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Abstract

Our synthetic study of indoloquinolizidine alkaloid, hirsutine and
benzoquinolizidine alkaloid tetrabenazine led to the development of
an asymmetric synthetic procedure that produces both enantiomers
of arylquinolizidine system from L-glutamic acid thus making the

synthetic route enantiodivergent. The key reaction was cyclization of
chiral  N-acyliminium ion  derived from  diastereomeric

hydroxylactams with a substituent on the C3 position installed by an
aldol reaction. Application of this procedure to synthesis of an

indolizidine alkaloid, crispine A and an Erythrina alkaloid,
erysotramidine starting from L-aspartic acid also resulted in an

enantioselective procedure that produced both enantiomers of
methyl and propyl analogs of crispine A as well as a tetracyclic core
of Erythrina alkaloids.

Keywords : Total Synthesis, Quinolizidine Alkaloids, Hirsutine,
Tetrabenazine
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DCC dicyclohexylcarbodiimide

DMAP N,N-dimethylamino pyridine

LAH lithium aluminium hydride

THF tetrahydrofuran

LDA lithium diisopropylamide

TBSOTf tert-butyldimethylsilyl trifluoromethanesulfonate
DIBALH diisobutylaluminium hydride

TMSOTf trimethylsilyl trifluoromethanesulfonate
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dr diastereomeric ratio
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EtOAC ethyl acetate

Ac,0 acetic anhydride

TLC thin layer chromatography

NMR nuclear magnetic resonance spectroscopy
rt room temperature

uv ultraviolet
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WEBAINA 7 NN989LATIEH hirsutine Tagl Kwon

Reymundo A. Villa, Qihai Xu, and Ohyun Kwon “Total Synthesis of (+)-Hirsutine:
Application of Phosphine-Catalyzed Imine—Allene [4 + 2] Annulation” Org. Lett., 2012,
14, 4634-4637.

N1389LATIZU Hirsutine w11l Asymmetric

N1949AIEIULL enantioselective Maneanulilag Tietze 1417581 enantioselective
hydrogenation 284 dihydro-[]-carboline Weds9 stereocenter N1 C1 %wﬂ%muv&guﬂﬂi

@374 stereocenter 817|189 D (WHUNIWT 8)

7/
s Cl
N N NH
N CO,Me N CO,Me
H

CHsCN, HCO,H H ¢
EtsN, 0°C -> 20°C ¢
96%, e>98%

s

Y

WEWAINA 8 NN989LATILI hirsutine 1ol Tietze



Tietze, L. F.; Zhou, Y. “Highly Efficient Enantioselective Total Synthesis of the Active
Anti-Influenza A Virus Indole Alkaloid Hirsutine and Related Compounds by Domino

Reactions” Angew. Chem. Int. Ed. 1999, 38, 2045-2047.

N1349LAILYULL enantioselective 184 Brown 1 tryptamine vinUffizenriu chiral

secologanine Nifudauaealasadi1ea0999 D (WNUAINT 9)

CO,Me
HO o o) O._OH
0 W 12 steps |
+ —N o —> v,
O N/ —— > MeO,C /
OH S Pn
Me0,C MeO,C~ “CO,Me

NH,
NaCNBH;, b
N
H
_.”/ 3 steps N 5 .“\/
i @ BY N
NH co,Me

/ CO,Me MeO,C
MeO CO,Me

LEWAINWA 9 N1949LATIZI hirsutine Tmel Brown

Brown, R. T.; Ford, M. J.; Windfield, M. “Stereoselective Total Synthesis of (+)-Hirsutine

and Related Corynanthe Alkaloids” J. Chem. Soc. Chem. Commun. 1984, 847-848.

2.2 N1349AT12H Tetrabenazine

= o g

ﬂ’]??ﬁﬂLﬂﬁ"]tﬁﬁf}j’luN’]V@’mﬁ"]ﬂQ’]uLﬂuﬂ’]ﬁ‘ﬁﬂ LATIELLIL racemic 11&?045%&171’1?@\%?1?’]3%

LU asymmetric WNEN 2 T1ENUNTT

N1389LATIZU Tetrabenazine Wil racemic

N19AUATIZIAULL racemic 1agl Cho waz Min LianssasiLilis tetrahydroisoquinoline (A B
ring) WANa51999 C AuNemdafneljizen Intramolecular Aza-Prins Type Cyclization via

Oxidative C—H Activation (WHUAIWHA 10)



o) o)
- 1)DDQ, Liclo, B
o N 4AMS,CH,Cl _ ~ N

2) 0sO,, NMO
NalO,, H,O/THF

SiMe;
LLNuﬂ’]‘Wﬁ 10 N1949LAI1ZY Tetrabenazine Tagl Cho wag Min

Young Wook Son, Tae Hui Kwon, Jae Kyun Lee, Ae Nim Pae, Jae Yeol Lee, Yong Seo
Cho, and Sun-Joon Min “A Concise Synthesis of Tetrabenazine: An Intramolecular Aza-

Prins-Type Cyclization via Oxidative C—H Activation” Org. Lett., 2011, 13, 6500-6503

NN389AIILY Tetrabenazine WUL racemic synthesis lnel Greig HUfn3en imine
aldol/nucleophilic substitution U84 dihydroisoquinoline U dimethylamino-methyl ketone

Y o . o
ILANI resolution (LNUAIWN 11)

resolution with
camphorsulfonic
acid

(+)-Tetrabenazine

WHUNINA 11 N1989LAT2 Tetrabenazine Tagl Greig

Qian-sheng Yu, Weiming Luo, Jeffery Deschamps, Harold W. Holloway, Theresa
Kopaijtic, Jonathan L. Katz, Arnold Brossi and Nigel H. Greig “Preparation and
Characterization of Tetrabenazine Enantiomers against Vesicular Monoamine

Transporter 2” ACS Med. Chem. Lett., 2010, 1, 105-109.

N1349LAI124 Tetrabenazine Wil asymmetric

nMsdaAIITLL asymmetric Tnel Rishel 191/{j7i3e11 Pd-catalyzed enantioselective
Malonate addition 1% imine carbon 2184 dihydroisoqguinoline \Wad514 stereocenter 7

C1 39azldAaLANNI9aF19 stereocenter 81114 C (WHININWA 12)
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chiral palladium

complex 7 steps
— = :QC‘

N

diisopropyl Y \ﬂ/\ﬂ/ Y

malonate

94%, >97% ee

WEBAINA 12 N1389LATIL Tetrabenazine 19el Rishel

Michael J. Rishel, Kande K. D. Amarasinghe, Sean R. Dinn and Bruce F. Johnson
“Asymmetric Synthesis of Tetrabenazine and Dihydrotetrabenazine” J. Org. Chem., 2009,

74, 4001-4004.

N1389AINZY (+)-Tetrabenazine 1agl Altmann 14 Ring-Closing Metathesis lag Acid
catalyzed cyclization tfluifjisaman vinyl-homoveratrylamine iU chiral carboxylic acid
iludaulnsea¥1aaeens C saetlfjisen amide formation uaz ring closing metathesis W%

43571994 B C wianr)iudnedjii3en acid induced ring closing (WHINIWA 13)

TsOH
0 1) amide coupling .-© acid catalized _O
2) RCM cycllzatlon
~0 NHy " g HN._O
| | 3 steps
HO (@] .
m oTBS

OTBS

WEWAWA 13 N13FaLATIZY (+)-Tetrabenazine Imgl Altmann

Manuel Johannes and Karl-Heinz Altmann “A Ring-Closing Metathesis-Based Approach

to the Synthesis of (+)-Tetrabenazine” Org. Lett., 2012, 14, 3752-3755.

3. alnsaluazisnis
[ L4
3.1 a@puazginTal

dll % dlal 1 1% 9 a oa 1% ! %
Lﬂ?‘ﬂ\‘iLLﬂQVIN@%LL@QIMV@\‘]ﬂQUWﬂ’]? I/LG'WLI,ﬂ AIANUNAN ﬂQQEﬂﬂﬁ‘fJﬁl NFVELLEN  UQBA

o c ¥ o o v ac )| dl a dld 1 2 v 1
NAARN ARANTILANAUTLILENAREATIANN AN LATENILATISUNNBEL LA 1@LLﬂ

Nuclear Magnetic Resonance Spectrometer Infrared spectrometer Polarimeter
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4115USAAN  optical  rotation  LATRNRLATIEIN NN LAYFadasaatN A NeR AT LI

whguneueniuInendy  Iiun Mass Spectrometer  gunsaldiesde lun

1
= !

nITUANaALN syringe WM qnNENY septum AN9LANYNTUANNANTNIUNINARDY 993

o ©

PNFINIAZANE
3. 2 98015

3.2.1 W38N 1949LAT2 quinolizidinone ann L-glutamic acid WAL tryptamine %i7e

homoveratrylamine W1l one-pot

L?WQWQLLNuﬂW?Z{NLﬂ?’]Zﬁ quinolizidinone /1N amide élQﬂﬂﬁ‘Z‘quuﬂ’]?LLll‘]_l one-pot AN
maﬂﬁiﬁﬂwnﬁﬂﬂuuﬂwudﬁ|HMun1ahnnmun1hydnde ¥wen#ilunng abstract proton 184
amide 1 i lsAANsTInelETly glutarimide 2 Fsdruniiafin hydride reduction sialu/lé
dly  hydroxylactam 3 duiueanundl  glutarimide 2 Mia9aInNLaNeanaINiuaLe
chromatography Wd2R99 reduction 184 glutarimide 2 ﬁmﬁ@ﬁ’m DIBALH 1élu
hydroxylactam 3 %qﬁqﬂﬁ‘ﬁ?mﬁu Lewis acid 1w TMSOTf visa BF,-OEt, 1ia N-
acyliminium ion cyclization 1 quinolizidinone 4 ﬁﬁﬁuaﬂLﬂﬂﬂﬁﬁ%ﬁ’]ﬂfﬁ?ﬂﬂmﬁ
hydroxylactam 3 InEmI9AnN amide 1 BALLAA N-acyliminium ion cyclization Ty one-
pot AaEN19MLATeNTL metal center T reducing agent Tugnue Lewis acid T RRLIIZ

naaniflusnialfisananasllneuds (ununnd 14)

H-M—Ln NBn,

MeO H o
|
:O/\ H-M—Ln MeO
T e
NBn2 MeO 2 o

NBn2

3
1 - M-Ln
or added H+

MeO

MeO

WHUNINA 14 LEWNNTEIATIE benzoquinolizidine WU one-pot



12

3.2.2 NNINLYINEILATIZA hydroxylactam 5 Aa8IN19NN selective hydride reduction 184

1
o

‘m;j carbonyl ﬁ'agjamﬂu stereocenter Ine’l (10107 interaction %38 chelation 189 metal

hydride iU nitrogen atom W dibenzylamino i directing effect tneiA1AIIUY

o

dibenzylamino ﬁ@g’uu carbon atom WatFAANU iminium carbon azmlHAe 1,2-

a

stereocontrol M H 14 benzoquinolizidinone 6 WLILNA diastereoselectivity @3 visaLilu

, , o
single diastereomer (LNUNINN 15)

\\\\‘ N N
Ar—l\|l/|l _—c_)— o=
Me0:©/\/N Meoj@/\/N
MeO o MeO o
o MeO
MeO N g TTTTTTTITTTT > H
:@N B, MeO N0
OH
MeO 5 6 BnZN\\‘

single diastereomer

o

WHNNNT 15 LKBNI99I0 selective hydride reduction 184 carbonyl NiagAAL

stereocenter NNy dibenzylamino

uanantudelununngdanmeyd  hydroxylactam 5 Imaisuaan  1-benzyl-N,N-
dibenzylglutamic acid 8 gadan i amide 9 iy homoveratrylamine udnasil benzyl
ester a¢j414°] stereocenter 11871 DIBALH reduction udamasazld aldehyde Nazilnaald

i hydroxylactam 5 (Luwn Wi 16)
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nz

\J

’ Bn,
Meo:@/vNHz DCC, DMAP MeO NMOB”
MeO + CH,Cl, Me0:©/z/ o o

7 (0] O
BnO)J\;/\/U\OH . 1.Boc,0
. ' 2. DIBALH
2 8 y 3 TMsOTf
MeO (@)
" N__o
MeO Bk MeO:O/\/N “'NBn,
BN MeO s o
6

WHUNNT 16 N1389LATIE hydroxylactam 5 /170 1-benzyl-N,N-dibenzylglutamic acid

N1989LATIZA hirsutine Lae Tetrabenazine AN quinaolizidinone Tuutun13§UAINLIN
° X Iy v . o v o a . . A o v a
WAUALLDIFY U dibenzylamino NNl chiral auxiliary Wwan e stereocontrol
Tulfienseinisuwaslilfifdudouradiarainaesiuana  Wanljisen  elimination
wanndnaanazléiilu cyclic enamide @vayldifumsieridulunisdsinssil hirsutine was

Tetrabenazine #ia'lyl
LAWNISAILATIZI Tetrabenazine

Ufji38n Cope 438 Hoffmann elimination %84 quinolizidinone 4 MWild cyclic
enamide 10 9aziintlfjise Michael addition At alkoxylic nucleophile fimiflu enolate
4‘ o ana o . . :j/ . . . o 4
11 Sﬁ\‘l%vl,ﬂmﬂgﬂimﬂu isobutyl halide @1n11d lactam reduction WAL oxidation NN

16111 (+)-Tetrabenazine (WNUNINWA 17)
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MeO
MeO mcpea MeO o Y N__om
H . L JPOR | Meo |
MeO N0 MeO
11
=
4 NBn, 10 OR
MeO MeO MeO
H
H .
N [o] N LiAIH,
MeO -« MeO «~ MeO
13
o OH
(+)-Tetrabenazine dihydrotetrabenazine

WA 17 BEBNNTAILATIZ (+)-Tetrabenazine

Tuinuawaeaiy indoloquinolizidinone 14 gnulaswliflu cyclic enamide 15 @sazifin
Michael addition A1nN14A11 convex Ay enolate 16 ‘ﬁ%gﬂ trap A3t ethyl iodide ANt

lactam carbonyl AL malonate ester 17 quiim reduction WileLlu hirsutine (LLNum‘W‘ﬁ 18)

|| H
N
N
H . -
7,
MeO.
Z CO,Me
Hirsutene

LLNuﬂ’W‘Wﬁ 18 WHUNN9A9LATIZI Hirsutine
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4. NﬂlLﬂ%%@'l‘iﬂiNﬂﬂ’ﬁVl A[BY

NIANHINITRILASIEN Tetrabenazine
AtAN1NNIndILAIIZY tricyclic benzoquinolizidine core ﬁﬁmgjﬁﬁ”ul,ﬂu cyclic enamide
10 1%l 5 fupeu TaaBEuann L-glutamic acid #neilfjisen benzylation & benzyl N,N-
dibenzylglutamate 8 uAaiinLfjfi3en amide formation i homoveratrylamine 1% amido-ester 9
Saienlei glutarimide 2 WAy hydroxylactam 3 Lﬁ@ﬁﬂﬂﬁﬁ?‘mﬁu LAH glutarimide 2 #4190
el hydroxylactam 3 @agin19nUfnseniu DIBALH Ufjfisenaes hydroxylactam 3 fiu
TMSOTf M liAn N-acyliminium ion cyclization T dibenzylamino-benzoquinolizidinone 4 %\‘1
Lﬁi@ﬁ’]ﬂfﬁ?mﬁu m-CPBA aziiim Cope elimination 1#du tricyclic enamide 10
(o] (e} (0] (0]

JJ\/\/U\ BnCl, NaOH
HO™ Y OH HO OBn

NH, K,CO3, 31% g NBn

(L)-glutamic acid H3co:©/\/NH2
HCO

DCC, DMAP, CH,Cl,, 27%

Yy

Bn, NBn,
DIBALH, 91% NB
n2
H5CO.
H5CO Hsco H3CO
15% 44%
TMSOTf, CH,Cl,
87%
dr5.7:1
m-CPBA, CHCl; H3CO,
—_—_—
o)
93% H3CO!

NBn,

WHUNNT 19 N13RaLATIE tricyclic enamide 10

UBNANTILINAINITONNNTRUATIZY tricyclic benzoquinolizidinone 4 UL one-pot
a1n amide 9 TaeintAFNAU LAH Rmen hydroxylactam @aiiaiis TMSOTS tnerlsifies
ugnaanuifayw N NA imide formation/reduction/N-acyliminium ion cyclization Tu

TuRauLALTY
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MeO B NBn,
LiAIH
MeO” g HN O * | Meo N m o
AT Y e T
MeO O THF 3 NB
OBn i 2 "2
9 TMSOTF | 5106
CH,Cl,
MeO.

MeO

WA 20 N17EALATIZY benzoquinolizidinone 4 K111l one-pot

Kuntiyong, P.; Piboonsrinakara, N.; Bunrod, P.; Namborisut, D.; Akkarasamiyo, S.;
Songthammawat, P.; Hemmara, C.; Buaphan, A.; Kongkathip, B. Heterocycles,
“Synthesis of quinolizidinone and indolizidinone systems using N-acyliminium ion
cyclization and a one-pot procedure for preparation of benzoquinolizidinone” 2014, 89,

437-452.

A miupanunenenlunigin regioselective carbonyl reduction HiARL s

U

carbonyl agd14 stereogenic center Ny dibenzylamino i N1sANHLITFE104

a

glutarimide 2 fusRENNeLAn LAH uay DIBALH wudninUffisan C11b carbonyl

u

Wit luanue?l NaBH, anxnsaindfjnsenldvsaasiumds windndmelfidueesuas
a = . 1 3| =X a
19981 7UsTNAUNANETHALATH over-reduction 1841y carbony Talifle CH, 998D9n"3iile

NUNATUAE F21N198ATIZIENU NH-Boc 284 amido ester 9 siuAsafluni1aaand

o ©

whaula uazfidudwinnisAnmies atelafinnasnudiniadumyunundnllfn c1 aeq

glutarimide Az WU reduction lwiusien1finTun  C4  carbonyl Nagdng

a

. sa oy . v < v = A
stereogenic center Xy dibenzylamino 1 @Az ldnanaivlunanimasesdusie-ly

i
=

dupausialillunisdaunsnzil Tetrabenazine ABNTSFENMALUNUA isobutyl i C3 uaznNNg

o

oxidize C2 #iflu ketone éﬁ@ﬂmﬁ’]ﬂﬁﬁ?m hetero-Michael addition tdnviajileridu
] [ 1 ¥ v

enamide @iusuma C2 faer NaOMe vinlilsnsjunuinial oxygen Msnumell dunau

palUlfunnsn a-alkylation 284 lactam #ag isobutyl iodide wsAnan1snAaea bAesl

1 1 v
Wumiwala wavselddansuansnsiuinnanaztinlininimasasludusald s dadunisg
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1 demethylation 1839 methyl ether WAY reduction 298 lactam carbonyl Wls
dihydrotetrabenazine

NaOMe, MeOH HsCO )\/|
77%

LDA, THF
-78°C

Dihydrotetrabenazine =
OH

WHUNINT 21 HaN19NAaed Michael addition 184 tricyclic enamide 10 LRZLNWNNT

&umanzdf dihydrotetrabenazine 4uas

AINuAN1IAAeIdsil wsaaNyAgIuIINsldvyunuTnsuile [ 289 lactam 18

Tinaldiflundmela iaziinanaulideclasiedjizenaes lactam uassteric effect

aa o

1 1 dl a 17 1 o i’/ =2 dl o g [ %
VNN ULNUNNATLIAUN C2 VlLﬁ]EJL‘lI']iﬂﬂﬂ% AatiilsagiasuuKun I sdaasziiiduaLans

1 '
=

TUHBAINT 21 dihydrotetrabenazine azgndaAszviann [, [-unsaturated lactam 21 %
L a0 | @ _ < . 42
HUHUNUNNALAUS [ \lu isobutanol-1-yl WIATAINULY hydroxy NBELUNYLNUNUASTIE
11 (direct) NIANMEUNUNUY C2 1% C=C 289 unsaturated lactam 21 @3 C=C bond
azlfnnann Cope elimination 984 dibenzylamino intermediate 22 %ngﬂﬁqmmw‘%u
Q1N glutarimide 2 Way isobutyraldehyde (WHUNNT 22)

MeO. MeO

MeO

Dihydrotetrabenazine

OH

NBn,

O,
(0] (0]
J‘l\/\/u\ MeO NH, MeO N + )WH
HO™ Y OH + D/\/ D/\,
= /: O
NH, MeO MeO 2 0

(L)-glutamic acid

WEBANA 22 LLNuﬂﬁTﬁﬂLﬂi’lzﬁ(retrosynthesis) U84 dihydrotetrabenazine WU 2
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o

T T gt ARG o Ufjfisen  aldol 289 glutarimide 2 U
isobutyraldehyde 1iield LDA Wuwalrindninemiidy aldol adduct 22a uay 22b lu
Fmsdauilazanns 1:2 MARINLENTaAed diastereomer 8aNANTLILED secondary alcohol
an protect Widlu TBS syl ether 23a ifleifin steric hindrance TazdasAgLAN
regioselectivity y4df DIBALH reduction se'l]

NBn, HO

H

0\)\
LDA,
H3CO N o} H N
e

o <
. HyCO "
0 -78°C
HyCO H,CO 22b © " Heco ©

H
O,
22a
28a = 23%, 28b = 44%

TBSOTf, 2,6-lutidine

CH,C1,0°C, 77%
TBSO

O,
H3CO:©/\/T‘?"'NBHZ
H3CO 23a ©
WKL 23 157381 aldol 784 glutarimide 2 iU isobutyraldehyde

WHUAIW 24 LAY transition state A89NN9INA aldol adduct 22a mé?mmﬁgmdﬁ
UfAseniAmeENW 6-membered Zimmerman-Traxler transition state TS1 224 Li-enolate kay
isobutyraldehyde Tnel isobutyraldehyde WAHLENAINNIG equatorial 194 enolate 18 aldol
adduct ‘171'5?1/133'LquﬁmuﬂmsLuaai;Tqamumq glutarimide TuANuMU equatorial LazH relative

configuration lu syn T thermodynamic product

MeO
MeO

Bn,N

H
o]
MeO M&H
— R
MeO O Nen,

more stable |||

HO\_/R

WEWANA 24 transition state 284N1340A aldol adduct 22a



19

WHININ 25 LAAY transition state 284n19iNA aldol adduct 22b 1w 6-membered
Zimmerman-Traxler ftransition state TS2 284 Li-enolate Wwa¥ isobutyraldehyde
isobutyraldehyde tixidNa1NN14 axial 299 enolate 161 aldol adduct Nivijununnualuy
MEBILUN glutarimide Tusnuuls equatorial Waz axial MW chair conformation M1l
Twanaulasuhleglu  twisted-chair  conformation  uazvyUNUNYINADIH  relative

. . & X ¥ o ana [y . a v @ | = Y1
configuration {4 anti n1adiNliBeNannIedn axial WaldiFandt Fenlddndu

kinetic product

Li H O
/
O NBn ,
MeO Né—f 2 MeO NS e,
:@N MeO ©
MeO' (e} LDA e 2
RCHO
— MeQ ]
Axial attack OH
MeO H S
MeQ, o
N H
ineti MeO
kinetic o
NBn,

Me0:©/\/N “NBn,
MeO 220 ©
WEUNINT 25 transition state BR4N1340A aldol adduct 22b

WHUNNT 26 wansdumenselllunnsdannzsf DIBALH reduction 2849 glutarimide

a o

23a AU carbonyl group ﬁ@%mﬂu stereogenic center ﬁflmg: N,N-dibenzylamino

A Al =< ° . L A A A
WAENILAED TNFAINAINNITNI reduction 189 glutarimide 2 ‘1/113\13\11)133 isopropanolyl knina

=D e

PAim reduction Nvigf carbonyl NldRugununeInde Ujisen1e9 hydroxylactam 24a
a g o o v . - . d‘ I . .
AeTwuiy TMSOTF win Tl N-acyliminium ion 25a Wﬂglu half-chair conformation i

transition state TS3 299Ufjfisen uarivyunuinsaaseylusiumide pseudo-equatorial
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aa

udfim cyclization AMNANL axial 284 iminium carbon B 1HLA tricyclic core 26a My
configuration i stereogenic center ARalvaiiiu R @ﬂﬂﬁuﬂﬁﬁ?m Cope elimination 284
'm;j dibenzylamino fael m-CPBA i la tricyclic quinolizidine core 27a e [1,0-

unsaturated lactam ﬁﬁuy}muﬁﬁ C3 184 Tetrabenazine

MeO
OTBS OTBS 0 QTBS
D\/;ﬁ j@\/ﬁ MeO %é“‘\kR
|
R =i-Pr H
DIBALH H TMSOTf 258 NBn,
Nan Nan .
R H ]
TBSO K
(@)
@ H NBn,
Axial attack OMe
R=i-Pr OMe -
TS3

[o]p -79.5 (¢ 1.8, CHCIy)

