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Radical cyclization, Indoloquinolizidine

u9E ARN Ysuzama: MIRnwnsdaasesilusindifiuea enansdiunm

ANYIUNUSHSN : 5IAIANTIANTE A5, Waan AUSEIA

danasennqua3luddau (Quinolizidine alkaloids) visiliduanswandnaisssuwf

o

wazansaLATI il uauTRvILdIeaIniay 1wy grsanuesziiun fulisa uazdu

9

2 =

uzise Fauvndunqueesasluld 1wy indoloquinolizidine waz benzoquinolizidine Tu
mATeiisvhnsdaasei quinolizidine Tagld L-glutamic acid AU tryptamine s
aulsilaidu chiral glutarimide Fadlosidmpazls hydroxylactam ﬁLﬁ@‘Uﬁﬁ%mr}hu N-
acyliminium ion Inen13nseAuaIY Lewis acid 1nlUgufiAi5en intramolecular cyclization
il diastereoselectivity a3 lvindniau indoloquinolizidine leioegnsiiusz@nsnn uazilad
NN3EILATIZY spirolindolizidine-1,3’-oxindole] LLazaH‘ﬁuﬁ‘ indoloquinolizidine wagwnly

arylethylamine Wunu tryptamine lunssuiumsideanuazla benzoquinolizidine

INUUINNNITARATIENTNAUNIAIUAY stereochemistry kazn15UAIMUY
intramolecular indneriu s1nldlunisdansiei protoemetinol sluansiaiuniadn
duns1eivad emetine Tiflgnsfunzide fuliSawarusin wandulpssasamdniimanyay
senismunduasiuiuulunszuiumsesnuuuen 9uidedfnwinssuiunsduasie
Protoemetinol Tnglaiimsduasizilasendn benzoquinolizidine Tagld chiral glutarimide
ﬁLMuﬂzﬂuﬁﬁﬂﬁﬁ%ﬂ diastereoselective aldol reaction i eliléndnsamiuin syn aldol
adduct 1JuNdnneindn wazdanszi benzoquinolizidine WAUUHATE N-acylimiunm
ion cyclization fianansaiinn1sdnasldesafiussdnsnmuasdl diastereoslective iAo
warluni1sdaiasnet tetracyclic Ls1ladiaue 2 wuanig lawn oxidative vinylogous
Mannich reaction lagld DDQ wag Cs,CO5 wag radical cyclization I@aiﬁﬁaqsﬁqﬁuﬁﬁwyj
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660720021 : Major CHEMISTRY
Keyword : Protoemetinol, Benzoquinolizidine alkaloids, Oxidative Mannich reaction,
Radical cyclization, Indoloquinolizidine

MISS Sasipa BOORANAMONTHOL : Synthetic study of Protoemetinol Thesis
advisor : Associate Professor Punlop Kuntiyong, Ph.D.

Natural and synthetic quinolizidine alkaloid compounds possess a wide range
of pharmacological properties, including anti-amoebic, antiviral, and anticancer
activities. They can be subdivided into smaller classes such as benzoquinolizidine and
indoloquinolizidine. In this research we synthesized quinolizidine utilizing L-glutamic
acid as a chiral starting material. The reaction with tryptamine constructs chiral
glutarimide, which, upon reduction, yields hydroxylactam. Activation by a Lewis acid
promotes the formation of an N-acyliminium ion, triggering a highly diastereoselective
intramolecular cyclization to afford indoloquinolizidine efficiently. Additionally, the
synthesis of spiro[indolizidine-1,3’-oxindole] and other indoloquinolizidine derivatives
was achieved. Using arylethylamine instead of tryptamine in the same procedure leads

to formation of benzoquinolizidine.

Building on  thisintramolecular  cyclization strategy and stereochemical
control, the study then proceeds with the synthesis of protoemetinol. Protoemetinol,
a biosynthetic precursor of emetine with anti-cancers, antiparasitic and antiviral
properties, features a relatively simple structure and is well-suited as a lead compound
for drug design. This study focuses on the synthetic approach toward protoemetinol,
beginning with the construction of benzoquinolizidine. The chiral glutarimide
intermediate undergoes a diastereoselective aldol reaction, primarily yielding the syn
product. The resulting structure is then cyclized via N-acyliminium ion cyclization to
form the benzoquinolizidine core with excellent diastereoselectivity. For the synthesis
of the tetracyclic protoemetinol precursor, two complementary strategies were
explored: (1) the oxidative vinylogous Mannich reaction employing DDQ and Cs,CO;
and (2) radical cyclization using a bromoacetate-containing substrate activated by AIBN
and n-BusSnH. While both approaches provided moderate yields due to side reactions

such as dehalogenation, they successfully enabled the installation of functional groups



on the piperidone ring. This research demonstrates an efficient and stereocontrolled
synthetic pathway, offering valuable insight for the future development of structurally

complex alkaloids with potential biological activity.
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Emetine Carmegliptin Tetrahydropalmatine

A 2 TAsead1eves Protoemetinol, Alangine, Emethine, Carmegliptin wag

Tetrabenazine
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nglassaiiaiuaasiuIng laud (1) Ujisen oxidative vinylogous Mannich lagld DDQ



LAy Cs,COs5 hag (2) UATe1 radical cyclization lagly AIBN wag n-BusSnH sauiumi
bromoacetate NAN1INAABILAAILW LNV I@BILUININAINITOR AR 91y HaA UL
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2. Lﬁaﬁ’lawﬁuﬁ indoloquinolizidine wae spirolindolizidine-oxindole] fidsnsgsild
TUneaeugnsnedanm

3. Lile1h Protoemetinol AdaaTgilsthlUdnasgiamaniarisssunlunguves

Benzoquinolizidine alkaloids lanatewia waziuasiidguin1edinind
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YUWAUIY
1. 29NLUULALALAIIZI indoloquinolizidine,  spirolindolizidine-oxindole] &g
Protoemetinol Tneldanssaduiiilu Loglutamic acid fianansamladedns uasiu
chiral starting material
2. 11 indoloquinolizidine, spirolindolizidine-oxindole] Wkay Protoemetinoldi
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(% 2 . @ 1 a o/

damanyn (alkaloids) \Uunguaesansussnaudun3dniilasiasiaainaiguagny
TomldTusssund tneanizluianin 300 1496 5IURaLUATISE B wazdniu1evide damn
apudfianiisuiufeduaisiifignsiduua (alkali-like) wavdl ezmevlulasiau (N) egly
IﬂJLaqa %ﬂﬁﬂagﬂugﬂﬁum primary amine, secondary amine %39 tertiary amine (RNH,,
RoNH, RsN saidnsiu) Yagtusinispunudaaaguniaiuinnii 18,000 viln

Y & 1 (N i 1 6 a a . =

danaegndlnaineglunguansiuunuslanniiegil (secondary metabolites) &4
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1. True alkaloids tWudarassaniinsnazilnduansasdy wazioznoululnsiau
aglurawmuamelsleadn laswaievesansnguiliindianududou wasdnuand
MENNTINNTAUTR Ll morphine, quinine, vincristine

2. Proto-alkaloids  Judamassafiusiaziinsnesiluduansiduuniy e
Tulasuldldegluiwvundn  wisgluaneldonudne  laud  mescaline,
ephedrine

3. Pseudo-alkaloids ‘Judaraseatilassasiamanlyliunainninesiily uidlis
Tulaswwduesivsznou  wuldlunguansiilassasisanaswausladugund

Y
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nanwazlassadsvenanululasiau  (nitrogen-containing  ring)  daAaaus
ansaudsliifisdunamylassanménvenamnu Tnoamylungy tue alkaloids 4
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Isoquinoline (berberine, emetine, morphine), Quinolizidine (sparteine, cytisine,
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Purine (caffeine, theobromine), Piperidine (coniine), Imidazole (pilocarpine), Carbazole
(clausamine),  Benzophenanthridine  (sanguinarine,  chelerythrine),  Aporphine
(roemerine), Bisbenzylisoquinoline (tetrandrine, fangchinoline), Clavine (lysergol,

chanoclavine) wag Steroidal glycoalkaloids (solamargine)
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Indolizidine Alkaloids

Indolizidine alkaloids {unguvesdanassnfiilassasindlulyadnuuy [5.3.0] 39
Usgnaumaway pyrrolidine way piperidine Weuderulpeiiognoululasaulussuu il
anunsadiufdunusiueuluivselusiudmnelussuuiinmlaegedume Iassasneiiny
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Taluansfiuanignsnadinmivainvans wu grsaulisa dudneulel wazgrseengvdse

syuuUsEaInaIunand foens indolizidine alkaloids MidAgy lawn
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1. Swainsonine: @13 indolizidine alkaloid fiuansdiuds a-mannosidase ldogn
fiuszavsnin neflssnuainnisnnaesinfiqusduds -mannosidase finuly
lysosomal way jack bean i’mﬁaﬁqwélﬂu immunomodulator Iu’izﬁﬂmaqa
FARuUNMIaRALALTIngEUAINSEUS enzyme Tunu(2, 3]

2. Castanospermine: Fuanstiuds o uay B-slucosidase l9nensiiuszansnn
fhegratu anfanssuveseulul gluocsidases ludninnaes (wy) wagslqddu
Th¥aluszav in vitro[4]

3. Mitragynine: i indole=indolizidine alkaloid inuly Mitragyna speciosa
(nseviow) Tqviseenavisle receptors pl-opioid lussuuuszanaiunats Tng
uanenrssefulinasdigninisinuszamedny opioid uillassadienaaiisng
ponlUog1edmau FaUsenauresEuuas indole aauiusEUU indolizidine[s, 6]

PNMSANYWMNTININ. mitragynine SR TBEIUNITENIEY Fueen@ndy was

fuensdunedlunuy analog o9 opioid Ingliineliingninamelafisuusauiedu
morphine s‘z’fqﬁﬂﬁmiﬁlﬁ%’ummaﬂ%smqﬂumu"ﬁaL%qmé’fszﬁmn

Tundvesnisdaasgy asngy indolizidine Sufuiaulangnann iilesand chiral

centers MaN8FMLMU N13AIVAN stereochemistry TunsyuIuNsduATIzvidedaafenaln
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Benzoquinolizidine Alkaloids

Benzoquinolizidine  alkaloids LJunguuasdaniaseniniilasiasiausenausies
bicyclic quinolizidine @uasusiuiuuudu vilmialaseass polycyclic Ndudoulas

LLamqw%ﬁn’N%’JmWMa’mﬁma wulaluiy iy Cephaelis ipecacuanha, Psychotria spp.,



wagiiead  Rubiaceae a1e%iln Iﬂ&Jﬁéf’;asmﬁwﬁﬁgsuaqmﬂumjuﬁ WU emetine Uag
cephaeline Faanigmisulsladauarsudinsudssvonead

Tudnuaiidnasned 1aseasna benzoquinolizidine lagnitmunsesanduanssiunuy

AfFnenmmansumsianateviin fregnaty

1. Emetine Wag cephaeline: wulu Cephaelis ipecacuanha ﬁqm%‘é’miﬂﬂmsz'h AU
h¥a wagdunswUIiIveIwaduess(7, 8]

2. Tetrabenazine: HusyWudues  benzoquinolizidine  il#ldugn$nwennis
Anunfvesnsedeulmlulsadufiety  Tnevhuihdiduduelsd  vmaT2
(vesicular monoamine transporter type 2) 3sansdu dopamine Tuaued 33e
ussenmandsiitenseanuiawndeulyaiaunio]

