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Tuthagtiuamsusznoudanasedlufivasdninlng (Piperaceae) iluilaulalungs
vasniad Wesndgrimsdnndinarnuatsuasiiannuddydeiaiinisunms Tne fUa
Long pepper (Piper retrofractum Vahl %3 ® Piper longum ) v uit wluasdwsnlne
(Piperaceae) TinulgviluluedslduaziolunsTusandedld dmsunsisemainemans
fiserunisfnwesrusznoumaniiiddy tud piperlongumine (1) way piperine (2) &
fvdiunzisedildlvg sy weeddllgnsifiuuffous duoinmssniauuarannissand

[

ﬁusuaqmﬁmﬁaﬂ UBNANLLANNITINBIIUNTEUATILRNTTIBNUNNTAUATIEN chabamide

£
1Y

911 piperine (1) FaigvEvnadinmildusoglusuves racemic mixture sn3deiddld@nw
NITUIUNITIUATIZYA piperlongumine Laza1slATIASI9AAIBUBY piperlongumine 548
Anerdgn§en Asymmetric Diels-Alder reaction W LU intermolecular waz
intramolecular ialdlun1sdansies chabarmide IuagJiiugU%aq non racernic mixture
lumsdauasiedt piperlongumine y3dalpunansununIsduATIERLas iR TEUATIZA
unsaturated-d-lactam 910 L-glutamine i eldid u precursor TUN1SE ILATIEN
piperlongumine sisluuazuenang delausunun1sduassinasiaun chiral acrylate
dienophile Al#lunsAnuIuFATen Diels-Alder reaction lumsduiasgsianslasiaiundie
994 chabamide Imaﬁﬂﬁﬁ%mﬁﬁ’lﬁmlﬁm N-benzylation, CDI-mediated cyclization, N-
alkylation waw cross metathesis §aannsiddeiamnsothluvssandldlunisdunmeians
AUNUSUAZAIIIATIAT19AA898" piperlongumine kag chabamide lulasasiesinegloly

auAssaly
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MR. Phongsathon KHLONGKHLAEQO : Synthesis of derivative and anglog of
Chabamide Thesis advisor : Associate Professor Punlop Kuntiyong, Ph.D.

Long pepper (Piper retrofractum Vahl or Piper longum, A U&) is a plant in the
pepper family (Piperaceae). It has been used in Thailand as well as South and
Southeast Asia as spice for cooking and as an ingredient in traditional herbal medicines.
Deepli is used for remedies for indigestion, cough and other respiratory related
abnormality as well as intestinal worm and hemorrhoid. It can also be mixed with
other herbs in medicine ball for local muscle aches and bruises. Studies of chemical
constituents of deepli extract showed that piperlongumine (1) and piperine (2) are
important ingredients which exhibit anti-colon and liver cancers as well as anti-
bacterial, anti-inflammatory. and anti-platelet aggregate activities. In addition,
chabamide, a dimeric bis-amide found in plants in pepper family, has been synthesized
from piperine by Diels-Aler reaction, which give cycloadduct in racemic form. In this
work, we developed a new synthetic route for unsaturated lactam for synthesis of
piperlongumine and its 3-dibenzylamino analog as well as a chiral acrylate dienophile
for asymmetric Diels-Alder reaction aimed for synthesis of enantiomerically pure
chabamide and its analogs. The key reaction including N-benzylation, CDI-mediated

cyclization, N-alkylation and cross metathesis.
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o oA =~ £ = A a o w1 a ¢ a
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1. Dimeric cyclohexane bis-amide alkaloid Iug‘dsuaﬂ racemic mixture

Chabamide A (6) Nigramide B (7)
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INAITTIINUNTANATIEN unsaturated O-lactam 15 1ae Stuart L Schreiber Tudl 2012

FaagBuannsduased unsaturated O lactam 15 AgUAsen ring closing metathesis
¥99 N-butenyl acrylamide 20 lu 2 Yumeuain butenylamine hydrocholirde 18 uag

acryloyl chloride 19 (Wil 7)
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mwf/‘i 7 N15&UATILY unsaturated O-lactam 15 Ime Stuart L Schreiber
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S18UNTEUATIEY Nigramide B, Chabamide &g dimeric bis-amide lagiinisAnw
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n1sAnwEN1IzvasUiise Diels-Alder reaction w84 piperine

1. n3iUfAsen Diels-Alder reaction ¥4 piperine lnen1sliAusou (Thermal) wag

a

Lufldfvinazany (Solventless condition) Faanaafiandlun1snd 1 wudn gideld

a v o A Aaa o A A
BEUNAULLALAINIRSAYNAN € LLa%Naﬂqﬁmﬂﬁ@QW@WaﬂﬂﬂﬁLu entry v 13 WuIHAg

9 Y 9

[

‘mﬂﬁﬁ%m‘lmleaﬂ%ﬁ’w‘hazmaﬁqmmﬁ 130 °C 338 Nigramide B, Chabamide uas
dimer bis-amide 22 lagil % combined yield Wiy 57 % wagil Cycloadduct ratio