, ', R B
R =i-Pr R/( R =i-Pr
OH

27a
WHUNNT 26 NN9IANLATNEN tricyclic [, [I-unsaturated lactam 27a

WEUAINWA 27 uassdunausalillunisdamszyinizuann aldol adduct 23b H relative
configuration ?J@\‘]m;iLwluﬁuu'NLﬂu anti DIBALH reduction 284 glutarimide \NaTun

o

carbonyl group Wgifinfiu stereogenic center MUy N,N-dibenzylamino LiuLAERiU

U
|
a

Uffisenves hydroxylactam 24b FiRnTUAY TMSOTF 1514 N-acyliminium ion 25b 18¢]
11 twisted-chair conformation 14 transition state TS4 v@4Ll{jfizen Lﬁﬂﬁﬂﬁﬁyjuwuﬁ;ﬁ
aavliagfluAinumis pseudo-axial udaifin cyclization a1nsu convex aasluiana vinlls
tricyclic core 26b i configuration 7 stereogenic center fiialwadifly s mﬂ‘&uﬂﬁﬁ“ﬁ‘m
Cope elimination mﬂdmﬂ' dibenzylamino pael m-CPBA v el tricyclic quinolizidine core
27b Al [1,[]-unsaturated lactam ﬁﬁmﬁmuﬁﬁ C3 184 Tetrabenazine qﬁlﬁwudﬂs\lmqaﬁl
Famzifl@itlu enantiomer fiu tricyclic system 27a fidanseRlEann syn aldol adduct
Taefl 1H war 13C NMR spectra wileuiu WANAY optical rotation NALAENA WA

LAFRIVNNEIATITNH
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TMSOTf
DIBALH
NBr‘I2 NBn2 ||| NBn2
— [e) H
' oP \/\R{R
N \r;\ H H NBn,
et R B
= H H NBn,
N OMe
H MeO
26b OH OMe L N
MeO Attack from convex face
TS 4

[o]p +83.7 (¢ 1.9, CHClIy)

R =i-Pr
WHWNINA 27 N1389LATITH tricyclic o, B-unsaturated lactam 27b

g Aaridu hydroxyl 8979883 enantiomer gniaeuliidy acetate fupeuRimaelunis
1Pyt Tetrabenazine oA ﬂ’]’;TL’I;INW;I:LLV]uﬁﬁﬁ oxygen atom 14"l C2 Fap1aiinTuly
anenuy Neighboring group participation gl acetate Iuﬂﬁ?ﬁm oxygenation 189 C=C
bond ‘ﬁmmﬁmﬁl‘u acidic condition %38 Pd(Il)-mediated (Wacker-typed reaction) %‘\ﬁmﬂ
snuffsendusinanals TumeuiivieselUamiuandluliisen  hydrogenation uaz

reduction LiNa 134 dihydrotetrabenazine

or
Pd(I1)-mediated

Oj/o addition

dihydrotetrabenazine Qon

WNUANT 28 UiN19daAnzif dihydrotetrabenazine a1n tricyclic a,-unsaturated

lactam
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dl o g . saa a o -lf o g
AINUANNINARBIT b WNN9491ATEI Tetrabenazine 191azldaaRzniWillunsdans 29

. K v o = o . B .
protoemetinol 9N TATNAT1MANWNAUAL  Tetrabenazine Ag 9,10-dimethoxybenzo-
. o =< o o e o I 1% + , .. | v o
quinolizidine Fuiludaraeasnannaldainsiulg Alangium Lamarkii uazidulasaaiiaman

]
ol

1098aR1aeeANg1Atyan lunguiiid psychotrine TaHnNE anti-HIV

gﬂﬁl 4 31109 Allangium Lamarkii a0 http://www.dnp.go.th/botany/detail.aspx?words =
13&typeword=group

LUMIALATISRBULINTRS  protoemetinol  ANERLLNLANIRUAT LB UALTE
Tetrabenazine Aedupnnziiatld tricyclic enamide 10 iusanansiidndiy Uqisen
Michael addition 424 enamide 10 %Lalmaszmuﬁ‘ﬁl C2 ﬁ@quﬂu 2-ethanolyl NAaN1INAARN
Usngdnanainsninljisen Michael addition lélagld allyimagnesium bromide 16y

2-allylbenzoquinolizidine 30 usilutlFunutiesuazifjisen o-alkylation 289 lactam 7

a g 1 o <
inaauldlszaunadniga
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MeO /\/MgBr MeO.
O >

Ether, 0°C, 7% M€O

MeO

MeO.

MeO

L _OH
ent-protoemetinol

WHUNINT 29 HaN13N1 Michael addition 284 tricyclic enamide 10 fngl allylmagnesium

v 1
bromide uazdunauimaalun1sdansey ent-protoemetinol

”‘V]ﬂN@ﬂqﬁ‘mﬂﬂﬂ\‘]iﬁ\‘]ﬁuLL@gﬂJ@ﬂq?ﬁﬂHqﬂq?ﬁﬁLﬂ?qgﬁ Tetrabenazine Lﬁ?’ﬁﬂLﬂ?\lﬂu
WHNN9ANLAIIZH  protoemetinol  WAY  retrosynthetic  analysis TUUEUAWA 30
protoemetinol azduAsnziliainiiseanisiFin nucleophile i synthetic equivalent
28913 2-ethanolyl dhii c=c é’qmmiﬁwmmﬂ'muﬁﬁ C3 hawny 1-ethanolyl lu tricyclic
enamide 34 %uﬁmﬂﬁ'ﬁ?m Cope elimination 424 dibenzylamino-benzoquinolizidine 35
%'aLﬂumiﬁqr]mm‘hﬁnﬂumiﬁqLquﬁﬁiﬁmmﬂﬂﬁﬁ?m 4 Tumeuiiduann glutarimide
2 AT acetaldehyde

MeO

MeO'

protoemitenol

NBn,

o)
q T MeO. NH HsCO N i
2 3 +
o~ How I = YT
NH, MeO H,CO' )

(L)-glutamic acid

WHUATNA 30 WNUNNIA9LATIZY protoemetinol KLILITI 2

nansnaaedullluianabeaiudjisenlunisdanszi Tetrabenazine 1fjfisen
aldol 184 glutarimide 2 WaY acetaldehyde Tneild LDA luiwalsf aldol adduct Mvluaeg

naNae9 diastereomer degnilasulvinglugil TBS silyl ether 37a uay 37b lTudmadou
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1.3:1 Galleusneananiuudailuidjienselian 3 dunenldundjisen DIBALH
reduction N-acyliminium ion cyclization Laz Cope elimination oty tricyclic enamide

34a 1Az 34b N1y enantiomer A1 (WNUAINT 31 LAY 32)

TBSO
NBn, NBn, o
HyCO N,
HaCO ﬁ?‘jLDA )J\H HsCO ﬁ?\/ 3 D/\/ “NBn,
- . 0
]@/\/ j@/\/ HyCO
HCO .78°C, 39% H3CO 37b
s s TBSOTY, 2,6-lutidine, Te%
CH,Cl,, 56% TBSO_~
o
HsCO N,
HyCO ©
37a
DIBALH, toluene 24%
HeCO HyCO -78°C, quant.
H mCPBA, CHC5 TBSO
HsCO N — O TMSOTF, CH,Cl, ~
o HyCO 0°C, 40% O A
34a X "//( 0°C, quant. . ) ,
A\ s, 4—
[o]p -44.8 BnN i HsCO N -
OH 82 OH ¥ “NBn;
OH
H,CO 382

WHUNNT 31 m:‘zﬁv\uquﬁtricyclic [1,[J-unsaturated lactam 39a

TBSO
TBSO H,CO.
DIBALH, toluene TMSOTF, CH,Cl,  °
0. -78°C, quant 0°C, 29% H,CO
- .
H3CO " .
H3CO:©/\/N "Nan j@/\/ NBn, anN‘
e} 35b OH
HaCO HsCO
37b m-CPBA, CHCl,
0°C, quant.
H3CO, 0O 0
H3CO. H3CO.
H.CO 0 H3COJ\/U\CI
HsCO N <« HCOo
) CHCl5,
protoemetinol H;CO fe} 34b
[a]p +32.8 OH
oo XY

WHUNNT 32 mﬁ?ﬁ\‘immzﬁtricyclic [1,[J-unsaturated lactam 39b
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Tricyclic enamide 19489 enantiomer Qmﬂaﬂﬂﬁﬁu malonate ester 39a Wae 39b
fnensnUsaniu methyl malonyl chioride @aazldnaaasdizennldlunisidumsy
wunf c2 Taun palladium catalyzed isomerization/decarboxylative allylation 38 Carrol

rearrangement 9@ intramolecular Michael addition (LLNum‘Wﬁ 33)

Pd(Il)
decarboxylative
allyllation

' directed
v hydrogenation

Protoemetinol

OH

WHUNINA 33 LaUN1IRLATIZY protoemetinol 1N malonate ester 39
NIANHINTRILATIEN Hirsutine

nsdaAIzd hirsutine  ANURUNNIELATIZTLLLLTnaanuuy 1 lulwaniamaa iy
NM349AINLY Tetrabenazine MUULLSN ARNNTEUAINTY tetracyclic enamide WAAAN
malonate nucleophile pnudndszautiymludnsusinaaiunisdaunmzd
Tetrabenazine Na1aAa N1984ALATIZH tetracyclic enamide anansovinldednasiswly 6
Funeu lEud nalany L-glutamic acid il dimethyl N,N-dibenzylglutamate 43 i 2
e glutarimide 44 formation iU tryptamine Tugnaefid LDA Whuus Ufjnisen
DIBALH reduction LﬁmﬁuLﬂWﬁzﬁug carbonyl il steric hindrance teaninlfidu

hydroxylactam 45 iadfjfisen N-acyliminium ion cyclization Lﬁ'ﬂﬁ”}ﬂgjﬁ?mﬁu TMSOTf
Namﬁmﬁmmﬂﬁﬁ?mﬁﬂu tetracyclic indoloquinolizidine 2 diastrereomer lW8aRIa91
142:14b = 2.3:1 fiaunsausnaananniuli wasanugisannistlesius indole Nitrogen
fingl -butyl carbamate (Boc) ﬂﬁﬁ?m Cope elimination mm%\mm diastereomer 119161
tetracyclic enamide (+)}-15 uaz (15 7udu enantiomer it wrineiglafimndisen

Michael addition #ag nucleophile ¥4 malonate anion &g allylmagnesium bromide f19 i

naladiluiivnnela (WuwnInwi 34)
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1 BnCl, NaOH o) O
w OH ch03 MeOH/HZO MeO OMe
43 NBn,
L-glutamic acid | NBn,
N NH, o
H LDA, THF
‘ OH CC'/\/
N
N ij DIBALH
45 NBn, 85% 72%3steps
‘ OH TMSOTf Il H
N N O —» o + N N 0]
H tI CH,Cl, N
45 NBn; dr.=23:1 14a NBn, 14b NBn,
1. Boc,0 1. Boc,O
2. mCPBA 2. mCPBA

WHUNNR 34 N19749LATEN tetracyclic enamide 15 a1n L-glutamic acid

dl ] o < ¥ v dl v = o/ 8

AnuanN1INAaen llszaunadiadnasiu  uar  wan lieannIsAnEIN1IdATLY
Tetrabenazine  uar  protoemetinol  137aenenenn MIansdaATzflunuu gl

= o A o ana dl a 1 dl % dl 1 o a

NITLIUNTULLLREN W AEN19MNLAEN aldol e RN unudng C3 feunisianste
A28 N-acyliminium ion cyclization HANITNAABILAAIAIILLNUNINT 35 LAz 36
Ufjfi3en aldol 784 indole-glutarimide 44 Al acetaldehyde lénanAnuaiiu mixture 209
diastereomer 194 aldol adduct @aiawlatums alcohol 4iiily TBS silyl ether azanx19n

v 1
UeIN4 4 diastereomer aananNiulAFLan IULNUNINT 35
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NBn, NBn,
o 0 o
tj; X, N
Boc  44Boc THF, -78°C Boc 48

2,6-lutidine, TBSOTF
CH,Cl,, 0°C

NBn, NBn,

O,
N
Boc 49a 15% Boc 6%
BOC

NBn, NBn;

OTBS

[ I j OTBS
BOC

49¢ 2% 1%
BN 35 157381 aldol 284 indole-glutarimide 44 fiu acetaldehyde

Tudunausieliudniueivdn 2 diastereomer 49a uaz 49b MAIRINYNUNBBNAINAY
wdagnin lilfisen DIBALH reduction 1§ hydroxylactam 50a uaz 50b Gilasintlfiaen
AU TMSOTF 14 tetracyclic indoloquinolizidine 51a uax 51b UfjAisanaas indole system #

o Y 1 = o Y a o rdl v L 1 =3
pNdudaundinatiaes benzo analog M lANARAINIANSN TR atnalafisny
dibenzylamino-indoloquinolizidine 51a gnulasuliliflu tetracyclic enamide 52a 1{@1

Uiy m-CPBA

& NBn,
[I J oTBS [I j
Noc __ DIBALH 50a 80%
NBn, toluene, 78°C NBn,
©j” [ b ”
goc 49b 50b 76%
1.TMSOTf
dry CH,Cl,, 0°C
2. Boc,0
H NP
Boc Boc
nzN anN >
OBoc 5la OBoc 51b  OBoc

7%

WHUNNT 36 mﬁ?ﬁ\‘imiﬁzﬁtetracyclic [1,[J-unsaturated lactam 52a
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fupauiaelunmnsdaunmzd hirsutine Iun n1siamsunuifidy malonate
equivalent Aeljisensine) 1dun directed nucleophilic addition %38 palladium-
catalyzed decarboxylative allylation 338 Carroll rearrangement %Q%Lﬂuﬂ’]ilﬁmm;ﬂmuﬁ
carbomethoxymethyl 1194 lactam @ﬂﬂ‘&uﬂﬁﬁ?m hydrogenation LLaz formylation 1{nay
18 conjugated enol ether 56 %Q%Qmﬂgﬂﬂmﬂu hirsutine feilfjisen  O-

methylation La lactam reduction (LNUNTNW 37)

Directed Nu addition or
Pd-catalyzed
| H N O Decarboxylative allylation

N or
Boc | | @ ceeeemeeoooo- -
X Carroll rearrangement
MEOWO
54 O O
1. Hydrogenation
€
2 |
H”ox
]

Hirsutine o
WHUATNA 37 WNUN3A9LATIZ hirsutine ANn tetracyclic

v v
wananntueealdnIzuunfsduA s luan ezt lun149AILT indolizidine

&

alkaloid léur crispine A @il benzoquinolizidine alkaloid NHANEFAUN9FL AT

ARNEISS (cytotoxic) anmldannita Carduus crispus iwuvialu e @aszdusan (317 5)

Me

Me

(R)-crispine A

317 5 g1la89 Carduus crispus a7n https://en.wikipedia.org/wiki/Carduus_crispus
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Succinimide 58 Wi3tiNa1N homoveratrylamine wag L-aspartic acid 1inifjfisen DIBALH
. A ° | Al . . o ! o
reduction 1WIENUY carbonyl AMLUALNYIN steric hindrance 1#88N31 5 hydroxylactam 59

MR N-acyliminium ion cyclization 16iilis dibenzylamino-benzoindolizidine 60

Y a o

wsitlfi3en Cope elimination aasiuianat laildnansingidu tricyclic enamide 62 17

1
v o

31ieans walAiuanstseneudintudyn §3dumndn tricyclic enamide MifATULNAE
Medfisensiell @y oxidation 289 benzylic C-H vga aromatization lilifluas

hydroxypyrrole 63 (WHUNINT 38)

NBn
o. NBn, Q 2 MeO.
H
MeO. N TMSOTf N
MeO. N DIBALH MeO o
OH 0 60
o) MeO CH,Cl,, 0°C
MeO 58 59 NBn,
79%
MeO
m~CPBA " MeO
N
N
CH CI MeO o]
750/2 2 62 _ MeO \ / OH
0 63
NBn, not observed

WEUNNT 38 Anunenennlunisdaasd crispine A

o

”ﬂﬁmuummmmmmum C-H 7fumidd benzylic sneuy alkyl Wevin Cope
elimination #ag m-CPBA l#ilu 5-membered cyclic enamide azldaunsaiia elimination
A . . % dll | = Ly a o 1 ¥ o aaa 1
e aromatization 1§ edunisigailansmgudenans e ldindgisenstidng

succinimide 58 il methylmagnesium bromide wazwuduiseinauldiiug carbonyl

v
%

aaasuy IFuaassiiu hydroxylactam 2 regioisomer 64 Waz 65 TAMAIANNUANDANATN
Auudainvindjisendy TMSOTF  im N-acyliminium  ion  cyclization 14

benzoindolizidine 66 waz 67 @iy regioisomer 714 (LLNuﬂ’W‘Wﬁ 39)
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MeO.
NBn,
N
TMSOTf MeO o
> 66
o NBn :@N CH,Cl,, 0°C e
MeMgl 79% single diastereomer 2

MeO N Et,0, 0°C
o) 9
13:14=31 M :@N 2 CH,Cl,, 0°c MeO
82% 67

R
anN
single diastereomer

WHUANWT 39 N13daLAsNIf dibenzylamino-benzoindolizidine 66 Laz 67

. . . dl a 49{ aQaa . . N .
Absolute configuration 494 stereogenic center mmmuﬁluﬂgmfm N-acyliminium ion
cyclization 284 66 uaz 67 10U R uaz S MuATSL Inuadunelfsae transition state TS5
dl N 1 . 1 v [ o . - ¥ ¥
WA TS6 TILAAS MALAUIN aromatic MNNIATINNUGENU iminium carbon NINATURATNIN
[ % 1 . . o ¥ . . . a % rdld 1
nuuny dibenzylamino LS relative configuration UIBNNARADNNNYEY methyl uwuw
o 1 . . aaa = . - A Y a o o‘d‘
syn NUWY dibenzylamino LL@ZﬂQﬂ’:‘EI’m diastereoselectivity @;amﬂmﬁmmmmmmﬂu

diastereomer 4319 (LLNumWﬁ 40)

MeO. MeO. (0]

MeN aN NBn,
MeO' 0O —=-—— MeO

Me’
66 H
NB
o N2 TS5
single diastereomer
O§NBHZ
NBn, / :©/\/
MeMgl 351

l

MeO’

67 BN

single diastereomer

WHUNNNT 40 N138BLNE diastereoselectivity 189n1944 LAIEH 66 WAL 67
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i1l dibenzylamino-benzoindolizidine 66 waz 67 111781 Cope elimination i
m-CPBA WU 18 enamide (+)-68 ay (-)-68 Tl enantiomer FUATNANGL (LEWAINN
41) wazldifia oxidation %78 aromatization wuulunsiaa9 benzoindolizidine 61 11n13

WeNLNAILATIEN crispine A

MeO. MeO.
m-CPBA
N EE—— N

MeO O  CH,Cl, MeO o

66 75% (+)-68

NBn, [a]p +149.8
MeO m-CPBA MeO
—_—

MeO (o) CH,Cl, MeO (o]

67 R 62%

Bn,N (-)-68

[alp -114.7

WHUNNT 41 Cope elimination 184 benzoindolizidine

Wan tricyclic enamide 17 NN hydrogenation W% lactam reduction azlg methyl
analog 284 crispine A (+)-69 Lag (-)-69 MNANAL LLaz absolute configuration URNYINAD
enantiomer MiFunstiuiulaaniaiaLiuAl optical rotation a84iNianaLRLWNNIEY

15ud9 (WA 42)

MeO 1. Hy, Pd/C MeO
—_ N
MeO N T2 LAH MeO
— 71% (2 steps) (+)-69
(+)-68 (R)-(+)-10b-methyl Crispine A
[alp = +32.5
MeO 1. Hp, Pd/C MeO
95%
—_—
MeO O 2 LAH MeO
73% ()-69
(-)-68 (S)-(+)-10b-methyl Crispine A
[a]D =-26.4

WNUNWT 42 N13daimanzif methyl analog 184 crispine A

4 ~ [y a o o P . prp Y o w
ANt nengNnaz l¥3ansmeaiuillunsdanszd  alkaloid NRlaseaFefudeu
WNEIULAWR Erythrina alkaloid Seanauanldanitaszna Erythrina LarHlATIAFI9MAN

fauriuaeanguilily tetracyclic spiro ABCD system lagi#iag BC 1l indolizidine axnd@in
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1e9nguivaeaiafandmnieen i n1sfiuniedniay i rheumatoid nsinnlan

dl o = o/ 1 1 . . dl
NefUszULNIAUnIg1A fAaatinidi erysotramidine (319 6)

Erythrina Core

517 6 g1aes Erythrina variegate Nasnansae
Qnhttps://species.wikimedia.org/wiki/Erythrina_variegata

NN9&9WAINER Erythrina core Fémmnﬂﬁﬁ?mmm succinimide 58 fu allymagnesium
bromide %qﬁmﬂﬁﬁ?mié’ﬁug carbonyl RedessnumistwAeafLlunsizesnsdaasd
methyl analog Ml hydroxylactam 70 waz 71 s regioisomer fuuaz ldauTauen
aanaNfwle Lﬁﬂﬁﬂﬂgjﬁ?mﬁu TMSOTF hydroxylactam 70 7 cyclization Léidu (3-allyl)-
benzoindolizidine 72 Tuaniedi 71 A cyclization uWaz C=C isomerization wlAlaifly (1-
allyl)benzoindolizidine 73 %qmmammn 72 uar 73 88nannuAle Column

Chromatography (WHUNNT 43)

NBnN, MeO.
N
NBn, /\/MgBr MeO o
e h :©/\/ TMSOTY =
Et,0, -78 °C MeO CH,Cl, 72 NBn,
veo 82% 73% P> isomerized alkene
19:20=3.5:1 21:22=35:1
. - MeO. N “INBn, MeO.
:@A;O MeO N o
MeO e o
no A
73 Bn,N

single diastereomer

WNUNWT 43 N13daAnzif allylbenzoindolizidine
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U380 N-acyliminium ion cyclization 984 hydroxylactam 70 $iaei TMSOTF 4
naniniiu allylbenzoindolizidine 72 WiaNFUNARATIIAT C=C isomerization 11
fae wazldgnansnusnesnanniuld usdendn mixture 104 hydroxylactam NUfizeN
fiu BF,-OEt, azN" 13 hydroxylactam 70 waenliiiu allylbenzoindolizidine 72 Tae/lsitin

C=C isomerization Tuan4z# hydroxylactam 71 Tdiiadfiseuazanisouannauaunn ld

[e) NBn2

MeO. N MeO.