3. Carmesliptin: «Juassnmumusialnifiilasead1s benzoquinolizidine 14
Jushdfuds  DPP-a (dipeptidyl  peptidase-4) ?fasziw%memaa incretin
hormones  IiagAsEAUNTHA LAY ﬁhamuamsﬁufwmaiuﬁﬂaEJmem
%iindl 2[10]

4. Tetrahydropalmatine:  8aatassAa v (Corydalis  spp.) fiflaseasna
Tné\Aes benzoquinolizidine Wazuansgyda LR, Fruaudnntng uazdna
Ae3EUU dopaminergic ludups lasunisAneiatenaiinandie opioid og1seeuU
wifinsduRueinndn[11]

fhetavanilazieulsiifiufisaudidnyuetinssashy  benzoquinolizidine Tugtug

scaffold  mandunss  fieinsegnaniadiifnaisoengvsmenisumeldvannvans

sUMIU  slawsigndnumsfauliiaund - UBNEIMIUANTEAUINARALEINTEAUTEUY

Yszamalunang

nATeifeatas

1) Tud 2010 A Yuichi Kobayashi wagamglelauaisnisdainsiey
Dihydrocorynantheol i8¢ Protoemetinol 310 Monoacetate 8¢ 4-Cyclopentene-1,3-
diol Tngi3u91nn3a3ne O-lactone Ainyjunudt (CH,),0TBDPS uazvisjiofiaiidumnys C3
waz Ca fafiuandlu nwil 4 Ineld acetate w04 4-Cyclopentene-1,3-diol thluviujisen

allylation Taedl Pd 1Judassufii3en U malonate anion Lﬁaﬁamﬁ’wyj (CH,),OTBDPS

A nuudmgiefalaenuufisen 1,4-addition fiu enone Ailaun a@aving enol TMS



ether MAnTugneandladlandnsioumilu lactone 9101 lactone gninluldilu starting

material Tun1s&uAs1g3 Dihydrocorynantheol Wag Protoemetinol

HO, 1) CHa(CO2Me); HO, O
t-BuOK/Pd cat. 1) LAH C r()3 H*
2) KI, DMF, 140°C 2) TBDPSCI, imid 91%
OA _ (o]
¢ 96% co,Me ~ DMF,-30°C OTBDPS OTBDPS
5 6 719% 8
0
Et,CuMgBr TMSO Ox©
DMPU, EtaN 1) O3, MeOH, CH;Cl;
- e - i
then TMSCI 2) NaBHy OTBDPS

OTBDPS  3)1 N HCI
1

96% from 8

ANA 4 LEALUINIINISEUATIZA Dihydrocorynantheol Lag Protoemetinol

TusmAfeineisemsdaunsigi Protometinol Juufisen 5 tumeu fuandy
Al 5 Buusniy lactone 1 inUHATeU  homoveratrylamine 1w xylene la
hydroxyamide 2 @udleyUfizendu MsCl museai1inewufizen cyclization s
KN(TMS), 3¢ldl lactam 3 gaveyinufiiseniu POCL; miusigyinufjisen hydride reduction
989 iminium salt 4 928 NaBH, 9¢l9 Protoemetinol[12]
—

iy 1.MsClI, Et;N

OTBDPS

MeO NH;
° ° D/\,
MeO
2 KN(TMS),

xylene, reflux ¥,
1 98% X

POCI;,
110°C, 3h

-

NaBH,4
-
95% from 3

Protoemetinol

AN 5 kAAINITFAATIEN Protoemetinol wa3Ad Yuichi Kobayashi wagaaie

) 1wt 2011 Andrew F. Parsons wagAme L@UIsN1sauATIznasusenau (+)-

protoemetinol wageyusieItes tngldnsyuiunis radical cyclization wagldtunaudn

[

duLiies 5 TuneuaINansHanuy dihydroisoquinoline Livellandndunndussaviangauas
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anTUABUNITEUATIEN tasanisnsldufisen 6-exo-trig cyclization va3 vinyl radical &4

& & o v &
Lﬂusuumaumﬂmﬂuﬂizmumiu

=

Funoundnlunsdansei (+)-protoemetinol Usznaudaenisld vinyl bromide #
inUfATeNM tributyltin hydride (BusSnH) waz AIBN (radical initiator) luansazany THF 7
ounpiigs nazuaumsiviliiAe radical cyclization wuy 6-exo-trig iiloasslaseatn 6,6,6-
tricycle vasasidinungy mﬂﬁ?uv‘hﬂﬁﬁ%m reduction lagly Lithium Aluminum Hydride
(LAH) 3Radvyjioames  gavinesinujisen  hydrogenation Welildndnsaaiidy  («)-
protoemetinol[13] fauansn1wnil 6

Br

MeO.
MeO 1. Br\)\/R , Et,0, rt. MeO Br Bu,SnH, AIBN,
T —_— N.
ﬁ;" 2.Zn, MeCN, rt. N\)\/R MeO
MeO s AL MeO THF, reflux SR
1 AN 3a, R=Me;44%,; dr = 2:1
Br # ~CO,Me | 3b, R'=H:.79%; dr = 2.8:1
2a, R = Me;.55% CO,M
2b, R = H;'79% p CO,Me 3 2re

1. LAH, THF, 0°C to rt.

4a, R = Me; dr = 1:10

= 0y
4b,R=H; dr=1:6 85-87%

2.H,, PdIC, MeOH
82-91%

MeO.

MeO

HO.

Protoemetinol

AN 6 LARIISNISAILASIEI Protoemetinol v04Atd Andrew F. Parsons WayAy

3) Tud 2012 Armando Cordova hazAmy U0 WU UNITAILATIER

9

v 6

protoemetinol LagdUNUT

9

du9 v99 secologanine tryptamine Wag dopamine alkaloids
lngldufiisen one-pot three-component catalytic asymmetric reaction @4.14un15a0

DNUIUTUNDUNNTAWATILTLAL AL ANUAULINTUDINAN D U

lunsguIunIsdaAs1eh Protoemetinol uAus18U 581 Michael addition
55139 enol 1 uaz dimethyl malonate lnedl chiral amine (ent-7) Wusssuiisen 1o

a15UsEneou aldehyde nuutuvUAzeniu homoveratrylamine luan1iznsa (HCY
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18 imine intermediate WazlinnszuIunIs Pictet-Spengler cyclization AuNNAANITUADS

quinolizidine Tagld lithium diisopropylamide (LDA)

Tutusienansusgnay quinolizidine 2 aggniAadang LAH I¢kansnst alcohol 3
FegnoondladiiuufAzen Swem oxidation ey aldehyde wagyinuFAzen Wittig
reaction ioad1siiusze olefin 4 dunouantiefoninfulelasiaulasld Pd/C Wuduss
UfjAse1lunszuIuns one-pot hydrogenation \iewUasu olefin 4 1y Protoemetinol[8]
Fauanslunind 7

Ph

D «1&—Ph .
1T TN OTMS 10 mol%, MeO2C™ “COMe
BnO” S H MeO MeO
1 EIOH, it

8]
4 (il) HCI (4N, dioxane), CHyCly, 1t MeO

LAH, THF, reflux MeQ

COsMe 9% yield

MeQ. NHBoc 2.LDA, THF, -78°C
D/\/ 119 1, two stgps, SEDN di, 92RTeE
MeO 2 3

1. DMSO, (COCI), CHoCly,
TEA, -78°C
2. PhaPMeBr, Buli, THF

MeO

MeO 1. Hz, PA/C, MeOH

ey 2 3N HCI, Hy, Pd/C, MeOH

HO.

Proemetinol 4
eld, >568% e

MWA 7 UangIaN15deATIER Protomemtinol Ue4A Armando Cordova wagmnie

4) Tul 2019 - Areum Jung War Sun-Joon  Min lAs1891UNSELATIZY
benzoquinolizidine ldegsiusz@nsnnlagldds oxidative Mannich cyclization aelé
Feuluiiliililavie (metal-free conditions) @etitauauuimslmifiduiingdoduwindeuuas
AIUANAWDSLaLAIILAR

nsTUIUNsEaATERUsTNe U pdesuneuan Tngamsalin one pot reaction
1¢ TutuusniAnURA3en Aza-Michael addition se9i4 tetrahydroisoquinoline ffu oL,B-
unsaturated ketone fieadsansuszneu Y-aminoketone ‘mﬂ‘lfmﬁ@ﬂﬁﬁ%m oxidative
Mannich cyclization Tngldeenduaus DDQ wieUmadulasiadns benzoquinolizidine A4

LEAAININT 8
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O
3
R \)KT/,\ RE'
4 1 1
@ 2 xidative cyclization
NH - 2 3 pbQ ~ 2 3

Aza-Michael R R R R

1 (@] (@]
3 4

‘ One-pot process T

AN 8 LaRIN1TEUATIZI benzoquinolizidine 4

nalnn1siinUiisensuein DDQ vimthiteendladusiefiuliinatesdu iminium ion
Mnuunyasueiiafieglndifisdasiin enolization na1eidu enol wie enolate Fevimid
.91 nucleophile Tau@ iminium carbon wuu intramotecular ¥ilsiiawusy C-C Tusduazla

24 tricyclic ld5a nalnilmuay selectivity lsid[14]

5) 1wl 2023 Aad Lianyou Zheng kazane lasiaamunmsnauiuiisen -allylation
¥99 3,4-dihydroisoquinolines fu-Morita—Baylis=Hillman (MBH) carbonates lagliifply
Y ! aaa = o & ada & a " a v a = £4 A
Miseufizen Feduinluismdudnsdedsnaaukaziinvuniglian1iznoeuleu nalnues
U3 HURIUNIZUIUANS SN2 substitution ausne aza-Cope rearrangement ¥itw
Tonandmuel allylated imine 3 fauaasnindt - 9 uazarunsathluiauinedulaseasig
heterocycle #igudoula Wy benzolalquinolizidine  &siianupasnasiulaseasieues

. A 1Y 3 £ S
protoemetinol NUUDAAIADEADDAGNENINTININ
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Y

OBoc
N (L _ N
N ~_-COzR"  catalyst-free =
N
R™ "H

R ~ TCOsR
1 2 3
Sn2' €Oz aza-Cope
rearrangemenl
@
f}}x |
R H /)OO “BuOH P e
Lo > R7\/TCOR
1
AOBu B

AN 9 LLaMﬂalﬂmsLﬁmUﬁﬁ%wuaq O-allylation 581318 3,4-

dihydroisoquinolines AUMBH carbonates

Tuduneusevesmsdunsed — viuiioiansifiudnmsidendsiduazian
azangansomupiansensUnsld newleld NaBH(OA); Tudviazans toluene ag
Tonanfauandu benzo[alquinolizidinone  W1UAIZUIUNTS lactamization (6-exo-trig) i
nitrogen Taudny ester Fasfmiinlamiileld MBH carbonate i) CO,Me vunidn Tuma
nssudy 15leld NaBH, Tu MeOH Gaiu reductant Misendn wazeglusiihazats polar
protic ardnasuliAnn1s3id imine lHeege59nE7 wasyilf nitrogen 7y amine Tauf
ny alkene Favhathidu Michael acceptor ladne dmaliiAnn1saiauuy aza-Michael
addition (6-endo-trig) liu benzolalquinolizidine

uenaNdvgunuiiuu MBH carbonate 1sfinaronadwsvesufientuiu Tnomy
CO,Me (methyl ester) Sluunadn laddpvnadeiuil vhldmungiunisie lactamization
?sz‘ﬁlwyj CO,tBU (tert-butyl ester) Saunlung) vlvudnsiin lactamization uazduesy

A1560M aza-Michael kNu[15] AILEAIAINT 10
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CH;CN,