Wu17:72: 11

(0]
<O]©W,\O Diels-Alder reaction
) O:
© <
2 O

Dimeric Bis-amide (22)

conditions cycloadduct (ratio%)
entry solvent (T(*C)  vyield (%) Nigramide B Chabamide Bis-amide
1 acetone 56 0
2 CHC3 61 0
3 methanol 65 0
4 benzene 80 0
5 dioxane 101 0
6 toluene 110 3 11 8 11
7 xylene 135 17 11 86 3
8 DMF 153 3 22 61 17
g 4-octanol 170 47 15 7 11
10 3-octanol 177 49 14 80 8
11 2-octanol 179 26 15 7 [
12 1-octanol 194 18 22 67 8
13 neat 130 57 17 72 11

M13197 1 uanaan1zlunisvidisen Diels-Alder reaction ¥4 piperine



2. mM3U{A3en Diels-Alder reaction w84 piperine lagld Lewis Acid catalyst
conditions fauandlumsnei 2 wuIgAdeldfinigld Lewis acid catalyst Tun1svin
UfATe1 Diels-Alder reaction #4370 Entry 7 8 Faagdinsld 3-Octanol 1usash
azany  ay CoCl,.6H,O Ju Lewis acid ‘ﬁ 177°C Gﬁﬂléj Nigramide B, Chabamide
waz dimer bis-amide uananidsld cycloadduct wagil % combined yield Wiy

28 % wazdl Cycloadduct ratio Ju 15:41:3:41

(0]

<O:©/W,\O Diels-Alder reaction
T~ T 1Y
O

2

Dimeric Bis-amide (22) Cycloadduct (23)
conditions cycloadduct (ratio%)
entry solvent Lewis acid (T(°C) yield (%) Nigramide B Chabamide  Bis-amide

1 xylene FeSO,.7H,0 135 10 1 86 3
2 xylene CuS0,.5H,0 135 13 1 86 3
3 xylene CoCl,.6H,0 135 11 11 87 2
4 xylene ZnCl, 135 6 1 87 2
5 3-octanol FeS0,.7H20 177 15 1 86 3
6 3-octanol CuS0,.5H,0 177 15 9 86 5
7 3-octanol Zn50,.5H,0 177 22 1 86 3
8 3-octanol  CoCl,.6H,0 177 28

9 3-octanol ZnCl, 177 9 16 78 3]
10 neat FeS0,.7H,0 130 5 13 84 3
1 neat CuS0,.5H,0 130 23 14 83 3
12 neat ZnS0,.5H,0 130 21 15 81 4
13 neat CoCl,.6H,0 130 15 13 82 5
14 neat ZnCl, 130 5

M15799 2 wansan1zlunisviufisen Diels-Alder reaction ¥4 piperine



Tud 2021 lain139189UNdLATIEROYNUSTEY piperine WAZANWIGVENTININ
Tunissunisdneu T Ao alivg) waview wagany JAEUINNITAUATISETOURUSVRY
piperine ngld piperic acid #laainnisvinufisen Hydrolysis luan1iziva wagyiinig

o s Y . o & . . o v 5
NLATIENAITDUNUS piperine TnednLty amide series AILAAILULNUNIT 3
0 o)
o) X KOH/MeOH, HCI N
N eOn, O
<]i>/\/\)L O > ( o
0 2 Reflux 0 24
(0]
0 N N amine o) NN
< OH - < R
0 24 DCC, DMAP, CH,Cl, o 25.28
(6] (0]
<OWD <OI>/WLH/\/\
o 25,45 % o 26, 58%
i i
<O:©/\/\)‘\N/\/\ <Oj©/\/\)LT
O 27, 28% H\ O 28, 32%

AN 9 LARINISHIATIENATEYNUS piperine

wonnifaladnisdansigi Chabamide Fadu piperine dimer lagld piperine (2)

H1uUfA381 Diels-Alder reaction

<O:©M)L,\O Si0,
—_—
(0] 160°C, 6 hr.

Chabamide A (6)

] [ (4 . . .
AN 10 NTENLATIEN piperine dimer
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Tud 2024 ladnssieaudsnsduasisivesansndndueisssuyflungy Truxillate
FaAanu Solid-state Photocycloadditions Imaﬂm Ellie F. Plachinski wazmauz 3slaiinng
WauIsn1sduaTeilagiindu - Solid-state  photocycloadditions Faidnsld  C-Acyl
imidazoles 10U key precursors 91nN13MAABINUIINISIURAS1 Photocycloadditions Tu

dnuzvasdisazdivandymilunisiufisenaziaudunzlunsinu et

[
VA o

annsalvansuandusiidy  single product  Iagluanudseligidelsvinnsdansivsians

Y

HARAusITIIANGY Truxillate 3 wiia lawn OL-truxillic acid, piplartine dimer A wag

dipiperamide A °

Me
0 +W\Ar QA
N\Hj\/\ HCI <\,N Me hv I \ ] Ar
S Ar \ N —— N
. S T T
N, Ar\/mxk\ﬁ / )\‘\ N o,
Me H N % ‘\\\ ‘Ar
L 3 _ P 0
3 truxillate natural products

