0> TMS 20
{R#2ATH L L LI=(Scheme 8), F7bb, THE 10D 10 (27 N7 F AT L E=0 57 LAV
(TBAR)ZERSEHZLICEY, TMS BBk EEIToT, HIIET AT L5 24 13550
72D D 10 fLDOTERAEBIHETTL , SBEER ATREZR Y T AT LA~ —IRE WA 52 Dl L/
ST, ZHUE, B UALAIE L TRE I LT TBAF OHEEMEICIY, ~3I7 24— VB OBBL 4
CIZT VT ER O BMEDEIT LSRR THDEHRL T D, 2T, TBAF OEREMEZIZ
% B i CREBR O IMARATZH O | BIELA 2RI T L8 CEAam T,

TBAF SPh
or H
TBAF, AcOH AN I;I b oH
epimerization
proceeded MeO X0
o)
24

(d.r. =1:1,>99% ee)
Scheme 8. Attempts for the desilylation of 10.

ZZTWRIT, SREE OB ESR M2 E B LT, SRIEIXY T N VA AR THY . o (i 5E
BT ARy BT T HZETT AR DORIEHEEDHZEN LN TND, FEERIC
Carreira HIZV TV UMHE C OEABFRIZBW T, MEfERIRE WA SRIFIZT2 20 TBS =7
NFAE T, TAFy ED TMS IR E T D2 LT L T % (Scheme 9)12,

PivO, OPiv AgNO; PivO, OPiv

OPiv et OPiv
TBSO 2,6-lutidine TBSO
™S Y Ph = % Ph
o 4 95% 4 M
HO Me HO e
OTBS OTBS

Scheme 9. Ag salt mediated desilylation of the alkenyl silyl group.

SHIZ, A ANI T A AT EARIR ARG 2 TR T 2 2 Eb b THRY .,
ZORMEERIH T 52 TR EEZBIESIF T L TELZENE SN TS, flELT
BETOIE, BB ERDIFIE T, AURARD—FETHDH7 =N t-T F AT AF LY TalR
(TBSCNZ 352 Llz&» T, ~IT7 & —/LKEREL BIZ TBS HAEATHZEITEIL TV
%(Scheme 10)1,
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TBSCI
AgN03

; PPTS, EtOH MeO
98%

genipin
Scheme 10. Ag salt mediated silylation of the hydroxy group.

LI EDSATRRGEZO T EFITRIEOMEHIZEY, 10 FOT/vF=/L TMS DO JiL{R# L~
T 'Y —VKEEFED TBS fRiE —HIATAHI MR LIz, RIFRETORE R, #4% DMF
IR 10 (2R T CRERIRE TBSCI 2k L7-L2A, TAED, 7L Lo TMS HoOBR
FbrITRH— NV KEERD TBS (L —28IH#E T LT 25 #H— DY T AT LA ~—L LTI
F 86% TIFHZ LI LILI=(Scheme 11), 25 DI VLT —T /LD SR AL, o BEFO S
BLiE CTHDHZEDN HNMR AT NUZEBIT ATy 7V 7 ER IR SNT(I=8.0 Hz), AKX
JIESRMIZBWT, EOAIT X — LV KBREDO N RN a7 U BROBAREZ L
TR REIC DT D B L TV D EE 2 Db, ZOBE, SLRRJIZZE NV o B oK EE
EAHTDHHREURD B0, @ BT A AED LY ALK L RIS BSOS L2 ZE TR IR
PERFEBL 7B R CD,

TBSCI (2.25 equiv.)
AgNO; (2.6 equiv.)

DMF
rt,2h
86%

10
(d.r. =1:1, >99% ee)

Scheme 11. Removal of the alkynyl TMS group and silylation of the hydroxy group.
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BT, AL 25 MHANIZN DT 7 ar U m—T b 22 ~DOEBRETo7
(Scheme 12), THF 4| Z51R T C 9-BBN ZAEH ST 25 O K7 V% AL OE R ey
FLEAToTeDOH VAR N CRERLKFE K ENMADZ LTIV T VT ER~OBR{blisAL AL
TARDEALZ FIRFIZATVY, 26 ZANBX ROV T AT LA~ —REWEL TETZ (R 79%,
d.r.=1.3:1), KRIZ Tietze bOHEESZLL T 0-2 7 _XUBUEEH | 10 Y &0V
RIAFIVOAFEE FC 17 43, IMBURIE T 5281250 26 DAVKRF RO syn iz 1 TS
., kanl=r 77 Var e —T )0 23 ZERLIE (IR 74%), KW VCARIZhevr T
VALYV T —T ) 22 ~DEMEATITD | Fex BENLLTZ(R)-0-> 7 /NI 723 (13)%
R T AT LA 3R A7 Pictet-Spengler SGARTTHINLS 7 by —/r o ADa 54T
oM, Drmurg R SV EO23L 13, BLOELFaT— 3 — T RAADIFET,
0.5 YEDO N7 /VAFERE(TFA)%Z 0°C TIEHE Tz, £DRER, 30 43 CRISHTER L, HHY
D 38 OSNAKFREEE TS 271 ZH—DVTATLA~—L L CEBIINTELZ LRI LT,
ARG 2 A FHRBFAIC IV H L2 IS RBUGIZIIT D AR MEL, 8 BERAUKFERE G
EEHDEEBIRELZRA T TRELLIZBDEE X TODI, 20t A% ) — VIR
27 (IR EDOHEERL L T /R F T MY L2 5T LTI T /R ORITTHREREZTU,
AN I T AV —T )V 22 DERRETE T LTz, RERIEIZERD, Tk 3-RJA
FNANLINT BT — A PDIEEIR DGR IR 22 248 TREEL 8 TR, MR 28% CE52
LITRPILT,

SPh

9-BBN (1.5 equiv.) 0o

THF, rt, 2 h PO(OMe); (10 equiv.)
then O-C6H4C|2
aqg. Hy,0, (15.0 equiv.) MeO reflux, 17 min
rt., 38 h 74%

79%, d.r. = 1.3:1 secologanin aglycone

silyl ether 23

13 (1.0 equiv.)
TFA (0.5 equiv.)
MS 4A (300 wt%)

CH,Cl,
0 °C, 30 min
quant.
single isomer

NaBH,CN (20 equiv.)
AcOH (10 equiv.)

Total 28% over 8 steps
MeOH
rt., 60 h
89%

strictosidine aglycone
silyl ether 22

Scheme 12. Preparation of strictosidine aglycone silyl ether 22.
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~Tadabe LT IV haAR BT R OT R Ra T )L A= DA K

FTLOE R 22 ZFIZL7=D T, KT 22 O TBS EDBREIZLHDANZh T
7V (B)DERERAT, 4 ORBENREE R LT, ~IT7 X — VEROBRIZH O E
FOGHYED 21 LT T ERERBENEDENN 4 fLD 2 FET IV ERN T PICHFL CLE 2 En
EFoND, 2T, EFT1L4 OZENRHEBEAZ BRL, MM TIC T2/ 7 kgL
729% T TBS DR EEZTTHIZEELTZ(Scheme 13), =i, P70 AX U REE T T 22125 Y&
D 14-VF X P MR AR S, 2 T I B HEOM#EL TBS DOMELR AT, TOk:
B OMEIHEL TR Z N Du T 7 ) ar g @G-HC)Z—8Ebn T, 1 iAo R
—VEFE 21 MIRBEDFEELIZT A2V (28)EMHENDILAWN 8T%EVHIEIN R TS
BTz, T A27U (28)i%, Brown HE Stockigt 507 L—7 128~ T, KIRHRAN Zhov
¥ B)DIREAIRIC LY FLHENTZ AN TAL A THAHW, 28 O RIKE WD HO AR 5 IR
s CunZnb oo, FofEidErx Pauridiantha paucinervis 2>HEEES =D T (21)I2
RO THRELL TWDTEND, 28 13 21 DAERRICEE S 2y v T — A ThH L TIRIND
(161, 22 755 28 DA RHEEITR O ITHEE LTz, T, BRIOERIZID 7 (R, 2 TR
VER, BIOVINL =T ABENTBNALINAZE TR 29 NETT-OL, 29 DV T
=BT DL THARY =T AT R 30 DERRT D, D% NIEMHELES 2
BT IER(ND) TITRL ARV ERND)OD 5 TR BN A XY =0 LRk FE T
(C21)THEATTHZET NL-C2L fEA MBS L, TV A2V 28) AR LI=EE 2 biD, T
IRDAMFENHD 28 DOEFFIIAIERYITHY, 3-RIAF ALV LT rEF— A hbLOHR
THREET 9 BEPE T #UNRIT 24% T o7z,

HCl in 1,4-dioxane (5.0 equiv.)

CHzclz, r.t., 20 h

strictqsidine aglycone strictosidine aglycone
silyl ether 22 HCI salt (4-HCI)

nacycline (28) lyaline (21)
Total 24% over 9 steps

Scheme 13. Acidic removal of the TBS group.
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Bt St COLINEEDBREICLD AN Z b DT 7V ay (O RITREETHLZ LN
DIST=D T, FNTT A AT 2 Gotb 2 e UV EEDBRAY72BREIZLD | in situ TO
4 DA RRERE E W LD RIRD DG ik H Z L L LT (Scheme 14), 1XUHIT, 22 &5
BEELC, THF 38, —20 °C T 2 Y& TBAF Z{EHSE 72, 2O, 7o tA4 > H37R
FTHIIEMEICE DA R — VB EORRME T ol OF & hE LW TRIRSZS BHIT 5 4
BORRZ LS, 24 B4, TLC & LCMS (2L U VED e/ B R LT=0
B b FERAE ROV THEBE - ERELR AT LA BT AT ~T 1
LU ELRT A AAARO—FETHLHTF I (BL) ThIIENRPLNL/R7=(67%)17, &
AR ED DT BLDOEMMEREIL, AN I DT 7 Vay (BENLTAEA R E R
DIEWERRT-HOLHEL TS, 725, TBAF OFEFICLY TBS ENMRESNDIZET 4
23 in situ TAERLIZDOE, ~IT7 X —/VEROBBRICED T VTR 4b 2ETD, i
TVAUETAVTER(C21)ESFND 2 k722 F (NGNS L T =30 32 2B Rkt4 .
FMACSOSC IV E IR TER E-A VT4 B/ THIEAI=0 A4 33 BERT D,
Z D% SRR oxa-Michael BR1LIZED E BAERSNDHZETHT I BL)~EE
HasnBHEEZHND, ZIVETIZH T T, RERHKDARN 7RV )W D DEEHE %
Wiz 31 OPARRICET DA T TERY, ~TrIk B U7 L aARIZE
BEABICE T2 TR O s g 018

TBAF (2.0 equiv.)
AcOH (5.0 equiv.)

THF
-20°C,24h
67%
strictosidine aglycone cathenamine (31)
silyl ether 22 Total 18% over 9 steps
in situ generation of oxa-Michael
strictosidine aglycone cyclization

enamine
formation

Scheme 14. Total synthesis of cathenamine.
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ZZTC, ~TRrILE VT A A RIZOWTEHER T 5, ~TrILE LRI L e AR
HHELTE A-E B B7eD 5 BRIEEIEARHEEL, C15 M2 R T~ CTOSLAREMRAS HLEEHR
HENTHD MTIAS 7 )L —7 O—>Tih D, 1931 412 Rauwolfia serpentina L0 # T HEfEX
Ni=7o=0 s (34, Figure 3)i&, ZOZFADT IVAaARDRFALEWTHY , i E iRz
FELTHOOLI TWAEERT A IAARO—2>THHM, £iz, 20D 20 ffot~—ThHoH7T
rekm 7 /L A= (15)I% Rauwolfia J&. Alstonia J&. Vinca J&. Uncaria J&OHEY) 10 B
HWESN TR FLRE, PURIME ., FUHGETE MR8 OWg IR EMTE 2R3 2L B
Lo TNBRU) Z BB BT VA aARIEWV 3 Guettarda J& . Rauwolfia J& X OY Ocgrosia
BAEY) LV BB S e Ty B)IRIE
D, ZDTFILEOIEITLARE THEG RS
HEBZHINTWD, ZThbD~T RIS E
VRIT NI e AR DA AR AT
NTRY, NETEHSORFBLTT ajmalicine (34) tetrahydroalstonine (15)

?if@/ﬁé\ﬁiﬁi&%éﬂfb ‘%)[2210 Figure 3. Representative heteroyohimbine-type alkaloids.

HTFI BLETV=ILY BAKROTRFERaT )L A= (15)& D& B HEME S, 31
EIEICAEE T 52T 34 F2iE 15 BELNLE TSNS, ARG TREONIZ TV
BL)iE., ZERRDL NIV AT AT I DRGSR L, FEF IIARLE ThoTorzd AN 7k
TNy NN —T )L 22 IR LT 31 AV ARy NCIRTCALEL T AZE T, 34 5D
VN3 14 DA RRE R AT (Scheme 15), JEERIBED ST, 2 oA T3 () ~DZE %
175720, DRy T 2 YEDON T BV AKFIEARY R TN LZINZ A2 LI
v HIER OB ILEIT ol EORER, DE B OMEERARAD cis BliE ThHHTMTeRuT /L
Ah=r (B)FH—DTVT AT LA~ —E LT, 2 Be IR T7T% CRRHZ IR B LT,

then
TBAF (2.0 GQU{V.) NaBH(OAc); (2.0 equiv.)
AcOH (5.0 equiv.) -20°C,3h

IHF 77% (2 steps)
-20°C,24h single isomer
strictosidine aglycone
silyl ether 22
Me
H O N 20 Ho
. N 20 / X 7 /|
\NH pr H NH H Meo|2C Me'™®
H n COMe !
35 tetrahydroalstonine (15) ajmalicine (34) 1,;5;:,’;’?’
allo type normal type
Total 21% over 10 steps not obtained

Scheme 15. Total synthesis of tetrahydroalstonine.
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3 MLNTARHFILY S BLED~TrILE VT L aAf NI, 7Y Uv s (34)D LI
C15-C20 fEEND7eDMEER R AN trans AgB L7 normal L 7R oeRu 7 L A= (15)D X
1T C15-C20 &8 cis #iBr L7z allo U RAISNDE, HIRFTIHBWT, 2T R 7258
FRICES TRINICAEAREINDEB Z DN TNDH, A RIFk % M7 o738 TR T,
allo 1> 15 OHANERNANTAFOHII, BEICHZEINTHENE, BIALR5 73 (31)
X7 ahALEN L T R AI=T DA RILOTHRIRIEICH D EE 2 B, ZORE,
15 (/K3 E 18 (AT IVELE D NLARFE D e/ N T2 D K57 cis B> 35 MBS L CTARK T %7
O, 35 DIETLIRTHLTIIeRRT LV AN= (15) S RIS & TSNS,

R ANZN DT VA (A DG AL T AT AL ASAT — RN LD
WEWAEITHZET, ~Trab B AT L haANEICGESNDS DT BDETIRD 3-
RUAF LU LT abeF— b TR 9 B, MILE 18% T, 7hoeRu7 /L Ah=1
(15) 7R TREL 10 BERE | FRUE 21% TR T D ZEITR B LTz,
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ot

I alF U TALRT L uAR DeRuaal o T A kO
FUTAVL DG

A F T AT VO AN, #iLT- A-D BRRNBR 5 4 BRI E A RS L TR,
AT RILERIT L uANRIZ R BNS E BEDS C17-0-C19 5 & EMAL TR L2 A
T5, ZNOT IV IaARORFLEHEL TPeRralF T A2 (16), BLOZFD C20 i
Ev—TboboalFr 742 (36)DFBILT WA (Figure 4), Z#uH 1%, Uncaria J& .
Cephalanthus J&. Corynanthe J&. Pausinystalia J&. Mitragyna J&. Pseudocinchona JEfE# L\
ST kR % BRI RS TR 5-HT
SRR T 57T I = ANEHECHUR I
PIAL TN P IA VA FIRIER, S5
MR, BE AR SO S T tg A iE
TR T HIENDRK M0 28] 7 FTITEEL

20R; dihydrocorynantheine (16)

DA RN E SN CEI-EBERRIRRET 20S; corynantheidine (36)

B 5[26] Figure 4. Representative corynantheine-type alkaloids.

aVF T AT Ve REEIL, ~Taae B BT LA REEE S8 O A A R )
B L TAEB RSN TS, $725, Scheme 14 [ R L= =530 32 HHU VT HE A
=LA 3378, oxa-Michael SUGIZED E BROIZ AT X0 EICIE tShbdIe T, =
Vo T A BRI EEPAERSND, Lol 5 Hi CHREEL7ZIINT, 7T7ATNTOKGTIE
eI 32 ho~TrIav B ROBT I BL)~OEBRP RO TR, a7 A
VRIS AR TS 32 RN 33 ZHBETAZLTTE e ol FIT, AR TO UG & R
12, HENP DR TAIZ AFSETRRETANI TV T 7V ar (B)DAERRE TV, 2UF
TFA LT VT A A~ DZE WA 3 T 7= (Scheme 16), R 7B Rk FE bR #E TR L0
T IIKFALHRT FEF N T Le 8 DR TR IEICHIRC, Hantzsch = A7 LV OIRINZRRE LT
DD, RIFVHT T BLRELNDD T2,

TBAF, AcOH
with reductant

THF, =20 °C .
corynantheine-type

alkaloid

examined reductants
NaBH(OAc)3;, NaBH3;CN
Hantzsch ester

strictosidine aglycone
silyl ether 22

Scheme 16. First trial for the construction of corynantheine-type skeleton.
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7 I AaNIZIBNT, oxa-Michael BRIGIZED T T BL)DOARZIHITHZLITIREET
BHLHEHEIEIL, W TIREFE AR D AN I P REAR O 1A WA T HZETHIO S A
VANAT —RIGEDFEBIZ HEE LTz, 370bb, 60U C18-Cl9 HiE & AR tL-
PR 37 (TR L TN DBREZAT AL, 2V T T A AR AR fEA 38 3G T
EHEMELIZ(Scheme 17)7, 38 (X3 " HAEAEOETLEIToT-0B, 17 =/ —/L
KDL HEMi A THIZETYeRaal o T Ay (16)bAV IV T T AV (36)~&iE
TEMTEDHEE R T,

stereoselective
reduction

removal of
TBS group
—————————— E
/modification of
C17-0

20R; dihydrocorynantheine (16)
20S; corynantheidine (36)

Scheme 17. Second synthetic strategy for corynantheine-type alkaloids.
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FDOMRKI T S& AN I P T 7 Var ) o—T )b 22 Inbal T AT LT
A REE~DZE A G I 7= (Scheme 18), 1XUDIZ, 22 /3T Az V-3 flk b
SR ZEIC I C18-C19 —HfEA AL, SERIBRAR 37 ~LEREAICE Vz, iV T,
9 B CHENL LT THEICHR O THF 38R —20 °C € 37 |[ZEfiR L TBAF ZE S UL
DEREEAToT2(12 W), £OFER, TAREY | SJOSIT=F IV IBROBEMETIEILL, 2)F
TATVERETTHITLED 38 N7 VT eRElLx ) — AVRIO SRR G E L TRDILT, i
W, AL T 38 (RIS T, o ARy RO 7B e S AR LAY NI BE L7224,
D B&_EO{AIEHAS trans (ZHCE L 7= 40 DML CTREOIZ(d.r. = 3.9:1), ARSSITIIT DR
PHET, B IR ER trans BLiEDOMIEHEFF A= LA A TR 39 2L T
T 2507 BNALBEITLIZOBIZ, £ LT 39 DAI=U ARBEIERTINTERTHD
LR CD, D%, AT (WIRFEVANT T T2 X — LT 41 ~LEN =D B0 Ay
LT RV RE AW OSSR BN S AY ) — /AL T 52 E TR 37 75 4 TRELER 51%
[ CPeRual oAy (16)DEAaREER LT,

Pd/C (20 mol%) TBAF (2.0 equiv.)

Hz (1 atm) AcOH (5.0 equiv.)
1,4-dioxane THF
rt., 1.5h -20°C,12h
quant.

strictosidine aglycone
silyl ether 22

then
NaBH(OAc);
(2.0 equiv.)

| (shows only enol form) (aldehyde form)
CH(OMe);
(1.6 equiv.)
p-TsOH-H,0
(3.8 equiv.) t-BuOK (2.1 equiv.)
MeOH DMF
60 °C, 28 h r.t., 80 min
51% (for 4 steps)
(shows only enol form) 41 dihydrocorynantheine (16)
d.r. (at C20) = 3.9:1 Total 14% over 13 steps

Scheme 18. Bioinspired total synthesis of dihydrocorynantheine.
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— 75, e 38 D B-7 /UL —MEONKIEEAF AL T “HE G4 o HADHIEIT
FTHIET, 20 MLIZBITHAREIR A WL TEHEE 2 0, T2 T, JeblAfko&fFickh=
7 38 BB AZ ) — VR KFEFRFR T TR b B e m VO CORFELBUREAT
~7-(Scheme 19), ZDFER, 15 (L R#HE LD B-7T 27U —MMEEITW O ENHOE TEIMESEL T
HEATL, D BR_EOMIEED cis ICALE LT 42 2 FEH P T AT LA~ —L L THBAZ LTI LT
(d.r. = 3.9:1), LD, JeLFBED ST 42 D 17 frm ) — L KERIEDERZ 2 TR TITU,
AV F T AV (36) DM R LT (37 7D 4 TRRIE 44%)

PtO, (100 wt%)
H, (1 atm)

MeOH
rt, 1h

(shows only enol form) (shows only enol form)
d.r. (at C20) = 3.9:1

CH(OMe); (1.6 equiv.)

p-TsOH-H,0 (3.8 equiv.) t-BuOK (3.3 equiv.)

MeOH
60 °C, 28 h

DMF
rt,6.5h
44%

(4 steps from 37)

corynantheidine (36)
Total 12% over 13 steps

Scheme 19. Bioinspired total synthesis of corynantheidine.

PLEDIDNT, EETRDNAF AL ARAT — NN BT D E OLEA LT T HZ LT,
AT RILE U VI aA R ESBO G RS, 2V T T AT LTI u AR ThHY
eReal oAy (16) K a)FrTAYy (36)DEAREZEMR LT-, KAAKIZE T T
BEITHARD 3-RUAF LU TBEF— L EDNT i 13 TR THY, RIERIIeRaal
FTAr (16) T 14%, 2V F T AP (36)TlE 12% Th 7=,
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WIIE THZ) R OeRay a7 7 ) D4k

771577 (20, Figure 5)i£ 31T Strychnos JEAEM LV L ESHLD MTIAs D—2>THY | Figk
YERL §iAZ 7 —~ 1M, GG iE M IRMEE MG 23 M7 & B AWV AEITEEZ R 32
ERHIBI TR, 7H 7 QOIZEE T 5T A HuAREL T, Yekry /a7 hr )
@OXoT AT VT ZVE U REPRE SN TEY, ZhbITnT b AT Lbahe 3 #k
TIVEFBRINHTIMZ T, A F—VEFR(NL)E 17 (LRFBEOFEBTERDH72D N,0-7 &2 —
LT BERTEB/N(D BR)EZILEOREIEEL THL CWD, £z, ZOZTADT )VIiaAREIX
16 NifRFE LD B-T 7V —MHA KL THY, AEHRIBLE & A LR BLE O Bl
BRIV RIRIBE CTH D, ZNHDT VA A REOEHICBEAL TX, 77V (200D 6 ik
0 3 FIRESNTCNDDHTHHR, SEIEF T, THTV (20)~LEHE AR B Bk
RO BB UIZAN I N DT T a iR E AW AAF AL AT =R ORI K
HE A RIAT-DT, LLFIZEER T D,

akagerine (20) dihydrocycloakagerine (44)  akagerine lactone kribine
Figure 5. Akagerine and related alkaloids.
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T

AN DT TV A FBARE NS A AL ZNAT =R ROSIZE DT 7Y (20)
~OEHERBTHIZH720, Brandt S3HAE L7 20 O G RUICET 2 3C#ICE H L
(Scheme 20)BY, #5513, ARIZR P R)D 4 (LB HFEATF NWAVIKTHLRI B RE, FD
TNVRUBEETHL Vay REAWT, B-ZVat ¥ —BIC LR O YR & CEINDE
IENDERIIZDONTHIEZAT 5T, EOFER, RUB MR E WA TIEA~T rae
PEUHINEE R AT D Np- AT /L-21-B-E R - 2 U BV MGELNTZDITR L, 7S U R
HIE 16 AL EOANARFENBIREELT-T 17V (0)13 G0 T, ZDTEhb, AR 7Ry
DUDFHERLT 7V (20)~DEHIZIBNTIL, 16 (LR FE FICEBR LI VRS
D3MD CH B E R - Ch DT LN RS ND,

B-glycosidase

- D-glucose

B-glycosidase

- D-glucose

palicoside akagerine (20)

Scheme 20. Brandt's reported transformations of strictosidine related alkaloids.

UL EDIEREDOLE, THFV (20)~DISAF AL 28T — R ST LD ZE M 0T SR
BRALL TNy R7 7 )ar v —T )L 45 ZE L, A&, X002, ARk
VLT IVA VYN —T IV 22 D AL E R LRI T INERMEITTOATFT O ELIZ0b | 15
BT 46 DAF VT AT NVFRIED VR Fe~D W% it L= (Scheme 21), 15 TH5
IKEREF NI LIKEESHR R C O TN RS Tl AF NV AT IV OAIK 3 iRl RE &
A ETHEITE T, TBS KO EEICLY TLC NS ARy M55 BLln o7, 5T, KER{ERY
aqg. NaOH (10 equiv.)

MeOH, r.t.
or

Me3SnOH (20 equiv.)
1,2-dichloroethane
reflux

HCHO (5.0 equiv.)
NaBH3CN (6.0 equiv.)
AcOH (10 equiv.)
MeCN, -40 °C, 2 h
quant.

palicoside aglycone silyl ether 45

R =H; 22
R = Me; 46

Scheme 21. First trial for the preparation of palicoside aglycone silyl ether 45.
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AT WVAR TR LT AT AGIEZ R ET LT2b O OB FIRIC IS OB X0 RS RN

BHAL T DD BT o7, 46 TOAF LT AT LFE L, DR ut I B o ) — LT

AT B-T UL — MR Lo TNDTZD | VR =V EORE R E LR FLTHY,
A S TEITULAR T2k R ThHEE ZBND,

FREROBFOMRID AN I D OFERZWT 45 G THILIINEEThH DL
THEINIZ 2D, BRRKEEEEL, taah =277 Var vz —7 ) 23 OANKRFE
FHIEAR 47 M5 45 DA RE HER 28 L72(Scheme 22), ko= 7/ Va3 Um—7
NV 23 IZHOUWTH [RIBRIS, FRIE MK 3 iF STl TBS ADHE RSS20 T, 555
KEROESREOBREEI T2, T7ebb, KIR T, 7Rh=RL KRR O 23 ITEFIORY
TF VT IVERINLT 24 R G EAT 1282 A BHIHBEL T LR IR 47 Tidie,
47 LIRIC Sy 48 75 96% LW IR THROLNLZEN D o7 (dr. = 1.2:1), 48 1%, 47
DRNIVIEETNVRF T FEED G T NEBRILTAZETERIRAIT B X — M EEZ LS TR,
47 D HIERNERE T2 FTZENTED, REMHTIE IZUDIT 23 DT VT ERDBKFIE VT
IT RS —IVHIRRIER 49 LipoToDBIZ, AEUTZERFE T =AU oD oy NF 7 AT TS
ZLT A8 WM LTZLEZABID, 70k 48 OMEIEIT, FAMESRAFIT TKER S A AN o HL T A8 L
LTH0 BEWBL OV TATLA~—iRAEMELI=DO B (quant.,, 50:51 = 2.4:1), FET AT L
F~—50 OHFES X B ST 21 TH 2 IR L7z, YL EDI LT, 0FHIX
SR 45 Z L THiRD TIR AR T CAVR BRI 48 2B R D2 ST ThLTz,

hydration
/lactonization

Et3N (15 equiv.)

MeCN/H,0 (3:2)
rt., 24 h
96%

MeOH
r.t., 30 min
quant., 50:51 = 2.4:1

Scheme 22. Synthesis of carboxylic acid derivative of secologanin aglycone silyl ether 23.
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T

ragH =T 7Var OVRC RSN 48 =TI ANZO T, Fi O TUar R T/ Ua
VUUNTE—T )V 45 ~DE WL TR I T-(Scheme 23), T AT L ATEIRZLT M TER B-p-4 L
RNV OWEFEATOIO  ET1TF A B LIZR)-0-> 7 /N7 HI (WB)YEKEET D
Pictet-Spengler SUGLETTHINLS T MEDORGET AT 720, vauli =7 7 )a vz —7
v 23 HHFRIFEIELIZGE L LT B TR 13 BEOY TFA ZZL72b00, 48 13
Pictet-Spengler SGIE THH T /LT ERELTHREL . H YD 3S STAKEL B4 3 58 k{4 52
ZEBHNCA R TAZEITKIILT2(3S:3R = >10:1), F:V T, IR T TAZ / — VIR o 52
(BRI DT ) RFACRDY FT T DR 2T 52T T R DR TR EZITV,
tAY) 53 ZUNER 88U CTE M LTz, Z D%, RILLT LT ERERI M LTR IC 7 IS T
WZTC A4 LD 2 T IVEREAT LT HIET, BIIEL QW Ya Ry 7 Jar Lo
— 7V 45 DERETE T LT (IR 99%),

13 (2.0 equiv.)
/H TFA (3.0 equiv.)
S .OTBS  MS 4A (300 wt%)

NaBH3CN (20 equiv.)
AcOH (10 equiv.)

CH,ClI, MeOH
o 0°C,15h rt., 60 h
quant. 88%
48 (3S:3R =>10:1)

ag. HCHO (5 equiv.)
NaBH3CN (6 equiv.)
AcOH (10 equiv.)

THF
-40°C,3h
99%

palicoside aglycone
silyl ether 45

Scheme 23. Preparation of palicoside aglycone silyl ether 45.
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T

TH7V (20)DFERTERIAL L TRRE LT 45 DA RRIZKII L= T, it T UL DR E
TR &L LT DA AL AT = RS L DB 7k 7 7= (Scheme 24), THF 1AL, 45
22 80D TBAF & 5 Y EOFFEAEHSE . S UNVEDRRELITIRo72, %R 7T 6.5 Kt
RERUIRE R UV DR E LWL L 5 Lo B S — 26 AT, BT A7)
(20)& B — D EMEAAR L LT 88% DR THHZ LT IILT,

RGBT HEHL £/, Brandt HOHE LIS REREFERED 7 0 A5 T)DHL
DEBZTND, £7, VILVEDOREIZ D, YRR T U BROBBRRISHETL, BTV
TERFRIA 54 AT 5, 54 O FEl=y M B-7 MRV I EEZ AL WD, =
IR T CHEGICVER SR DOPLREPETL, TV TERZAELD, —F5, Efila=yFo 20
N _EDKFEIT, RIEAL T4 ERAIVIED o (WITHLE T D700 (BT E 3 b Tl L 2
G T o AT 2L TED, ORGSR, C18-C19 K —HfE & 13, B FaIICLY
LER E BLEOHENTA L 7 A2 B, 55 2405, 2Dk, EUT 55 (ZA R —1
ZEF(ND)DD 1T LT /LT ER ~ONLE B KON AR 2R OB S T 5 28T, ~ 37
IO 7T BER D RAEEETHT TV (Q0)~EEHINT=EE 2 HID, A RIBHFL

CERBIEIZED, T ATV (20)ETARD 3-RIATF LY aE S — L X0 TR 11 BefE,
RN R 23%I TG T D2 LTI LTz,

TBAF (2.0 equiv.)
AcOH (5.0 equiv.) decarboxylation
THF isomerization
rt,6.5h
88%
palicoside aglycone - 54
silyl ether 45
° Ti\,N—Me o
J— AN
- S, | —
"Hy /[ H
_ akagerine (20)

Total 23% over 11 steps
Scheme 24. Bioinspired transformation to akagerine.
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BT, B LT 7Y (2002 W, KM RSS2 AT 5V eRay a7 17
> (A8 DA kAR I T-(Scheme 25), 1ZUHIZ, 7H 47V (200% Luche ZE LML T
o, B-RELFNT LT ERZIREILL, 7/La—/L 56 ZUNEE 950 CH37=, Fel VT, 7arAZ o
Tva— b 56 1T 3 HED 1,4-UA VU MR R L7222 A, 4’::'7A42L/EPF‘W 57
DAERUTHRES 21 FLAKEEIEDD 17 (LR FE~D 5T NERALAHEITL | SRS FRERED T2 10 43
CeRaLrar sV (4B FHTE (N 95%), 7L — L 56 | %%b%@@%ﬁ&%
RO RFERNS 56 (LT 7V ()BT eRayra T ) (48 ~EEDHEA K
IZBIDIv L T R THHERBESND, 44 DELTRIIARBRAYIOBFITHY, Tl D
3-RIAF LU LT aeF—/ L K0 TRESL 13 TR, #RUNER 21% COR AR A M LT,

CeCl3-7H50 (1.0 equiv.)

NaBH,4 (1.0 equiv.) HCl in 1,4-dioxane (3.0 equiv.)

MeOH/THF (2:1)
r.t., 10 min
95%

CH,Cl,
r.t., 10 min
95%

—_

- dihydrocycloakagerine (44)
Total 21% over 13 steps

Scheme 25. Bioinspired transformation to dihydrocycloakagerine.

LLED XS, AREERTERMAZ AN 7R P T 7V ar s UL m—T )L 22 b, A (%3 |
DAF NACZER MU TNV R FEFHER 45 [TEE 5L T, ~Trat e M=)t
TAT NATaARED G RREFRRD G T T BN BT 7Y (2008 EREY
A=V Kyl (V. \ V5 o B N N 5 222 | B
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BIIH TUILTATVEET VA aA N D 2

T B O EEREY DS | Nauclea J&DAEY) X MTIAs OB &7 &R DO—>Thod, Zhb
DEPFEREY D Z I XRFUEAIEEL THIASN TRY, 4315 MTIAs DZLIZEB W THLE
IRAEMTEVEDRD B TND, DT | RIBFEYITE A SND MTIAS [ZERBURASED L)
TEMEARIRE L COMED IS TS, Figure 6 12, VW <5720 Nauclea J&HEY) & A MTIAs
BINELIZ, ZNBT VA uARIZ RN D ILEOREE R EL T, N4-C22 FEA B
% D B2 LINET HID, 59-64 DT L HOARDNFHEE L, F7/L T AT A (58)F
LB (19) 0 I BB L CUA A, 3 AL LN 15 WD SEAR L3N b i Tdh 5 45 TR
2%,

FToILT AT A(B8)BLUNB (19°)i%, 2010 4FIZ Tip-pyang 525> T Nauclea orientalis
DENSEEE SR ESNT-AV R =L T /L HaARTHY W s Hela MM T 55
PEEFERALIR TR AR 77— B E TR 2R 3 28D ST B, 2 ikt 37
(AL L, CD ARZIVENTIZED 3R, 15R FLE THDHIENRRESNTND, BRLIZEY
Figure 6 |[Z/RL727 L aAR 59-64 LI3tfi Ot STARELE CTldd 2t D0 | MG BE M
FTUILTHT A (BB)BHHWNE B (19)DEDEEIL, EHED =T TF A~ —ThoHLIE
ELT, T TINGT DIV T AT VAD SIS OMERR L SA A L ZSAT — R UGS
FDBET NI e AR ~OERIBIZRIREL BRYEL TE A FRA R LT,

naucleaoral A (58) naucleaoral B (19’)
repored structure repored structure

naucleofficine Ill (61) nauclefiline (62) naucleamide A (63) naucleamide E (64)

Figure 6. Naucleaoral related alkaloids.
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FEERDOERUZDOWT Scheme 26 (TR T, TUZLTATVERE T VAR RIZH@ DT
A2 D BRI, ATy (3) KD FNBRIE AR TR SILAAN ZMFINICH k58
B2 HND, TZTIHEDICAN ZMFIR T 7 Vas v Um—7 /L 65 OARICHE T Lz, Ak
VIR T 7Vary e —7)0 22 ZHFBIFEE L MLV EREd [ 70 °C T 48 KRy
FRL7-0, 2R 4 (LB HRD 22 fi~D 5y FNERLDSEITL . B IO BERTERIA T D 65
DL ERTHEHITZ(95%), Hil T\ 15DHIT2 65 ZHENE L7- TBS JEDFRESLIEICAT Lz, 2D
FER AT X — VB OB IO E AT LT BRI 66 234K LT | C18-C19 A vk
FL T4 DTV FHNRZE R E-A LT 1 ~DHEMAE | KBRS TEREEEE) /135
C16-C17 = /— )V " EHfEGORMALN —FKITEITL, T U7V T4T0 B (19058 IRAIZ 1S
BTz, 19 13X, UM T IS I DB CTRE E TH 7720, iR EIC L
DEFERELIZOS v a— M7 LD MAITHIZLIZIVIE 90% TRz, ARkl
eIV T AT B QI DOWTHENEEZRELIZE A, W SN R DL O L7 578
HONCTHEXHEAFIE T IZ RV — a7 R LTz, L EOFERD, RO T O IV TH T B O
BHOMEIT, (3S, 15S)ALEL A 75 19 ThoLfbam DT 7o, REICEY, oL T 47 B
L)DHIDARFEERAETIRD 3-RIAF LI ae’F— L L0 TREEL 10 B, fINR
24%\ 2 TEERR L 72,

TBAF (2.0 equiv.)
AcOH (5.0 equiv.)

toluene THF
70°C,48h -20t0 0°C, 24 h
95% 90%
strictosidine aglycone strictosamide aglycone
silyl ether 22 silyl ether 65

5 O _A__OH !
L n naucleaoral B (19) | stictosamide O~ "o
[alp ~79.1 (lit. [a]p -81) | ;

Total 24% over 10 steps 1 HO

Scheme 26. Bioinspired total synthesis of naucleaoral B.
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T

IHEOFIBERRARY THH T IV T ATV B (19D ERIELHESLLI-D T, T 19 Zi
IETDNNAF AL ARAT —R NI I, Figure 6 (IR LTZBE T )V oA REE~D 2 i
HIELT- mAIDEMARREL T, T AT T —L BEREL, T/ AV —b
(59)i%., #£< > Nauclea JEMEY) LY HBESAL, HT~TU 7 IHME, HUEEHEME, FEme(biE A
NX T F—BHEFIEMEE W o To bk 2 T EWTEME 2 R T EH R T L IRAR Th5H B30 34 1%
ERYRSE M), 59 1T /L T AT L B (19)D C16-C17 =/ — /)L " HEfEA O Bk
AEUD 67 b, =/ — /L IKEEFED 19 7 R F ~D oxa-Michael BR{LIZ IV AE S RS AHZ LR
TESNDH(Scheme 27), 59 O/ FITHEINTEL T, RN LIHFILIZ AN 7R IR T
7V ZR AT DA A E ILSICEV RSN DO A THHB,

oxa-Michael

H isomerization cyclization

o

A H
H Me
— naucleidinal (59)

naucleaoral B (19) L

Scheme 27. Plausible biosynthesis of naucleidinal.

Scheme 27 OHEEAAB I, FT7LTHT B (19)% WA AF AL AT —R
B E DT I oL AP F =L (59)~DEHI T35 F L7~ (Table 1), HIFFEID 19 1T UH4
SR ETHHT=DT, Feibk Ui FIETRBEFIRIL, BRI 52 E72a<E A A A A3
7RSI LTz, C16-C17 = /— )L ZHfE & O BMAL AR 720 (XU ITHE AL A
FREtUT=, Entry 1IRT X912, 5 Y EO N =T LT TS T EE T LR o T2, Fie
T, IR THD 1,8-0 7 e /n[5.4.0]v 7 &y (DBU)Z 1 H¥EWRIL, 80 °C T
AL 72625, 15 5 CHEIOTH KB TEb OO SRR BB L T o e o7

Table 1. Bioinspired transformation of naucleaoral B to naucleidinal.

TBAF (2.0 equiv.)
AcOH (5.0 equiv.)

THF Y
-20to0°C, 24 h Z o
not further purified \/Y VH
H H Me
strictosamide aglycone naucleaoral B (19) 20S; naucleidinal (59)
silyl ether 65 Total 12% over 11 steps

20R; 20-epi-naucleidinal (68)

Entry Conditions (equiv.) Yield

1 Et3N (5.0), THF, r.t., 2 h no reaction

2 DBU (1.0), toluene, 80 °C, 15 min decomposed

3 DBU (0.2), toluene, 80 °C, 3 h 59; 22%

4 pyridine/H,0O (1:9), 100 °C, 7 h 59; 47%, 68; 47%
5 AcOH (10), THF, 0°C tor.t., 36 h no reaction
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T

(entry 2), 22T, DBU DY &% 0.2 Y&ITHWLE TRISEITo7cETA, 22%EWHRIE T
HOBHEBIDOFT T IL AT F—)b (B9)~DEHZHEZR L= (entry 3), Fe\ T, mIIGD AL
DEMFAESBLL, entry 4 TiE 10%EY L /KEHKH, 100 °C CMEMEFRLIZB, ZDfE 5L,
FUEIOZ N R EEBIC, T 7L AT —L (59)EZ D 20 (Lt ~—"THh5 68 78 1:1 D
AREIZ TENZE LR 47% THRDILT, 20-epi-F 7L AT —/b (68)id, RIKMLDHL
HER S DRIERSN TN DD, 59 DEMAUIZEDV AL AREMENZE 2 ONDT-D | 5%
KIRED A ESND ATREMEIZ H BV & F 2%, Entry 5 CIXEEREZ W 2R ME S 2 ML
7oy, RO E— I T L7200 72,

PLEDFERIY, oL TH T B (19D AF AL ARAT — RN LD F 77 A
=L B)DHIDRF A RRE M LTz, Fex OEHTIX, 59 LEHIZZD 20 Lt~ —
THOHIERARY 68 HIFLILN, FERDOZ N AR TR TWD AIHEMEN S 5, Tk
ToD 3-NIAF NI TBE T — LT U7 ADF—/L (B9)DFRIERIL 11 T T 12%
THoT=,
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T

FEWNT, TV TFH T B ()DSAF AL ARAT — R SIZ I AR E LT, oo
LA 743 D (60)FBLKN NI (6L)E, F7oL 74Uy (62)&RELT, T UL AT 43 D
(60)[34d &9 361 [ (BL)49: M 3TN F | AT 17 fi~IT BX— /L FLIZBIT AT~ — O BRIC
B, Pi~TVT | PIRIE, PLE, PUEE, VL7 —BE, Fav b —EBHEL =2k b
T EMIEN 2R T B ERT VAR ThHD, ZIbIL, TU7L 7470 B(19)D 21 (i /v
=V HD 1,2-5 50 TV AET L7 Vv a— )L HIEE 69 76| 17 fi7 R 56 ~D 431N oxa-Michael
BAL AR CTAEARSNDEE 2515 (Scheme 28), — 7T, 60 &5 61 XV, 17 fir_ Lok
PR L DKM IV ERRESNDEZ ZDND T IV T7 40 (62)1F, BBER L HIH3 D 70<
B IR AEDIEIEL R WS SR B

oxa-Michael
cyclization

1,2-reduction
at Cc21

17R; naucleofficine D (60)
17S; naucleofficine 111 (61)

nauclefiline (62)
Scheme 28. Plausible biosynthesis of naucleofficines D and Ill, and nuclefiline.

FROHELEBRES B IILDIZTIILTATINL B 1905 7v47 00 D
(60)DU ML I (BL)~DNAF AL ARAT —RISIC LD BB ARG LT, REHOFERIZ
1,19 PUSEEND 17 (2L 212D 2 DO T VT ERHEERERE DI B | 17 (L0 o - REaFn7 v
TERDZ%E 1,232 L2 AUERB7e0, Z£2C, Luche 3B TIZ LA L FRINAY 7058 o b %
X Ar7=(Scheme 29), FAFFFRELL 72 19 10, A% /—/UITHF (2:1)iR&EMEH, —20 °C TENRZ
N1EEOEALEID L LKFEKRFART FT Y LEAER ST, 20 /@ EELD
b, BONT AR ONW T EEE/a~ S T7 0 —(PTLOIC L DR RA TR, T
JVAT 43 D (60)BLUNN (6L)DIRA W% T6% DI CTHELZ LI EI L7-(60:61 = 2.1:1),
F7o, AR 17 fEOBETHEIT LT 7L TR A (63)bINER 10% TELNTZ, Shni=T
TIVFT AL FEIZOWT, PTLC ROHFEIa~v N 7 4 — bW o lo KBS LD
DD, 60 & 61 Z 3T HZ LT TE A>Tz,

BLIRIENZ LT, R TELIZHELIZ 60 550861 13 C15-C16 HaBaHkAS cis Bl & Th b
WZXFL, 63 1 trans BLi& Cho7-, TNHAEMRD O SLAERIMEDIEIL E BREOF HI5E
la‘ék%zko Tbb EREGTr 60 BLO61L DA, trans Bl@E 2L D85 F-ND 18 i
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T

AFNHL VAN EDOIKFIRFEILDNAR I Z AT TLED, D7D KIHLD cis Bl iE D
TSN RN E THHEBEZBND, — 7T\ E RERTZ20) 63 DIORLAEW T
1, 13- UV B A RE T 2 K912 C15-C20 #6705 H HEIHA T~ 5720, —iXIZE ) FRIITLE
LEND trans BliEZ4F 105 2 HILD,

CeCl3-7H,0 (1.0 equiv.)
NaBH, (1.0 equiv.)