2aor2b
80°C

NaBH4, MeOH NaBH(OAC)s
N rt., 3h; 60°C, 4h toluene, rt.
—t "
t R'="Bu R'=Me
R ; CO2Bu 6-endo-trig 6-exo-Irig

a [ (3 . .. . RPAT]
AN 10 LEAINITEUATILNUBI quinolizidine Wag quinolizidione

senddeidisldiinsfineinmsduasien . Protoemetinol  Taensdansiest
benzoquinolizidine 7dulassaiiewmanaes Protoemetinol lévinmsduaseviriiul§izen
N-acyliminium ion cyclization U1 key reaction lagld L-glutamic acid Huansaadiu waz
1A398579 benzoquinolizidine ﬁlﬁgﬂﬁﬂﬂﬁwmﬂu tetracyclic lagladiisn1sdunsizn 2
w1 o wwamagi 1 IsvisiuuFAien oxidative Mannich Tngldf DDQ way Cs,CO; Lile
nszdulmAnnsUmsunalnues  N-acyliminium- ion azwimedl 2 UAATeN radical
cyclization lagls AIBN wag n-BusSnH Faufiueuius bromo acetate lagnisdansien

tetracyclic lANWURATEMInNA 8 Tuneou
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uni 3

ANsANYINISEWATIZIUSInDNUDA

ANSANYINITEHIATIZH Indoloquinolizidine wag spiro[indolizidine-1,3’-oxindole]
Tun1sAnwnisdaAszsians Indolizidine wag spirolindolizidine-1,3’-oxindole] Tu
%HLLSﬂlﬁﬁﬂﬂﬁﬁ%Eﬂ Benzylation ¥8¢ L-glutamic acid Ineld benzyl chloride Tuanniziug
¢udnstasidu NN-dibenzyl Glutamic acid 1 aniwyuiAsen Imide formation ffu
Tryptamine g4 CDI, DMAP 1Tu coupling reagent uazdl Et;N Juwva Tandnsueidu
chiral Imide 2 mﬂﬁ'u%‘aw?ﬁyjﬂﬁuaﬁaﬁﬁ steric hindrance #bé hydroxylactam 4 wazidle
UfAseUnnauuy N-acyliminium ion Meleniznsa REI RGN
indoloquinolizidinone (5 &% 6) iy diastereoisomer weufaIntiu Boc Protection w89

N U124 Indole 16 N-Boc indoloquinolizidinone 7 uag 8 FalanInIni 11

NH2
>4 NBny
BnCl, NaOH, N

0 0 KaC03, MeOH/ 0 0 H

H20 Tryptamine N

HO OH ——— —* HO OH -

NH reflux, overnight CDI, DMAR, EtsN, “ | J
2 CH2Cl, overnight N

; 719%
L-glutamic acid 1 70N H

3R=Boc | ppaLH,
toluene, -78°C

2h
quant
NBnz
| 1 TMSOTS, CH,Clz 0]
N _O 0°C, 3 h
N + g™ 0 N
2 N
6 H
dr 5:6= 2.3:1 4
Boc0,
CH>Cly
quant
[ I
N 0]
N
Boc
NBn;

AT 11 LAUNTERATIZY indoloquinolizidine
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luansduasisiansoyius  tert-butylcarbamate 3 uay 8 l¢un  N-Boc
indoloquinolizidinone 8 Mdawns dibenzyl amino group WWUfA581 Cope-elimination
Tnefl m-CPBA 18u oxidant 16 enamide 9 udathluviufisen hydrogenation lonansausi

quinolizidinone 10

wazldth  Benzoquinolizidinone 6 wwiUfAsen  Nitration  leindnsiauiidu
nitroindoloquinolizidinone 11 waglun1sduasiet  spirolindolizidine-1,3’-oxindole]
Benzoquinolizidinone 5 1vUA3enAu NBS W1uufi3en Oxidative rearrangement o
raR AT spirofindolizidine-1,3’-oxindole] 12 Py single diastereoisomer flesan
gneuAulay dibenzylamino group N Mdamny dibenzyl amino group WIWUHATEN
Cope-elimination 1awil m-CPBA Uy oxidant 1¢t spirocyclic enamide 13 Faanusnvii
Ufjise1 Boc-protection i N wes oxindole Wioli oxindole carbamate 14 lévianng

hydrogenation 9a9a15ila1sUsznau quinolizidinone 15 ASLAAIAINT 12

| | H N o m-CPBA, CHCl3, Pd/C, H3, H
N7 0°C.1h LLHL o MeoH LIy o
Boc —J a7 N Y772 g
NBn2 59% Boc - 0C
8 9
[ [ H HNO3, AcOH [
N N 0 ——— ;N N N0
H 65% H
NBny NBnz
6 11
[ H NBS, THF/H,0,
N N0 TFA (cat)
—_—-
H
NBnz
5

NBn2. m-CPBA, CH,Cly,
0°C, 1 h

AW 12 MsdansIgiayiusved indolizidine wag spirolindolizidine-1,3’-oxindole]
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ANSANYINISEWATIZI Protoemetinol

LHUNI5E9LASIZY Protoemetinol kuu® 1

NsAnYINTEUATIEN Protoemetinol duasesiléain acetate 23 fildanufien
decarboxylation ¥84 tetracyclic benzoquinolizidione 22 %ﬂiéjﬁ]’mmiﬂm’m\i’mﬂaﬁ%m
Pictet-Spengler w84 hydroxylactam 21 g hydroxylactam 21 duAsizwiniuUfisen
reduction @3 quinolizidione 20 #l#NNsUnIwiuUfAZen Michael addition waq
enamide 19 %Qiﬁ%’]ﬂmiﬁ?ﬁﬂwyj N-dibenzyl H1uUf)i581 Cope-elimination Y84 malonate
18 Ing malonate 18 1a31n alcohol 17 ﬁﬁ’lﬂﬁﬁ‘%m Esterification U methyl ester 7il¢t
971 malonic acid wa aldol adduct 17 Faazduazgnilaan Aldol reaction 81 Imide 16
fiduaszilaain N,N-dibenzyl ‘Glutamic = acid 1 AU homoveratrylamine lag

retrosynthesis analysis U84 Protoemetinol Wussuaadduning 13

HaCO

Hydrogenation

B e—

Decarboxylation H3CO

Protoemetinol

Reduction

NBn>

H;CO__O
H3CO
HaGO Cope-elimination Michael addition o
HyCO
HCO — o N 0
HyCO D/\/

H3CO H3CO

Esterification M
NBnz

NBn;

20

HECOD/\/NHZ
Aldol reaction Imide formation HsCO
HaCO
HCO - — — *
:©/\’ o o
HyCO
H3CO I 10WOI ]
NBn;
1

AN 13 Retrosynthetic analysis 984 Protoemetinol MULHUNSELATIZHAN 1

Tuduwsnidn L-glutamic acid vMU{A381 benzylation lagly benzyl chloride Tu
annziua Wanandmaiidu N N-dibenzyl Glutamic acid 1 g uinufAsen Imide
formation U homoveratrylamine 1agld CDI, DMAP Ju coupling reagent wagzdl Et;N

Jwva londnsiuaidu Imide 16 wazyinufizen Aldol reaction /U acetaldehyde Tngld

\ua NaHMDS léinanstawiilu syn-aldol adduct 17 Hundndamivdn daanslunmd 14
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H3CO]©/\/NH;
H3CO
homoveratrylamine NBn; NBnz

o) 0 o . o
CDI, EtsN, DMAP 1.NaHMDS, -78°C

—————— H5CO

HOWOH ———————> H,CO N N
. CH,Cl 3 :@A/ 2 0 D/\/
78% 0 O OH
! H3CO I |’U\ H3CO

16 24% 17
dr2:1

AT 14 uanen138uAsIz9f aldol adduct 17 910 L-glutamic acid

NUUEIIBU methyl ester TlaRINN5vIUATeN Esterification ve4 malonic acid
flu MeOH/HCL 11viU§)A3en Chlorination fiu SOCL, wavinufiizen acetylation fiu alcohol

17 wsinuliinujisen

UL alcohol 17 y1UfAe7 acetylation fiu methyl ester lagld DCC 161
malonate 18 ud2unlUvinUfAsen Cope-elimination Lﬁ'aﬁﬁwyj N-dibenzyl laeidl m-CPBA

Juseandlad usdlilandnsiouefisieanis a1nue NMR spectroscopy wuinlaifing NBn, wae

lanulusneuaas methoxy 909 methyl ester

ntuIdeth alcohol 17 ¥inUfisen Cope-elimination Taedl m-CPBA 1Uush

[y

pondlad udlilandndunidanis 9nua NVR spectroscopy wuinbiiing N-dibenzyl waz

A lenan Al diene AILAAININA 15



HOMOCHg

(o]
17

O

choij/\/m
0 OH
HsCO

17

1.50Cly, pyridine, CH@CIZ‘ 0°C, 1 hr

H,coym
o o
0 OH
HsCO
? HOMOCHa

NBn;
0

HaCOO/\j:;Y
H3CO O OH

3

NBnz

DCC, DMAP, CHaCly, 1t
overnight

NBnz

m-GPBA, CHyCly

0°C, 1 hr

NBn>

O
H_;COIQ/\/N
O
H3CO
18

O

M-CPBA, CH,Cly

°C, 1 hr

oo ones
o 0

19

Os s
H;500:©/-\,N

O OH
H3CO
18.1

AT 15 kanINsduAsIERURATET acetylation 14 alcohol 4, U3 Cope-

elimination Y84 malonate 5, Uji581 Cope-elimination ¥4 alcohol 4

LHUNNSEILASIZI Protoemetinol wuui 2

NSANYINITENLATIEN Retrosynthetic analysis 989 Protoemetinol LUUl 2 ua@ns

AIUNINT

#3A1A971 Protoemetinol @nunsadansnzilnein acetate 29 WuUATEN

Hydrogenation 1m8 acetate 29 laannas hydrolysis 984 tetracyclic 28 way AAINEINTA

duA31e7 tetracyclic 28 lalaun1sUnaam uUfisen radical cyclization 999 bromoacetate

27 ﬁlﬁmﬂmﬁﬁﬂﬂﬁﬁ%ﬁ acatylation 989 unsaturated lactam 26 wag tricyclic enamide

26 lpannsvinujisen Cope-elimination 7f3n N-dibenzyl Ing benzoquinolizidione 25

a1130d93A3121Lean alcohol 17 NYINUAATeN reduction 16 hydroxylactam 24 970wl

WHIUUZASEN Pictet-Spengler e benzoquinolizidione 25 FauansnIndl 16



Protoemetinol

Reduction

H3CO

Aldol reaction u

o]

NBn;

Imide formation H

HsCO. N Q
:©/\/ I+ WS 2
H3C0

16

O, HO
HsCO N HsCO. N K H3CO
H3CO
24

5CO NH; Q
,CO

20

HaCO
I izati N o
10] Radical eyclization HyCO -
e é
Br/\(
[e]
28 0 27
uAcﬂylalion
B2 H;CO HaCO
Pictet-Spengler H Cope-elimination H
N0 HCO N0
BnN “r — X (
OH OH
25 26
+
[¢)
B
B

o

NBny
1

AN 16 Retrosynthetic analysis 484 Protoemetinol MuLHUNTELATIZAUUUN 2

Tun1sdumsnzst aldol adduct 17 19viin1sdaasieibuutieInukuui 1 91ntusla

v Aaa

¥UFATN reduction Taeld DIBAL-H ({ufiaadle Tneitliisios protect vy hydroxyl

wansauailu hydroxylactam 24 wazUaaulfiizen Pictet-Spengler leindnsiaui tricyclic

benzoquinolizidione 25 1 single diastereisomer 91ntiuriUfA3e1 Cope-elimination

Lﬁaﬁﬂﬁmﬁyj N-dibenzyl lagly m-CPBA 1§ enamide 26 fauansnIwil 17

NBn;
o}
HyCO N DIBAL-H. toluene,
H3CO 89%
17
dr=2:1

NBn2
HO H;CO
H
TMSOTS, CH3Cla,

H3C0:©/\/N Gl H,CO N (o]