Al 11 uaasnstiaufisen Photocycloaddition @atAnrinu Solid-state

nsduATIEn Ol-truxillic acid eadelasuyimsduasigilagly C-acyl imidazole
substrate (29) yiUgi3e1iu HCL o Imidazolnium salt tAnUAse1 Photodimerization
Igwu dimer cyclobutane (30)-a1nduvihufiAsenatntuinufiisen Methylation Tagld

Methyl trifluoromethanesulfonate (MeOTf) el dimethyl intermediate (31) lLag

AnURA3e7 Hydrolysis Tuanmziualesld 2M NaOH agléidu al-truxillic acid (32)

%overall yield 1y 83% sauansluy awdi 12
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(0] H (0]
@)% HCI @N\')K/\ ' 427 nm LED N _7
\_N <\/N‘ ‘

N 92% N
Me Me O

29 Imidazolnium salt
30

l MeOTf, DCM

o |

o) N
oA

OH 2M NaOH e MeN= /

- Vo,
HO \\‘\\ 9@ 91% )\\ @

31

32, a-truxillic acid

83% overall yield

mwﬁ 12 LARINITEUATIET OL-truxillic acid (32)

Msduasizdt  piplartine. dimer A FeffiduldiGuvhmsduaneilagld  Cacyl
imidazole substrate (33) viUfAseniu. HCL ey Imidazolnium salt 1AnUjAzen
Photodimerization  lowdu  dimer cyclobutane (34) mﬂﬁ?uﬁwﬁﬁ%mmﬂﬁ?uﬁﬂﬂﬁﬁ'%m
Methylation lmeld Methyl - trifluoromethanesulfonate (MeOTf) ialdu dimethyl
intermediate - wazAnUfATe1 Hydrolysis luanmzwalasld 2M  NaOH  azlaidu
dicarboxylic acid (35) ﬂﬂﬂﬁuﬁaﬁamﬁﬂmﬁwﬁ diacid chloride lngvinufjizen Chlorination
lagls Oxalyl chloride wagvihAzennu. dihydropyridone (36) T toluene ﬁqmwﬂuﬁ 80 °C

Faagldansuansoeidu piplartine dimer A (37) %overall yield 1Ju 18% fauansly awil

13
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OMe
MeOQ,

HCI, H,0

o MeOTf, DCM
OMe 427 nm LED

~ MeO ||\1 than 2M NaOH
g W
. 99%
OMe ° r o, N 52%
33 OMe N\ OMe
| O
o}

Me

34 MeO

OMe
1. Oxalyl chloride, MeO
DMF THF o
MeO OH
2. 4A mol sieves, toluene
N o ", 80°C HO— "
\\\ \\\ 7 OMe
o o)
(e} HN
OMe || 38 OMe
MeO 35 MeO
37, piplartine dimer A 50%

18% overall yield

AT 13 wanInSELATIEH piplartine dimer A (37)

nsdaATIZY dipiperamide A %aﬁ‘iﬁ'ﬂlﬁf‘éuﬁ’lmiﬁﬂmeﬂ%ﬁ C-acyl imidazole
substrate (38) ¥UHAse1AU HCL 90w Imidazolnium salt WiaUA3e1 Photodimerization
160y dimer cyclobutane (39) TimiuvnUiise1ntuiuRAse1 Methylation Tngld
Methyl trifluoromethanesulfonate (MeOTY) Wielandu dimethyl intermediate Wagyin
U311 u DMAP waz MeOH axlallu dimethyl ester (40) wazvi1ufiiisen reduction Tag
14 reducing agent 1w LiAlH, Tu THF Tet0u diol intermediated LLazmﬂﬁuﬁwﬁﬁém Dess-
Martin oxidation Inevinufjisenriu- Dess-Martin-periodinane (DMP) Favzansudnsoandu

dialdehyde (41) wagvUAsen Hormner-Wads worth-Emmons olefination (HWE) vl

dipiperamide A (42) & % overall yield 18u 23% fauanslunini 14 7
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O

¢ 0

9 0

\
HCI, H,0
N Z 0 470 nm LED \ _] MeOTf, DCM
~
<\,N > > ["\‘ LI N than DMAP, MeOH
N 76% N3 s,
Me o o N)\‘\ @\—o 83%
o)
38 ‘ 39 P,

(0)
O
1.

o)
[1}
0 P
( o) ( o EtO’I\)J\N
o) 1. LAHITHF, 96% Y OEt
OMe 2. DMP, DCM, 75% H
» NaH, THF
MeO—g" ™ 2. THF, 0 °C , 65%
A Q " o) ’
O40 P o )
o) M o
o
( o)
0 ~ NQ
O~
O 4