:@AﬂO BF3-OEt,, CH,Cl, N
MeO 70 | _ MeO o

0, . =1
T 79% 71:72 = 1:3.5 = NBn,
72

MeO. N “INBn, dr =+4:1

:©/\ﬁo recovered 71
MeO'

WHUNIWTA 44 N-acyliminium ion cyclization Taeld BF ,-OFEt,

et allylbenzoindolizidine 72 way 73 NN Cope elimination 113 enamide 74
WAL 76 AaNIUNN hydrogenation azlg 3-0x0-10b-propylcrispine A (+)-75 LA (-)-75 GR

{11 enantiomer AWANNANSL (WHWNTNT 45)

MeO m-CPBA MeO H21 Pd/C MeO
N CH,Cl,, 63% N 92% N
MeO o————> MeO o > MeO o)
& NBn, "z (#)-75
72 [alp +126.5
MeO. MeO MeO.
! m-CPBA H,, Pd/C !
> CH,Cl,, 58% N 90% N
MeO J/\\ 0 “TE2RTR a0 R o) > Meo )\\‘ o]
73 anl\T 76 )l ()-75

[alp -143.3
WHUNNT 45 N13daATIE propyl analog 484 crispine A

lunsdansnzyi Erythrina core 13110 allylenamide 74 111138 Michael addition
sl allyimagnesium bromide 1§ bisallylbenzoindolizidine 77 @iinlfjfi3en ring closing
metathesis A28 Grubbs second generation catalyst (i Erythrina core 78 (LLNum‘Wﬁ

46)
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MeO
N
MeO O
74
/\/MQBF Et20, 0°C
tort, 62%
MeO
MeO
MeO O
Grubbs'2 cat MeO
_—
7 CH2C|2, rt
/) 92%

WHUNNT 46 N13R9LATIEH Erythrina core
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5. a5lnan1snaaas

N3ANHINTALATITTLLANY IO IRI8AAAa S hirsutine WAz Tetrabenazine %N
A AN TR AN LAUN A AT RN S0 LA arylquinolizidine L
aaunnasldvanas enantiomer 1n8E3NANN L-glutamic acid asinin1sdaameiduiuy
NAINUAETIBULUE AT (enantiodivergent) ﬂﬁﬁ‘?muﬁﬂ‘ﬁw Loun dfisenistang
989 chiral N-acyliminium ion filgann hydroxylactam ﬁﬁmﬂlmuﬁﬁ[ﬁ%mmﬁ 3
diastereomer ﬁuﬁlﬁmmﬂﬂﬁ‘ﬁ?mﬁamm uananuiletinssuumsdaamsiinans
sl rudanaeadlungu indolizidine liun crispine A uaz ngu Erythrina léun
erysotramidine e FunnsfaiAszaiann L-aspartic acid WM 9 LAT LR P UL
enantiodivergent 111 ﬁﬂﬁmmmﬁmmxﬁﬁmm enantiomer 484 methyl Wag propyl
anaolg 184 crispine A LAY IAT9dFuanTeg Erythrina alkaloids i mzmumﬁzﬁv\umﬁzﬁﬂ
aganunaniildszgnidfunedannsidarasadiaduldseld taeld Lglutamic

acid MU L-glutamine Wag L-aspartic acid 11U L-asparagine \{l44 4-carbon waz 5-carbon

chiral synthon ATNANAL
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EXPERIMENTAL PROCEDURES

General methods

All commercially available reagents were used without purification. Moisture and air-sensitive
compound were used under an argon atmosphere with oven-dried glasswares. Nuclear magnetic
resonance (NMR) spectra were obtained in CDCI; on a 300 MHz Bruker spectrometer. Chemical shift
are in & (opmy with trimethylsilane as an internal standard. Coupling constant are reported in Hertz (Hz).
Absoption spectra were collected on a Hewett Packard 8453 spectrometer. Infrared spectra (IR) were
recorded by Perkin Elmer spectrum GX FI-IR system. Major bands ( vma) Were recorded in wave
number cm™). Optical rotations were measured in chloroform solution with sodium D line (690 nm)on
JASCO P-1010 Polarimeter. Thin layer chromatography (TLC) was performed on Fluka aluminum
backed silics gel plates with 0.2 mm thickness. Ultraviolet (UV) active compounds were visualized
with a UV light at 254 nm and vanillin stain. Column chromatography was performed using silica gel
60, 230-400 mesh

SYNTHETIC STUDY OF DIHYDROTETRABENAZINE
1-benzyl-N,N-dibenzyl glutamate

(0] O

BnoWOH
8 BN,

L-glutamic acid & g, 33.98 mmol) was dissolved in 100 mL of 1.1 MeOH:H,O. To this
solution was added benzyl chloride (156 mL, 1189 mmol), NaOH 3.06 g, 79.60 mmol) and K,COj;
1056 g, 79.60 mol). The mixture was heated to reflux overnight. The reaction was quenched with 1M
HCI 60 mL) and H,O and the mixture was then extracted with CH,Cl, 3x150 mL). The combined
organic layers were dried over anh.Na, SOy, filtered and concentrated to give the acid as a yellow oil.
The crude product was purified by column chromatography silica gel, 4:1 hexane/ethyl acetate) to give
the benzyl glutamate 8 4.4 g, 31 %) as a light yellow oil. '"H NMR (300 MHz, CDCly) & 7.45-7.12 (m,
15H); 52 dd, 2H, J-122 Hz, J-374 Hz); 39 d, 2H, J-13.6 Hz); 348 d, 2H, J-13.6 Hz); 338 ¢, 1H,
J-6.9 Hz); 237 (m, 2H); 209 m, 2H); *C NMR (75 MHz, CDCly) 3 1789; 172.1; 1389; 1289; 1287;
128.6; 1284; 128.3; 127.1; 66.3; 59.8; 54.4; 30.7; 23.9; [01p°>° -74.7° (¢-150, CHCly); IR (film) 3066,
2959, 1951, 1714, 1603,1496, 1456, 1420, 1373, 1217, 1162 cm*
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Amide 2
H N8N,
H,CO N mosn
H3CO:©/\/ 9
To a solution of glutamate 8 (157 g, 3.76 mmol) in CH,Cl, was added DMAP 55.1 mg) ,
homoveratrylamine 2.04 ml, 11.28 mmolyand DCC (1.16 g, 5.64 mmol) was stirred vigorously at room

temperature overnight and the mixture was then filtered to remove urea by-product. The filtrate was

concentrated under reduced pressure and the crude material was purified by flash column
chromatography silica gel, 2:1 hexaneethyl acetate) to give amide 9 (5823 mg, 27 %) as a Yyellow

0il. 'H NMR (300 MHz,CDCl3) 8 "H NMR (300 MHz, CDCl3) & 7.60-7.10 (m, 15H), 681 d, J-85 Hz,
1H), 6.65-6.75 m, 2H), 529 d, J=121 Hz, 1H), 519 (s, 1H), 518 d, J=121 Hz, 1H), 389 d, J=137
Hz, 2H), 3.88 (s, 3H), 387 (s, 3H), 355 d, J-13.7 Hz, 2H), 3.47-3.31 (m, 2H), 3.25 ddd, J-201, 131, 6.7
Hz, 1H), 265 ¢, J-7.1 Hz, 2H), 232-2.18 (m, 1H), 218-1.95 m, 3H)

Hydroxylactam 3 and glutarimide 7

NBn,
O,

H3CO:©/\/N H300:©/\/N
OH
H;CO 3 HaCO ) o

To a solution of amide 9 (316.2 mg, 0.55 mmol) in dry THF & mL)was added LiAlH, at 0 °C
under an argon atmosphere. The resulting suspension was stirred vigorously. Upon completion
adjudged by TLC (30 min, the reaction was quenched by drop-wise addition of sat aq NaHCO3 into
the reaction. The mixture was extracted with EtOAc (3x30 mL). The combined organic layers were
dried over anh. Na,SO,, filtered and evaporated under reduced pressure. Purification of the crude
material by flash column chromatography silica gel, 10:1 hexaneethyl acetate)y produced
hydroxylactam 3 40.3 mg, 14 %) as a yellow oil and glutarimide 2 (114.6 mg, 44%)as a yellow oil.

hydroxylactam 3 *H NMR (300 MHz,CDCI3)$ 7.45-7.03 m, 10H), 6.75 (brs, 2H), 6.70 (s, 1H),
459 (rs, 1H), 403 d, J-14.1 Hz, 2H), 3.80 s, 3H), 3.75 s, 3H), 3.73 d, J=-14.1 Hz, 2H), 3.75-3.72 (m,
1H), 3.65-3.40 (m, 2H), 3.35-3.20 (m, 1H), 2.92-2.82 m, 2H), 2.30-2.10 (m, 1H), 1.91-1.77 (m, 2H), 1.52-
172m, 1H)

glutarimide 2 'H NMR (300 MHz, CDCls): § 7.58-7.12 (m, 10H), 6.88-6.65 m, 3H), 4.10 (m,
2H), 3.93 d, J-13.0 Hz, 2H), 3.86 s, 3H), 3.74 (s, 3H), 3.63 d, J-13.0 Hz, 2H), 342 (dd, J-7.0, 3.0 Hz,
1H), 275 ¢, 2H), 270 m, 1H), 241 (m, 1H), 1.96 m, 2H).
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Benzoquinolizidine 4

NBn2

To a solution of hydroxylactam 3 49.8 mg, 0.11 mmol) in dry CH,Cl, & mL) was added
TMSOTT 0.06 mL., 0.32 mmol) at 0°C under an argon atmosphere and stirred for 3 hours. The reaction
was guenched with sat ag NaHCO;3; and extracted with CH,Cl, (3 x 5 mL). The combined organic
layers were dried over anh Na,SO,, filtered and evaporated under reduced pressure. The crude
product was purified by flash column chromatography silica gel, 4:1 hexanesethyl acetate) to give 2
inseparable diastereomers of the benzoquinolizidinone 4 43.7 mg, 87%) as a colorless oil. 'H NMR
300 MHz, CDCl3) 6 7.70-7.15 (m, 10H), 6.64 (s, 1H), 6.62 s, 1H), 482 dd, J=9.7, 1.8 Hz, 1H), 449 ¢, J
-55Hz, 1H), 412 d, J-14.2 Hz, 2H), 387 (s, 3H), 3.86 (s, 3H), 3.75 d, J-14.2 Hz, 2H), 346 (dd, J-
100, 66 Hz, 1H), 302-276 m, 2H), 267 d, J- 120 Hz, 1H), 224-180 m, 4H); °C (75 MHz, CDClj)
1715, 1479, 1477, 1407, 1286, 1285, 1282, 1278, 1268, 1118, 1081, 57.7, 56.1, 55.9, 554, 551,
404,287,285, 239.

Enamide 5

To a solution of tricyclic 4 44.3 mg, 0.11 mmoly in CHCI; (5 mL) was added m-CPBA (0.06
mg, 0.32 mmol) at 0°C and stirred for 1 hours. The reaction was quenched with sat ag NaHCO; and
extracted with CH,Cl, (3 x 5 mL). The combined organic layers were dried over anh Na,SOy, filtered
and evaporated under reduced pressure. The crude product was purified by flash column

chromatography silica gel, 1.1 hexanesethyl acetate) to give tricyclic enamide 10 (24.0 mg, 93%) as a

colorless oil.'"H NMR (300 MHz, CDCl3) § 6.70-6.60 m, 1H), 6.67 (s, 1H), 6.62 (s, 1H), 6.10 dd, J- 98,
29 Hz, 1H), 491-458 m, 2H), 3.91 s, 3H), 3.87 (s, 3H), 3.08-2.55 (m, 4H), 2.31 (dddd, J-16.7, 14.0, 2.3,
23 Hz, 1H,.

l-OMe-lactam 8

OMe

To a solution of tricyclic enamide 10 24 mg, 0.093 mmol)in MeOH (3 mL)was added NaOMe
213 mg, 0.093 mmol) at room temperature under an argon atmosphere and stirred overnight. The
reaction was quenched with 1 MHCI & mL) and extracted with CH,Cl, 3 x 5 mL). The combined
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organic layers were dried over anh Na,SO,, filtered and evaporated under reduced pressure to give
the product 18 (20.8 mg, 77%) as a yellow oil. 'H NMR (300 MHz, CDCl3) 8 6.70-6.60 (m, 1H), 6.67 (s,

1H), 6.62 s, 1H), 491-458 m, 2H), 3.91 (s, 3H), 3.87 (s, 3H), 345 (s, 3H), 3.08-2.55 m, 4H), 2.31 ddd, J
-16.7, 140, 23Hz, 1H).

35)-3-dibenzylamino)-1-@3,4-dimethoxyphenethyl)-5-1-hydroxy-2-methylpropyhpiperidine-2,6-

dione 28a and 28b
N

H
O A o)
H3CO:©/\p"'NBn2 H300:©/\/N “’NBn,
HsCO 2a HyCO 220 ©
To a solution of glutarimide 2 (1.0528g, 2.228 mmol)in dry THF (5 mL)was added LDA 3.34
mL, 6.68 mmol) at -78 °C under an argon atmosphere and stirred for 15 min. The mixture was added
isobutyraldehyde 0.30mL, 3.34mmol) and stirred for 1 hour. The reaction was quenched by sat aq
NH4Cl into the reaction. The mixture was extracted with CH,Cl, (3x30 mL). The combined organic
layers were dried over anh. Na,SQ,, filtered and evaporated under reduced pressure. Purification of
the crude material by flash column chromatography silica gel, 10:1 hexaneethyl acetate) produced
imide isobutyl (22a - 277.3mg, 23%, 22b - 530.8mg, 44%) as a yellow oil. 22a 'H NMR (300 MHz,
CDCl5): 8 758-7.20 (m, 10H), 6.82-6.69 (m, 3H), 4.08 (m, 2H), 3.90 (m, 5H), 3.78 (s, 3H), 3.70-3.52 @,
3H), 345 dd, J=7.0, 30 Hz, 1H), 236 i, 1H), 196 (m, 2H), 1.75 (dd, J=7.0, 30 Hz, 1H), 105 d, J=
7.0 Hz, 3H), 088 d, J- 7.0 Hz, 3H): *C NMR (75 MHz, CDCls): & 17590, 172.72, 14889, 147.77,
13933, 13060, 129.88, 128.70, 12848, 12841, 127.24, 12108, 12062, 116.18, 11390, 112.36, 111.03,

5901, 5589, 55.76, 55.59, 5551, 53.08, 44.69, 41.00, 3354, 30.94, 30.73, 29.83, 29.68, 25.62, 18.78,
1494

22b *H NMR (300 MHz, CDCls): & 7.42-7.18 (m, 10H), 6.80-6.70 (m, 3H), 407-382 m, 2H),
3.90-380 (m, 6H), 3,75 (s, 3H), 3.68-352 (m, 3H), 315 m, 1H), 279 ,J-70 Hz, 2H), 240 d, J-70
Hz, 1H), 2.12 «d, J-7.0, 30 Hz, 1H), 1.79 td,J - 7.0, 3.0 Hz, 1H), 147 (m, 1H), 0.85 (m, 6H): *C NMR
(75 MHz, CDCl,): 6 174.33, 17300, 14882, 147.70, 13956, 139.32, 130.83, 130.73, 129.13, 128.66,
12855, 12852, 128.38, 12826, 127.24, 12111, 112.39, 11165, 110.98, 75.81, 5588, 55.78, 55.13,
4473, 40.68, 33.36, 30.85, 30.24, 26.30, 19.75, 18.69, 14.81.

(65)-3-A-tert-butyldimethylsilyhoxy)-2-methylpropyl)-5-«dibenzylamino)-1-3,4-
dimethoxyphenethyhpiperidine-2,6-dione 23a

TBSO\)\

o
H3CO:©/\I?"'NBW
HsCO 23a ©

To a solution of alcohol 22a (191mg, 0.35 mmol) in dry CH,ClI, & mL)was added 2,6-lutidine

0.05mL, 0.42mmol)and TBSOTf (0.10 mL, 0.42 mmol) at 0°C under an argon atmosphere and stirred
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for 3 hours. The reaction was quenched with sat. ag. NaHCO; and extracted with CH,Cl, 3 x 5 mL,.
The combined organic layers were dried over anh. Na,SO,, filtered and evaporated under reduced
pressure. The crude product was purified by flash column chromatography silica gel, 10:1
hexanesethyl acetate) to give silyl ether 23a ( 177.65mg, 77+ as a yellow oil. '"H NMR (300 MHz,
CDCls): 6 753-7.20 (m, 10H), 6.86-6.70 (m, 3H), 418 m, 2H), 410-395 m, 3H), 390 s, 3H), 3.82 (s,
3H), 3.73 d, J-13.0 Hz, 2H), 344 «dd, J=70, 3.0 Hz, 1H), 279 t, 3-7.0 Hz, 2H), 245 im, 1H), 2.26 M,
1H), 190 dd, J=70, 30 Hz, 1H), 1.65 m, 1H), 1.00 d, J=7.0 Hz, 3H), 0.92 (s, 9H), 0.77 d, J=7.0 Hz,
3H), 0.10 (s, 3H), 0.05 (s, 3H).

Benzoquinolizidine 26a

H3CO.

HCO

To a solution of imide 22b (530.8 mg, 0.97 mmol) in dry toluene & mL) was added DIBALH
1.95mL, 1M in toluene, 1.95 mmol) under an argon atmosphere at -78°C. Upon completion adjudged
by TLC (1 hy. The reaction quenched with MeOH. The resulting mixture was allowed to warm to room
temperature and sat. aq. NaHCO3; was added. The mixture was extracted with EtOAc (3x5 mL) and the
combined organic layer were dried over anh. Na,SO,, filtered and concentrated under reduced
pressure to give hydroxylactam 24a (quantitative yield) as a light yellow oil. To a solution of
hydroxylactam 24a (186.8 mg, 0.28 mmol, in dry CH,Cl, & mL) was added TMSOTf (0.15mL, 0.85
mmol) at 0 °C under an argon atmosphere and stirred for 3 hours. The reaction was quenched with sat.
aq. NaHCO; and extracted with CH,Cl, (3 x 5 mL). The combined organic layers were dried over anh.
Na,SO,, filtered and evaporated under reduced pressure. The crude product was purified by
preparative thin layer chromatography silica gel, 2.1 hexaneethyl acetate) to give
benzoquinolizidinone 26a 69.3 mg, 46 as a colorless oil. 'H NMR 300 MHz, CDCl5): § 7.48-7.12 (m,
10H), 7.06 (s, 1H), 658 (s, 1H), 458 d, J=7.0 Hz, 1H), 450 m, 1H), 410 d, J =13.0 Hz, 2H), 3.92-3.80
(m, 8H), 353 dd, J=7.0, 3.0 Hz, 1H), 3.20-3.00 (m, 3H), 2.65 (m, 1H), 243 m, 1H), 200 M, 2H), 1.78
m, 1H), 1.07 d, J-7.0 Hz, 3H), 102 d, J- 7.0 Hz, 3H):*C NMR (75 MHz, CDCly): [ 17243, 147387,
14686, 14052, 13182, 12848, 12816, 12783, 126.71, 11144, 110.23, 80.12, 57.83, 57.71, 5594,
55.32, 4280, 4041, 29.99, 29.19, 27.30, 2051, 1461

Benzoquinolizidine 26b
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To a solution of silyl ether 23b (1765 mg, 027 mmol) in dry toluene & mL) was added
DIBALH 054 mL, 1M in toluene, 0.54mmol) under an argon atmosphere at -78°C. Upon completion
adjudged by TLC 1 hy. The reaction quenched with MeOH. The resulting mixture was allowed to
warm to room temperature and sat. ag. NaHCO3; was added. The mixture was extracted with EtOAc
(3x5 mL) and the combined organic layer were dried over anh. Na,SO,, filtered and concentrated
under reduced pressure to give hydroxylactam 24b uantitative yield) as a yellow oil. To a solution of
hydroxylactam 24b (5324 mg, 097 mmol in dry CH,Cl, & mL) was added TMSOTf (0.53mL,
2.92mmol) at 0°C under an argon atmosphere and strried for 3 hours. The reaction was quenched with
sat ag. NaHCO; and extracted with CH,Cl, 3 x 5 mL). The combined organic layers were dried over
anh. Na,SO,, filtered and evaporated under reduced pressure. The crude product was purified by
preparative thin layer chromatography silica gel, 2:1 hexaneethyl acetate) to give
benzoquinolizidinone 26b (221.8mg, 43+) as a colorless oil. '"H NMR (300 MHz, CDCl). [1117.48-7.15
(m, 10H), 6.69 (s, 1H), 6.60 (s, 1H), 485 m, 1H), 398 d, J=13.0 Hz, 2H), 348 d, 1H), 320 dd, J=7.0,
3.0 Hz, 1H), 310 m, 1H), 2.85 «td, 1H), 2.65 dd,J=7.0, 3.0 Hz, 1H), 236 (m, 1H), 1.80 td,J=7.0, 30
Hz, 1H), 170 m, 1H), 086 d, J-7.0 Hz, 3H), 0.70 (d, J-7.0 Hz, 3H): *C NMR (75 MHz, CDCls). [
17106, 14813, 147.46, 14046, 12950, 12922, 129.15, 12880, 12865, 12863, 12860, 12857, 12817,
12810, 12737, 126.84, 126.77, 11242, 10756, 73.72, 5854, 56.35, 55.84, 55.29, 54.30, 53.70, 4267,
3921, 28387, 2861, 2557, 20.37, 13.20.

Tricyclic O J-unsaturated lactam 27a

H,CO

To a solution of tricyclic 26a 69.3 mg, 0.13 mmolyin CHCI; & mL)was added m-CPBA (96.9
mg, 0.39 mmol) at 0°C and stirred for 1 hours. The reaction was quenched with sat. ag. NaHCO3 and
extracted with CH,Cl, (3 x 5 mL). The combined organic layers were dried over anh. Na,SOy, filtered
and evaporated under reduced pressure. The crude product was purified by Thin layer chromatography
@ilica gel, 40 : 1 CH,Cl,/,MeOH) to give unsaturated lactam 27a (205 mg, 48 as a colorless oil. ‘H
NMR 300 MHz, CDCls): 6 6.70 (s, 1H), 6.63 (s, 1H), 642 (dd, J-8.0, 3.0 Hz 1H), 590 d, J-8.0 Hz, 1H),
5.08 (s, 1H), 467 m, 1H), 3.88 (s, 3H), 3.83 (s, 3H), 3.78 i, 1H), 3.30-3.08 (M, 2H), 3.03 M, 1H), 265
m, 1H), 1.95 m, 1H), 1.73 (brs, 1H), 1.06 d, J - 7.0 Hz, 6H): 3C NMR (75 MHz, CDCl,): § 164.40,
14824, 14703, 13830, 129.22, 12861, 12569, 11267, 10756, 7597, 57.09, 5640, 5592, 4323,
4015, 29.70, 27.08, 2042, 1447; [[1]55 -795 € 1.8, CHCl5).

Tricyclic OO O-unsaturated lactam 27b

To a solution of tricyclic 26b 221.8mg, 042 mmol) in CHCI; & mL) was added m-CPBA
(310.3 mg, 1.26mmol) at 0°C and stirred for 1 hours. The reaction was quenched with sat. ag. NaHCO;
and extracted with CH,Cl, (3 x 5 mL). The combined organic layers were dried over anh. Na,SO,,
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filtered and evaporated under reduced pressure. The crude product was purified by preparative thin
layer chromatography silica gel, 40:1 CH,Cl,/MeOH) to give unsaturated lactam 27b (60.3 mg, 43%)
as a colorless oil. All spectral data are identical with those of 27a; [[1],5 +83.7 (¢ 1.9, CHCl5).

1-(11bS)-9,10-dimethoxy-4-0x0-4,6,7,11b-tetrahydro-3H-pyridoi2, 1-ajisoquinolin-3-yl-2-
methylpropyl acetate 28a

H,CO

H
N 0]

H,CO
NS 'I,IH\
28a

OAc

To a solution of tricyclic unsaturated lactam-alcohol 27a (46.5 mg, 0.14 mmol) in dry CH,Cl,
(1 mL) was added pyridine (1 drop) under an argon atmosphere. To this mixture was added excess
Ac,0 050mL) and stirred for overnight. The reaction was quenched with sat. ag. NaHCO; and
extracted with CH,Cl, (3 x 5 mL). The combined organic layers were dried over anh. Na,SOy, filtered
and evaporated under reduced pressure to give acetate 28a quantitative yield)as a yellow oil. 'H NMR
300 MHz, CDCl5): 8 6.70 s, 1H), 6.62 s, 1H), 6.40 dd, J-8.0, 3.0 Hz, 1H), 595 d, J-8 Hz, 1H), 5.18
dd, J-70, 20 Hz, 1H), 468 dd, J-7.0, 20 Hz, 1H), 450 s, 1H), 389 (s, 3H), 3.85 (s, 3H), 3.20 i, 2H),
3.05 «td, 1H), 2.65 (m, 1H), 2.12 (s, 3H), 205 (m, 1H), 1.08 d, J=7.0 Hz, 2H), 098 d, J =7.0 Hz, 2H).

Acetate 29b

OAc

To a solution of tricyclic unsaturated lactam-alcohol 27b (20.2 mg, 0.06 mmol) in dry CH,Cl,
(1 mL)was added pyridine (1 drop) under an argon atmosphere. The mixture reaction was added excess
Ac,0 0.50mL) and stirred for overnight. The reaction was quenched with sat. ag. NaHCO; and
extracted with CH,Cl, (3 x 5 mL). The combined organic layers were dried over anh. Na,SOy, filtered
and evaporated under reduced pressure to acetatet 28b (quantitative yield) as a yellow oil. '"H NMR
300 MHz, CDCly): 6 6.70 (s, 1H), 6.62 (s, 1H), 640 dd, J=-80, 30 Hz, 1H), 595 d, J-8 Hz, 1H), 518
dd, J-7.0, 20 Hz, 1H), 468 dd, J-7.0, 20 Hz, 1H), 450 s, 1H), 389 (s, 3H), 3.85 (s, 3H), 3.20 (M, 2H),
305 «td, 1H), 265 (m, 1H), 2.12 (s, 3H), 205 (m, 1H), 1.08 d, J=-7.0 Hz, 2H), 098 d, J =7.0 Hz, 2H).

SYNTHETIC STUDY OF PROTOEMETINOL

(2R,11bS)-2-allyl-9,10-dimethoxy-2,3,6,7-tetrahydro-1H-pyrido2,1-ajisoquinolin-4(11bH)-one 30
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Me€O

MeO

To a solution of tricyclic enamide 10 419 mg, 0.16 mmol) in dry ether (3 mL) was added
allyIMgBr (freshly prepared from Mg 34.9 mg, 146 mmol) and allyl bromide (0.04mL, 048mmol) in
dry Et,O;at room temperature under an argon atmosphere and the mixture was stirred overnight. The
reaction was quenched with sat. ag. NH4Cl & mL) and extracted with CH,Cl, 3 x 5 mL). The
combined organic layers were dried over anh. Na,SO,, filtered and evaporated under reduced
pressure. The crude product was purified by preparative thin layer chromatography (1:1 hexane/ethyl
acetate) to allyl-lactam 30 9.0 mg, 7% as a colorless oil. '"H NMR (300 MHz, CDCl3): § 6.65 m, 2H),
590 -570 m, 1H), 513 m, 2H), 485 m, 1H), 470 (m, 1H), 3.90 (s, 6H), 3.06-280 (m, 2H), 2.67 M,
1H), 251 dd, J=131, 7.0 Hz, 1H), 2.37-2.08 (m, 6H).