0 OH a°c, 3h - .,
HsCO 1% BroN (

24 OH

25
single diastereaisomer

m-CPBA, CHyCl,

0°c, 1n
60%
H3CO
H
HaCO N0
S I/
OH

26

mwﬁ 17 WANINSEWATILI enamide 26 9717 aldol adduct 17
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ﬁ]’]ﬂﬁ?mi’]léjl,ﬁuﬁyjLLVIUﬁUU’NLLM’Ju piperidone Fudusefizen Acetylation fiu
fu bromo acetylbromide Lilelldansuszneu bromo acetate 27 wudliinuFAzen 39
Hdsugduiunounisdannesilaeth alcohol 25 1vhUFR3eN Acetylation ffu bromo
acetylbromide ¢ bromo acetate 30 Nt dnny dibenzyl amino group agld m-
CPBA ¢ enamide 31 waglanssmuufAzen Radical cyclization 71 AIBN wag n-BusSnH Tu
Fvinazangtoluene dwaliminaisusenaulasedsna tetracyclic 32 agnelsinnu Handnves
miﬂizﬂauﬁa%ﬂuizﬁuﬁw [0s91niAnUfATeN dehalogenation udstusgninanszuauns

radical A9LEAININT 18

H3CO

Br
Brk/ H3CO 0 H3CO
DMAP, CHCI3, 1 h { m-CPBA, CHCly,
—_— BnaN" —_—
quant 6] 0°C,2h 0
Br Aﬂ/ Br
Q
30 31 0
AIBN, BusSnH,
toluene, reflux
overnight

HaCO

H3CO

O O
33 32

AN 18 NSE9LATIZI tetracyclic 32

uaydnnilauumalddingth  alcohol 26 ViUARSe1  esterification  lngld
EDCI/DMAP Jusinssfusening alcohol 26 iU methyl malonate monoester dwwaliile
@13Usenayu  malonate  monoester 34 ﬁﬂﬂ‘lfuﬁﬂﬂLﬁ?hz,jﬂismumﬁmqmuﬂﬁﬁ%m
oxidative vinylogous Mannich cyclization laeld DDQ \Wieadsansinatsuin  N-
acyliminium ion %ﬂgﬂ attack Inemiy malonate nalinndnsiauei lactone 36 Kun15UAN

WUU diastereoselective ring closure

DDQ fiunumdrdglunisasis iminium ion nelaaneiosulsunazlifesdlans

a | a A a3 _aa a | Y] =
VUL Cs,CO5 mEJLWNmmmﬂaIEW\IaWUQQ malonate LLazumumUELumsiﬂmLaﬂﬂim‘w
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U84 transition state ag19lsAn nandnvesUfizerdnaneglussiiuuiunais eswiniie

M3 hydrolysis unsaiuluidu alcohol 26

HyCO H,CO
H5CO o o H N7_oO
N._O H5CO z

H H,CO 3
H,CO N._O HOMOCH3 3 \ ( DDQ X /( Cs,CO4

S ( EDCI, DMAP, CH,Cl,, H,CO o H3COWO

OH rt., overnight W (o] (0]
26 26% o O
34 35

2MNA 19 LanInSEUATIEA tetracyclic 36

v o

Sofidodaash  tetracyclic - 32 lddiSaudr  fideaainanansadaas
Protoemetinol  uuKuNIAiATIZidanInd 20 Taei tetracyclic 32 umiUfATen
elimination 9114 reduction Aei1azldkEnsTasTEY Protoemetinol

HaCO,

H,CO

AN 20 wans future work plan NM3dLATIENR Protoemetinol 970 tetracyclic 32
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uny 4

A5N15MAavg

1Y

asindifitonnuvasmineiluiomngninldlagliriunisyidliuavs i
ansusznovfilisenufuareimagnlisunelfussenmaveuianiney  lngldiades
uifumseuuis anasuduedefunnudnslowuud (NMR)  gaiiudinlusdshazane
CDCL; frop3osaUnlnsiitnes Bruker mnud 300 MHz Taean chemical shift uanadudn O
(ppm) laedl trimethylsilane (TMS) L‘ﬁUM@igW A1 coupling constant s1891uluNUIY
B30 (Hz) avunpsumsganduuas (UV-Vis) gninseiadesaiunlasiiines Hewett Packard
Ju 8453 dhuarnasudusisnisn (R) gatiufindneie3as Perkin Elmer Spectrum GX FT-IR
Tnsuaunsganduvdn (V_max) srenuluvmbeiauaay (cm ) Anisvguvesuastnanlsd
(optical rotation) gnintuansazaenaslsnesulaelduasiadion D line (A = 590 nm) dae
wdedlnan3imes JASCO 31 P-1010 Tassninnsifluuuuiety (TLO) Tdududdnimayia
d1593U9n Fluka Aifusiuseaduesgiiilon uasaruvundudanuas 0.2 uu. asiigandy
Ss@sansihlewan (Uv-active compounds) gnRsasaeusienas UV fanuennndu 254 w1

luwns waznsdaursalsazats vanillin lasuiluasiiaeauu (Column chromatography)

anfiunsiaelsganaaviia 60, 230-400 mesh

(5)-1-(2-(1H-indol-3-yl)ethyl)-3-(dibenzylamino)piperidine-2,6-dione (2)

NBn2

0
N
||
N o)
H

111 NBn,-Glutamic acid (1022 mg, 3.121 mmol), Tryptamine (500 mg, 3.121), CDI
(1518 mg, 9.362 mmol) wag DMAP (38 mg, 0.312 mmol) agausie CH,Cl, 10.00 mL

[23 1 v

melaungensnaunainulmiy wasnuuiy EtN (1.298 mL, 9.362 mmol) nud

<

gaumgiviealiunan 16 4alue wanhlladame CH,CL, (3 x 20 mL) 3NUUTINTY Organic

phase WH1A9AUI00NAY anh. Na,SO, hadnsesrud1dantuidvinazaseannela
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,
sdoy 1 a £

AUAUA ﬁwémﬁm%mﬂmmqmmLL&JﬂT,msJ column chromatography (silica gel, 2:1
Hexane:EtOAC) lanansduaiduvoavamiindiin (356.7 mg); R: (4:1 Hexane/EtOAC) 0.25,
'H NMR (300 MHz, CDCls) 0 8.10 (brs, 1H); 7.80 (d, J = 7.2 Hz, 1H); 7.48-7.19 (m, 11H);
7.14 (td, J = 7.0 Hz, 1.4 Hz, 1H); 7.10 (td, J = 7.0, 1.4 Hz, 1H); 7.02 (d, J = 2.1 Hz, 1H),
4.13 (ddd, J = 12.0, 9.0, 7.5 Hz, 1H); 3.99 (ddd, J = 12.0, 8.7, 5.5, 1H); 3.84 (d, J = 14.0
Hz, 2H); 3.54 (d, J = 14.0 Hz, 2H); 3.39 (dd, J = 12.0, 5.4, 1H); 3.11-2.91 (m, 2H); 2.73
(ddd, J = 17.2, 4.0, 2.9 Hz, 1H); 2.35 (ddd, J = 17.2, 13.2, 5.8 Hz, 1H); 2.10 (m, 2H); °C
NMR (75 MHz, CDCls) 0 173.2, 171.8, 139.7, 139.4, 136.1, 128.8, 128.5, 128.3, 127.7,
1275, 127.1, 122.2, 122.0, 119.4, 119.0, 114.4, 112.8, 111.0, 66.1, 60.6, 59.2, 54.8, 54.6,
48.1, 40.5, 33.5, 33.0, 32.2, 29.6; V. (film) 3057, 3030, 2925, 2890, 1711, 1669, 1459,

1441, 1143, 1017, 736, 697 cm’; [00%s -45.9 (¢ 1.2, CHCLy).

tert-butyl (5)-3-(2-(3-(dibenzylamino)-2,6-dioxopiperidin-1-yl)ethyl)-1H-indole-1-

carboxylate (3)
NBn2

%)
|/
N~

111 indolylethylglutarimide 2 (32 mg, 0.07 mmol) aganelu CH,CL, (10 mL.) Ny
Wi Boc,O (46 mg, 0.21 mmol), DMAP (2.0 me) tiag Et;N (29 pL, 0.21 mmol) aslulu
ansazany uavmuasHanifuna 3 Falus vdntudu (10 my) asly wenduvesans
oon Tngthduninluaiadie CH,CL (2 x 5 mL) ntusiada Organic phase thanmdni
9on@8  anh. Na,SO, Wdinseswuddantiuidyazanseenmeldmnudus 1
Nﬁmﬁm%ﬁﬁﬂﬂiﬁqmémLLEJﬂI@]EJ column chromatography (silica gel, 2:1 Hexane:FtOAc)
lananduel  N-Boc-indolylethylglutarimide 3 Huveanadlalafid (39 mg) Tvinanan
quantitative yield, ; R¢ (4:1 Hexane/EtOAc) 0.55; 'H (300 MHz, CDCLy) 0 8.10 d, /=63
Hz, 1H), 7.69 (dd, J = 6.9, 1.6 Hz, 1H), 7.45 (s, 1H), 7.42-7.19 (m, 12H), 4.16-3.96 (m,

2H), 3.90 (d, J = 14.0 Hz, 2H), 3.62 (d, J = 14.0 Hz, 2H), 3.46 (dd, J = 9.3, 8.4 Hz, 1H),
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3.00-2.85 (m, 2H), 2.79 (dt, J = 17.2, 3.5 Hz, 1H), 2.43 (ddd, J = 19.0, 8.0, 6.9 Hz, 1H)
2.05-1.90 (m, 2H), 1.63 (s, 9H); 1°C (75 MHz, CDCly); O 173.2, 171.7, 149.6, 139.6, 135.5,
130.6 (20), 128.6 (4C), 128.4 (40), 127.2 (2C), 124.4, 1235, 122.6, 119.2, 117.3, 115.3,
83.5, 59.3, 54.9, 39.8, 32.3, 29.7, 28.2 (3C), 23.5, 22.6, [01]%55 -2.2 (C 2.0, MeOH); Va
(film) 3204, 2926, 1720, 1655, 1471, 1336, 1228, 1155, 822, 795 cm'*

(35)-1-(2-(1H-indol-3-yDethyl)-3-(dibenzylamino)-6-hydroxypiperidin-2-one (4)

NBn2

O
N
CEY G
N
H

111 NBn,-Glutarimide (350.5-mg, 0.78 mmol) avaelu toluene (10 mL) Melauia

a

913nBuLALLAN 1M DIBAL-H (2.3 mL, 2.34 mmol) lntliuasndneiigumadl -78 °C uén
muifuna 2 mndungaufiende sat. aq. NaHCO; wéathluasnge EtOAC (3 x 20 mL)
MntusILy Organic phase Tinmdntesndas anh. Na,SO, W InseIRUEEInTuLh
Fvhazangeanmeldanuiusm vhwan Anusindliuzansinuenlag column
chromatography (silica gel, 2:1 Hexane:EtOAC) lonanseua Hydroxylactam \Huvesnan

nilalandos (280.3 mg, 79.61%)