0)

AMA 14 uansnmsdauasie dipiperamide A (42)
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unil 3
= [ ¢
N1IANYINIIAILAIIEK
N5ANYINITAUATIZY piperlongumine Waza1TlATIAS1IAA8Y09 piperlongumine

FULAAUDLAUNITHULATIZN 1 WEUNIY SIUDIAUNITHUATIZN unsaturated-O-lactam 7l

@2
=)

uasAIAUluNITELATIZI piperlongumine

o

b

ASEUATIZH Piperlongumine
N158UATIER  unsaturated-O-lactam (39) Fadu precursor Aldlunsdaunszs
piperlongumine (1) T,mEJQ"ié’fsﬂélaummumsé’amiwﬁim unsaturated-O-lactam  (15)

anunsadunseilaainnisiufiisen Cope-elimination woe dibenzyl-O-lactam (43) Tng
auns0duasIilaannnisinufasen reduction ¥es 3-dibenzylamino glutarimide (44) %
¥99 3-dibenzylamino glutarimide (45) @1nsadwATEIna1n L-glutamine Tu 2 Yunau

lAuA N-benzylation wag CDI-mediated cyclization aguansly A il 15

0O (0] 0
Cope-elimination NBn, Reduction NBn, Q Q
HN® ) —— ™ 11w | —
| HoN OH
¢}

NH,
15 43 44
L-glutamine

AN 15 wand Retrosynthetic analysis |

Synthesis route | : NSAUATIEN unsaturated-O-lactam (15)

va

Msauasied  unsaturated-O-lactam—(15)  {AdEldBuanmshUARTn  N-
benzylation ¥84 L-glutamine %a%ﬂumw% amino t8u dibenzyl group Tneazyiufizen
fiu Benzyl chloride , K,CO; taz NaOH ndlsinudeu reflux Wunan 24 hragldans
nanAaualu dibenzyl glutamine mﬂﬁ?uﬁ'miﬂmﬂmaﬁmﬁﬁ%m Imide formation lagld
coupling agent Ju 1,1'-Carbonyldiimidazole (CDI), DMAP wayldiuandu triethylamine
(ELN) ntidliimnudou reflux Wunan 24 hr. Geagldansuansasidu 3-dibenzylamino
slutarimide 44 Taed % yield fifide mﬂﬁ?upﬁé'a?jﬂé’v‘hmié’qmﬁwﬁ dibenzyl-O-lactam
43 Inevinufisen reduction \ievinis reduce My carbonyl group yosansHady 1 ny lng

% reducing agent \Ju  Lithium Aluminium Hydried (LiAIH,) Tu THF Ssannnanisnaaed



15

nunldilesiiansudndueidu dibenzyl-O-lactam 43 usdald dibenzyl amine 43.1 dnee
niuIvelanh dibenzyl-O-lactam 43 VU3 cope-elimination Tngazyinsmdnis
dibenzyl iilelvlfansnannusiiu unsaturated-O-lactam 15 lagviuFAzeniu m-CPBA lu

CHCL, Toedl %yield i 63% Fauandly andl 16

0 0O BnCl, K,CO5;, NaOH Q 2 CDI, DMAP, Et;N, CH,CI, Q NB
’ H,N OH —————— P N n2
HoN OH . .
reflux overnight NBn reflux overnight
NH» 2 o
L-glutamine 60 % in 2 steps 44

dibenzyl glutamine

0O

LiAlH, / THF o~ o CPBA
EE— ny NBn m- HN
Reflux HN HN N> |
+ 63%
431 (43%) 43 (18%) 15
AWfl 16 WARINNSEULATIZI unsaturated-O-lactam (15)
wdsanigRdeldinnisduasizsi unsaturated-O-lactam (15) §iduAninazanunse
duAs1ent  piperlongumine (1) Imgn13vinUfAzen  Amide formation Ay 3,4,5-

trimethoxycinnamoyl chloride Ipelfiuailu NaH aslusisaudunsizivesqu Li uaz

Zhang Nlain1551891un15d9ASIZY piperlongumine 1NnauRtnl

A1589LA51294 Piperlongumine Analog

1%
YA v @

wenNiEIedaladinnsianaununisduasgiaislasiasundievas piperlongumine (1)
lngyinnsdauaseyt 3-dibenzylamino piperlongumine analog (45) {I3uausadATIE
l9nn19vinufAzen Amide formation U89 3-dibenzylaminopiperidine (43.1) wag 3,4,5-

trimetroxycinnamic acid (46) fauansly awi 17

0 0

MeO X NBn,  Amide formation MeO. X
N 2 \) OH NBn,
» + HN
MeO

MeO

OMe 46
45 OMe 43.1

AT 17 wans Retrosynthetic analysis 984 3-dibenzylamino piperlongumine analog
(45)
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Synthesis route Il : N1584A5129 3-dibenzylamino piperlongumine (45)