MeOH/THF (2:1)
=20 °C, 20 min
76% (from 65)

naucleaoral B (19) 60:61 =2.1:1 17R; naucleofficine D (60)

H 0, ) P
with 63 (10%) 17S; naucleofficine 11l (61) cis-isomer
Total 20% over 11 steps

. trans-isomer
naucleamide A (63) not obtained

Scheme 29. Bioinspired transformation of naucleaoral B to naucleofficines D and llI.

W, AR LTIV A 7 40 R AW T, 1T (AKBREED KISz kDo 7v7 41
¥ (62)~DEHUZE T LIz, 1IZUHIZ, 3 Y EOWEERIEE T, THF B CoMEE 27
(Table 2, entry 1), EDfEHR, 66% DI THIID 62 H1FHZEITIIMEIILIZHDD 3 (LD
AT IR DAL F RS 72~ 72, £ 2 C, entry 2 Tldfgs =7 v bhvFE-v =TT
— T VEERICE T L, BIRICTISEIT T2, RO UGEIIED LR -7, Entry 3 T
1%, Appel UGS T TORKEIGERALIZb DD, BIAETHN T 2= ViR AT A F VR

& 62 HERIE T EET AN TEID 5T, BfEIIZ, BIAEMOBRENR S ThH KR

Table 2. Bioinspired transformation of naucleofficines D and IIl to nauclefiline.

see Table
17R; naucleofficine D (60) nauclefiline (62)
17S; naucleofficine 11l (61) Total 18% over 12 steps
(60:61 =2.1:1)

Entry Conditions (equiv.) Yield

1 HCl in 1,4-dioxane (3.0), THF, 45 °C, 30 min 66%

2 BF3-OEt, (1.2), CHyCly, rt., 6 h 18%

3 CBry (2.0), PPh3 (2.0), CH,Cly, rt., 2 h N.D.

4 TMSOTTf (2.5), CH,Cl,, =78 t0 0 °C, 2 h 91%
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TTHIRVY Lewis AR T RIATF LT UNRT7T—MNTMSOTHZAEH 528 T, 91%4 0
IENVERH R CRT LD T TV T7 40 (62)~D A% EER LT= (entry 4),

PLEDISZLT, Fu7L 7470 B (19 R ETHNAF AL ANAT — Rz
THIET, FTUILAT 420 D (B0)BLOI (61)E, FTU7LT 4V (62)DHID LA k%
L7z, 60 LT 61 OERUTHIRD 3-RAF L)L ae’F— Lk TR 11 BRE,
A FHAIE 20% THD, £/, 62 1T OV TITR TREEL 12 Bef | K 18% ThH 77,
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LZAT, Scheme 29 (23U T, Luche 2GR THOFTUILTH TV B (19)DiZ TG T
IZ, T A T 430 D (60)BLON N (6)ICHNZ T mELRE A THH T T 7L TIR A (63)
NETEEOLNTZIEER T, FUZLTIR A (63)iF, 2003 4EIZ/MABIZE->T Nauclea
latifoliai 2 HAIO THIHSNIZT LV IRARTHY, T U777 470 B (19)0 17 fLELO 21
(LT AT ERANE LSNP — A& A % (Figure 6)B9, 2R TITHiy V2 F 4> S-b
TUART 27— BIEMES FLEETIENE, FUEEHEMEZ R TNl S g, Fiz, [AfEY)
X0 63 LELICHBESNI- TV T IR E (64)iF. 63 5 21 i EDO/KEERFEE 3 (L iRFEEDEE
{ERIFE BT RRIC IV A GRS NDEE X DIVTEY, FHER7RBRIkD N,O-7 & — % &
MRS BRIEEEZ AL TS, ZhHD T HaARIE, 2017 £EI2 Jia HIZE > THID AL
DNHIESILTODB, 4 51% AHEALEE 7 2 VWA Michael (NG 28E TARIZERE T
HZET, FUILTINEOEMN A A ER L 7Z(Scheme 30), 72, &LIcTUILT
IR A(B3)IC2,3-71n-56-U T J-p-_u K ) (DDQ)EEA S AL T, A A Ak
L7z 7L 73R E (64)~DZE b Rk L T D,

Ph
| Z ><<fPh
HN__O N

N H OTMS ||lHO
H t.7 N
o o cat. H
H | OMe
OTBDPS

naucleamide A (63)

DDQ

naucleamide E (64)
Scheme 30. Jia’s total syntheses of naucleamides A and E.
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P EOWE EEZIT, IRICEZ T T UL 7470 B (190670738 A (63)BLO0
LT3R E (64)«@2%@%%&?%:&&7‘:0 Scheme 31 (A E A R~ 19 oD 17 frdsk
O 21 fIfRFZE 2B LT D720 MR OB ITCAIOWINAERA ST, Thbb, A%/ —L
ITHF (LA)IR & =2 T3 é@@ﬁﬂaq‘lﬁ%ﬁwvw&fﬁﬂ%éﬁ 1 eI RS ZAT
S7ebZA BHIETHTUZLTIR A (63) LA EL TERTHI LTI LT (I
65%), 55417= 63 1L, Jia HO FiEEZELL T DDQ ([CEABMLAVBRILIUEZFT VY, J0HEME
IeREEEATHTUILTIR E (64) N, AR TIXIFIUDIC, A R—1D a fL T
0D INIRFEDBILSNAI=T DAF IR 70 2T L7205 | 21 fKEREDNSD 531N
BALSHEIT T 52LTHYIZLTIRN E (6)DMF05EB L TWD, Fhx ORENLLT- B RkiE

(28D, RO 3-RIAF LU LT aef— by 70 T7IR A (63) & TAE S 11 Bep, iR
IR 18%IZ T, /277U 73N E (64)%H THE%L 12 B, IR 13%IC TR E it
THZEITEE LT,

NaBH, (3.0 equiv.) DDQ (1.2 equiv.)
MeOH/THF (1:4) CH,Cl,
rt, 1h 0 °C, 20 min

65% 75%

naucleamide A (63)
Total 18% over 11 steps

naucleamide E (64)
Total 13% over 12 steps

Scheme 31. Bioinspired transformation of naucleaoral B to naucleamides A and E.

L EDIoz, AN T 7 )ar U om—T )0 22 HERRLI-T UL T 470 B
Q) Z R EL ., NAF AL ANRAT =R O TR Z R A E KT HZET, —

27 EOFIILTAINEET VI AREE 19, 59-64 AEFMNAETAZLIZARTIL
77
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B INTAATF T A REDO A

7 A AXEHEY)ZE T 5 Mitragyna speciosa (., HFE 7 V7 OEVE T A AT DBV HEE
WTHo ., XAEWNTIE Kratom”, <1 — 7 [E N TIZ”Biak Biak”D 4, TEIHILTWAHB, AR
TEY) DIEH A TEMG 228 7CL B OB T T 25788 J1 o m) EX0%E 57 [BIE 2h R
HFFCEXHLINTEY,, AW T RFUEARNZT ~ ORARELTRIAS TE Tz, 20X
7R SR NS PRI X ORFE OBLRA X | 1960 FARIIIAMEM N B H T HRKA
BAL B DOERBIFIEDNEANAT O, ST T A= (TD)ZIILDET D 9 (kT EITANY
HaH T3V T AT VA RN < JLH S 7= (Figure 7)1,

OMe

mitragynine (71) speciogynine (72) 7-hydroxymitragynine (73)

Figure 7. Representative Mitragyna alkaloids.

INT AT A= (71)i% Mitragyna speciosa HEHID T HEELL U CHUBES AL, MR EITL ARHERS R
EICAFAET D Cat* T v VAL ET DL ORI EIE R &2 R 352 Ll
ENTWBIB), A AT A= (T2)1F, 71 D C20 (LA BT ANAREMARTH D, FilT, 72 8
Trb=U K 5-HTRs (2L T BRI A R 23S S, ARTEMEDY Kratom” D
RFIZ Lo THRE S8R, HiAZ, FUOERHICH FEHL TW D AT REMED RE S 7z B4,
F7-. Mitragyna speciosa BES DI E L7 D— D> THD 7T-eRux T A= (73)IX 71 D
TNERFEDIBLRTHY , AT AR W ZBEWEN UTBROERIE T R T2 b R D
TEMEARREE 2 BN TWDIL, 512, KT VIR ARDP RS8N 7280RIENEL, O &5 T
IZBWTHMERF SN D ZENHRE SN TRY, FrBEMIEREO T —MeamiL ERESN T
11\5[45b]O

VL D X702 M=) A BLBR S FF = 7= 28D, ZDINT AT T Ve A RFEIE R
SRBISEIF IR 31T 2 AR G AR E LT H 4L, 1995 FlodftE Sicmilnic i a3b
FHA=Y (IN)DHDARF AR BT < DA RIEDHRE SHTE 28 450 461 —
FCARE B B TORRIDNS, o IIAN I DT ) ar v —Tr
22 NI ASAF AL AT = RO ER T 28T, alF o T AU BT A IaARThHD
PeRualFr T Ay (1) BLOaF T AV (36)DEAEERL TWD, £ T, AE
FCHESL LT ANAF AL ASA T — RIS LD B EWE A 9528 T, LELOINT T A
FTNAIRAREOAE KD ARETHDHEE X LU, AR EICE F L,
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T

SRTHAFT VT aA REED A AT OUWT Scheme 32 (R LT, ShF A= (T1)8
TR AT A= (72)iF, PR THDLAN IR DU FFER 75 DDA AL A
T RIS RN eI R 74 OiRtéfe 17 = — W MoK IR O EARIZ LY
B TEDEE 2 T2, ANV IRE AT DA I VU iFER 75 14, C8-C10 —FEiEANHH
DUHEIFILT-Eanf =B8R 76 035, (R)-4-ARF-a-> 7 /N7 X (T &Ry
T AT LA BIRAY7e Pictet-Spengler SUGARTTHINLS 7 by — 7 AZKDELZ L LT, &
au ] = AR 76 X EO1 TR THBLIZT= A 6 & n-T FAT VTR (T8)% Kk
BT DB 72 RF Michael SUSERR TR THIEEL, —TUT /N7 4 77
WEEEEN DX TV TN 8OWINAD AR AR — L (T9)DEAIZLDEL LT,

OMe OMe OMe
stereoselective
reduction bioinspired
/enol modification transformation
20S; mi i 71
0S; mitragynine (71) 74 5

20R; speciogynine (72)

TMS\\ organocatalytic
X o Michael reaction
| M  C—
MeO 0 78 diastereoselective
O  SEt Pictet-Spengler
6 reaction
+
Lewis acid , .
OMe m'ediated . OMe j oN /reductive decyanation
|>.\\C°2Me coupling reaction .
\ N  — \ NH,
N Chz N
H 80 H
79 77

Scheme 32. Retrosynthetic analysis of mitragynine and speciogynine.
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W—IH 810-YtRutanf= 7/ Var Lo —F L O

Scheme 32 DA FRAENT I, 1D C8-C10 —HEHE AN tan =77
NV T—T )L 76 DEETT-T-(Scheme 33), 3 E/L%DAREMEE 7 DIFE T, = A
YeEN-TFINTIITER (18)EDAFHE Michael FANSSEEITV, anti 0K 81 27 A7 L
BRI A R L7 (antizsyn = 11:1, d.r. = 1:1), 81 (XU A7 L% W TR RIS R L E T
oToTesd | AR & BBET 52 L2 R ILR LRI LR, 370 b IR T +
NIRRT THF IR C 81 O AR 15 BIL%D /T AR F#EE 4.5 YEDON =F
N TURERSHE, 9.5 BB IREAT o7z, ZORER, TA AT L OBRIIRE LI IE
AT IVTER 82 WAEUZOL, 7L T RO ) — b B RABR LN —2RITHEITL, YR
E'7L 83 MEIR THLILZ(2 BEMEIE 85%. d.r. = 4:1), i\ T, DAL= 83 IChNERERE
TBSCl #fit 3524 T, ~IT7 X —LKBEIEDO DT AT LA EIRW 7 TBS {bET %=1
TMS JEDMBEZITV, 84 ZE —DRBMIKEL TR 87% T, ARG 7 2TV ARFH
Michael FINBNZ 31T DT FARMFIRORPE AW 84 2 A TITU, >99%ee Th
HTLaMER LT, 84 1%, 9-BBN ([ZXOER Ry FbaATo7eD b KERL TN D 2MAE T
WERA K TN L DAV AIERAL SO EATHOZE T IR 84%IZTHRD 8,10-kRrtanj=
LTIV YT —T L 76 LN

Ph
Ph
N otms — _
cat. 7 (3 mol%)
TMS S n-butylaldehyde Pd/C (15 mol%)
N (78, 1.0 equiv.) Et,SiH (4.5 equiv.)
| - -
MeO o Et,0 THF
O SEt 0°C,40h O SEe rt, 9.5h
anti:syn = 11:1 85% (2 steps)
6 (E:Z=1:1) anti-adduct 81

(d.r. =1:1)

TBSCI (2.25 equiv.) H
OH AgNOj; (2.6 equiv.)

H 9-BBN (1.2 equiv.)
J_WOTBS  THF, rt,25h

H
DMF MeO then MeO
rt, 3.75h o aqg. NaOH (1.0 equiv.)
87% aqg. H,O, (5.0 equiv.)
-4 single isomer 84 (>99% ee) r.t., 80 min 76
(d.r. =4:1) 84%

Scheme 33. Preparation of 8,10-dihydrosecologanin aglycone silyl ether 76.
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%I (R)-A-ARFL-0-L T SN T HI DAL

HENT, (R)-4- AR -a- T /NI TFEI (TTDEKEITHI L, HIRD 4-ARF AR —
T EEEHIDXT VT VUV 80 LD By TV T I s E et U= (Table )19, 7es5, 7V
> 80 I SCHRD THEIZHE, HiIRD(S)-1 VBV 35 6 TEETARKLZE, 1ZUDIZ entry 112
T2 BED 4-ARFT AR —/L (79, Lewis FEEL T1 Y ED RN 7 /LA BAK L ALK PR
297227 K1) [Sc(OTRs] & AW TR &4T o7, TOREE., BHINO B 7V 7 k& 85 D
AR TE-b DD | (LB B 86 LOSHETEXRWEAMEL TEONLZ LN D)
72 (IR 54%. 85:86 = 1:1), 7=, REMETIT 4-ARF AL R—I1 (79)D 2 EAKIZEY 56% D
87 LIFLILT, W\ T, entry 2 TiL Sc(OTf)s LV Lewis BEMENGINR 7 /LA AL L ZJL7R
YA T AET L) [Y(OTHs)Z W TG EAT T2 ZA WROIK T AL DD
AL BRI SGEL | 2 BfR 87 DAL I S DT EN DT (I 31%, 85:86 = 5-1)
5 fé‘E!’J 2. 1g AT — DTV 80 b, 1.5 M D Yh(OTH); WAL ThUGZEITHIZ 8|

. BEHIER 48%, N (& (AL 85:86 = 6.7:1 I CHMID Ay 7V 7 AR DIRE W%
HéJsﬁVC‘%?‘:(entry 3).

Table 3. Lewis acid-mediated coupling reaction.
CO,Me
Q—fj" ~Cbz MeO
OMe O
[>.\\C°2Me Lewis acid OMe
) + N NH
CcbZ CH2C|2 OMe CO,Me
N \
H r.t., time
79 (2.0 equiv.) 80 (1.0 equiv.) HN-Cpz

7
Entry Aziridine Lewis acid (equiv.) Time Product (Yield, %)
1 100 mg Sc(0Tf); (1.0) 7.5h 85/86 (54%, 85:86 = 1:1), 87 (56%)
2 100 mg Yb(OTf); (1.0) 24 h 85/86 (31%, 85:86 = 5:1)
8 19 Yb(OTf)3 (1.5) 3 days 85/86 (48%, 85:86 = 6.7:1)
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T

e T, Fox DBRFELTZ 0-> 7 /N 723 (BYDAKRIEESEIC, Iy 7V 7 AR 85
ZRW(R)-4- AR mq-2 T N FHI (TT)~D LA 78 77~ (Scheme 34)1U, (ZUDIZ,
FEAZE LTy 7V 7RG K 85 & 86 DIREWNT DN T, AN LR =V ED K5
FOGZEAT T2, 372005, THRK (10:1)IR G HIC T3 Y 'O /KERL) F U LENNA, =i
TC 2.5 REEIRFRE L2, BLBRZRWZ LIRS IR, A TR E FRPEA 86 13T,
AT DN E VLR 85 ICHISk T2 VR ik 88 DA FOLNT-, 1HHNT-H/L Rk 88 14,
ranRiEF VLT = 2 BRI RURICED T IR 89 ~&EU (2 Brfit
IR 78%), TDH, 89 LV HALAARI L TUHEL T IR OBK G A I TS,
=RV 90 LLT=DH(UNEE 88%), /37w Miliia FIV /e Chz LD KBS R R 32
ETHMDR)-4-ANFKT-a- T IRV THI (TT)DE A TE T LT (LR 84%),

CICO,Et (1.4 equiv.)

) 0 :
OMe H \\ OMe y \\_ Et3N (3.0 equiv.)
STOMe  aq. LiOH (3.0 equiv.) ~OH THF, 0 °C, 30 min
\} HN-cbz THF/H,0 (10:1) \} HN-cbz then
H rt., 2.5h H aq. NH4CI (1.5 equiv.)
85/86 88 0 :C, 20 min
(85:86 = 6.7:1, shows only 85) 78% (2 steps)
_— OMe 4 cy Pd/C (10 mol%)
NNH, POCI; (2.3 equiv.) Q_f\\ H, (1 atm)
HN-
\\ HN-cpz pyridine N\ Cbz 1,4-dioxane
H 0 °C, 50 min H rt, 13 h
88% 84%
89 90
OMe H cN
{ NH,
N
H
77

Scheme 34. Preparation of (R)-4-methoxy-a-cyanotryptamine (77).
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HoIH INTHA=2 AN A A= RN T-ERaF NI T A= DG AL

HEIDOT b 76 BEONTT DARMN5E T LI=DT, H—Hi & I TRk Lza) 7
AT VIO ARFENDISAT AL ANNAT — R0 B R EWEE BB LT INT AT TV H
A RO A RIZHE FL7=(Scheme 35), (ZUDIT, NAA AL ASAT —R ST LD B #A fa
2479 L CORRIBIYRLIRDAN I DU FFEAR 75 OERAET Tz, V7RRAS ARRS
WIEENLED 8,10-VeRutanf=07 7 Var LUz —7 )0 76 L(R)-4-AFT-a-2 7/
N7 Z (TT)DIREIZ, 0 °C T 0.5 H&ED TFA Z{EMH S, Pictet-Spengler St HE1 T
ST, TORER, SOGE 30 2 TrEfEL, BRI 3S NARELE A A T HERLIAR 91 S HL— D H
PERE L TEBMICEDNT, 91 13AZ/— L FERROAFAE FIZ T T/ AKRE LAY HE T
VLTI HIE T, VT AR TTANCERE L, SERTBRIA 75 ~EULER 78% TRV, Fil
TOVINEDOBREFB XS LT A NRAF AL AT — R BB S5 T o712, THF FR
DARNI TP B8R 75 12, —20 °C C TBAF LEEEEA L T TBS FEDBREEIT72L A,
HIOaVF o T ARG E A3 HTF 0 74 N ) — )VRIL T LT e R0 B8 SR RTR,

H
77 (1.0 equiv.)
TFA (0.5 equiv.)
MS 4A (300 wt%)

NaBH;CN (20 equiv.)
AcOH (10 equiv.)

CHJCl, MeOH
0 °C, 30 min rt, 60h
quant. 78%
76 single isomer
OMe

TBAF (2.0 equiv.)
AcOH (5.0 equiv.)

THF
-20°C,5h

74
(aldehyde form) (enol form)
PtO, (100 wt%)
H, (1 atm)
MeOH, r.t., 1 h

1) CH(OMe)3 (1.65 equiv.)
p-TsOH-H,0 (3.8 equiv.)
MeOH, 70 °C, 16 h

2) t-BuOK (3.0 equiv.)
DMF, r.t., 45 min
55% (4 steps)
71:72 = 3.2:1

mitragynine (71)
(shows only enol form) Total 16% over 11 steps

Scheme 35. Bioinspired total synthesis of mitragynine.
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BEELTHRLNT, Fi Tl B L A 4e%E VBl TR EY, 74 © C20-C21 = F3
THEAEAAEERANORTLC I A=r (TY)EFREED 20S SABRLEEA A TD 92 HE
FLUTERKRL, ZD%, 17 fMLDOTV AN T 74— A IZHiK 20 gt A Hv - E1cB #
IZEDILE /A% ) —NARIZEY B-ARF L T 7V —MEEEBE LIS I A= (T1)D
EEREERLZ(4 TRRIE 42%), 4 TRENORDRNAT AL AAT —REEE 150 mg
D 75 ZANTIT>TERY, —FEIC 48.7 mg D 71 252 LR L TWD, 228, A Ao
VANRAT =RIISTIX, AXTA T A= (T2)BILER 13% THOHIL TN D,

WIZ, T H A= (T1)D C20 T~ —THHARTAH A= (T2)DFRIRIZ AR
75 F-L7=(Scheme 36), JollAIERD SN T, AN M DU Bk 75 b= ik 74
EERRLIZOL, DRy T 2 YEON TRV AKFELARY R TN LZRIL T
DIBTCEATOT, TOFER, AU A H A= (T2)ITHKHET D 20R SLAKEL E A A2 93 23,
20 (LI BITDH—DBMRE L CRIRITEDTZ, D%, 2 TR T/ — /VOEMZITV
B-ARF L T IUL —MEEA T LI L TR T H A=y (R)DEA A ER LI-(4 TR
IR 65%),

OMe
then
TBAF (2.0 equiv.) NaBH(OAc)3
AcOH (5.0 equiv.) (2.0 equiv.)
THF -20°C,25h
-20°C,5h

74
| (shows only enol form)

1) CH(OMe)3 (1.65 equiv.)
p-TsOH-H,0 (3.8 equiv.)
MeOH, 70 °C, 12 h

2) t-BuOK (3.0 equiv.)
DMF, r.t., 40 min
65% (4 steps)
single isomer

speciogynine (72)

Total 26% over 11 steps (shows only enol form)

Scheme 36. Bioinspired total synthesis of speciogynine.
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RIZ BRRLTIINT A= ()2 RWZBLOSICED T-eR ek IbT A= (13)D
B A AT (Table 4), Entry 1 TiX, Be{bAILL TEA(N 7 A m 7 i )a—R B
(PIFA)Z 2 &MV, THFIK (2:1)IEEEET. 0 °C TRILEAT72&2A, IR 52% T 7-t
Raf T A A= (13)BMF5T2, il T entry 2 Tlik, IR %27 2=k (9:1)E
BRI E T LTS EAToT2E2A, PIFA DM 8% 1 483U TH entry 1 L[REIFLE DL
FT 73 BHELNDLZENDLISTZB, L3, WO SIEIZEB W TH AR O~ A
IRT U AN SR EIZ R KEETE D B A DIBRDMLTND ATREME DS RIRS VT, £ 2T,
FSFHNZ LCMSIZEDBIL 7224, ZH R — 7L THRI CThDH 73 DB —7([M+H]*:
A15)DAIZ, JFEFDOINT T A= (T1)EVE T80 2 7210 /hSne—27([M]*: 397) 381X
e A NIARE —I M3, 71 OFRILEILBA L R — /L Tlidied, 3 k7% ECHITLZE
ETHHLHAI=T 2AA Y 94 IZHKTDHELDOTHDHEMEL(Figure 8), Kt " CTRADIRINIZX
DLEOGHRNTO 3T IV EROHEE R LIZ, T70bb, entry 2 LRIBEOIABLRAIZT2 4
BO TFA ZHINT 52T 71 O TFRABEZRA LD, 1 OMe
BED PIFA ZHWT 7 MO bEIT-72, TORER.,
A R DI BB L, AT 73 O 71%I12
FTUESNT, 7ok, RBUS T, B2 DINT T A=
Y (M)ETIIVIT NV E AW TR 22 L0358
PEZARLE T ECHRETH-T, 94

Figure 8. Proposed structure of byproduct.

Table 4. Bioinspired total synthesis of 7-hydroxymitragynine.

OMe

see Table

R

mitragynine (71) 7-hydroxymitragynine (73)
Total 11% over 12 steps
Entry  Oxidant (equiv.) Additive (equiv.) Solvent Temp. Time Yield
1 PIFA (2.0) - THF/H,0 (2:1) 0°C 2h 52%
2 PIFA (1.0) - MeCN/H,0 (9:1) 0°C 20 min  58%
3 PIFA (1.0) TFA (2.0) MeCN/H,O (9:1) 0°C 20 min  71%
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PLEDIDIZ, 810-vermttani =7 7Y a P YLe—7)L 76 L(R)-4-AFT-0-2 7/
N7 23 ()R HERIFEIEL T VT T AT NI aA RO G RRDT=D DSAF A A
PRAT —RBREEBIEZICH T 528 T INTHA= (1), AU FH A= (12), T-ER R
FIINTHA=Y (1)&ETe 3FOINT AT T NAIANEORE KA ER L, 71 BLW
72 1T T RL TR 3-RAF LUV ae— kD 11 TR TERSI, ZNE ORI
X 71 N 16%, 72 2% 26% CTh-o7o, £z, 7-eRax I INTH A= (13)E. INTTA=>
(T1)Z2 W2 BRALSORZRR 35 2 & Tl TR 12 BeP MBI 11%IC CRA AR A R LT,
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ot

BE AV BT VA v RO RS I HE < BB K

HAVLPw (95)1%, C19-C20 #EE RN E-AL 74 /530 T AT )T L~
ARAUR—=NT VI1aARO—F T 5 (Figure 9)BH, 1958 4-(Z Rappoport 52k~ T,
Geissospermum vellosii 735 BEBESIVIZ T A Y 2L BT RIS 22 L THID TR E
Fu, LABE . KR % 72RE 60 BBEDS S S QB Bl [GIR IS, A AL DOBRSY R AL
HIZIWEONTZT Ry (96)iX, HAVT VY (95)DAR—/VEHRND)E 17 [z
FEDOFEEITIVERSNDEAI 7 HER(E B2 T HIRIEHIEEZA L TR, A RIIC
95 |[ZRHEL /=7 VL AIaA R CThHHIENTRINHPA, £/, 2011 FIZEHHBHIZE-T Uncaria
villosa KO E S -E el A (97)iX, AV (95)D 3 (it ~—iFEkTh, 7
o NREIRER 2R L C A s E 2 /R 2 E RSN T8, %k 35038, AV
(NI NETIZIEFIZZL DA BIENRE I TNDH— 5T S 7RG AV (96)150
ebNTE R AV A (97)D LG FRITRTZEMRSILTORN,

geissoschizine (95) apogeissoschizine (96) villocarine A (97)

geissospermine

Figure 9. Geissoschizine and related alkaloids.
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HAY Y (95)Diet EE/MAIE &L C, MTIAs A D Ttz 817 HHam AR %15
RRZETHNDB, 95 1%, ALISHED D BEET cis-F VIV BELZ LS TNHIEN
Eckermann & Gaich HIZEVIRESNTRY, ZORHKAY 7B 9 DI b )5y + N ERL
2516 (LRFZPOLEL THEITTHIE T RRAREREATLOT NV IInAR~EEHIND
(Scheme 37)B%, iz (X, 16 (LRFEDERALAAL N —/VEF(NL) ETHITIHE, EA 6
BERE BR)ZH T2V OT NI RENEA RSN, Fi2, 2 (ifkFE ETOBL
HIBR (LA ME, C2-C3 fiE7 D C3-CT fia DIMAER T A TEY, IIRE K Z R
ARIF ) 2T VA AR FEE A LD, SHIT, [FRROBALAIERIGIE 4 (238, 5 (R, 7 {if
RFEETHHITL, TNENT T 7aR21NT A B (7B = ) 7He s
o[2.2. 214 7 2GR (VLS U 2,.8- A% )% )NV ER(T 7 TRV I e D18
2T NI ANEHEA TS,

pleiocarpamine akuammicine
C-mavacurine-type strychnos-type
T N1-C16 C2-C16 T

(o] OH cis-quinolizidine twist boat

l C7-C16

OHC_ CO,Me

excelsinidine polyneuridine aldehyde rhazinaline
excelsinidine-type sarpagine-type akuammiline-type

Scheme 37. Skeletal diversification of geissoschizine in biosynthesis.
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DI, HAVT T (95)iE MTIAs DG RIC BT i Sk E A £ A TR O —
DELTNETHNTEY, ZLORFET-HAW T L T&7-, 1974 412, van Tamele Hi2X&
DYIDOTEIRE WA IV TLARE, 95 (2B 20 FILL EOAREN SCHkEL Tl S
TRY, RERMAE BB T DETIES T DO—2 > TNHB4 5l —J5C A Rl
OB NTAN I v DT 7 Vay (BDOFERNLT AV (96)& AR LT3
RICHE ST,

AT, IR LT2E5IZ, 95 X2V F o T AL RIT N IIaARO—FETHY , AN IR0 T
7Vay (APSERTHILEDHBEAI=T AAA PR 33 2B L TEARINDES X
bid, T7bb, HIEA 33 O 21 iAI=ULRFEN 1,2-80SNHZEICED 95 2405
(Scheme 38), L2>L7eh3n, AFEEE—Hi 45 THOFEBRFERIVR IO, FREE 33 13k
7% oxa-Michael BRILICEV~T oI LT L HafRERETEK T 5720 AZEHRO LS
135D TREECHHZEN FESILD, T TEL L AGKATIE ThLEan = )b
DWNIAN I DT 7 Vay (4)EOEREMEND HAY VBT L iaA RO
BRI ERETHLELIC, AEARICLD A HINEL CTRA KM ZBIA LT,

1,2-reduction

O OH
geissoschizine (95)
] corynantheine-type

oxa-Michael

. . cyclization
common intermediate 4 »

cathenamine (31)
heteroyohimbine-type

Scheme 38. Common biosynthetic pathway of geissoschizine and cathenamine.
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H—IE vuahly ADRE

IZLOIZ, Taa = 77 Var v Uo—T )b 23 R H0 4220 (95)HDHWIEE
a7V A (97) DA RN 21T -7, BEg4 Scheme 39 (R, ZNHT /L ABRARDF /Y
DUV EBRE B KR TR T 5720, C2-C3 fEA/RBLNT C3-N4 fEAZ Ul 52k
LU, 7L TER 98 D5y Pictet-Spengler S8R S &L TEARLTZ, 98 DALV EET
b& 9 FOIVNVEDOBRELAGIEELTDERRT BF— LV ORRKGIZEY RN THE Hjé
WDHZENTEDEE X2, 9 1Tl =T 7 )ar o —7 /L 23 b UV IO FREIC
feERIIE DFAEELL | KA L 7 42 O BMAICIDE NN DFFEAR 100 225, N 723
QRQ)DEANZRETHMTEDLEB X BIND, AR AREDHZ LI SOSED E W 17 frx/—
JVIKBEFEITBRAR T B2 — AEL L T AZ7SLTEBY((EE 99, 100), oxa-Michael BR{kiZ
Ir~Trat VR RO E R CED E LT,
intramolecular
Pictet-Spengler

reaction
or

H

Qj/\
2 HN
N “
O\3 N
R
HO_~
acetal ring
Qj/\\ opening
I
N NH,
skeletal H 2

rearrangement tryptamine
and isomerization installation HN? ’1
TBSO%
CO,Me

removal of
silyl group

O OH
geissoschizine (95)

Scheme 39. Retrosynthetic analysis of geissoschizine or villocarine A.
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Scheme 39 DA FEAATICHEN XU Ean =0T 7 )ar v )Lo—T )L 23 O FkE
HRNZIZ L AFRER 100 DA % k772 (Scheme 40), #53E/K 100 1%, 1976 4E(Z Tietze HIZL-
T, Baah=r (W) Vav NEEEMK GRS ChD B-7Vav X —EE2EHSE5Z 81T
FJOD THRLNIALEY THY, DI EvAYeanl= T 7 Var b ma S Tns b,
FxNXZOZEEN 23 DI NVFEDORREIZEIVHFB CELHEE X | THR B TENEL 1.5 Y
®O TBAF LHEEA T 2L THRIDEBRAERFI LIz, ZORER., ~IT7 B2 —/VER DB
IZHEONERT LT ER AR 101 SAERKLTZOS | 2 (L /— NV KEEFEDNS T LT VT ER~D
BALE ARG EAE G ONEA L 7 1 ~O BN —FITHEITL, BOA Y Ean =T
7Yz (100)2300 2 87% THEHALTZ, ZOEE, £:64172 100 DINEAL T 4K, AV
HICIED E BB 2 2ICHIESN-(E:Z = >10:1, d.r. = 2.5:1), %t T, 100 O o,p- A0
TITERZRBNHVEL T, NIF X (DR T T IMESICEVERE 98 #151H Lk
Frize LU, BT 98 132X ELN T, ~Traer e Mo 2,3-a 7/ 73IF (102)7
69% DY TIFLIVDRE R Lo o7z, REAETIH, ~ITBX—/LBID 100 HBFHERL TE AT L
TER 103 L7poloDb | N7 A (2)&D 2 FEDR TR T I /L i E oxa-Michael BR {73
L7228 T 102 BEONTEBLERLTND, LIZA-T, N7 430 ()0 AL TlE, 100
DANIT X — NAEEEHEFFT D720 KB IEAIRET LN ERHLETRBIND, 72355,
23- a7 /73X (102)1%, 2015 4F(Z Scheidt HIZXVHESNZT hIeRa 7 /L AR=
(15)DEERKIZIIT DG AR THY | AfERICIVERLF K TO 15 ORI EE KA
BEERRLIZZ &z k],

g TBAF (1.5 equiv.) Ox
S .OTBS AcOH (1.5 equiv.) Ho. 7 M
[ N
H
MeO THF L0~
o 0 °C, 30 min CO,Me
23 87% 100
E:Z=>10:1,d.r. = 2.5:1
2 (1.0 equiv.)
AcOH (10 equiv.) ] i o
MS 4A (200 wt%) NH 1 i
. o st reductive NHr O
NaBH(OAc); (3.0 equiv.) N l " amination N u
THF 2 O : SN A
-40 °C, 30 min HO_ HO
CO,Me CO,Me
103 104

2nd reductive
amination

/oxa-Michael
cyclization

. N H AcOH/H,0, 80 °C
< \Me 102
HY 3 H then NaBH,4
0 MeOH, 0 °C
MeO,C 41%

2,3-secoakuammigine (102)

6

9%

Scheidt’s reported synthesis of tetrahydroalstonine

Hg(OAc),
EDTA disodium salt

tetrahydroalstonine (15)

Scheme 40. Synthesis of 2,3-secoakuammigine and Scheidt’s reported synthesis of tetrahydroalstonine.
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Scheme 40 O FRAEZITC AV aah= 77 Var (100)D~IT X — /LKl E & 1%
T ORIE TR T A3y (D AETTHZEE LT (Scheme 41), &SRO fFE . TBSCI %
YEFRSHT 100 D~IT7v&— LK% TBS L ., (R#K 105 2457~ (U= 80%. d.r. =
2.5:1), feW\ T, I T IMEUNZED RN 7 H Q)DENEZRRTZH DD | REHEAL
TOMEREI ST, FT T RICT /La—/L 106 8T 5 Sn2 ISIZED 2 8 ATHZ 8L
7o T80 7/L7ER 105 % Luche 32 u &I 28 T o, - EaFNT /LT EROD 1,2-1% 50
EITWT La— L 106 EL7=0h (IR 88%., d.r. = 2.5:1), NV=F /L7 UA74E F CHi b AX
Y ZIVTR=IV(MSC)EAER S HZETAT VR 107 21572, 107 13E T 5287 ik 7T &
F=RIWZIRIELT-D 5 3 B BEDORN 7 HI (222 T SN2 SUSCEDEAEE#FTHZET A
AV VDB RHTERA 99 DA A TE T LIZ(2 BEFEIER 70%, d.r. = 2.5:1),

*N TBSCI (1.5 equiv.) 04 CeCly 7H,0 (1.0 equiv.) HO
HO H Q AgNO; (1.3 equiv.) 1ggq H Q NaBH, (1.0 equiv.)  1gso H Q
o DMF 0. MeOH/THF (2:1) o

CO,Me rt., 100 min CO,Me r.t.,, 10 min CO,Me
100 80% 105 88% 106
E:Z=>10:1,d.r. = 2.5:1 d.r. =2.5:1 d.r. =2.5:1
2 (1.0 equiv.) .
AcOH (10 equiv.) THF MsCI (1.1 equiv.)
MS 4A (200 wt%) rt, 16 h EtsN (1.2 equiv.)

NaBH(OAc); (3.0 equiv.) CH,Cl,, 0°C, 1h

9y "y
N 2(3.0equiv) | TBSO, ~2A_
H H
TBSO AN MeCN O~
rt, 1h cOzMe
o~
70% (2 steps) 107

CO,Me
99

d.r.=25:1
Scheme 41. Preparation of key synthetic precursor 99.

WA RN LS CRIELIEH AV DU DO A RRAIBE R 99 2155208 TE7=DT, TV
NIDBREIZLDT VT ER 98 DALy 1IN Pictet-Spengler S 2L D /U Y U BROAE
GLUZHE FLI=(Scheme 42), 5 M EDOHEEAA/E T, THF HiH o784 —/L 99 (2 0°C T
TBAF Z/EHSE UL EDREEITT2EZA, FTLAOF /UD VU FERTIERL, Bk
N,O-7 & & — /W& A3 % 108 N EER AR EL THHLIDZE D DD > T, 2, 987
BAELHAI=T DA PR 109 2512 R— A hbDsREB (T 7235 Pictet-Spengler X
SN E R Z T EOHEL 1T LD =) — VKR A T U CBRILLTZ T2 ThHE5 2 Hivs, 108
IHBD TRLZETHY, YINT LR REMTHML CLEIZER DD -72D T, i
FTHIELALIaa A AR TFA TR HZETHE, A= A4 R EED LK
& Pictet-Spengler SUGEARELTZ, EOfER, il A (97)EFLT 3R SLARLEZHF T 5 3-
epi- AV (L10) SR BRI AF DN D ZE N Do T2, REHIZBNT, /2= LA
AR 111 D 15 (7R EOMIEHIL, C19-C20E A L7 42D 1,3-TUN R ERET 5T
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TBAF (2.0 equiv.) %4 %4
AcOH (5.0 equiv.) N [ N 2
H H H [s
TBSO THF O™ ol
0°C,2h HO_ HO_
CO,Me 17 CO,Me

COzMe

dr. = 2 5:1
Qj/\ 7 O 3R stereoselective
H . Pictet-Spengler
e N TFA (3.0 equiv.) ) HO Y Nome reaction
o7’ . T HN =N- —
S N 2%12 15\
" ‘H r.t., 30 min

CO,Me
108 — 11 -
not purified

|

1) CH(OMe); (1.65 equiv.)
p-TsOH-H,0 (3.8 equiv.)
MeOH, 60 °C, 15 h

2) t-BuOK (6.0 equiv.)
DMF, r.t., 75 min
44% (4 steps)

3-epi-geissoschizine (110) villocarine A (97)

Scheme 42. Bioinspired total synthesis of villocarine A. Total 6% over 15 steps

3-epi-geissoschizine (110)

ALJLWM Aol WUJ‘J“'L“MK%JMMA% )” ‘!J l‘w ykﬁwu_n_

"1 (ppm)

Figure 10. "H NMR spectrum of a crude mixture of 3-epi-geissoschizine.

OIEET X TN EOTWDETIESIND, ZDT, A F—/VEMLIE 15 A& 13
D o HPDHEETTHZET 3R MERBPIEDRBLL 2 DB L LT, A EIGOILE 3-epi- A
VI Vy (110)1, 17 AERFBICBT D7/ — )V EE BYERIE G EL TR, b Tl
ME72 TH NMR A7 7R L= (Figure 10), i %12 Jokela & Lounasmaa 507 L—7 128 -

AR LTZ 110 23 HE7: TH NMR AT LA 7R3 ZEN ST 508, 110 13AK72K
SRINDD B FER & D32 SHU TR ZOBHEIR AT VAR T HEERYRFIEDY 110 DFR
REFBIEMAT 2RI L CODATREME N B 2 DD, il T, ALz 3-epi-H AV
(1102 KA CThorerA A () ~EFEETHIETEDOELZNOLZEE LT, 155
ATz 110 DR Z AL ) — ) H TSR LT 17 (LD VAR T ' — &1 T >

72DH | t+-BUOK ZHWTIIE /AX ) — At $HZET B-ANE T T UL —MEOREE AT T2,
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ZORER, 3R MAELEEA T HE A A (97))Y 4 AR 44% CTEDHIL, D NMR A
NIMUVEREI O D E BN AR LTz, FECE DB SCEMEE — B L eo7eb Do | B
HESCERCHUE ST 2 CD ATV EE A —EL, 270 nm ORI IZIB W THE D= R
VR AERLUIZZENBE Y A (97) DR SRR E 1 3R, 15S Bl iE ThHZEARE LT,
F7-. NOESY % & T4 F IRt NMR fif#T 725N, DFT BHRICK DR L ET L RA— 3y
fRNTZATo7-L 25, 3R KB @A A TAE el A (97)i%. 3S SARELEAG T HH AV
v (9B)LIFER | trans-X VT VL EHT LD RES AL (Figure 11, B3LYP/6-31G**),

0.00 kcal/mol

cis-quinolizidine form +0.63 kcal/mol

Figure 11. Computational comparison of total energy between trans- and cis-quinolizidine
form of villocarine A (using B3LYP method).

VL ED I, BanF = GO BRIGAICIVALDA Y van =07 7 Va (100)%#%
LT, 1M Pictet-Spengler SUGIZENF /Y A EERES S HZ LT 3R SARLEE A
FToHeuHI AQNDOERAREER LIz, 215 3R MARELEZ AT 5 MTIAs (X, AR 7k
v B)D 3= —ThiHE L3R (112, Figure 12)0O4ABHENLEE ZHNDN, A
Virani= 77 Var (100)&#8H T 5I072 A AR O AFEL TWOD RTREMEDR B D, KA
AR ICE D eI A (9T) DRI ERIITTIR AL D 3-RUAF LV LT rEF— L hbis 15
TFHRT 6% THoT-,

vincoside (112)
Figure 12. Structure of vincoside.
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HIH TIRHAI DU e OHAI T DA

AH F—HOFERRE LY, dEAE 98 2V =4+ Pictet-Spengler 2k n¥x /U
UURESEHEIE TIL, trans BLEEOF VUV NERK L, 3R MARLEE AT D 3-epi-HA VLY
v (L0 EENDZENDI ST, LT - T, 3S SMKBLEEH DA/ (95)% 8N
BNZAGDT=DITIE, F VUV UBEIFIC BT R A—va filflib EERER THHES
ZBND, 2T HAVL DU BEET IV IOARD— D> THLTIRHAV YV (96) DR IE IS
HL72, 96 1%, N1I-C17 #EE WAV P (9N AHID 17 fre ) — KR He A3 R
PR~ AT SNIAEEZ RO, FIo, 7 BIR(E R)DIARITENE VIV VRO FRA—
SATFERICEESN TNDEB ZBND, FEERIZ, 96 ([ZOWTH 1B ) PR RIC I DB R
RAERBTAER, trans-% V)V U BLE AR ORI S X R ST, SHIC 96 DFRL T
BZOWTCHEERIToT-LZA, ZDOX VUV EIT5E 4T cis BLEIZHEESIL WD IE
D3bioT-(Figure 13, @B97-XD/6-31G**), F7-, BLERE T LT CT-C2-N1-C17 /67255
A AL, sp? FHNHRESRUIT 157.2°THY, 96 D E BRAKELEALTHDHIENH
BinEipoT-, FERRIC, BRF UK THIHTAVT Vv (95)EDET RV —D AT o1-E
25,96 OJFH 10.7 keal/mol RZEE T o7, LA EOREEHIBEM: DS, TRT AP
(96)Z % 1 L CEDEHZMHE T 2LTHAK G MRENT E BROBBRZITZIL, AV
(9B)EZN N E R TEHEHMLT,

ZCT-C2-N1-C17=157.2° —
TN
apogeissoschizine (96) +10.7 kcal/mol
- potentially inactivated C17 hydroxyl group by N1-C17 bond
- highly strained ring system
- locked cis-quinolizidine

Figure 13. Computational structural analysis of geissoschizine and apogeissoschizine.
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Scheme 43 (27 HRATAV LV (96) &R T DAV (95)DEpRHkIE &7, 3 (AT
DOV B EDEMESZRET 750, HEIU 3S SEARTPLEHZ - AR 7
DT IVar Y VE—T)v 22 HHEREFERIEL TRIELTL, BATS 7 BER(E R)DOEEITE
FANCATOZ L& L, 22 Z 272 53N aza-Michael Bj{k, 7 /— L E1cB Jiiff,
AV 74 OBMACERTIRELTT A7V QONZHEHLIT 5 113 25524807, 113 1T
N4—C21 FEBTERRICED D BRIEIZ LD cis-F VDoV &R AT DT RAA 2V (96)~
LENT=DE | 96 DTE A FETH A BREN 1) & T DMK REEROBER SUGIZ A2 ThH AV v
(9B) AL TEHEEML,

aza-Michael/
E1cB elimination/
isomerization

" OH hydrolytic
ring openin
N~ C02Me 4,,,,9,,{),,,,9,,
S —
N
1 H,O
H H H 2 CO,Me
geissoschizine (95) apogeissoschizine (96)

Scheme 43. Synthetic strategy of geissoschizine via apogeissoschizine.
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FERD BRI ZHEN, ARSI P T 7 ar LU —T )b 22 % Wiz iE ke 725y +
M aza-Michael Bk, E1cB Wik, AL 7o DRMAVKIGIZED 113 OB FFEIT-7=
(Scheme 44), My /1 2212, 1.6 B &ED 18-7772-6 £ 300 WtUHDEL F=2F——T A
AA ZINZ =05, 0 °C THUVT LAFYAF LIV TP R(KHMDS) % 1.6 Y EEHSET-, &
DFER, AR —VEEF(NLD)EIR 27 e hAIC LD 114 WAECT-DO6  LALOZEHRENS 17
AR FE~D aza-Michael F{kIZLD 115 DAERKE, ELeB BEIZ 85T T 7 — /L D, A U7
116 ORIHAL 7 4D E BIRAYZREMALS —ZEITETL, BAYD 113 HHE—DBMEREL
THLITZ, 113 1TV AT WIS L E Th-oTeD T, # T 52L7:< Luche
BEICSMITAT L, T —)L 117 ~EiE =,

KHMDS (1.6 equiv.)
18-crown-6 (1.6 equiv.)

aza-Michael
MS 4A (300 wt%)

cyclization
0oTBS —— >

toluene
0 °C, 20 min

strictosidine aglycone —
silyl ether (22)

E1cB isomerization
elimination to E-olefin
—_— P —

CeCly-7H,0 (1.0 equiv.)
NaBH, (1.0 equiv.)