N158AT1EY Indoloquinolizidine

NBny
6 5

NBn3

11 Hydroxylactam (280 mg, 0.68 mmol) aza1elu CH,Cl, (20 mL) aelauia
215NBULALLAL TMSOTF (0.22 mL, 1.24 mmol) Iﬂﬂiﬁwaamaﬂmﬁqmmﬁ 0 °C wdnudu

nan 2 Halas antuvgnUfiensne sat. ag. NaHCO; wétiluardinsny CH,CL, (3 x 20 mL)
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oY

[ v

NNty Organic phase W1uMaAU188NA28 anh. Na,SO, wnsosruddanduih
vhazarseaneldnnudue esdindnsue 2 vl fo

5- R¢(4:1 Hexane/EtOAC) 0.48; 'H NMR (300 MHz, CDCly) 0 7.80 (brs, 1H); 7.45 (d,
1H); 7.40-7.02 (m, 13H); 5.22 (dd, J = 16.0, 8.0 Hz, 1H); 4.70 (d, J = 8.0 Hz, 1H); 4.15 (d,
J =14.0 Hz, 2H); 3.80 (d, J = 14.0 Hz, 2H); 3.39 (dd, J = 12.1, 6.4 Hz, 1H); 2.94-2.70 (m,
3H); 2.40 (dq, J = 13.2, 3.5 Hz, 1H); 2.30 (m, 1H); 2.06-1.91 (m, 1H); 1.60 (m, 1H). >C NMR
(75 MHz, CDCls) 0 170.5, 140.4, 140.0, 136.2, 133.2, 129.2, 128.9, 128.8, 128.7, 128.7,
128.6, 128.5, 127.9, 127.5, 127.0, 126.8, 126.7, 125.8, 122.0, 119.7, 110.9, 109.3, 58.5,
55.6, 54.4, 54.1, 29.6, 28.4, 25.9. V, 4 (film) 3228, 2923, 1618, 1453, 1431, 1263, 1155
cml; [P, +44.0 (c 1.3, CHCL).

6-R¢ (4:1 Hexane/EtOAC) 0.30; 'H NMR (300 MHz, CDCLy) 0 7.80 (brs, 1H); 7.50 (d,

J=7.20Hz, 1H); 7.42 (m, 13H); 5.03 (dd, J = 12.0 Hz, J = 3.2 Hz, 1H); 4.75 (brs, 1H); 4.04
(d,J =13.9 Hz, 2H); 3.65 (d, J = 13.9 Hz, 2H); 3.41 (dd, J = 10.0 Hz, J = 6.9 Hz, 1H); 3.07-
2.82 (m, 2H); 2.73 (d, J = 12.0 Hz, 1H); 2.30-2.10 (m, 2H); 2.00-1.77 (m, 2H). *C NMR (75
MHz, CDCl5) 0 171.5, 140.4, 136.0, 133.0, 128.9, 128.6, 128.5, 128.3, 128.3, 128.2, 128.1,
127.2, 126.7, 119.6, 118.1, 111.0,-110.5, 111.0, 58.3, 55.5, 53.8, 42.0, 25.8, 23.7, 21.2;
V.. (film) 3283, 3027, 2921, 1619, 1444, 1420, 1374, 1300 cm™; [0, -50.1 (c 1.5,
CHCL).

tert-butyl (12bR)-4-o0x0-1,3,4,6,7,7a,12a,12b-octahydroindolo[2,3-alquinolizine-
12(2H)-carboxylate (10)

111 N-Boc-indoloquinolizidinone 10 (23 mL, 0.07 mmol) azaelutuniuea (5 mL)

(%
a o

MNTUL PA/C (2 mL) uazdnssgnlsiussquialelasiou (1.1 atm) Avnwaufisen

Y

nlunuaNanioumgiviendunan 2 dilus duseufisen (Pd/C) gnindneeniaenis
nTewu celite udtharsnsesusemedyinazatsnielaauduan lanandua N-Boc-
indoloquinolizidinone 10 \Wuvsanailalafid Usuna 23 mg lvinan@n quantitative yield,

Re (1:1 hexane/EtOAC) 0.55; 'H (300 MHz, CDCL); @ 8.04 (d, J = 8.2 Hz, 1H), 8.29 (d, J =
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1.9 Hz, 1H), 8.04 (dd, J = 8.8, 2.0 Hz, 1H), 7.52 (d, J = 8.8 Hz, 1H), 7.38-7.13 (m, 10H),
5.06 (dd, J = 11.5, 5.0 Hz, 1H), 4.79 (t, J = 5.2 Hz, 1H), 4.02 (d, J = 14.1 Hz, 2H), 3.65 (d,
J =14.1 Hz, 2H), 3.44 (dd, J = 10.2, 6.0 Hz, 1H), 3.04-2.84 (m, 2H), 2.75 (d, J = 11.0 Hz,
1H), 2.31-2.20 (m, 2H), 2.04-1.91 (m, 1H), 1.88-1.75 (m, 1H); *>C (75 MHz, CDCly); O 171.5,
143.0, 139.5, 134.6, 131.9 (20), 129.0, 128.4 (4C), 128.4 (4Q), 127.3 (20), 118.0, 115.4,
111.6, 108.2, 58.7, 55.9, 54.1, 42.0, 29.7, 25.5, 23.8, 21.0; [01]%,5 -163.5(c 0.8, MeOH);
Vs (filmM) 2924, 1619, 1511, 1454, 1321, 1065, 734, 698 cm™; ESI-HRMS calculated for
CaoH2sN,05 [IM+H]* 341.1860, found 341.1862.

(35,12bS)-3-(dibenzylamino)-10-nitro-2,3,6,7,7a,12,12a,12b-octahydroindolo[ 2,3-
alquinolizin-4(1H)-one (11)

02N

NBn3

111 Indoloquinolizidine 5 (47 mg, 0.10 mmol) aza1uaae conc.CH;COOH 10 mL
WAL conc.HNO (0.3 mL, 0.0052 mmol) figasil 0°C nawdunan 1 2l mﬂﬁ?wsm
UFRSE19e sat. ag. NaHCO, uddrluadnse BtOAC (3 x 20 mL) anifusaudu Organic
phase Yanfdmieenday anh, Na,S0; W& nsestudiaainiuihdvhazarseonnels
anusush lendnsaueduveanamiindindes (13.7 me, 27.83%) R, (2:1 Hexane:EtOAC);
'H NMR (300 MHz, CDCly) &°8.28 (s, 1H), 8.01 (dd;, J=1.79 Hz, J=7.83 Hz, 1H), 7.50 (d,
J=8.76 Hz, 1H), 7.35-7.14 (m, 11H), 5.06 (m, 1H), 4.79 (m, 1H), 4.01 (d, J=14.1 Hz, 2H),
3.63 (d, J=14.2 Hz, 2H), 3.40 (m, 1H), 3.00-2.84 (m, 2H), 2.71 (dd, J=1.41 Hz, J=1.95 Hz,
1H), 2.18-2.13 (m, 1H), 1.91-1.70 (m, 1H), 1.28-1.22 (m, 1H) ;*C (75.5 MHz, CDCly) O
143.02, 139.51, 134.56, 131.88, 128.96, 128.36, 127.32, 118.00, 115.44, 111.60, 108.23,
58.66, 55.91, 54.06, 41.96, 29.70, 25.49, 23.79, 20.96
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(35,6'S,8a'S)-6'-(dibenzylamino)-2',3',6',7',8',8a'-hexahydro-5'H-spiro[indoline-3,1'-
indolizinel-2,5'-dione (12)

11 Indoloquinolizidine 5 ( 69.5 mg, 0.16 mmol) 1NazaNeRIEt 3 mL uay THF 3
mL wd s NBS (56.9 mg, 0.32 mmol) waz THF (1 vien) udanulugamaiiviesdunan 16
s mndungaufAisendne sat. ag. NaHCO; wéthluadnde EtOAC (3 x 20 mL) 9ty
2 Organic phase vanfdaiieangis anh. Na,SOq L& nsosudAINTLEY
avangoanmeldrudus landnsurvennardivdeseeu (91.20 mg, 100%) R (1:1
Hexane/EtOAC) 0.40; 'H NMR (300 MHz, CDCly) & 8.50 (s, 1H); 7.40 (d, J = 7.1 Hz, aH);
7.15-7.32 (m, 7H); 7.08 (m, 3H); 6.90 (m, 3H); 4.13 (m, 1H); 4.08 (d, J = 14.0 Hz, 2H); 3.89
(m, 2H); 3.70 (d, J = 14.0 Hz, 2H); 3.2-3.4 (t, J = 7.0 Hz, 1H); 2.50 (dd, J = 13.0, 10.2 Hz,
1H); 2.10 (ddd, J = 8.1, 6.9, 1.2, 1H); 1.80-1.90 (m, 2H); 1.50 (dd, J =14.0, 5.7 Hz, 1H);
1.20 (dd, J = 14.0, 8.0 Hz, 1H): °*C NMR (75 MHz, €DCly) 0. 177.7, 177.4 171.0, 140.2,
129.8, 128.7, 128.5, 128.5, 128.5, 128.5, 128.2, 128.2, 128.2, 128.2, 126.8, 126.8, 124.0,
1229, 110.3, 63.2, 57.4, 56.0, 55.3, 43.9, 33.3, 29.5, 25.1, 22.2; V. (ilm) 3207, 2927,
2890, 1714, 1619, 1477, 1333, 1310, 750 cm™; [0U]%5 +60.5 (¢ 0.9, CHCL,).

tert-butyl (35,8a'S)-2,5'-dioxo-2',3",8',8a'-tetrahydro-5'H-spiro[indoline-3,1'-

indolizine]-1-carboxylate (14)

11 enamide 13 (38 mg, 0.15 mmol) agaelu CH,Cl, (10 mL) mmildmau Boc,O
(79 mg, 0.36 mmol), DMAP (3.0 mg) wag EtsN (50 mL, 0.36 mmol) Mnsniuaswaudy

nan 3 Falas WNUn(10 mL) wenduvesasesn laeuguiiluaingie CH,ClL (2 x 5 mL)
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s Organic phase Yanfdaineandiy anh. Na,SO, udInsasnudaantash
fviagangeennigldnudusm vhwansnsindslauigrsinuentag column
chromatography (silica gel, 1:2 Hexane/EtOAc) lawansimaidu [indolizidine-1,3’-
oxindole] carbamate 14 (53 mg, quantitative) Ypavaabaludla; Rf (1:2 hexane/EtOAC)
0.44; 'H NMR (300 MHz, CDCl,) 07.92 (dd, J = 8.1, 1.8 Hz, 1H), 7.37 (td, J = 8.1, 1.8 Hz,
1H), 7.25-7.12 (m, 2H), 6.42 (ddd, J = 9.6, 6.3, 2.1 Hz, 1H), 5.95 (dd, J = 9.6, 2.4 Hz, 1H),
4.31 (dd, J = 14.1, 5.7 Hz, 1H) 4.05 (dd, J = 11.2, 10.5 Hz, 1H), 3.86 (ddd, J = 12.8, 10.8,
8.1 Hz, 1H), 2.53 (dt, J = 12.9, 10.2 Hz, 1H), 2.12 (ddd, J = 12.6, 7.8, 1.8 Hz, 1H), 2.04 (dt,
J=17.4, 6.3 Hz, 1H), 1.84 (dddd, J = 15.9, 8.4, 5.4, 3.0 Hz, 1H), 1.64 (s, 9H); °C NMR (75
MHz, CDCl,) 0 174.4, 163.8, 148.8, 138.9, 138.3, 129.0, 128.3, 125.0, 124.0, 115.4, 85.0,
63.1, 57.2, 43.5, 34.8, 29.7, 28.0 (3C), 25.3: [0]%55 -17.1 (¢ 1.0, MeOH); V,., (ilm) 2931,
1762, 1731, 1664, 1600, 1283, 1147, 1071, 750 cm’: ESI-HRMS calculated for CyoH23N,0O4
[M+H]" 355.1652, found 355.1650.