35)-3-dibenzylamino)-1-3,4-dimethoxyphenethyl-5-1-hydroxyethyhpiperidine-2,6-dione 36

NBnZ
O,

H5CO QI:::I\T//

To a solution of glutarimide 2 (787.2 mg, 1.66 mmol in dry THF (5 mL)was added LDA 250
mL, 499 mmol) at -78 °C under an argon atmosphere and stirred for 15 min. To this mixture was
added acetaldehyde 0.94 mL, 16.64 mmol) and stirred for 1 hour. The reaction was quenched by
adding sat. ag. NH,CI & mL) into the reaction. The mixture was extracted with CH,Cl, (3x30 mL). The
combined organic layers were dried over anh. Na,SO,, filtered and evaporated under reduced
pressure. Purification of the crude material by flash column chromatography silica gel, 6:1
hexanesethyl acetate) produced a mixture of diastereomers of aldol adduct 36 (334 mg, 39 % yield) as a
yellow oil. '"H NMR (300 MHz, CDClj). § 7.49-7.12 (m, 10H), 6.85-6.61 (m, 3H), 4.25-4.05 (m, 2H), 3.90
@, J=13.0 Hz, 2H), 382 s, 6H), 3.64d, J-13.0 Hz, 2H), 350, J-70Hz, 1H), 283, J-7.0 Hz, 2H),
252236 m, 1H), 2.35-221 (m, 1H), 1.75-1.59 (m, 1H),

Silyl enol ethers 37a and 37b

TBSO__ TBSO

O A o)
H N_ H N
3CO: C PN ,? ’NBN, 3COI)/ ~~ ’NBN,
37a 37b

HyCO HyCO

To a solution of alcohol 36 (196.6mg, 0.38 mmol) in dry CH,Cl, & mL)was added 2,6-lutidine
0.05mL, 0.46mmol) and TBSOTf (0.11mL, 046 mmol) at 0°C under an argon atmosphere and stirred
for 3 hours. The reaction was quenched with sat. ag. NaHCO; and extracted with CH,Cl, 3 x 5 mL).
The combined organic layers were dried over anh. Na,SQy, filtered and evaporated under reduced
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pressure. The crude product was purified by preparative thin layer chromatography silica gel, 4:1
hexane/EtOAC) to give silyl ether (37a=56.5 mg, 24%, 37b=42.6 mg, 18%) as a yellow oil.

37a: 'H NMR 300 MHz, CDCls): & 7.45-7.19 (m, 10H), 6.81-664 m, 3H), 3.96-3.88 m, 4H),
3.85 s, 6H), 3.60, J-13.0 Hz, 2H), 340 dd, J-7.0, 3.0 Hz, 1H), 275, 2H), 251 dt, J-7.0, 3.0 Hz, 1H),
2.28-218 m, 1H), 1.75d, J-7.0, 3.0 Hz, 1H), 1.05 d, 3H), 0.88 (s, 9H), 0.08 (s, 3H), 0.01 s, 3H).

37b:'*H NMR 300 MHz, CDCl5). 1[17.48-7.15 m, 10H), 6.84-6.68 (m, 3H), 4.80-454 m, 1H),
415-3.89 m, 4H), 3.85 (s, 6H), 3.78 d, J-13.0 Hz, 2H), 349-3.37 im, 1H), 275, J-7.0 Hz, 2H), 2.26-
2.10 im, 1H), 1.89-1.69 (m, 1H), 2.10-1.90 (m, 1H), 1.28-0.96 (m, 3H), 0.90-0.70 (m, 9H), 0.11- -0.09) i,
6H).

Benzoquinolizidine 34a

HzCO

HsCO

To a solution of glutarimide 37a (56.5mg, 0.09 mmol) in dry toluene & mL)was added DIBALH
0.18 mL, 1M in toluene, 0.18 mmol) under an argon atmosphere at -78°C. Upon completion adjudged
by TLC 1 hy, the reaction was quenched with MeOH (1.0 mL). The resulting mixture was allowed to
warm to room temperature and sat. ag. NaHCO3; 5.0 mL) was added. The mixture was extracted with
EtOAc @3x5 mL) and the combined organic layers were dried over anh. Na,SO,, filtered and
concentrated under reduced pressure to give hydroxylactam 38a (quantitative yield)as a yellow oil.

To a solution of hydroxylactam 38a (63.9 mg, 0.10 mmol) in dry CH,Cl, (6 mL) was added
TMSOTT 0.05mL, 0.30 mmol) at 0°C under an argon atmosphere and stirred for 3 hours. The reaction
was quenched with sat. ag. NaHCO; and extracted with CH,CI, (3 x 5 mL). The combined organic
layers were dried over anh. Na,SO,, filtered and evaporated under reduced pressure. The crude
product was purified by preparative thin layer chromatography silica gel, 1:1 hexane/EtOAc) to give
benzoquinolizidine 35a (18.1 mg, 40%) as a yellow oil. 'H NMR (300 MHz, CDCly): § 7.41-7.16 (m,
10H), 6.89 s, 1H), 6.68 s, 1H), 423 d, J-7.0 Hz, 1H), 416-404 (m, 1H), 3.89-3.79 (m, 6H), 3.89-3.71
(m, 2H), 3.39-3.28 (m, 1H), 324 dd, J=70, 30 Hz, 1H), 3.08-291 (m, 1H), 2.80-2.68 M, 1H), 242-2.30
@, 1H), 194-175 @, 2H), 130 @, J - 7.0 Hz, 3H); *C NMR (75 MHz, CDCls). [] 17171, 14829,
14724, 14055, 130.13, 129.36, 12874, 12859, 12819, 126.74, 111.39, 109.44, 10893, 69.63, 57.96,
56.61, 56.27, 56.13, 5599, 5542, 4372, 4317, 4252, 4186, 2825, 2755, 2654, 2414, 2170,
2001; [1]55-14.3 € 0.9, CHCly).

Benzoquinolizidine 34b

H3CO:©/\/N )
HsCO 38 3b  OH
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To a solution of glutarimide 37b 426 mg, 0.07mmol) in dry toluene G mL) was added
DIBALH 0.14 mL, 1M in toluene, 0.14 mmol) under an argon atmosphere at -78°C. Upon completion
adjudged by TLC (1 hy, the reaction was quenched with MeOH. The resulting mixture was allowed to
warm to room temperature and sat. ag. NaHCO3; was added. The mixture was extracted with EtOAc
3x5 mL) and the combined organic layers were dried over anh. Na,SO,, filtered and concentrated
under reduced pressure to give hydroxylactam 38b (quantitative yield)as a yellow oil.

To a solution of hydroxylactam 38b (450 mg, 0.07 mmol) in dry CH,Cl, & mL) was added
TMSOTTf 0.04mL, 0.21mmol) at 0°C under an argon atmosphere and stirred for 3 hours. The reaction
was quenched with sat. ag. NaHCO; and extracted with CH,Cl, (3 x 5 mL). The combined organic
layers were dried over anh. Na,SO,, filtered and evaporated under reduced pressure. The crude
product was purified by preparative thin layer chromatography silica gel, 1:1 hexane/EtOAc) to give
benzoquinolizidinone 35b ( 9.3 mg, 29+) as a yellow oil. '"H NMR 300 MHz, CDCls): & 7.50-7.13 (m,
10H), 6.67 (s, 1H), 6.58 (s, 1H), 482 im, 1H), 400 d, J-13.0 Hz, 2H), 3.92-3.73 m, 8H), 358 d, J-13.0
Hz, 2H), 325 dd, J=-121, 70 Hz, 1H), 3.12-310 m, 1H), 288 td, J-12.1, 7 Hz, 1H), 265 dt, J-12.1, 7
Hz, 1H), 2.25-2.20 m, 1H), 1.80-1.72 m, 2H), 1.02 d, J-7.0 Hz, 3H): **C NMR (75 MHz, CDCl3): []
17001, 14808, 14747, 14052, 140.34, 130.06, 129.22, 129.10, 128.74, 12865, 12853, 12820, 128.14,
12682, 11238, 107.28, 76.60, 5801, 56.62, 56.23, 55.96, 5544, 5525, 5373, 4263, 4184, 29.70,
2887, 2825, 2594, 21.34;[[1],5-74.7 (c 0.8, CHCl>).

Tricyclic a,B-unsaturated lactam 35a

To a solution of tricyclic 34a(18.1 mg, 0.04 mmolyin CHCI; & mL)was added m-CPBA (26.7
mg, 0.11mmol at 0 °C and stirred for 1 hour. The reaction was quenched with sat. ag. NaHCO3 and
extracted with CH,Cl, 3 x 5 mL). The combined organic layers were dried over anh. Na,SOy, filtered
and evaporated under reduced pressure. The crude product was purified by preparative thin layer
chromatography silica gel, 20:1 CH,Cl,/MeOH) to give unsaturated lactam 35a (12.1mg, quantitative
yield) as a colorless oil. '"H NMR 300 MHz, CDCls): 8 6.68 (s, 1H), 6.82 (s, 1H), 654 (dd, J- 9.0 Hz,
1H), 6.00d, J=7.0 Hz, 1H), 496 s, 1H), 470-460 i, 1H), 405 p, J-7.0 Hz, 1H), 3.85 (s, 6H), 3.22-3.12
m, 1H), 3.12-2.98 (m, 1H), 2.94-2.85 (m, 1H), 2.70-256 (m, 1H), 1.75-1.60 (brs, 1H), 140, J=7.0 Hz,
3H); *C NMR (75 MHz, CDCls): [0 16162, 145.82, 144.73, 136,06, 126.30, 126.16, 12327, 110.10,
10522, 6621, 54.43, 5388, 5351, 4219, 40.22, 2510, 18.78; [[1],5 -44.8 € 0.9, CHCl ).

Tricyclic a,B-unsaturated lactam 35b
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To a solution of tricyclic 34b (9.3 mg, 0.02 mmol)in CHCI; & mL) was added m-CPBA (148
mg, 0.06 mmol) at 0°C and stirred for 1 hour. The reaction was quenched with sat. ag. NaHCO; and
extracted with CH,Cl, (3 x 5 mL). The combined organic layers were dried over anh. Na,SOy, filtered
and evaporated under reduced pressure. The crude product was purified by preparative thin layer
chromatography silica gel, 20:1 CH,CIl,MeOH) to give unsaturated lactam 35b 4.3 mg, 71%) as a
colorless oil. All spectral data are identical with those of 35a; [[1],5 +32.8 (¢ 0.7, CHCly)

(R)-1+@3S,11bR)-9,10-dimethoxy-4-0x0-4,6,7,11b-tetrahydro-3H-pyridoi2,1-ajisoquinolin-3-yhethyl
methyl malonate 39a)

H;CO
5 N.__O
H;CO
39%a A ,,,I(
MeO 0]
O O

Malonic acid (95.6 mg, 081 mmol) was dissolved in HCI/MeOH and the solution was stirred
overnight and concentrated under reduced pressure. To the residue were added CHCI; & mL) and
pyridine (0.07 mL)at 0°C. To the resulting solution was added dropwise thionyl chloride (0.07 mL, 0.98
mmol) and the resulting mixture was stirred for 6 hours. The resulting solution of malonyl chloride (1
mL) was added to a solution of alcohol 35a (30.2 mg, 0.07 mmol) in CHCI; (10 mL) and the mixture
was stirred for 3 hours. The reaction was quenched with solution of 5N HCI 25 mL) and washed with
5N HCI 3x5mL), water 2x5mL), 10% Na,CO3; (3x5mL), water (2x5mL) and brine The combined
organic phase was dried over anh. Na,SOy,, filtered and concentrated under reduced pressure to give
crude product 39a (24.9 mg, 67% as a brown oil. '"H NMR 300 MHz, CDCls). § 6.77 s, 1H), 6.64 (s,
1H), dd, J-8.0, 2.0 Hz, 1H), 6.06 d, J-80 Hz, 1H), 524 , J-6.0 Hz, 1H), 466-4.62 m,1H), 460-4.58
m, 1H), 397 (s, 3H), 395 (s, 3H), 3.71 (s, 3H), 342 (s, 2H), 3.25-3.10 i, 1H), 3.06-3.00 (M, 2H), 2.66-
250 m, 1H), 1.39 d, J- 7.0 Hz, 3H): *C NMR (75 MHz, CDCI3) (| 166.86, 16584, 16332, 14830,
14746, 136.66, 12854, 12795, 126.16, 11234, 107,55, 72.81, 56.72, 56.34, 5594, 52.62, 4227, 41.93,
4151, 2767, 16.64.

S»-1-(3R,11bS)-9,10-dimethoxy-4-0x0-4,6,7,11b-tetrahydro-3H-pyrido2, 1-ajisoquinolin-3-ylhethyl
methyl malonate (39b)




Malonic acid (95.6 mg, 081 mmol) was dissolved in HCI/MeOH and the solution was stirred
overnight and concentrated under reduced pressure. To the residue were added CHCI; & mL) and
pyridine (0.07 mL)at 0°C. To the resulting solution was added dropwise thionyl chloride (0.07 mL, 0.98
mmol) and the resulting mixture was stirred for 6 hours. The resulting solution of malonyl chloride 0.5
mL) was added to a solution of alcohol 35b 4.3 mg, 0.01 mmol) in CHCI3 (3 mL) and the mixture was
stirred for 3 hours. The reaction was quenched with solution of 5N HCI 25 mL) and washed with 5N
HCI 3x5mL), water 2x5mL), 10% Na,CO3 (3x5mL), water 2x5mL) and brine The combined organic
phase was dried over anh. Na,SO,, filtered and concentrated under reduced pressure to give crude
product 39b 4.9 mg, 88%) as a brown oil. 'H NMR (300 MHz, CDCls): § 6.77 (s, 1H), 6.64 (s, 1H), «dd,
J=80, 20 Hz, 1H), 6.06 d, J-8.0 Hz, 1H), 524 ¢, J-6.0 Hz, 1H), 466-462 m,1H), 460-458 m, 1H),
397 s, 3H), 395 s, 3H), 3.71 s, 3H), 342 (s, 2H), 3.25-3.10 m, 1H), 3.06-3.00 (m, 2H), 2.66-2.50 M,
1H), 1.39 d, J- 7.0 Hz, 3H). ®C NMR (75 MHz, CDCI3) [ 166.86, 16584, 163.32, 14830, 147.46,
136.66, 12854, 12795, 126.16, 112.34, 10755, 7281, 56.72, 56.34, 5594, 5262, 4227, 4193, 4151,
27.67,16.64. All spectral data are identical with those of 39a

SYNTHETIC STUDY OF HIRSUTINE

Dimethyl N, N-dibenzylglutamte 43
O O

H3CO OCH,
43 NBn,

To a solution of L-glutamic acid (7.36 g, 0.05 mol) in methanol (50 mL) and water (50 mL) were
added benzyl chloride (23 mL, 0.2 mol), NaOH (5.0 g, 0.125 mol)and K,CO3 (17.3 g, 0.125 mol). The
resulting mixture was heated to reflux and stirred for 16 hours. The mixture was allowed to cool to
room temperature and CH2CL2 (100 mL)was added. The phases were separated and the aqueous
phase was acidified by HCI (56N, 60 mL). N,N-dibenzylglutamic acid precipitated from the aqueous
solution and was filtered under reduced pressure as a white solid (12.79 g, 78%). The di-acid (12.79 g,
0.039 mol) was dissolved in acetone (600 mL)and MeOH (300 mL) and to the resulting solution were
added Me,S048.19 mL, 0.086 mol) and K,CO3 (8.11 g, 0.058mol). The mixture was stirred overnight
and the base was removed by filtration. Sat. NH,Cl (100 mL)was added and the mixture was extracted
with CH,Cl, (3x100 mL). The combined organic phase was washed with 5% NaOH (3x50 mL), dried
over anh.Na,SO,, filtered and concentrated under reduced pressure. Purification by flash column
chromatography silica gel, hexane : EtOAc 4:1) gave dimethyl N,N-dibenzylglutamate 43 as a clear oil
9.85 g, 71%). "H NMR (300 MHz, CDCl5) & 7.38 - 7.18 (m, 10H), 3.89 (d, J-13.1 Hz, 2H), 3.76 (s, 3H),
359, 3H), 349 d, J-13.1 Hz, 2H), 332 ¢, J-7.1 Hz, 1H), 250 dt, J-12.1, 7.0 Hz, 1H) 2.39 (dt, J-
121,70 Hz, 1H); 200 @, J=7.0 Hz, 2H).

Indole-glutarimide 44
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To a solution of tryptamine (1.0 g, 6.24 mmol)in THF (5.00 mL) under argon atmosphere at -
78°C was added LDA (7.85 mL, 12.48 mmol)and the mixture was stirred for 30 minutes. To this
mixture was added a solution of dimethyl glutamate 43 (14768 g, 4.16 mmol)in THF (5.00 mL) and the
reaction mixture was stirred for 3 hours at -78 °C. Sat. NH,CI (10 mL)was added and the mixture was
extracted with CH,Cl, (3x20 mL). The combined organic phase was dried over anh. Na,SO,, filtered
and concentrated under reduced pressure. Purification by flash column chromatography silica gel,
hexane : EtOAc, 4:1)gave indole-glutarimide 44 as a clear oil (1.7143 g, 92% 'H NMR (300 MHz,
CDCl3 8 796 (s, 1H), 7.71 d,J-7.0 Hz, 1H), 751 -7.01 (m, 14H), 419 -4.06 (m, 1H), 406 -3.92 (m,
1H), 384 d, J-13.1 Hz, 2H), 3.55 d, J-13.1 Hz, 2H), 3.39 (dd, J-7.1, 5.0 Hz, 1H), 3.08 - 2.89 (m, 2H),
276 dt, J-121, 23 Hz, 1H); 244 224 d, J-12.1, 7.1 Hz, 1H); 2.00 -1.80 m, 2H).

Hydroxylactam 45

N.__O
N
T
45 NBn,

To a solution of glutarimide 44 (191 mg, 0.423 mmol) in toluene (10.0 mL) was added
DIBALH 0.63 mL, 1.0M in toluene, 0.63 mmol) via syringe at -78 °C. The mixture was stirred
for 45 minutes and sat. agq. potassium sodium tartrate (5.0 mL) was added dropwise. The
mixture was stirred at room temperature for 45 minutes and extracted with EtOAc (3x20 mL).
The combined organic layers were dried @nh. Na,SO,), filtered and concentrated under
reduced pressure. The crude product was purified by flash chromatography silica,
hexane:EtOAc, 2:1) to give hydroxylactam 45 (188 mg, 98%«) as clear oil; R¢ (2:1 hexanesethyl
acetate) 0.55; [y (300 MHz, CDCl3) 6 7.97 (brs, 1H), 767 d, J=- 7.8 Hz, 1H), 750-7.13 (m,
12H), 7.13-7.03 m, 1H), 7.00 s, 1H), 467 , J-7.2 Hz, 1H), 400 (d, J-14.0 Hz, 2H), 3.94.370
m, 2H), 3.64 «, J=14.0 Hz, 2H), 3.38-3.22 (m, 1H), 3.17-3.02 (m, 1H), 2.20-2.00 (m, 2H), 2.00-
171 m, 2H); [Ic (75 MHz, CDClg) [1 1717, 1405, 136.2, 12838, 1286, 1285, 1282, 126.9,
1223, 1190, 1189, 1136, 111.2, 807, 581, 555, 440, 314, 239, 232; [«]?> -11.37 ¢ 0.83,
CHCl3); [maxcfilm) 3300, 3060, 3025, 2928, 2853, 1723, 1671, 1455 cm®; HRMS (ESI)
454 2494 calculated for Co9H3,N3O, (IM+H1* found 4542494,

Dibenzylaminolnodoloquinolizidinone 14a
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To a solution of hydroxylactam 45 (204 mg, 0.450 mmol) in CH,Cl, (100 mL)at 0 °C
was added TMSOTf (0.122 mL, 0.675 mmol) via syringe. The mixture was stirred at this
temperature for 3h. CH,Cl, 5.0 mL) and sat. aq. NaHCO3 6.0 mL) were added and phases
were separated. The aqueous phase was extracted with CH,Cl, 3x10 mL). The combined
organic layers were dried @nh. Na,SOy), filtered and concentrated under reduced pressure.
The crude product was purified by flash chromatography silica, hexane:EtOAc, 4:1) to
provide the tetracyclic 14a (102 mg, 52% and 14b 43 mg, 22%) as clear oil; Ry 2:1
hexanesethyl acetate) 0.55; 6 (300 MHz, CDCl3) 6 7.85 (brs, 1H), 750 d, J=7.2 Hz, 1H), 742
(m, 13H), 5.03 dd, J-12.0, 3.2 Hz, 1H), 475 (brs, 1H), 404 d, J-139 Hz, 2H), 365 d, J-139
Hz, 2H), 341 dd, J-10.1, 6.8 Hz, 1H), 3.07-2.82 (m, 2H), 273 d, J-120 Hz, 1H), 2.30-2.10 (M,
2H), 200-1.77 im, 2H); [1¢ (75 MHz, CDCl3) (11714, 1406, 136.0, 1329, 131.3, 1286, 1281,
1273, 126.7, 122.2, 1199, 1183, 1110, 584, 557, 53.7, 420, 26.0, 243, 212; [x]?°-4329
150, CHCly); Cmaxfilmy 3319, 2925, 2852, 1728, 1624, 1454, 1303 cm™; HRMS (ESI)
436.2389 calculated for Co9H3N3O (M+Hj found 436.2409.

Dibenzylaminolnodoloquinolizidinone 14b

| H
N_ _O
N
H
14b NBn2

R¢ 2:1 hexanesethyl acetate) 0.55; Uy (300 MHz, CDCls) 0 7.82 (brs, 1H), 7.60-7.02 (m, 14H), 5.22 (t,
J=-16.0, 80 Hz, 1H), 470 d, J-8.0 Hz, 1H), 415 d, J-14.0 Hz, 2H), 3.83 d, J-14.0 Hz, 2H), 3.39 «dd,
J=-116, 6.3 Hz, 1H), 294-270 (m, 3H), 240 dq, J- 132, 35 Hz, 1H), 220-202 (m, 1H), 206-191 (m,
1H), 1.80-1.60 (m, 1H); ¢ (75MHz, CDCl;) 6 170.6, 1405, 136.2, 133.2, 128.7, 1282, 126.9, 122.2,
1199, 1184, 1109, 1095, 586, 55.7, 54.1, 396, 319, 29.7, 285, 26.0, 21.0; [x]*> 34.14 « 050,
CHCly); Dnaxfilm 3284, 3026, 2921, 1617, 1493, 1428, 1352, 1302; HRMS (ESI) 436.2389
calculated for C,9H3oN3;O (M+H7' found 436.2397.

N-Boc dibenzylamino indoloquinolizidinone 14Boc

|| H

N 0]
N
Boc
14Boc NBn,

To a solution of tetracyclic indolizidinone 14b 45 mg, 0.103 mmol) in CH,Cl, (3.0 mL) was
added Boc,0 (112 mg in CH,CI, x mL, 0515 mmol, EtsN (72 0L, 0515 mmol)and DMAP (1.3 mg,
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0.0103 mmol). The mixture was stirred at room temperature for 6 h. Water (3.0 mL)and CH,Cl, were
added and phases were separated. The aqueous phase was extracted with CH,Cl, 2x10 mL) and the
combined organic layers were dried @nh. Na,SOy,), filtered and concentrated under reduced pressure.
The crude product was purified by flash chromatography silica, hexane:EtOAc, 4:1) to provide the N-
Boc tetracyclic indoloquinolizidinone 14Boc (55 mg, quantitative) as clear oil; R¢ (2:1 hexane/ethyl
acetate) 0.55; 64 (300 MHz, CDCl3) 6 803 (d, J-8.0 Hz, 1H), 750-7.10 (m, 10H), 520 d, J-11.7 Hz,
1H), 508 , J-105 Hz, 1H), 410 d, J- 139 Hz, 2H), 383 d, J-138 Hz, 2H), 3.39 dd, J-11.3, 7.6 Hz,
1H), 290-269 (m, 3H), 259 «, J-132 Hz, 1H), 215-190 m, 2H), 165 (s, 9H); dc (75 MHz, CDCl3) 6
1709, 1502, 14038, 136.8, 1287, 1285, 1282, 127.2, 1268, 1246, 1230, 1183, 1155, 843,587, 56.2,
554, 387, 29.7, 282, 264, 216; [«x]?° +71.80 ¢ 156, CHCls); vmafilm) 3417, 2924, 2853, 1730,
1644, 1455, 1368, 1141, 737, 699 cm®; HRMS (ESI) 536.2913 calculated for CssHzsN;O5 (M+H1'
found 536.2903.