N3duATIZA  3-dibenzylamino piperlongumine 45 ﬁ%ﬁ'ﬂlﬁﬁmﬂﬂmsﬁwmi
WAn e LiaINN15¥IUFATEN reduction 484 3-dibenzylamino glutarimide 44 Gsazléians
HanAe lon dibenzyl-d-lactam 43 wag 3-dibenzylaminopiperidine 43.1 %ﬂﬁﬁﬁ&léfﬂﬁ
3-dibenzylaminopiperidine 43.1 119NU{A381 Amide formation \fievin1s coupling
YIS 3-dibenzylaminopiperidine 43.1 Wag 3,4,5-trimetroxycinnamic acid 46 Tnely
coupling agent U 1-Ethyl-3-(3-dimethylaminopropylcarbodiimide (EDCI) londu 3-
dibenzylamino piperlongumine 45 fauansly A 18

0

o)
MeO NS
OH NBn, ~ EDCI, DMAP, CH,Cl, MeO NN NBn;
+ >
MeO MeO
OMe 46 TR OMe 45

43.1

A 18 uaRINISELATIEY 3-dibenzylamino piperlongumine (42)

1%
va o

wenNUNAlnAnwInTsEuAT AN seTuSYed piperine 47 laglalauaununis

(%

AUATIEVRIN

N15ANEINTSELATIZY Chabamide WUU non-racemic : NSAILATIZH
Dibenzylaminopiperine

mMsdansziasoyiusues  piperine  F9IdElivinsdansesianseyiudues
piperine Lﬁﬂ%ﬂuaﬁﬁgﬂéfﬂumﬁﬁ’mﬁﬁ%&ﬂ Diels-Alder reaction lngr3duanunsadaasiey
3-dibenzylamino piperine 47 lga1nn139UfATeT  Amide formation weq  3-
dibenzylaminopiperidine 43.1 Wa¥ piperic acid 24 R piperic acid 24 &uNInELATIZALA
1NNSYIUGATEN Hydrolysis ¥e4 piperine Tuaniaziua wag 3-dibenzylaminopiperidine
43.1 anu3adansnesilann1svindisen reduction ¥e4 3-dibenzylamino glutarimide 44

AILAAILL AIWNA 19
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(0] (0]
Amide formation
0 X N NBn, . <o X OH e NBn,
<o 7 % 24 *
47 43.1
Hydrolysis Reduction
0 (0]
O;@/\/\)LN 3\15/"“3”2
<O 2 O (@)
44

AMH 19 uand retrosynthetic analysis 489 dibenzyl piperine derivative (47)

Synthetic route Il : N58§9.A31%9% dibenzyl piperine derivative (47)

n15daATIZY dibenzyl piperine derivative 47 ﬁ%ﬁ&lﬁ]&%‘mmﬂmiﬁ'ﬂmiwﬁ piperic
acid (44) é?fﬂ%é’ﬂLﬂﬂzﬂﬁmm'ﬁﬁmﬁﬁ%m Hydrolysis 984 piperine 2 luanmzduiua
TngagyiufAzelu 20% KOH lu Ethanol wazviimsuiu pH Tagld sM HCL Geagléans

aaa

wanfnuaidu piperic acid 24 a1nduidelaviufAsen Amide formation @39z coupling

=

5¥WIN piperic acid wag dibenzyl amine 43.1 @slaainn1svi1U)isen reduction ¥4 3-
dibenzylamino glutarimide 44 aglaanswandmaiidu dibenzyl piperine derivative 47 1ag

71 % yield 13 34% Fanandlu nd 20

(@] (0]
20% KOH in Ethanol
0 X N - 0 X OH
< 2 < 24
(@] 85% (@]

NBn2
0 X NBn,
43.1 < N
y e o

47
EDCI, DMAP, CH,Cl,
34%

AMdl 20 wansnsdauasiei dibenzyl piperine derivative (47)
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INMTAUATIER  3-dibenzylamino piperine derivative (47) #a{338A1AI19
anunsndaATIEianTouRUsYes Chabamide (6) 19ann15viUfisen intermolecular Diels-

Alder reaction @9zl 1suan Ay non-racemic mixture sanandlunIng 21

MW 21 LARINITNEINFUATIENE1TOYIUSVRI Chabamide (6)

nsfnwnsdunseianslaseasnwes  Chabamide (6) @aiduloiausununis
[ (4 L [ (3 a VYa v (% .7 6 . . .
AALATIEN 4 LEAUNNNITELATIEN Imaum%wwmuazmmﬁw chiral acrylate dienophile
2 yiaeldlun1sviuisen Diels-Alder reaction Hagn13dBATIERESIATIATIIAE18YD
Chabamide Iﬂamiﬁmﬁﬁ%m Intermolecular Diels-Alder reaction @ Intramolecular