tert-butyl (35,8a'S)-2,5'-dioxo-2',3',6',7',8',8a'-hexahydro-5'H-spiro[indoline-3,1'-

indolizine]-1-carboxylate (15)

Boc

11 N-Boc-spiroindolizidine-oxindole 14 (43 mg, 0.12 mmol) avangluuniuea 5
mL) 9Mntuin Pd/C (4 mg) wazAnasgnlvsiiussquialalasiau (1.1 atm) Anwaufazen

[

mﬂﬁ?umuaﬁmuﬁqmmﬁﬁaqLfJunm 2 $ilus FussuFAse (Pd/C) gnirdneeniasnis
nsesry celite udhansnsesnszmednihazaenieldnnudusn lendnsas N-Boc-
spiroindolizidine-oxindole 15 (42 mg, 98%) yauvadlaliiid; Rf (1:1 hexane/EtOAc) 0.58;
'H NMR (300 MHz, CDCls) & 8.41 (brs, 1H), 8.29 (d, J = 1.9 Hz, 1H), 8.04 (dd, J = 8.8, 2.0

Hz, 1H), 7.52 (d, J = 8.8 Hz, 1H), 7.38-7.13 (m, 10H), 5.06 (dd, J = 11.5, 5.0 Hz, 1H), 4.79
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(t,J = 5.2 Hz, 1H), 4.02 (d, J = 14.1 Hz, 2H), 3.65 (d, J = 14.1 Hz, 2H), 3.44 (dd, J = 10.2,
6.0 Hz, 1H), 3.04-2.84 (m, 2H), 2.75 (d, J = 11.0 Hz, 1H), 2.31-2.20 (m, 2H), 2.04-1.91 (m,
1H), 1.88-1.75 (m, 1H); *C NMR (75 MHz, CDCly) O 171.5, 143.0, 139.5, 134.6, 131.9 (2C),
129.0, 128.4 (4C), 128.4 (4C), 127.3 (2C), 118.0, 115.4, 111.6, 108.2, 58.7, 55.9, 54.1, 42.0,
29.7, 25.5, 23.8, 21.0; [0, +52.9 (c 0.8, MeOH); V.., (film) 2924, 1619, 1511, 1454,
1321, 1065, 734, 698 cm’™’; ESI-HRMS calculated for CooHysN,04 [M+H]* 357.1809, found
357.1809.

(8)-3-(dibenzylamino)-1-(3,4-dimethoxyphenethyl)piperidine-2,6-dione (16)
NBn,
O
H,CO @
H,CO S
1 L-glutamic acid (15.0-g,-0.10 mol) azanelu MeOH/H,0.(1:1, 120 mL) 91ntu

WAL K,CO5 (35.2 g, 0.26 mol), NaOH (10.2 g, 0.26 mol), ikag benzyl chloride (47.0 mL,
0.41 mol) ¥ns reflux 1. Ay uaWdesliu anduatngae CH,CL (1x200 mL) wday
5M HCL wdihuinsesananuaulandndueidu N N-benzyl ‘elutamic acid 1 (22.4 g,
78.8%) 1umznoudv1l wagyn N.N-benzyl glutamic acid 1 (823.1 mg, 2.51 mmol) agane
Tu CH,CL, (10 mL) andhudsl €I (1216 mg, 7.50 mmol), DMAP (30.5 mg, 0.25 mmol),
homoveratrylamine (0.42 mL, 2.51 mmol), 4ag Et;N (1.04 mL, 7.50 mmol) NIUAITHALN
figaumniivioadunan 1 Ay mﬂﬁ?wqﬂﬂﬁﬁ%mﬁaafw affaifu CH,ClL, (3x10 mL) frdmiioan
f8 anh. Na,SO, Wdnsesnuddaninihivharaiseanneldanususn WnEe S
5@13JU%E§M’§3JWLLEJHI@EJ column chromatography (silica gel, 2:1 Hexane/EtOAC) lauansaus
\Uu chiral glutarimide 2 (935.4 mg, 79.1%) Yeswamind@in 'H NMR (300 MHz, CDCLy):
0 7.38-7.16 (m, 10H), 6.76-6.65 (m, 3H), 4.08-3.99 (m, 2H), 3.88 (d, J = 14.0 Hz, 2H), 3.83

(s, 3H), 3.68 (s, 3H), 3.58 (d, J = 14.1 Hz, 2H), 3.38 (dd, J = 11.7, 5.9 Hz, 1H), 2.76 (t, J =
7.3 Hz, 2H), 2.68-2.63 (m, 1H), 2.35-2.23 (m, 1H), 1.92-1.83 (m, 1H), 1.26-1.19 (m, 1H);
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C (75 MHz, CDCly): O 171.05, 171.55, 148.72, 147.55, 139.54, 130.75, 128.45, 128.29,
127.06, 121.01, 112.22, 110.88, 59.16, 55.75, 54.87, 40.62, 33.46, 32.07, 22.42.

(3S,5R)-3-(dibenzylamino)-1-(3,4-dimethoxyphenethyl)-5-((R)-1-
hydroxyethyl)piperidine-2,6-dione (17)

NBn,

SN
H,CO N
H3CO:©/\/ gy o

11 chiral glutarimide 16 (371.5 mg, 0.79 mmol) avaelu dry THF 10 mL mmj,'u
i 1.9 M NaHMDS (1,70 mL, 3.14 mmol # -78 °C mglfiussennia Ar a1niuniu
arsavanenaldunan 15 i Whn Acetaldehyde (0.20 mL, 3.16 mmol) kazniuasazany
fodn 30 WAl Nigamgdl 78 °C meldussennie Ar leufiFeateauysalvinisves
U319 sat. ag, NH,CL(10-mL) afinsieg EtOAC (3x10 mL) fdntheandie anh. Na,SO,
wnseshuddninduidarhazaissanmeldanadus - thadedusiidsliviayiuuen
18 column chromatography (silica gel, 3:1 Hexane/EtOAC lanansiaui syn aldol adduct
17 1Ju major diastereomer (300.7 mg, 74.2%). *H-NMR (300 MHz, CDCly): O 7.39-7.22
(m, 10H), 6.75-6.69 (m, 3H), 4.11-4.01 (m, 3H), 3.92 (d, J = 13.0 Hz, 2H), 3.85 (s, 3H), 3.70
(s,3H), 3.60 (d, J = 14.0Hz, 2H), 3.46 (dd, J = 12.5, 4.6 Hz, 1H), 2.78 (t, J = 7.38 Hz, 2H),
2.31-2.23 (m, 1H), 2.02-1.95 (m, 1H), 1.71-1.61 (m, 1H), 1.19 (d, J = 6.06 Hz, 3H); *C (75
MHz, CDCly): ) 175.12, 172.86, 148.88, 147.75, 139.54, 139.39, 130.58, 128.57, 128.45,
127.27, 121.12, 112.35, 111.01, 68.16, 58.97, 55.90, 54.94, 48.32, 40.90, 33.53, 29.72,

22.73, 20.02.
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(1R,3S,11bR)-1-(dibenzylamino)-3-((R)-1-hydroxyethyl)-9,10-dimethoxy-

1,2,3,6,7,11b-hexahydro-4H-pyrido[2,1-alisoquinolin-4-one (25)

11 imide 17 (91.2 mg, 0.18 mmol) aganelu dry toluene (5 mL) a1nludn 1M
DIBAL-H (0.53 mL, 0.53 mmol) aaungil -78°C meldussenieenineu muanswauduan
2 $2las warngnUA3e1de sat. ag. NaHCO; (10 mb) affafy EtOAC (3x10 mL) fhdntih
99n@18 anh. Na,SO, Wansassuddaniiuiiiyiavarseonneldnnusus Tanan s
hydroxylactam 24 (88.7 mg, 95.1%) Yesma1uiindindes udaun hydroxylactam avaslu

CH,CL, (5 mL) wagi@n TMSOTF (0.1 mL, 0.51 mmol) ﬁqmmﬁ 0°C Aeldussennia Ar vu

U

[

nan 3 4l wazngnUfAse978 sat- ag. NaHCO; (10 mL) afnfiu CH,CL, (3x10 mL). M3
{heonfe  anh. Na,SO.  wdnsesnudaantuddhazangeennsldmnudus 14
nantualu dibenzyl-quinolizidine 25 (78.0'mg, 91.1%) veuvaidiuass 'H NMR (300
MHz, CDCly): 0 7.38-7.08 (m, 10H), 6.83 (s,1H), 6.57 (s, 1H), 4.26-4.16 (m, 1H), 4.03-4.01
(m, 2H), 3.82-3.68 (m, 11H), 3.26-3.12 (m, 1H), 2.96-2.83 (m, 1H), 2.70-2.61 (m, 1H), 2.41-
2.27 (m, 1H), 2.19-2.02 (m,1H), 1.85-1.73 (m, 1H), 1.27-1.16 (m, 3H); >C NMR (75 MHz,
CDCly): ") 169.86, 146.22, 145.21, 138.56, 128.26, 127.33, 126.61, 126.33, 124.76, 109.31,
107.02, 67.39, 55.99, 54.13, 53.40, 41.15, 40.61, 23.97, 27.40, 19.39.
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(35,11bS)-3-((R)-1-hydroxyethyl)-9,10-dimethoxy-3,6,7,11b-tetrahydro-4H-

pyrido[2,1-alisoquinolin-4-one (26)
H,CO

H,CO

111 dibenzyl-quinolizidine (19.7 mg, 0.04 mmol) azanalu CH,Cl, (5 mL) Lix m-

CPBA 70% w/w (29.7 mg, 0.12 mmol) ﬁqmmﬁ 0°C muanswamdunan 1 alug LASHER

U319y sat. ag. NaHCO; (10 mL) afiafu CH,CL, (3x10 mL). fdnuieanaig anh.

Ly

Na,SO, kansasnuddaInuuifiviasateaannelinuaue Undndusindslaiuian

Do,

1uenlag thin layer chromatography (silica gel, 1:2 Hexane/EtOAc) [GRERBI Y
enamide 26 (7.3 mg, 60.2%) vaunamiladiass *H NMR (300 MHz, CDCLy): O 6.66 (s,
1H), 6.63 (s, 1H), 6.48 (dd, J = 9.96, 5.55 Hz, 1H), 5.95 (d, J = 9.87 Hz, 1H), 4.95 (s, 1H),
4.68-6.62 (m, 1H), 4.10-4.04 (m, 1H), 3.86 (s, 3H), 3.85 (s, 3H), 3.18-3.0 (m, 2H), 2.91 (m,
1H), 2.67-2.62 (m, 1H), 1.39 (d, J = 6.15 Hz, 3H); *C NMR (75 MHz, CDCly): O 164.04,
148.24, 147.14, 138.35, 128.75, 125.77, 112.58, 107.70, 68.68, 56.86, 56.30, 55.94, 44.60,
42.65, 27.52, 21.23.