Sy-tert-butyl 1,6,7,12b-tetrahydro-4-oxoindolo;2,3-aiquinolizine-12@4H)-carboxylate 15

15 =

To a solution of N-Boc dibenzylamino- indoloquinolizidinone 14Boc (48 mg, 0.0901 mmol) in
CHCI3 5.0 mL)was added m-CPBA 33.3 mg, 70%, 0.135 mmol at 0 °C. The mixture was stirred for 30
min. CH,Cl, (10 mL) and sat. ag. NaHCO3 (10 mL,) were added and the phases were separated. The
aqueous phase was extracted with CH,Cl, 2x10 mL)and the combined organic layers were dried @nh.
Na,SOy), filtered and concentrated under reduced pressure. The crude product was purified by flash
chromatography silica, hexane:EtOAc, 4:1) to provide the N-Boc tetracyclic enone 20 (18 mg, 59%) as
clear oil; R¢ 2:1 hexanesethyl acetate) 0.55; (1 (300 MHz, CDCls) [J 810 d, J- 7.5 Hz, 1H), 7.64-7.23
m, 3H), 6.72 ddd, J =91, 6.7, 20 Hz, 1H), 6.13 dd, J=9.7, 29 Hz, 1H), 528 d, J-117 Hz, 1H), 5.05
dd, J-12.7, 34 Hz, 1H), 306 ddd, J-17.1, 65, 35 Hz, 1H), 296-271 m, 3H), 2.28-2.12 m, 1H), 2.20 (¢,
J=152 Hz, 1H), 170 (s, 9H), 1.90-140 i, 1H); [I¢c (75 MHz, CDCly) [J 164.9, 1501, 1391, 1334,
1305, 130.1, 1285, 1255, 1248, 1231, 1184, 1180, 1158, 845, 533, 37.6, 317, 282, 216; [«]?°
+110.12 ¢ 0.93, CHCly); vinaxfilm) 3422, 2924, 2853, 1727, 1660, 1613 1456, 1422, 1369, 1145cm*;
HRMS (ESI)361.1528 calculated for C,oH,,N,Oz;Na (M+Naj* found 361.1532.

N-Boc-Indole-glutarimide 44Boc

BOC 4Boc

To a solution of indole-imide 44Boc (341 mg, 0.76 mmolyin CH,Cl, (10.0 mL)was
added Boc,0 826 mg in CH,Cl, 3 mL, 3.78 mmol), EtsN (0.53 mL, 3.78 mmol)and DMAP
(9 mg, 0.076 mmol). The mixture was stirred at room temperature for 6 h. Water (5.0 mL) and
CH,Cl, 5.0 mL)were added and phases were separated. The aqueous phase was extracted
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with CH,Cl, 2x10 mLyand the combined organic layers were dried over anh. Na,SOy,
filtered and concentrated under reduced pressure. The crude product was purified by flash
column chromatography silica, hexane:EtOAc, 4:1)to provide N-Boc indole-glutarimide
44Boc as clear oil (344 mg, 82%). 'H NMR (300 MHz, CDCl3) 8 7.65 (s, 1H), 7.46 -7.11 (m,
14H), 428 -3.95 (m, 2H), 3.90 d, J=13.1 Hz, 2H), 3.60 (d, J=-13.1 Hz, 2H), 3.44 (dt, J=7.1, 5.2
Hz, 1H), 295 -2.84 (m, 2H), 2.79 dt, J-12.1, 3.0 Hz, 1H), 248 -2.30 (m, 1H), 204 -1.90 (m,
2H), 160 s, 9H).

(Ethanol-1-yly-glutarimide 48

NBn,
@)
N
©j/\/OOH
N
Boc 48

To a solution of N-Boc-glutarimide 44Boc0.28 g, 0.51mmol)in THF (3mL)under argon
atmosphere at-78 °C was added NaHMDS (0.77 mL, 1.5376 mmol) and the mixture was stirred for 15
minutes. Acetaldehyde (0.29 mL, 5.1252 mmol) was added and the mixture was stirred for 3 hours.
Sat. NH,CI was added and the mixture was extracted with CH,Cl, (3x20 mL). The combined organic
phase was dried overanh. Na,SOy, filtered and concentrated under reduced pressure. Purification by
flash column chromatography (silica gel, hexane : EtOAc, 4:1) gave the aldol adduct 48 as a mixture of
diastereomers as a yellow 0il (169.9 mg, 55%). '"H NMR (300 MHz, CDCls) & 8.10 (brs, 1H), 7.68 (m,
1H), 748 -7.16 i, 13H), 420 -3.99 (m, 3H), 3.88 d, J=-13.1 Hz, 2H), 3.71 -359 (m, 3H), 355 -3.42 m,
1H), 3.00 -2.80 (m, 2H), 2.35-2.22 m, 1H),2.10-1.90 (m, 1H), 1.65 s, 9H), 1.25 d, J=-7.0 Hz, 3H).

Silyl ether 49 of (Ethanol-1-yl-glutarimide

NBn2

NBn, NBn,
N "/, N "’//
| C I .
N o) OTBS N (@] OTBS
Boc  49c Boc  49d

To a solution of (Ethanol-1-yl-glutarimide 48 0.57 g, 0.96 mmol) in CH,Cl, (8 mL) under
argon atmosphere at 0 °C were added 2,6-lutidine (0.13 mL, 1.1468 mmol) and tert-butyldimethyl-silyl
trifluoromethanesulfonate (026 mL, 11468 mmol) and the mixture was stirred for 3 hours.
Sat. NaHCO; (10 mL) was added and the mixture was extracted with CH,Cl, (3x20 mL). The combined
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organic phase was dried over anh. Na,SO,, filtered and concentrated under reduced pressure.
Purification by flash column chromatography silica gel, hexane:EtOAc, 4:1) gave the silyl ethers as
clear oils 9a-884 mg, 15%, 9b-37.3 mg, 6%, 9¢c =127 mg, 2%, 9d =7.4 mg, 1%).

10a'H NMR (300 MHz, CDCl3)8 8.09 «d, J-6Hz, 1H), 7.65 d, J-7 Hz, 1H), 745 -7.15 m, 13H), 459 -
446 m, 1H), 410 -3.96 (m, 2H), 391 (d, J-13.1 Hz, 2H), 3.60 d, J-13.1 Hz, 2H), 345 (dd, J-7.0,24
Hz, 1H), 2.85 (, J=-7.0 Hz, 2H), 252 «dt, J-12.2, 3.0 Hz, 1H),2.32 dt, J-12.2, 3.0 Hz, 1H), 1.85 dd, J-
16.0, 10.0 Hz, 1H), 1.65 (s, 9), 1.05 (d, J-7.0 Hz, 3H), 0.90 (s, 9H), 0.10 (s, 3H), 0.00 (s, 3H); **C (75
MHz, CDCl3)173.20, 17142, 14957, 139,52, 135.47,130.49, 12857, 12851, 12837, 127.12, 124.39,
12344, 12253, 119.18, 117.32, 115.22, 83.35, 7745, 77.22, 77.02, 76.60, 69.72, 66.67, 59.82, 54.71,
4906, 39.72, 29.70, 28.44, 28.16, 27.78, 25.77, 25.70, 25.65, 23.61, 22.69, 21.06, 18.61, 17.95, 1.03,
0.00

10b*H NMR (300 MHz, CDCl5)8 8.10d, J-6Hz, 1H), 7.75 d, J- 7 Hz, 1H), 7.45 - 7.10 (m, 13H), 4.68 -
459 m, 1H), 404 -382 m, 4H), 3.70(d, J-13.1 Hz, 2H), 350-345(@m, 1H), 2.85 ¢, J-7.0 Hz, 2H), 2.31-
225 (m, 2H), 2.10-200 m, 1H), 1.68s, 9), 1.20(d, J-7.0 Hz, 3H), 0.80 (s, 9H), 0.10 (s, 3H), 0.05 (s,
3H); '*C (75 MHz, CDCl,) 17326, 172,67, 149.69, 139.83, 139,55, 139.32, 13556, 13051, 128.64,
12852, 128.38, 127.11, 124.36, 123.34, 12258, 119.35, 119.19, 117.54, 117.34, 115.20, 83.36, 76.59,
66.68, 58.87, 54.92, 54.75, 49.38, 40.27, 39.74, 29.71, 28.22, 25.76, 23.89, 21.67, 21.38, 17.93, 0.00, -
0.34,-427, 435

10c *H NMR 300 MHz, CDClI368.09 d, J-6Hz, 1H), 7.76 d, J-7 Hz, 1H), 745 -7.10 (m, 13H), 4.20 -
410 (m, 1H), 410-3.89 m, 2H), 3.82 d, J-13.1 Hz, 2H), 3.73-3.70m, 1H), 3.66 , J=13.1 Hz, 2H),
292280, 2H), 2.31-2.25 (m, 1H), 2.10-2.00 (m, 1H), 1.68 s, 9), 1.07 d, J-7.0 Hz, 3H), 0.80 s, 9H),
0.05 (s, 6H)

10d *H NMR (300 MHz, CDCl5)& 8.04 d, J-6Hz, 1H), 7.71d, J-7 Hz, 1H), 7.45-7.10 m, 13H), 452 -
449 (m, 1H), 421-4.02 m, 2H), 400-3.86 (m, 1H), 3.79d, J-13.1 Hz, 2H), 3.66 d, J-13.1 Hz, 2H),
3.01-389m, 3H), 266, J-7.0 Hz, 1H), 2.29-2.15 m, 1H), 2.09-1.90 m, 1H), 1.68 5,9, 1.10 d, J-7.0
Hz, 3H), 059 s, 9H), -0.21 s, 3H), -0.22 (s, 3H).

Hydroxylactam 50a

Boc

To a solution of glutarimide 49a @6 mg, 0.065 mmol) in tolutene (5.00 mL)under argon
atmosphere at -78 °C was added DIBALH 0.20 mL, 0.20 mmol) and the solution was stirred for 1
hour. MeOH (1.00 mL) and sat. NaHCO; (5 mL) were added and the mixture was extracted with EtOAc
3x5 mL). The combined organic phase was dried over anh. Na,SO, filtered and concentrated under
reduced pressure to give hydroxylactam 50a as a yellow 0il 37.7 mg, 80%)."H NMR (300 MHz,
CDCl3)6 810 d, J=-6Hz, 1H), 755 d, J-7 Hz, 1H), 745 -7.10 (m, 13H), 476 -4.40 (m, 2H), 411-3.90
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(m, 4H), 385, J-13.1 Hz, 2H), 3.80-3.70(m, 1H), 3.52-3.40 m, 1H), 3.40-3.30 (m, 1H), 3.20-3.03 (m,
1H), 3.01-2.82 @, 1H), 2.31q, J=-7.0 Hz, 1H), 1.65 (s, 9H), 0.95 d, J-7 Hz, 3H), 0.80 s, 9H), 0.10 (s,
3H), 0.05 (s, 3H); *C (75 MHz, CDCl3)173.26, 149.69, 13556, 130.51, 128,64, 12852, 127.11, 124.36,
12258, 119.35, 115.20, 83.36, 8155, 72.10, 58.87, 54.92, 47.38, 42.27, 29.04, 26.71, 23.89, 21.67,
1893, -4.27, -4.35.

Hydroxylactam 50b

NBn,
HO
N A,
| d
O OTBS
N 50b

Boc

To a solution of glutarimide 49b 39 mg, 0.055 mmol)in tolutene (5.00 mL)under argon
atmosphere at -78 °C was added DIBALH 0.20 mL, 0.20 mmol) and the solution was stirred for 1
hour. MeOH (1.00 mL) and sat. NaHCO; (5 mL) were added and the mixture was extracted with EtOAc
3x5 mL). The combined organic phase was dried over anh. Na,SO, filtered and concentrated under
reduced pressure to give hydroxylactam 50b as a yellow 0il 30.0 mg, 76%).'H NMR 300 MHz,
CDCl3) 6 810 d, J-6Hz, 1H), 7.62 m, 1H), 750-7.03m, 13H), 482 -4.62 (m, 2H), 4.18 -4.00 (M, 4H),
380, J-13.1 Hz, 2H), 3.79-359 @, 1H), 3.10-290 (m, 3H), 2.10-2.00 m, 1H), 168 (s, 9), 1.65-1.50 M,
1H), 1.00 d, J-7.0 Hz, 3H), 0.80 (s, 9H), 0.10 s, 3H), 0.05 5, 3H); °C (75 MHz, CDCl;) 171.99, 14963,
13492, 130.46,128.64, 12840, 12697, 12449, 12256, 119.22, 11527, 83.43, 81.76, 70.14, 58.35,
55.25, 46.69, 4227, 29.69, 26.23, 23.87, 2140, 17.98, -4.28, -4.99.

Tetracyclic indoloquinolizidine 51a

Bn,N"
51a OH

To a solution of hydroxylactam 50a 37 mg, 0.053 mmolin CH,Cl, 5.0 mLyat 0 °C was
added TMSOTTf (0.03 mL, 0.160 mmol) via syringe. The mixture was stirred at this temperature for 3h.
CH,Cl, 5.0 mbLyand sat.ag. NaHCO; (5.0 mL)were added and phases were separated. The agqueous
phase was extracted with CH,Cl, (3x10 mL). The combined organic layers were dried @nh. Na,SOy),
filtered and concentrated under reduced pressure. The crude product was purified by flash
chromatography silica, hexane:EtOAc, 2:1)to provide the tetracyclic 51a 2.3 mg, 7% as clear oil; *H
NMR 300 MHz, CDCl3)87.60-7.00 (m, 15H), 4.95 (dd, J=-12.1, 6.0 Hz, 1H), 475 d, J=-7.0 Hz, 1H),
410 d, J-13.1 Hz, 1H), 400 -3.90 m, 1H), 3.79 -3.68 (m, 3H), 3.15 (dd, J-12.1, 7.0 Hz, 1H), 3.19-3.00
m, 2H), 296 -2.80 m, 1H), 2.79 -2.60 m, 1H), 2.35-2.25 m, 1H), 2.10-2.00 (m, 1H), 1.42 d, J=-7.0 Hz,
3H).

Boc-tetracyclic indoloquinolizidine 52a and 52b
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OBoc

To a solution of tetracyclic indoloquinolizidine 51 (15 mg, 0.032 mmol) in CH,Cl, 5.0 mL)at
room temperature under argon atmosphere were added EtsN (0.22 mL, 0.16 mmol), DMAP 0.4 mg,
0.076 mmol)and Boc,0O (0.37 mL, 0.1604 0.003 mmol)and the mixture was stirred for 3 hours. Water
(5 mL)and CH,CI, (3x15 mL) were added. The phases were separated and the organic phase was dried
@nh. Na,S0Oy), filtered and concentrated under reduced pressure. The crude product was purified by
flash chromatography silica, hexane) to provide the tetracyclic 52 (52a=1.6 mg, 8%, 52b=5.8 mg, 31%)
as clear oil.
52a*H NMR (300 MHz, CDCl3) $8.10 d, J-6Hz, 1H), 7.71d, J-7 Hz, 1H), 7.45 - 7.18 m, 13H), 5.49
(m, 1H), 420-4.40 (m, 2H), 3.88d, J-13.1 Hz, 2H), 3.65d, J-13.1 Hz, 2H), 3.50 dd, J-7.1, 3.0 Hz,
1H), 3.00-2.80 (m, 3H), 2.18-2.05 m, 1H), 1.89 (g, J=-7.0 Hz, 1H), 1.70 (s, 9H), 1.62 (s, 9H), 1.20 (d, J-7
Hz, 3H)
52b*H NMR (300 MHz, CDCls;)58.06 (brs, 1H), 7.70 «d, J-7.0 Hz, 1H), 7.62 -7.00m, 12H), 551 (p, J-
7 Hz, 1H), 485-475 (m, 1H), 410 -390 (m, 1H), 380 «d, J-13.1 Hz, 2H), 365, J-13.1 Hz, 2H), 348
(dd, J=-85, 35 Hz, 1H), 3.26 -3.16 (m, 1H), 298 -2.82 (m, 3H), 250 -2.36 (m, 1H), 2.10-2.00 (M, 2H),
163 s, 9H), 145 (s, 9H), 1.30 d, J-7.0 Hz, 3H).

Tetracyclic (1,0 ]-unsaturated lactam 53b

53b 6Boc

To a solution of tetracyclic indoloquinolizidine 52b (6 mg, 0.011 mmol) in CH5;CI (1.00 mL) at
0 °C was added m-CPBA (3 mg, 0.016 mmaol) and the mixture was stirred for 1 hour. Sat Na,CO3 5 ml)
and CH2CI2 5 mL)were added. The phases were separated and the organic phase was washed with
satNa,CO3 (3x5 mL), dried over anh. Na,SO, filtered and concentrated under reduced pressure to give
OO 0O-unsaturated lactam 53b as clear oil (3.1 mg, 90%). 'H NMR (300 MHz, CDCl3)88.10 (brs, 1H),
750-7.08 m, 13H),6.71-6.59 im, 1H), 592 d, J-9.1 Hz, 1H),5.17 d, J-3.0 Hz, 1H), 475, J-7.0 Hz,
1H), 3.30-2.70 i, 4H), 1.70 (s, 9H), 1.45 (s, 9H), 0.90d, J=7.0 Hz, 3H).

Hydroxylactams 64 and 65

o) NBnZ o
MeO. N MeO. N """NBn,
MeO 64 MeO 65
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To a solution of succinimide 58 (602 mg, 1.32 mmol) in Et,O (10 mL) was added freshly
prepared MeMgl (Mel 0.57 mL, 9.2 mmol, Mg 1.10 g, 45.8 mmol)at 0 °C and the mixture was stirred
for 1h. To this mixture was added dropwise sat. ag. NH,Cl (20 mL) and the mixture was extracted with
CH,CIl, 2 x 20 mL). The combined organic layers were dried over anhyd Na,SO,, filtered and
concentrated under reduced pressure. The crude product was purified by flash chromatography silica
gel, 2:1 hexane/EtOAC) to give a mixture of regioisomeric hydroxylactams 13 401 mg, 64« and 14
(133 mg, 21% as colorless oils after separation with flash chromatography silica gel, 2:1
hexane/EtOAC);

Hydroxylactam 64; R¢ 2:1 hexane/EtOAc) 0.29; H 300 MHz, CDCls) 750-7.13 (m, 10H),
6.88-6.62 (m, 3H), 391 d, J-138 Hz, 2H), 3.80 (s, 3H), 3.79 s, 3H), 3.67 d, J =138 Hz, 2H), 3.62-348
m, 2H), 3.34-3.20 m, 1H), 2.95 (ddd, J-13.3, 94, 6.3 Hz, 1H), 2.80 (ddd, J-135, 94, 58 Hz, 1H), 2.28
dd, J-134, 88 Hz, 1H), 194 dd, J- 134, 81 Hz, 1H), 1.27 s, 3H); = C (75 MHz, CDCls3) 1727,
1489, 1477, 1393 2C), 1317, 1288 4C), 1283 4C), 1271 2C), 1209, 1122, 1112, 87.0, 59.3 20C),
559 (2C), 549, 409, 402, 345, 258; [[1]35 -385 (¢ 1.1, CH,Cly); [Tmax film) 3347, 2935, 2836, 1663,
1516, 1263, 1156, 738, 700 cm™; ESI-HRMS calculated for C,sH3sN,0, (M+H1™ 4752591, found
475.2592.

Hydroxylactam 65; R¢ (2:1 hexane/EtOAC)0.16; "H (300 MHz, CDCl3) 750-7.21 (m, 10H), 6.79
¢, 1H), 6.78 d, J=-8.0 Hz, 1H), 667 «d, J-8.0 Hz, 1H), 6.00 (brs, 1H), 3.85 s, 3H), 3.83 d, J=134 Hz,
2H), 3.77 (s, 3H), 3.75-359 (m, 1H), 345 d, J -134 Hz, 2H), 3.77 s, 3H), 3.75-359 (m, 1H), 345 d, J -
134 Hz, 2H), 341-326 (m, 2H), 3.20-2.84 (m, 2H), 2.65 d, J=-17.7 Hz, 1H), 248 dd, J- 178, 81 Hz,
1H), 1.20 s, 3H); —~C (75 MHz, CDCl3) 1716, 14838, 1474, 1375 2C), 1317, 128.7 4C), 1286 40C),
1276 (2C), 1208, 1120, 1111, 885, 61.1, 558, 55.7, 54.8 (2C), 410, 348, 296, 256 ; [[1],5 +186 (C
1.0, CH,Cly; C'max film) 3356, 2935, 2835, 1668, 1516, 1263, 1150, 1029, 700 cm’; ESI-HRMS
calculated for Co9H34N,04Na [M+Naj 497.2411, found 497.2407.

Benzoindolizidine 66

MeO.

MeO (o)
66
NBn2

To a solution of hydroxylactam 64 (371 mg, 0.781 mmol) in CH,Cl, (10 mL) at 0 [IC was
added TMSOTf (0.24 mL, 1.2 mmol) via syringe. The mixture was stirred at this temperature for 3 h.
CH,CI, (10.0 mL) and sat. ag. NaHCO3 5 mL,) were added and phases were separated. The aqueous
phase was extracted with CH,Cl, 3 x 10 mL). The combined organic layers were dried over anhyd
Na,SOy, filtered and concentrated under reduced pressure. The crude product was purified by flash
chromatography silica gel, 2:1 hexane/EtOAc) to give benzoindolizidine 66 (282 mg, 79%) as a
colorless oil; Rf (2:1 hexane/EtOAc) 0.48; "H 300 MHz, CDCI3)7.46 d, JJ -7.3 Hz, 4H), 7.39-7.16 (m,
6H), 6.59 s, 1H), 6.49 (s, 1H), 436 dd, JJ =131, 6.7 Hz, 1H), 399 d, JJ =138 Hz, 2H), 388 (s, 3H),
383, 3H), 375 d, JJ =137 Hz, 2H), 3.63 , JJ =83 Hz, 1H), 3.22 (ddd, JJ =127, 125, 48 Hz, 1H),
295 ddd, JJ=16.2, 122, 69 Hz, 1H), 264 dd, JJ =135, 10.7 Hz, 1H), 255 (dd, JJ =165, 46 Hz, 1H),
223 dd, JJ =136, 81 Hz, 1H), 163 (s, 3H); ' C (75 MHz, CDCI3) 1736, 1480, 14738, 1396 (20,
1343, 1287 4C), 1283 4C), 1270 (2C), 1251, 1117, 1083, 596, 585, 56.1, 55.9, 547, 377, 349,
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318, 27.3; [[],5 +85.9 (¢ 1.1, CH2CI23); [imax film) 2933, 2843, 1685, 1514, 1262, 1217, 746, 699
cm-1; ESI-HRMS calculated for Cy9H3,N,O3Na (M+Naj+479.2305, found 479.2307.

Benzoindolizidine 67

MeO.

MeO 0

67 anN\

To a solution of hydroxylactam 65 (101 mg, 0.213 mmol) in CH,Cl, (10 mL) at 0 1C was
added TMSOTT (82 [IL, 0.426 mmol) via syringe. The mixture was stirred at this temperature for 3 h.
CH,CI, (10.0 mL) and sat. ag. NaHCO3 & mL) were added and phases were separated. The aqueous
phase was extracted with CH,Cl, (3 x 10 mL). The combined organic layers were dried over anhyd
Na,SO,, filtered and concentrated under reduced pressure. The crude product was purified by flash
chromatography silica gel, 2:1 hexane/EtOAc) to provide benzoindolizidine 67 (80 mg, 82%) as a
colorless oil; Rf (1.1 hexane/EtOAC) 0.63; [TH (300 MHz, CDCl3) 744 d, J=7.1 Hz, 4H), 7.37 ¢, J=7.1
Hz, 4H), 7.27 ¢, J=7.1 Hz, 2H), 6.78 (s, 1H), 6.50 (s, 1H), 430 dd, J-125, 6.0 Hz, 1H), 397 d, J-142
Hz, 2H), 383 s, 3H), 3.77 dd, J=-84, 70 Hz, 1H), 3.66 (s, 3H), 357 d, J=14.2 Hz, 2H), 3.10 ddd, J-
125,122, 40 Hz, 1H), 295 ddd, J-156, 122, 65 Hz, 1H), 264 dd, J-17.0, 69 Hz, 1H), 254 dd, J-
159, 3.7 Hz, 1H), 213 dd, J=17.0, 85 Hz, 1H), 1.69 (s, 3H); [IC (75 MHz, CDCl3 1732, 147.7, 1476,
1386 (2C), 1346, 1287 4C), 1286 4C), 1273 (2C), 1244, 1116, 10738, 649, 637, 558 (2C), 558,
55.3, 34.7, 30.1, 27.4, 241; [[1]55 +188 (¢ 2.4, CHCly); [Omax film) 2930, 2852, 1693, 1513, 1455,
1260, 1213, 749, 700 cm®; ESI-HRMS calculated for C,H3,N,03Na (M:Nar 479.2305, found
479.2308.