Diels-Alder reaction

Intermolecular Asymmetric Diels-Alder Reaction 983 Chiral Dienophile 311

Dibenzylaminoglutarimide tag Succinimide

PNNTANYINTHNATILYETLATIET9AAN8URS Chabamide (6) 114%14&%%"3%’8157
dA1%94 chiral acrylate dienophile 2 #fin Im;ﬁ%’aﬁmﬂ%’aﬁgﬂﬁuﬁL‘T]u‘lmaqaﬁﬁ chiral
center oA dibenzylamino glutarimide (44) wag dibenzylamino succinimide (48) R
ansadansesildann Lasparlagine T 2 fumou @annsduasiest chiral acrylate
slutarimide (48) {3feanunsadaasiznlaainmsvidfizen cross metathesis ¥a¢ N-allyl
glutarimide (49) wag Ethyl acrylate (50) wag N-allyl glutarimide &nunsadanszsilaain
n3viUfnse1 N-alkylation ¥8¢ dibenzylamino glutarimide (44) 1A L-glutamine A9ULEAS

Tu Al 22
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(0]
. 0 .
EtO NBn, Metathesis 0 N-alkylation
AN N A
\n/\/\ ,) )j\/ \/\N NBHQ
o o EtO +
48 50 0

O
H)Né’Nan O ()
) — HzNJ\/\HkOH
44 NH,
L-glutamine

amdi 22 Retrosynthetic analysis U89n1584A319 chiral acrylate glutarimide (45)

n3duATIE chiral acrylate succinimide (51) §3duanunsadunsenilaninnisvi
U381 cross metathesis ¥89 N-allyl succinimide (52) wag Ethyl acrylate (50) uag N-
allyl succinimide  (52)  @wnsadansienlaainnisvitufisen  N-alkylation  ves

dibenzylamino succinimide (53) 910 L-asparagine fuanslu A 23

O
EtO Metathesis o 0 N-alkylation
A N
\ﬂ/\/\"‘ NBn, > B2 XN NBp, —
o EtO + n2
0]
51 50 o 52

0
0 NH,
NS aNBn, ——> N)f\/’\’//o
2

L-asparagine

amd 23 Retrosynthetic analysis U89n15831A318% chiral acrylate succinimide(48)

Synthetic route IV : N1589tAS129 chiral acrylate glutarimide (48) uag chiral

acrylate succinimide (51)

A1589LA5129 chiral acrylate glutarimide (48)
NNEUATIER chiral acrylate glutarimide (48) rz:ﬁ%alﬁﬁmﬂﬂﬂﬁé’mmwzﬁ 3-
dibenzylamino glutarimide (44) 31n L-glutamine lngiinuiu 2 Tuneulauwn N-benzylation

waz  CDl-mediated cyclization nTuAIElAvIIN1sAwATIZY  N-allyl-dibenzylamino
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glutarimide (46) Inerineuuisen N-alkylation ¥ed dibenzylamino glutarimide (44) @4
9gyUgAseiu allyl bromide, K,CO; , KI Tu DMF Fogldansndnsaenduy Nallyl
dibenzylamino glutarimide (49) MNUWEIIEIMINURATEN cross metathesis iU Ethyl
acrylate \edueszililadu chiral acrylate glutarimide (48) lagld 2™ generation
Hoveyda grubb’s catalyst Faandlunwdi 24
o] 9] BnCl, K,CO3, NaOH o N CDI, DMAP, Et;N, CH,Cl, Q
2 NH, reflux overnight NBn, reflux overnight

. o}
L-glutamine . . 60 % in 2 steps 44
dibenzyl glutamine

0
XNgr J\/
NBn 50 EtO NBn
» \/\ 2 EtO > \n/\/\N 2
K,CO3, KI, DMF o o

HG-II, CH,CI,

72% 65%
AMWMH 24 uanin1sdLATIZA chiral acrylate glutarimide (45)

M3daAs1zsi chiral acrylate succinimide (51) §3deldEuanmsdaasizi 3-
dibenzylamino succinimide (53) 210 L-asparagine - laatfnuu 2 Funouldun N-
benzylation lag CDl-mediated cyclization ﬁ]ﬂﬂﬂi"uﬁ%'ﬂlﬁﬁ’lmiﬁﬂmiwﬁ N-allyl-
dibenzylamino succinimide (52) lneiianiuufiizen N-alkylation ¥es dibenzylamino
succinimide (53) %q%ﬁwﬁﬁ%ﬁu allyl bromide, K,CO5 K Tu DMF &vazléanswansousi
Ju N-allyl-dibenzylamino succinimide (52) %Wﬂﬁuﬂaﬁaﬁﬁﬂﬂﬁﬁ%m cross metathesis
fiu Ethyl acrylate eduaszdliladu chiral acrylate succinimide (51) laglyg 2™
generation Hoveyda grubb’s catalyst Fawandlunndl 25