MeOH/THF (2:1)
-20 °C, 10 min
82% (2 steps)
single isomer

Scheme 44. Preparation of alcohol 117.
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Tova— b 117 IPOEBATHEERMEEEH THTHRTAV T (96) ~D L, fied THk
B CTHDIENTENTZ, ZZ T, TUNAT ha— LD a7 AH . A A7 Sn2
FOGZ LD NA-C21 A B TRk a1THZ L L Li=(Table 5), Entry 1 Ti& MsCl ZWCT7 UL T L
a— O raafbE R BTN, BHEIR G E 5 2 DR R b o7, fiW Tl entry 2 Tldzan
bR EALT A = VB LS E AT T2 A, TULT va— Lo 7aefbid#E T UL O
D, D 21 frrmmfbis 118 LR AT/ 19 frrarfbik 119 234 TERWEEWEL
THLIZ(Figure 14), 22T, Meyers b7 770 F A DE a5 % L1 (Scheme 45),
Appel SUSIZE D7 mu bzt Liz(entry 3)B0, 2k R, BIO7aufbik 118 24
LLTEON, £ BREOTRIAV LY (96)DAER LR TET-, £Z T, entry 4 TiZ
Appel Z7erfb Nz kv ranfbik 118 #5706, <A
s T TG RE 120 °C ([ZIEVT 52 TH I
SN2 S DREE R AT, ZORER ., TRITAV D
(96)% 2 BePEINEE B5% THRHZ LTI, HID G A%
BERR LT, ARLTC 96 OREIEIT, A 1E 2 kot NMR i
ETHIETHEBRERIE LT,

Table 5. Total synthesis of apogeissoschizine.

conditions
CO,Me
117 L - apogeissochizine (96)
Total 12% over 12 steps

Entry Conditions (equiv.) Results
1 MsCI (1.1), Et3N (3.0), CH,Cl,, r.t., 16 h complex mixture
2 SOCI;, (1.05), CH,Cly, r.t.,, 10 min inseparable mixture of 118/119 (1:1.8)
3 CCly (2.5), PPh3 (2.0), Et3N (2.5), MeCM, r.t., 12 h  almost 118 (with trace amount of 96)
4 CCly (2.5), PPh3 (2.0), Et3N (2.5), MeCM, r.t., 24 h  96; 55% (2 steps)

then microwave irradiation (120 °C), 20 min

CCly, PPhy
Et;N

MeCN
rt, 12h
80%

deplancheine

Scheme 45. Meyers’ reported total synthesis of deplancheine.
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BEEIRDTIRHTAIL D ()N ATV (95)~DEHEATHIRNC, LV L TR CTIEHE
PED @ 96 DUFSIEZ ML T D721, IR A ALV — OB AR 628 LT
(Scheme 46), 7/L=1—/L 117 @ 2 k7 I FH(NA)E N-[2-(FAF /LU T L =
WA INAT AR (Teoc-OSu)% FV T Teoc fR#EL . & BEMNCIEER 120 2457-, 120 (%
Ak p-hv 2= L (p-TSCER) =F LTI TR HZ L k> Trmrmfbik 121 ~
LA T= (ILER 78%), £ D%, 121 % THF FRIEH, TBAF TRERT 524128~ T Teoc M4
BREL 118 ~EEMLI=OH NER T HZ LT B b= WA T~ A7 aiig BRETHZ LY
120 °C T 1 BFINEAST D2 TTRAA VY (96)% 2 THREINER 90% CTA L 7o, ASFRES
XD 117 BT RTAY TV (96) 2 HELREM T HIENFRELRD T AV (96)
SO AN T T HAR A FEZ DT LN TET,

p-TsCl (1.05 equiv.)
NTeoc Et3N (2.0 equiv.)

Teoc-OSu (1.5 equiv.)
Et3N (3.2 equiv.)

CHJClI, CHxCl,
r.t., 25 min \''H OH rt., 19 h
quant. MeO,C g 78%

1) TBAF (1.5 equiv.)
THF, rt, 12 h

2) Et3N (1.0 equiv.)
MeCN, pwave (120 °C), 1 h
90% (2 steps)

CO,Me

apogeissochizine (96)
Total 16% over 14 steps
Scheme 46. Alternative synthetic route of apogeissoschizine using protecting group.
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TRAAV T (96) & R ENNIE KT DI LTI LI=ZD T, Fil YT fiREED E B2
BRERICE DAYV (95) ~D AWk ik Indz, IR A V- [RIER DA HAAY 1960 412
Rapoport HD7 /L—75ZEDHAESITOZHO D RN 14% LRI R TH 750, 22
T WSO KM EEEETHZETHAY P (95) DR RIZRE A B9 2L L L7-(Table
6), AT DFER, TIRHA VTV (B)NEH AV (95)~DEHIZTBNTIE, 96 DILE
IRE D RO THETHLZENHBNERoT, T7205, ERE12 M KEIR)TIZHBIT5 96
DILFEZ 0.1 M, 0.025 M, 0.01 M HAEJR EEIZ T DIZLIZA > T, 95 DU 51%7°05 88% %
T EL7z(entry 1~3), £72, @ARGHETHHZE LD 96 DOENHFESL LET HI LD
ST, BRSNS CUNR NS E T D EEZR BRI DOV TSI 22> TR0, entry
4127C0.025 M OFIREM T SOGKEHZ 24 BERICHIELTH entry 2 LAERREICZE (BN
BAVRD ST ED D, JFUEE96 DEEMKIEE H COVIRMER KREL b o T b EB LIS,

Table 6. Total synthesis of geissoschizine via hydrolytic ring opening of apogeissoschizine.

OH
17
12 M aq. HCI { N/\\_Cone
r.t., 1h N
! H
CO,Me H H
apogeissochizine (96) geissochizine (95)
Total 11% over 13 steps
Entry Substrate Concentration (M) Results
1 0.1 95; 51%, 96; 33%
2 0.025 95; 77%, 96; 16%
3 0.01 95; 88%, 96; 12%
4° 0.025 same result as entry 2
@ Reaction was carried out for 24 h.

U b&aFLDDHE AN I DT 7)Y —T )b 22 ERAWZER 75y 1N aza-
Michael B2 {L/E1cB i/ AL 7 12 D BMEAL DA —RIZ 8D 113 DAL, F5e< 531N Sn2 X
ST LD D BRIEG AR DL T, EALBRBIELBEESN Cis-F VUV EFT 5T R A
Vv (YD DB FRATER L=, TARTAV Y (96) 1L A RS TRt e CALHE
THIETE ROELEMIE T DINTMAKGIRANBER L, WAV (95)~LEI T
Tz, RA RSB D# R A TS 113 1ZRARD SO HEER S IIR7Z7220E 00D
ZFOREITE 5 H -/ SWNETHUZTH7U (20)245D THEELL TW5, ZD72 .,
113 ZRRHLTH AV (D) ENNDES IR BFTEL TWAEZ 26D, ERT. i
SELT- A RIEIC LD, HBROD 3-RIAF L UL F e — LB T RH AV P (96)%H TR
¥ 12 TR, RRILER 1296(fRFE R0 A RE I TR 2R 14 TR, JUR 16%) T, AV
(95) % #a LREEL 13 TR, FRUTSR 119(PR3E ELAE IR I/ TR 15 TFR . FRUINEE 14%) T2
NENERTHZEITREILT,
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B BN ARIAE )T A ARA R — LT VT e A RECHE R D 2 G ik

B-HNARVAT, AR —IUEEEE VB EE A THEBRBRAST FRLAMO—FETH,
W ODDAETEME RIRIZH BULS D B B eii&E CThDH(Figure 15a), A& KRR D—>
ThHH N BRONVIAT A RERTITFEL TEBY, B/ T I bR L ERELE
LTSI TWD, AL AT BHEMN O BBESND T /BT AL, B-IINVARY AT 22T
EUIVUDRREA LTcEE A L, PUEAERIGIEC, SR ER . SLRIEER. SURZIERZRE
ST DT D WTEEE R T ZERIMDI TN D, Fio, MEE R ChHOMR L AHENns~
VYRV AL, BUEERE N, SUETENE, U~V TIRNE, BT HIV TGRSO JR#7 A it
U, MR EBRAR A R T 2D EEREMAER L TR STV D, SHIZ, B-H/LRY
NFHBRRAOE R T 52800 FHED TR 53 B2 3\ T B M 1 IR
EL TN ERHT BT AI00. 61

a) Structures of B-carboline and representative 3-carboline alkaloids.

\ N -
N 7 R \ N
" N
B-carboline €

R = H; harmane .
R = OMe; harmine annomontine

b) B-Carboline-type monoterpenoid indole alkaloid glycosides.

R = Me; lyaloside (122) R'=C0,", R? = H; ophiorine A (124)
R = H; lyalosidic acid (123) R'=H, R? = CO,; ophiorine B (125)

Figure 15. B-Carboline and related natural products.

correantosine F (126)

Fex PEBIERIEL CODHEMHRT NV Ia AR THHE /T NI ARAL R =T )V FiaA
REDOHIZH, WLOND B-IVRY B H RIRMDMFAET H(Figure 15b), W <D0 T A%
B Lo RSNV 7as R (122)021%, MTIAs OEA T REHATHLAR 7P (3)
D C BB SNT-HEE A T 5, 122 OHNARCBHFERITZI T F 4o T vk
(123)E L THIBAL, /L~ HERC 122 LRIBEICE 7V IR VB R L EE A L — Y 2~ =T
TEMZ R 328D ST 5102 631 1985 4R (ZHH FLHIZ Y Ophiorrhiza JE 4775 HEfES
NIeA 744V A (124)B L0 B (125)iF, 2=—272 2-4 % %-8-7 2 /n[3.3.1] ) 1
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EEETMNEAA LT THY, ARk ERD TR 22 RIRD THH 14, Z i B HERRY)
DREEIE, Pizza BIZED5HM72 NMR #2480 T 1994 TP ESNIZO, 2010 21T
Psychotria stachyoides 7>HaL 7o b F(126) N HBESHL, EATS 7 BRI VX DA G
BRSS9 DI ENALIEI RS TNDI0, 25 B- LR A MTIA BoE AR, Bk
ROEE L AEMIEEZ A T DI DT, ZORAHITHESN TR, 22T, ZVET
(ZHESZLTZ MTIAs DAEGBIZICIE > Te G ilEZ . Zhn B-Z1/LARY A MTIAs (256
THETHEMZRERE BIE T2,
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B B-ANARIAEEOREEL) T OV R, AT 4V A RONB OEE R

Figure 15 (Z/RL7z B-HVARVAIE )T L~ AR AL R— LTV JraA RECHEAREE O i
AR S e B2 S 2 A 45U 7R (1222 A DA SR L TR ETHZE
LU, Sek i@y, U7 R (122)i% MTIAs OAEESREFRETHHARN 7R P 3)D C
B SAL LTAEIE 2 AL TVD72D 3 DLEUSICIV AR TEHEE X, LIRTA B a s
LIzAN IR Do T o7 /4 —k (4NN DEHa%z i A5 L L LT (Table 7), DDQIOIS?
PIDAISE] it~ 77 i 7T L2 RN BEFI D B-F1 VAR U AEEED 7o D DERALBUGTIE, W
THOEMR A WA 5 2 1= (entry 1~3), LOFEMZ2ERLAILL C @b~ B U0% Fvie
RETHIT-72E2A, BIEL T TR R TR 7 /4 —b (L2135 N72b 00 IL=R1E
L1%EARICRICEE FY | JFEND 14 23 71%E Z< [N S LD HE
Reipoi-(entry 4), £o REHFTIE b~ Tk
O Lewis BRI LY 73 FNERALDSEITLIZ AR 7 MR T
774 —h (128, Figure 16)M%, V=R 15% CTHH72, LL
FEORERNG, T NICSEO MG B REREZ A THARN
I T T T RE—N (14)D C B D A% S RAI R
bTHZEITHRETHLEE 2| B DFIET B-IR) A
SR s O RN B

Table 7. Oxidation of strictosidine tetraacetate (14).

conditions
strictosidine tetraacetate (14) lyaloside tetraacetate (127)
Entry? Oxidant (equiv.) Solvent Temp. Time Results ?
1 DDQ (2.0) CH,Cl, r.t. 2h complex mixture
2 PIDA (2.0) DMF r.t. 1h complex mixture
3 KMnOy, (2.0) DMF 0°C 1h complex mixture
4 MnO, (5.0) CH,Cl, rt. 24h 127 (11%), 128 (15%), 14 (71%)

a All reaction were carried out on a 0.030 mmol scale of 14. ? Isolated yield

66



5

FEWVTERIL, R)-a-> 7 /N7 X (3)HKDOT T/ Ha Pl RE L TR T2 %5
BT, 97205, 13 Leanh= 777 ®4—bk (12)75 Pictet-Spengler St 2 L0351
DANIZ NP FHEAR 129 12O\ T, BN T/ D ot W E BRAL A BRE) ) &5 F 8
B BOGS— 2RI T T, B B- LR A & R b Al 2 O R W KRR 5.4
T CHETELLEMUZGHEIR 129 DA LI Scheme 5 BB E ik 129 22 MR), L&
DRI FE S TSR O#E R % Table 8 127~k L7=, Scheme 5 310" Scheme 11 D& 3
KO, AN N D FHERR D 5 WOV T T, AY ) — VR  E SRR OFEE
T IKRFAEART FE TR AT T HZ L TIEILHICRRE TEDZENP LN ER ST,
ZOFEBREENS, 2 RTIVERD o MUIHFAET DT BT SR CES BT 5
LIESIND, £ T, entry 1 TIXAY /—/VERIEH | 10 Y EOFR(FAAE T, RIS T T /&
DBt T LA FTEDOM T /ML B R BEE) ) &30 BB b3 E1TL, B Y
LLTWEUT B RTRIT B2 —b (127)Z U0 83% T30 Z &R L7 (ROLRE#] 60 REfH]),
BUBRERANZ 8 WA A2 ) — W nBIET T b RS oD 7 am 22 AL Centry 1
ERIBRD SN T CTRIGEI T 12824, SUGIT AT, B 129 23 E BN S
DD I T -7 (entry 2),

BRI DS B2 5 55 LU E O E&2 BHFEL T, entry 3~5 TIXSRIE O A %2347, #
DIZ entry 31T, 3 Y EDN 7 /LA AL Z)VARTRERA T THF I8, 5818 T 20 Iy
MBS EAT T2 ZA BTGNS 5% THEIT LT, REROSME T SRIEET N7 L
A e EEERICEFE I DL R 73%ICE TR L (entry 4), AEEREREE FHRFICITINRIL 94%
IZE T B3 22ERHBE7R o7 (entry 5), L EDIDIZL T, 7 /A5G T5 129 %
T HIETRRZRSIEICTIED B-IIVARAEE I T H LRI,

Table 8. Synthesis of lyaloside tetraacetate via decyanation/autoxidation.

OAc conditions X

M, oac —nOn L
open air H
(o} ”
‘OAc Y
decyanation

/autoxidation

lyaloside tetraacetate (127)

Entry @ Reagent (equiv.) Solvent Temp. Time (h) Yield (%)?
1 AcOH (10) MeOH r.t. 60 83
2 AcOH (10) CH,Cl, r.t. 72 no reaction
3 AgOTf (3) THF r.t. 20 55
4 AgBF, (3) THF rt. 20 73
5 AgNO; (3) THF r.t. 20 94

@ Reaction conditions: 129 (0.014 mmol) in solvent (0.14 mL) was stirred at room temperature under open air.
bsolated yield.
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AT 2O FIRMIFIBRA 127 2 FICANDZENTEZDO T, Ht O CTRAY~DOFE(ICE F
L7-(Scheme 47), YT s RThT 7R H—k (121)& A% ) — /LIRS | (RER VD L CTHULEET 5
LIRS TN a—REHD 4 SOT BEF NVEEAFREL, VT RIUR (122)~EE N (L 95%),
ATz 122 OFFEA~Z VX Ophiorrhiza trichocarpon X0 HEEL 7= KIRYE2IDE, DL B
W= AR LT (FERIAAZ S ), StV T A A A ANAT = RS L DA T4V A
(124) B LW B (125)~DE Ak AT, TNOLRITI TR (122)D 4 fLZEFE DD 17 L
[RFE~D4F N aza-Michael B EANES LR =L EEDNK SR > THEA RS TN
HEBEZHIND, T, M OERNERBITL O B KR P COMISE BT 528 LT,
T7bH, 0.1 M OFFERT - T= L/KIAKIC 122 ZIEMRL, 3 B REINBGEHKEZIT-7-, D
R HAIOA 7 440 A (124) B 108 B (125)23A FHILR 75% CTHEH7, 124 & 125 1%, 5
ARYEBRA T LA AE R LT-U A 2L HPLC IZRD 3 BEZAT AR 1.7:1 THHZ LA R
L7, F72. ARkLT- 124 £ 125 o3, Ophiorrhiza japonica k0 BB L 72 KERPEAL D A~
IO HRAEATH L THER LT (EBRIEE S IR),

K5,CO3 (3.0 equiv.)

: .0 OH
MeOH H
0 °C, 10 min MeO,C O ~""on
95%

HO
lyaloside (122)
Total 23% over 10 steps

0.1 M aq. NH4OAc
110 °C, 3 days

75%
124:125=1.7:1

ophiorine A (124) ophiorine B (125)
Total 11% over 11 steps Total 6% over 11 steps

Scheme 47. Total syntheses of lyaloside and ophiorines A and B.

UL EDISNT, 7 /OBl B8Ry — 7 AL D B- AV R U ABIE O FL LA B 3
FTHIET, HIRD 3-RIAF AU LT aeF— L aHEWEEL TV Ta R (122, # TR
10 T2, FRUNER 23%) DG RATER LTZ, IHIZ 122 Z WA A A a5k 353 A 4
ALV AZNRAT —=REUGIZED A7 44V A (124, TSR 11 TR, BRI 11%) B850 B
(125, # TFRE 11 TFR, MR 6%) DA h R LTz, Ziuh 3 2D B-F /LR MTIA
BHE R DA IR OB Th D,
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5 VTar T4y I Ty RORE KON A AT — RS2 LD
AL T Uy F D2
FEWT, U7 YR (122)DANR A BEFERTHLVT 0y T4y 7Ty R (123)DE I
BHFELU, B8 F—H HUHEIZBWT, AN I DU OFFEEREZ O TARN S LR
VB VRN L BT L LIIREECTH 7280, Banl =0 O E kAR R L
THNVR GG LI 2k, 22 C AFilcBW ThEaah = (D)DK
VEEHERERBL TR T 47Ty (123) DA AR ADHZEELTZ(Scheme 48), &
A =TI T v Z—h (12)%7 =R LK BRION =F L7 TR
ZAHUHERHD 4 SOT BT NIIIRIEDOEE B-7 7V — D BB RBNMAK S ST
TV AR 130 2502 EITREI LT (3R 91%, d.r. = 2.4:1), £:64172 130 %, (R)-o-
7 JNT A (13)& Mz Pictet-Spengler SUGSRIFISATL, 5 ALCy T /A A THT T
ERE-B-T VARV FHER 131 245706 | iR ERE - 7 /DR E L H @ kic X
% B-IIVARY A E O EATHZL TIT O T A I Ty RThI 72—k (132)% 2 Bk
IR 68% TE LT, TD%, HIEVEAZ ) — VT T 132 DT v F N IEARETHZLET,
V7ay T4y 7Ty R (123)0 A M EEKR L., kLT 123 I[3ERELLT-0L,
Ophiorrhiza japonica LY BLEEL 7= RIAMORID SRR L4 FEAR T MV A i35 2 L TR %
R L7 (F2B A S IR),

Et3N (15 equiv.)

MeCN/H,0 (3:2)
rt,6h
91%

secologanin tetraacetate (12)
CN

N

H
13 (1.0 equiv.)
TFA (3.0 equiv.)

MS 4A (200 wt%) AgNO; (2.8 equiv.)
CH,Cl, THF
0 °C, 30 min rt.,4h

68% (2 steps)

K,CO3 (3.0 equiv.)

: .0 OH
MeOH H
0 °C, 20 min HO,C o “'OH
92%

HO
lyalosidic acid (123)
Total 14% over 11 steps
Scheme 48. Total synthesis of lyalosidic acid.
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WIZ, AL T by F(126)DAFRICHE T LIz, &I 126 13, V7R (122)H50
VT 0T 40T ol (123)0 1 LDEFHEL 22 (MRFBEDFESTERICIVAESHKSL TV
EPREND, 22 TET.UTRVE (1220505 FINTAT VA WE I UT=T 7% MUES
EHEEAEARE U TIREL ., 358K 127 2 W S5 21T 572 (Scheme 49), LL72A3 5,
DBU 728 DA REO/KFEAL T N T L7 8 O TREIE I MBS/ X 2Rt Li=b oD
EDT 72 MUTHEITE T, 7V a—REHOBT EF bW RIRIS BT T 2D Th

7,

basic
conditions
DBU, DBN
OAc NaH etc.

H

N OAc
(o} »
\‘/j)/’OAc

lyaloside tetraacetate (127)

correantosine F tetraacetate
(133)

Scheme 49. Attempts for the lactamization of lyaloside tetraacetate.
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ZITC, R VAR BEFREAR 132 ICE L, VAR F IV IEOIEMEALIZ LD KR O BR
bEOGICEDaL 7o by FAR#R 133 oA RERADZEE LT, LIAT. Vincent 51
TFAAITFA RICEDIREETESA: F CONRAREIEMALSE 28T, MTIAS 538K N1-
C22 fEBTEM D 7 BBV X LOEIMTZ DI EZ WAL T DH(Scheme 50)7, FE#E
AFEICREN VT T4 Ty RThI 74— (132)% H3EWE L LT TFAA/TFA
(L0:1)IRBVEERIT T, =|IR T C LR S Z1T>72(Scheme 51), D5, Fr2d N1-C22
TR TERRICE DT 72 MMEDSHEITL, IR 66% TaL T b F o7 v4—h (133)%& 45K
THIENTEI, K VT, ARRLTZ 133 MO FNEAY VU AGMC LD Va—AEH DT &
FNILDOBREICIY, KRB THHaL 7oy F (126)D 8 AR T-, LU s, BHEY
ETBaL by F (126)F BT 22813 TE T AZ ) — VO IETLTT BEBRIVH A
BB 528 T, BRI THAVTEUR (122)H3LR 68% THLNDLZ LMD T2,

NaOH TFAA/TFA (10:1)

r.t.
44% (2 steps)
(brsm 53%)

MeOH/H,0

TFAA/TFA (10:1)

B —

rt., 1h
66%

K,CO3 (3.0 equiv.)

MeOH
0 °C, 20 min
68%

correantosine F tetraacetate
(133)

lyaloside (122)

Scheme 51. Attempt for the synthesis of correantosine F.
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a7y by F(126)036 5% 61561716 125725 5 BRIMUREIEIXZED sp? il 1 DR E
NTWDR, O TH 7 BETZZAD B 2 S0 spP iR R FEE G A TR, b TEA
EHEEERLTWD, FEOEREENDL, REER 7 BERT7XLDIAE F CHHOTEF
NIEEBRETHZEIImD THEEThHLE TSNS, 22T, I EEE R chr) 7T m
T TR (ANIZEE L, Hed TFAAITFA RICEDHT7 2 LB ORE a4 52l L
Lz, ZOFE, 7 a— 2O KBEIEN RN TN 7 A a7 v F /UbLENDZENE ZHNEM,
N7 A a7 B F LRI TR 5 CIRE FTRE THOLABEL . 777 LBRAESIC
TRy NCONIR#EEFTHZEELTZ(Scheme 52), FIRGMTI TR T 4077 vk (123)
% TFAAITFA (10:1)IRBVAMET 3 BREEEL7-0h | IR A R EE K9 b2 TaL T by
v FOTIIXAN T AT w2 —MA 134 O ARM &S, SO HAERDED Ry
R C—60 °CITWEIL, A/ —/L & 20 Y BEDOEV VU Z1ERBIRINA, 15 ) TREELRDS
FIRICHIETDZE T N a—2EON 7 A uT v F LV EERE L, DL EOBEEIZIY,
REEER T BERT VX NEAREE T A2 L7e 7 N a— A DO — W7o i3 - LN EBIL . B
BELTW=aL T h s F (1260)2I0 R 78% TR THZEITR I LT, AEMHICB VLT
ETFEOVTEVR (122)3EINEIVTND(6%), 7o, BEAX /—/VEREEZ V- TH NMR 52
BRIZED, |IE N Car Ty F (L6)ICEAY ) — VM INT 5281280, thx i) 7my
R (1220 HENAHZENBSAL/RD | T a— L CORTL N EE NS ETHS
F)bn -7 (Figure 17),

TFAA/TFA (10:1)

rt,3h
then evapolation

pyridine (20 equiv.)

MeOH
-60 °C tor.t., 15 min
78%
(with 6% of 122)

correantosine F (126)
Total 11% over 13 steps

Scheme 52. The accomplishment of the synthesis of correantosine F.
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Figure 17. Conversion to lyaloside (122) from correantosine F (126) in CD;0D (600 MHz).

PLEDIDNCL T, Bau = DO AN R EFHER 130 E(R)-0-> 7 /N7 43 (13)&F]
FHL T Pictet-Spengler St/ 7 bl B8 LS — 7 A28 D B-TIVARY A IE DG
7HZETITaU R (122)DANVA A BEFHEE THLI T T 47Ty (123)DHIOEE
A A LTz (TR 3-RUAT LU L7 ae S — L L0 TR 11 TR IR 14%), $7-.
123 # T TFAAITFA RICEDBEATIE T 72 DB OWESEAITHZETaL TR F(126)0
WIORAE G ERR LT (F TR S 13 TR, IR 11%),
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ABFFETIL, ERELOBAEL TLEAT S TODHEM RO RIRY THHE /TN
ARAL R =T N AaARFHEAERNE L B TOBTERO LA AT T AN THILT
HT L THERRRI R A AR I T,

BT, AN I T I Vay (B)XVBIGESNA AR RO FEBLA R AT, B AR
BIFBAN IR P Q)DRHEDBIA G E SV VIVEDOBREICEEMRZ DL T, REEF
KTHD 4 HONNTZOFHEMRE in situ TERL, 0 FOEEIZEE DN ASAA A AT
—FROSIZE DB B A HI LT, ZORFR ~T it e B H7 I (31), 7ThIER
a7 VAR=Y (15)]. 2UF LT AR RaaYF T A (16), 2UF T AP (36). Sh
TIHA=Y (11) AT FHA= (72), T-eRaXx L IMTH A= (73), HAV/ P (95). T
RAAVLVY (96), BBl A (97, THZ VBT v aAR[T7H7U (20), YeRn
oar gy (A8)]. FTUIVT A IVEET VIIRAR[FT UL T ATV B (19), UL A
= (89), TUILF T4 D (60)BLN I (6L), FUrLvT 4V (62), FUZLTIR
A (63)FB LD E (64)]| LWV o /e SES ERFER O RINW 251 19 FlA KT HZ LI IILIZ, 95 8
IR OB B GBI THD, 2. VTV QIS T EEL ST A 27U (28)
L. VERRYZaT APV GHDEERATERKREL TIRESND 56, TUILAVF— L
(59) DI RIRTE ~—68 72 & DEHL R IRW I L B AT DT LITH A LT ARERIGIZ CTHRL
7o EREDORRNTA T, milliin kb 15 THRELL R CEV -,

B B CIL, BNV AEEE A T AR R OE )T VR ARA R — LT VT AR
MOEMM R 2 A AR AT, (R)-(0)-> 7 /N7 H (13)H kD> 7/ Fa Bl R L LT
FIHT LT, ThIERa-B-T VAR D FERALABRE) /) &35 A @l k31T L | 15D
TREFNZ2 5 C B- VARV A E A EE T D IR Z R T2 LTI LT, Fio, GRkLT- B-
TNV FHEAREZ RO, GBI S To AT AL AT — RS LD 55 12
EATHZET U7 avR (122), Y7y T4y 77y R (123), 744V A (124)8L T B
(125), AL T b F(126)E 72 5D B-T1VR YT )T~ AR A R =)L T v Fa
A NEHEARFAD YDA FK A AR LT,

EROIDC, AR > TR Z LT, [FA—OG R LVEE 24 FO X
KA B LR BI L . RFIENEIRBFZ T T2 KIRMBIFET A7 70 — OREFEIZEB N T
WO TH e TR CHDHIEERTIENTE, BIE, A RKARY O LIRS L T
THY, 5% KA Bl T REEEM LS YR RIS haZ e iR s b,
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FEAWML T, DL OMERELERA L,
uv : V-560; JASCO Corp.
CD : J-1100; JASCO Corp.
'HNMR : JNM ECZ-400 (400 MHz); JEOL Ltd.

: JINM ECS-400 (400 MHz); JEOL Ltd
: JINM ECX-500 (500 MHz); JEOL Ltd.
: JNM ECZ-600 (600 MHz); JEOL Ltd.

13C NNR : JNM ECZ-400 (100 MHz); JEOL Ltd.
: JNM ECS-400 (100 MHz); JEOL Ltd.
: JNM ECZ-500 (125 MHz); JEOL Ltd.
: JINM ECZ-600 (150 MHz); JEOL Ltd.
'H NMR spectra are referenced from CDCls: § 7.26, CDsOD: § 3.31, D20O: § 4.79, (CD3)2SO: &
2.50.
13C NMR spectra are referenced from CDCls: § 77.16, CD30D:  49.00, (CD3)2SO: & 39.52.

Abbreviations of multiplicities: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet
IR : FT/IR-4700; JASCO Corp.
Optical rotation  : P-2200 (with a sodium lamp); JASCO Corp.
Melting Point : MP-500P; Yanaco Corp.
HRMS : AccuTOF LC-plus JMS-T100LP; JEOL Ltd.
X-ray : R-AXIS RAPID 191R (using filtered Cu—Ka radiation); Rigaku Corp.
HPLC analysis  : MD-4017 (JASCO Corp.) using Daicel Chiralcel OD-H (0.46 x 25 cm).

Recycle HPLC  : LC-9225 NEXT SERIES coupled with a UV-600 NEXT detector and RI-700
NEXT detector (Japan Analytical Industry Co.), using an Asahipak GS-510
20G column (500 x 20.0 mm i.d., Shodex Inc., Tokyo, Japan) and Asahipak
GS-310 20G column (500 x 20.0 mm i.d., Shodex Inc., Tokyo, Japan).

SiO2 (Flash) : Silica gel 60N (spherical, 40-50 pum); Kanto Chemical Co., Int.
(TLC) : Silica gel 60 F254 (0.25 mm thickness); Merck KGaA

NH-SiO; (Flash) : Chromatorex NH (100-200 mesh); Fuji Silysia Chemical, Ltd.

(TLC) :Chromatorex NH; Fuji Silysia Chemical, Ltd.
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TBS protection and TMS deprotection of compound 10:

SPh

TBSCI (2.25 equiv.)
AgNO3 (2.6 equiv.)

DMF
rt,2h
86%

10
(d.r. = 1:1, >99% ee)

To a solution of two diastereomers of dihydropyran 101 (2.55 g, 6.53 mmol, 1.0 equiv.) in dry
DMF (21.8 mL, 0.3 M), AgNO3 (1.44 g, 8.49 mmol, 1.3 equiv.) and TBSCI (1.48 g, 9.79 mmol,
1.5 equiv.) were added at 0 °C under an Ar atmosphere. The reaction mixture was stirred for 1 h at
room temperature under an Ar atmosphere. To the resulting mixture, additional AgQNOs (721 mg,
4.24 mmol, 0.65 equiv.) and TBSCI (738 mg, 4.90 mmol, 0.75 equiv.) were added under an Ar
atmosphere. The reaction mixture was stirred for 30 min at room temperature. To the resulting
mixture, additional AgNOs (721 mg, 4.24 mmol, 0.65 equiv.) was added under an Ar atmosphere.
The reaction mixture was stirred for 30 min at room temperature. The resulting mixture was
directly filtered through a short plug of silica gel eluted with 20% EtOAc/n-hexane and the filtrate
was added to water. The aqueous layer was extracted three times with EtOAc. The combined
organic layer was washed three times each with water and brine, dried over MgSQ,, and
concentrated under reduced pressure. Flash chromatography (SiO., 1.5% EtOAc/n-hexane)

provided 25 (2.43 g, 5.62 mmol, 86%) as a colorless oil.

Compound 10

IH NMR (500 MHz, CDCls): § 7.47 (s, 1H), 7.37 (m, 2H), 7.27 (m, 2 H), 7.18 (ddd, J = 8.5, 7.0,
1.0 Hz, 1H), 5.17 (d, J = 8.0 Hz, 1H), 3.75 (s, 3H), 3.56 (dd, J = 5.5, 2.0 Hz, 1H), 3.15 (ddd, J =
13.0, 8.5, 4.5 Hz, 1H), 2.91 (dt, J = 13.0, 8.0 Hz, 1H), 2.16 (d, J = 2.0 Hz, 1H), 2.01 (m, 1H), 1.93
(m, 1H), 1.84 (m, 1H), 0.86 (s, 9H), 0.12 (s, 3H), 0.10 (s, 3H).

13C NMR (125 MHz, CDCls): 8 166.8, 153.8, 135.8, 130.0 (2C), 129.0 (2C), 126.4, 106.4, 97.1,
82.0,72.0,51.6,39.7,31.1, 27.0, 26.1, 25.7 (3C), 18.0, 4.1, -5.1.

IR (ATR) vmax (cm™2): 3270, 2950, 2930, 2891, 2858, 1712, 1638, 1584, 1483, 1470, 1462, 1438,
1401, 1368, 1308, 1260, 1205, 1171, 1152, 1105, 1050, 1024, 1006, 972, 948, 926, 890, 839, 795,
781, 768, 753, 740, 691, 675, 621.

HRMS (ESI) [M+Na]*: Calculated for [C2sH32Na104S1Siq]*: 455.1688, found: 455.1700.
[a]?*p —222.6 (c 1.0, CHCls).
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Hydroboration/oxidation of compound 25:

9-BBN (1.5 equiv.)
THF, rt., 2 h

then
aqg. H,O, (15.0 equiv.)
rt., 38 h
79%, d.r. = 1.3:1

To a solution of alkyne 25 (250 mg, 0.578 mmol, 1.0 equiv.) in anhydrous THF (2.9 mL, 0.2 M),
9-BBN (106 mg, 0.869 mmol, 1.5 equiv.) was added under an Ar atmosphere. The reaction mixture
was stirred for 2 h at room temperature. The resulting mixture was quenched with H,O (1 mL) and
was stirred for an additional 10 min. To the resulting mixture, 30% aqueous H2O2 (590 uL, 5.80
mmol, 10 equiv.) was added at 0 °C. The reaction mixture was stirred for 24 h at room temperature
under an Ar atmosphere. To the resulting mixture, an additional 30% aqueous H20, (295 uL, 2.90
mmol, 5.0 equiv.) was added and stirred for 14 h at room temperature. After the addition of H>O
(3 mL), the aqueous layer was extracted three times with EtOAc. The combined organic layer was
washed with brine, dried over MgSOs, and concentrated under reduced pressure. Flash
chromatography (SiO2, 30-50% EtOAc/n-hexane gradient) provided 26 as a diastereomer mixture
at sulfoxide (213.3 mg, 0.457 mmol, 79%, d.r. = 1.3:1, colorless oil).

Compound 26 (diastereomer mixture at sulfoxide; d.r. = 1.3:1)

IH NMR (600 MHz, CDCls): 8 9.72 (br's, 1H), 9.66 (1, J = 1.8 Hz, 1H), 7.61-7.58 (m, 4H), 7.53—
7.48 (m, 6H), 7.44 (br s, 2H), 5.01 (d, J = 6.6 Hz, 1H), 5.00 (d, J = 7.8 Hz, 1H), 3.66 (s, 3H), 3.65
(s, 3H), 3.29 (q, J = 6.0 Hz, 1H), 3.22 (q, J = 6.0 Hz, 1H), 3.04 (ddd, J = 13.2, 11.4, 4.8 Hz, 1H),
2.93 (ddd, J = 13.2, 10.8, 5.4 Hz, 1H), 2.85 (ddd, J = 13.2, 10.8, 4.8 Hz, 1H), 2.79 (ddd, J = 13.2,
11.4, 5.4 Hz, 1H), 2.48 (dd, J = 15.6, 6.0 Hz, 1H), 2.40-2.37 (m, 3H), 2.01 (m, 1H), 1.87-1.81 (m,
2H), 1.75 (m, 1H), 1.61 (m, 1H), 1.42 (m, 1H), 0.89 (s, 9H), 0.83 (5, 9H), 0.12 (s, 6H), 0.09 (s, 3H),
0.07 (s, 3H).

13C NMR (150 MHz, CDCls): § 200.5, 200.4, 167.3 (2C), 153.6 (2C), 143.4, 143.2, 131.3, 131.2,
129.4 (4C), 124.1 (4C), 108.5, 108.4, 96.0 (2C), 54.3, 53.9, 51.5 (2C), 45.3, 45.0, 41.3, 41.2, 27.5,
27.4, 25.8 (3C), 25.7 (3C), 19.6, 19.2, 18.0 (2C), —4.2 (2C), -5.1 (2C).

IR (ATR) vmax (cm™2): 2953, 2931, 2893, 2857, 2729, 1701, 1631, 1467, 1440, 1405, 1388, 1310,
1281, 1254, 1165, 1100, 1040, 939, 889, 839, 782, 748, 691, 619.

HRMS (ESI) [M+Na]*: Calculated for [C2sHaaNai0sS:Sis]*: 489.1743, found: 489.1768.
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Synthesis of secologanin aglycone silyl ether 23:

PO(OMe); (10 equiv.)

O-C6H4C|2
reflux, 17 min
74%

secologanin aglycone
silyl ether 23

To a solution of sulfoxide 26 (205 mg, 0.439 mmol, 1.0 equiv.) in 1,2-dichlorobenzene (43.9 mL,
0.01 M), trimethyl phosphate (505 pL, 4.39 mmol, 10 equiv.) was added at room temperature. The
resulting mixture was refluxed for 17 min under an Ar atmosphere. The resulting mixture was
cooled at room temperature and directly filtered through a short plug of silica gel eluted with n-
hexane-EtOAc gradient to remove 1,2-dichlorobenzene. The fraction containing 23 was collected
and concentrated under reduced pressure. The crude materials were purified by silica flash
chromatography (SiO2, 3-5% EtOAc/n-hexane gradient) to afford secologanin aglycone silyl ether
23 (111.7 mg, 0.328 mmol, 74%) as a pale-yellow oil.

Secologanin aglycone silyl ether 23

IH NMR (500 MHz, CDCl3): § 9.73 (t, J = 1.5 Hz, 1H), 7.46 (d, J = 2.0 Hz, 1H), 5.52 (dt, J = 17.0,
10.5 Hz, 1H), 5.22-5.18 (m, 3H), 3.69 (s, 3H), 3.41 (dddd, J = 10.5, 7.5, 6.0, 2.0 Hz, 1H), 2.84
(ddd, J = 17.0, 6.0, 1.5 Hz, 1H), 2.59 (dt, J = 10.5, 5.0 Hz, 1H), 2.42 (ddd, J = 17.0, 7.5, 1.5 Hz,
1H), 0.89 (s, 9H), 0.14 (s, 3H), 0.12 (s, 3H).

13C NMR (125 MHz, CDCls): § 201.3, 167.4, 153.1, 133.8, 120.0, 107.8, 95.3, 51.3, 46.9, 44.4,
26.5, 25.6 (3C), 18.0, ~4.4, 5.3,

IR (ATR) vmax (cm™2): 2952, 2930, 2897, 2858, 2716, 1704, 1627, 1472, 1463, 1438, 1388, 1362,
1280, 1254, 1171, 1142, 1119, 1075, 1047, 1004, 957, 927, 836, 798, 780, 767, 675, 642, 630, 621,
609.

HRMS (ESI) [M+Na]*: Calculated for [C17H2sNa10sSi1]*: 363.1604, found: 363.1626.
[a]?*0 —99.5 (c 1.03, CHCls).
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Diastereoselective Pictet-Spengler cyclization using (R)-e-cyanotryptamine:

H cN

H
13 (1.0 equiv.)
TFA (0.5 equiv.)

MS 4A (300 wt%)

CH,Cl,
0 °C, 30 min

. quant.
secologanin aglycone single isomer

silyl ether 23

To a solution of secologanin aglycone silyl ether 23 (92.0 mg, 0.270 mmol, 1.0 equiv.), (R)-o-
cyanotryptaminel*! (13, 50.1 mg, 0.270 mmol, 1.0 equiv.) and powdered MS 4A (270 mg, 300
w/w%) in CH,Cl, (5.4 mL, 0.05 M), trifluoroacetic acid (TFA, 1.0 M in CH.Cl,, 135 uL, 0.135
mmol, 0.5 equiv.) was added at 0 °C under an Ar atmosphere. The reaction mixture was stirred for
30 min at 0 °C. The resulting mixture was filtered by a cotton plug with CHCI; and the filtrate was
added to an excess amount of saturated aqueous NaHCO3 solution at 0 °C. The aqueous layer was
extracted three times with CHCls. The combined organic layer was dried over MgSO4 and
concentrated under reduced pressure. Flash chromatography (SiO., 15% EtOAc/n-hexane)

provided 27 (137.2 mg, 0.270 mmol, quantitative yield) as a white amorphous powder.

Compound 27

'H NMR (500 MHz, CDCls): § 8.38 (br's, 1H), 7.58 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.35 (d, J =
8.0 Hz, 1H), 7.16 (t, J = 8.0 Hz, 1H), 7.11 (t, J = 8.0 Hz, 1H), 5.69 (dt, J = 15.5, 11.5 Hz, 1H), 5.40
(d, J=8.0 Hz, 1H), 5.26 (d, J = 15.5 Hz, 1H), 5.25 (d, J = 11.5 Hz, 1H), 4.41 (dd, J = 5.0, 2.0 Hz,
1H), 4.23 (m, 1H), 3.79 (s, 3H), 3.18 (ddd, J = 15.5, 5.0, 2.0 Hz, 1H), 3.04 (g, J = 5.0 Hz, 1H),
3.01 (brd, J =15.5 Hz, 1H), 2.54 (td, J = 8.0, 5.0 Hz, 1H), 1.93-1.82 (m, 2H), 0.90 (s, 9H), 0.17
(s, 3H), 0.16 (s, 3H).

13C NMR (125 MHz, CDCls): § 169.0, 154.2, 136.1, 134.4, 134.3, 127.1, 122.0, 119.8, 119.7,
119.6, 118.1, 111.1, 108.8, 105.2, 95.4, 52.1, 48.1, 47.5, 44.1, 37.5, 31.5, 26.1, 25.7 (3C), 18.1,

-3.9,-5.0.