Enamide +)-68

(+)-68

To a solution of benzoindolizidine 66 (260 mg, 0.569 mmol) in CH,Cl, 10 mL) at 0 °C was
added m-CPBA (210 mg, 0.854 mmol) and the mixture was stirred for 1 h. To this mixture was added
sat. ag. Na,CO3 (10 mL) and the mixture was stirred for 15 min. The phases were separated and the
organic layer was dried over anhyd Na,SO,, filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography silica gel, 2:1 hexane/EtOAC) to give enamide +)-
68 (111 mg, 75%) as a colorless oil; Rs (1:1 hexane/EtOAc) 0.15; [JH 300 MHz, CDCly); 7.36 d, J=58
Hz, 1H), 6.70 s, 1H), 661 (s, 1H), 6.12 d, J-58 Hz, 1H), 444 dd, J-133, 64 Hz, 1H), 390 s, 3H),
385 s, 3H), 325 ddd, J=132, 120, 44 Hz, 1H), 295 ddd, J=16.1, 119, 65 Hz, 1H), 267 dd, J=159,
40 Hz, 1H), 161 s, 3H); [1C (75 MHz, CDCly); 1702, 1532, 1482, 1478, 1293, 1253, 1251, 1121,
109.1, 65.6, 56.2, 559, 346, 292, 268 [[1],5 +149.8 ¢ 1.3, CHCl3); Lmax ilm) 3056, 2931, 1712,
1686, 1269, 1262, 754, 704 cm™; ESI-HRMS calculated for C;5H;NOz;Na (M+Nay' 282.1101, found
282.1101.

Enamide (-68
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MeO.
AN
MeO 0
(-)-68

To a solution of benzoindolizidine 67 62 mg, 0.136 mmol) in CH,Cl, (7 mL) at 0 °C was
added m-CPBA (168 mg, 0.680 mmol) and the mixture was stirred for 1 h. To this mixture was added
sat. ag. Na,CO3 (10 mL) and the mixture was stirred for 15 min. The phases were separated and the
organic layer was dried over anhyd Na,SO,, filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography silica gel, 2:1 hexane/EtOAC) to give enamide (-
68 (22 mg, 62+) as a colorless oil; [[1],5 -114.7 ¢ 0.7, CHCl3). All spectral data are identical with those
of +)-68.

Methyl analog of crispine A +)-69

MeO.
N
Me0:©\/E7
(+)-69

A mixture of enamide +-68 (95 mg, 0.366 mmol)and Palladium on activated carbon (10%, 9.5
mg) in methanol under an atmosphere of hydrogen gas dalloon) was stirred for 1 h at room
temperature. The mixture was filtered and concentrated under reduced pressure. The crude product was
purified by flash chromatography silica gel, 2:1 hexane/EtOAC) to give the corresponding lactam (96
mg, quantitative) as a colorless oil; R¢ (1:1 hexane/EtOAc) 0.40; OH (300 MHz, CDCl3) 6.58 (s, 1H),
6.57 s, 1H), 429 ddd, J-131, 64, 1.1 Hz, 1H), 388 (s, 3H), 3.85 (s, 3H), 307 (dddd, J=131, 121, 46,
10 Hz, 1H), 287 ddd, J=-159, 121, 65 Hz, 1H), 267 dd, J=16.3, 3.9 Hz, 1H), 266-254 i, 1H), 2.48-
231 2, 2H), 209 dd, J =219, 110 Hz, 1H), 150 s, 3H); [1C (75 MHz, CDCl3) 1723, 1481, 1478,
1347, 1245, 1116, 1079, 610, 56.1, 559, 347, 341, 307, 281, 27.3; [LI],5 +1114 ¢ 46, CHCly);

max ilmy 2966, 2936, 1721, 1682, 1515, 1241, 1213, 856 cm®; ESI-HRMS calculated for
C1sH19NO3zNa (M+Naj 284.1257, found 284.1257. The lactam 85 mg, 0.325 mmol) was dissolved in
THF (7 mLyand LiAIH, (37 mg, 0.975 mmol)was added. The mixture was heated to reflux under argon
atmosphere for 6 h. To the reaction mixture were added sat. ag. NaHCO3 & mL) and EtOAc (10.0 mL)
and phases were separated. The agueous phase was extracted with EtOAc (3 x 10 mL). The combined
organic layers were dried over anhyd Na,SOy, filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography ilica gel, 2:1 hexane/EtOAc) to give methyl
analog of crispine A »-69 (57 mg, 71%) as a colorless oil; R¢ 10:1 CH,Cl,yMeOH)0.43; [1H (300 MHz,
CDCl3) 6.64 s, 1H), 654 (s, 1H), 387 s, 3H), 3.86 (s, 3H), 325 ddd, J=132, 11.0, 45 Hz, 1H), 3.17-
305, 2H), 297 ddd, J-164, 109, 56 Hz, 1H), 289 (dd, J-17.2, 81 Hz, 1H), 251 (ddd, J-16.3, 36,
31 Hz, 1H), 221-207 (m, 2H), 1.88 dddd, J - 156, 12.2, 78, 7.8 Hz, 1H), 1.75-162 (m, 1H), 148 s,
3H); [1C (75 MHz, CDCly) 14738, 1473, 1351, 1255, 1112, 1096, 631, 56.2, 55.9, 504, 430, 40.2,
298, 234, 222; [[1]55 +325 ¢ 2.0, CHCl3); [imax (film) 2962, 1518, 1227, 1073, 873 cm™; ESI-HRMS
calculated for C15H,2,NO, (IM+H1" 248.1645, found 248.1648.

Methyl analog of crispine A »-69
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MeO.

MeO'
(-)-69

A mixture of enamide »-68 (12 mg, 46 [Imolyand Palladium on activated carbon (10%, 1.2 mg)
in methanol under an atmosphere of hydrogen gas (balloon) was stirred for 1 h at room temperature.
The mixture was filtered and concentrated under reduced pressure. The crude product was purified by
flash chromatography silica gel, 2:1 hexane/EtOAcC) to give the corresponding lactam (12 mg, 95%) as a
colorless oil. The spectral data of this lactam are identical with those of the lactam derived from (+)-68.
The Lactam (11 mg, 42 [Imol) was dissolved in THF 3 mL) and LiAIH; 4 mg, 0.105 mmol) was
added. The mixture was heated to reflux under argon atmosphere for 6 h. To the reaction mixture were
added sat. ag. NaHCO3 (5 mL)yand EtOAc (10.0 mL)and phases were separated. The aqueous phase was
extracted with EtOAc 3 x 10 mL). The combined organic layers were dried over anhyd Na,SOy,,
filtered and concentrated under reduced pressure. The crude product was purified by flash
chromatography silica gel, 2:1 hexane/EtOAc) to give methyl analog of crispine A (-69 8 mg, 73%) as
a colorless oil; [[1],5 -26.4 ¢ 0.8, CHCl3). All spectral data of (--69 are identical to those of +)-69.

C10b-allyl benzoindolizidines 72 and 73

MeO MeO
MeO N o Meo:©;a7:o
2z NBn, r JBr/IZI\T

To a solution of succinimide 58 417 mg, 0909 mmol) in Et,O (10 mL) was added freshly
prepared allyIMgBr (Allyl bromide 023 mL, 2.73 mmol, Mg 199 mg, 829 mmol) at -78 °C and the
mixture was stirred for 1h. To this mixture was added dropwise sat. aq. NH,CI (20 mL) and the mixture
was extracted with CH,Cl, (2 x 20 mL). The combined organic layers were dried over anhyd Na,SO,,
filtered and concentrated under reduced pressure. The crude product was purified by flash
chromatography silica gel, 2:1 hexane/EtOAc) to give a mixture of hydroxylactams 70 and 71 (373
mg, 82%) as a colorless oil. To a solution of this mixture of hydroxylactams 70 and 71 in CH,ClI, (10
mL) at 0(1C was added TMSOTf (0.24 mL, 1.24 mmol) via syringe. The mixture was stirred at this
temperature for 3 h. CH,Cl, (100 mL) and sat. ag. NaHCO3; (& mL) were added and phases were
separated. The aqueous phase was extracted with CH,Cl, (3 x 10 mL). The combined organic layers
were dried over anhyd Na,SOy, filtered and concentrated under reduced pressure. The crude product
was purified by flash chromatography silica gel, 2:1 hexane/EtOAc) to provide C10b-allyl
benzoindolizidine 72 along with its isomerized alkene (249 mg, 57« as a colorless oils  and
benzoindolizidine 73 (70 mg, 16%)

C10b-allyl benzoindolizidines 73; R¢ (2:1 hexane/EtOAC) 0.20; UH 300 MHz, CDCl3) 7.42 s,
1H), 7.40-7.19 (m, 10H), 6.56 (s, 1H), 586 (d, J=155 Hz, 1H), 537 dq, J=155, 6.5 Hz, 1H), 427 ddd, J
-130,51, 11 Hz, 1H), 410 d, J=14.1 Hz, 2H), 3.86 (s, 3H), 3.85 (s, 3H), 3.82 (dd, J=95, 8.3 Hz, 1H),
357, J-14.2 Hz, 2H), 3.00 (ddd, J-12.2, 120, 41 Hz, 1H), 290 ddd, J-13.0, 11.9, 6.0 Hz, 1H), 2.69-
255 m, 1H), 254 dd, J-164, 98 Hz, 1H), 205 dd, J=-165, 80 Hz, 1H), 1.62 d, J=-6.5 Hz, 3H); [IC
(75 MHz, CDCl4) 1723, 1478, 1476, 1384 (2C), 1319, 131.2, 128.8 (4C), 128.4 (4C), 127.3 (2C), 126.1,
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1250, 1116, 1087, 674, 670, 56.0, 558, 55.1 (2C), 346, 30.3, 280, 17.8; [[1],5 +26.8 ¢ 3.6, CHCls),
Tmax cfilm) 2933, 2853, 1694, 1514, 1258, 1108, 750, 700 cm?; C3;H3,N,03Na (M:Naj 505.2462,
found 505.2461.

Hydroxylactam 71 and C10b-allyl benzoindolizidines 72

MeO
MeO N "NBn, N
mo MeO o
MeO 7 P2

NBn,

To a solution of this mixture of hydroxylactams 70 and 71 230 mg, 0459 mmol) in CH,ClI,
10 mL)at 0 [1C was added BF;-OEt, (0.11 mL, 0.92 mmol) via syringe. The mixture was stirred at this
temperature for 3 h. CH,Cl, (100 mL) and sat. ag. NaHCO3; (& mL) were added and phases were
separated. The aqueous phase was extracted with CH,Cl, (3 x 10 mL). The combined organic layers
were dried over anhyd Na,SOy, filtered and concentrated under reduced pressure. The crude product
was purified by flash chromatography silica gel, 2:1 hexane/EtOAc) to provide C10b-allyl
benzoindolizidine 72 (137 mg, dr = 4.1, 62%) as a colorless oils and unreacted hydroxylactam 71 (40
mg, 17+«) as a colorless oils.

Hydroxylactam 71; R; 2.1 hexane/EtOAc) 0.21; OH 300 MHz, CDCl3) 750-7.21 (m, 10H),
6.79 s, 1H), 6.77 d, J-81 Hz, 1H), 6.65 d, J-8.1 Hz, 1H), 6.30 (brs, 1H), 5.22 ddd, J-16.0, 109, 7.2
Hz, 1H), 480 d, J-109 Hz, 1H), 479 d, J-16.0 Hz, 1H), 3.85 (s, 3H), 3.82 d, J-13.2 Hz, 2H), 3.77 (s,
3H), 369 (ddd, J-132, 86, 54 Hz, 1H), 348 d, J-8.3 Hz, 1H), 3.39 d, J-132 Hz, 2H), 3.05-282 m,
2H), 262 d,J-179 Hz, 1H), 241 «dd, J-181, 83 Hz, 1H), 2.35-2.15 im, 2H); [1C (75 MHz, CDCl5)
1719, 1488, 1475, 1374 2C), 1316, 1289 4C), 1277 2C), 1275, 1208, 1193, 1120, 1111, 8986,
64.0, 579, 559 (2C), 55.8, 548, 42.8, 412, 349, 29.7; [[1],5 +125 (¢ 3.0, CHCly); [Jmax (film) 3331,
3029, 2937, 2834, 1687, 1516, 1263, 1144, 1029, 700 cm™; ESI-HRMS calculated for C3;H3sN,0,Na
iM+Naj 523.2567, found 523.2563.

C10b-allyl benzoindolizidine 72; R 2:1 hexane/EtOAc)0.33; [TH (300 MHz, CDCl3) 746 d, J
-71Hz 4H), 731 ¢, J-75 Hz, 4H), 723 ¢, J-7.1 Hz, 2H), 6.61 s, 1H), 653 (s, 1H), 5.75 dddd, J -
149, 88, 6.0, 60 Hz, 1H), 515 d, J-88 Hz, 1H), 514 d, J-149 Hz, 1H), 437 (dd, J=-132, 69 Hz,
1H), 401 d, J-139 Hz, 2H), 3.88 (s, 3H), 3.84 5, 3H), 3.77 d, J-139 Hz, 2H), 359 ¢, J-9.6 Hz, 1H),
3.24 (ddd, J-1238, 122, 50 Hz, 1H), 299 (ddd, J-164, 121, 7.3 Hz, 1H), 267 (dd, J-144, 57 Hz, 1H),
256 dd, J=-16.3, 46 Hz, 1H), 257-2.35 m, 3H); [1C (75 MHz, CDCl3) 1745, 1481, 1475, 1398 2C),
1333, 132.2, 1287 (4C), 1283 4C), 1269 (2C), 1255, 119.9, 1118, 1085, 60.6, 59.4, 56.2, 55.9, 54.9
2C), 467, 350, 330, 269; [[/],5 +487 ¢ 12, CHCly); Omax film) 2929, 2853, 1683, 1516, 1455,
1259, 747, 700 cm™*; ESI-HRMS calculated for C3;H3,N,03;Na (M:Naj 505.2462, found 505.2461.

Enamide 74

MeO

Z

MeQO' (o)

74
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To a solution of C10b-allyl benzoindolizidine 72 83 mg, 0.173 mmol) in CH,Cl, 10 mL)at 0
°C was added m-CPBA 45 mg, 0.259 mmol) and the mixture was stirred for 1 h. To this mixture was
added sat. aq. Na,CO3 (10 mL) and the mixture was stirred for 15 min. The phases were separated and
the organic layer was dried over anhyd Na,SOy, filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography silica gel, 2:1 hexane/EtOAC) to give enamide 74
31 mg, 63%) as a colorless oil; R¢ (1:1 hexane/EtOACc) 0.29; [1H (300 MHz, CDCl3) 728 d, J=5.7 Hz,
1H), 6.73 s, 1H), 6.18 d, J=-5.8 Hz, 1H), 554 dddd, J=-16.9, 96, 7.2, 7.2 Hz, 1H), 509 d, J=15.6 Hz,
1H), 509 d, J-11.8 Hz, 1H), 445 dd, J-13.4, 65 Hz, 1H), 391 (s, 3H), 3.86 s, 3H), 3.26 ddd, J-13.2,
119, 46 Hz, 1H), 296 ddd, J=-162, 117, 6.7 Hz, 1H), 279-264 (m, 3H); [IC (75 MHz, CDCl;) 1707,
1515, 1483, 1476, 1312, 1284, 1263, 1256, 1191, 1121, 1092, 680, 56.2, 55.9, 433, 3438, 290;
[[1]55 +150.3 ¢ 1.6, CHCly); [Imax film) 2938, 1685, 1516, 1257, 1228, 810 cm'; ESI-HRMS
calculated for C4;H19NO3;Na (M+Naj 308.1257, found 308.1266.

MeO.
N
MeO:OiQFO

76

Enamide 76

To a solution of C10b-allyl benzoindolizidine 73 (206 mg, 0.428 mmolyin CH,Cl, 20 mL)at 0
°C was added m-CPBA (738 mg, 4.28 mmol) and the mixture was stirred for 36 h. To this mixture was
added sat. aq. Na,CO3 (10 mL) and the mixture was stirred for 15 min. The phases were separated and
the organic layer was dried over anhyd Na,SOy, filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography silica gel, 2:1 hexane/EtOAC) to give enamide 76
(66 mg, 55%) as a colorless oil; R¢ (1:1 hexane/EtOACc) 0.25; [1H 300 MHz, CDCls) 7.33 d, J=5.7 Hz,
1H), 6.68 s, 1H), 6.65 (s, 1H), 6.14 d, J=-5.8 Hz, 1H), 550-540 (m, 2H), 433 ddd, J-132, 6.7, 1.2 Hz,
1H), 390 s, 3H), 387 s, 3H), 321 ddd, J-131, 115, 48 Hz, 1H), 295 (ddd, J-164, 113, 65 Hz, 1H),
267 ddd, J=-160, 47,15 Hz, 1H), 1.70 d, J=-4.8 Hz, 3H); OC (75 MHz, CDCl3) 170.1, 1515, 1484,
1474, 1311, 1291, 1265, 1264, 1253, 1120, 1104, 694, 56.2, 55.9, 346, 290, 17.7 ; [[1],5 -764 ¢
0.6, CHCl3); [imax (film) 2938, 1686, 1516, 1265, 735 cm™; ESI-HRMS calculated for C1;H,oNO;
IM+Hj" 286.1438, found 286.1431.

-R)-10b-propyl-3-oxocrispine A »-75

MeO.

MeO' e}

(+)-75

A mixture of enamide 74 20 mg, 70.1 umol) and Palladium on activated carbon (10%, 2 mg in
methanol under an atmosphere of hydrogen gas (balloon) was stirred for 1 h at room temperature. The
mixture was filtered and concentrated under reduced pressure. The crude product was purified by flash
chromatography silica gel, 2:1 hexane/EtOAC) to give +)-(R)-10b-propyl-3-oxocrispine A +)-75 (19 mg,
92+ as a colorless oil; R¢ (1:1 hexane/EtOAc) 0.15; [I1H (300 MHz, CDCl3) 7.28 (s, 2H), 4.31 (ddd, J -
131,68, 14 Hz, 1H), 388 (s, 3H), 3.85 5, 3H), 3.09 (ddd, J=-130, 119, 48 Hz, 1H), 291 (ddd, J-159,
120, 6.8 Hz, 1H), 267 (dd, J=16.1, 38 Hz, 1H), 259 dd, J=-1638, 9.1 Hz, 1H), 251241 (m, 1H), 2.39
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ddd, J-120, 104, 22 Hz, 1H), 2.25-2.10 m, 2H), 1.91-1.72 (m, 2H), 1.50-1.20 (m, 2H), 0.91 , J-7.2 Hz,
1H); [1C (75 MHz, CDClj) 1732, 1479, 1478, 1350, 1246, 1116, 108.1, 63.9, 56.2, 55.9, 444, 345,
321, 313, 277, 175, 143; [[1],5 +1265 ¢ 1.8, CHCl3); [max (film) 2960, 2934, 1682, 1515, 1259,
1022, 800 cm*; ESI-HRMS calculated for C1;H,3NO3Na (M+Naj 312.1570, found 312.1573.

(-$)-10b-propylyl-3-oxocrispine A ()-75

MeO.

MeO W (@)

J

()-75

A mixture of enamide 76 (20 mg, 70.1 umol) and Palladium on activated carbon (10%, 2 mg)in
methanol under an atmosphere of hydrogen gas balloon) was stirred for 1 h at room temperature. The
mixture was filtered and concentrated under reduced pressure. The crude product was purified by flash
chromatography silica gel, 2:1 hexane/EtOAC) to give -S)-10b-propylyl-3-oxocrispine A -75 19 mg,
95%) as a colorless oil; [ 1],5-143.3 (¢ 1.6, CHCl5). All spectral data of (--75 are identical to those of (-
75.

(1S,10bR)-1,10b-diallyl-1,2,5,6-tetrahydro-8,9-dimethoxy-pyrrolo2, 1-ajisoquinolin-3(L0bH)-one (77)

MeO

-
O

77/)

To a solution of enamide 74 67 mg, 0234 mmol) in Et,O & mL) was added freshly prepared
AllyIMgBr Allyl bromide 80 uL, 0.935 mmol, Mg 113 mg, 468 mmol at 0 °C and the mixture was
stirred for 16h. To this mixture was added dropwise sat. aq. NH,Cl (20 mL) and the mixture was
extracted with CH,Cl, 2 x 20 mL). The combined organic layers were dried over anhyd Na,SOy,
filtered and concentrated under reduced pressure. The crude product was purified by flash
chromatography silica gel, 2:1 hexane/EtOAC) to give the bis-allylbenzoindolizidine 77 47 mg, 62%) as
a colorless oil; R¢(1:1 hexane/EtOAc) 0.29; [JH (300 MHz, CDCl3 6.61 s, 1H), 6.58 (s, 1H), 5.69 dddd,
J-166, 100, 86, 6.2 Hz, 1H), 554 (dddd, J-16.3, 102, 84, 56 Hz, 1H), 512 d, J- 169 Hz, 1H), 506
d, J=102 Hz, 1H), 499 d, J-101 Hz, 1H), 489 d, J-170 Hz, 1H), 434 dd, J-136, 85 Hz, 1H),
390 s, 3H), 389 s, 3H), 312 (ddd, J=16.3, 125, 35 Hz, 1H), 289-257 (m, 5H), 247 ddd, J-1038, 74,
3.3 Hz, 1H), 232 d, J=17.0 Hz, 1H), 205-1.84 (m, 1H), 1.59-1.38 (m, 1H); [1C (75 MHz, CDCl3) 1725,
1478, 1478, 1352, 1333, 1284, 1273, 1193, 1176, 1117, 1096, 67.3, 56.3, 558, 449, 423, 361,
356 (2C), 28.9; [[1]55 +137.8 (¢ 1.4, CHCly); [ e (Film) 2934, 2854, 1681, 1516, 1225, 1101, 1028, 803
cm™; ESI-HRMS calculated for C,oH,sNO3 (M+Hy 328.1907, found 328.1908.

@4aS,13bR)-4a,5,8,9-tetrahydro-11,12-dimethoxy-1H-indolo;1-ajisoquinolin-6¢4H)-one (78)
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MeO

MeO

To a solution of bis-allylbenzoindolizidine 77 (17 mg, 52.7 [Jmoly in CH,Cl, 2 mL) was added
Grubbs 2" generation catalyst 2 mg, 3 TJmol and the mixture was stirred at room temperature under
argon atmosphere for 16 h. The mixture was filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography silica gel, 2:1 hexane/EtOAc) to give Erythrinane
core 78 (14 mg, 92%) as a colorless oil; R¢ (1:1 hexane/EtOACc) 0.37; [1H (300 MHz, CDCl3)7.10 s, 1H),
6.59 s, 1H), 6.09 d, J=110 Hz, 1H), 592 d, J=-110 Hz, 1H), 418 dd, J-127, 6.8 Hz, 1H), 3.85 ,
3H), 379 s, 3H), 3.36-3.19 im, 1H), 3.15 (ddd, J=124, 120, 43 Hz, 1H), 269-2.50 m, 5H), 249 dd, J-
157,42 Hz, 1H), 231 dd, J=15.7, 55 Hz, 1H), 1.99-1.80 (m, 1H); [JC (75 MHz, CDCl3) 178177341,
14790, 14614578, 13012978, 12812745, 12812723, 1269, 1278112135, 110109.34;, 612,
555489, 555478, 4190, 403967, 363557, 353401, 272818, 262568; [[1],5 +144.3 ¢ 1.0, CHCly);

max (Filmy 2962, 2910, 2851, 1698, 1513, 1261, 1101, 1036, 797 cm’; ESI-HRMS calculated for
C1gH21NO3zNa (M+Naj 322.1414, found 322.1419.

'H NMR and 13C NMR spectra of compounds

Page
Compound 8 '"H NMR SPECIIUIM L. .uttt et et et et ettt et e et e e et et e et e e eaeeaaas 69
Compound 9 "HNMR ] 01510140 1 D P 70
Compound 2 '"HNMR 0116114111 1 R 71
Compound 3 '"HNMR N 1S1611 4011 1 B 72
Compound 4 '"HNMR ] 011611 4011 1 R 73
Compound 10 '"H NMR 011611 111+ PO 74
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Compound 18 '"H NMR ] 011011 41100 R

Compound 44 '"H NMR 011611 41100 DO
“C NMR SPECLIUIML. . .ttt e e e et
Compound 45 "H NMR 011611 41100 DO
Compound 14a '"H NMR 011611 411+ L
“C NMR 011011 41100 B P
Compound 14b '"HNMR o STe1 141100 RSP
“C NMR ] 0T o15 0 14
Compound 14Boc "HNMR SPECHIUINL. . . et ettt et et ettt et et et e e e e aaeeaas
“C NMR ] 0151015 0011 4 LN
Compound 15 'H NMR 1S e1 401 11 D
“C NMR o110 001 11 B
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Compound 48 "H NMR ] 011611401 11 D
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“CNMR ] 01711 4 1 0
Compound 28a '"H NMR S 1SIe1 401 11 D
Compound 28b 'H NMR S 1SIe1 801 11 D
Silyl enol ether45'H NMR 01101541111 D
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Both enantiomers of C10b methyl analogs of crispine A and a tetracyclic core of Erythrina alkaloids were
synthesized starting from r-aspartic acid via a common chiral N-arylethyl succinimide intermediate. The
pivotal C10a-C10b bond formation and construction of the C10b stereogenic center were achieved via
diastereoselective N-acyliminium ion cyclization. The dibenzylamino group gave stereochemical control
where 1,2- and 1,3-stereoinductions led to the cyclized products with opposite configurations at the

newly generated stereogenic center. Cope elimination of the dibenzylamino group gave a cyclic enamide
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which underwent Michael addition and ring closing metathesis of the resulting bis-allyl intermediate in
the synthesis of a tetracyclic core of Erythrina alkaloids.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Indolizidine alkaloids are an important class of natural products
with a diversity of structural variations and intriguing biological
activities. Polyhydroxylated indolizidines are exemplified in Fig. 1
by natural toxin swainsonine (1) and lentiginosine (2). Swainso-
nine is a potential chemotherapeutic drug for glioma, gastric and
renal carcinoma' and lentiginosine which inhibits amyloglucosi-
dase, ATPase and chaperones activity of Hsp90, is also a potential
multi-target anti-cancer drug.” Benzoindolizidine crispine A (3) is a
highly cytotoxic alkaloid isolated from flowering plant Carduus
crispus.® Jamtine (4), isolated from climbing shrub of Cocculu hir-
sutus, exhibits anti-hyperglycemic activity.* Alkaloids isolated from
plants of the Erythrina genus such as erysotramidine (5) and ery-
traditinone (6) have a more complex spirotetracyclic system.
Erythrina alkaloids possess many pharmaceutical properties and
have been used as hypoglycemic, hypotensive, sedative, antidiar-
rheal, antiasthma, CNS activity depressing, anticonvulsive and
muscle relaxing agents.’