O

O NHy BnCl, K,CO3, NaOH Q  NBny CDI, DMAP, Et;N, CH,Cl,
H NJWO > HZNJWO _— HN NBn,
2 reflux overnight reflux overnight
OH OH o
. 68 % in 2 steps 53
L-asparagine dibenzyl asparagine
(0]
(0] (0]
Xgr J\/ 50
N EtO EtO
N NBn, > YN NBn,
K,CO;, KI, DMF 5 HG-II, CH,Cl, 0
(0]
65% 52 45% 51

AMF 25 uanin1sELATIZA chiral acrylate glutarimide (45)
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Intermolecular Asymmetric Diels-Alder Reaction

va o

INMIANYINMITFUATIENASIATEPA8Y8e  Chabamide  (6)  #3dulavinnis
d1A5129 chiral acrylate dienophile Lﬁ@iﬁﬂumsﬁmﬁﬁ%m Diels-Alder reaction i
AI3eRelaviin1sAinuuisen Asymmetric Diels-Alder reaction Inevinliseniiu trans -3-
(tert-butyldimethylsilyloxy)-N,N-dimethyl-1,3-butadien-1-amine (55) fiu chiral acrylate

dienophile 13 2 ain fAslanslu WA 26

: Diels-Alder reaction
Me,N NBn, EtO NBn
N N z XN 2
1Y e ™Y
o TBSO o
OTBS 54 55 48
(@) OEt \N/
MeoN O Diels-Alder reaction O
€2 RN % EtO
)Nﬁ‘Nan D < + Wb‘Nan
(@]
o TBSO o
OTBS 56 55 51

Amd 26 Retrosynthetic analysis ¥09n1583lAS1EADIels-Alder adduct 54 uag 56

Synthetic route V : M3@AnwUfise1 Asymmetric Diels-Alder reaction

M3AnwUfATe1 Asymmetric - Diels-Alder reaction lapgisuazinainnisvi
Ui381581114 chiral acrylate glutarimide (48) U trans -3-(tert-butyldimethylsilyloxy)-
N,N-dimethyl-1,3-butadien-1-amine (55) Tu toluene @wInuaNINAREINUIIAINTALS
nanAuaUu Diels-Alder adduct 54 1nedl diastereomeric ratio (d.r.) Wu 2:1 Asuanslu

AR 27



22

OTBS
e} ~ 55 EtO,C o Et0,C o
EtO NBn, NMe, Me,N RN NBn; Me,N, = NBn
48 0 toluene (] * o
A OTBS g4 OTBS 544
65% :
d.r. :(2:1)

amd 27 nsAnwUAsen Asymmetric Diels-Alder reactionsening chiral acrylate
glutarimide (48) AU trans -3-(tert-butyldimethylsilyloxy)-N,N-dimethyl-1,3-butadien-1-

amine (55)

N1sAnwIUGATe  Asymmetric Diels-Alder  reaction I@aﬂ%%’s%zﬁm’mmiﬁﬁ
U581581114 chiral acrylate succinimide (51) 11U trans -3-(tert-butyldimethylsilyloxy)-
N,N-dimethyl-1,3-butadien-1-amine  (55) 1u toluene Fravnutnazudnsaidu Diels-

Alder adduct 56 sauanslunndi 28

OTBS
55
o N; CO,Et o) CO,Et o)
EtO (=23 Me,N RS MeoN H
TN NBny o T g N“N_NBn, 2" N
o NBn,
0O toluene o . g
51 ¢ OTBS 56 OTBS 56.1

30%
amii 28 NsAnwIUANIEN Asymmetric Diels-Alder reactionsenine chiral acrylate
succinimide (48) AU trans -3-(tert-butyldimethylsilyloxy)-N,N-dimethyl-1,3-butadien-1-

amine (52)

uaNNMIMUNATET Asymmetric Diels-Alder reaction w8s chiral acrylate
dienophile U trans -3-(tert-butyldimethylsilyloxy)-N,N-dimethyl-1,3-butadien-1-amine
AIdeRalaneneuinnisdanseviansiasiasnaues Chabamide lagld dibenzyl piperine
derivative  (47)  @wiwmihiidu  dienophile  vWFRSeiu  trans  -3-(tert-
butyldimethylsilyloxy)-N,N-dimethyl-1,3-butadien-1-amine (55) lu toluene WuLREIiY

fawandlu AW 29
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7 e
< N~ NMe,
o TBSO O)\@\
0 N N NBn, 55 e} N OTBS
ST TN - <
(6] 47 tquAene 57

AN 29 LARINITNENYIUTLATITHASIATIAS19AA18D9 Chabamide (57)

£
a Ya

wenINUIlAlauauruNITHIATIsia1siaTiaiaaa18ves  Chabamide laeifin
WUUA3e intramolecular Diels-Alder reaction Fsléiausununisdaasizmiu 2 dung

Feazdinsldvyunuiivesanseuiusuas piperic acid (24) Aisnseiuly

ANSANEINISHIATIZI Chabamide Analog %28 Intramolecular Asymmetric Diels-
Alder Reaction