IR (ATR) vmax (cm™1): 2951, 2932, 2901, 2853, 1686, 1629, 1458, 1441, 1380, 1302, 1281, 1255,
1218, 1168, 1138, 1098, 1023, 1005, 957, 925, 900, 873, 836, 773, 740, 687, 658, 625.

HRMS (ESI) [M+H]*: Calculated for [C2sH3sN304Si1]*: 508.2632, found: 508.2645.
[a]%p —258.0 (¢ 1.53, CHCls).
UV (MeOH) Amax (NM): 226, 274, 284, 290.
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Reductive decyanation for the synthesis of strictosidine aglycone silyl ether 22:

NaBH3;CN (20 equiv.)
AcOH (10 equiv.)

MeOH
rt., 60 h
89%

strictosidine aglycone
silyl ether 22

To asolution of 27 (520 mg, 1.02 mmol, 1.0 equiv.) in MeOH (5.1 mL, 0.2 M), acetic acid (AcOH,
293 uL, 5.19 mmol, 5.0 equiv.) and sodium cyanoborohydride (644 mg, 10.2 mmol, 10 equiv.)
were added at room temperature under an Ar atmosphere. The reaction mixture was stirred for 24
h at room temperature. To the resulting mixture, additional AcOH (293 puL, 5.19 mmol, 5.0 equiv.)
and sodium cyanoborohydride (644 mg, 10.2 mmol, 10 equiv.) were added under an Ar atmosphere.
The reaction mixture was stirred for 36 h at room temperature. The resulting mixture was quenched
with saturated aqueous NaHCO3 solution at 0 °C. The aqueous layer was extracted three times with
EtOAc. The combined organic layer was washed with brine, dried over MgSQs, and concentrated
under reduced pressure. The crude materials were filtered through a short plug of amino silica gel
(SiO2-NH) eluted with 5% MeOH/CHCI; to remove an excess amount of sodium
cyanoborohydride. Flash chromatography (SiO2, 25% EtOAc/n-hexane then 5% MeOH/CHCIs)
provided strictosidine aglycone silyl ether 22 (441.3 mg, 0.914 mmol, 89%) as a white amorphous
powder.

Strictosidine aglycone silyl ether 22

IH NMR (500 MHz, CDCls): § 9.07 (br s, 1H), 7.54 (s, 1H), 7.47 (d, J = 7.5 Hz, 1H), 7.37 (d, J =
8.0 Hz, 1H), 7.14 (ddd, J = 8.0, 7.5, 1.5 Hz, 1H), 7.08 (ddd, J = 7.5, 7.5, 1.5 Hz, 1H), 5.79 (dt, J =
17.0, 10.5 Hz, 1H), 5.33 (d, J = 8.5 Hz, 1H), 5.27 (d, J = 17.0 Hz, 1H), 5.25 (d, J = 10.5 Hz, 1H),
4.13 (t, 3 = 5.0 Hz, 1H), 3.77 (s, 3H), 3.32 (dt, J = 13.0, 5.0 Hz, 1H), 3.07 (g, J = 6.0 Hz, 1H), 3.03
(ddd, J = 13.0, 8.5, 5.0 Hz, 1H), 2.78 (dddd, J = 15.0, 8.5, 5.0, 1.5 Hz, 1H), 2.71 (dddd, J = 15.0,
5.0,5.0, 1.5 Hz, 1H), 2.54 (td, J = 8.5, 6.0 Hz, 1H), 1.91-1.83 (m, 2H), 0.91 (s, 9H), 0.16 (s, 3H),
0.15 (s, 3H).

13C NMR (125 MHz, CDCls): 8 168.7, 153.8, 136.9, 136.0, 134.6, 127.5, 121.4, 119.5, 119.2,
118.0, 111.1, 109.7, 108.4, 95.4, 52.4, 51.8, 48.2, 42.8, 38.0, 32.4, 25.7 (3C), 22.6, 18.1, 4.0,
-5.0.

IR (ATR) vmax (cm™2): 2931, 2896, 2852, 1701, 1631, 1435, 1385, 1304, 1254, 1168, 1093, 1008,
986, 956, 929, 897, 836, 795, 778, 739, 690, 676.

HRMS (ESI) [M+H]*: Calculated for [C27H3sN204Si1]*: 483.2679, found: 483.2676.
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[0]?*p —214.3 (c 1.37, CHCl5).
UV (MeOH) Amax (nm): 225, 280, 290.
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Synthesis of (+)-nacycline (28):

HCl in 1,4-dioxane (5.0 equiv.)

CH2C|2, r.t., 20 h
87%

strictosidine aglycone
silyl ether 22

(+)-nacycline (28)

To a solution of strictosdine aglycone silyl ether 22 (15.0 mg, 0.0311 mmol, 1.0 equiv.) in CH2Cl,
(207 pL, 0.15 M), hydrogen chloride (4 M in 1,4-dioxane, 38.8 pL, 0.155 mmol, 5.0 equiv) was
added at room temperature under an Ar atmosphere. The reaction mixture was stirred for 20 h at
room temperature. The resulting mixture was quenched with saturated aqueous NaHCOs solution.
The aqueous layer was extracted three times with EtOAc. The combined organic layer was washed
with brine, dried over MgSQs, and concentrated under reduced pressure. The crude materials were
purified by PTLC (SiO2, 3% MeOH/CHCIs) to afford (+)-nacycline (28, 9.5 mg, 0.027 mmol, 87%)
as a pale-yellow amorphous powder. Although *H NMR data of synthetic (+)-28 showed good
agreement with the reported onel**®l, 13C NMR data did not partially match, so its structure was
carefully analyzed by 2D NMR.

(+)-Nacycline (28)

'H and 3C NMR see page 83.

IR (ATR) vmax (cm™1): 3007, 2925, 2855, 1701, 1632, 1460, 1438, 1364, 1341, 1293, 1248, 1217,
1158, 1127, 1079, 1021, 989, 929, 883, 836, 739, 662, 608.

HRMS (ESI) [M+H]*: Calculated for [C21H23N203]*: 351.1709, found: 351.1707.
[a]?%p +220.5 (¢ 0.80, MeOH) [lit. [a]o +220].

CD (0.3 mM, MeOH, 23 °C) & (nm) (Ac): 308 (0), 281 (+6.12), 266 (+5.35), 243 (+15.24), 222
(0), 210 (~11.61).

UV (MeOH) Amax (nM): 227, 272, 281, 292.
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(+)-nacycline (28)

experimental data reported datal'%"! experimental data reported datal’5®]
"H NMR "H NMR 3C NMR 3C NMR
(600 MHz, CDCl3) (500 MHz, CDCly) (150 MHz, CDCl3) (125 MHz, CDCl5)
2 - - 135.6 135.4
3 4.13,brd (J=12.6 Hz) 413, m 51.2 52.3
5a 3.38,ddd (J=12.6,5.4,1.8Hz) 3.37,dd (J=13.0, 3.0 Hz) 43.5 48.9
5B 2.94,ddd (J=12.6, 10.2, 4.8 Hz) 293, m
6a 2.78,ddd (J=15.0,10.2, 5.4, 2.4 Hz) 277, m 22.8 22.0
6B 2.71,ddt (J=15.0, 4.8,1.8 Hz) 2.71,dd (J=13.5, 2.0 Hz)
7 - - 112.2 108.6
8 - - 127.5 127.5
9 7.47,d (J =7.2Hz) 7.47,d (J =8.0 Hz) 118.5 118.1
10 7.15,t(J= 7.8 Hz) 7.14,t(J = 8.0 Hz) 120.6 119.4
11 7.23,dd (J= 8.4, 7.8 Hz) 7.23,t(J=7.5Hz) 122.6 120.5
12 7.35,d (J= 8.4 Hz) 7.35,d (J=7.5 Hz) 108.6 not reported
13 - - 137.5 136.2
140 2.19,dt (J=13.8, 4.8 Hz) 217, m 31.7 33.5
148 1.95,ddd (J=13.8, 12.6, 1.8 Hz) 1.96, m
15 3.17, m 3.17,d (J=8.0 Hz) 31.9 20.3
16 - - 108.4 107.7
17 7.69,s 7.68,s 153.9 154.5
18E 5.19,d (J = 17.4 Hz) 5.18,d (J = 17.0 Hz) 133.2 116.3
182 5.08,d (J = 10.8 Hz) 5.08.d (J = 10.0 Hz)
19 5.44,ddd (J=17.4,10.8, 8.4 Hz) 545, m 119.9 133.8
20 3.14,dt (J=8.4,4.8 Hz) 3.14,d (J=5.5Hz) 43.2 27.4
21 6.35,dd (J=4.8,1.2 Hz) 6.35,d (J=3.0 Hz) 80.9 76.5
22 - - 167.0 168.0
CO,Me 3.76, s (3H) 3.76, s (3H) 51.6 50.9
H-H COSY correlations selected NOESY and HMBC correlations
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Bioinspired transformation; synthesis of (—)-cathenamine (31):

TBAF (2.0 equiv.)
AcOH (5.0 equiv.)

THF
-20°C, 24 h
67%

strictosidine aglycone (-)-cathenamine (31)
silyl ether 22

To a solution of strictosdine aglycone silyl ether 22 (20.0 mg, 0.0414 mmol, 1.0 equiv.) in
anhydrous THF (415 pL, 0.1 M), acetic acid (11.8 uL, 0.206 mmol, 5.0 equiv.) and
tetrabutylammonium fluoride (TBAF, 1.0 M in THF, 82.9 uL, 0.829 mmol, 2.0 equiv.) were added
at —20 °C under an Ar atmosphere. The reaction mixture was stirred for 24 h at —20 °C. The
resulting mixture was quenched with saturated aqueous NaHCO3 solution at 0 °C. The aqueous
layer was extracted three times with EtOAc. The combined organic layer was washed with brine,
dried over Na2SO4, and concentrated under reduced pressure. The crude materials were purified by
PTLC (SiOz, 20% EtOAc/n-hexane) to afford (—)-cathenamine (31, 10.0 mg, 0.0285 mmol, 67%)
as a pale-yellow amorphous powder. All spectral data of provided (—)-cathenamine (31) were
identical with reported data,[*”- 72 and 3C NMR was carefully assigned by 2D NMR.

(—)-Cathenamine (31)

'H and 3C NMR see page 85.

IR (ATR) vmax (cm™1): 2921, 2852, 1728, 1634, 1622, 1553, 1454, 1378, 1323, 1259, 1210, 1186,
1165, 1087, 1035, 800, 744, 617.

HRMS (ESI) [M+H]*: Calculated for [C21H23N203]*: 351.1709, found: 351.1731.
[a]?*0 —89.7 (c 0.69, CHCls) [lit. [a]o —52].

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ac): 314 (0), 287 (+2.17), 279 (0), 266 (-9.02), 256 (0), 244
(+14.28), 233 (0), 221 (-23.91), 205 (-7.75).

UV (MeOH) Amax (nm): 202, 223, 284, 291.
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(-)-cathenamine (31)

experimental data reported datal’?] experimental data
"H NMR "H NMR 3C NMR
(600 MHz, CDCl3) (400 MHz, CDCl3) (150 MHz, CDCl)
N1 8.06, brs 7.98, brs -
2 - - 133.6
3 4.29,dd (J=12.0, 2.4 Hz) 4.30,dd (J=12, 3 Hz) 52.5
5a 3.33,ddd (J=11.4, 5.4, 1.8 Hz) 3.33,ddd (/= 12, 6, 2 Hz) 494
58 3.26,td (J=11.4, 4.2 Hz) 3.28, dd (J = 12, =5 Hz)
6a 2.73,ddt (J=14.4,4.2, 2.4 Hz) 2.73,brd (J=15, =2 Hz) 22.3
6B 2.89,dddd (/=14.4,10.2,5.4,1.8 Hz) 2.88,ddd (J= 15, 6, 5 Hz)
7 - - 108.7
8 - - 127.2
9 7.47,d (J=7.8 Hz) 7.46 (not reported) 118.2
10 7.10,t(J=7.8 Hz) 7.08 (not reported) 119.6
1 7.16,t(J=7.8 Hz) 7.16 (not reported) 121.8
12 7.32,d (J=7.8 Hz) 7.32 (not reported) 110.0
13 - - 136.2
140 3.20, ddd (J=12.0, 5.4, 3.0 Hz) 3.18,ddd (J =12, 5, 3 Hz) 33.7
14 1.45,ddd (J = 12.0, 11.4 Hz) 1.46, ddd (J =12, 12, 12 Hz)
15 3.53,dd (J = 11.4, 5.4 Hz) 3.54, brdd (J = 12, 5 Hz) 27.6
16 - - 107.8
17 7.54,s 7.54,d (J=<0.5Hz) 154.8
18 1.42,d (J = 6.6 Hz, 3H) 1.42,d (J = 6.5 Hz, 3H) 20.6
19 4.63,q(J=6.6 Hz) 4.64,brq (J=6.5Hz) 76.7
20 - - 104.1
21 6.18,d (J= 1.2 Hz) 6.18,dd (J=<0.5, < 0.3 Hz) 134.0
22 - - 168.2
CO,Me 3.73,s (3H) 3.72,s (3H) 51.1
H-H COSY correlations selected HMBC correlations
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Bioinspired transformation; synthesis of (—)-tetrahydroalstonine (15):

TBAF (2.0 equiv.)

AcOH (5.0 equiv.) H Me
THF, -20 °C, 24 h 0
N Y

then N H

NaBH(OAc); (2.0 equiv.) NH , p COzMe
-20°C,3h
77% (2 steps)

strictosidine aglycone single isomer (-)-tetrahydroalstonine (15)

silyl ether 22

To a solution of strictosdine aglycone silyl ether 22 (20.0 mg, 0.0414 mmol, 1.0 equiv.) in
anhydrous THF (415 uL, 0.1 M), acetic acid (11.8 pL, 0.206 mmol, 5.0 equiv.) and TBAF (1.0 M
in THF, 82.9 uL, 0.829 mmol, 2.0 equiv.) were added at —20 °C under an Ar atmosphere. The
reaction mixture was stirred for 24 h at —20 °C. To the resulting mixture, sodium
triacetoxyborohydride (17.6 mg, 0.0830 mmol, 2.0 equiv.) was added at —20 °C. The reaction
mixture was stirred for 3 h at —20 °C. The resulting mixture was quenched with saturated aqueous
NaHCOs solution. The aqueous layer was extracted three times with EtOAc. The combined organic
layer was washed with brine, dried over Na SOs, and concentrated under reduced pressure. The
crude materials were purified by PTLC (SiOz, 20% EtOAc/n-hexane) to afford (—)-
tetrahydroalstonine (15, 11.2 mg, 0.0318 mmol, 77%) as a pale-yellow amorphous powder. All
spectral data of provided (—)-tetrahydroalstonine (15) were identical with reported data,?? 7% and
13C NMR was carefully assigned by 2D NMR.

(—)-Tetrahydroalstonine (15)

'H and *C NMR see page 87.

IR (ATR) vmax (cm™2): 3398, 2950, 2800, 2747, 1704, 1620, 1442, 1315, 1280, 1206, 1184, 1151,
1121, 1082, 1031, 962, 932, 900, 854, 817, 772, 746, 673, 618.

HRMS (ESI) [M+H]*: Calculated for [C21H25N203]*: 353.1865, found: 353.1888.
[@]?*0 —101.8 (c 0.58, CHCls) [lit. [a]o —110].

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ae): 312 (0), 299 (0.72), 281 (0), 245 (—22.89), 234 (0), 228
(10.42), 221 (0), 214 (—4.65), 205 (0).

UV (MeOH) Amax (nm) 201, 227, 283, 291.
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(-)-tetrahydroalstonine (15)

N1
2
3

5a
5B

6o
6p

7
8

9

10
1"
12
13

140
148

15
16
17
18
19
20

210
21B

22
COyMe

experimental data

H NMR
(600 MHz, CDCly)

7.87,brs

7.46,d (J = 7.8 Hz)
7.08,t(J=7.8 Hz)
7.13,t(J = 7.8 Hz)
7.27,d (J = 7.8 Hz)

2.51, dt (J = 12.0, 3.6 Hz)
1.54, q (J = 12.0 Hz)

2.77,dt (J=12.0, 3.6 Hz)
7.57,s
1.41,d (J=6.0 Hz, 3 H)
4.50, dq (J=10.8, 6.0 Hz)
1.70, m

2.73,dd (J
3.1, dd (J

12.6, 4.2 Hz)
12.6, 2.4 Hz)

3.76, s (3H)

reported datal??']

H NMR
(500 MHz, CDCl3)

7.79,brs

7.45,d (J = 7.7 Hz)
7.07,td (J= 7.5, 1.1 Hz)

7.12,ddd (J=8.0,7.1, 1.3 Hz)

7.28,d (J = 8.0 Hz)

2.52-2.47, m
1,54, q (J = 12.2 Hz)

2.79-2.67, m
7.56,s
1.41,d (J = 6.2 Hz, 3H)
4.50,dq (J=10.3, 6.2 Hz)
1.70,d (J = 10.6 Hz)

2.79-2.67, m
3.11, dd (J = 12.3, 2.0 Hz)

3.75,s (3H)

experimental data

3C NMR
(150 MHz, CDCl3)

134.7
60.0
53.7

21.9

108.2
127.4
118.2
119.5
121.5
110.9
136.2
34.4

31.5
109.7
155.9

18.7

72.6

38.6

56.4

168.2
51.3

reported datal?7’

3C NMR
(125 MHz, CDCl3)

168.1
155.9
136.1
134.7
127.4
121.6
119.6
118.2
110.9
109.7
108.3
72.6
60.0
56.5
53.7
51.3
38.6
34.4
31.5
219
18.7

*13C NMR was not assigned.

H-H COSY correlations

Iz

MeO X

selected HMBC correlations
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Hydrogenation of strictosidine aglycone silyl ether 22:

Pd/C (20 mol%)
H, (1 atm)
1,4-dioxane

rt, 1.5h
quant.

strictosidine aglycone
silyl ether 22

To a solution of strictosdine aglycone silyl ether 22 (52.0 mg, 0.110 mmol, 1.0 equiv.) in degassed
1,4-dioxane (1.1 mL, 0.1 M), 10% Pd/C (22.9 mg 0.0215 mmol, 20 mol%) was added at room
temperature under an Ar atmosphere. The resulting mixture was purged with a stream of hydrogen
and the reaction mixture was stirred for 1.5 h at room temperature under a H, atmosphere. The
resulting mixture was directly filtered through a short plug of amino silica gel (SiO2-NH) eluted
with 5% MeOH/CHCI; to afford 37 (52.2 mg, 0.110 mmol, quantitive yield) as a white amorphous
powder.

Compound 37

IH NMR (400 MHz, CDCls): & 8.22 (brs, 1H), 7.58 (s, 1H), 7.48 (d, J = 7.6 Hz, 1H), 7.32 (d, J =
8.0 Hz, 1H), 7.13 (ddd, J = 8.0, 7.6, 1.2 Hz, 1H), 7.08 (t, J = 7.6 Hz), 5.23 (d, J = 8.4 Hz, 1H), 4.00
(brd, J=7.6 Hz, 1H), 3.75 (s, 3H), 3.30 (dt, J = 12.0, 5.2 Hz, 1H), 3.07 (dt, J = 7.2, 4.0 Hz, 1H),
3.04 (m, 1H), 2.79 (ddd, J = 15.2, 6.4, 5.2 Hz, 1H), 2.72 (dt, J = 15.2, 5.2 Hz, 1H), 1.89 (ddd, J =
13.6, 10.0, 4.0 Hz, 1H), 1.74-1.63 (m, 2H), 1.52 (ddd, J = 13.6, 10.0, 4.0 Hz), 1.28 (m, 1H), 1.03
(t, J =6.8 Hz, 3H), 0.93 (s, 9H), 0.17 (s, 3H), 0.16 (s, 3H).

13C NMR (150 MHz, CDCls): § 169.0, 154.4, 136.6, 135.9, 127.7, 121.5, 119.4, 118.2, 110.9,
110.3, 109.0, 97.3,51.7,50.4, 44.4, 42.0, 37.1, 28.1, 25.8, 22.6, 20.1, 18.1, 11.6, 4.0, —4.9.

IR (ATR) vmax (cm™2): 2932, 2891, 2853, 1701, 1632, 1433, 1386, 1312, 1273, 1253, 1167, 1139,
1095, 1007, 929, 836, 775, 738, 683, 617.

HRMS (ESI) [M+H]*: Calculated for [C27HxN204Sis]*: 485.2836, found: 485.2813.
[a]*p —213.2 (¢ 0.79, CHCl5).
UV (MeOH) Amax (nm): 225, 283, 290.
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Bioinspired transformation; synthesis of (+)-dihydrocorynantheine (16):

TBAF (2.0 equiv.)
AcOH (5.0 equiv.)
THF, =20 °C, 12 h

CH(OMe); (1.6 equiv.)
p-TsOH-H,0 (3.8 equiv.)

then
NaBH(OAc); (2.0 equiv.)

MeOH
60 °C, 28 h

(shows only enol form)
d.r. (at C20) = 3.9:1

t-BuOK (2.1 equiv.)

DMF
r.t., 80 min
51% (for 4 steps)

(+)-dihydrocorynantheine (16)

To a solution of strictosdine aglycone derivative 37 (30.0 mg, 0.0619 mmol, 1.0 equiv.) in
anhydrous THF (620 pL, 0.1 M), acetic acid (17.7 uL, 0.309 mmol, 5.0 equiv.) and TBAF (1.0 M
in THF, 124 uL, 0.124 mmol, 2.0 equiv.) were added at —20 °C under an Ar atmosphere. The
reaction mixture was stirred for 12 h at —20 °C. To the resulting mixture, sodium
triacetoxyborohydride (26.2 mg, 0.124 mmol, 2.0 equiv.) was added at —20 °C. The reaction
mixture was stirred for 5 h at =20 °C. The resulting mixture was quenched with saturated aqueous
NaHCOs solution. The aqueous layer was extracted three times with EtOAc. The combined organic
layer was washed with brine and dried over Na SOa.. After removing the solvent under reduced
pressure, the residue was purified by a short plug of silica gel (SiO.) eluted with 5% MeOH/CHClI;
to give 29.0 mg of a fraction containing the desired rearranged intermediate 40. The latter was
dissolved in MeOH (3.4 mL) to which added CH(OMe)s (11.2 pL, 0.102 mmol, 1.6 equiv.) and p-
TsOH-H,0 (44.7 mg, 0.235 mmol, 3.8 equiv.), and the mixture was stirred at 60 °C for 28 h. The
resulting mixture was quenched with saturated aqueous NaHCO3 solution. The aqueous layer was
extracted three times with CHCIs. The combined organic layer was washed with brine, dried over
Na»SOs, and concentrated under reduced pressure. The crude materials were purified by PTLC
(SiO2, 3% MeOH/CHCIs) to separate diastereomers and gave 17.2 mg of desired dimethoxyacetal
intermediate 41 and 4.4 mg of its epimer (d.r. = 3.9:1). Desired intermediate 41 was dissolved in
dry degassed DMF (430 uL, 0.14 M) to which was added t-BuOK (14.3 mg, 0.128 mmol, 2.1
equiv.) at room temperature under an Ar atmosphere. The reaction mixture was stirred for 80 min
at room temperature. The resulting mixture was quenched with saturated aqueous NH4ClI solution.
The aqueous layer was extracted four times with CHCls. The combined organic layer was dried
over MgSO4 and concentrated under reduced pressure. The crude materials were purified by PTLC
(SiO2, 4% MeOH/CHCIs) to afford (+)-dihydrocorynantheine (16, 11.4 mg, 0.0309 mmol, 51%
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over 4 steps) as a pale-yellow amorphous powder. AIll spectral data of provided (+)-

dihydrocorynantheine (16) were identical to the reported data.[24m 74

(+)-Dihydrocorynantheine (16)

'H and 3C NMR see page 91.

IR (ATR) vmax (cm™2): 2943, 2898, 2845, 2792, 1704, 1627, 1452, 1432, 1370, 1342, 1324, 1287,
1218, 1139, 1107, 1086, 999, 959, 911, 817, 770, 743, 687, 645, 634, 617.

HRMS (ESI) [M+H]*: Calculated for [C22H29N203]*: 369.1886, found: 369.1910.
[@]?*p +29.4 (c 0.39, MeOH) [lit. [a]o +25].

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ag): 315 (0), 273 (+3.85), 257 (+2.67), 236 (+13.81), 228
(0), 214 (-18.01).

UV (MeOH) Amax (NM): 226, 283, 290.
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(0}
(+)-dihydrocorynantheine (16)

N1

5a
5B

6o
6p

10

12
13

140
148

15
16
17
18

19a
198

20

210
21B

22

CO,Me
OMe

experimental data

"H NMR
(600 MHz, CDCls, 55 °C)

7.70, brs
3.29, brd (J=10.8 Hz)

2.63,td (J=11.4, 4.2 Hz)
3.13,dd (J = 11.4, 6.0 Hz)

73, m
.05, m

7.46,d (J = 7.8 Hz)
7.07,t(J=7.8 Hz)
7.11,t(J=7.8 Hz)
7.26,d (J=7.8Hz)

1.95, brs
2.12, m

2.65,td (J=12.6, 3.0 Hz)
7.36,s
0.88,t(J=7.8Hz)

1.44, m
1.08, m

2.30, m

2.1,

t(J=10.8 Hz)
3.17,dd (J =

10.8, 3.6 Hz)

3.77, brs (3H)
3.71, br s (3H)

reported datal’!

H NMR
(400 MHz, CDCls, 55 °C)

7.63, brs
3.26,d (J=11.6 Hz)
2.61,dt(J=10.6,4.3 Hz)
3.10, m
271, m
3.02, m
744,d(J =7.1Hz)
7.07,dt(J=7.2,1.6 Hz)
7.11,dt(J=7.2,1.6 Hz)
7.24,d (J=7.2 Hz)

-
aa

>
3

7.34,s
0.87,t(J=7.5 Hz)

1.43, ddq (J = 13.9, 7.6, 3.4 Hz)
1.06, dp (J = 13.9, 7.6 Hz)

2.28, m

2.09,t(J = 11.1 Hz)
4

t
3.14,dd (J= 11.1, 3.9 Hz)

3.76, s (3H)
3.69, s (3H)

experimental data

3C NMR

(150 MHz, CDCl3)

135.2
60.5
53.3

21.9

108.1
127.6
118.2
119.4
1213
110.8
136.1
33.8

38.9
111.8
160.1

1.5

245

40.1
61.9

169.7
51.7
61.1

reported datal?4m

3¢ NMR
(100 MHz, CDCl3)

135.3
60.4
53.3

22.6

108.0
127.6
118.3
119.5
121.4
111.0
136.3
33.9

38.9
111.9
160.3
1.3
24.4

39.3
61.8

not detected
51.5
61.0
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Bioinspired transformation; synthesis of (—)-corynantheidine (36):

TBAF (2.0 equiv.) PtO, (100 wr%)

AcOH (5.0 equiv.) H, (1 atm)
THF MeOH
-20°C,12h rt, 1h
39
(shows only enol form) (shows only enol form)

d.r. (at C20) = 3.9:1

CH(OMe); (1.6 equiv.)
p-TsOH-H,0 (3.8 equiv.)

t-BuOK (3.3 equiv.)

MeOH
60 °C, 28 h

DMF
rt, 6.5h
44%
(4 steps from 37)

O OMe
43 (-)-corynantheidine (36)

To a solution of strictosdine aglycone derivative 37 (30.0 mg, 0.0619 mmol, 1.0 equiv.) in
anhydrous THF (620 pL, 0.1 M), acetic acid (17.7 uL, 0.309 mmol, 5.0 equiv.) and TBAF (1.0 M
in THF, 124 uL, 0.124 mmol, 2.0 equiv.) were added at —20 °C under an Ar atmosphere. The
reaction mixture was stirred for 12 h at —20 °C. The resulting mixture of 39 was directly filtered
through a short plug of silica gel (SiO.) eluted with 40% EtOAc/n-hexane. The residue was
dissolved in degassed MeOH (3.1 mL, 0.02 M) to which PtO- (30.0 mg, 100 w/w%) was added at
room temperature under an Ar atmosphere. The resulting mixture of 42 was purged with a stream
of hydrogen and the reaction mixture was stirred for 1 h at room temperature under a H, atmosphere.
The resulting mixture was filtered with a Celite pad with EtOAc. The filtrate was concentrated
under reduced pressure and the resulting residue was purified by flash chromatography (SiOz, 5%
MeOH/CHCIz). The resulting residue of 42 was dissolved in MeOH (3.4 mL, 0.018 M) to which
added CH(OMe)3 (11.2 pL, 0.102 mmol, 1.6 equiv.) and p-TsOH-H,0 (44.7 mg, 0.235 mmol, 3.8
equiv.), and the mixture was stirred at 60 °C for 28 h. The resulting mixture was quenched with
saturated aqueous NaHCOj3 solution. The aqueous layer was extracted three times with CHCls. The
combined organic layer was washed with brine and dried over Na,SOa, and concentrated under
reduced pressure. The crude materials were purified by PTLC (SiO2, 3% MeOH/CHCIs) to separate
diastereomers, and gave 16.1 mg of desired dimethoxyacetal intermediate 43 with 4.2 mg of its
epimer (d.r. = 3.9:1). Desired intermediate 43 was dissolved in dry degassed DMF (400 pL, 0.15
M) to which was added t-BuOK (13.4 mg, 0.121 mmol, 2.0 equiv.) at room temperature under Ar
atmosphere. The reaction mixture was stirred for 2.5 h at room temperature. To the resulting
mixture, additional t-BuOK (8.9 mg, 0.0804 mmol, 1.3 equiv.) at room temperature under Ar
atmosphere. The reaction mixture was stirred for 4 h at room temperature. The resulting mixture
was quenched with saturated aqueous NH4Cl solution. The aqueous layer was extracted four times
with CHCIs. The combined organic layer was dried over MgSO4 and concentrated under reduced
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pressure. The crude materials were purified by PTLC (SiO2, 3% MeOH/CHCIs) to afford (—)-
corynantheidine (36, 10.1 mg, 0.0274 mmol, 44% over 4 steps) as a yellow amorphous powder.
All spectral data of provided (-)-corynantheidine (36) were identical with reported data.[24™ 26°]

(—)-Corynantheidine (36)

'H and 3C NMR see page 94.

IR (ATR) vmax (cm™2): 3368, 2937, 2845, 2789, 2744, 1686, 1641, 1545, 1452, 1438, 1372, 1342,
1316, 1274, 1239, 1146, 1109, 1076, 991, 902, 771, 739, 672, 617.

HRMS (ESI) [M+H]*: Calculated for [C22H29N203]*: 369.1886, found: 369.1874.
[a]%5 —107.4 (c 0.48, MeOH) [lit. [o]o —181].

CD (0.3 mM, MeOH, 23 °C) A (nm) (A¢): 312 (0), 280 (+0.81), 262 (0), 244 (~3.44), 230 (0), 212
(-5.41).

UV (MeOH) Amax (nm): 202, 227, 283, 291.
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(=)-corynantheidine (36)

N1

S5a
5B

6o
6p

10

12
13

140
148

15
16
17
18

19a
198

20

21a
21B

22
CO,Me
OMe

experimental data

H NMR
(400 MHz, CDClj)

7.74,brs
3.20, brd (J=12.0 Hz)

2.61-2.52, m
3.07-2.95, m

2.70, m
3.07-2.95, m

7.46,d (J= 7.2 Hz)
7.07,d (J=7.8 Hz)
7.1, t(J=7.2 Hz)
7.29,d (J=7.2 Hz)

1.84, dt (J=13.2, 2.4 Hz)
2.61-2.52, m

3.07-2.95, m
7.44,s
0.87,t(J = 7.2 Hz, 3H)

1.78, m
1.21, m

1.65, overlapped

2.49,dd (J=12.0, 2.4 Hz)
3.07-2.95, m

3.71, s (3H)
3.73, s (3H)

reported datal?®°]

"H NMR
(400 MHz, CDCl3)

7.72,brs

7.46,d (J=7.5Hz)
7.13-7.06, m
7.13-7.06, m

7.30,d (J = 8.0 Hz)

1.85-1.60, m
2.71-2.48, m

3.08-2.95, m
7.44,s
0.87,t(J = 7.5 Hz, 3H)

1.85-1.60, m
1.85-1.60, m

1.85-1.60, m

2.71-2.48, m
3.08-2.95, m

3.71,'s (3H)
3.73,'s (3H)

experimental data

3C NMR
(150 MHz, CDCls)

135.7
61.4
53.6

22.0

108.2
127.7
118.2
119.5
121.3
110.8
136.1
30.0

40.8
111.6
160.7

13.0

19.2

401
57.9

169.3
51.5
61.7

reported datal26°]

3¢ NMR
(100 MHz, CDCl3)

135.2
61.2
53.5

21.9

108.1
127.5
118.0
119.3
1211
110.6
135.6
29.9

40.7
11.5
160.5

12.9

19.1

39.9
57.8

169.2
51.4
61.5
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Formal hydration; lactonization of secologanin aglycone silyl ether 23:

Et;N (15 equiv.)

MeCN/H,0 (3:2)
rt., 24 h
960/0 48

(d.r. =1.2:1)

To a solution of secologanin aglycone silyl ether 23 (50.0 mg, 0.147 mmol, 1.0 equiv.) in MeCN
(4.2 mL, 0.035 M), water (2.8 mL, 0.053 M) and triethylamine (307 pL, 2.20 mmol, 15 equiv.)
were added at room temperature under an Ar atmosphere. The reaction mixture was stirred for 24
h at room temperature. The resulting mixture was quenched with 1 M aqueous HCI solution. The
aqueous layer was extracted three times with EtOAc. The combined organic layer was washed with
brine, dried over MgSQOs, and concentrated under reduced pressure. Flash chromatography (SiOa,
30% EtOAc/n-hexane) provided 48 as a diastereomer mixture (46.2 mg, 0.142 mmol, 96%, d.r. =
1.2:1, colorless oil).

Compound 48 (diastereomer mixture; d.r. =1.2:1)

'H NMR (400 MHz, CDCls3): 6 7.61 (d, J = 2.4 Hz, 2H), 5.82 (br s, 1H), 5.51-5.42 (m, 2H), 5.29-
5.21 (m, 6H), 4.61 (br s, 1H), 3.43 (br s, 1H), 3.04 (br s, 1H), 2.46 (br s, 2H), 2.02 (br s, 1H), 1.85
(brs, 1H), 1.70 (br s, 1H), 1.27 (br s, 1H), 0.89 (s, 18H), 0.15 (s, 6H), 0.13 (s, 6H).

13C NMR (150 MHz, CDCls at 55 °C): & 166.3 (2C), 153.9 (2C), 133.1 (2C), 120.4 (2C), 104.3
(2C), 96.2 (2C), 45.8 (2C), 29.8 (2C), 25.8 (6C), 18.1 (2C), -4.4 (2C), -5.1 (2C) (four carbon peaks

were not observed).

IR (ATR) vmax (cm™1): 3231, 2928, 2856, 1681, 1617, 1467, 1390, 1364, 1319, 1256, 1201, 1118,
1067, 1042, 1025, 993, 937, 899, 876, 832, 776, 755, 719, 687, 676, 634.

HRMS (ESI) [M+Na]*: Calculated for [C16H26Na10sSi1]*: 349.1447, found: 349.1468.
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Methylation of compound 48 to determine its structure:

=

MeOH
r.t., 30 min
48 quant., 50:51 = 2.4:1

(dr.=1.2:1)

To a solution of 48 (40.0 mg, 0.123 mmol, 1.0 equiv.) in MeOH (2.5 mL, 0.05 M), Amberlyst 15
(20.0 mg, 50 wt%) was added at room temperature under an Ar atmosphere. The reaction mixture
was stirred for 30 min at room temperature. The resulting mixture was filtered through a Celite pad
with CHCls. The filtrate was concentrated under reduced pressure and the resulting residue was
purified by PTLC (SiO2, 10% EtOAc/n-hexane) to afford monomethyl acetal compound 50 (29.4
mg, 0.0863 mmol, 71%, columnar crystal) and 51 (12.3 mg, 0.0362 mmol, 29%, colorless oil).
Compound 50 was recrystallized with Et;O and the structure was determined by X-ray

crystallography (see page 97).

Compound 50

'H NMR (400 MHz, CDCl3): 6 7.61 (d, J = 2.4 Hz, 1H), 5.45 (ddd, J = 16.8, 11.2, 10.0 Hz, 1H),
5.28 (d, J = 2.0 Hz, 1H), 5.26 (br t, J = 2.4 Hz, 1H), 5.22 (dd, J = 11.2, 1.6 Hz, 1H), 5.21 (dd, J =
16.8, 1.2 Hz, 1H), 3.54 (s, 3H), 3.32 (tdd, J = 5.2, 13.6, 2.8 Hz, 1H), 2.40 (ddd, J = 10.0, 5.2, 2.4
Hz, 1H), 1.79 (ddd, J = 13.6, 5.2, 2.4 Hz, 1H), 1.69 (td, J = 13.6, 2.8 Hz, 1H), 0.89 (s, 9H), 0.15
(s, 3H), 0.12 (s, 3H).

13C NMR (100 MHz, CDCls): 6 165.2, 153.3, 132.8, 120.4, 103.4, 101.5, 96.2, 56.8, 45.0, 29.4,
25.7 (3C), 21.5,18.1, 4.4, -5.2.

IR (ATR) vmax (cm™1): 2926, 2855, 1701, 1617, 1465, 1389, 1347, 1316, 1285, 1256, 1223, 1200,
1125, 1073, 1030, 992, 933, 917, 900, 837, 820, 778, 752, 715, 687, 673.

HRMS (ESI) [M+Na]*: Calculated for [C17H2sNa;OsSii]*: 363.1604, found: 363.1601.
[@]?0 —95.1 (c 0.51, CHCls).
mp (°C): 97-101.

Compound 51

IH NMR (400 MHz, CDCls): § 7.61 (d, J = 2.8 Hz, 1H), 5.43 (ddd, J = 18.0, 11.6, 9.6 Hz, 1H),
5.28 (d, J = 1.6 Hz, 1H), 5.25 (dd, J = 10.0, 2.4 Hz, 1H), 5.23 (dd, J = 11.6, 2.0 Hz, 1H), 5.22 (dd,
J =18.0, 2.0 Hz, 1H), 3.59 (s, 3H), 2.94 (ddt, J = 13.2, 4.8, 2.8 Hz, 1H), 2.45 (ddd, J = 9.6, 4.8,
2.0 Hz, 1H), 1.94 (ddd, J = 13.2, 4.8, 2.4 Hz, 1H), 1.58 (td, J = 13.2, 10.0 Hz, 1H), 0.88 (s, 9H),
0.15 (s, 3H), 0.11 (s, 3H).
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13C NMR (150 MHz, CDCls): & 165.3, 153.4, 132.1, 120.7, 103.4, 102.5, 96.0, 56.9, 45.2, 30.7,
25.7,24.1,18.0,-4.4,-5.3.

IR (ATR) vmax (cm™1): 2932, 2887, 2857, 1712, 1623, 1468, 1399, 1366, 1316, 1253, 1196, 1153,

1127, 1082, 1038, 1016, 994, 920, 907, 861, 822, 780, 752, 671, 653, 620.

HRMS (ESI) [M+Na]*: Calculated for [C17H2sNa;10sSi1]*: 363.1604, found: 363.1600.

[0]%%p —265.4 (c 1.01, CHCly).

Single Crystal X-ray Data of Compound 50.

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type

Lattice Parameters

C17H2805S1

340.49

colorless, block
0.450%0.100x0.050 mm
orthorhombic

Primitive

a= 9.59050(17) A

b= 23.8008(4) A

c= 24.3367(4) A

V =5555.11(17) A3

Space Group

Z value

Deale

F000

1w(CuKa)

Residuals: R1 (I>2.000(I))

Residuals: R (All reflections)
Residuals: wR2 (All reflections)

Goodness of Fit Indicator
CCDC

P2:12:121 (#19)
12

1.221 g/em?
2208

13.059 cm’!
0.0554
0.0642
0.1198

1.027
2102288
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Diastereoselective Pictet-Spengler cyclization using (R)-13 and secologanin derivative
48:

H cN
N
13 (2.0 equiv.)
= TFA (3.0 equiv.)

-“H,\\onas MS 4A (300 wt%)

CH,Cl,

o 0°C,15h
48 quant.

(dr. =1.2:1) (3S:3R =>10:1)

To asolution of 48 (30.0 mg, 0.0919 mmol, 1.0 equiv.), (R)-a-cyanotryptamine (13, 34.0 mg, 0.184
mmol, 2.0 equiv.) and powdered MS 4A (90 mg, 300 w/w%) in CH.Cl, (1.84 mL, 0.05 M),
trifluoroacetic acid (1.0 M in CHxCly, 276 uL, 0.276 mmol, 3.0 equiv) was added at 0 °C under an
Ar atmosphere. The resulting mixture was stirred for 1.5 h at 0 °C. The resulting mixture was
filtered by a cotton plug with CHCIs and the filtrate was added to saturated aqueous NaHCOs3
solution at 0 °C. The aqueous layer was extracted three times with CHCls. The combined organic
layer was dried over Na,SO4 and concentrated under reduced pressure. The crude materials were
purified by PTLC (SiO2, 40% EtOAc/n-hexane) to afford 52 (45.4 mg, 0.0920 mmol, quantitative

yield, almost single isomer) as a white amorphous powder.

Compound 52

'H NMR (400 MHz, CDCls): § 8.33 (br s, 1H), 7.67 (s, 1H), 7.43 (m, 1H), 7.17 (m, 1H), 7.10—
7.06 (m, 2H), 5.69 (ddd, J = 17.6, 10.0, 8.0 Hz, 1H), 5.38 (d, J = 8.4 Hz, 1H), 5.26-5.22 (m, 2H),
4.47 (m, 1H), 4.33 (br d, J = 8.8 Hz, 1H), 3.17 (ddd, J = 15.6, 5.6, 1.6 Hz, 1H), 3.05-2.95 (m, 2H),
253 (td, J=8.4, 5.2 Hz, 1H), 1.93 (ddd, J = 13.6, 10.4, 4.0 Hz, 1H), 1.79 (ddd, J = 13.6, 10.0, 3.2
Hz, 1H), 0.90 (s, 9H), 0.17 (s, 3H), 0.16 (s, 3H).

13C NMR (150 MHz, CDCls): § 172.9, 155.8, 136.2, 134.4, 134.2, 127.1, 122.1, 120.0, 119.7,
119.6,118.1, 111.1, 108.9, 105.2, 95.6, 48.2, 47.5, 43.6, 37.5, 31.4, 26.1, 25.7, 18.1, -3.9, 4.9.

IR (ATR) vmax (cm™1): 2929, 2893, 2855, 1667, 1627, 1457, 1393, 1299, 1254, 1219, 1168, 1141,
1108, 1006, 920, 873, 835, 775, 740, 687, 618.

HRMS (ESI) [M+H]*: Calculated for [C27H3sN304Si1]*: 494.2475, found: 494.2510.
[a]?p —241.1 (c 0.86, CHCl5).
UV (MeOH) Amax (nM): 202, 226, 274, 283, 290.
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Reductive decyanation of compound 52:

NaBH3;CN (20 equiv.)
AcOH (10 equiv.)

MeOH
rt., 60 h
88%

To a solution of 52 (172.3 mg, 0.349 mmol, 1.0 equiv.) in MeOH (1.75 mL, 0.2 M), acetic acid
(99.8 uL, 1.75 mmol, 5.0 equiv.) and sodium cyanoborohydride (219.3 mg, 3.49 mmol, 10 equiv.)
were added at room temperature under an Ar atmosphere. The reaction mixture was stirred for 24
h at room temperature. To the resulting mixture, additional acetic acid (99.8 pL, 1.75 mmol, 5.0
equiv.) and sodium cyanoborohydride (219.3 mg, 3.49 mmol, 10 equiv.) were added under an Ar
atmosphere. The reaction mixture was stirred for 36 h at room temperature. The resulting mixture
was quenched with saturated aqueous NaHCO3 solution at 0 °C. The aqueous layer was extracted
three times with EtOAc. The combined organic layer was washed with brine, dried over MgSQza,
and concentrated under reduced pressure. Flash chromatography (SiO2, 5-10% MeOH/CHCIs)
provided 53 (147.8 mg, 0.315mmol, 88%) as a white amorphous powder.

Compound 53

'H NMR (400 MHz, CDCls, 55 °C): 6 7.35 (brd, J = 6.8 Hz, 1H), 7.30 (brd, J = 6.8 Hz, 1H), 7.16
(t, J=6.8 Hz, 1H), 7.11 (t, J =6.8, 1H), 7.03 (br s, 1H), 5.62 (ddd, J = 17.6, 10.4, 8.4 Hz, 1H), 5.27
(d, J=8.4Hz, 1H), 5.17 (d, J = 10.4 Hz, 1H), 5.13 (d, J = 17.6 Hz, 1H), 4.69 (br s, 1H), 3.44 (br
s, 1H), 3.08 (br s, 1H), 2.84 (br s, 1H), 2.67 (br s, 1H), 2.37 (m, 1H), 2.17 (br t, J = 12.8 Hz, 1H),
1.85 (m, 1H), 0.87 (s, 9H), 0.11 (s, 6H).