* Corresponding author.
E-mail address: kuntiyong_p@su.ac.th (P. Kuntiyong).

http://dx.doi.org/10.1016/j.tet.2017.06.007
0040-4020/© 2017 Elsevier Ltd. All rights reserved.

Several syntheses of crispine A have been reported both as
racemic and enantioselective routes. Some of these procedures
constructed the tetrahydroisoquinoline unit prior to making the
pyrrolidine ring, whereas those based on various versions of Pictet-
Spengler and N-acyliminium ion cyclization formed the pyrrolidine
moiety before making the C10a-C10b bond and closing the B ring.
Several substrate-controlled asymmetric syntheses of crispine A
have been reported. For examples, Allin and Herr utilized 2-amino-
3-(3,4-dimethoxyphenyl)-propanoate and its derivative as a start-
ing material® Hurvois and Ruano synthesized a chiral tetrahy-
droisoquinoline using Pictet-Spengler reaction of chiral amide
derived from a-phenylethylamine and N-arylethylsulfinamide as
the substrate, respectively.’

Syntheses of the methyl analogs of crispine A have also been
reported. Baskaran used an intramolecular Schmidt reaction of
azido-indenone as the key reaction and the product was obtained
as a racemic mixture.® Early enantioselective synthesis was re-
ported by Meyers featuring asymmetric quaternary alkylation
based on a chiral formamidine auxiliary.® Sato reported an enan-
tioselective synthesis using the asymmetric addition of chiral
propionaldehyde titanium homoenolate equivalent to an imine
carbon of a dihydroisoquinoline.'® Previously, we have synthesized
the tricyclic tetrahydroisoquinoline core of natural alpha-


mailto:kuntiyong_p@su.ac.th
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tet.2017.06.007&domain=pdf
www.sciencedirect.com/science/journal/00404020
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Fig. 1. Indolizidine and Erythrina alkaloids.

glucosidase inhibitors schulzeines A, B and C starting from r-glu-
tamic acid which was transformed to a chiral N-acyliminium ion
and underwent diastereoselective cyclization. The stereocenter
bearing the dibenzylamino group provided stereochemical control
during the key C—C bond formation and generation of the new
stereogenic center. The amino group from L-glutamic acid was at
the right position and configuration for the tricyclic core of the
natural products.”’ To continue in this vain, we are developing a
strategy in which chiral cyclic imides prepared from cheap readily
available chiral starting materials, such as L-glutamic acid or 1-
aspartic acid, serve as key synthetic intermediates for quinolizidine
and indolizidine alkaloids, respectively. In the target molecules
where the amino group is not part of the structure, the dia-
lkylamino moiety is removed to generate a functionality suitable
for subsequent steps of the synthesis.'> To demonstrate the appli-
cability of this method, herein we report the use of L-aspartic acid as
a chiral starting material for the synthesis of crispine A analogs and
a tetracyclic core of Erythrina alkaloids.

2. Results and discussion

In our previous study, chiral N-arylethylsuccinimide 7 obtained
from homoveratrylamine and a N,N-dibenzyl derivative of L-
aspartic acid underwent reduction with DIBALH exclusively at the
less hindered carbonyl to give the corresponding hydrox-
ylactam.'"'? However, in this work, nucleophilic addition to the
carbonyl of chiral N-arylethylsuccinimide 7 with methyl magne-
sium iodide gave two regioisomeric hydroxylactams 8 and 9 which
were separated chromatographically (Scheme 1).

Treatment of the hydroxylactam 8 with TMSOTf gave tricyclic
product 10 and hydroxylactam 9 gave 11 as single diastereomers
setting up the quaternary stereogenic center. Cope elimination

o NBn,
Me0:©/\/3?
MeO 7 o
MeMgl 85%
Et,0,0°C | 89=3:1
MeO
o) NBn,
TMSOTf MeO N_o
Meo:©/V g CH,Clp, 0 °C 10
H 2Ll2,
MeO 8 79% single diastereomer NBn,
+ 0 TMSOTF MeO
R -
= N
MeO N NBM2  ch.chL 09C  MeO o
HO 82% 11
o o
MeO 9 Bn,N

single diastereomer

Scheme 1. Formation of benzoindolizidines 10 and 11.

MeO.
mcpBa  MeO
CHCh  MeO N_o
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CH,Cl,
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Scheme 2. Cope elimination.

MeO M
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0
73% (5)-(-)-10b-methyl Crispine A

Scheme 3. Synthesis of both enantiomers of methyl analog of crispine A.

upon treatment of dibenzylamino lactams 10 and 11 with m-CPBA
gave cyclic enamides (+)-12 and (—)-12, respectively (Scheme 2).
We could determine that the configurations of the stereogenic
center at C10b of the regioisomeric cyclized products were opposite
by comparing the optical rotation of tricyclic enamides 12. Hydro-
genation followed by lactam reduction of the cyclic enamides gave
methyl analogs of crispine A (+)-13 and (—)-13 (Scheme 3).

Comparison of their optical rotations with the reported values
led us to the conclusion that 10 gave (+)-12 with R-configuration
while 11 gave (—)-12 with S-configuration."> The magnitudes of the
optical rotation, however, were surprisingly lower than expected of
a highly enantio-enriched products. This suggests a loss of enan-
tiomeric excess via epimerization which appeared to occur at a
larger extent with 11 during the synthetic route.

To extend this approach toward more complex targets, we
envisioned that the C10b-substituted tricyclic enamide would be
susceptible to further functionalization, such as conjugate addition
and subsequent o-alkylation of the resulting lactam, as well as
Diels-Alder reaction with various dienes. In addition, substituents
at each position can combine to form additional rings of more
complex alkaloids. In this regard, we explore the formation of the D
ring from C10b and C1 substituents which would lead to the tet-
racyclic core of Erythrina alkaloids (Fig. 2).

Erythrina alkaloids possess intriguing biological activities and
structural challenge in the form of spirocyclic skeleton with a
quaternary carbon stereogenic center. Recent examples of asym-
metric syntheses of Erythrina alkaloids include Ciufolini's

MeO

Fig. 2. Design of synthetic route toward tetracyclic alkaloids.
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Scheme 4. Formation of C10b-allylbenzoindolizidines 16 and 17.

erysotramidine synthesis which used oxidative amidation of
chiral oxazoline and intramolecular Horner-Wadsworth-Emmons
reactions to form the B and C rings, respectively.'* Whereas Kaluza
and coworkers used diastereoselective cyclization of N-acylimi-
nium ion obtained from nucleophilic addition of chiral imide
derived from tartaric acid and a late stage intramolecular Heck
reaction.'” Tietze employed a domino process involving an ami-
dation, spirocyclization and N-acyliminium ion cyclization start-
ing from homoveratrylamine and a chiral 2-(2-cyclohexanoyl)
acetate derivative and formed the spirotetracyclic core in one
step.'®

Our synthesis began with imide 7 which was reacted with allyl
magnesium bromide to give a regioisomeric mixture of hydrox-
ylactams 14 and 15. Attempts at chromatographic separation of this
mixture led to decomposition of 14. Therefore this mixture was
treated with TMSOTf in CH»Cl, which resulted in a complex
mixture. The cyclized products of hydroxylactam 14 consisted of
benzoindolizidine 16 along with the olefin-isomerized product as a
mixture of 2 diastereomers. The cyclized product 17 with an iso-
merized C=C double bond from hydroxylactam 15 was more polar
and easily separated from the others (Scheme 4).

In contrast, treatment of the imide allylation product mixture
with BF3-OEt, in CH,Cl; resulted in N-acyliminium ion cyclization
of hydroxylactam 14 to give the cyclized product 16 without
isomerization of the C=C double bond, whereas the regioisomeric
hydroxylactam 15 was recovered intact. The ratio of 16 and
unreacted hydroxylactam 15 was 3.5:1 by weight. The diastereo-
meric ratio of benzoindolizidine 16 was determined to be 4:1 from
analysis of the "H NMR spectrum (Scheme 5).
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MeO N MeO
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+ 0 2w 1975 16 NBn,
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Scheme 5. BF;-OEt; mediated N-acyliminium ion cyclization.
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Scheme 6. Synthesis of both enantiomers of 3-oxo-C10b-propyl crispine A.

The configurations of the stereogenic center at C10b of the
regioisomeric cyclized products were proven to be opposite by
comparing the optical rotation of a common intermediate. Con-
version of regioisomeric benzoindolizidines 16 and 17 into their
corresponding tricyclic enamides 18 and 19, respectively, was
accomplished via Cope elimination. Hydrogenation of these
enamides gave enantiomeric (+)-20 and (—)-20 proving that the
dibenzylamino group exerted stereochemical control that enabled
synthesis of both enantiomers of the heterocyclic compounds
(Scheme 6).1718

To construct the tetracyclic core of Erythrina alkaloids, tricyclic
enamide 18 underwent Michael addition with allyIMgBr to give bis-
allyl tricyclic lactam 21 as a single diastereomer. The trans config-
uration resulted from 1,4-addition to the enamide 18 from the
opposite face to the C10b allyl group was established using a NOESY
experiment.'” Ring closing metathesis of 21 was accomplished
using Grubbs' second generation catalyst to give the tetracyclic
Erythrinane core 22 (Scheme 7).

3. Conclusion

We have synthesized C10b-methyl as well as C10b-n-propyl-
3-0xo analogs of crispine A in both enantiopodes via nucleophilic
addition of chiral succinimide prepared from L-aspartic acid, and
subsequent N-acyliminium ion cyclization followed by Cope
elimination to remove the dibenzylamino group. The same
strategy was extended to a synthesis of Erythrinane core 22 via
Michael addition and ring closing metathesis. This tetracyclic
core can be envisioned as a synthetic precursor for various
members of this family. A regioselective nucleophilic addition of
imide carbonyl can potentially make this synthesis an enantio-
divergent one. We are currently studying factors that may
render regioselectivity of nucleophilic addition to the succini-
mide carbonyls.

MeO.
N
MeO O
18
_~_-MgBr | Et,0, 0°C
to rt, 62%
MeO
MeO.
N
MeO o
-/ . Grubbs'2 cat MeO
o >
21 CH,Cl,, rt
/) 92%

Scheme 7. Formation of Erythrinane core 22.
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4. Experimental
4.1. General

Starting materials and reagents were obtained from commercial
sources and were used without further purification. Solvents were
dried by distillation from the appropriate drying reagents imme-
diately prior to use. Tetrahydrofuran and ether were distilled from
sodium and benzophenone under argon. Toluene, triethylamine,
and dichloromethane were distilled from calcium hydride under
argon. Moisture- and air-sensitive reactions were carried out under
an atmosphere of argon. Reaction flasks and glassware were oven-
dried at 105 °C overnight. Unless otherwise stated, concentration
was performed under reduced pressure. Analytical thin-layer
chromatography (TLC) was conducted using Fluka precoated TLC
plates (0.2 mm layer thickness of silica gel 60 F-254). Compounds
were visualized by ultraviolet light and/or by heating the plate after
dipping in a 1% solution of vanillin in 0.1 M sulfuric acid in EtOH.
Flash chromatography was carried out using Scientific Absorbents
Inc. silica gel (40 mm particle size). Optical rotations were
measured with a Perkin-Elmer 243 polarimeter at ambient tem-
perature using a 0.9998 dm cell with 1 mL capacity. Infrared (IR)
spectra were recorded on a Nicolet 5DXB FT-IR spectrometer. Pro-
ton and carbon nuclear magnetic resonance (NMR) spectra were
obtained using a Bruker Avance-300 spectrometer.

4.1.1. (3S)-1-(3,4-dimethoxyphenethyl)-3-(dibenzylamino)-5-
hydroxy-5-methylpyrrolidin-2-one (8) and (4S)-1-(3,4-
dimethoxyphenethyl)-4-(dibenzylamino )-5-hydroxy-5-methyl-
pyrrolidin-2-one (9)

To a solution of imide 7 (602 mg, 1.32 mmol) in Et;0 (10 mL) was
added freshly prepared MeMgl (Mel 0.57 mL, 9.2 mmol, Mg 1.10 g,
45.8 mmol) at 0 °C and the mixture was stirred for 1 h. To this
mixture was added dropwise sat. aq. NH4Cl (20 mL) and the
mixture was extracted with CH,Cl, (2 x 20 mL). The combined
organic layers were dried over anhyd NaySOg4, filtered and
concentrated under reduced pressure. The crude product was pu-
rified by flash chromatography (silica gel, 2:1 hexane/EtOAc) to give
a mixture of regioisomeric hydroxylactams 8 (401 mg, 64%) and 9
(133 mg, 21%) as colorless oils after separation with flash chroma-
tography (silica gel, 2:1 hexane/EtOAc); Hydroxylactam 8; Rs (2:1
hexane/EtOAc) 0.29; dy (300 MHz, CDCl3) 7.50—7.13 (m, 10H),
6.88—6.62 (m, 3H), 3.91 (d, ] = 13.8 Hz, 2H), 3.80 (s, 3H), 3.79 (s, 3H),
3.67 (d,] = 13.8 Hz, 2H), 3.62—3.48 (m, 2H), 3.34—3.20 (m, 1H), 2.95
(ddd, J = 13.3, 9.4, 6.3 Hz, 1H), 2.80 (ddd, ] = 13.5, 9.4, 5.8 Hz, 1H),
2.28 (dd, J = 13.4, 8.8 Hz, 1H), 1.94 (dd, ] = 13.4, 8.1 Hz, 1H), 1.27 (s,
3H); dc (75 MHz, CDCl3) 172.7, 148.9, 147.7, 139.3 (2C), 131.7, 128.8
(4C), 128.3 (4C), 127.1 (2C), 120.9, 112.2, 111.2, 87.0, 59.3 (2C), 55.9
(2€), 54.9, 40.9, 40.2, 34.5, 25.8; [a]% —38.5 (c 1.1, CHCl3); vmax
(film) 3347, 2935, 2836, 1663, 1516, 1263, 1156, 738, 700 cm ™~ '; ESI-
HRMS calculated for CygH3sN;O4 [M + HJ|T 475.2591, found
475.2592.

Hydroxylactam 9; R (2:1 hexane/EtOAc) 0.16; ¢y (300 MHz,
CDCl3) 7.50—7.21 (m, 10H), 6.79 (s, 1H), 6.78 (d, ] = 8.0 Hz, 1H), 6.67
(d, J = 8.0 Hz, 1H), 6.00 (brs, 1H), 3.85 (s, 3H), 3.83 (d, J = 13.4 Hz,
2H),3.77 (s, 3H), 3.75—3.59 (m, 1H), 3.45 (d, ] = 13.4 Hz, 2H), 3.77 (s,
3H), 3.75—3.59 (m, 1H), 3.45 (d,J = 13.4 Hz, 2H), 3.41-3.26 (m, 2H),
3.20—2.84 (m, 2H), 2.65 (d,J = 17.7 Hz, 1H), 2.48 (dd, ] = 17.8, 8.1 Hz,
1H), 1.20 (s, 3H); é¢c (75 MHz, CDCl3) 171.6, 148.8, 147.4, 137.5 (2C),
131.7,128.7 (4C), 128.6 (4C), 127.6 (2C), 120.8, 112.0, 111.1, 88.5, 61.1,
55.8, 55.7, 54.8 (2C), 41.0, 34.8, 29.6, 25.6; [a]5 +18.6 (c 1.0, CHCl3);
vmax (film) 3356, 2935, 2835, 1668, 1516, 1263, 1150, 1029,
700 cm~!; ESI-HRMS calculated for CygH34N;04Na [M + Na]*
497.2411, found 497.2407.

4.1.2. (2S,10bR)-2-(dibenzylamino)-1,2,5,6-tetrahydro-8,9-
dimethoxy-10b-methylpyrrolo[2,1-aJisoquinolin-3(10bH)-one (10)
To a solution of hydroxylactam 8 (371 mg, 0.781 mmol) in
CH,Cl, (10 mL) at 0 °C was added TMSOT( (0.24 mL, 1.2 mmol) via
syringe. The mixture was stirred at this temperature for 3 h CH,Cl,
(10.0 mL) and sat. aq. NaHCO3 (5 mL) were added and phases were
separated. The aqueous phase was extracted with CH,Cl,
(3 x 10 mL). The combined organic layers were dried over anhyd
NayS0;, filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography (silica gel, 2:1
hexane/EtOAc) to give benzoindolizidine 10 (282 mg, 79%) as a
colorless oil; Rf (2:1 hexane/EtOAc) 0.48; dy (300 MHz, CDCl3) 7.46
(d,J = 7.3 Hz, 4H), 7.39—7.16 (m, 6H), 6.59 (s, 1H), 6.49 (s, 1H), 4.36
(dd, J = 13.1,6.7 Hz, 1H), 3.99 (d, ] = 13.8 Hz, 2H), 3.88 (s, 3H), 3.83
(s, 3H), 3.75 (d, J = 13.7 Hz, 2H), 3.63 (t, ] = 8.3 Hz, 1H), 3.22 (ddd,
J=12.7,12.5,4.8 Hz, 1H), 2.95 (ddd, ] = 16.2,12.2, 6.9 Hz, 1H), 2.64
(dd, J = 13.5,10.7 Hz, 1H), 2.55 (dd, ] = 16.5, 4.6 Hz, 1H), 2.23 (dd,
J =13.6, 8.1 Hz, 1H), 1.63 (s, 3H); dc (75 MHz, CDCl3) 173.6, 148.0,
147.8,139.6 (2C), 134.3,128.7 (4C), 128.3 (4C), 127.0 (2C), 125.1,111.7,

108.3, 59.6, 58.5, 56.1, 55.9, 54.7, 37.7, 34.9, 31.8, 27.3; [a]'zjs +85.9(c
1.1, CHCI3); vmax (film) 2933, 2843, 1685, 1514, 1262, 1217, 746,
699 cm~!; ESI-HRMS calculated for CygH33N;03Na [M + Na]*
479.2305, found 479.2307.

4.1.3. (1S,10bR)-1-(dibenzylamino)-1,2,5,6-tetrahydro-8,9-
dimethoxy-10b-methylpyrrolo[2,1-aisoquinolin-3(10bH)-one (11)

To a solution of hydroxylactam 9 (101 mg, 0.213 mmol) in CH»Cl;
(10 mL) at 0 °C was added TMSOTT (82 puL, 0.426 mmol) via syringe.
The mixture was stirred at this temperature for 3 h CH,Cl, (10.0 mL)
and sat. aq. NaHCO3 (5 mL) were added and phases were separated.
The aqueous phase was extracted with CH,Cl, (3 x 10 mL). The
combined organic layers were dried over anhyd NaySOy, filtered
and concentrated under reduced pressure. The crude product was
purified by flash chromatography (silica gel, 2:1 hexane/EtOAc) to
provide benzoindolizidine 11 (80 mg, 82%) as a colorless oil; Rf(1:1
hexane/EtOAc) 0.63; dy (300 MHz, CDCl3) 7.44 (d, J = 7.1 Hz, 4H),
7.37 (t,J = 7.1 Hz, 4H), 7.27 (t,] = 7.1 Hz, 2H), 6.78 (s, 1H), 6.50 (s, TH),
4.30(dd,J = 12.5, 6.0 Hz, 1H), 3.97 (d, ] = 14.2 Hz, 2H), 3.83 (s, 3H),
3.77 (dd, J = 8.4, 7.0 Hz, 1H), 3.66 (s, 3H), 3.57 (d, ] = 14.2 Hz, 2H),
3.10(ddd,J = 12.5,12.2,4.0 Hz, 1H), 2.95 (ddd, ] = 15.6,12.2, 6.5 Hz,
1H),2.64 (dd,J = 17.0, 6.9 Hz, 1H), 2.54 (dd, ] = 15.9, 3.7 Hz, 1H), 2.13
(dd, ] = 17.0, 8.5 Hz, 1H), 1.69 (s, 3H); 6¢ (75 MHz, CDCl3) 173.2, 147.7,
147.6, 138.6 (2C), 134.6, 128.7 (4C), 128.6 (4C), 127.3 (2C), 1244,
111.6, 107.8, 64.9, 63.7, 55.8 (2C), 55.8, 55.3, 34.7, 30.1, 274, 24.1;

(o] +18.8 (c 2.4, CHCl3); vmax (film) 2930, 2852, 1693, 1513, 1455,
1260, 1213, 749, 700 cm ™ '; ESI-HRMS calculated for C2gH32N203Na
[M + Na]* 479.2305, found 479.2308.

4.14. (R)-5,6-dihydro-8,9-dimethoxy-10b-methylpyrrolo[2,1-a]
isoquinolin-3(10bH)-one [(+)-12]

To a solution of benzoindolizidine 10 (260 mg, 0.569 mmol) in
CH,Cl, (10 mL) at 0 °C was added m-CPBA (210 mg, 0.854 mmol)
and the mixture was stirred for 1 h. To this mixture was added sat.
aq. Na;COs3 (10 mL) and the mixture was stirred for 15 min. The
phases were separated and the organic layer was dried over anhyd
NayS0y4, filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography (silica gel, 2:1
hexane/EtOAc) to give enamide (+)-12 (111 mg, 75%) as a colorless
oil; Rf (1:1 hexane/EtOAc) 0.15; ¢y (300 MHz, CDCl3); 7.36 (d,
J=5.8Hz,1H), 6.70 (s, 1H), 6.61 (s, 1H), 6.12 (d, ] = 5.8 Hz, 1H), 4.44
(dd,J=13.3,6.4 Hz,1H), 3.90 (s, 3H), 3.85 (s, 3H), 3.25 (ddd, ] = 13.2,
12.0, 4.4 Hz, 1H), 2.95 (ddd, J = 16.1, 11.9, 6.5 Hz, 1H), 2.67 (dd,
J =15.9, 4.0 Hz, 1H), 1.61 (s, 3H); dc (75 MHz, CDCl3); 170.2, 153.2,
148.2, 147.8, 129.3, 125.3, 1251, 112.1, 109.1, 65.6, 56.2, 55.9, 34.6,
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29.2,26.8 [045’5 +149.8 (¢ 1.3, CHCl3); vmax (film) 3056, 2931, 1712,
1686, 1269, 1262, 754, 704 cm'; ESI-HRMS calculated for
C15sH17NOsNa [M + Na]* 282.1101, found 282.1101.

4.1.5. (S)-5,6-dihydro-8,9-dimethoxy-10b-methylpyrrolo[2,1-a]
isoquinolin-3(10bH)-one [(—)-12]

To a solution of benzoindolizidine 11 (62 mg, 0.136 mmol) in
CH,ClI, (7 mL) at 0 °C was added m-CPBA (168 mg, 0.680 mmol) and
the mixture was stirred for 1 h. To this mixture was added sat. aq.
Na,COs3 (10 mL) and the mixture was stirred for 15 min. The phases
were separated and the organic layer was dried over anhyd Na;SO4,
filtered and concentrated under reduced pressure. The crude
product was purified by flash chromatography (silica gel, 2:1 hex-
ane/EtOAc) to give enamide (—)-12 (22 mg, 62%) as a colorless oil;

[0435 —114.7 (c 0.7, CHCI3). All spectral data are identical with those
of (+)-12.