(R)-1-((1R,3S,11bR)-1-(dibenzylamino)-9,10-dimethoxy-4-oxo-1,3,4,6,7,11b-

hexahydro-2H-pyrido[2,1-alisoquinolin-3-yl)ethyl 2-bromoacetate (30)

111 alcohol 25 waganglu CHCL; (5 mL) waaiy bromoacetyl bromide (0.1 mL)

[ Y d' aaa a < & o o w £% [y
nuansuadilunan 1 9alug Lmaﬂg_]ﬂsmmmLaiaauyimuﬂﬂmmmiazmEJ malannueiu

'
o [ o

#in ﬁwmamﬂmsﬁﬁ'aalziu'%qm%mt,l,aﬂima thin layer chromatography (silica gel, 2:1
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Hexane/EtOAC) lonansauaiily bromoacetate 30 (Wuveawnadldid 'H NMR (300 MHz,
CDCls): 0 7.45-7.16 (m, 11H), 6.69 (s, 1H), 5.50-5.42 (m, 1H), 4.17-4.13 (m, 2H), 4.09 (d,
J=14.2 Hz, 2H), 3.92 (s, 3H), 3.91 (s, 2H), 3.87 (s, 3H), 3.78 (d, J= 14.5 Hz, 2H), 3.49-3.37
(m, 1H), 3.26-3.18 (m, 1H), 3.02-2.92 (m, 1H), 2.83-2.72 (m, 1H), 2.68-2.49 (m, 1H), 2.03-
1.92 (m, 1H), 1.33 (d, J= 6.5 Hz, 3H).

(R)-1-((3S,11bS)-9,10-dimethoxy-4-ox0-3,6,7,1 1b-tetrahydro-4H-pyrido[ 2,1-

alisoquinolin-3-yl)ethyl 2-bromoacetate (31)

H4CO

111 bromoacetate 30 (13.0 mg, 0.02 mmol) agaralu CH,Cl, (5 mL) 1@ix m-CPBA

<

70% w/w (15.5 mg, 0.06 mmol) ﬁqmmgﬁ 0°C mauansuasduan 1 92lus wagngaufizen

[

Py sat. ag. NaHCO5 (10 mL) @ianu CH,Cly (310 mL). firdnueanaag anh. Na,SO, thad

cal o a £

nsowhuddnintuirhasatsoenneldenudusi  dwdnduriddsliuiaiuuentag
thin layer chromatography (silica gel, 1:1 Hexane/EtOAc) lanansnuaidu enamide 31
(7.0 mg, 78.9%) vouvaviiadvies H NMR (300 MHz, CDCLs): O 6.66 (s, 1H), 6.63 (s,
1H), 6.51-6.42 (m, 1H), 6.01 (dd, J= 28.6, 10.3, 1H), 5.30-5.22 (m, 1H), 4.69-4.63 (m, 2H),
3.90 (s, 2H), 3.87 (s, 3H), 3.85 (s, 3H), 3.74-3.62 (m, 2H), 2.69-2.63 (m, 1H), 1.40 (d, J=

6.42 Hz, 3H).
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(8aS,9R,13a5)-2,3-dimethoxy-9-methyl-5,6,8a,9,12,12a,13,13a-octahydro-8H,11H-

pyrano[4',3":4,5]pyrido[2,1-alisoquinoline-8,11-dione (32)
H,CO

H,CO

111 BusSnH (14 L, 0.053 mmol) ag AIBN (0.6 mg, 0.004 mmol) azanglu toluene

(1 mL) uahuasly enamide 31 (14.5 mg, 0.035 mmol) Miagaelu toluene (2.0 mL)

i s
v &l o a a2

N1 reflux 1 AY dsvhazageanaglannuaum dnandueindaldusandunenlng

q

thin layer chromatography (silica gel, 1:1 Hexane/EtOAC) TananSunidu tetracyclic 32

(9.3 mg, 76.9%) levaunaIniaduinig

(R)-1-((35,11bS5)-9,10-dimethoxy-4-oxo-3,6,7,1 1b-tetrahydro-4H-pyrido[2,1-

alisoquinolin-3-yl)ethyl methyl malonate (34)
H,CO

H,CO

H4CO oK
i S

111 Malonic acid azanglu HCUMeOH vhnsnauansuaudunan 1 fiu 91ntu thin
Fazanwaenmeldmuiusn Iindedamidy methyl malonate monoester vauviadd
widos 91ntuth alcohol 26 (20.0 mg, 0.07 mmol) aganglu CH,Cl, (5 mL) waafu EDC
(50.6 mg, 0.26 mmol), DMAP (1.2 mg, 0.01 mmol) gz malonate (0.1 mL) mumsmaaﬁi

gamnivieniiunal 1 Ay ntuneaufisendau sat. ag. NaHCO, (10 mL) afinfiu CH,CL,

Y
[
o 1%

(3x10 mL) MInu1eanA8 anh. Na,SO, kaInsaswIudIaantuisvasatseanngls

(% s o

ANNAUAN U mandaendaliusgnsuiientae thin layer chromatography (silica gel, 1:2

Hexane/EtOAC) lonansmuaidu malonate 34 (32 mg, 88%) vasualdudnd. 'H NMR (300
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MHz, CDCLy): O 6.76 (s, 1H), 6.64 (s, 1H), 6.42 (dd, J = 10.0, 4.86 Hz, 1H), 6.04 (d, J = 10.0
Hz, 1H), 5.25 (m, 1H), 4.65 (m, 2H), 3.90 (s, 3H), 3.88 (s, 3H), 3.71 (s, 3H), 3.43 (s, 2H),
3.25-3.24 (m, 1H), 3.06-3.01 (M, 2H), 2.67-2.62 (m, 1H), 1.41 (d, J = 6.4 Hz, 3H): >°C NMR
(75 MHz, CDCLs): O 166.8, 165.8, 163.3, 148.3, 147.4, 136.6, 128.5, 127.9, 126.1, 112.3,
107.5, 72.8, 56.7, 56.3, 55.94, 52.6, 42.2, 41.9, 41.5, 27.6, 16.6.

Methyl (8aS,9R,12a5)-2,3-dimethoxy-9-methyl-8,11-dioxo-5,8a,9,11,12,12a-
hexahydro-6H,8H-pyrano[4',3":4,5]pyrido[2,1-alisoquinoline-12-carboxylate (36)
H,CO

H,CO

11 lactam 9'(6.5 mg, 0.02 mmob) aganelu CH,Cl, (5mL) e DDQ (17.0
mg, 0.08 mmol), kag Cs,CO5 (20 mg, 0.24 mmol) 11015 reflux tdunan 2 Ju mﬂﬁwqﬂ
U319 1M NaOH wagaiinfiu CH,Cl, (3x10'mL). f¥mineendne anh. Na,50, udnses
siudndnntuthdarharareoennigldmnudusi dnanswiissliviaiuueniag  thin
layer chromatography (silica- gel, 1:2 Hexane/EtOAc) produced lactone 36 (2.5 mg,
30.9%) lhvpsranduies Lag alcohol 26 (2.0 mg, 47%). H NMR (300 MHz, CDCL,): O
6.88 (s, 1H), 6.84 (s, 1H), 5.67 (d, J = 6.7 Hz, 1H), 4.76-4.66 (m, 1H), 3.85 (s, 3H), 3.75 (s,
3H), 3.66 (s, 3H), 3.56-3.52 (m, 3H), 3.26 (d, J = 7.3 Hz, 1H), 3.22-3.15 (m, 2H), 2.70-2.61
(m, 1H), 1.80 (d, J = 7.3 Hz, 3H); >C (75 MHz, CDCly): ") 170.0, 169.9, 163.4, 148.9, 146.9,
134.9,129.4,128.0, 111.4, 109.7, 100.2, 70.0, 56.2, 56.1, 51.9, 50.6, 48.9, 44.0, 27.2, 24.2,
16.8.
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IMNUUINNNTANATILATFUNIIAIUAN  stereochemistry  Uagn15UAIUUY
intramolecular findneiu FeldfinisAnuinsdauesigi Protoemetinol Tnelald chiral
glutarimide  AwnzasonnAnUfAzen aldol WuUMUANANLAS (diastereoselective
aldol reaction) sfegnsfiuszansam Inethluyinufiendu aldehyde Tneldiuanigamgiion
ielitlgnan ot aldol adduct Aifldnwaus stereoselective wuy syn undnsiaeingn uas
@579 benzoquinolizidinone #1WUHATEN N-acyliminium ion cyclization Inen@nsauaitdu

[y

single diastereoisomer WiounsanunTaunyenTuNd1AtyuLI piperidone tndnsae

4

TunsdnAs1en tetracyclic M8 precursor ¥a4 protoemetinol efinmsinausuas
3B uLileuisnTs functionalization Mg 2 kwIneman lawn UfA3en oxidative vinylogous
Mannich @so1fenisnszdusne  DDQ Wusisendladsiuiuiua Cs,CO, WoliAn N-
acyliminium ion flanunsatanasauiiuny malonate ester meluluanaifiedtuldluszdy
NananUIUNA1e BNWUINIIAB radical cyclization Imai%’aﬁé?aﬁuﬁﬁwyj bromoacetate Way
n3edusie AIBN uaz n-BusSnH dslinandn tetracyclic lalusedu 70-80% wifiragiinig

NaUfATedafesusdIn |y n1Ivqaveany halogen (dehalogenation)

0 [e) NBny

HO OH
NH,

L-glutamic acid

A 22 a3un1sdaAsIEt precursor Y89 protoemetinol
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Towag)  nAdeillflaueuuimmamsdunses  protoemetinol  uazansouiusi
Aertesednaduszuu  lngldnagnsufisediamnsaniuay  stereoselectivity Waga¥ns
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Synthetic study of benzoquinolizidine alkaloids: Functionalization of the piperidine ring by
oxidative addition to the unsaturated lactam
Sasipa Booranamonthol, Duangkamon Namborisut, Punlop Kuntiyong*
Department of Chemistry, Faculty of Science, Silpakorn University, Sanamchandra Palace,
Muang, Nakhon Pathom, Thailand
*E-mail: kuntiyong p@su.ac.th

Abstract:

Benzoquinolizidine is an important structural feature found in many biologically active alkaloids.
Herein, we discuss a synthetic study of benzoquinolizidine alkaloid emetine, focusing on the installation of a
substituent on the C ring of benzoquinolizidine system using the oxidative bond formation. Emetine is a
cytotoxic benzoquinolizidine alkaloid found in the root of Psychotria ipecacuanha. Our synthetic study led to
benzoquinolizidinyl ethyl malonate ester 9 as the key precursor. We envision the installation of a malonate
moiety on the piperidone C ring to be achieved by oxidative vinylogous Mannich reaction of the unsaturated
lactam 9 via N-acyliminium ion A. DDQ was used as an oxidant while cesium carbonate was used as a base
to affect the diastereoselective formation of lactone C. In addition, in a synthetic study of related compound
tetrabenazine, oxygenation of the benzoquinolizidine precursor 10 was accomplished using Wacker type

reaction.

1. Introduction

Benzoquinolizidine alkaloids are a
prominent class of natural and = synthetic
compounds that exhibit diverse and potent
biological activities, making them attractive
scaffolds for medicinal chemistry and drug
discovery. Notable examples include emetine,
historically used as an anti-amoebic agent and
more recently recognized for its antiviral and
anticancer activities via inhibition of protein
synthesis and induction- of —apoptosis'. Its
biosynthetic precursor, protoemetinol, although
less studied, shares the core structure and presents
a simplified scaffold for further drug development.
Synthetic derivatives such  as. tetrabenazine (a
VMAT?2 inhibitor for Huntington’s disease)’ and
carmegliptin (a DPP-4  inhibitor for type 2
diabetes)® further - highlight the therapeutic
relevance of this scaffold. Additionally,
tetrahydropalmatine demonstrates sedative and
analgesic effects, with potential applications in
anxiety and addiction treatment®. The chemical
structures of these representative compounds are
shown in Figure 1. These examples underscore the
pharmacological significance of
benzoquinolizidines and the need for efficient
synthetic methodologies to access them.