13C NMR (150 MHz, CDCls, 55 °C): 6 174.9, 151.0, 136.7, 135.5, 131.5, 126.7, 122.5, 119.8,
118.8, 118.4, 113.0, 111.9, 106.5, 94.6, 49.4, 47.3, 37.5, 35.6, 32.4, 25.8 (3C), 18.9, 18.1, -3.7,
—4.6.

IR (ATR) vmax (cm™1): 2952, 2929, 2893, 2856, 1748, 1712, 1627, 1520, 1448, 1419, 1391, 1341,
1313, 1254, 1219, 1166, 1143, 1112, 1044, 994, 924, 858, 835, 773, 741, 675, 632.

HRMS (ESI) [M+H]*: Calculated for [CasHs7N204Sis]*: 469.2523, found: 469.2524.
[0]Pp —222.9 (¢ 1.14, CHCls).
UV (MeOH) Amax (nM): 201, 222, 272, 282, 290.
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N-methylation of compound 53:

aq. HCHO (5 equiv.)
NaBH3CN (6 equiv.)
AcOH (10 equiv.)

THF
-40°C,3h
99%

palicoside aglycone
silyl ether 45

To a solution of 53 (140 mg, 0.299 mmol, 1.0 equiv.) in THF (6 mL, 0.05 M), 30% aqueous
formaldehyde solution (183.4 uL, 1.49 mmol, 5.0 equiv.), acetic acid (170.8 pL, 2.99 mmol, 10
equiv.) and sodium cyanoborohydride (112.6 mg, 1.79 mmol, 6.0 equiv.) were added at —40 °C
under an Ar atmosphere. The reaction mixture was stirred for 3 h at —40 °C. The resulting mixture
was quenched with saturated aqueous NaHCO3 solution at 0 °C. The aqueous layer was extracted
five times with EtOAc. The combined organic layer was washed with brine, dried over Na;SOs,
and concentrated under reduced pressure. Flash chromatography (SiO2, 5% MeOH/CHCIs)
provided palicoside aglycone silyl ether 45 (143.0 mg, 0.296 mmol, 99%) as a pale-yellow
amorphous powder.

Palicoside aglycone silyl ether 45

IH NMR (400 MHz, CDCls, VT 55 °C): § 9.59 (br s, 1H), 7.62 (s, 1H), 7.43 (d, J = 7.2 Hz, 1H),
7.42(d, J=7.2 Hz, 1H), 7.17 (t, J = 7.2 Hz, 1H), 7.09 (t, J = 7.2 Hz, 1H), 5.76 (ddd, J = 17.6, 10.8,
8.8 Hz, 1H), 5.48 (d, J = 8.4 Hz, 1H), 5.22 (d, J = 10.8 Hz, 1H), 5.21 (d, J = 17.6 Hz, 1H), 4.06 (br
s, 1H), 3.08 (br d, J = 9.6 Hz, 1H), 2.88-2.76 (m, 2H), 2.66-2.64 (m, 2H), 2.54 (td, J = 8.0, 4.8 Hz,
1H), 2.43 (s, 3H), 2.17 (m, 1H), 2.07 (ddd, J = 13.2, 9.6, 3,6 Hz, 1H), 0.90 (s, 9H), 0.18 (s, 6H).

13C NMR (150 MHz, CDCls, VT 55 °C): § 172.0, 153.9, 136.9, 135.7, 126.8, 122.4, 120.0, 119.1,
118.2,112.0,111.1, 106.3, 95.1, 57.7, 49.3, 47.9, 36.7 (br), 33.5, 32.5, 29.9, 25.8, 18.1, 17.2, -3.7,
—4.8.

IR (ATR) vmax (cm™2): 2944, 2928, 2882, 2853, 1747, 1709, 1685, 1663, 1643, 1605, 1568, 1547,
1527, 1521, 1515, 1493, 1469, 1453, 1392, 1253, 1220, 1167, 1144, 1114, 1005, 930, 837, 773,
744, 653, 626.

HRMS (ESI) [M+H]*: Calculated for [C27H39N204Si1]*: 483.2679, found: 483.2656.
[@]?®p —135.5 (c 1.15, CHCls).
UV (MeOH) hmax (nM): 221, 272, 282, 289.

100



4
e

Bioinspired transformation; synthesis of (-)-akagerine (20):

TBAF (2.0 equiv.)
AcOH (5.0 equiv.)

THF
rt, 6.5h
88%

palicoside aglycone (-)-akagerine (20)
silyl ether 45

To a solution of 45 (60.0 mg, 0.124 mmol, 1.0 equiv.) in anhydrous THF (1.24 mL, 0.1 M), acetic
acid (35.5 uL, 0.622 mmol, 5.0 equiv.) and TBAF (1.0 M in THF, 249 uL, 0.249 mmol, 2.0 equiv.)
were added at room temperature under an Ar atmosphere. The reaction mixture was stirred for 6.5
h at room temperature. The resulting mixture was quenched with saturated aqueous NaHCOs
solution at 0 °C. The aqueous layer was extracted three times with EtOAc. The combined organic
layer was washed with brine, dried over MgSQs, and concentrated under reduced pressure. The
crude materials were purified by PTLC (SiO2, 7% MeOH/CHCIs) to afford (—)-akagerine (20, 35.4
mg, 0.109 mmol, 88%) as a pale-yellow amorphous powder. All spectral data of provided (-)-

akagerine (20) were identical to the reported data.[2%: 31

(—)-Akagerine (20)

'H and 3C NMR see page 102.

IR (ATR) vmax (cm™2): 2928, 2847, 2786, 2717, 1748, 1683, 1634, 1545, 1511, 1457, 1374, 1344,
1311, 1280, 1219, 1107, 1089, 1049, 1034, 1012, 980, 930, 890, 839, 814, 772, 740, 691, 646, 620.

HRMS (ESI) [M+H]*: Calculated for [C20H2sN203]*: 325.1916, found: 325.1945.
[@]?®p —11.7 (c 0.77, MeOH) [lit. [a]o —16.6].

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ag): 305 (0), 273 (+1.32), 252 (0), 246 (—0.31), 244 (0), 234
(+4.53), 226 (0), 214 (-7.44).

UV (MeOH) Amax (nM): 227, 276, 283, 292.
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(-)-akagerine (20)

5a
5b

6a
6b

10

12
13

14a
14b

15

16a
16b

experimental data

H NMR
(400 MHz, CDCl,)

3.88, brd (J=13.5Hz)
3.09, m

7.49,d (J = 8.0 Hz)
7.1, t (J = 8.0 Hz)
7.19,t(J = 7.6 Hz)
7.31,d (J= 7.6 Hz)

221,q
2.00,d (J

12.8 Hz)
12.8 Hz)

3.67, brtq (J = 12.8, 2.0 Hz)

2.33,t(J = 12.8 Hz)
2.10,m

6.25,d (J = 4.4 Hz)
2.08,d (J = 7.2 Hz, 3H)
6.56, q (J = 7.2 Hz)
9.32,d (J=1.2 Hz)
2.53,d (J = 1.2 Hz, 3H)

reported datal®"]

"H NMR
(600 MHz, CDCl,)

3.82,d (J = 10.9 Hz)
3.07,

3

N
NN
TE T
N
NN~
NN N
33 3

7.48,d (J = 7.7 Hz)
7.11,t(J=7.7 Hz)
7.18,t(J = 8.2 Hz)
7.29,d (J= 8.2 Hz)

2.19,q (J=12.8, 10.9 Hz)
199, d (J = 12.8 Hz)

3.66,t(J=11.7, 1.4 Hz)

2.33, t (not reported)
2.09, m

6.24,d (J= 3.7 Hz)
2.07,d (J = 7.2 Hz, 3H)
6.55,q (J = 7.2 Hz)
9.31,d (J= 1.4 Hz)
2.53, s (3H)

experimental data

8C NMR
(150 MHz, CDCl3)

136.8
60.9
50.3

19.7

108.8
126.9
118.5
119.6
121.6
108.5
136.2
36.3

29.2
37.6

75.8

15.3
150.7
148.0
195.0
422

reported datal®]

3C NMR
(150 MHz, CDCl,)

137.0
60.8
50.4

19.8

108.8
126.7
118.3
119.4
121.3
108.3
136.0
36.3

291
37.4

75.7
15.2
150.5
147.9
194.9
42.5
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Luche reduction of (—)-akagerine (20):

CeCl3-7H,0 (1.0 equiv.)
NaBH, (1.0 equiv.)

MeOH/THF (2:1)
rt., 10 min
95%

(-)-akagerine (20)

To a solution of (—)-akagerine (20, 5.0 mg, 0.015 mmol, 1.0 equiv.) in anhydrous THF (93.4 uL,
0.16 M), MeOH (186.6 puL, 0.08 M), CeCls-7H20 (5.7 mg, 0.015 mmol, 1.0 equiv.) and NaBH4
(0.6 mg, 0.015 mmol, 1.0 equiv.) were added at room temperature under an Ar atmosphere. The
reaction mixture was stirred for 10 min at room temperature. The resulting mixture was quenched
with saturated aqueous NaHCO3 solution. The aqueous layer was extracted three times with EtOAc.
The combined organic layer was washed with brine, dried over Na,SOa, and concentrated under
reduced pressure. The crude materials were purified by PTLC (SiOz, 10% MeOH/CHCIs) to afford
alcohol 56 (4.8 mg, 0.0147 mmol, 95%) as a pale-yellow amorphous powder.

Compound 56

IH NMR (600 MHz, CDCl3): § 7.45 (d, J = 7.8 Hz, 1H), 7.21 (d, J = 7.8 Hz, 1H), 7.16 (1, J = 7.8
Hz, 1H), 7.09 (t, J = 7.8 Hz, 1H), 6.05 (br s, 1H), 5.47 (g, J = 6.6 Hz, 1H), 3.94 (s, 2H), 3.81 (br d,
J=11.4Hz, 1H), 3.41 (br t, J = 12.6 Hz, 1H), 2.93 (m, 1H), 2.77 (dt, J = 15.6, 6.6 Hz, 1H), 2.72
(dt, J = 15.6, 4.8 Hz, 1H), 2.66 (m, 1H), 2.41 (d, J = 1.2 Hz, 1H), 2.07 (br d, J = 14.4 Hz, 1H), 2.03
(brd, J=12.6 Hz, 1H), 1.81 (t, J = 14.4 Hz, 1H), 1.69 (g, J = 12.6 Hz, 1H), 1.68 (d, J = 6.6 Hz,
3H).

13C NMR (150 MHz, CDCls): § 143.7, 137.1, 136.1, 126.7, 121.9, 121.5, 119.6, 118.4, 108.6,
108.5, 75.8, 65.5, 60.7, 50.6, 42.6, 39.0, 36.7, 31.3, 20.4, 13.2.

IR (ATR) vmax (cm™2): 3556, 3233, 2917, 2850, 2802, 1747, 1711, 1514, 1459, 1377, 1346, 1311,
1278, 1220, 1195, 1091, 1053, 1006, 889, 816, 771, 740, 664, 644.

HRMS (ESI) [M+H]*: Calculated for [C20H27N202]*: 327.2073, found: 327.2102.
[a]®b 7.3 (c 1.42, MeOH).

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ac): 304 (0), 271 (+1.66), 251 (0), 248 (-0.23), 245 (0), 231
(+10.23), 222 (0), 209 (~11.29).

UV (MeOH) Amax (nM): 201, 227, 275, 283, 292.
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Synthesis of (-)-dihydrocycloakagerine (44):

HCl in 1,4-dioxane (3.0 equiv.)

r.t., 10 min
95%

(-)-dihydrocycloakagerine (44)

To a solution of alcohol 56 (10.0 mg, 0.0306 mmol, 1.0 equiv.) in CH2Cl> (613 uL, 0.05 M),
hydrogen chloride (4 M in 1,4-dioxane, 23.0 uL, 0.0919 mmol, 3.0 equiv.) was added at room
temperature under an Ar atmosphere. The reaction mixture was stirred for 10 min at room
temperature. The resulting mixture was quenched with saturated aqueous NaHCO3 solution. The
aqueous layer was extracted three times with EtOAc. The combined organic layer was washed with
brine, dried over Na;SOs, and concentrated under reduced pressure. The crude materials were
purified by PTLC (SiO2, 5% MeOH/CHCIs) to afford (—)-dihydrocycloakagerine (44, 9.0 mg,
0.292 mmol, 95%) as a pale-yellow amorphous powder. All spectral data of provided (-)-
dihydrocycloakagerine (44) were identical to the reported data.[2°!

(—)-Dihydrocycloakagerine (44)

'H and 3C NMR see page 105.

IR (ATR) vmax (cm™2): 2922, 2852, 1720, 1458, 1373, 1337, 1310, 1292, 1267, 1236, 1220, 1187,
1128, 1102, 1069, 1044, 970, 939, 849, 823, 809, 772, 741, 663, 644, 625.

HRMS (ESI) [M+H]*: Calculated for [C20H2sN20]*: 309.1967, found: 309.1990.
[a]?®p —268.5 (c 0.84, MeOH) [lit. [a]o —239].

CD (0.3 mM, MeOH, 23 °C) A (nm) (A¢): 333 (0), 313 (-0.65), 299 (0), 289 (+1.18), 281 (0), 257
(-2.23), 245 (0), 225 (-6.31).

UV (MeOH) Amax (nM): 203, 227, 275, 282, 291.
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(-)-dihydrocycloakagerine (44)

5a
5b

6a
6b

10

12
13

14a
14b

15

16a
16b

17
18
19
20

21a
21b

NMe

experimental data

"H NMR

(400 MHz, CDCl3)

3.64, brd (J=12.4 Hz)

3.16, m
2.80-2.71, m

2.94, m
2.80-2.71, m

7.49,d (J=7.6 Hz)

7.15, ddd (J = 8.0, 7.6, 1.0 Hz)
7.22, ddd (J = 8.0, 7.6, 1.0 Hz)

7.49,d (J=7.6 Hz)

2.50, brd (J = 14.4 Hz)
2.24,dt (J = 14.4, 4.8 Hz)

6.03, brd (J=4.8 Hz)
1.67,dd (J=6.8, 1.6 Hz, 3H)
5.33, brq (J=6.8 Hz)

4.13,brd (J=13
3.71,d (J=13.2

2.54, s (3H)

3.61, br

reported datal?%l

"H NMR
(400 MHz, CDCl3)

DN NW o
No N <

7
6
5
6

33 33

7.50,d (J = 8.0 Hz)
7.16,t(J = 8.0 Hz)
7.23,t(J = 8.0 Hz)
7.50, t (J = 8.0 Hz)

J=12.5Hz)

,2.8Hz) 2.62,ddd (J=14.0,11.0, 3.0 H
,6.8 Hz) 1.62,ddd (J=14.0,12.5,6.5H
3.34, m
2.52,dd (J = 14.5, 4.5 Hz)
2.25,dt (J=14.5,4.5Hz)
6.03,dd (J=4.5, 1.0 Hz)

Hz)

Hz

)

1.68, brd (J = 7.0 Hz, 3H)
5.33, brq (J = 7.0 Hz)

experimental data

reported datal?®]

3C NMR 3C NMR
(150 MHz, CDCl3) (100 MHz, CDCl3)

137.9 137.6
59.8 59.6
53.0 52.8
20.8 20.7
108.7 108.5
137.7 not detected
118.1 117.9
1221 121.9
120.2 120.0
111.5 111.3
137.8 137.5
30.8 30.7
26.5 26.4
34.2 34.0
80.7 80.5
12.3 121
118.6 118.4
127.2 127.0
63.1 62.9
42.5 42.4
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Lactamization of strictosidine aglycone silyl ether 22:

toluene
70 °C,48h
95%

strictosidine aglycone strictosamide aglycone
silyl ether 22 silyl ether 65

A solution of strictosidine aglycone silyl ether 22 (150 mg, 0.311 mmol, 1.0 equiv.) in toluene (6.2
mL, 0.05 M) was stirred for 48 h at 70 °C. The resulting mixture was concentrated under reduced
pressure. Flash chromatography (SiOz, 100% CHCIs) provided strictosamide aglycone silyl ether
65 (133.0 mg, 0.295 mmol, 95%) as a yellow amorphous powder.

Strictosamide aglycone silyl ether 65

'H NMR (400 MHz, CDCls): § 7.79 (br s, 1H), 7.50 (d, J = 7.2 Hz, 1H), 7.40 (d, J = 2.8 Hz, 1H),
7.34 (d, J = 8.0 Hz, 1H), 7.18 (dd, J = 8.0, 7.2 Hz, 1H), 7.12 (dd, J = 8.0, 7.2 Hz, 1H), 5.64 (dt, J
= 16.8, 10.0 Hz, 1H), 5.29 (dd, J = 16.8, 2.0 Hz, 1H), 5.28 (dd, J = 10.0, 2.0 Hz, 1H), 5.19 (d, J =
1.6 Hz, 1H), 5.05 (m, 1H), 4.90 (m, 1H), 3.05 (ddd, J = 12.0, 5.6, 2.4 Hz, 1H), 2.97 (td, J = 12.0,
3.6 Hz, 1H), 2.85 (dddd, J = 12.0, 7.2, 5.6, 2.0 Hz, 1H), 2.71 (m, 1H), 2.43 (ddd, J = 10.0, 5.6, 1.6
Hz, 1H), 2.14-2.10 (m, 2H), 0.75 (s, 9H), 0.09 (s, 3H), 0.04 (s, 3H).

13C NMR (125 MHz, CDCls): 8 165.7, 148.2, 136.1, 133.8, 133.2, 127.6, 122.1, 119.9, 118.4,
111.2,110.9, 107.1, 95.3, 53.1, 46.5, 42.9, 29.8, 27.8, 25.7, 23.5,21.2, 18.1, 4.3, -5.1.

IR (ATR) vmax (cm™1): 2932, 2849, 1652, 1581, 1457, 1427, 1343, 1307, 1273, 1251, 1219, 1191,
1164, 1098, 1018, 987, 957, 924, 880, 836, 822, 772, 739, 673, 664.

HRMS (ESI) [M+H]*: Calculated for [C2sH34N203Si1]*: 451.2417, found: 451.2404.
[a]?*0 —87.9 (c 0.71, CHCls).
UV (MeOH) Amax (nm): 201, 225, 272, 283, 291.
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Bioinspired transformation; synthesis of (—)-naucleaoral B (19):

TBAF (2.0 equiv.)
AcOH (5.0 equiv.)

THF
-20t00°C, 24 h
90%

strictosamide aglycone (-)-naucleaoral B (19)
silyl ether 65

To a solution of strictosamide aglycone silyl ether 65 (10.0 mg, 0.0222 mmol, 1.0 equiv.) in
anhydrous THF (222 pL, 0.1 M), acetic acid (6.3 pL, 0.11 mmol, 5.0 equiv.) and TBAF (1.0 M in
THF, 44.4 pL, 0.0444 mmol, 2.0 equiv.) were added at —20 °C under an Ar atmosphere. The
reaction mixture was stirred for 12 h at —20 °C. The resulting mixture was stirred for an additional
12 hat 0 °C. The resulting mixture was quenched with saturated aqueous NaHCO3 solution at 0 °C.
The aqueous layer was extracted three times with EtOAc. The combined organic layer was washed
with brine, dried over Na SO4, and concentrated under reduced pressure. The crude materials were
purified by a short plug of silica gel (SiO,) eluted with 40% EtOAc/n-hexane to afford (—)-
naucleaoral B (19, 6.7 mg, 0.020 mmol, 90%) as a pale-yellow amorphous powder. All spectral
data of provided (—)-naucleaoral B (19) were identical to the reported data.[*3a Then, the absolute
configuration of reported naucleaoral B (19) was revised (biosynthesis also supported our

configuration).

(—)-Naucleaoral B (19)

'H and *C NMR see page 108.

IR (ATR) vmax (cm™1): 3304, 2919, 2861, 2713, 1682, 1636, 1585, 1465, 1444, 1378, 1357, 1322,
1308, 1275, 1217, 1180, 1044, 991, 951, 906, 880, 828, 771, 742, 695, 654, 645.

HRMS (ESI) [M+H]*: Calculated for [C20H21N203]*: 337.1552, found: 337.1551.
[@]?®0 -79.1 (c 0.76, MeOH) [lit. [a]o —81].

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ae): 312 (0), 282 (+3.91), 263 (0), 257 (~1.37), 234 (~-22.10),
218 (+6.54), 209 (0), 202 (~2.40).

UV (MeOH) Amax (nM): 225, 268, 282, 290.
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naucleaoral B (19)

N1

5a
5B

6a
6B

10
1
12
13

140
148

15
16
17
18
19
20
21
22
OH

experimental data

H NMR
(400 MHz, CDCl3)

7.85,s
4.58,dd (J = 10.4, 2.4 Hz)
2.95,td (J=10.4, 4.8 Hz)
17, m
2.84, m
2.90, m
7.51,d (J=8.0 Hz)
7.13,dd (J = 8.0, 6.8 Hz)
7.18, dd (8.0, 6.8 Hz)
7.30,d (J=8.0 Hz)

1.98, m
2.34,dt (J= 13.2, 2.8 Hz)
3.84,brt (J = 4.0 Hz)
6.96,d (J = 10.4 Hz)
2.03,d (J= 7.2 Hz, 3H)
6.77,q (J = 7.2 Hz)

9.40, s

13.85,d (J = 10.4 Hz)

reported datal33

"H NMR
(400 MHz, CDCl3)

7.95,s

4.58,d (J = 10.0 Hz)

7.51,d (J= 7.2 Hz)
7.12,dd (J=7.6,7.2 Hz)
7.18,dd (7.6, 7.2 Hz)
7.31,d (J= 7.6 Hz)

6.97,d (J = 10.4 Hz)
2.03,d (J = 7.2 Hz, 3H)
6.78,q (J = 7.2 Hz)

9.39,s

13.80, d (J = 10.4 Hz)

experimental data

3C NMR
(125 MHz, CDCl)

132.2
50.4
39.4

21.2

110.1
127.0
118.5
1201
122.5
1111
136.4
33.7

30.9
101.3
160.5

15.3
153.3
145.9
195.3
169.7

reported datal33al

3C NMR
(100 MHz, CDCls)

132.0
50.3
39.2

21.0

110.0
126.7
118.3
119.9
122.3
111.0
136.2
33.6

30.7
1011
160.3

15.0
153.2
145.6
195.2
169.5
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Bioinspired transformation; syntheses of (+)-naucleidinal (59) and its epimer 68:

o TBAF (2.0 equiv.)
AcOH (5.0 equiv.)
THF pyridine/H,0 (1:9)
wiNS© -20100 °C, 24 h 100 °C, 7 h
| H o H not further purified 94%
“TBS 59:68 = 1:1
strictosamide aglycone
silyl ether 65

H -“H
H Me
(+)-naucleidinal (59) 20-epi-naucleidinal (68)

To a solution of strictosamide aglycone silyl ether 65 (10.0 mg, 0.0222 mmol, 1.0 equiv.) in
anhydrous THF (222 uL, 0.1 M), acetic acid (6.3 uL, 0.11 mmol, 5.0 equiv.) and TBAF (1.0 M in
THF, 44.4 uL, 0.0444 mmol, 2.0 equiv.) were added at —20 °C under an Ar atmosphere. The
reaction mixture was stirred for 12 h at —20 °C. The resulting mixture was stirred for an additional
12 hat 0 °C. The resulting mixture was quenched with saturated aqueous NaHCO3 solution at 0 °C.
The aqueous layer was extracted three times with EtOAc. The combined organic layer was washed
with brine, dried over Na2SO4, and concentrated under reduced pressure. The crude materials were
dissolved in 10% aqueous pyridine solution (444 uL, 0.05 M), and the resulting mixture was stirred
for 7 h at 100 °C under an Ar atmosphere. The resulting mixture was diluted with CHCls, and the
aqueous layer was extracted three times with CHCls. The combined organic layer was washed with
brine, dried over Na,SOs, and concentrated under reduced pressure. The crude materials were
purified by PTLC (SiO2, 50% EtOAc/n-hexane) to afford (+)-naucleidinal (59, 3.5 mg, 0.010 mmol,
47%) and its C20 epimer 68 (3.5 mg, 0.010 mmol, 47%) as yellow amorphous powder respectively.

All spectral data of provided (+)-naucleidinal (59) were identical with reported data.[342 3%

(+)-Naucleidinal (59)

'H and *C NMR see page 111.

IR (ATR) vmax (cm™1): 2917, 2849, 1718, 1648, 1578, 1449, 1429, 1348, 1306, 1281, 1221, 1184,
1043, 1005, 957, 909, 876, 832, 771, 746, 680, 663, 640, 623.

HRMS (ESI) [M+H]*: Calculated for [C20H21N203]*: 337.1552, found: 337.1594.

[a]*5 +110.9 (c 0.25, EtOH) [lit. [a]o +126 (EtOH)].

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ae): 317 (0), 268 (+15.47), 248 (+8.33), 233 (0), 221
(-10.16), 216 (-10.52).
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UV (MeOH) Amax (nm): 226, 283, 291.

Compound 68

'H NMR (600 MHz, CDCls): 6 9.77 (s, 1H), 8.18 (br s, 1H), 7.50 (d, J= 7.8 Hz, 1H), 7.45(d, J =
1.8 Hz, 1H), 7.44 (d, J = 7.8 Hz, 1H), 7.21 (t, J = 7.8 Hz, 1H), 7.14 (t, J = 7.8 Hz, 1H), 5.10 (m,
1H), 4.99 (m, 1H), 4.89 (qd, J = 7.2, 4.2 Hz, 1H), 3.09 (ddd, J = 12.0, 5.4, 2.4 Hz, 1H), 3.04 (td, J
=12.0, 4.2 Hz, 1H), 2.75-2.65 (m, 4H), 1.84 (td, J = 12.0, 5.4 Hz, 1H), 1.04 (d, J = 7.2 Hz, 3H).

13C NMR (125 MHz, CDCls): 8 199.7, 164.5, 149.0, 136.1, 132.9, 127.8, 122.4, 120.1, 118.4,
111.6, 111.5, 106.9, 69.1, 53.9, 53.6, 43.5, 29.4, 23.0, 21.3, 16.1.

IR (ATR) vmax (cm™2): 2980, 2928, 2849, 1717, 1647, 1579, 1455, 1427, 1322, 1305, 1278, 1220,
1195, 1149, 1006, 956, 932, 913, 878, 829, 771, 746, 688, 626, 604.

HRMS (ESI) [M+H]*: Calculated for [C20H21N203]*: 337.1552, found: 337.1564.

[a]?*p +24.7 (c 0.27, EtOH).

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ag): 314 (0), 269 (+15.06), 250 (+5.11), 237 (0), 223
(-14.60), 214 (-12.90).

UV (MeOH) Amax (nm): 226, 258, 282, 290.
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(+)-naucleidinal (59)

N1 8.01, brs 7.93,brs

2 - -

3 4.96,dd (J=5.2,1.6 Hz) 4.96,dd (J=5.4,2.0Hz)
5a 5.08, m 5.08, m

5b 3.12-2.98, m 3.11-2.99, m

6a 3.12-2.98, m 3.11-2.99, m

6b 2.76-2.64, m 2.66, m

7 - -

8 - -

9 7.48,d (J =8.0 Hz) 7.48,d (J =7.8 Hz)
10 7.12,td (J = 8.0 Hz) 7.12,td (J=7.6, 1.3 Hz)
1 7.20,t (J = 8.0 Hz) 7.20,td (J= 7.6, 1.3 Hz)
12 7.39,d (J=8.0Hz) 7.39,dd (J=7.6,1.3 Hz)
13 - -

14a 2.48,ddd (J= 13,6, 3.2, 2.0 Hz) 2.47,ddd (J=13.8, 3.6, 2.0
14b 1.86, td (J = 13.6, 5.6 Hz) 1.87,ddd (J=13.8,13.6,5.4
15 2.76-2.64, m 273, m

16 - -

17 7.51,d (J= 1.2 Hz) 7.51,d (J = 1.7 Hz)
18 1.47,d (J = 6.4 Hz, 3H) 1.47,d (J = 6.4 Hz, 3H)
19 3.90, dq (J = 10.4, 6.4 Hz) 3.90, dq (J = 10.0, 6.4 Hz)
20 2.34,td (J=10.4, 2.4 Hz) 2.34,ddd (J=10.3, 10.0, 2.5 Hz)
21 9.79,d (J= 2.4 Hz) 9.79,d (J = 2.5 Hz)
22 - -

experimental data

"H NMR
(400 MHz, CDCly)

reported datal®®!

H NMR
(400 MHz, CDClj)

experimental data

3C NMR

reported data
8C NMR

[35]

(150 MHz, CDCl3) (100 MHz, CDCl3)

132.71
53.45
43.51

21.22

111.66
127.68
118.46
120.14
122.45
111.48
136.08
29.52

27.62
107.91
150.79

19.50

71.65

56.57
200.85
164.64

132.55
53.28
43.34

21.05

111.57
127.55
118.32
120.02
122.32
111.32
135.94
29.39

27.47
107.77
150.62

19.35

71.50

56.42
200.60
164.40
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Bioinspired transformation; syntheses of naucleofficines D (60) and 111 (61):

o TBAF (2.0 equiv.)
AcOH (5.0 equiv.)

CeCl37H,0 (1.0 equiv.)
NaBH,4 (1.0 equiv.)

o THF ; MeOH/THF (2:1)
N -20t0 0°C, 24 h A~ o =20 °C, 20 min
ERE not further purified NI 76% (from 65)
“TBS H 60:61 = 2.1:1
strictosamide aglycone (-)-naucleaoral B (19) with 63 (10%)
silyl ether 65

(=)-naucleamide A (63) 17R; naucleofficine D (60)
17S; naucleofficine 11l (61)

To a solution of strictosamide aglycone silyl ether 65 (27.0 mg, 0.0599 mmol, 1.0 equiv.) in
anhydrous THF (600 uL, 0.1 M), acetic acid (17.1 pL, 0.300 mmol, 5.0 equiv.) and TBAF (1.0 M
in THF, 120 pL, 0.120 mmol, 2.0 equiv.) were added at —20 °C under an Ar atmosphere. The
reaction mixture was stirred for 12 h at —20 °C. The resulting mixture was stirred for an additional
12 hat 0 °C. The resulting mixture was quenched with saturated aqueous NaHCO3 solution at 0 °C.
The aqueous layer was extracted three times with EtOAc. The combined organic layer was washed
with brine, dried over Na2SO4, and concentrated under reduced pressure. To a solution of crude
materials in anhydrous THF (725 uL, 0.083 M) and MeOH (363 puL, 0.165 M), CeCls-7H.0 (22.3
mg, 0.0599 mmol, 1.0 equiv.) and NaBH, (2.3 mg, 0.060 mmol, 1.0 equiv.) were added at —20 °C
under an Ar atmosphere. The reaction mixture was stirred for 20 min at —20 °C. The resulting
mixture was quenched with 1 M aqueous HCI solution. The aqueous layer was extracted three
times with EtOAc. The combined organic layer was washed with brine, dried over Na;SQOa, and
concentrated under reduced pressure. PTLC (SiO2, 5% MeOH/CHCIs3) provided an inseparable
mixture of naucleofficines D (60) and Il (61) as a pale-yellow amorphous powder (15.5 mg,
0.0458 mmol, 76%) with 2.0 mg of (—)-naucleamide (63, 0.0059 mmol, 10%, pale-yellow
amorphous powder). *H and *C NMR spectral data of provided naucleofficines D (60) and 111 (61)

were identical to the reported data.[34d. 37

An inseparable mixture of naucleofficine D (60) and naucleofficine 111 (61)

'H and 3C NMR see page 113 and 114.

IR (ATR) vmax (cm™): 3277, 2921, 2857, 1747, 1712, 1606, 1472, 1448, 1360, 1322, 1267, 1220,
1159, 1138, 1079, 1038, 1022, 989, 910, 877, 816, 772, 740, 688, 645, 618.

HRMS (ESI) [M+Na]*: Calculated for [C20H22N2Na;O3]*: 361.1528, found: 361.1539.

UV (MeOH) Amax (nm): 204, 225, 283, 291.
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naucleofficine D (60)

N1

5a
5b

6a
6b

10
11
12
13

14a
14b

15
16
17
18
19

experimental data

H NMR
(600 MHz, (CD3),S0)

reported datal34dl

"H NMR
(400 MHz, (CD3),S0)

11.05, s 11.05, s
5.05, d (J = 5.4 Hz) 5.05, d (J = 5.7 Hz)
4.78.dd (J = 12.6, 5.4 Hz) 4.78,dd (J = 12.4, 5.4 Hz)
2.98,td (J=12.6, 4.8 Hz) 2.98,td (J = 12.4, 4.5 Hz)

2.82-2.62,m 2.80, m
2.60, dd (J = 15.0, 3.6 Hz) 2.60, dd (J = 15.0, 14.0 Hz)
7.37,d (J = 7.8 Hz) 7.37,d (J = 7.9 Hz)
6.97,t(J= 7.8Hz) 6.97,t(J=7.9 Hz)
7.05,t(J=7.8 Hz) 7.07,t(J=7.9 Hz)
7.33,d (J=7.8 Hz) 7.33,d (J= 7.9 Hz)
2.94-2.88, m 2.92,td (J = 13.6, 6.5 Hz)
2.26,d (J = 13.2 Hz) 2.26,d (J = 12.0 Hz)
2.82-2.62,m 2.72,m
2.42,t(J = 4.8 Hz) 2.42,dd (J = 5.0 Hz)
5.31-5.28, m 5.29,t (J = 4.3 Hz)
145,d(J=6.6Hz, 3H)  1.46,d (J= 6.7 Hz, 3H)
5.40, q (J = 6.6 Hz) 5.40, q (J = 6.7 Hz)
4.64,d (J = 12.6 Hz) 4.64,d (J=12.6 Hz)
3.67,d (J = 12.6 Hz) 3.67,d (J=12.6 Hz)
6.54,d (J = 3.0 Hz) 6.55, d (J = 3.5 Hz)

experimental data reported datal®4dl

3¢ NMR 3C NMR
(150 MHz, (CD3),S0) (100 MHz, (CD3),SO)

134.9 134.9
53.6 53.6
423 42.3
20.7 20.6
108.6 108.6
126.9 126.9
117.5 117.5
118.6 118.6
120.9 120.8
111.2 11.2
135.8 135.8
26.9 26.8
28.3 28.3
46.3 46.3
91.0 91.0
1.5 11.5
119.5 119.5
134.8 134.8
60.3 60.3
168.0 168.0
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naucleofficine 11l (61)

N1

5a
5b

6a
6b

7
8
9
10
1
12
13

14a
14b 2.07,ddd (J = 13.8, 5.4, 3.6 Hz)

15
16
17
18

experimental data

H NMR
(600 MHz, (CD3),S0)

11.03, brs
4.89,t(J=5.4Hz)

4.76,dd (J=11.4, 5.4 Hz)
2.94-2.88, m

2.82-2.62, m
2.82-2.62, m
7.39,d (J = 7.8 Hz)
6.97,t(J = 7.8 Hz)
7.06,t(J = 7.8 Hz)
7.33,d (J= 7.8 Hz)

2.94-2.88, m

2.82-2.62, m
2.45,t(J = 5.4 Hz)
5.31-5.28, m
1.60, d (J = 6.6 Hz, 3H)
5.44,q (J = 6.6 Hz)

6.33,d (J = 3.6 Hz)

reported datal®7a

H NMR
(400 MHz, (CD3),S0)

11.02, brs
4.89,d (J=5.7 Hz)

4.75,dd (J=12.5, 5.5 Hz)
2.93,td (J=12.5, 4.4 Hz)
2.82-2.77, m

2-2 m

77,
2.62-2.58

7.39,d (J = 7.9 Hz)
6.97,t(J=7.9 Hz)
7.04,t(J=7.9 Hz)
7.33,d (J=7.9 Hz)

92,td (J=1
07, dt(J=

NN

5, 6.
7.3.
2.74-2.70, m
2.46, dd (J = 5.9 Hz)
5.30,t (J = 5.4 Hz)
1.60, d (J = 6.7 Hz, 3H)
5.43,q (J = 6.7 Hz)

6.33,d (J = 4.6 Hz)

experimental data reported datal®7a
3C NMR 3C NMR
(150 MHz, (CD3),S0O) (100 MHz, (CD3),SO)
135.2 135.2
52.3 52.2
411 411
20.2 20.2
108.0 108.0
126.6 126.6
117.6 117.6
118.6 118.6
121.0 120.9
1111 111.1
136.0 136.0
28.4 28.2
28.7 28.7
47.6 47.6
92.4 92.4
12.5 11.5
119.9 119.9
134.5 134.5
66.4 66.3
167.8 167.8
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Bioinspired transformation; synthesis of (—)-nauclefiline (62):

TMSOTf (2.5 equiv.)

CH,Cl,
-78t00°C,2h
91%
17R; naucleofficine D (60) (-)-nauclefiline (62)
17S; naucleofficine Il (61)
(60:61 =2.1:1)

To asolution of a mixture of naucleofficines D and 111 (60 and 61, 7.8 mg, 0.023 mmol, 1.0 equiv.)
in CH,Cl, (310 uL, 0.074 M), TMSOTT (8.3 pL, 0.046 mmol, 2.0 equiv.) was added at —78 °C
under an Ar atmosphere. The reaction mixture was stirred for 1 h at 0 °C. To the resulting mixture,
additional TMSOT( (2.1 pL, 0.012 mmol, 0.5 equiv.) was added at 0 °C. The reaction mixture was
stirred for 1 h at 0 °C. The resulting mixture was quenched with saturated aqueous NaHCO3
solution. The aqueous layer was extracted three times with CHCIls. The combined organic layer
was dried over MgSQO, and concentrated under reduced pressure. The crude materials were purified
by PTLC (SiO2, 2% MeOH/CHCI5) to afford (—)-nauclefiline (62, 6.7 mg, 0.021 mmol, 91%) as a
yellow amorphous powder. All spectral data of provided (—)-nauclefiline (62) were identical with
reported data except optical rotation.[38

(—)-Nauclefiline (62)

'H and 3C NMR see page 116.

IR (ATR) vmax (cm™1): 3566, 3256, 2958, 2923, 2855, 2090, 1746, 1711, 1646, 1581, 1459, 1428,
1366, 1345, 1321, 1305, 1271, 1261, 1234, 1222, 1174, 1139, 1081, 1027, 984, 922, 905, 871, 799,
771, 736, 681, 654, 619.

HRMS (ESI) [M+H]*: Calculated for [C20H21N202]*: 321.1603, found: 321.1612.
[@]?*p —29.7 (c 0.30, MeOH).

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ae): 312 (0), 273 (+7.00), 254 (0), 243 (-2.81), 222 (~13.49),
210 (~10.57).

UV (MeOH) Amax (nm): 201, 226, 283, 291.
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19 21

(-)-nauclefiline (62)

N1

5a
5b

6a
6b

10
1"
12
13

14a
14b

15
16
17
18
19
20

21a
21b

22

experimental data

"H NMR
(400 MHz, (CD3),S0)

11.10, s

5.08,d (J=5.6 Hz)

7.39,d (J =8.0 Hz)
6.98,t(J = 8.0 Hz)
7.07,t(J = 8.4 Hz)
7.34,d (J= 9.2 Hz)

2.20,td (J=13.2,6.8 Hz)
2.69-2.60, m

2.81-2.74, m
7.33,s
1.59,d (J = 6.8 Hz)
5.66, q (J = 6.8 Hz)

reported datal38®!

"H NMR
(300 MHz, (CD3),S0)

11.05, s

5.07,d (J=5.7 Hz)

4.84,dd (J
2

12.3, 4.8 Hz)
96, td (J = 1

2.2, 4.4 Hz)

J
2
2

o~

.78, m
.65, m
7.40,d (J =7.5Hz)
6.98,t(J=7.5Hz)
7.06,t(J=8.1Hz)
7.36,d (J=7.8 Hz)

2.20,td (J=13.2, 6.6 Hz)
65, m

2.78,m
7.34,s

1.60, d (J = 6.9 Hz)

5.65, q (J = 6.9 Hz)

experimental data

3C NMR
(150 MHz, (CD3),S0)

1341
53.5
41.7

21.0

109.2
127.0
117.6
118.7
121.0
11.2
135.9
30.8

28.6
111.6
150.2

13.0
124.3
132.9
69.6

163.7

reported datal®8®!

3C NMR
(125 MHz, (CD3),S0)

134.0
53.4
41.7

20.9

109.1
126.9
117.5
118.6
120.9
1M11.2
135.9
30.7

28.5
111.5
150.1

12.9
124.2
132.8

69.5

163.7
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Bioinspired transformation; synthesis of (—)-naucleamide A (63):

TBAF (2.0 equiv.)

AcOH (5.0 equiv.) NaBH, (3.0 equiv.)

THF g MeOH/THF (1:4)
-20t0 0°C, 24 h A0 rt, 1h
not further purified \/\f 65%
strictosamide aglycone (-)-naucleaoral B (19)

silyl ether 65

(=)-naucleamide A (63)

To a solution of strictosamide aglycone silyl ether 65 (10.0 mg, 0.0222 mmol, 1.0 equiv.) in
anhydrous THF (222 uL, 0.1 M), acetic acid (6.3 pL, 0.11 mmol, 5.0 equiv.) and TBAF (44.4 uL,
0.444 mmol, 2.0 equiv.) were added at —20 °C under an Ar atmosphere. The reaction mixture was
stirred for 12 h at —20 °C. The resulting mixture was stirred for an additional 12 h at 0 °C. The
resulting mixture was quenched with saturated aqgueous NaHCO3 solution at 0 °C. The aqueous
layer was extracted three times with EtOAc. The combined organic layer was washed with brine,
dried over Na;SQOs, and concentrated under reduced pressure. To a solution of crude materials in
anhydrous THF (740 pL, 0.03 M) and MeOH (185 uL, 0.12 M), NaBHa4 (2.5 mg, 0.066 mmol, 3.0
equiv.) was added at room temperature under an Ar atmosphere. The reaction mixture was stirred
for 1 h at room temperature. The resulting mixture was quenched with saturated aqueous NaHCOs3
solution. The aqueous layer was extracted three times with EtOAc. The combined organic layer
was washed with brine, dried over Na>SQa, and concentrated under reduced pressure. PTLC (SiO»,
5% MeOH/CHCIs) provided (—)-naucleamide A (63, 4.9 mg, 0.014 mmol, 65%) as a pale-yellow
amorphous powder. All spectral data of provided (—)-naucleamide A (63) were identical with

reported data.[3%l

(—)-Naucleamide A (63)

'H and *C NMR see page 118.

IR (ATR) vmax (cm™2): 3210, 2915, 2883, 2857, 1748, 1606, 1577, 1452, 1430, 1344, 1303, 1265,
1221, 1158, 1073, 1044, 989, 972, 877, 815, 772, 739, 688, 645, 635, 625, 620.

HRMS (ESI) [M+Na]*: Calculated for [C20H24N2Na;O3]*: 363.1685, found: 353.1701.
[a]®b —116 (c 0.42, MeOH) [lit. [a]o —113].

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ag): 317 (0), 273 (+3.89), 245 (0), 240 (+0.88), 237 (0), 222
(-18.53), 209 (-4.20).
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UV (MeOH) Amax (nm) 202, 225, 275, 282, 291.

(-)-naucleamide A (63)

experimental data reported datal®%l experimental data reported datal®92l
"H NMR "HNMR 3C NMR 3C NMR
(600 MHz, CD;0D) (500 or 600 MHz, CD;0D) (150 MHz, CD30D) (100 or 125 MHz, CD3;0D)
2 - - 135.6 135.6
3 5.05, m 5.07, m 56.0 56.0
5a 4.97,ddd (J=12.0, 4.8, 1.8 Hz) 4.98,dd (J=12.2,5.0 Hz) 44.7 447
5b 3.08, td (J=12.0, 4.2 Hz) 3.10, dt (/= 12.2,4.2 Hz)
6a 3.04-2.98, m 3.02, m 229 22.9
6b 2.74, m 2.75, m
7 - - 111.2 111.2
8 - - 129.3 129.3
9 7.44,d (J =8.4Hz) 7.44,d (J =7.9 Hz) 119.5 119.5
10 7.03,ddd (J=8.4,7.2,1.2 Hz) 7.03,dd (J=7.9,7.2 Hz) 120.8 120.8
11 7.11, ddd (J = 8.4, 7.2, 1.2 Hz) 7.11, dd (J = 8.1, 7.2 Hz) 123.2 123.2
12 7.35,d (J = 8.4 Hz) 7.34,d (J=8.1Hz) 112.9 112.9
13 - - 138.7 138.8
14a 2.58,ddd (J =13.8, 11.4, 6.0 Hz) 2.60, ddd (J = 14.1, 11.1, 5.9 Hz) 325 325
14b 2.41,dt (J=13.8, 3.6 Hz) 2.42,dt (J=14.1,3.7 Hz)
15 3.04-2.98, m 3.03,m 329 33.0
16 2.79,ddd (J=10.8,54,3.6 Hz) 2.81,ddd (J=10.6, 5.2, 3.8 Hz) 48.7 48.8
17a 3.91,dd (J=10.8, 3.6 Hz) 3.91,dd (J=11.0, 3.8 Hz) 62.9 62.9
17b 3.58, dd (J=10.8, 5.4 Hz) 3.59,dd (J = 11.0, 5.2 Hz)
18 1.59, d (J = 6.6 Hz) 1.60,d (J = 6.9 Hz) 14.0 14.0
19 5.75,q (J=6.6 Hz) 5.75,q (J = 6.9 Hz) 127.0 126.9
20 - - 141.0 141.1
21a 4.14,s 4.15,s 66.0 64.8
21b (2H) (2H)
22 - - 175.0 175.0
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Bioinspired transformation; synthesis of (-)-naucleamide E (64):

DDQ (1.2 equiv.)