4.1.6. (R)-1,2,3,5,6,10b-hexahydro-8,9-dimethoxy-10b-methyl-
pyrrolo[2,1-afisoquinoline [(+)-13]

A mixture of enamide (+)-12 (95 mg, 0.366 mmol) and Palla-
dium on activated carbon (10%, 9.5 mg) in methanol under an at-
mosphere of hydrogen gas (balloon) was stirred for 1 h at room
temperature. The mixture was filtered and concentrated under
reduced pressure. The crude product was purified by flash chro-
matography (silica gel, 2:1 hexane/EtOAc) to give the correspond-
ing lactam (96 mg, quantitative) as a colorless oil; R¢ (1:1 hexane/
EtOAc) 0.40; dy (300 MHz, CDCl3) 6.58 (s, 1H), 6.57 (s, 1H), 4.29
(ddd,J = 13.1, 6.4, 1.1 Hz, 1H), 3.88 (s, 3H), 3.85 (s, 3H), 3.07 (dddd,
J=131,121, 4.6, 1.0 Hz, 1H), 2.87 (ddd, ] = 15.9, 12.1, 6.5 Hz, 1H),
2.67 (dd,J = 16.3, 3.9 Hz, 1H), 2.66—2.54 (m, 1H), 2.48—2.31 (2, 2H),
2.09(dd,J =21.9,11.0 Hz, 1H), 1.50 (s, 3H); é¢c (75 MHz, CDCl3) 172.3,
148.1,147.8,134.7,124.5, 111.6, 107.9, 61.0, 56.1, 55.9, 34.7, 34.1, 30.7,
281, 27.3; [oz]g’5 +111.4 (c 4.6, CHCl3); vmax (film) 2966, 2936, 1721,
1682, 1515, 1241, 1213, 856 cm™!; ESI-HRMS calculated for
CisH19gNOsNa [M + Na]™ 284.1257, found 284.1257. The lactam
(85 mg, 0.325 mmol) was dissolved in THF (7 mL) and LiAlH4
(37 mg, 0.975 mmol) was added. The mixture was heated to reflux
under argon atmosphere for 6 h. To the reaction mixture were
added sat. aq. NaHCO3 (5 mL) and EtOAc (10.0 mL) and phases were
separated. The aqueous phase was extracted with EtOAc
(3 x 10 mL). The combined organic layers were dried over anhyd
Na,S0y, filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography (silica gel, 2:1
hexane/EtOAc) to give methyl analog of crispine A (+)-13 (57 mg,
71%) as a colorless oil; Rf (10:1 CH,Cly/MeOH) 0.43; 6y (300 MHz,
CDCl3) 6.64 (s, 1H), 6.54 (s, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 3.25 (ddd,
J=13.2,11.0,4.5 Hz, 1H), 3.17—3.05 (m, 2H), 2.97 (ddd, ] = 16.4,10.9,
5.6 Hz, 1H), 2.89 (dd, J = 17.2, 8.1 Hz, 1H), 2.51 (ddd, J = 16.3, 3.6,
3.1 Hz, 1H), 2.21-2.07 (m, 2H), 1.88 (dddd, ] = 15.6, 12.2, 7.8, 7.8 Hz,
1H), 1.75—-1.62 (m, 1H), 1.48 (s, 3H); dc (75 MHz, CDCl3) 147.8, 147.3,
135.1,125.5,111.2,109.6, 63.1, 56.2, 55.9, 50.4, 43.0, 40.2, 29.8, 23 .4,
22.2; (@)% +32.5 (c 2.0, CHCl3); vmax (film) 2962, 1518, 1227, 1073,
873 cm™ ! ESI-HRMS calculated for C15H22NO; [M + H]™ 248.1645,
found 248.1648.

4.1.7. (S)-1,2,3,5,6,10b-hexahydro-8,9-dimethoxy-10b-methyl-
pyrrolo[2,1-alisoquinoline [(—)-13]

A mixture of enamide (—)-12 (12 mg, 46 umol) and Palladium
on activated carbon (10%, 1.2 mg) in methanol under an atmosphere
of hydrogen gas (balloon) was stirred for 1 h at room temperature.
The mixture was filtered and concentrated under reduced pressure.
The crude product was purified by flash chromatography (silica gel,
2:1 hexane/EtOAc) to give the corresponding lactam (12 mg, 95%)
as a colorless oil. The spectral data of this lactam are identical with

those of the lactam derived from (+)-12. The Lactam (11 mg,
42 umol) was dissolved in THF (3 mL) and LiAlH; (4 mg,
0.105 mmol) was added. The mixture was heated to reflux under
argon atmosphere for 6 h. To the reaction mixture were added sat.
aq. NaHCOs (5 mL) and EtOAc (10.0 mL) and phases were separated.
The aqueous phase was extracted with EtOAc (3 x 10 mL). The
combined organic layers were dried over anhyd Na,SO;, filtered
and concentrated under reduced pressure. The crude product was
purified by flash chromatography (silica gel, 2:1 hexane/EtOAc) to
give methyl analog of crispine A (—)-13 (8 mg, 73%) as a colorless

oil; [a}% —26.4 (c 0.8, CHCl3). All spectral data of (—)-13 are iden-
tical to those of (+)-13.

4.1.8. (3S)-1-(3,4-dimethoxyphenethyl)-5-allyl-3-(dibenzylamino)
-5-hydroxypyrrolidin-2-one (14), (4S)-1-(3,4-dimethoxyphen-
ethyl)-5-allyl-4-(dibenzylamino )-5-hydroxypyrrolidin-2-one (15),
(2S,10bR)-10b-allyl-2-(dibenzylamino)-1,2,5,6-tetrahydro-8,9-
dimethoxypyrrolo[2,1-alisoquinolin-3(10bH)-one (16) and
(1S,10bR)-1-(dibenzylamino)-1,2,5,6-tetrahydro-8,9-dimethoxy-
10b-((E)-prop-1-enyl)pyrrolo[2,1-aJisoquinolin-3(10bH)-one (17)

To a solution of imide 7 (417 mg, 0.909 mmol) in Et;0 (10 mL)
was added freshly prepared AllylMgBr (Allyl bromide 0.23 mlL,
2.73 mmol, Mg 199 mg, 8.29 mmol) at —78 °C and the mixture was
stirred for 1 h. To this mixture was added dropwise sat. aq. NH4Cl
(20 mL) and the mixture was extracted with CH,Cl, (2 x 20 mL).
The combined organic layers were dried over anhyd Na;SOg,
filtered and concentrated under reduced pressure. The crude
product was purified by flash chromatography (silica gel, 2:1 hex-
ane/EtOAc) to give a mixture of hydroxylactams 14 and 15 (373 mg,
82%) as a colorless oil. To a solution of this mixture of hydrox-
ylactams 14 and 15 in CH,Cl; (10 mL) at 0 °C was added TMSOTf
(0.24 mL, 1.24 mmol) via syringe. The mixture was stirred at this
temperature for 3 h CH,Cl, (10.0 mL) and sat. ag. NaHCOs (5 mL)
were added and phases were separated. The aqueous phase was
extracted with CH,Cl, (3 x 10 mL). The combined organic layers
were dried over anhyd Na;SOg, filtered and concentrated under
reduced pressure. The crude product was purified by flash chro-
matography (silica gel, 2:1 hexane/EtOAc) to provide C10b-allyl
benzoindolizidine 16 along with its isomerized alkene (249 mg,
57%) and benzoindolizidine 17 (70 mg, 16%) as colorless oils.

(1S,10bR)-1-(dibenzylamino)-1,2,5,6-tetrahydro-8,9-
dimethoxy-10b-((E)-prop-1-enyl)pyrrolo[2,1-alisoquinolin-
3(10bH)-one (17); Rf(2:1 hexane/EtOAc) 0.20; oy (300 MHz, CDCl3)
7.42 (s,1H), 7.40—7.19 (m, 10H), 6.56 (s, 1H), 5.86 (d,J = 15.5 Hz, 1H),
5.37(dq,J=15.5,6.5 Hz, 1H), 4.27 (ddd, ] = 13.0, 5.1,1.1 Hz, 1H), 4.10
(d,J=14.1Hz, 2H), 3.86 (s, 3H), 3.85 (s, 3H), 3.82 (dd,J = 9.5, 8.3 Hz,
1H), 3.57 (d, ] = 14.2 Hz, 2H), 3.00 (ddd, J = 12.2,12.0, 4.1 Hz, 1H),
2.90 (ddd, J = 13.0, 11.9, 6.0 Hz, 1H), 2.69—2.55 (m, 1H), 2.54 (dd,
J=16.4,9.8 Hz,1H), 2.05 (dd, ] = 16.5, 8.0 Hz, 1H), 1.62 (d, ] = 6.5 Hz,
3H); dc (75 MHz, CDCl3) 172.3, 147.8, 147.6, 138.4 (2C), 131.9, 131.2,
128.8 (4C), 128.4 (4C), 127.3 (2C), 126.1,125.0, 111.6, 108.7, 67.4, 67.0,
56.0, 55.8, 55.1 (2C), 34.6, 30.3, 28.0, 17.8; [a]55 +26.8 (c 3.6, CHCl3);

vmax (film) 2933, 2853, 1694, 1514, 1258, 1108, 750, 700 cm™’;
C31H34N203Na [M + Na]* 505.2462, found 505.2461.

4.1.9. (4S)-1-(3,4-dimethoxyphenethyl)-5-allyl-4-(dibenzylamino)
-5-hydroxypyrrolidin-2-one (15) and (2S,10bR)-10b-allyl-2-
(dibenzylamino)-1,2,5,6-tetrahydro-8,9-dimethoxypyrrolo[2,1-a]
isoquinolin-3(10bH)-one (16)

To a solution of this mixture of hydroxylactams 14 and 15
(230 mg, 0.459 mmol) in CH,Cl, (10 mL) at 0 °C was added BFs-OEt;
(0.11 mL, 0.92 mmol) via syringe. The mixture was stirred at this
temperature for 3 h CHyCl, (10.0 mL) and sat. aq. NaHCO3 (5 mL)
were added and phases were separated. The aqueous phase was
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extracted with CH,Cl, (3 x 10 mL). The combined organic layers
were dried over anhyd Na;SOy4, filtered and concentrated under
reduced pressure. The crude product was purified by flash chro-
matography (silica gel, 2:1 hexane/EtOAc) to provide C10b-allyl
benzoindolizidine 16 (137 mg, dr = 4:1, 62%) and unreacted
hydroxylactam 15 (40 mg, 17%) as colorless oils.
(4S)-1-(3,4-dimethoxyphenethyl)-5-allyl-4-(dibenzylamino)

-5-hydroxypyrrolidin-2-one (15); R (2:1 hexane/EtOAc) 0.21; dy
(300 MHz, CDCl3) 7.50—7.21 (m, 10H), 6.79 (s, 1H), 6.77 (d,] = 8.1 Hz,
1H), 6.65 (d, J = 8.1 Hz, 1H), 6.30 (brs, 1H), 5.22 (ddd, ] = 16.0, 10.9,
7.2 Hz,1H), 4.80 (d,J = 10.9 Hz, 1H), 4.79 (d, ] = 16.0 Hz, 1H), 3.85 (s,
3H), 3.82 (d, ] = 13.2 Hz, 2H), 3.77 (s, 3H), 3.69 (ddd, J = 13.2, 8.6,
5.4 Hz, 1H), 3.48 (d, ] = 8.3 Hz, 1H), 3.39 (d, ] = 13.2 Hz, 2H),
3.05—2.82 (m, 2H), 2.62 (d,J = 17.9 Hz, 1H), 2.41 (dd, ] = 18.1, 8.3 Hz,
1H), 2.35—2.15 (m, 2H); dc (75 MHz, CDCl3) 171.9, 148.8, 147.5,137.4
(20), 131.6, 128.9 (4C), 127.7 (2C), 127.5, 120.8, 119.3, 112.0, 1111,
89.6, 64.0, 57.9, 559 (2C), 55.8, 54.8, 42.8, 41.2, 34.9, 29.7;

[0495 +12.5 (¢ 3.0, CHCI3); vmax (film) 3331, 3029, 2937, 2834, 1687,
1516, 1263, 1144, 1029, 700 cm '; ESI-HRMS calculated for
C31H36N204Na [M + NEI]Jr 523.2567, found 523.2563.
(2S,10bR)-10b-allyl-2-(dibenzylamino)-1,2,5,6-tetrahydro-8,9-

dimethoxypyrrolo[2,1-a]isoquinolin-3(10bH)-one (16); Rf (2:1
hexane/EtOAc) 0.33; oy (300 MHz, CDCl3) 7.46 (d, J = 7.1 Hz, 4H),
7.31 (t,] = 7.5 Hz, 4H), 7.23 (t, ] = 7.1 Hz, 2H), 6.61 (s, 1H), 6.53 (s,
1H), 5.75 (dddd, ] = 14.9, 8.8, 6.0, 6.0 Hz, 1H), 5.15 (d, ] = 8.8 Hz, 1H),
5.14 (d, ] = 149 Hz, 1H), 437 (dd, J = 13.2, 6.9 Hz, 1H), 4.01 (d,
J=13.9 Hz, 2H), 3.88 (s, 3H), 3.84 (s, 3H), 3.77 (d, ] = 13.9 Hz, 2H),
3.59 (t, ] = 9.6 Hz, 1H), 3.24 (ddd, J = 12.8, 12.2, 5.0 Hz, 1H), 2.99
(ddd, ] = 16.4,12.1, 7.3 Hz, 1H), 2.67 (dd, J = 14.4, 5.7 Hz, 1H), 2.56
(dd, J = 16.3, 4.6 Hz, 1H), 2.57—2.35 (m, 3H); é¢ (75 MHz, CDCl3)
174.5, 148.1, 147.5, 139.8 (2C), 133.3, 132.2, 128.7 (4C), 128.3 (4C),
126.9 (2C), 125.5,119.9, 111.8, 108.5, 60.6, 59.4, 56.2, 55.9, 54.9 (2C),

46.7, 35.0, 33.0, 26.9; [oz]zDs +48.7 (c 1.2, CHCl3); vmax (film) 2929,
2853, 1683, 1516, 1455, 1259, 747, 700 cm™~'; ESI-HRMS calculated
for C31H34N;03Na [M + Na]* 505.2462, found 505.2461.

4.1.10. (R)-10b-allyl-5,6-dihydro-8,9-dimethoxypyrrolo[2,1-a]
isoquinolin-3(10bH)-one (18)

To a solution of C10b-allyl benzoindolizidine 16 (83 mg,
0.173 mmol) in CH,Cl, (10 mL) at 0 °C was added m-CPBA (45 mg,
0.259 mmol) and the mixture was stirred for 1 h. To this mixture
was added sat. aq. Na;CO3 (10 mL) and the mixture was stirred for
15 min. The phases were separated and the organic layer was dried
over anhyd NaySO4, filtered and concentrated under reduced
pressure. The crude product was purified by flash chromatography
(silica gel, 2:1 hexane/EtOAc) to give enamide 19 (31 mg, 63%) as a
colorless oil; R¢ (1:1 hexane/EtOAc) 0.29; éy (300 MHz, CDCl3) 7.28
(d,J = 5.7 Hz, 1H), 6.73 (s, 1H), 6.18 (d, ] = 5.8 Hz, 1H), 5.54 (dddd,
J =16.9, 9.6, 7.2, 7.2 Hz, 1H), 5.09 (d, J = 15.6 Hz, 1H), 5.09 (d,
J=11.8 Hz, 1H), 4.45 (dd, ] = 13.4, 6.5 Hz, 1H), 3.91 (s, 3H), 3.86 (s,
3H), 3.26 (ddd, J = 13.2, 11.9, 4.6 Hz, 1H), 2.96 (ddd, | = 16.2, 11.7,
6.7 Hz, 1H), 2.79—2.64 (m, 3H); éc (75 MHz, CDCl3) 170.7, 151.5,
148.3, 147.6, 131.2, 128.4, 126.3, 125.6, 119.1, 112.1, 109.2, 68.0, 56.2,
55.9, 43.3, 34.8, 29.0; [a]gs +150.3 (c 1.6, CHCl3); vmax (film) 2938,
1685, 1516, 1257, 1228, 810 cm™!; ESI-HRMS calculated for
C17H19NO3Na [M + Na]* 308.1257, found 308.1266.

4.1.11. (S)-5,6-dihydro-8,9-dimethoxy-10b-((E)-prop-1-enyl)-
pyrrolo[2,1-alisoquinolin-3(10bH)-one (19)

To a solution of C10b-allyl benzoindolizidine 17 (206 mg,
0.428 mmol) in CH,Cl, (20 mL) at 0 °C was added m-CPBA (738 mg,
4.28 mmol) and the mixture was stirred for 36 h. To this mixture
was added sat. aq. Na,CO3 (10 mL) and the mixture was stirred for
15 min. The phases were separated and the organic layer was dried

over anhyd NaySOg, filtered and concentrated under reduced
pressure. The crude product was purified by flash chromatography
(silica gel, 2:1 hexane/EtOAc) to give enamide 19 (66 mg, 55%) as a
colorless oil; R (1:1 hexane/EtOAc) 0.25; éy (300 MHz, CDCl3) 7.33
(d,J = 5.7 Hz, 1H), 6.68 (s, 1H), 6.65 (s, 1H), 6.14 (d, J = 5.8 Hz, 1H),
5.50—5.40 (m, 2H), 4.33 (ddd, J = 13.2, 6.7, 1.2 Hz, 1H), 3.90 (s, 3H),
3.87 (s, 3H), 3.21 (ddd, J = 13.1, 11.5, 4.8 Hz, 1H), 2.95 (ddd, ] = 16.4,
11.3, 6.5 Hz, 1H), 2.67 (ddd, J = 16.0, 4.7, 1.5 Hz, 1H), 1.70 (d,
J = 4.8 Hz, 3H); 6c (75 MHz, CDCl3) 170.1, 151.5, 148.4, 147.4, 1311,
129.1, 126.5, 126.4, 125.3, 112.0, 110.4, 69.4, 56.2, 55.9, 34.6, 29.0,

17.7; ()55 —76.4 (c 0.6, CHCl3); vmax (film) 2938, 1686, 1516, 1265,
735 cm™ !; ESI-HRMS calculated for C7HoNO3 [M + H]™ 286.1438,
found 286.1431.

4.1.12. (R)-1,2,5,6-tetrahydro-8,9-dimethoxy-10b-propylpyrrolo-
[2,1-a]isoquinolin-3(10bH)-one [(+)-20]

A mixture of enamide 18 (20 mg, 70.1 umol) and Palladium on
activated carbon (10%, 2 mg) in methanol under an atmosphere of
hydrogen gas (balloon) was stirred for 1 h at room temperature. The
mixture was filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography (silica gel, 2:1
hexane/EtOAc) to give (+)-(R)-10b-propyl-3-oxocrispine A (+)-20
(19 mg, 92%) as a colorless oil; Ry (1:1 hexane/EtOAc) 0.15; oy
(300 MHz, CDCl3) 6.57 (s, 2H), 4.31 (ddd, J = 13.1, 6.8, 1.4 Hz, 1H),
3.88 (s, 3H), 3.85 (s, 3H), 3.09 (ddd, J = 13.0, 11.9, 4.8 Hz, 1H), 2.91
(ddd, J = 15.9,12.0, 6.8 Hz, 1H), 2.67 (dd, J = 16.1, 3.8 Hz, 1H), 2.59
(dd,J = 16.8,9.1 Hz, 1H), 2.51-2.41 (m, 1H), 2.39 (ddd, ] = 12.0,10.4,
2.2 Hz,1H), 2.25—2.10 (m, 2H), 1.91-1.72 (m, 2H), 1.50—1.20 (m, 2H),
0.91 (t,] = 7.2 Hz, 1H); 6c (75 MHz, CDCl3) 173.2, 147.9, 147.8, 135.0,
124.6, 111.6, 108.1, 63.9, 56.2, 55.9, 444, 34.5, 32.1, 31.3, 27.7, 17.5,

14.3; [a}% +126.5 (c 1.8, CHCl3); vmax (film) 2960, 2934, 1682, 1515,
1259, 1022, 800 cm™'; ESI-HRMS calculated for C17H23NO3Na
[M + Na]™ 312.1570, found 312.1573.

4.1.13. (S)-1,2,5,6-tetrahydro-8,9-dimethoxy-10b-propylpyrrolo
-[2,1-aisoquinolin-3(10bH)-one [(—)-20]

A mixture of enamide 19 (20 mg, 70.1 umol) and Palladium on
activated carbon (10%, 2 mg) in methanol under an atmosphere of
hydrogen gas (balloon) was stirred for 1 h at room temperature. The
mixture was filtered and concentrated under reduced pressure. The
crude product was purified by flash chromatography (silica gel, 2:1
hexane/EtOAc) to give (—)-(S)-10b-propylyl-3-oxocrispine A
(—)-20 (19 mg, 95%) as a colorless oil; [a}g’S —143.3(c 1.6, CHCl3). All
spectral data of (—)-20 are identical to those of (+)-20.

4.1.14. (1S,10bR)-1,10b-diallyl-1,2,5,6-tetrahydro-8,9-dimethoxy-
pyrrolo[2,1-alisoquinolin-3(10bH)-one (21)

To a solution of enamide 18 (67 mg, 0.234 mmol) in Et,0 (5 mL)
was added freshly prepared AllylMgBr (Allyl bromide 80 pL,
0.935 mmol, Mg 113 mg, 4.68 mmol) at 0 °C and the mixture was
stirred for 16 h. To this mixture was added dropwise sat. aq. NH4Cl
(20 mL) and the mixture was extracted with CH,Cl, (2 x 20 mL).
The combined organic layers were dried over anhyd Na;SOg,
filtered and concentrated under reduced pressure. The crude
product was purified by flash chromatography (silica gel, 2:1 hex-
ane/EtOAc) to give the bis-allylbenzoindolizidine 21 (47 mg, 62%) as
a colorless oil; R¢(1:1 hexane/EtOAc) 0.29; oy (300 MHz, CDCl3) 6.61
(s, 1H), 6.58 (s, 1H), 5.69 (dddd, J = 16.6, 10.0, 8.6, 6.2 Hz, 1H), 5.54
(dddd,J=16.3,10.2,8.4,5.6 Hz, 1H), 5.12 (d, ] = 16.9 Hz, 1H), 5.06 (d,
J=10.2 Hz, 1H), 4.99 (d, ] = 10.1 Hz, 1H), 4.89 (d, ] = 17.0 Hz, 1H),
4.34 (dd, ] = 13.6, 8.5 Hz, 1H), 3.90 (s, 3H), 3.89 (s, 3H), 3.12 (ddd,
J=16.3,12.5,3.5 Hz, 1H), 2.89—2.57 (m, 5H), 2.47 (ddd, ] = 10.8, 7.4,
3.3 Hz, 1H), 2.32 (d, J = 17.0 Hz, 1H), 2.05—1.84 (m, 1H), 1.59—1.38
(m, 1H); ¢ (75 MHz, CDCl3) 172.5, 147.8, 147.8, 135.2, 133.3, 128.4,
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127.3,119.3, 117.6, 111.7, 109.6, 67.3, 56.3, 55.8, 44.9, 42.3, 36.1, 35.6

(2€), 28.9; [a]5s +137.8 (c 1.4, CHCl3); vmax (film) 2934, 2854, 1681,
1516, 1225, 1101, 1028, 803 cm'; ESI-HRMS calculated for
CyoH6NO3 [M + H]™ 328.1907, found 328.1908.

4.1.15. (4aS,13bR)-4a,5,8,9-tetrahydro-11,12-dimethoxy-1H-indolo
[1-a]isoquinolin-6(4H)-one (22)

To a solution of bis-allylbenzoindolizidine 21 (17 mg, 52.7 pmol)
in CH,Cl, (2 mL) was added Grubbs' 2nd generation catalyst (2 mg,
3 wmol) and the mixture was stirred at room temperature under
argon atmosphere for 16 h. The mixture was filtered and concen-
trated under reduced pressure. The crude product was purified by
flash chromatography (silica gel, 2:1 hexane/EtOAc) to give Eryth-
rinane core 22 (14 mg, 92%) as a colorless oil; R¢(1:1 hexane/EtOAc)
0.37; 6y (300 MHz, CDCl3) 7.10 (s, 1H), 6.59 (s, 1H), 6.09 (d,
J=11.0 Hz, 1H), 5.92 (d, ] = 11.0 Hz, 1H), 4.18 (dd, ] = 12.7, 6.8 Hz,
1H), 3.85 (s, 3H), 3.79 (s, 3H), 3.36—3.19 (m, 1H), 3.15 (ddd, ] = 12.4,
12.0, 4.3 Hz, 1H), 2.69—-2.50 (m, 5H), 2.49 (dd, ] = 15.7, 4.2 Hz, 1H),
2.31(dd,J = 15.7, 5.5 Hz, 1H), 1.99—-1.80 (m, 1H); é¢c (75 MHz, CDCl3)
177.3, 147.0, 145.8, 129.8, 127.5, 127.3, 126.9, 111.5, 109.4, 61.2, 54.9,
54.8, 41.0, 39.7, 35.7, 34.1, 28.8, 25.8; [o)5s +144.3 (c 1.0, CHCl3);
vmax (film) 2962, 2910, 2851, 1698, 1513, 1261, 1101, 1036,
797 cm™!; ESI-HRMS calculated for CigH21NO3Na [M + Na]™
322.1414, found 322.1419.
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