We have previously reported synthesis of
benzoquinolizidine 1 via diastereoselective N-
acyliminium ions cyclization. The chiral N-
acyliminium ion was derived from 2-(3,5-
dihydroxyphenyl) ethylamine and derivative of L-
glutamic acid as a starting material. The
dibenzylamino group gave stereocontrol in the
reaction. After the key reaction the dibenzylamino

group was removed using Cope elimination to give
conjugated unsaturated lactam 2 which could
readily. be converted to the allylated
benzoquinolizidine 3 and methyl ether 4 via
conjugate nucleophilic addition.> On the other
hand, we also reported Cope elimination of
benzoquinolizidines S5 and 6 giving non-
conjugated unsaturated lactams 7 and 8.
Installation of a substituent on the lactam C ring in
this case cannot proceed via conjugate addition.®

HiCO

Tetrahydropalmatin

Emetine Carmegliptin
Figure 1. Examples of bioactive molecules of
benzoquinolizidine skeleton.
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Scheme 1. Our previous reports on synthesis of
benzoquinolizidines

In this work, we discuss a synthetic study
of emetine via protoemetinol as the key precursor.
Installation of the substituent on the unsaturated
lactam C ring would employ the oxidative
vinylogous Mannich reaction. This strategy was an
adaptation from a one-pot transformation strategy
reported by Jung and Min.” They synthesized
benzoquinolizidine via the aza-Michael and
oxidative Mannich process, in ' which DDQ was a
key oxidant with high diastereoselectivity. In
addition, in a synthetic study of related compound
tetrabenazine, oxygenation of the
benzoquinolizidine precursor was-accomplished
using Wacker-type reaction.

This work

X HsCO
H4CO. R
H
H /73( N0
S N_O ————» HsCO
HsCO S R
x R
R °©
7R =Me OH /\g
8R=iPr 9R=Me, R'=CO;CH; 10R=i-Pr, R =H
DDQ, base Pd(OAc)zl

Scheme 2. Functionalization of the piperidine ring
by oxidative addition to the unsaturated lactam

2. Experimental Methods.

All reagents and starting materials were
obtained from commercial sources and used
without further purification. Reaction progress was
monitored by TLC on Fluka silica gel 60 F-254
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plates (0.2 mm) and visualized under UV light or
by heating after staining with 1% vanillin in 0.1 M
H,SO4EtOH. Flash  chromatography  was
performed using 40 pm silica gel (Scientific
Absorbents Inc.). NMR spectra ('H and '*C) were
recorded on a Bruker Avance-300 spectrometer in
CDCIl; with TMS as the internal standard.

2.1 (R)-1-((3S,11bS)-9,10-dimethoxy-4-oxo-
3,6,7,11b-tetrahydro-4H-pyrido|2,1-
alisoquinolin-3-yl)ethyl methyl malonate (9)
Malonic acid was dissolved in a mixture of
HCI/MeOH. The reaction mixture was then
concentrated under reduced pressure. To a solution
of'alcohol 7 (20.0 mg, 0.07 mmol) in S mL CH>Cl,
EDCI (50.6 mg, 0.26 mmol), DMAP (1.2 mg, 0.01
mmol), and an excess of malonate was added. The
reaction mixture was stirred at room temperature
overnight. The reaction was quenched with sat. aq.
NaHCO; (10 mL) and extracted with CH.Cl,
(3%10 mL). The combined organic layers were
dried over anh. Na>SQs, filtered and evaporated
under reduced pressure. Purification of the crude
material by thin layer chromatography (silica gel,
1:2 Hexane/EtOAc) produced malonate 9 (32 mg,
88%) as a yellow oil. 'H NMR (300 MHz, CDCl5):
86.76 (s, 1H), 6.64 (s, 1H), 6.42 (dd, J=10.0, 4.86
Hz, 1H), 6.04 (d, J = 10.0 Hz, 1H), 5.25 (m, 1H),
4.65 (m, 2H), 3.90 (s, 3H), 3.88 (s, 3H), 3.71 (s,
3H), 3.43 (s, 2H), 3.25-3.24 (m, 1H), 3.06-3.01 (m,
2H), 2.67-2.62 (m, 1H), 1.41 (d, J = 6.4 Hz, 3H):
3C NMR (75 MHz, CDCl5): § 166.8, 165.8, 163.3,
148.3,-147.4, 136.6, 128.5, 127.9, 126.1, 112.3,
107.5,72.8, 56.7, 56.3,55.9,52.6,42.2,41.9,41.5,
27.6,16.6.

2.2 = Methyl (8aS,9R,12aS5)-2,3-dimethoxy-9-
methyl-8,11-dioxo-5,8a,9,11,12,12a-hexahydro-
6H,8H-pyrano[4'3':4,5|pyrido[2,1-
alisoquinoline-12-carboxylate (11).

To a solution of lactam 9 (6.5 mg, 0.02 mmol) in
CH>Cl; (5 mL) was added DDQ (17.0 mg, 0.08
mmol), and Cs>COs (20 mg, 0.24 mmol). The
mixture was heated to reflux for 2 days. The
reaction was quenched with IM NaOH and
extracted with CH>Cl, (3x10 mL). The organic
phase was washed with water and brine, dried
over anh. Na;SOs, filtered and evaporated under
reduced pressure. Purification of the crude
material by preparative thin layer chromatography
(silica gel, 1:2 Hexane/EtOAc) produced lactone
11 (3.2 mg, 49%, dr = 10:1) as a yellow oil along
with



alcohol 7 (2.3 mg, 47%). 'H NMR (300 MHz,
CDCls): 5 6.88 (s, 1H), 6.84 (s, 1H), 5.67 (d, J =
6.7 Hz, 1H), 4.76-4.66 (m, 1H), 3.85 (s, 3H), 3.75
(s, 3H), 3.66 (s, 3H), 3.56-3.52 (m, 3H), 3.26 (d, J
= 7.3 Hz, 1H), 3.22-3.15 (m, 2H), 2.70-2.61 (m,
1H), 1.80 (d, J = 7.3 Hz, 3H); “C (75 MHz,
CDCls): § 170.0, 169.9, 163.4, 148.9, 146.9, 134.9,
129.4, 128.0, 111.4, 109.7, 100.2, 70.0, 56.2, 56.1,
51.9, 50.6,48.9, 44.0,27.2, 24.2, 16.8.

2.3 Benzoquinolizidine Acetate 10

To a solution of alcohol 8 (46.5 mg, 0.14 mmol) in
dried CH>Cl, (1 mL) was added pyridine (1 drop)
under an argon atmosphere. To this solution was
added excess AcO (0.50mL) and stirred
overnight. 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.
NaS0s, filtered and evaporated under reduced
pressure to give the product 10 (quantitative yield)
as a yellow oil. "H NMR (300 MHz, CDCl3): 6 6.70
(s, 1H), 6.62 (s, 1H), 6.40 (dd, /= 6.7, 2.3 Hz, 1H),
595 (d, J = 6.7 Hz, 1H), 5.18 (m, 1H), 4.68 (m,
1H), 4.50 (s, 1H), 3.89 (s, 3H), 3.85 (s, 3H), 3.20
(m, 2H), 3.05 (m, 1H), 2.65 (m, 1H), 2.12 (s, 3H),
2.05 (m, 1H), 1.08 (d, J="7.0 Hz, 2H), 0.98 (d, J =
7.0 Hz, 2H); C NMR (75 MHz, CDCl3): 169.8,
146.2, 145.2, 138.5, 128.2, 127.33, 126.6, 126.3,
124.7, 109.3, 107.0, 67.3, 55.9, 54.1, 53.40, 411,
40.6,23.9,27.4,19.3.

2.4 Benzoquinolizidine vinyl acetate 12

A solution of unsaturated lactam-acetate 10 (20
mg, 0.05 mmol) in toluene (5 mL) was treated with
Pd(OAc), (13 mg, 0.06 mmol) and Na,CO; (14
mg, 0.12 mmol) and the mixture was heated to
reflux for 12 hours. The reaction was concentrated
under reduced pressure and water (10-mL) was
added. The mixture was extracted with CH,Cl»
(3x10 mL). The combined organic layers were
dried over anh. Na,SOs, filtered and evaporated
under reduced pressure. Purification of the crude
material by preparative thin layer chromatography
(silica gel, 1:2 Hexane/EtOAc) produced vinyl
acetate 12 (13.4 mg, 67%) as a yellow oil. 'H NMR
(300 MHz, CDCls): 8 7.49 (s, 1H), 6.71 (s, 1H),
6.05 (dd, J = 5.1, 1.5 Hz, 1H), 5.59 (s, 1H), 4.28
(d,J=1.5Hz 1H), 3.96 (s, 3H), 3.86 (s, 3H), 3.84-
3.80 (m, 1H), 3.54-3.50 (m, 1H), 2.99-2.84 (m,
1H), 2.17 (s, 3H), 2.14-2.10 (m, 1H), 1.02 (d, J =
6.9 Hz, 3H), 0.99 (d, J= 6.9 Hz, 3H); *C NMR (75
MHz, CDCl): 6 168.0, 157.0, 148.0, 146.8, 146.7,
140.8, 132.4, 129.5, 125.9, 111.5, 109.5, 100.6,
56.3, 56.1 (2C), 45.7,29.3, 24.6, 22.3(2C), 21.2.
3. Results and Discussion
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The  synthesis of  functionalized
benzoquinolizidine started with conversion of the
alcohol 7 to malonate ester 9 via EDCI-mediated
esterification with methyl malonate monoester in
the presence of DMAP in dichloromethane. This
key precursor underwent oxidative vinylogous
Mannich cyclization under the influence of DDQ,
via single-electron oxidation at the nitrogen center
to generate an N-acyliminium ion intermediate A.
This electrophilic species was attacked by the
enolizable malonate side chain at the vinylogous
site, resulting in the diastereoselective ring closure
to form lactone 11. DDQ plays a critical role in
forming the iminium intermediate under mild,
metal-free conditions. Cs2COs served as a mild,
non-nucleophilic base that facilitated
deprotonation of the malonate side chain, thereby
enhancing its nucleophilicity and promoting
efficient C—C bond formation. Unfortunately, the
product was obtained in moderate yield due to
partial hydrolysis of the malonate ester to give
alcohol 7 as the undesired side product. In a related
study of the synthesis of tetrabenazine, alcohol 8
with an isopropyl group was converted to acetate
10 in a standard procedure. Treatment of this
compound with palladium acetate resulted in
addition of the acetyl group to the unsaturated
lactam ring in a Wacker type reaction to give vinyl
acetate 12 via organopalladium intermediate B.
This compound will be used for the synthesis of
commercial drug tetrabenazine.

HsCO. o 9 H3CO.

9N o HOMOCHs 98
HiCO ——————3% hco
™ EDCI, DMAP, CH,Cl,, 9 2
., overnight
4 OH 88% H3COWO
0o 0
‘ DDQ
NI_oO
/
X
0o o©

+7 (47% via hydrolysis)

Scheme 3. Oxidative vinylogous Mannich reaction
of unsaturated lactam 9



OH

H3CO. 9 o H,CO
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Scheme 4. Oxygenation of the unsaturated lactam
10 via Wacker-type reaction

4. Conclusions
In this study, we demonstrated the
synthesis of benzoquinolizidine  scaffold via
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