0 °C, 20 min
75%

(=)-naucleamide A (63) (-)-naucleamide E (64)

Naucleamide E (64) was synthesized according to a previous report by Jia.[*) To a solution of (-)-
naucleamide A (63, 6.0 mg, 0.018 mmol, 1.0 equiv.) in anhydrous CH,CI; (3 mL, 0.06 M), DDQ
(48 mg, 0.021 mmol, 1.2 equiv.) was added at 0 °C under an Ar atmosphere. The reaction mixture
was stirred for 20 min at 0 °C. The resulting mixture was quenched with saturated aqueous
NaHCOs solution at 0 °C. The aqueous layer was extracted three times with CHCIs. The combined
organic layer was washed with brine, dried over Na,SO4, and concentrated under reduced pressure.
The crude materials were purified by PTLC (SiO,, CH2CI/EtOAc/MeOH 2:1:0.5) to afford (—)-
naucleamide E (64, 4.5 mg, 0.013 mmol, 75%) as a pale-yellow amorphous powder. All spectral
data of provided (—)-naucleamide E (64) were identical with reported data.[%!

(—)-Naucleamide E (64)

'H and 3C NMR see page 120.

IR (ATR) vmax (cm™2): 2920, 2851, 1746, 1617, 1415, 1350, 1298, 1272, 1220, 1153, 1094, 1046,
1029, 1000, 964, 923, 856, 815, 772, 743, 689, 662, 619.

HRMS (ESI) [M+Na]*: Calculated for [C20H22N2Na10s]*: 361.1528, found: 361.1522.
[@]%p —48.5 (c 0.51, MeOH) [lit. [o]o —40].
CD (0.3 mM, MeOH, 23 °C) A (nm) (Ag): 278 (0), 232 (-15.01), 219 (0), 213 (+2.28), 207 (+1.25).

UV (MeOH) Amax (nM): 201, 223, 275, 282, 291.
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(-)-naucleamide E (64)

5a
5b

6a
6b

10
1
12
13

14a
14b

15
16

17a
17b

18
19
20

21a
21b

22

experimental data

"H NMR
(400 MHz, CD50D)

7.51,dt (J = 7.6, 1.2 Hz)

7.05,ddd (J=7.6,7.2,1.2 Hz)

7.16,ddd (J=8.0,7.2, 1.2 Hz)

2

7.37,dt (J = 8.0, 1.2 Hz)

.63,ddd (J =
2.30,dd (J

3.59, brt(J=3.2Hz)

3.2, 2.8 Hz)

2.57,dd (J = 8.8, 4.0 Hz)

3.98, dd (J = 11.2, 4.0 Hz)
3.84,dd (J = 11.2, 8.8 Hz)

1.77,dd (J = 6.8, 2.0 Hz)
5.54,q (J = 6.8 Hz)

13.2, 3.6, 1.6 Hz)
=1

reported datal3%a

"H NMR
(500 or 600 MHz, CD5;0D)

7.51,d (J = 7.7 Hz)

7.05,dd (J = 7.7, 7.3 Hz)

7.16,dd (J= 8.1, 7.3 Hz)
7.37,d (J = 8.1 Hz)

2.63, dd (J
2.30, dd (J

13.3, 4.7 Hz)
13.3, 3.2 Hz)
3.58,dd (J= 4.7, 3.2)
2.58, dd (J = 8.7, 4.3 Hz)

3.98, dd (J = 11.0, 4.3 Hz)
3.84, dd (J = 11.0, 8.7 Hz)

1.77,d (J = 6.8 Hz)
5.54, q (J = 6.8 Hz)

experimental data

8C NMR 3C NMR
(150 MHz, CD30D) (100 or 125 MHz, CD50D)
134.6 135.0
84.4 84.2
38.2 37.8
23.0 22.7
11.7 11.1
127.9 127.7
120.4 120.2
120.9 or 121.0 120.7
124.2 124.0
113.3 113.0
139.0 138.6
35.1 34.9
30.7 30.5
52.7 52.5
64.7 64.3
13.0 12.7
120.9 or 121.0 120.7
138.0 137.1
67.8 67.6
173.9 173.1

reported datal3%a
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Organocatalytic Michael reaction/Fukuyama reduction/spontaneous cyclization:

Ph
Ph
N omms
cat. 7 (3 mol%)
T""S\\ n-butylaldehyde ~ TMS \ PdIC (15 mol%) ~ TMS
N ‘ (78, 1.0 equiv.) \CcHO Et3SiH (4.5 equiv.)
MeO o Etgo MeO (o] THF MeO
O SEt 0°C,40h o SEt rt, 9.5h

anti:syn = 11:1 , 85% (2 steps)

6 (E:Z=1:1) anti-adduct 81

(d.r. =4:1)

(d.r. =1:1)
To a solution of an E and Z mixture of half thioester malonate derivative 6[*% (500 mg, 1.85 mmol,
1.0 equiv.) and diphenylprolinol trimethyl silyl ether (18.0 mg, 0.0555 mmol, 0.03 equiv.) in Et,0
(9.2 mL, 0.2 M), n-butyraldehyde (78, 167 pL, 1.85 mmol, 1.0 equiv.) was added at 0 °C under an
Ar atmosphere. The reaction mixture was stirred for 40 h at 0 °C. The resulting mixture was
concentrated under reduced pressure. Crude *H NMR revealed that anti-adduct 81 was the main
product (diastereomer ratio of 81; anti:syn = 11:1). The crude materials of 81 were solved to
degassed THF (3.7 mL, 0.5 M), then 10% Pd/C (197 mg, 0.185 mmol, 0.10 equiv.) and Et;SiH
(886 uL, 5.55 mmol, 3.0 equiv.) were added at 0 °C under an Ar atmosphere. The reaction mixture
was stirred for 4.5 h at room temperature whereafter an additional 10% Pd/C (98.4 mg, 0.0924
mmol, 0.05 equiv.) and EtsSiH (443 uL, 2.77 mmol, 1.5 equiv.) were added at room temperature
under an Ar atmosphere. This was stirred for 5 h at room temperature before the addition of 1 M
aqueous HCI (3.7 mL). The resulting mixture was stirred for a further 18 h at room temperature
before filtration with a Celite pad eluted with EtOAc and partitioned between an EtOAc layer and
an aqueous layer. The aqueous layer was extracted three times with EtOAc. The combined organic
layer was dried over MgSQO4 and concentrated under reduced pressure. Flash chromatography
(Si0O,, 5-20% EtOAc/n-hexane gradient) afforded two diastereomers of dihydropyran 83 (444.5

mg, 1.57 mmol, 85% over two steps, d.r. = 4:1) as a yellow waxy solid.

Compound 83 (diastereomer mixture; d.r. = 4:1)

IH NMR (500 MHz, CDCls): § 7.53 (s, 1H), 7.46 (s, 1H), 5.36 (dd, J = 12.0, 1.5 Hz, 1H), 5.22 (t,
J=75Hz, 1H), 4.85 (d, J = 7.5 Hz, 1H), 3.77 (s, 3H), 3.75 (s, 3H), 3.58 (d, J = 5.0 Hz, 1H), 3.55
(d, J = 5.0 Hz, 1H), 3.34 (d, J = 7.5 Hz, 1H), 1.85-1.71 (m, 3H), 1.64-1.53 (m, 3H), 1.05 (t, J =
7.0 Hz, 3H), 1.02 (t, J = 7.0 Hz, 3H), 0.14 (s, 9H), 0.12 (s, 9H).

13C NMR (125 MHz, CDCls): 8 166.9, 166.7, 153.3, 152.5, 107.2, 106.3, 104.0, 103.7, 97.1, 96.3,
90.1, 87.9, 51.7, 51.6, 42.2, 39.9, 26.8, 23.6, 21.6, 20.4, 11.4, 11.0, 0.17 (3C), 0.12 (3C).

IR (ATR) vmax (cm™2): 3370, 2953, 1672, 1629, 1444, 1383, 1311, 1247, 1204, 1148, 1125, 1100,
1030, 1015, 981, 945, 908, 879, 835.

HRMS (ESI) [M+Na]*: Calculated for [C14H22Na;104Si1]*: 305.1185, found: 305.1145.
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TBS protection and TMS deprotection of compound 83:

TBSCI (2.25 equiv.)
AgNO; (2.6 equiv.)

DMF
rt., 3.75h
87%
single isomer

84 (>99% ee)
(d.r. =4:1)

To a solution of two diastereomers of dihydropyran 83 (1.00 g, 3.54 mmol, 1.0 equiv.) in dry DMF
(11.8 mL, 0.3 M), AgNOs (782 mg, 4.60 mmol, 1.3 equiv.) and TBSCI (801 mg, 5.31 mmol, 1.5
equiv.) were added at 0 °C under an Ar atmosphere. The reaction mixture was stirred for 1 h at
room temperature under an Ar atmosphere. Additional AgNOs (391 mg, 2.30 mmol, 0.65 equiv.)
and TBSCI (400 mg, 2.66 mmol, 0.75 equiv.) were then added under an Ar atmosphere. The
reaction mixture was stirred for 2.5 h at room temperature. Additional AgNO3 (391 mg, 2.30 mmol,
0.65 equiv.) was then added under an Ar atmosphere and the mixture was stirred for 15 min at
room temperature. The resulting mixture was directly filtered through a short plug of silica gel
(SiOy) eluted with 20% EtOAc/n-hexane and the filtrate was added to saturated aqgueous NaHCO3
solution. The aqueous layer was extracted three times with EtOAc. The combined organic layer
was washed four times each with water and brine, dried over MgSQa, and concentrated under
reduced pressure. Flash chromatography (SiO2, 1% EtOAc/n-hexane) afforded 84 (1.0 g, 3.08
mmol, 87%) as a colorless oil. Enantiomeric excess was determined to be over 99% ee by HPLC
analysis (Chiralcel OD-H column) (see page 123). Results for compound 84: 1.5% i-PrOH/n-

hexane, 0.500 mL/min; major enantiomer tg = 7.27 min, minor enantiomer tg = 8.30 min.

Compound 84

IH NMR (400 MHz, CDCls): § 7.48 (s, 1H), 5.18 (d, J = 8.4 Hz, 1H), 3.75 (s, 3H), 3.56 (dd, J =
5.2, 2.4 Hz, 1H), 2.15 (d, J = 2.4 Hz, 1H), 1.78 (m, 1H), 1.59 (m, 1H), 1.47 (m, 1H), 1.00 (t, J =
7.2 Hz, 3H), 0.93 (s, 9H), 0.15 (s, 3H), 0.15 (s, 3H).

13C NMR (100 MHz, CDCls): 8 167.1, 153.9, 106.6, 97.6, 82.4, 71.4, 51.6, 42.5, 25.8, 20.3, 18.1,
11.1,-4.1,-51.

IR (ATR) vmax (cm™2): 3315, 3269, 2954, 2931, 2883, 2858, 1714, 1639, 1462, 1437, 1392, 1298,
1254, 1228, 1167, 1130, 1088, 1001, 949, 924, 879, 837, 781, 764, 679, 663, 638, 617.

HRMS (ESI) [M+Na]*: Calculated for [C17H2sNa104Si1]*: 347.1655, found: 347.1669.
[a]?p —235.6 (¢ 0.71, CHCls).
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Ihdeyz D510 - hiyaec 001

T Column: Chiralpak OD-H column
Flow rate: 0.500 mL/min
“"" Solvent: 1.5% i-PrOH/n-hexane
Racemic 84 Retention time: For major enantiomer tz = 7.38 min

For minor enantiomer tg = 9.07 min
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Chiral HPLC chromatogram of 84
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Synthesis of secologanin derivative 76:

9-BBN (1.2 equiv.)
THF, rt, 25h

then
aqg. NaOH (1.0 equiv.)
ag. H,0, (5.0 equiv.)
84 r.t., 80 min
84%

To a solution of alkyne 84 (1.00 g, 3.08 mmol, 1.0 equiv.) in anhydrous THF (10.3 mL, 0.3 M), 9-
BBN (1.0 M in THF solution, 7.40 mL, 3.70 mmol, 1.2 equiv.) was added under an Ar atmosphere.

The reaction mixture was stirred for 2.5 h at room temperature. The resulting mixture was quenched
with H20 (1.0 mL) and then stirred for an additional 10 min. To the resulting mixture, 30% aqueous
H20 (1.57 mL, 15.4 mmol, 5.0 equiv.) and 1.0 M aqueous NaOH solution (3.08 mL, 3.08 mmol,
1.0 equiv.) were added at 0 °C. This reaction mixture was stirred for 80 min at room temperature
under an Ar atmosphere. After the addition of saturated aqueous NH4CI, the aqueous layer was
extracted three times with EtOAc. The combined organic layer was washed with brine, dried over
MgSQ,, and concentrated under reduced pressure. Flash chromatography repeated three times
(SiO2, 5-50% EtOAc/n-hexane gradient then 10% MeOH/CHCIs) afforded secologanin derivative
76 (887 mg, 2.59 mmol, 84%) as a colorless oil.

Secologanin derivative 76

IH NMR (400 MHz, CDCls): § 9.76 (dd, J = 3.2, 2.0 Hz, 1H), 7.49 (s, 1H), 5.06 (d, J = 7.6 Hz,
1H), 3.69 (s, 3H), 3.30 (dt, J = 7.6, 5.2 Hz, 1H), 2.48 (ddd, J = 15.2, 5.2, 2.0 Hz, 1H), 2.35 (ddd, J
= 15.2, 7.6, 3.2 Hz, 1H), 1.74-1.59 (m, 2H), 1.15 (m, 1H), 0.98 (t, J = 7.2 Hz, 3H), 0.91 (s, 9H),
0.14 (s, 3H), 0.13 (s, 3H).

13C NMR (150 MHz, CDCls): 5 201.6, 167.7, 154.0, 108.5, 96.4, 51.4,45.1,43.6, 26.8, 25.8, 19.3,
18.1,11.5,4.2,-5.1.

IR (ATR) vmax (cm™1): 2954, 2931, 2887, 2858, 1703, 1633, 1466, 1439, 1385, 1362, 1309, 1281,
1254, 1167, 1138, 1101, 1080, 1007, 918, 874, 837, 781, 675, 640.

HRMS (ESI) [M+Na]*: Calculated for [C17H30Na10sSi1]*: 365.1760, found: 365.17609.
[a]®p -141.1 (c 1.89, CHCl3).
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Coupling reaction of 4-methoxyindole (79) and azirizine 80:

o
OMe OMe H \\\
B.\\COZMe Yb(OTf)3 (1.5 equiv.) <~ TOMe g, LiOH (3.0 equiv.)
({ Z—/\ + N
N\ cb? CH,Cly \} HN-cbz THF/H,0 (10:1)
H rt., 3 days N rt, 25h
79 (2.0 equiv.) 80 (1.0 equiv.) 8% rr. =6.7:1 85
o CICO,Et (1.4 equiv.) o
OMe g \_ Et3N (3.0 equiv.) OMe y \_
< TOH THF, 0 °C, 30 min < TNH,
\y HN-chz then \y HN-cp
H aqg. NH4CI (1.5 equiv.) H
88 0 K)C, 20 min 89

78% (2 steps)

To a solution of known aziridine 8071 (1.00 g, 4.25 mmol, 1.0 equiv.) and 4-methoxyindole (79,
1.25¢, 8.5 mmol, 2.0 equiv.) in CHxCl> (17 mL, 0.25 M), Yb(OTf)3 (2.64 g, 4.3 mmol, 1.0 equiv.)
was added under an Ar atmosphere. The reaction mixture was stirred for 24 h at room temperature
under an Ar atmosphere in the dark. To the resulting mixture, additional Yb(OTf)s (1.32 g, 2.1
mmol, 0.5 equiv.) was added followed by stirring for a further 48 h at room temperature. The
mixture was then quenched with saturated agueous NaHCOs and the resulting mixture was filtered
through a Celite pad eluted with CHCIs. The filtrate was extracted three times with CHCIs. The
combined organic layer was dried over Na,SO4 and then concentrated under reduced pressure.
Flash chromatography (SiO,, 22-28% EtOAc/n-hexane gradient) provided an inseparable
regioisomer mixture of 85 (780 mg, 2.04 mmol, r.r. = 6.7:1). To a solution of a mixture of 85 in
aqueous THF (THF/H,O = 10:1, 34 mL, 0.06 M), 2 M aqueous LiOH (3.06 mL, 6.1 mmol, 3.0
equiv.) was added at room temperature under an Ar atmosphere. The reaction mixture was stirred
for 2.5 h at room temperature before quenching with 2 M aqueous HCI (pH 2). Brine was added to
the resulting mixture and the aqueous layer was extracted three times with EtOAc. The combined
organic layer was dried over Na;SO4 and concentrated under reduced pressure. Obtained crude
materials were dissolved in anhydrous THF (40.8 mL, 0.05 M), then ethyl chloroformate (272 uL,
2.9 mmol, 1.4 equiv.) and triethylamine (853 pL, 6.12 mmol, 3.0 equiv.) were added at 0 °C under
an Ar atmosphere. The reaction mixture was stirred for 30 min at 0 °C. To the resulting mixture
was added 1.0 M aqueous NH4CI (3.06 mL, 3.06 mmol, 1.5 equiv.) at 0 °C. The reaction mixture
was stirred for an additional 20 min at 0 °C. It was then quenched with saturated aqueous NaHCOs3,
and the aqueous layer was extracted three times with EtOAc. The combined organic layer was
washed with brine, dried over Na,SO., and concentrated under reduced pressure. Flash
chromatography (SiO., 2-5% MeOH/CHCI; gradient) afforded amide 89 (607.5 mg, 1.65 mmol,

39% over three steps) as a white amorphous powder.
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Compound 89

IH NMR (400 MHz, (CD3)2SO):  10.8 (br s, 1H), 7.34-7.19 (m, 5H), 7.03 (br s, 1H), 6.96-6.92
(m, 3H), 6.44 (d, J = 6.4 Hz, 1H), 4.95 (s, 2H), 4.23 (dt, J = 8.8, 4.4 Hz, 1H), 3.84 (s, 3H), 3.28 (dt,
J=14.4,3.6 Hz, 1H), 2.98 (ddd, J = 14.4, 10.0, 3.2 Hz, 1H).

13C NMR (150 MHz, (CD3)2S0): 5 174.2, 155.8, 154.1, 137.8, 137.1, 128.4, 127.7, 127.4, 122.2,
121.8,117.0, 110.6, 105.0, 98.9, 65.2, 56.2, 55.1, 39.9, 39.8, 39.7, 39.5, 39.4, 39.2, 39.1, 29.3.

IR (ATR) vimax (cM™1): 3448, 3338, 2945, 2480, 1674, 1620, 1589, 1525, 1502, 1423, 1356, 1313,
1257, 1153, 1095, 1039, 966, 910, 860, 775, 752, 735, 719, 694, 617.

HRMS (ESI) [M+Na]*: Calculated for [C2oH21N3sNa;O4]*: 390.1430, found: 390.1435.
[@]?p +2.6 (c 0.31, MeOH).
UV (MeOH) Amax (nm): 220, 265, 281, 291.
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Synthesis of (R)-4-methoxy-a-cyanotryptamine (77):

(0}
OMe y\_ OMe 4 ¢y Pd/C (10 mol%) OMe  H cN
~TNH;  POCI; (2.3 equiv.) \//< A~ H, (1 atm) \
HN- NH
\y HN-cp pyridine N\ Cbz 1,4-dioxane N\ ’
H 0 °C, 50 min H rt, 13 h H
89 88% 00 84% 77

To a solution of amide 89 (607.5 mg, 1.65 mmol, 1.0 equiv.) in anhydrous pyridine (11 mL, 0.15
M), phosphoryl chloride (355 pL, 3.80 mmol, 2.3 equiv.) was added at O °C under an Ar
atmosphere. The reaction mixture was stirred for 50 min at 0 °C. MeOH was added at 0 °C to the
resulting mixture and stirred for 10 min, followed by concentration under reduced pressure. The
resulting mixture was dissolved in Et;O, and the organic layer was washed with 1 M aqueous
NaOH three times, brine, dried over Na;SOs4, and then concentrated under reduced pressure. Flash
chromatography (SiO2, 1% MeOH/CHCIs) gave a dehydrated compound 90 (510 mg, 1.46 mmol,
88%). To a solution of the dehydrated compound 90 (500 mg, 1.43 mmol, 1.0 equiv.) in degassed
1,4-dioxane (10.4 mL, 0.14 M), 10% Pd/C (152 mg, 0.143 mmol, 0.1 equiv.) was added at room
temperature under an Ar atmosphere. The resulting mixture was purged with a stream of hydrogen
and the reaction mixture was stirred for 13 h at room temperature under a H, atmosphere. The
resulting mixture was filtered with a Celite pad eluted with CHCls. The filtrate was concentrated
under reduced pressure and the resulting residue was purified by flash chromatography (SiO2, 60%
EtOAc/n-hexane then 5% MeOH/CHCIs) to afford (R)-4-methoxy-a-cyanotryptamine (77, 260.0
mg, 1.21 mmol, 84%) as a pale-pink amorphous powder.

(R)-4-Methoxy-a-cyanotryptamine (77)

IH NMR (600 MHz, CDCls): & 8.22 (br s, 1H), 7.11 (t, = 7.8 Hz, 1H), 7.00 (d, J = 2.4 Hz, 1H),
6.98 (d, J = 7.8 Hz, 1H), 6.52 (d, J = 7.8 Hz, 1H), 4.18 (t, J = 7.2 Hz, 1H), 3.93 (s, 3H), 3.33 (dd,
J=13.8, 7.2 Hz, 1H), 3.27 (dd, J = 13.8, 7.2 Hz, 1H).

13C NMR (150 MHz, CDCls): 8 154.4, 138.2, 123.3, 122.6, 122.5, 117.0, 110.0, 104.9, 99.8, 55.3,
45.4, 33.6.

IR (ATR) vmax (cm™1): 3363, 3194, 2914, 1741, 1587, 1547, 1510, 1431, 1356, 1257, 1167, 1132,
1086, 1053, 955, 895, 852, 814, 683, 623.

HRMS (ESI) [M-CNJ*: Calculated for [C11H1aN201]*: 189.1028, found: 189.1025.
[0]%5 ~15.0 (¢ 1.96, CHCla).
UV (MeOH) Amax (nM): 220, 267, 281, 290.
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Diastereoselective Pictet-Spengler reaction using (R)-4-methoxy-a-cyanotryptamine (77)
and secologanin aglycone derivative 76:

OMe H

77 (1.0 equiv.)
TFA (0.5 equiv.)
MS 4A (300 wt%)

CH,Cl,

0 °C, 30 min
quant.

76 single isomer

To a solution of secologanin derivative 76 (320 mg, 0.934 mmol, 1.0 equiv.), (R)-4-methoxy-a.-
cyanotryptamine (77, 201 mg, 0.934 mmol, 1.0 equiv.), and powdered MS 4A (1 g, 300 w/w9%) in
CHClI; (18.7 mL, 0.05 M), TFA (1.0 M in CH2Cly, 467 uL, 0.467 mmol, 0.5 equiv.) was added at
0 °C under an Ar atmosphere. The reaction mixture was stirred for 30 min at 0 °C. The resulting
mixture was filtered through a cotton plug with CHCI; and the filtrate was added to an excess
amount of saturated aqueous NaHCOj3 solution at 0 °C. The aqueous layer was extracted three
times with CHCls. The combined organic layer was dried over Na SO, and concentrated under
reduced pressure. Flash chromatography (SiO2, 15% EtOAc/n-hexane) afforded 91 (504.3 mg,

0.934 mmol, quantitative yield, single diastereomer) as a white amorphous powder.

Compound 91

'H NMR (600 MHz, CDCls): § 7.82 (br s, 1H), 7.59 (s, 1H), 7.04 (t, J = 7.8 Hz, 1H), 6.91 (d, J =
7.8 Hz, 1H), 6.47 (d, J = 7.8 Hz, 1H), 5.26 (d, J = 9.0 Hz, 1H), 4.37 (dd, J = 4.2, 3.6 Hz, 1H), 4.07
(ddd, J =10.8, 3.6, 1.8 Hz, 1H), 3.88 (s, 3H), 3.79 (s, 3H), 3.35-3.29 (m, 2H), 2.97 (dt, J = 12.0,
4.2 Hz, 1H), 1.79 (ddd, J = 12.6, 11.4, 3.0 Hz, 1H), 1.73-1.63 (m, 2H), 1.55 (td, J = 12.6, 2.4 Hz,
1H), 1.18 (m, 1H), 0.98 (t, J = 7.2 Hz, 3H), 0.93 (s, 9H), 0.19 (s, 3H), 0.18 (s, 3H).

13C NMR (150 MHz, CDCls): § 169.3, 154.6, 154.4, 137.4, 132.4, 122.8, 120.0, 117.5, 109.0,
105.6, 104.3, 100.0, 97.2, 55.3, 52.2, 46.8, 44.4, 43.8, 36.9, 27.8, 26.9, 25.8, 20.2, 18.1, 11.1, -3.9,
-4.9.

IR (ATR) vmax (cm™2): 3328, 2928, 1688, 1630, 1572, 1509, 1463, 1437, 1384, 1357, 1312, 1279,
1254, 1207, 1167, 1137, 1102, 1029, 1018, 974, 938, 892, 871, 837.

HRMS (ESI) [M+H]*: Calculated for [C29H42N3OsSi1]*: 540.2894, found: 540.2859.
[@]?p —230.1 (c 0.85, CHCls).
UV (MeOH) Amax (nm): 225, 292.
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Reductive decyanation of compound 91:

OMe

NaBH3CN (20 equiv.)
AcOH (10 equiv.)

MeOH
rt, 60 h
78%

Acetic acid (266 pL, 4.63 mmol, 5.0 equiv.) and sodium cyanoborohydride (582 mg, 9.26 mmol,
10 equiv.) were added to a solution of 91 (500 mg, 0.926 mmol, 1.0 equiv.) in MeOH (4.6 mL, 0.2
M) at room temperature under an Ar atmosphere. The reaction mixture was stirred for 24 h at room
temperature. To the resulting mixture, additional acetic acid (266 pL, 4.63 mmol, 5.0 equiv.) and
sodium cyanoborohydride (582 mg, 9.26 mmol, 10 equiv.) were added under an Ar atmosphere.
The reaction mixture was stirred for a further 36 h at room temperature. The resulting mixture was
guenched with saturated aqueous NaHCO3 solution at 0 °C. The aqueous layer was extracted three
times with EtOAc. The combined organic layer was washed with brine, dried over Na,SOs, and
concentrated under reduced pressure. The crude materials were filtered through a short plug of
amino silica gel (SiO2-NH), eluted with 5% MeOH/CHClIs, to remove an excess amount of sodium
cyanoborohydride. Flash chromatography (SiO2, 25% EtOAc/n-hexane then 20% MeOH/CHCI3)
afforded the 9-methoxystrictosidine derivative 75 (371.6 mg, 0.722 mmol, 78%, white amorphous
powder) with 80.5 mg of starting material 91 (0.149 mmol, 16%).

9-Methoxystrictosidine derivative 75

IH NMR (600 MHz, CDCls):  8.33 (br s, 1H), 7.55 (s, 1H), 7.02 (t, J = 7.8 Hz, 1H), 6.94 (d, J =
7.8 Hz, 1H), 6.46 (d, J = 7.8 Hz, 1H), 5.23 (d, J = 8.4 Hz, 1H), 4.01 (dd, J = 9.0, 3.0 Hz, 1H), 3.88
(s, 3H), 3.74 (s, 3H), 3.29 (m, 1H), 3.05-2.95 (M, 4H), 1.92 (ddd, J = 13.8, 10.8, 3.6 Hz, 1H), 1,71~
1.61 (m, 2H), 1.52 (ddd, J = 13.8, 10.2, 3.6 Hz, 1H), 1.27 (m, 1H), 0.99 (t, J = 7.2 Hz, 3H), 0.92
(s, 9H), 0.17 (s, 3H), 0.16 (s, 3H).

13C NMR (150 MHz, CDCls): § 169.3, 154.8, 154.6, 137.3, 133.6, 122.3, 117.5, 109.8, 108.6,
104.5,99.9,97.3,55.4,51.8,50.5, 44.4,42.1, 36.7, 28.0, 25.8, 24.2, 20.1, 18.1, 11.6, -4.0, -5.0.

IR (ATR) vmax (cm™2): 2933, 2850, 1698, 1630, 1510, 1460, 1436, 1383, 1357, 1308, 1276, 1252,
1166, 1137, 1096, 1031, 1007, 975, 950, 927, 908, 872, 861, 836, 825.

HRMS (ESI) [M+H]*: Calculated for [C2sH43N20sSiq]*: 515.2941, found: 515.2955.
[@]?p —189.9 (c 0.93, CHCl5).
UV (MeOH) Amax (nM): 223, 292.
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Bioinspired transformation; synthesis of (-)-mitragynine (71):
OMe OMe

PtO, (100 wt%)
H, (1 atm)

TBAF (2.0 equiv.)
AcOH (5.0 equiv.)

THF MeOH, r.t., 1 h

-20°C,5h

74
(enol form)

1) CH(OMe); (1.65 equiv.)
p-TsOH-H,0 (3.8 equiv.)
MeOH, 70 °C, 16 h

2) t-BuOK (3.0 equiv.)
DMF, r.t., 45 min
55% (4 steps)
71:72 = 3.2:1

(+)-speciogynine (72) (=)-mitragynine (71) 92

(shows only enol form)

To a solution of 9-methoxystrictosidine derivative 75 (150 mg, 0.291 mmol, 1.0 equiv.) in degassed
anhydrous THF (2.9 mL, 0.1 M), acetic acid (83.3 uL, 1.46 mmol, 5.0 equiv.) and TBAF (1.0 M
in THF, 583 pL, 0.583 mmol, 2.0 equiv.) was added at —20 °C under an Ar atmosphere. The
reaction mixture was stirred for 5 h at —20 °C. The resulting mixture was directly filtered through
a short plug of silica gel (SiOz) eluted with 40% EtOAc/n-hexane. The residue of 74 was dissolved
in degassed MeOH (14.6 mL, 0.02 M) to which added PtO, (150 mg, 100 wt%) at room
temperature under an Ar atmosphere. The resulting mixture was purged with a stream of hydrogen
and the reaction mixture was stirred for 1 h at room temperature under a H, atmosphere. The
resulting mixture was filtered with a Celite pad with EtOAc, and the filtrate was concentrated under
reduced pressure. The resulting residue of 92 was dissolved in degassed MeOH (14.6 mL, 0.02 M)
to which added CH(OMe)3 (52.7 uL, 0.481 mmol, 1.65 equiv.) and p-TsOH-H>O (211 mg, 1.11
mmol, 3.8 equiv.), and the mixture was stirred at 70 °C for 16 h. The resulting mixture was
guenched with saturated aqueous NaHCOs solution and was concentrated under reduced pressure.
The aqueous layer was extracted three times with CHCIs. The combined organic layer was dried
over Na SO, and concentrated under reduced pressure. The crude materials were dissolved in dry
degassed DMF (5.8 mL, 0.05 M) to which added t-BuOK (98.1 mg, 0.874 mmol, 3.0 equiv.) at
0 °C under an Ar atmosphere. The reaction mixture was stirred for 45 min at room temperature
under an Ar atmosphere. The resulting mixture was quenched with water and the aqueous layer
was extracted three times with CHCIs. The combined organic layer was dried over Na;SO4 and
concentrated under reduced pressure. Flash chromatography (SiO., 25-45% EtOAc/n-hexane
gradient then 5% MeOH/CHCIs) afforded (—)-mitragynine (71, 48.7 mg, 0.122 mmol, 42% over

four steps, yellow amorphous powder) and (+)-speciogynine (72, 15.2 mg, 0.0381 mmol, 13% over
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four steps, yellow amorphous powder). All spectral data of the obtained (—)-mitragynine (71) and

(+)-speciogynine (72) were identical to those of natural products. ["°]

(—)-Mitragynine (71)

'H and 3C NMR see page 132.

IR (ATR) vmax (cm™1): 3359, 2926, 1697, 1622, 1567, 1508, 1461, 1434, 1350, 1273, 1253, 1188,
1170, 1146, 1104, 1078, 1020, 977, 903, 885, 862.

HRMS (ESI) [M+H]*: calculated for [C23H31N204]*: 399.2284, found: 399.2291.
[@]?*0 —103.1 (c 0.57, CHCls) [lit. [a]**p 126 (c 1.2, CHCI5)].

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ag): 320 (0), 291 (+2.27), 283 (+2.15), 273 (+2.45), 261 (0),
239 (-8.18), 229 (~7.33), 219 (~11.32), 206 (0).

UV (MeOH) Amax (NM): 224, 292.

(+)-Speciogynine (72)

'H and **C NMR see page 133.

IR (ATR) vmax (cm™): 3363, 2931, 2846, 2796, 2736, 1699, 1633, 1568, 1508, 1460, 1434,
1355, 1335, 1317, 1276, 1252, 1222, 1187, 1144, 1102, 1013, 989, 915, 894, 862, 834, 810.

HRMS (ESI) [M+H]*: Calculated for [C2sHaiN204]*: 399.2284, found: 399.2273.
[0]%p +17.0 (¢ 1.02, CHCl5) [lit. []%p +26.8 (c 0.85, CHCI)].

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ag): 309 (0), 291 (2.93), 281 (3.56), 269 (4.47), 253
(3.36), 237 (9.55), 230 (0), 219 (~20.57), 203 (0).

UV (MeOH) Amax (Nm): 225, 291.
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(=)-mitragynine (71)

N1

5a
5b

6a
6b

10
1
12
13

14a
14b

15
16
17
18

19a
19b

20

21a
21b

22
9-OMe
17-OMe
22-OMe

experimental data

H NMR
(600 MHz, CDCl3)

7.71,brs
3.18,brd (J=11.4 Hz)
2.99-2.93, overlapped
2.57-2.45, overlapped

3.13, m
2.99-2.93, overlapped

6.45,d (J= 7.8 Hz)
6.99,t (J = 7.8 Hz)
6.90,d (J=7.8 Hz)

2.57-2.45, overlapped
1.82-1.74, overlapped

3.06-3.02, overlapped
743,s
0.87,t(J=7.2 Hz)

1.82—1.74, overlapped
1.20, m

1.63, brd (J = 11.4 Hz)

3.06-3.02, overlapped
2.57-2.45, overlapped

3.87, s (3H)
3.73,'s (3H)
3.71,'s (3H)

reported datal”%!

H NMR
(500 MHz, CDCl3)

7.80, brs
3.13, brd (J=9.8 Hz)
2.95-2.89, overlapped
2.55-2.42, overlapped
3.09, m
2.95-2.89, overlapped

6.44,d (J = 7.9 Hz)
6.98, dd (J = 7.9 Hz)
6.89, d (J = 7.9 Hz)

2.55-2.42, overlapped
1.80-1.73, overlapped

3.04-2.97, overlapped
742,s
0.86, dd (J = 7.3 Hz, 3H)

1.80-1.73, overlapped
1.19, m

1.61,brd (J = 11.3 Hz)

3.04-2.97, overlapped
2.55-2.42, overlapped

3.87, s (3H)
3.71,'s (3H)
3.70, s (3H)

experimental data

3C NMR
(150 MHz, CDCl3)

133.7
61.4
53.9

24.0

108.0
117.8
154.7
99.9

122.0
104.3
137.4
30.0

40.0
111.6
160.7

13.0

19.3

40.8
57.8

169.4
55.5
61.7
51.5

reported datal”!

3C NMR
(125 MHz, CDCl3)

133.7
61.2
53.8

23.9

107.9
117.7
154.5
99.8

121.8
104.1
137.2
30.0

39.9
111.5
160.5

12.9

19.1

40.7
57.8

169.2
55.3
61.5
51.3
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(+)-speciogynine (72)

N1

5a
5b

6a
6b

10
1
12
13

14a
14b

15
16
17
18

19a
19b

20

21a
21b

22
9-OMe
17-OMe
22-OMe

experimental data

"H NMR
(400 MHz, CDCl3)

7.73,brs

3.24-3.14, overlapped

3.08, m 3.07, m
2.58,td (J = 11.6, 4.4 Hz) 2.57,ddd (J=11.4, 11.4, 44 Hz)

3.24-3.14, overlapped
3.00,dd (J=15.2,4.4 Hz)

6.45, d (J = 8.0 Hz)
6.99, t (J = 8.0 Hz)
6.87,d (J = 8.0 Hz)

1.96, br
1.86, br

2.27, br
7.36, brs
0.86,t(J=7.6 Hz)

1.43, br
1.03, br

2.61, overlapped

3.24-3.14, overlapped
2.06,t(J=10.8 Hz)

3.87, s (3H)
3.72, brs (3H)
3.72, brs (3H)

reported datal”

"H NMR
(500 MHz, CDCl3)

7.72,brs

3.21, overlapped

3.21, overlapped
2.99,brd (J=15.9 Hz)

6.45,d (J = 7.9 Hz)
6.99, dd (J= 7.9, 7.9 Hz)
6.87,d (J = 7.9 Hz)

1.96, br
1.86, br

2.26, br
7.36, brs
0.86,dd (J=7.5,7.5 Hz)

1.43, br
1.05, br

2.61, overlapped
3.15,dd (J = 11.3, 3.4 Hz)

2.05, brdd (J=11.3, 11.3 Hz)

3.87, s (3H)
3.72, br s (3H)
3.72, br s (3H)

experimental data

3C NMR

reported data

3C NMR

[78]

(100 MHz, CDCl3) (125 MHz, CDCls)

133.2
60.5
53.7

23.9

107.9
17.7
154.6
99.8
122.0
104.3
137.4
33.8, br

38.9
111.7, br
160.1
11.5, br
245

401
61.1

169.7, br
55.4
61.9, br
51.7, br

133.2
60.4
53.6

23.8

107.8
117.6
154.5
99.7
121.8
104.2
137.3
33.8, br

38.8
111.7, br
159.9
11.3, br
24.4

40.0, br
61.0

169.5, br
55.3
61.7, br
51.5, br
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Bioinspired transformation; synthesis of (+)-speciogynine (72):

OMe OMe

TBAF (2.0 equiv.)
AcOH (5.0 equiv.)
THF, -20°C,5h

then
NaBH(OAc); (2.0 equiv.)
-20°C,25h

1) CH(OMe); (1.65 equiv.)
p-TsOH-H,0 (3.8 equiv.)
MeOH, 70 °C, 12 h

2) t-BuOK (3.0 equiv.)
DMF, r.t., 40 min
65% (4 steps)
single isomer

(+)-speciogynine (72)

To a solution of 9-methoxystrictosidine derivative 75 (30.0 mg, 0.0583 mmol, 1.0 equiv.) in
degassed anhydrous THF (580 uL, 0.1 M), acetic acid (16.7 uL, 0.291 mmol, 5.0 equiv.) and TBAF
(2.0 M in THF, 117 pL, 0.117 mmol, 2.0 equiv.) were added at —20 °C under an Ar atmosphere.
The reaction mixture was stirred for 5 h at —20 °C. To the resulting mixture, sodium
triacetoxyborohydride (24.7 mg, 0.117 mmol, 2.0 equiv.) was added at —20 °C. The reaction
mixture was stirred for 2.5 hat —20 °C. The resulting mixture was quenched with saturated aqueous
NaHCOs solution, and the aqueous layer was extracted three times with EtOAc. The combined
organic layer was washed with brine, dried over Na;SQO4, and concentrated under reduced pressure.
The resulting residue of 93 was dissolved in degassed MeOH (2.9 mL, 0.02 M), to which added
CH(OMe)s (10.5 pL, 0.0962 mmol, 1.65 equiv.) and p-TsOH-H,O (42.1 mg, 0.221 mmol, 3.8
equiv.), and then stirred at 70 °C for 12 h. The resulting mixture was quenched with saturated
aqueous NaHCOs solution and then concentrated under reduced pressure. The aqueous layer was
extracted three times with CHCIs. The combined organic layer was dried over Na;SO4 and
concentrated under reduced pressure. The crude materials were dissolved in dry degassed DMF
(1.2 mL, 0.05 M) to which added t-BuOK (19.6 mg, 0.175 mmol, 3.0 equiv.) at 0 °C under an Ar
atmosphere. The reaction mixture was stirred for 40 min at room temperature under an Ar
atmosphere. The resulting mixture was quenched with water and the aqueous layer was extracted
five times with CHCIs. The combined organic layer was dried over Na;SO4 and concentrated under
reduced pressure. Flash chromatography (SiOz, 45% EtOAc/n-hexane) afforded (+)-speciogynine
(72, 15.2 mg, 0.0381 mmol, 65% over four steps).
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Synthesis of (+)-7-hydroxymitragynine (73):
OMe OMe

PIFA (1.0 equiv.)
TFA (2.0 equiv.)

MeCN/H,0 (9:1)
0 °C, 20 min
71%

(=)-mitragynine (71) (+)-7-hydroxymitragynine (73)

To a solution of freshly purified (—)-mitragynine (71, 30.0 mg, 0.0753 mmol, 1.0 equiv.) in MeCN
(900 pL, 0.08 M) and water (100 pL, 0.75 M), TFA (11.5 uL, 0.151 mmol, 2.0 equiv.) was added
at 0 °C, and the reaction mixture was stirred for 5 min at 0 °C. PIFA (32.4 mg, 0.0753 mmol, 1.0
equiv.) was added to the stirred mixture at 0 °C under an Ar atmosphere. The reaction mixture was
stirred for 20 min at 0 °C, followed by quenching with saturated aqueous NaHCO3 solution. The
aqueous layer was extracted three times with CH>Cl,. The combined organic layer was washed
with brine, dried over Na>SOa, and concentrated under reduced pressure. Flash chromatography
(SiO2-NH, 40% EtOAc/n-hexane) afforded (+)-7-hydroxymitragynine (73, 22.0 mg, 0.0531 mmol,
71%) as a pale-yellow amorphous powder. All spectral data of the obtained (+)-7-
hydroxymitragynine (73) were identical to those of the natural product. (45

(+)-7-Hydroxymitragynine (73)

'H and 3C NMR see page 136.

IR (ATR) vmax (cm™1): 3420, 2947, 2872, 2835, 2811, 2745, 1698, 1644, 1597, 1486, 1460, 1435,
1376, 1266, 1237, 1187, 1143, 1104, 1074, 1018, 989, 959, 935, 920, 870, 841.

HRMS (ESI) [M+H]*: Calculated for [CzsHziN20s]*: 415.2233, found: 415.2256.

[0]%p +62.5 (¢ 0.50, CHCls) [lit. [a] +47.9 (¢ 0.55, CHCIs)].

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ag): 344 (0), 305 (0.53), 282 (0), 258 (0.82), 243 (0), 229
(-1.13), 214 (0).

UV (MeOH) Amax (nm): 220, 245, 307.
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(+)-7-hydroxymitragynine (73)

synthetic compound natural compound4%2 synthetic compound natural compound!#52]
H NMR "H NMR 3Cc NMR 3Cc NMR
(400 MHz, CDCl3) (500 MHz, CDCl3) (150 MHz, CDCl3) (125 MHz, CDClj3)
N1 - - - -
2 - - 184.5 184.3
3 3.12,dd (J=10.8, 2.4 Hz) 3.12,dd (J=11.4, 2.2 Hz) 61.5 61.4
5a 2.85-2.76, m 2.84-2.75, m 50.1 50.0
5b 2.66-2.61, m 2.66-2.61, m
6a 2.66-2.61, m 2.66-2.61, m 35.7 35.6
6b 1.74-1.63, m 1.73-1.60, m
7 - - 81.0 80.9
8 - - 126.6 126.5
9 - - 156.0 155.9
10 6.73,d (J=8.0 Hz) 6.71,d (J=8.0 Hz) 108.9 108.8
11 7.29,dd (J=8.0,8.0 Hz) 7.27,dd (J=8.0, 8.0 Hz) 130.7 130.6
12 7.21,d (J=8.0 Hz) 7.19,d (J=7.6 Hz) 114.2 114.1
13 - - 155.0 155.0
14a 2.85-2.76, m 2.84-2.75, m 26.1 26.0
14b 1.88, dt (J=13.6, 3.0 Hz) 1.87, brd (J = 13.7 Hz)
15 3.01, ddd (J = 13.6, 3.6, 3.6 Hz) 3.00, ddd (J = 13.8, 3.6, 3.6 Hz) 394 39.3
16 - - 111.3 111.2
17 7.44,s 7.43,s 160.8 160.7
18 0.82,dd (J=7.2,7.2 Hz) 0.82,dd (J=7.3,7.3 Hz) 12.9 12.8
19a 1.74-1.63, m 1.73-1.60, m 19.0 18.9
19b 1.23, m 1.23, m
20 1.62-1.57, m 1.61-1.57,m 40.5 40.4
21a 3.04, dd (J=11.6, 2.0 Hz) 3.03,dd (J=11.4, 2.2 Hz) 58.2 58.1
21b 2.48,dd (J = 11.6, 2.8 Hz) 2.48,dd (J = 11.2, 2.7 Hz)
22 - - 169.4 169.2
9-OMe 3.87,s (3H) 3.85,s (3H) 55.5 55.4
17-OMe 3.81, s (3H) 3.80, s (3H) 61.9 61.7
22-OMe 3.69, s (3H) 3.68, s (3H) 51.4 51.2
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Removal of TBS group in secologanin aglycone silyl ether 23:

TBAF (1.5 equiv.) O

AcOH (1.5 equiv. H
(1.5 equiv.) HO, 1~ A
THF o

0 °C, 30 min CO,Me
. 87% . .
secologanin aglycone isosecologanin aglycone (100)
silyl ether 23 E:Z=>10:1,d.r. =2.5:1

To a solution of secologanin aglycone silyl ether 23 (100 mg, 0.294 mmol, 1.0 equiv.) in dry THF
(3 mL, 0.1 M), acetic acid (AcOH, 25.2 puL, 0.441 mmol, 1.5 equiv.) and TBAF (1.0 M in THF,
441 pL, 0.441 mmol, 1.5 equiv.) were added at 0 °C under an Ar atmosphere. The reaction mixture
was stirred for 30 min at 0 °C under an Ar atmosphere. The resulting mixture was quenched with
saturated aqueous NaHCOs3 solution at 0 °C. The aqueous layer was extracted three times with
EtOAc. The combined organic layer was washed with brine, dried over MgSQs, and concentrated
under reduced pressure. Flash chromatography (SiO,, 40% EtOAc/n-hexane) provided
isosecologanin aglycone (100, 57.9 mg, 0.256 mmol, 87%, E:Z =>10:1, d.r. = 2.5:1) as a colorless

oil.

Isosecologanin aglycone (100, diastereomer mixture at C1; d.r. = 2.5:1)

IH NMR (400 MHz, CDCls):  9.26 (s, 1H), 9.24 (s, 1H), 7.55 (s, 1H), 7.51 (s, 1H), 6.62 (q, J =
7.2 Hz, 2H), 5.46 (dd, J = 6.4, 4.0 Hz, 1H), 5.36 (br d, J = 4.0 Hz, 1H), 5.30 (m, 1H), 4.83 (M, 1H),
3.84 (t, J = 7.2 Hz, 2H), 3.58 (s, 6H), 2.09 (m, 1H), 2.02 (d, J = 7.2 Hz, 3H), 2.00 (d, J = 7.2 Hz,
3H), 1.92-1.82 (m, 3H).

13C NMR (100 MHz, CDCl3): § 195.4, 195.1, 167.5, 167.3, 154.3, 153.3, 152.4 (2C), 144.4, 144.2,
107.5 (2C), 94.1, 92.3, 51.4, 51.3, 33.1, 32.0, 26.6, 24.6, 15.0, 14.9.

IR (ATR) vmax (cm™1): 3402, 2952, 2849, 2726, 1682, 1626, 1438, 1382, 1356, 1287, 1184, 1143,
1082, 913, 845.

HRMS (ESI) [M+Na]*: Calculated for [C11H14Na10s]*: 249.0739, found: 249.0734.

137



4
e

TBS protection of isosecologanin aglycone (100):

04 TBSCI (1.5 equiv.) 04
H AgNO; (1.3 equiv.) H
HO, i ~ AL TBSO,, 1~ AL
o - DMF o -

CO,Me r.t., 100 min CO,Me

100 80% 105
E:Z=>10:1,d.r. =2.5:1 d.r. =2.5:1

To a solution of two diastereomers of isosecologanin aglycone (100, 80.0 mg, 0.354 mmol, 1.0
equiv.) in dry DMF (1.8 mL, 0.2 M), TBSCI (79.9 mg, 0.530 mmol, 1.5 equiv.) and AgNO3 (78.1
mg, 0.460 mmol, 1.3 equiv.) were added at room temperature under an Ar atmosphere. The reaction
mixture was stirred for 100 min at room temperature under an Ar atmosphere. The resulting
mixture was directly filtered through a short plug of silica gel (SiO.) eluted with 40% EtOAc/n-
hexane and the filtrate was added to saturated aqueous NaHCOs. The aqueous layer was extracted
at once with EtOAc. The resulting organic layer was washed three times with water and then brine,
dried over MgSQa, and concentrated under reduced pressure. Flash chromatography (SiO2, 12%
EtOAc/n-hexane) afforded 105 (95.9 mg, 80%, 0.282 mmol, d.r. = 2.5:1) as a colorless oil.

Compound 105 (diastereomer mixture at C1; d.r. = 2.5:1)

IH NMR (400 MHz, CDCls): § 9.33 (d, J = 1.2 Hz, 1H), 9.31 (s, 1H), 7.61 (d, J = 1.6 Hz, 1H),
7.50 (d, J = 2.0 Hz, 1H), 6.60 (g, J = 7.2 Hz, 1H), 6.54 (q, J = 7.2 Hz, 1H), 5.48 (dd, J = 4.0, 2.4
Hz, 1H), 5.29 (m, 1H), 3.89 (m, 2H), 3.62 (s, 6H), 2.02 (d, J = 7.2 Hz, 3H), 1.98 (d, J = 7.2 Hz,
3H), 1.98 (overlapped, 1H), 1.93-1.86 (m, 2H), 1.78 (m, 1H), 0.89 (s, 9H), 0.88 (s, 9H), 0.14 (s,
6H), 0.14 (s, 3H), 0.11 (3H).

13C NMR (100 MHz, CDCl3) 5 194.4, 194.1, 167.2, 166.9, 154.0, 152.5, 150.8 (2C), 145.0, 144.7,
108.4 (2C), 95.4, 92.4, 51.1, 51.0, 34.1, 33.3, 25.6 (6C), 24.1 (2C), 17.9 (2C), 14.7 (2C), -4.3,
-4.5,-5.4 (2C).

IR (ATR) vmax (cm™): 2952, 2932, 2889, 2857, 1709, 1689, 1630, 1467, 1438, 1402, 1386, 1362,
1287, 1255, 1186, 1155, 1127, 1079, 1006, 970, 950, 835.

HRMS (ESI) [M+Na]*: Calculated for [C17H2sNa;OsSii]*: 363.1604, found: 363.1603.
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Luche reduction of compound 105:

Oy CeCl3-7H,0 (1.0 equiv.) HO
TBSO. - |:| Q NaBH, (1.0 equiv.) TBSO. - I:I Q
o MeOH/THF (2:1) o
CO,Me r.t., 10 min CO,Me
105 88% 106
d.r. =251 d.r.=2.5:1

To a solution of 105 (120 mg, 0.352 mmol, 1.0 equiv.) in MeOH (4.3 mL, 0.08 M) and THF (2.1
mL, 0.17 M), CeCl3-7H,0 (131 mg, 0.352 mmol, 1.0 equiv.) and NaBH. (13.3 mg, 0.352 mmol,
1.0 equiv.) were added at room temperature under an Ar atmosphere. The reaction mixture was
stirred for 10 min at room temperature under an Ar atmosphere. The resulting mixture was
guenched with saturated aqueous NH4ClI solution. The aqueous layer was extracted three times
with EtOAc. The combined organic layer was washed with brine, dried over MgSQO., and
concentrated under reduced pressure. Flash chromatography (SiO., 20% EtOAc/n-hexane)
afforded alcohol 106 (105.9 mg, 0.309 mmol, 88%, d.r. = 2.5:1) as a colorless oil.

Compound 106 (diastereomer mixture at C1; d.r. = 2.5:1)

IH NMR (400 MHz, CDCls): § 7.55 (d, J = 1.2 Hz, 1H), 7.49 (d, J = 2.0 Hz, 1H), 5.62 (q, J = 7.2
H, 1H), 5.58 (g, J = 7.2 Hz, 1H), 5.49 (t, J = 3.6 Hz, 1H), 5.27 (dd, J = 7.2, 2.4 Hz, 1H), 4.04-3.93
(m, 4 H), 3.68-3.65 (m, 8H), 2.24 (br s, 1H), 2.07 (m, 1H), 1.98 (m, 1H), 1.92-1.89 (m, 3H), 1.69—
1.66 (m, 6H), 0.90 (s, 9H), 0.89 (s, 9H), 0.15 (s, 3H), 0.14 (s, 3H), 0.13 (S, 3H), 0.11 (S, 3H).

13C NMR (100 MHz, CDCls): § 166.1 (2C), 154.2, 153.2, 140.5, 140.3, 124.5, 124.2, 108.8 (2C),
93.3, 92.9, 67.3, 59.6, 51.4 (2C), 35.2, 34.3, 27.7 (3C), 25.7 (3C), 18.1, 18.0, 13.4, 13.3, 4.3,

—4.5,-5.3 (2C).

IR (ATR) vmax (cm™1): 3423, 2952, 2931, 2892, 2858, 1710, 1628, 1467, 1437, 1389, 1283, 1256,
1184, 1153, 1129, 1081, 1001, 873, 942, 835.

HRMS (ESI) [M+Na]*: Calculated for [C17H30Na10sSi1]*: 365.1760, found: 365.1749.
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Mesylation/Sn2 reaction of 106:

HO MsCI (1.1 equiv.) Msf: Qj/\y
TBSO. 1 H EtsN (1.2 equiv.) TBSO SAN 2 (3.0 equiv.) N HN
AN = H H

o~ CHCl, SN MeCN TBSOf/\:B\W

co,Me 0°C,1h 107 COoMe rt,1h 0.
106 70% (2 steps) 99 CO,Me

d.r. =2.511 d.r.=25:1

To a solution of 106 (105 mg, 0.307 mmol, 1.0 equiv.) in CH2Cl> (1.5 mL, 0.2 M), EtsN (51.3 pL,
0.368 mmol, 1.2 equiv.) and MsCl (26.1 uL, 0.337 mmol, 1.1 equiv.) were added at 0 °C under an
Ar atmosphere. The reaction mixture was stirred for 1 h at 0 °C under an Ar atmosphere. The
resulting mixture was quenched with saturated aqueous NaHCO3 solution. The aqueous layer was
extracted three times with CHCls. The combined organic layer was dried over MgSO4 and
concentrated under reduced pressure. The resulting residue of mesylate 107 was dissolved in
MeCN (3 mL, 0.1 M), then tryptamine (147 mg, 0.920 mmol, 3.0 equiv.) was added at room
temperature. The reaction mixture was stirred for 1 h at room temperature. After filtration of the
resulting solution, the residue was concentrated under reduced pressure. Flash chromatography
(SiO2, 2-10% MeOH/CHCI; gradient) afforded 99 (104.4 mg, 0.215 mmol, 70% for 2 steps, d.r. =

2.5:1) as a white amorphous powder.

Compound 99 (diastereomer mixture at C3; d.r. = 2.5:1)

IH NMR (600 MHz, CDCls): & 8.26 (br s, 1H), 8.23 (br s, 1H), 7.64-7.60 (m, 2H), 7.50 (s, 1H),
7.47 (s, 1H), 7.35 (br d, J = 7.8 Hz, 2H), 7.18 (br t, J = 7.8 Hz, 2H), 7.10 (br t, J = 7.8 Hz, 2H),
7.05 (br's, 1H), 7.03 (br s, 1H), 5.48-5.44 (m, 3H), 5.23 (br d, J = 8.4 Hz, 1H), 3.65-3.60 (M, 8H),
3.32 (m, 1H), 3.13 (d, J = 13.8 Hz, 1H), 3.07 (d, J = 13.8 Hz, 1H), 3.02-2.90 (m, 9H), 2.29 (m,
4H), 1.93-1.88 (m, 2H), 1.82-1.78 (m, 2H), 1.66-1.63 (m, 6H), 0.90 (s, 9H), 0.89 (s, 9H), 0.13—
0.11 (m, 12H).

13C NMR (150 MHz, CDCls): § 168.0, 167.7, 154.4, 153.4, 140.2, 138.5, 137.9, 136.5, 127.6,
127.5, 122.3, 122.2, 121.95, 121.85, 119.2 (2C), 119.0, 118.9, 113.8, 113.7, 112.5, 111.3, 108.6,
108.2, 93.5, 93.2, 58.2, 53.6, 51.3, 51.2, 49.5, 47.6, 34.9, 34.7, 34.1, 32.1, 29.8, 29.5, 28.9 (2C),
25.73 (3C), 25.67 (3C), 18.1, 18.0, 14.3,13.1, 4.2, 4.3, -5.0, -5.2.

IR (ATR) vmax (cm™1): 3374, 2952, 2928, 2856, 1707, 1627, 1458, 1437, 1405, 1388, 1359, 1284,
1255, 1185, 1155, 1126, 1079, 1007, 966, 941, 835.

HRMS (ESI) [M+H]*: Calculated for [C27H41N204Si1]*: 485.2836, found: 485.2842.
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Bioinspired transformation; synthesis of (+)-villocarine A (97):

Qj/\’ TBAF (2.0 equiv.) Qj/H\'
N HN AcOH (5.0 equiv.) =N TFA (3.0 equiv.)

N
H H H o S
o 0°C,2h T MH r.t., 30 min
CO,Me 2Me OH
99 108 3-epi-geissoschizine (110)
d.r.=2.5:1 not purified (shows only enol form)

1) CH(OMe); (1.65 equiv.)
p-TsOH-H,0 (3.8 equiv.)
MeOH, 60 °C, 15 h

2) t-BuOK (6.0 equiv.)
DMF, r.t., 75 min
44% (4 steps)

o OMe
(+)-villocarine A (97)

To a solution of 99 (30.0 mg, 0.0619 mmol, 1.0 equiv.) in THF (1.2 mL, 0.05 M), AcOH (17.7 uL,
0.309 mmol, 5.0 equiv.) and TBAF (1.0 M in THF, 124 uL, 0.124 mmol, 2.0 equiv.) were added
at 0 °C under an Ar atmosphere. The reaction mixture was stirred for 2 h at 0 °C under an Ar
atmosphere. The resulting mixture was quenched with saturated aqueous NaHCOj3 solution. The
aqueous layer was extracted three times with EtOAc. The combined organic layer was washed with
brine, dried over Na>SOa, and concentrated under reduced pressure. The resulting residue of 108
was dissolved in CH2Cl, (1.2 mL, 0.05 M) to which added TFA (1.0 M in CHxCl, 186 puL, 0.186
mmol, 3.0 equiv.) at room temperature. The reaction mixture was stirred for 30 min at room
temperature before quenching with saturated aqueous NaHCO3 solution. The aqueous layer was
extracted three times with CH,Cl,. The combined organic layer was dried over Na,SO. and
concentrated under reduced pressure. The obtained product was a tautomeric mixture of 3-epi-
geissoschizine (110), which exhibited complex *H NMR spectra (See Figure 10 and reference 58).
Thus, the resulting residue of 3-epi-geissoschizine (110) was dissolved in MeOH (3.1 mL, 0.02 M)
to which added CH(OMe)s (11.2 pL, 0.102 mmol, 1.65 equiv.) and p-TsOH-H0 (44.7 mg, 0.235
mmol, 3.8 equiv.), then the mixture was stirred at 60 °C for 15 h. The resulting mixture was
guenched with saturated aqueous NaHCO3 solution. The aqueous layer was extracted three times
with CHCIs. The combined organic layer was dried over Na;SO4 and concentrated under reduced
pressure. The resulting residue of dimethoxy acetal was dissolved in dry degassed DMF (1.2 mL,
0.05 M) to which added t-BuOK (20.8 mg, 0.186 mmol, 3.0 equiv.) at 0 °C under an Ar atmosphere.
The reaction mixture was stirred for 1 h at room temperature. To the resulting mixture, additional
t-BuOK (20.8 mg, 0.186 mmol, 3.0 equiv.) was added at room temperature under Ar atmosphere.
The reaction mixture was stirred for 15 min at room temperature. The resulting mixture was

guenched with saturated aqueous NH4Cl solution. The aqueous layer was extracted five times with
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CHCl3. The combined organic layer was dried over Na,SOs and concentrated under reduced
pressure. The crude materials were purified by PTLC (SiO2, 100% EtOAC) to afford (+)-villocarine
A (97, 10.0 mg, 0.0273 mmol, 44% over 4 steps) as a yellow amorphous powder. All spectral data

except for the optical rotation of provided (+)-villocarine (97) were identical to the reported data.[>!

(+)-Villocarine A (97)

'H and 3C NMR see page 143.

IR (ATR) vmax (cM~%): 2920, 2849, 1700, 1628, 1556, 1436, 1370, 1330, 1238, 1143, 1094, 1011,
995, 956, 921.

HRMS (ESI) [M+H]*: Calculated for [C22H27N203]*: 367.2022, found: 367.2025.
[@]?5p +64.6 (c 0.2, CHClI3) [lit. [a]?®o —12 (c 0.2, CHCI3)].

CD (0.3 mM, MeOH, 23 °C) A (nm) (A¢): 313 (0), 297 (—1.04), 290 (~1.02), 270 (~2.19), 258 (0),
240 (7.33), 232 (0), 226 (-6.23), 219 (0), 205 (11.36).

UV (MeOH) Amax (nm): 201, 208, 224, 243, 283, 290.
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(*)- wllocanne ‘A (97)

N1

5a
5B

6o
6B

10

12
13

140
148

15
16
17

17-OMe

18
19
20

210
21B

22

22-OMe

experimental data reported datal®®! experimental data reported datal®®!
"H NMR "H NMR 3C NMR 3C NMR
(CDCls, 600 MHz) (CDCls, 400 MHz) (CDCls, 150 MHz) (CDCl, 100 MHz)
7.73,brs 7.71,s - -

- - 134.6 134.8

3.61-3.56, m 3.69, dd (J =12.0, 2.0 Hz) 56.0 56.0

3.09,ddd (J=11.4, 6.0, 1.2 Hz) 3.10,dd (J = 11.0, 5.5 Hz) 52.4 52.5

263, td (J = 11.4, 4.2 Hz) 2.65,ddd (J = 1.0, 4.2 Hz)

3.01, dddd (J = 15.0, 10.8, 6.0, 2.4 Hz) 3.00, m 21.3 21.4
3.73, ddt (J = 15.0, 4.2, 1.2 Hz) 2.73,brd (J= 15.0 Hz)

- - 108.5 108.3

- - 127.4 127.3

7.46,d (J=7.8 Hz) 7.45,d (J=7.2 Hz) 118.2 118.0

7.07,ddd (J=7.8,7.2,1.2 Hz) 7.07,td (J=7.2,1.0 Hz) 119.4 119.2

7.11,ddd (J=7.8,7.2,1.2 Hz) 7.11,td (J=7.2,1.0 Hz) 121.4 1211

7.28,d (J=7.8 Hz) 7.28,d (J=7.2 Hz) 110.9 110.7

- - 136.3 136.0

1.91,ddd (J=13.2, 12.0, 7.2 Hz) 1.90, ddd (J = 13.4, 12.0, 7.2 Hz) 35.3 35.5
2.16,ddd (J=13.2,2.4,1.2 Hz) 2.19,brd (J=13.4 Hz)

4.07,d (J=7.2 Hz) 4.05,d (J=7.2 Hz) 31.0 30.9

- - 112.4 112.3

7.36, s 7.36, s 1591 158.8

3.82,s (3H) 3.82, s (3H) 615 615

1.56,dd (J=6.6, 1.8 Hz) 1.55,dd (J=6.8, 1.7 Hz) 13.0 12.8

5.48,q (J = 6.6 Hz) 5.45,q (J = 6.8 Hz) 123.0 122.5

- - 134.0 134.2

3.35,d (J=12.6 Hz) 3 brd (J= 2 Hz) 61.7 61.7

3.61-3.56, m d(J= 13 Hz)
- - 169.0 168.8
3.75, s (3H) 3.73, s (3H) 51.6 51.4

selected NOESY correlations
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Ring rearrangement/Luche reduction of strictosidine aglycone silyl ether 22:

KHMDS (1.6 equiv.)

18-crown-6 (1.6 equiv.) CeClz-7H-,0 (1.0 equiv.
MS 4A (300 wt%) NH PN aBH, (1 s equiv) ) NH
H
toluene MeOH/THF (2:1)
0 °C, 20 min o] -20 °C, 10 min
MeO,C 82% (2 steps) MeO,C
H single isomer
strictosidine aglycone 13 117

silyl ether 22
To a solution of strictosidine aglycone silyl ether 22 (250 mg, 0.518 mmol, 1.0 equiv.) in toluene
(10.4 mL, 0.05 M), MS 4A (750 mg, 300 w/w%) and 18-crown-6 (178.0 mg, 0.673 mmol, 1.3
equiv.) were added at room temperature. The resulting mixture was stirred for 10 min at room
temperature. KHMDS (0.5 M in toluene, 1.35 mL, 0.673 mmol, 1.3 equiv.) was added to the
reaction mixture at 0 °C under an Ar atmosphere. After stirring the reaction mixture for 10 min at
0 °C, additional 18-crown-6 (41.1 mg, 0.155 mmol, 0.3 equiv.) and KHMDS (311 pL, 0.155 mmol,
0.3 equiv.) were added. The reaction mixture was stirred for 10 min at 0 °C before the addition of
saturated aqueous NH,CI solution. After filtration of MS 4A by a cotton plug eluted with EtOAc,
the aqueous layer was extracted three times with EtOAc. The combined organic layer was washed
with brine, dried over Na;SQOs, and concentrated under reduced pressure to obtain the crude mixture
of 113. To a solution of a crude mixture of 113 in MeOH (6.3 mL, 0.08 M) and THF (3.1 mL, 0.17
M), CeCl3-7H20 (193 mg, 0.518 mmol, 1.0 equiv.) and NaBH4 (19.6 mg, 0.518 mmol, 1.0 equiv.)
were added at —20 °C under an Ar atmosphere. The reaction mixture was stirred for 10 min at
—20 °C under an Ar atmosphere. The resulting mixture was quenched with saturated aqueous
NH.CI solution. The aqueous layer was extracted three times with EtOAc. The combined organic
layer was washed with brine, dried over MgSOa, and concentrated under reduced pressure. Flash
chromatography [SiO., EtsN/MeOH/CHClI; (0.5:4.5:95)] afforded alcohol 117 (149.1 mg, 0.423

mmol, 82% for 2 steps, single isomer) as a pale-yellow amorphous powder.

Compound 117

'H NMR (400 MHz, CDCls): 6 8.29 (d, J = 1.2 Hz, 1H), 7.51 (d, J = 8.4 Hz, 1H), 7.48 (d, J = 8.0
Hz, 1H), 7.30 (ddd, J=8.0, 7.2, 1.2 Hz, 1H), 7.23 (ddd, J = 8.4, 7.2, 1.2 Hz, 1H),5.49 (q, J = 7.2
Hz, 1H), 4.12 (dt, J = 12.0, 1.2 Hz, 1H), 4.05 (m, 1H), 4.02 (d, J = 12.0 Hz, 1H), 3.91 (ddd, J =
12.8, 6.4, 1.2 Hz, 1H), 3.79 (s, 3H), 3.41 (ddd, J = 12.8, 5.6, 1.4 Hz, 1H), 3,02 (ddd, J = 10.4, 12.0,
4.4 Hz, 1H), 2.78 (m, 1H), 2.69 (ddt, J = 15.6, 4.0, 2.0 Hz, 1H), 2.22-2.09 (m, 2H), 1.60 (d, J =
7.2 Hz, 3H).

13C NMR (150 MHz, CDCls): & 169.7, 142.0, 138.3, 136.9, 131.4, 128.6, 123.5, 123.2, 122.3,
118.8, 114.3, 113.4, 109.8, 67.9, 52.7, 52.2, 43.3, 39.3, 37.7, 22.4, 13.7.

IR (ATR) vmax (cm™2): 3285, 2949, 2921, 2855, 1707, 1639, 1577, 1429, 1380, 1308, 1240, 1200,

1152, 1110, 1076, 1036, 998, 898, 822.
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HRMS (ESI) [M+H]*: Calculated for [C21H25N203]*: 353.1865, found: 353.1880.
[@]?°0 —188.8 (¢ 1.26, CHCl5).
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Synthesis of (-)-apogeissoschizine:

CCl, (2.5 equiv.)
PPh; (2.0 equiv.)

Et3N (2.5 equiv.) then
MeCM ywave irradiation
rt., 24 h 120 °C, 20 min CO,Me

55% (2 steps)
_ (-)-apogeissochizine (96)

To asolution of 117 (7.5 mg, 0.021 mmol, 1.0 equiv.) in anhydrous MeCN (425 pL, 0.05 M), EtsN
(7.4 uL, 0.053 mmol, 2.5 equiv.), CCls (5.1 pL, 0.053 mmol, 2.5 equiv.), and PPh3 (11.2 mg, 0.0426

mmol, 2.0 equiv.) were added at room temperature. The resulting mixture was stirred for 24 h at

room temperature under an Ar atmosphere and shading conditions. The reaction mixture was
stirred for an additional 20 min at 120 °C under microwave irradiation condition. To the resulting
mixture, saturated agueous NaHCOs3 solution was added at room temperature, and the aqueous
layer was extracted three times with EtOAc. The combined organic layer was washed with brine,
dried over Na,SOa, and concentrated under reduced pressure. PTLC (SiO2, 5% MeOH/CHCIs)
afforded (—)-apogeissoschizine (96, 3.9 mg, 0.012 mmol, 55% for 2 steps) as a pale-yellow
amorphous powder. The structure of (—)-apogeissoschizine (96) was determined by measuring the
spectral data, including that of 2D NMR.

(-)-Apogeissoschizine (96)

'H and 3C NMR see page 147.

IR (ATR) vmax (cm™): 2942, 2921, 2867, 2777, 1700, 1629, 1476, 1452, 1427, 1369, 1341, 1294,
1235, 1213, 1152, 1122, 1089, 1055, 1006, 965, 901, 868, 820.

HRMS (ESI) [M+H]*: Calculated for [C21H23N202]*: 335.1760, found: 335.1759.
[@]®5 —317.0 (c 0.41, MeOH).

CD (0.3 mM, MeOH, 23 °C) A (nm) (A€): 372 (0), 326 (~39.40), 296 (0), 290 (5.12), 285 (0), 274
(-24.83), 259 (0), 253 (4.05), 247 (0), 239 (-8.79), 233 (0), 206 (83.5).

UV (MeOH) Amax (nM): 203, 223, 278, 323.
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(-)-apogeissochizine (96)

50
5B

6a
68

10
1
12
13

14a
14b

15
16
17
18
19
20

21a
21B

22

OMe

experimental data

H NMR
(CDCl3, 600 MHz)

4.10, brt (J = 4.2 Hz)
3.61,ddd (J= 13.2, 10.2, 2.4 Hz)
2.30, dt (J = 13.2, 8.4 Hz)
2.63-2.58, m
3.12,ddd (J = 16.2, 10.2, 2.4 Hz)
7.51,d (J= 7.2 Hz)
7.25,t(J= 7.2 Hz)
7.28,dd (J=7.8,7.2 Hz)
7.60,d (J = 7.8 Hz)

2.67,dt (J=13.8, 1.8 Hz)
2.39,ddd (J=13.8,6.0,4.2 Hz)

4.35,d (J=6.0 Hz)
8.36, s
1.78,dd (J=7.2, 1.2 Hz)
5.41,q (J=7.2 Hz)

3.80, s (3H)

reported datal”®!

"H NMR
(CDCl3, 100 MHz)

4.04,brs

4.32,d

8.30, s
1.76,d (J = 7 Hz)
5.36, q (J = 7 Hz)

3.76, s (3H)

experimental data

3C NMR
(CDCl3, 150 MHz)

140.5
53.6
50.4

20.5

116.8
128.1
118.2
122.6
122.9
111.3
138.7
32.2

311
115.9
134.6

13.4
1241
133.3

57.9

168.9
52.1

Selected COSY and HMBC correlations

147

Selected NOESY correlations

ey
.

CO,Me

CO,Me

NOESY correlations suggest C-ring exists as boat form, and D-ring exists as chair form.
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Alternative synthetic pathway of (—)-apogeissoschizine (96)

Teoc protection of alcohol 117:

Teoc-OSu (1.5 equiv.)
Et3N (3.2 equiv.)

CH,Cl,
r.t., 25 min
quant.

To a solution of 117 (75.0 mg, 0.213 mmol, 1.0 equiv.) in CH2Cl, (1.0 mL, 0.2 M), EtsN (89.0 uL,
0.688 mmol, 3.2 equiv.) and N-[2-(trimethylsilyl)ethoxycarbonyloxy]succinimide (Teoc-OSu,
82.8 mg, 0.319 mmol, 1.5 equiv.) were added at room temperature. The resulting mixture was
stirred for 25 min at room temperature under an Ar atmosphere. To the resulting mixture, saturated
aqueous NaHCOs solution was added at room temperature, and the aqueous layer was extracted
three times with CHCl,. The combined organic layer was dried over Na>SO. and concentrated
under reduced pressure. Flash chromatography (SiO2, 30% EtOAc/n-hexane) afforded 120 (105.7

mg, 0.213 mmol, quantitative yield) as a colorless amorphous powder.

Compound 120

IH NMR (600 MHz, CDCls): & 8.34 (s, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.50 (d, J = 7.8 Hz, 1H),
7.30 (brt,J=7.8 Hz, 1H), 7.25 (brt, J = 8.4 Hz, 1H), 5.52 (q, J = 7.2 Hz, 1H), 5.05 (m, 1H), 4.50
(m, 1H), 4.32-4.23 (m, 2H), 4.06 (br s, 1H), 4.05 (d, J = 12.0 Hz, 1H), 3.98 (d, J = 12.0 Hz, 1H),
3.81 (s, 3H), 3.03 (br s, 1H), 2.76 (br s, 2H), 2.27 (br s, 2H), 1.68 (br s, 2H), 1.59 (d, J = 7.2 Hz,
3H), 1.08 (br s, 2H), 0.07 (s, 9H).

13C NMR (150 MHz, CDCls): 6 169.3, 155.7, 141.4, 136.8, 136.2 (br), 130.8, 128.0, 123.6, 123.2,
122.3, 118.8, 115.1 (br), 112.2 (br), 109.9, 67.2, 64.2, 52.2, 50.6, 39.1 (br), 38.7, 37.2 (br), 21.7
(br), 18.1 (br), 13.5, -1.38 (3C)

IR (ATR) vmax (cm™1): 3460, 2952, 2902, 2864, 1810, 1787, 1740, 1695, 1641, 1578, 1430, 1380,
1328, 1304, 1234, 1205, 1151, 1088, 1067, 1042, 984, 937, 901, 857, 836.

HRMS (ESI) [M+Na]*: Calculated for [C27H3sN2Na1OsSiq]*: 519.2291, found: 519.2283.
[@]%p +68.0 (c 0.72, CHCls).
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Chlorination of alcohol 120:

p-TsClI (1.05 equiv.)
Et3N (2.0 equiv.)

CH,Cl,
rt, 19h
78%

To a solution of alcohol 120 (165 mg, 0.332 mmol, 1.0 equiv.) and EtsN (92.6 pL, 0.664 mmol,
2.0 equiv.) in CH2Cl, (830 uL, 0.4 M), p-TsCl (66.5 mg, 0.349 mmol, 1.05 equiv.) was added at
0 °C. The resulting mixture was stirred for 19 h at room temperature under an Ar atmosphere. To
the resulting mixture, saturated aqueous NaHCO3 solution was added at room temperature, and the
aqueous layer was extracted three times with CHCIs. The combined organic layer was dried over
MgSO, and concentrated under reduced pressure. Flash chromatography (SiOz, 7% EtOAc/n-

hexane) afforded 121 (133.5 mg, 0.259 mmol, 78%) as a colorless amorphous powder.

Compound 121

'H NMR (600 MHz, CDCl5): & 8.35 (d, J = 0.6 Hz, 1H), 7.54 (d, J = 8.4 Hz, 1H), 7.50 (brd, J =
7.2 Hz, 1H), 7.30 (t, J = 7.2 Hz, 1H), 7.25 (t, J = 7.2 Hz, 1H), 5.68 (g, J = 6.6 Hz, 1H), 5.04 (m,
1H), 4.50 (m, 1H), 4.33-4.08 (m, 4H), 3.97 (d, J = 11.4 Hz, 1H), 3.80 (s, 3H), 3.04 (br dt, J = 11.4,
6.0 Hz, 1H), 2.76 (m, 2H), 2.40-2.35 (m, 2H), 1.86 (br s, 3H), 1.11 (m, 2H), 0.07 (s, 9H).

13C NMR (150 MHz, CDCls): § 168.9, 155.7, 138.1, 136.8, 136.3 (br), 131.2, 128.1, 128.0, 123.2,
122.3, 118.8, 114.7 (br), 112.5 (br), 110.0, 64.2, 52.1, 50.4, 39.5 (br), 39.0 (br), 37.8 (br), 29.8,
21.7 (br), 18.2 (br), 13.9, —1.4 (3C).

IR (ATR) vmax (cm™2): 2951, 2927, 2355, 1741, 1698, 1642, 1577, 1432, 1380, 1331, 1305, 1244,
1193, 1171, 1148, 1099, 1069, 1039, 975, 937, 901, 858, 835.

HRMS (ESI) [M+H]*: Calculated for [C27H36Cl1N204Si1]*: 515.2133, found: 515.2145.
[@]?p +29.2 (c 1.53, CHCls).
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Teoc deprotection/cyclization:

Et;N (1.0 equiv.)

THF MeCN
rt, 12h Uwave irradiation
CO,Me 120°C. 1 h CO,Me
118 90% (2 steps)  (-)-apogeissochizine (96)

To a solution of 121 (40.0 mg, 0.0777 mmol, 1.0 equiv.) in THF (780 pL, 0.1 M), TBAF (1.0 M
in THF, 117 uL, 0.117 mmol, 1.5 equiv.) was added at room temperature. The resulting mixture
was stirred for 12 h at room temperature under an Ar atmosphere. To the resulting mixture,
saturated aqueous NaHCO3 solution was added at room temperature, and the aqueous layer was
extracted three times with EtOAc. The combined organic layer was washed with brine, dried over
NazSO4, and concentrated under reduced pressure. The resulting residue of 118 was dissolved in
MeCN (1.55 mL, 0.05 M) to which added EtsN (108 uL, 0.777 mmol, 1.0 equiv.), then the mixture
was stirred at 120 °C for 1 h under microwave irradiation condition. To the resulting mixture,
saturated aqueous NaHCO3 solution was added at room temperature, and the aqueous layer was
extracted three times with EtOAc. The combined organic layer was washed with brine, dried over
NazSO4, and concentrated under reduced pressure. PTLC (SiO2, 5% MeOH/CHCIs) afforded (—)-
apogeissoschizine (96, 23.5 mg, 0.0703 mmol, 90% for 2 steps) as a pale-yellow amorphous

powder.
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Bioinspired transformation; synthesis of (+)-geissoschizine (95):

OH
12 M aq. HCI (0.01 M) N/\\ CO,Me
Q —
rt,1h N
CO,Me 88% (with 12% of 96) H H H
(-)-apogeissochizine (96) (+)-geissochizine (95)

(—)-Apogeissoschizine (96, 21.0 mg, 0.0628 mmol, 1.0 equiv.) was dissolved in 12 M aqueous HCI
(6 mL, 0.01 M), and the resulting solution was allowed to stand for 1 hour at room temperature
under an Ar atmosphere. The resulting mixture was added to an excess amount of saturated aqueous
NaHCOs solution at 0 °C, and the aqueous layer was extracted three times with CHCI3. The
combined organic layer was dried over Na;SO4 and concentrated under reduced pressure. PTLC
(SiO2, 80% EtOAc/n-hexane) afforded (+)-geissoschizine (95, 19.5 mg, 0.0553 mmol, 88%) and
2.5 mg of (—)-96 as a pale-yellow amorphous powder respectively. All spectral data of the provided

(+)-geissoschizine (95) were identical to the reported data.[5¢ 771

(+)-Geissoschizine (95)

'H and 3C NMR see page 152.

IR (ATR) vmax (cm™1): 3339, 2918, 2851, 1741, 1645, 1469, 1451, 1433, 1408, 1378, 1338, 1324,
1303, 1281, 1236, 1182, 1115, 1084, 1059, 1006, 991, 964, 923, 892, 856, 837.

HRMS (ESI) [M+H]*: Calculated for [C21H2sN20s]*: 353.1865, found: 353.1879.
[0] +104.1 (c 0.54, EtOH) [lit. [o]%p +109 (c 0.58)].

CD (0.3 mM, MeOH, 23 °C) A (nm) (Ac): 314 (0), 259 (14.81), 244 (12.27), 238 (13.33), 229 (0),
219 (-21.69).

UV (MeOH) Amax (NM): 203, 224, 269, 282, 290.
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H H
(+)-geissochizine (95)

12 H

N1
2
3

5a
5B

6o
6p

7
8
9
10
1
12
13

14a
14b

15
16
17
18
19
20

21a
21B

22
OMe

experimental data

"H NMR
(CDCl3, 600 MHz)

8.25, brs
3.85, dd like (J = 11.4, 6.0 Hz)

2.72,ddd (J = 11.4, 11.4, 3.6 Hz)
3.22,dd (J=11.4, 5.4 Hz)

3.07, dddd (J = 15.6, 11.4, 5.4, 1.8 Hz) 3.07,dddd (J = 15.6, 11.7, 5.4, 2.2 Hz)

2.83,dd (J=15.6, 3.6 Hz)

7.48,d (J=7.8 Hz)
7.11, t(J= 7.8 Hz)
7.16,t(J=7.8 Hz)
7.30,d (J= 7.8 Hz)

2.68, brtd (J = 13.8, 6.0 Hz)
2.10, ddd (J = 13.8, 114, 1.2 Hz)

451,d (J= 114 Hz)
7.89, s
1.82,d (J = 6.6 Hz)
5.42, brq (J = 6.6 Hz)

3.19,d (J

=13.
3.96, dt (J=13.8,

3.71,'s (3H)

reported datal’”}

"H NMR
(CDCl3, 500 MHz)

7.91, brs

3.85, dd like (J = 11.6, 6.2 Hz)

2.72,ddd (J=11.7, 11.7, 4.1 Hz)

3.21,dd (J=11.7, 5.4 Hz)

2.82, dd like (J = 15.6, 4.1 Hz)

7.48,d (J= 8.0 Hz)
7.11,td (J= 8.0, 1.1 Hz)
7.16,td (J= 8.0, 1.1 Hz)

7.31,d (J = 8.0 Hz)

2.65, ddd (J = 13.7,
2.10, ddd (J = 13.7,

4.51,dd (J = 11.3, 1.5 Hz)
7.85,s
1.82,dd (J= 6.9, 1.7 Hz)
5.41,brq (J = 6.9 Hz)

3.18,d (J=13.4 z)
3.96, dt (J = 13.4, 2.4 Hz)
3.69, s (3H)

experimental data

3C NMR
(CDCl3, 150 MHz)

132.9
53.7
50.6

20.5 (br)

107.7
126.6
118.4
119.9 (br)
122.2 (br)
111.1 (br)
136.6
33.9

27.8
108.2
161.7

13.4 (br)
122.0
133.3
59.2

170.7
51.3

reported datal’”}

3C NMR
(CDClg, 125 MHz)

132.8
53.5
50.5

20.4

107.7
126.5
118.3
119.7
1221
110.9
136.5
33.8

277
108.2
161.2
131
121.8
133.2
59.1

170.4
51.2
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The geometry optimizations were carried out using the DFT method, where the ®B97-XD (for 95
and 96) and B3LYP (for 97) functional were used for the exchange-correlation term. Analytical
vibrational frequency computations at the optimized structure were then performed to confirm that
the optimized structure was at an energy minimum. The 6-31G(d,p) basis sets were employed in

these calculations. The calculations were performed using the Gaussian16 program. !’

(+)-Geissoschizine (95)

Zero-point correction = 0.424927 (Hartree/Particle)

Thermal correction to Energy = 0.447951
Thermal correction to Enthalpy = 0.448895

Thermal correction to Gibbs Free Energy = 0.371967
Sum of electronic and zero-point Energies = -1149.112198

Sum of electronic and thermal Energies = -1149.089173

Sum of electronic and thermal Enthalpies = -1149088229.
Sum of electronic and thermal Free Energies = -1149.165157

Cartesian Coordinates

153

C 0.46730600 -0.75063600  -0.53219800
N 0.33285900 -2.13384300 -0.04146500
C -0.58997200 0.17977600 0.08449800
C -1.97771700 -0.20428100 -0.47860200

C -2.02985400 -1.71566200 -0.67296800

C -1.07034100  -2.49152600 0.19195000
C 1.12586300  -2.44980600 1.14378200
C 2.62491500  -2.31055200 0.88664700
C 2.87181200  -0.96684500 0.28468400
C 1.86948600 -0.28147500  -0.33024900
C -3.11020700 0.34354000 0.37278900
C -3.93079700  -0.45022200 1.11045200
C -3.90571700 -1.68459000 -2.37535600

C -2.85799000 -2.33096500 -1.52048800

@) -4.91067300  -0.04568600 1.89997900
C -3.35574300 1.77918000 0.43359500
o) -4.21958100 2.31225200 1.13189500

(+)-geissoschizine (95)
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-2.56411500
4.04947700
3.67942400
2.34278500
5.37037700
6.27612500
5.88759900
4.58779100

-2.78938900
0.27703100

-0.38100500

-0.57011400

-2.05318200

-1.34426900

-1.19538700
0.84563600
0.88757000
3.16721600
2.96202500

-3.82954000

-4.90249300

-3.91317700

-3.75868600

-2.78943100

-4.92140700
1.80857900
5.67750600
7.30273100
6.61926900
4.28952100

-2.63007200

-2.06876400

-3.80878700

2.50665300
-0.14669400
1.03685400
0.93095400
-0.29058700
0.72824500
1.89511200
2.06671500
3.91624500
-0.78095300
1.23007600
0.07434200
0.26171700
-2.28818100
-3.56954300
-1.81198000
-3.48153800
-2.42799500
-3.11092100
-1.53154500
-2.04538100
-0.59664800
-1.94145400
-3.41562000
0.94044900
1.61134900
-1.18980800
0.62821200
2.67682000
2.96889400
4.31473100
4.33970700
4.14877400
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-0.36688500
0.20999000
-0.47298900
-0.79119400
0.65361800
0.40957000
-0.27193200
-0.72076100
-0.34323800
-1.61741400
-0.13394100
1.17574900
-1.46874700
1.24764200
0.03932100
2.00531100
1.42357000
1.83174900
0.21695800
1.07893400
-2.09701800
-2.28222200
-3.43004100
-1.59786300
1.84985600
-1.30217700
1.17940500
0.74712000
-0.44978000
-1.24610000
0.66084100
-1.04128200
-0.65793400

A

/-




(-)-Apogeissoschizine (96)

Zero-point correction = 0.423245 (Hartree/Particle)

Thermal correction to Energy = 0.447430
Thermal correction to Enthalpy = 0.448375

Thermal correction to Gibbs Free Energy = 0.369161

Sum of electronic and zero-point Energies = —1149.096760

Sum of electronic and thermal Energies = —-1149.072575

Sum of electronic and thermal Enthalpies = -1149.071631

Sum of electronic and thermal Free Energies = —1149.150845

Cartesian Coordinates

O O O O O O O O O 0O Z2 00000Z200000000

1.96580900
1.82799500
2.84954000
0.44724100
4.27735100
1.16974100
-0.23431400
-1.13309600
-0.19111500
-1.52404500
-2.74717400
-2.37372400
-2.96951100
-2.00426900
-0.85322500
-4.21175000
-4.46101000
-3.48600500
-2.24366100
1.60792800
0.38782800
2.77077800
3.92639900
2.43303500
3.51796400

-0.88659600
-1.82033800
-2.17643000
-2.38010100
-1.72194300
-1.45955100
-1.86239300
-0.78745500
-2.91179800
-3.48154900
-2.58557700
-1.14356800
0.00576200
1.03402300
0.52984300
0.25524100
1.50987200
2.51802600
2.29463800
0.56579700
1.13380100
1.47645000
1.15596600
2.71439700
3.62822300
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0.58047600
-0.62113000
-1.40547200
-0.89704900
-1.34896300

1.75741100

1.34907900

0.80905900

0.31636200

0.06332700

0.47642400

0.38865700
-0.23582300
-0.18776900

0.44315100
-0.82881400
-1.36067200
-1.31299000
-0.73517000

0.30679200

0.28283900

0.12547700

0.31834100
-0.27708500
-0.41436500

(—)-apogeissoschizine (96)
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3.01618700
2.63293800
-0.17990400
0.53252700
4.45109400
4.93643300
4.58887400
1.66972100
1.13237400
-0.72862500
-1.59526300
-1.60655700
-3.03795300
-3.60803600
-4.96571200
-5.42038800
-3.70162400
-1.49734600
0.31444800
3.07139600
4.03650800
4.23234600
-1.17298600
-1.00853400
-2.04780900

-0.86777400
-2.89053700
-1.60036600
-3.19743400
-0.92492400
-2.56542900
-1.34895500
-2.36031500
-0.73417500
-2.30064000
-3.70528800
-4.43555800
-2.84383000
-2.81929300
-0.52483600
1.71865400
3.49096400
3.08051800
2.19994200
4.56797600
3.75856700
3.26848300
3.30027100
2.41384400
3.23102100
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0.87249300
-2.20101000
-1.37104000
-1.61828400
-0.62532700
-1.11169800
-2.33115200

2.12485200

2.57659700

2.22527000
-1.00489900

0.59591100

1.50226400
-0.15651400
-0.86961600
-1.82262100
-1.74214900
-0.71155600

0.11491100

-0.73601500

0.53811500

-1.15812100

2.05758400

2.39083300

1.66350100

A

/-




(+)-Villocarine A (97, trans-quinolizidine form)

Zero-point correction = 0.4446863 (Hartree/Particle)

Thermal correction to Energy = 0.472097
Thermal correction to Enthalpy = 0.473041

Thermal correction to Gibbs Free Energy = 0.390491

Sum of electronic and zero-point Energies = -1188.726171

Sum of electronic and thermal Energies = —1188.700937
Sum of electronic and thermal Enthalpies = -1188.699993
Sum of electronic and thermal Free Energies = —1188.782543

Cartesian Coordinates

O O OO O O OO O OO oOoOooonozZz2:n0nom=aou9o0n0z2:02=u0u8e2:00

2.82264800
2.46245000
1.84901200
0.37599500
0.11512400
1.02308200
4.08823200
3.79802000
2.42242200
5.43167800
6.43516600
6.12506600
4.80474600
-0.42667300
-1.95000900
-2.18335800
-1.30223400
-2.98574100
-3.89804800
-2.56795700
-1.80881000
-3.89800500
-4.75377000
-0.75308000
-2.43079300

-1.03478700
-2.22854100
-0.22402600
-0.40194900
-1.72442800
-2.05915100
-0.46137900
0.72134300
0.83327800
-0.80971900
0.00758200
1.17282400
1.54371700
-0.28028400
-0.36043000
-1.65541200
-1.81547800
-2.65778300
-2.73869500
0.87207100
2.11399200
0.94207700
-0.03379500
2.45861600
2.90436000

157

0.48278300
1.31713500
-0.03616100
0.14586400
0.73438100
1.83366600
0.10627300
-0.63715700
-0.71909100
0.32387100
-0.18408800
-0.91233700
-1.14908000
-1.16314900
-0.90241000
-0.12002400
1.10340800
-0.50199300
-1.69141900
-0.21169800
0.07972000
0.03124600
-0.31937000
-0.42790900
1.00132400

(+)-villocarine A (97)

trans-quinolizidine
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-1.79324800
-6.11698700
-6.68110700
-6.23128300
3.14314100
2.53394700
0.03031400
1.00798700
0.67288800
1.90984400
5.68327800
7.47642800
6.92967000
4.56631100
-0.14912600
-0.17766900
-2.44280900
-1.56407900
-1.48050300
-2.98356600
-3.60501300
-3.91287300
-4.92877400
-4.33811700
-2.41540200
-1.73457200
-0.78228900
-6.49846900

4.16487500
0.16900400
-0.65659600
0.15416600
-2.33280400
-3.15974700
0.39176500
-1.28878700
-2.99451400
1.62577500
-1.70680200
-0.25425700
1.79267600
2.44164900
-1.12735800
0.64217700
-0.44991000
-1.04798000
-2.79364700
-3.55246600
-3.57042000
-1.82541300
-2.94138700
1.81937300
4.66303500
4.76360100
4.01554300
1.11780100

158

1.25369000
0.05433300
-0.37976200
1.14409300
2.17176900
0.73880000
0.83924400
2.63071600
2.28410300
-1.07384300
0.88318800
-0.01933300
-1.29712200
-1.71252800
-1.79828600
-1.68472500
-1.87626900
1.86346800
1.56082100
0.12266500
-2.34501400
-2.28765600
-1.37324000
0.49724900
1.99746500
0.34100300
1.63996300
-0.34099200

A

/-




(+)-Villocarine A (97, cis-quinolizidine form)

Zero-point correction = 0.446 977 (Hartree/Particle)

Thermal correction to Energy = 0.472362
Thermal correction to Enthalpy = 0.473306

Thermal correction to Gibbs Free Energy = 0.390611

Sum of electronic and zero-point Energies = —1188.725062

Sum of electronic and thermal Energies = —1188.699677

Sum of electronic and thermal Enthalpies = -1188.698733
Sum of electronic and thermal Free Energies = -1188.781428

Cartesian Coordinates

O O OO O O O OO 0O oo Ooono:aOonon0 Z20o00:o0o0z:020:00

-2.91953400
-2.53485300
-1.98058400
-0.50947700
-0.28249900
-1.02374300
-4.19408500
-3.94984500
-2.59091700
-5.51231200
-6.53540200
-6.26987300
-4.97521900
0.29559200
1.80020700
1.91467100
1.15830900
2.49850600
3.21416900
2.72524800
4.17488900
2.43242000
1.18714100
4.61729700
499172200

-0.88265300
-2.21521500
0.08594200
-0.03805300
-1.24468700
-2.42909500
-0.33898600
0.98044400
1.21246100
-0.82427000
-0.00776900
1.29288300
1.80355500
-0.01232500
-0.35764600
-1.60065100
-1.46378300
-2.75893900
-3.13274500
0.76090400
0.47653600
1.99313700
2.50410700
-0.37003100
1.27176300

159

-0.44504300
-1.01560400
-0.20857600
-0.46010800
-1.27670500
-0.82571300
-0.05360900
0.42732300
0.31988500
-0.05247700
0.41618600
0.88707800
0.89913200
0.87292700
0.72607200
-0.15943900
-1.46594500
0.18017600
1.44534300
0.23649500
0.42385600
-0.23034800
-0.37755000
1.17720100
-0.32193400

(+)-villocarine A (97)

cis-quinolizidine
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6.39591900
1.13421100
0.07941000
1.66158000
-2.78020300
-3.08177600
-0.17532200
-0.68720900
-0.82175100
-2.11616400
-5.72939000
-7.55739700
-7.08870600
-4.77169800
-0.13815600
0.16954600
2.17172200
1.54227200
1.29669900
2.44833200
2.73458200
3.25530400
4.24995200
3.24121100
6.68052200
6.66155200
6.89942300
1.56502200

1.07202200
3.81680100
4.08742000
4.53846600
-2.26721800
-3.03066700
0.81200400
-3.27743500
-2.69253300
2.05699600
-1.82564200
-0.37548900
1.90858100
2.80696700
-0.76044700
0.95971500
-0.60831200
-0.60388600
-2.35288900
-3.55931100
-4.00414300
-2.32162500
-3.42057900
2.66397700
0.04465700
1.27540900
1.77259800
3.83170300

160

-0.10299600
-0.94038900
-0.99730700
-0.30575200
-2.08525400
-0.52485100
-1.06710500
-1.43137400
0.22727900
0.59251700
-0.41411500
0.42030100
1.24757500
1.26347000
1.54540300
1.36016300
1.72402100
-2.03470900
-2.08987000
-0.56152400
1.90993800
2.17150400
1.22800800
-0.50700200
-0.34179800
0.93768200
-0.76946800
-1.94777700

A

/-
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Decyanation/oxidation of compound 129

<Method 1>
AcOH (10 equiv.)
MeOH, r.t., 60 h

83%
<Method 2>

: -“H\\o ~_,OAc
Ho
“'OAc
THF, rt, 20 h

AgNO; (3 equiv.) MeO,C
94% AcO

lyaloside tetraacetate (127)

<Method 1>

To a solution of 12914 (10.0 mg, 0.0138 mmol, 1.0 equiv.) in MeOH (138 pL, 0.1 M), acetic acid
(AcOH, 7.9 p, 0.138 mmol, 10 equiv.) was added at room temperature. The reaction mixture was
stirred for 60 h at room temperature under air. The resulting mixture was quenched with saturated
aqueous NaHCOs; solution. The aqueous layer was extracted three times with AcOEt. The
combined organic layer was washed with brine, dried over MgSQa, and concentrated under reduced
pressure. The crude materials were purified by PTLC (SiO,, 65% AcOEt/n-hexane) to afford
lyaloside tetraacetate (127, 8.0 mg, 0.012 mmol, 83%) as a pale-yellow amorphous powder.

<Method 2>

To a solution of 129 (10.0 mg, 0.0138 mmol, 1.0 equiv.) in dry THF (138 pL, 0.1 M), AgNOs (7.0
mg, 0.0415 mmol, 3.0 equiv.) was added at room temperature. The reaction mixture was stirred for
20 h at room temperature under air. The resulting mixture was directly filtered through a short plug
of amino silica gel (SiO2-NH) eluted with 50% MeOH/CHCI; and the filtrate was concentrated
under reduced pressure. The crude materials were purified by PTLC (SiO2, 65% AcOEt/n-hexane)
to afford lyaloside tetraacetate (127, 9.0 mg, 0.013 mmol, 94%) as a pale-yellow amorphous

powder.

Lyaloside tetraacetate (127)

IH NMR (500 MHz, CDCls): § 10.34 (br s, 1H), 8.26 (d, J = 5.5 Hz, 1H), 8.10 (d, J = 7.5 Hz, 1H),
7.82 (d, J=5.5 Hz, 1H), 7.62 (d, J = 8.0 Hz, 1H), 7.53 (ddd, J = 8.0, 7.5, 1.0 Hz, 1H), 7.48 (d, J =
1.5 Hz, 1H), 7.25 (t, J = 7.5 Hz, 1H), 5.82 (dt, J = 18.0, 10.5 Hz, 1H), 5.41 (d, J = 5.5 Hz, 1H),
5.18 (m, 1H), 5.103 (d, J = 18.0 Hz, 1H), 5.097 (d, J = 10.5 Hz, 1H), 5.03 (t, J = 9.0 Hz, 1H), 4.90—
4.87 (m, 2H), 4.25 (dd, J = 12.5, 4.5 Hz, 1H), 4.11 (dd, J = 12.5, 2.5 Hz, 1H), 3.85 (s, 3H), 3.70
(ddd, J = 9.5, 4.5, 2.5 Hz, 1H), 3.65 (br d, J = 14.5 Hz, 1H), 3.32 (dd, J = 11.0, 6.0 Hz, 1H), 3.13
(dd, J = 14.5, 11.0 Hz, 1H), 2.61 (dt, J = 10.5, 5.5 Hz, 1H), 2.08 (s, 3H), 2.00 (s, 3H), 1.96 (s, 6H).
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13C NMR (125 MHz, CDCls): 8 170.9, 170.3, 169.4, 169.0, 168.7, 152.1, 144.3, 140.5, 137.7,
134.7, 133.0, 128.6, 128.1, 121.8, 121.7, 120.6, 119.7, 113.4, 112.0, 110.9, 96.7, 96.5, 72.5, 72.2,
70.8,68.1, 61.7,52.0, 44.2, 35.7, 32.0, 20.9, 20.7 (2C), 20.5.

IR (ATR) vmax (cm™1): 1751, 1708, 1683, 1628, 1564, 1502, 1432, 1369, 1320, 1254, 1220, 1163,
1078, 1057, 1038, 949, 938, 926, 871, 838, 822.

HRMS (ESI) [M+H]*: calculated for [CasH3gN2013]*: 695.2452, found: 695.2436.
[@]?*0 —63.5 (¢ 0.33, CHCls).
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Synthesis of (-)-lyaloside (122):

4 OAc K,COj3 (3.0 equiv.) OH
L WO _A~_LO0ACc : X0 _A_OH
H MeOH H
MeO,C E/]jjOAc 0°C, 10 min MeO,C \c‘)/j)',"OH
95%
AcO HO
lyaloside tetraacetate (127) (-)-lyaloside (122)

To a solution of lyaloside tetraacetate (127, 6.9 mg, 0.0099 mmol, 1.0 equiv.) in MeOH (100 puL,
0.1 M), KoCOs3 (4.1 mg, 0.030 mmol, 3.0 equiv.) was added at 0 °C. The reaction mixture was
stirred for 10 min at 0 °C under an Ar atmosphere. The resulting mixture was directly charged on
PTLC (SiO2) and purified (20% MeOH/CHCI5) to afford (—)-lyaloside (122, 5.0 mg, 0.0095 mmol,
95%) as a pale-yellow amorphous powder. All spectral data of provided (-)-lyaloside (122) were
identical to those of natural product which isolated from Ophiorrhiza trichocarpon. 62l

(—)-Lyaloside (122)

'H and 3C NMR see pages 164 and 165.

IR (ATR) vmax (cm™): 3242, 2917, 2853, 2347, 2254, 1698, 1678, 1625, 1567, 1500, 1434, 1384,
1303, 1243, 1186, 1157, 1069, 1019, 947, 924, 896, 822.

HRMS (ESI) [M+H]*: calculated for [C27H31N20g]*: 527.2030, found: 527.2044.
[a]?*p —168.3 (¢ 0.50, MeOH) [natural product: [a]?*p —166.3 (¢ 1.13)].

UV (MeOH) Amax (NM): 215, 236, 241, 251, 281, 289, 338, 350.

163



(-)-lyaloside (122)

experimental data natural product[®2°] experimental data natural product[82°]
"H NMR "H NMR 3C NMR 3C NMR
(600 MHz, (CD3),SO) (600 MHz, (CD3),S0) (150 MHz, (CD3),S0) (150 MHz, (CD3),SO)
N1 11.37, s 11.38, s - -
2 - - 1341 1341
3 - - 143.8 143.8
5 8.26,d (J=4.8 Hz) 8.26,dd (J=5.4, 1.2 Hz) 137.3 137.3
6 7.91,d (J=4.8 Hz) 7.91,d (J = 5.4 Hz) 112.5 112.6
7 - - 126.8 126.8
8 - - 121.0 121.0
9 8.18,d (J=7.8 Hz) 8.18,d (J=7.8 Hz) 121.6 121.6
10 7.21,ddd (J=7.8,7.2,0.6 Hz) 7.21,t(J=7.8Hz) 119.0 119.1
11 7.50,ddd (/=8.4,7.2,1.2 Hz) 7.51,t(J=7.8 Hz) 127.7 127.7
12 7.55, dt (J = 8.4, 0.6 Hz) 7.55,d (J = 7.8 Hz) 111.9 111.9
13 - - 140.3 140.3
14a 3.13,dd (J = 14.4, 9.0 Hz) 3.13,dd (J = 14.4, 9.6 Hz) 325 325
14b 3.54,dd (J=14.4,5.4 Hz) 3.56,dd (J=14.4,4.8 Hz)
15 3.72-3.67,m 3.72-3.68, m 29.9 (br) 20.9 (br)
16 - - 109.9 109.9
17 7.47,d (J=1.2Hz) 7.48,s 151.7 151.8
18a 4.73,d (J=17.4 Hz) 4.73,d (J=17.4 Hz) 118.8 118.8
18b 4.94,dd (J=10.2, 1.8 Hz) 4.94,d (J=10.2 Hz)
19 5.65,ddd (J=17.4,10.2,9.0 Hz) 5.66, dt (J=17.4, 10.2 Hz) 134.5 134.6
20 2.72,dt (J=10.2, 4.8 Hz) 2.73,dt (J=10.2,4.2 Hz) 42.9 429
21 5.51,d (J = 4.8 Hz) 551, d (J = 4.2 Hz) 95.8 95.8
22 - - 166.6 166.7
OMe 3.35, s (3H) 3.35, s (3H) 50.8 50.8
g 4.56,d (J = 7.8 Hz) 4.56,d (J = 7.8 Hz) 98.7 98.7
2' 3.02,td (J=7.8,4.8 Hz) 3.02, m 73.0 73.0
3' 3.19-3.15, m 3.17, m 77.3 77.4
4 3.07, brt (J = 9.0 Hz) 3.07,t(J = 9.0 Hz) 70.0 70.0
5' 3.19-3.15, m 3.17, m 76.8 76.8
6'a 3.45, m 3.45,dd (J = 10.8, 5.4 Hz) 61.1 61.1
6'b 3.72-3.67, m 3.72-3.68, m
OH2" 5.13,d (J = 4.8 Hz) 5.12,d (J = 3.0 Hz) ; ;
OH3' 5.02, m 5.02, m - -
OH4' 5.02, m 5.02, m - -
OH6' 459, m 4.60, br s - -
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NMR comparison of synthetic lyaloside (122) and natural product.

Natural Product
(600 MHz, (CD3),S0)

Synthetic
(600 MHz, (CD3),S0)

W
o

T T T T T T T
60 55 50 45 40 35 30
1 (ppm)

T T T T T T T T T T T
2.0 1.5 1.0 10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0 6.5

Natural Product
(150 MHz, (CD3),S0)

T T
25 2.0

Synthetic
(150 MHz, (CD3).S0)

T T T T T
90 80 70 60 50

T T
110 100
1 (ppm)
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Bioinspired transformation; synthesis of (+)-ophiorines A (124) and B (125):

OH 0.1 M ag. NH,OAc

WO _A_OH
H 110 °C, 3 days
o "'OH 75%
124:125 =1.7:1

(-)-lyaloside (122)

MeO,C

(+)-ophiorine A (124) (+)-ophiorine B (125)

(—)-Lyaloside (122, 20 mg, 0.038 mmol, 1.0 equiv.) was dissolved in 0.1 M aqueous NH4sOAc
solution (760 pL, 0.05 M). After stirring the reaction mixture for 3 days at 110 °C, the solvent and
NH4OAc were removed under reduced pressure. The resulting crude material was purified by size
exclusion recycle HPLC (Asahipak GS-510 20G and Asahipak GS-310 20G MeOH, 5.0 mL/min,
A =254 nm) to afford (+)-ophiorine A (124, 9.1 mg, 0.019 mmol, 47%) and (+)-ophiorine B (125,
5.4 mg, 0.012 mmol, 28%) as pale-yellow amorphous powder respectively. All spectral data of
provided (+)-ophiorine A (124) and (+)-ophiorine B (125) were identical to those of natural

products isolated from Ophiorrhiza japonica.[64

(+)-Ophiorine A (124)

'H and 3C NMR see pages 167 and 168.

IR (ATR) vmax (cm™1): 3168, 1735, 1631, 1595, 1525, 1497, 1455, 1380, 1335, 1264, 1228, 1207,
1157, 1063, 1040, 987, 935, 899, 864, 824.

HRMS (ESI) [M+H]*: calculated for [C2sH29N209]*: 513.1873, found: 513.1852.
[@]?®0 +71.0 (¢ 0.31, MeOH) [natural product: [a]o +51.0].

UV (MeOH) Amax (nm): 207, 217, 254, 301, 310, 372.

(+)-Ophiorine B (125)

'H and 3C NMR see pages 169 and 170.

IR (ATR) vmax (cm™1): 3133, 2919, 1735, 1629, 1597, 1529, 1504, 1451, 1387, 1335, 1263, 1225,
1069, 942, 899, 824.

HRMS (ESI) [M+H]*: calculated for [C2sH29N20g]*: 513.1873, found: 513.1848.
[@]?*p +33.0 (€ 0.41, MeOH) [natural product: [a]o +18.2].

UV (MeOH) Amax (nm): 208, 217, 254, 301, 310, 372.
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(+)-ophiorine A (124)

© O N o g w N

1
12
13

14a
14b

15
16
17

18a
18b

19
20
21
22
1

5.89, dd

experimental report

"H NMR
(600 MHz, D,0)

8.40,d (J = 6.6 Hz)
8.12,d (J= 6.6 Hz)
7.82,d (J= 7.8 Hz)
7.21,t(J= 7.8 Hz)

7.57,t(J=7.8 Hz)

7.32,d (J= 7.8 Hz)

3.58, brs
(2H)
3.20-3.15, m

3.49,d (J = 12.6 Hz)

6.62, s
5.36,d (J = 17.4 Hz)
5.37,d (J = 10.8 Hz)
d(J=17.4,10.8, 6.6 Hz)

2.91,m
4.67,d (J=9.6 Hz)
4.46,d (J = 7.8 Hz)
3.20-3.15, m
3.36-3.31, m
3.20-3.15, m
3.07,m

3.36-3.31, m
(2H)

5.89, dd

natural product(®4]

experimental report

"H NMR 3C NMR
(600 MHz, D,0) (150 MHz, D,0)
- 134.85
- 145.5
8.39, d (J = 6.6 Hz) 134.81
8.10, d (J = 6.6 Hz) 118.4
- 139.0
- 120.8
7.80, d (J = 8.4 Hz) 124.5
7.19,t(J = 8.4 Hz) 123.7
7.55, t (J = 8.4 Hz) 133.6
7.30,d (J = 8.4 Hz) 114.5
- 133.9
3.58, brs 25.1
(2H)
3.20-3.15, m 32.3
3.48,d (J = 12.6 Hz) 48.8
6.61,s 90.6
5.36,d (J = 16.8 Hz) 121.3
5.37,d (J = 10.8 Hz)
d (J=16.8,10.8, 6.6 Hz) 135.9
291, m 47.8
4.66,d (J=9.6 Hz) 97.4
- 176.3
4.46,d (J=7.8 Hz) 100.9
3.20-3.15, m 74.3
3.36-3.30, m 77.4
3.20-3.15, m 71.3
3.06,m 78.0
3.36-3.30, m 62.2
(2H)

natural product(®4]

3C NMR
(150 MHz, D,0)

134.8
145.5
134.8
118.4
139.0
120.8
124.5
123.7
133.6
114.5
133.9
251

32.3
48.9
90.7
121.3

135.9
47.8
97.5
176.3
101.0
74.4
77.4
71.3
78.0
62.3
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NMR comparison of synthetic ophiorine A (124) and natural product.

Natural Product
(600 MHz, D,0)

ﬁ/

N | h

|
| .l M
JL N R N YV O . \,M,J‘yb m\,' \w | M‘ U\\ u‘ 'U J‘th_ e hen
Synthetic
(600 MHz, D20)
0 95 50 85 80 75 70 65 60 55 40 35 30 25 20 15 1o 05 6o | —

T T
5.0 45
1 (ppm)

Natural Product
(150 MHz, D20)

|
»mwwwwwwwijwy',Mww«m“w o ——"

Synthetic
(150 MHz, D,0)

[T —— Lw»,W»J‘wawwmu»mwwmmwamew»s«mwwWme%w

oo

T T T T T T
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -
1 (ppm)
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(+)-ophiorine B (125)

© 0 N o O w N

1
12
13

14a
14b

15
16
17

18a
18b

5.85, dd

experimental report

"H NMR
(600 MHz, D,0)

8.43,d (J=6.0 Hz)
8.35,d (J= 6.0 Hz)
8.12,d (J = 7.8 Hz)
7.34,t(J=7.8 Hz)
7.69,t(J=7.8 Hz)
7.59,d (J = 7.8 Hz)

3.62, m
3.81, m

3.19-3.14, m
3.08, m
6.63, s

5.34,d (J=17.4 Hz)
5.35.d (J = 10.8 Hz)
d

2.78,m

4.64,d (J=10.2 Hz)

4.42,d (J=8.4 Hz)
3.19-3.14, m
3.35-3.32, m
3.19-3.14, m
3.19-3.14, m

3.35-3.32, m
3.53,d (J = 11.4 Hz)

(J=17.4,10.8, 6.0 Hz)

natural product!®4

H NMR
(600 MHz, D,0)

8.41, m
8.30, m

8.06, m
7.31, m
7.66, m
7.55, m

3.60, m
3.78, m

3.19-3.15, m
3.11-3.07, m
6.62,s
5.36-5.32, m
(2H)

5.84, m
2.77,brs
461, m
442, m
3.11-3.07, m
3.34-3.32, m
3.19-3.15, m
3.11-3.07, m

3.34-3.32, m
3.51,d (J = 12.0 Hz)

experimental report

3C NMR
(150 MHz, D,0)

135.1
145.0
133.4
117.6
139.1
120.6
1241
123.1
133.3
113.8
134.2
27.7

31.6
45.6
89.8
120.6

135.1
44.4
96.5

176.0

100.3
73.6
76.6
70.6
77.2
61.6

natural product!®4

3C NMR
(150 MHz, D,0)

135.2
145.0
133.3
17.7
139.1
120.5
1241
123.2
133.3
113.8
134.2
27.7

31.7
45.6
89.9
120.6

135.2
44.4
96.6

176.0

100.4
73.7
76.6
70.6
77.3
61.6
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NMR comparison of synthetic ophiorine B (125) and natural product.

Natural Product ‘
(600 MHz, D,0) ‘

1 ‘v‘ !H‘
oo o A e o
Synthetic
(600 MHz, D,0)
d5 S0 95 80 75 7o 45 6o €5 do 45 Ao 95 do 35 3o T To O o

1 (ppm)

Natural Product
(150 MHz, D;0)

I

b I |
w il

|
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Synthetic
(150 MHz, D;0)
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Hydration of secologanin tetraacetate (12):

Et3N (15 equiv.)

MeCN/H,0 (3:2)
rt, 6h
91%
secologanin tetraacetate (12) d.r. =2.4:1 130

To a solution of secologanin tetraacetatel®! (12, 20.0 mg, 0.0359 mmol, 1.0 equiv.) in MeCN (1.03
mL, 0.035 M), water (697 uL, 0.05 M) and triethylamine (75.3 pL, 0.539 mmol, 15.0 equiv.) were
added at room temperature under an Ar atmosphere. The reaction mixture was stirred for 6 h at
room temperature. The resulting mixture was quenched with saturated aqueous NH4ClI solution.
The aqueous layer was extracted three times with AcOEt. The combined organic layer was dried
over MgSO4 and concentrated under reduced pressure. Flash chromatography (SiO2, 3%
MeOH/CHCIs) provided compound 130 as an inseparable diastereomer mixture (17.7 mg, 91%,
0.0326 mmol, d.r. = 2.4:1, white amorphous powder).

Compound 130 (d.r. = 2.4:1)

IH NMR (600 MHz, CDCl): § 7.58 (d, J = 2.4 Hz, 1H), 7.56 (d, J = 1.8 Hz, 1H), 5.79 (s, 1H),
5.64 (br d, J = 8.4 Hz, 1H), 5.46 (dt, J = 17.4, 10.2 Hz, 1H), 5.44 (m, 1H), 5.38 (d, J = 1.2 Hz, 1H),
5.35 (s, 1H), 5.33 (d, J = 13.2 Hz, 1H), 5.30-5.27 (m, 3H), 5.241 (t, J = 9.6 Hz, 1H), 5.235 (t, J =
9.6 Hz, 1H), 5.10 (t, J = 9.6 Hz, 1H), 5.08 (t, J = 9.6 Hz, 1H), 5.03 (dd, J = 9.6, 7.8 Hz, 1H), 4.98
(brt, J = 7.8 Hz, 1H), 4.92 (d, J = 7.8 Hz, 1H), 4.90 (d, J = 7.8 Hz. 1H), 4.29 (dd, J = 12.6, 4.8 Hz,
2H), 4.16-4.13 (m, 2H), 4.09 (br s, 1H), 4.00 (br s, 1H), 3.77-3.74 (m, 2H), 3.31 (m, 1H), 2.83 (m,
1H), 2.69 (dd, J = 9.0, 6.0 Hz, 1H), 2.64 (ddd, J = 9.6, 6.0, 1.2 Hz, 1H), 2.40 (s, 6H), 2.03 (s, 6H),
2.00 (s, 6H), 1.97 (s, 3H), 1.95 (s, 3H), 1.85 (ddd, J = 13.8, 4.8, 1.2 Hz, 1H), 1.68 (td, J = 13.8, 2.4
Hz, 2H), 1.53 (td, J = 13.8, 9.6 Hz, 1H).

13C NMR (150 MHz, CDCls3): § 170.8, 170.7, 170.24, 170.17, 169.8 (2C), 169.6 (2C), 164.7, 164.6,
151.9, 151.8,131.2, 130.8, 121.7, 121.4, 105.4, 104.4, 97.1, 96.7, 96.3, 96.2, 95.6, 94.8, 72.5 (2C),
72.34,72.30, 70.7, 70.6, 68.3, 68.2, 61.8 (2C), 42.1, 41.7, 31.7, 29.2, 24.3, 21.3, 20.9, 20.72 (3C),
20.65, 20.6, other two carbon peaks may be overlapped.

IR (ATR) vmax (cm™1): 11749, 1717, 1622, 1430, 1370, 1217, 1161, 1062, 1038, 995, 953, 903,
867, 845.

HRMS (ESI) [M+Na]*: calculated for [C24H30Na1014]*: 565.1533, found: 565.1541.
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Pictet-Spengler cyclization/decyanation/autoxidation:

H cN

N
H

13 (1.0 equiv.)
TFA (3.0 equiv.)
MS 4A (200 wt%)

CH,ClI,
0 °C, 30 min

AgNO3 (2.8 equiv)

THF
rt., 4h
68% (2 steps)

lyalosidic acid tetraacetate (132)

To a solution of 130 (40.0 mg, 0.0737 mmol, 1.0 equiv.), (R)-a-cyanotryptamine (13, 13.7 mg,
0.0737 mmol, 1.0 equiv.), and powdered MS 4A (80 mg, 200 wt%) in CH2Cl, (1.5 mL, 0.05 M),
trifluoroacetic acid (TFA, 17.0 pL, 0.221 mmol, 3.0 equiv.) was added at 0 °C under an Ar
atmosphere. The reaction mixture was stirred for 30 min at 0 °C. The resulting mixture was filtered
by a cotton plug eluted with CHClIs and the filtrate was neutralized with saturated aqueous NaHCO:s.
The mixture was extracted five times with CHCIs. The combined organic layer was washed with
brine, and concentrated under reduced pressure. To a solution of the resulting crude mixture of 131
(10.0 mg, 0.0141 mmol, 1.0 equiv.) in dry THF (690 pL, 0.02 M), AgNO3 (35.2 mg, 0.207 mmol,
2.8 equiv.) was added at room temperature. The reaction mixture was stirred for 4 h at room
temperature under air. The resulting mixture was directly filtered through a celite pad eluted with
10% MeOH/CHCI; and the filtrate was concentrated under reduced pressure. Flash
chromatography (SiO2, 5-10% MeOH/CHCI; gradient) provided lyalosidic acid tetraacetate (132,
34.1 mg, 0.0501 mmol, 68% for two steps) as a yellow amorphous powder.

Lyalosidic acid tetraacetate (132)

IH NMR (600 MHz, CDCls): § 12.11 (br s, 1H), 8.28 (br s, 1H), 8.01 (brs, 1H), 7.87 (br s, 1H),
7.57-7.45 (m, 3H), 7.24 (br t, J = 7.2 Hz, 1H), 5.80 (br s, 1H), 5.34 (br s, 1H), 5.21 (t, J = 9.0 Hz,
1H), 5.04-4.91 (m, 6H), 4.26 (br dd, J = 12.6, 4.2 Hz, 1H), 4.18 (br d, J = 12.6 Hz, 1H), 3.77 (br
s, 1H), 3.74 (br d, J = 7.8 Hz, 1H), 3.39 (br s, 1H), 3.37 (br s, 1H), 2.54 (br s, 1H), 2.08 (s, 3H),
2.04 (s, 3H), 2.01 (s, 3H), 1.95 (s, 3H).
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13C NMR (150 MHz, CDCls): § 172.3,171.1, 170.2, 169.6 (2C), 149.8, 143.2,142.2, 134.7, 133.2,
131.1, 130.5, 129.6, 129.0, 122.1, 120.8, 120.5, 120.4, 114.2, 112.7, 96.6, 96.4, 72.5, 72.2, 70.8,
68.4, 61.8, 44.3, 32.1, 29.5, 21.0, 20.72, 20.69 (2C).

IR (ATR) vmax (cm™1): 3016, 2921, 1632, 1547, 1504, 1437, 1371, 1320, 1218, 1167, 1065, 1040,
953, 904, 871, 824.

HRMS (ESI) [M+H]*: calculated for [C34H37N2013]*: 681.2296, found: 681.2325.
[@]?5—-99.7 (c 0.52, CHCl5).
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Synthesis of (-)-lyalosidic acid (123):

K,CO3 (3.0 equiv.)

: X0 OH
MeOH H
0 °C, 20 min HO,C O ""on
92%
HO
lyalosidic acid tetraacetate (132) (=)-lyalosidic acid (123)

To asolution of lyalosidic acid tetraacetate (132, 27.5 mg, 0.0404 mmol, 1.0 equiv.) in MeOH (400
uL, 0.1 M), KoCOs (16.8 mg, 0.121 mmol, 3.0 equiv.) was added at O °C. The reaction mixture
was stirred for 20 min at 0 °C under an Ar atmosphere. The resulting mixture was neutralized with
1.0 M aqueous HCI solution and then concentrated under reduced pressure. The crude materials
were purified by PTLC (SiO2, 30% MeOH/CHCIs) to afford (—)-lyalosidic acid (123, 19.0 mg,
0.0371 mmol, 92%) as a pale yellow amorphous powder. The structure of (—)-123 was determined
as HCl salt by measuring the spectral data, including 2D NMR, and compared with those of natural

123-HCI salt which isolated from Ophiorrhiza japonical®2]

(—)-Lyalosidic acid (123)

'H and **C NMR see pages 175 and 176.

IR (ATR) vmax (cm™?): 3223, 2906, 1639, 1630, 1540, 1507, 1426, 1393, 1322, 1250, 1192,
1156, 1072, 1039, 951, 928, 903, 877, 822.

HRMS (ESI) [M+H]*: calculated for [C2sH29N20g]*: 513.1873, found: 513.1853.
[a]?°p —142.4 (¢ 0.63, MeOH) [natural product: [a]p —156.3].
UV (MeOH) Amax (nm): 209, 240, 249, 293, 305, 372.
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(-)-lyalosidic acid HCI salt (123-HCI)

experimental data natural product[62°! experimental data  natural product!®2®!
"H NMR "H NMR 8C NMR 8C NMR

(600 MHz, CD,0D) (600 MHz, CD50D) (150 MHz, CD50D) (150 MHz, CD;0D)
2 - - 135.9 135.8
3 - - 141.5 141.4
5 8.32,dd (J=6.0, 1.2 Hz) 8.30,dd (J=6.0, 1.8 Hz) 129.6 129.6
6 8.52,dd (J=6.0, 1.2 Hz) 8.49, m 116.7 116.6
7 - - 134.8 134.6
8 - - 121.4 121.3
9 8.38,d (J=8.4 Hz) 8.34, m 124.2 1241
10 7.45,ddd (J=8.4,7.8, 1.2 Hz) 7.43,t(J=7.8Hz) 123.0 122.9
1 7.79,t(J = 7.8 Hz) 7.77,t(J= 7.8 Hz) 133.0 133.0
12 7.77,t(J=7.8Hz) 7.74,t(J=7.8 Hz) 113.8 113.8
13 - - 145.2 1451
14a 3.65-3.63, m 3.61-3.60, m 33.3 33.2
14b (2H) (2H)
15 3.57,td (J = 7.8, 5.4 Hz) 3.52, m 35.9 35.9
16 - - 109.1 1091
17 7.64,s 7.62,s 155.6 155.6
18a 5.22,d (J=10.2 Hz) 5.20,d (J=10.2 Hz) 120.3 120.3
18b 5.24,d (J=17.4 Hz) 5.22,d (J=17.4 Hz)
19 5.97,ddd (J=17.4,10.2,8.4 Hz) 5.97,ddd (J=17.4,10.2, 7.8 Hz) 135.0 135.0
20 2.74,1d (J= 8.4, 5.4 Hz) 272, m 454 454
21 5.94,d (J = 8.4 Hz) 5.95,d (J = 7.8 Hz) 97.1 97.1
22 - - 170.0 170.0
1 4.84,d(J=7.8Hz) 4.85,d (J=7.8Hz) 100.4 100.4
2' 3.25,dd (J=9.0, 7.8 Hz) 3.26,t(J=9.0 Hz) 74.7 74.7
3 3.43,t(J = 9.0 Hz) 3.45,t(J = 9.0 Hz) 78.0 78.0
4 3.28,t(J = 9.0 Hz) 3.30, t (J = 9.0 Hz) 717 717
5' 341, m 3.43, m 78.7 78.6
6'a 62.9 62.9
6'b

Observed HMBC correlations
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NMR comparison of synthetic lyalosidic acid HCI salt (123-HCI) and HCI salt of natural
product.

Natural Product
(600 MHz, CD30D)

|
, | A ‘» | M“h |
ﬁU‘r‘\LJ, J\M A B JWM 11 I NN

Synthetic
(600 MHz, CD30D)

Y

T T T T T T T T T T
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r T T T T T T T T T T
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Natural Product
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Lactamization of lyalosidic acid tetraacetate (131):

" OAc TFAA/TFA (10:1)
N N R —

H | rt., 1h

HO,C “0Ac 66%

lyaloside acid tetraacetate (131)

correantosine F tetraacetate
(133)

Lyalosidic acid tetraacetate (131, 5.0 mg, 0.0074 mmol, 1.0 equiv.) was dissolved in a mixture of
TFAA (134 uL, 0.055 M) and TFA (14.7 uL, 0.5 M), and the resulting mixture was stirred for 1 h
at room temperature under an Ar atmosphere. After the removal of reagents under reduced pressure,
water and AcOEt were added to the resulting residue, and the aqueous layer was extracted three
times with AcOEt. The combined organic layer was washed with brine and concentrated under
reduced pressure. PTLC (SiO2, 50% AcOEt/n-hexane) afforded correantosine F tetraacetate (133,
3.2 mg, 0.0048 mmol, 66%) as a colorless amorphous powder.

Correantosine F tetraacetate (133)

IH NMR (400 MHz, CDCls): § 8.59 (d, J = 8.4 Hz, 1H), 8.44 (d, J = 5.2 Hz, 1H), 8.04 (d, J = 7.2
Hz, 1H), 7.89 (s, 1H), 7.79 (d, J = 5.2 Hz, 1H), 7.59 (ddd, J = 8.4, 7.6, 1.2 Hz, 1H), 7.43 (ddd, J =
7.6, 7.2, 0.4 Hz, 1H), 5.75 (dt, J = 16.8, 10.0 Hz, 1H), 5.44 (d, J = 16.8 Hz, 1H), 5.38 (d, J = 2.0
Hz, 1H), 5.37 (dd, J = 10.0, 0.8 Hz, 1H), 5.19 (t, J = 9.2 Hz, 1H), 5.06 (t, J = 9.6 Hz, 1H), 4.93 (d,
J=8.0 Hz, 1H), 4.88 (dd, J = 9.2, 8.0 Hz, 1H), 4.28 (dd, J = 12.4, 4.4 Hz, 1H), 4.18 (dd, J = 12.4,
2.0 Hz, 1H), 3.74 (ddd, J = 9.6, 4.4, 2.0 Hz, 1H), 3.26-3.11 (m, 3H), 2.85 (ddd, J = 9.6, 4.4, 2.8
Hz, 1H), 2.09 (s, 3H), 2.01 (s, 3H), 1.92 (s, 3H), 1.58 (s, 3H).

13C NMR (100 MHz, CDCls): 8 170.8, 170.2, 169.5, 169.0, 167.2, 153.4, 146.5, 142.5, 140.5,
132.7,132.3,131.5,130.0,124.4,124.2,121.6,121.0,118.4, 114.1, 113.2,96.7, 96.2, 72.43, 72.36,
70.7,68.1, 61.7, 44.9, 39.2, 29.0, 20.9, 20.7, 20.6, 20.2.

IR (ATR) vmax (cm™1): 1744, 1668, 1587, 1444, 1412, 1368, 1332, 1307, 1254, 1224, 1165, 1129,
1068, 1037, 1012, 942, 913, 844, 824.

HRMS (ESI) [M+H]*: calculated for [C3sH3sN2012]*: 663.2190, found: 663.2193.
[@]?®0 —90.3 (¢ 0.31, CHCI3).
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Bioinspired transformation; synthesis of (-)-correantosine F (126):

OH TFAA/TFA (10:1)

.0 OH
H rt.,, 3h
o "/OH then evapolation

(-)-lyalosidic acid(123)

HO,C

pyridine (20 equiv.)

MeOH
-60 °C tor.t., 15 min
78%
(with 6% of 122)

(-)-correantosine F (126)
(—)-Lyalosidic acid (123, 35.0 mg, 0.0683 mmol, 1.0 equiv.) was dissolved in a mixture of TFAA
(1.18 mL, 0.058 M) and TFA (118 uL, 0.58 M) at 0 °C under an Ar atmosphere, and the resulting
mixture was stirred for 3 h at room temperature under an argon atmosphere. After the removal of
reagents under reduced pressure, pyridine (110 pL, 1.37 mmol, 20 equiv.) and MeOH (1.3 mL,
0.05 M) were added to the resulting residue at —60 °C. The reaction mixture was warmed up to
room temperature over 15 min. The resulting mixture was directly filtered through a short plug of
amino silica gel (SiO2-NH) eluted with 30% MeOH/CHCI; and the filtrate was concentrated under
reduced pressure. The crude materials were purified by PTLC (SiO», 15% MeOH/CHCI5) to afford
(—)-correantosine F (126, 26.4 mg, 0.0534 mmol, 78%, pale-yellow amorphous powder) with 2.3
mg of (—)-lyaloside (122, 6%). All spectral data of provided (—)-correantosine F (126) were

identical with reported data.[¢]

[Note] As shown in Figure 17, the synthesized correlantosine F (126) was gradually converted to
lyaloside (122) by lactam ring opening in methanol, thus special care about moisture and alcohols

was required in handling.

(—)-Correantosine F (126)

'H and *C NMR see page 180.

IR (ATR) vimax (cm™): 3366, 2928, 1740, 1669, 1618, 1581, 1448, 1416, 1335, 1308, 1275,
1243, 1200, 1129, 1076, 1038, 916, 849, 824.
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HRMS (ESI) [M+H]*: calculated for [C2sH27N2Os]*: 495.1767, found: 495.1757.
[a]?5 —171.7 (c 0.50, MeOH).
UV (MeOH) Amax (nm): 206, 228, 275, 283, 319, 332.
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(=)-correantosine F (126)

© 0 N O g w N

10
1
12
13

14a
14b

15
16
17

18a
18b

7.49,ddd (J=7.8,7.2,1.2 Hz)
7.66,ddd (J=8.4,7.2,1.2 Hz)

5.
5.

5.86, dt (J = 16.8, 10.2 Hz)
2.86, ddd (J = 9.0, 5.4, 3.0 Hz)

3.

3.
3.

experimental data

"H NMR
(600 MHz, CD;0D)

8.18,d (J= 5.4 Hz)
7.66,brd (J = 5.4 Hz)

8.11,d (J= 7.8 Hz)

8.63,d (J = 8.4 Hz)

3.21-3.15, m
3.21-3.15, m

3.38-3.32, m
7.91,d (J=1.8 Hz)

38,dd (J=10.2, 1.8 Hz)
50, dd (J=16.8, 1.2 Hz)

5.67,d (J = 3.0 Hz)
473,d(J=7.8 Hz)
3.21-3.15, m
3.38-3.32, m
25, dd (J = 10.2, 9.0 Hz)
3.38-3.32, m

68, dd (J = 12.0, 6.0 Hz)
92, dd (J = 12.0, 2.4 Hz)

reported| datal®®!

"H NMR
(500 MHz, CD50D)

8.25,d (J=5.0 Hz)
7.79,d (J= 5.0 Hz)

8.14, d (J = 8.0 Hz)

7.49,dd (J= 7.9, 7.7 Hz)
7.65,dd (J = 8.4, 7.7 Hz)

8.63,d (J = 8.4 Hz)

24, m
23, m

3

@ ww

359, m
7.90, s

5.32,d (J = 10.4 Hz)
5.48, d (J = 16.0 Hz)

5.88, m

2.86, m
5.67,d (J=2.7 Hz)
472,d(J=7.9Hz)

3.17, m

3.35, m

3.23, m

3.369, m

3.66, dd (J = 10.8, 5.9 Hz)

3.91,d (J=10.8 Hz)

experimental data

3C NMR
(150 MHz, CD;0D)

134.2
147.8
142.3
114.3
133.7
125.0
122.2
125.3
131.2
119.6
142.2
39.6

30.9
114.3
155.8
1211

133.9
46.6
97.7
168.6
99.9
74.4
7.7
71.6
78.5
62.8

reported| datal®®!

3C NMR
(125 MHz, CD,0D)

134.4
148.1
142.6
1145
134.0
125.2
122.3
125.5
131.3
119.7
142.3
39.8

31.2
114.5
155.9
121.3

134.1
46.7
97.9

168.8

100.1
74.7
77.9
71.7
78.6
62.9
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