AléSuannsdansizsianslassaiiandgues Chabamide (58) Ssanansadansies
lpa1nn1svinufisen  Intramolecular - Diels-Alder. reaction ¥83  (3-dibenzylamino
glutarimide)but-2-en-1-yl piperate - (59) S?iqmmméiqmeﬁlﬁmﬂmsﬁwﬂﬁﬁ%m cross
metathesis 5511119 O-allyl piperate (60) haz N-allyl glutarimide (49) i O-allyl piperate
(60) aunsnduasIenlaan piperic acid (24) lneiinriulfizen O-alkylation Asuandlu

AR 30

(0] (0]
Intramolecular
‘ NI S OD/WJ\ O Cross metathesis
0 S € >
T Cp > ~ '
(0] N (0] N (0]
NBn, U
(@)
NBn2
58 59

AN 30 LAY retrosynthetic Y09N1589LATIZAANTIATIES19AAY Chabamide (58)
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ANSANYINISEIATILINVR9IANSIATIES19AA18UB9 Chabamide (58) 10 Triene ester 59

970 retrosynthetic analysis U84N158UATIERATIATIAS19AANBY0Y Chabamide
(58) iﬁ%’mzLéué’QLﬂiwzﬁawﬂﬂwaﬁw piperic acid (24) ¥Uiisen O-alkylation Ay allyl
bromide, K,CO,, KI T DMF &savanswansasiidu O-alyl piperate (60) mﬂﬁ?w:ﬁ%’alﬁﬁw
Uijise1 cross metathesis iU N-allyl glutarimide  (49) \ieduaszililaduG-
dibenzylamino glutarimide)but-2-en-1-yl piperate (59) lngly 2™ generation Hoveyda

grubb’s catalyst fauansly awdi 31

o) AN N 0 NN o 49
< OH 3 < (0)
o K,CO;, KI, DMF 0 \) HG-II, CH,Cl,

24 87% 60 30 %

N __O

o
59 NBn,

A 31 WARINISEIATIERVO(3-dibenzylamino glutarimide)but-2-en-1-yl piperate
(59)
Mntuimsdaasiesiansiasiaiisndieves Chabamide (58) laon1sviufAsen
intramolecular Diels-Alder reaction lngdl condition Tunsvinufiizenssuansly ATt 3
Fawuigideldmenemdnaneiaslassaiundieves Chabamide (58) uddslsianunsn

(Y ca v

FUAT 1A AASNANAUNNADINT

conditions <
O A - o 0O
N © NBn,
X 0
NBn2

0
59

AN 32 LARINITAWLASIZNANTIATIAS19PANEYD9 Chabamide (58)
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Entry Additive Solvent Temp. % vyield
1 - Toluene 130 °C 0
2 SiO, neat 160 °C 0
3 - Nitrobenzene 180 °C 0

A137199 3 wang conditions YaeUATEN Diels-Alder reaction ¥8IN15&AATIZN @15

1A5985719AAN8989 Chabamide (58)

nasngIdelaneeuinnsdaasgvansiassaiiengieves Chabamide (58) §3de3lavin
NSLAUBLNUNITAIATILINEITIASIAS 198RS Chabamide Tuwdunnad 2 Tnedinnsiuasu

nyflsndululassaiedsuansly Retrosynthetic analysis VI

ANSANYINISEWATILNVDIANSIASIAS19AA8UDY Chabamide (61) 910 Triene

Sulfonamide 62

MsduATIZanslASEI A8 Yed Chabamide (61) {338A1AI1azaunsalaaInnTg
s intramolecular Diels-Alder reaction 484 (3-dibenzylamino glutarimide)but-2-
en-1-yl sulfonamide 62 %ﬂa’lmmﬁﬂLﬂ'ﬁwﬂé}ﬁnﬂﬂﬁﬁ%m cross metathesis U84 N-allyl
sulfonamide piperate (63) wag N-allyl glutarimide (49) waz N-allyl sulfonamide piperate
(63) mMAdnzamsadanszilaeInn1svinuizen Amide formation ves piperic acid (24)
waz N-allyl sulfonamide (64) %aawmmé’qmiwﬁlﬁmﬂmsﬁwﬁﬁ%m N-alkylation ¥84 p-

toluenesulfonamide (65) Sauandly ATwh 33
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@)

(0]
0O
‘ N—Ts intramolecular o) N ,\\S
0 Diels-Alder reaction < N \b cross metathesis
< o \ R
> O >
o) N | 7
NBn2
O
Oa N __O
61 U 62
NBn2

(0] o O\/©/
\
NB .
\/\;ﬂé’ N2 <OWN S\b Amide formation
+ LN
o) o H 7
49 I
63

A -alkyaltion
0 N U OH HN’S\\ \) o\\
< + (6] 7 H N/S\\
O 2 0]

24 | 64 65

AT 33 uand Retrosynthetic analysis U09a151A598319AA18U89 Chabamide (61)

ANSNENBIUFWATIZI Triene sulfonamide 62

FiveldEun1dunmesilngninit p-toluenesulfonamide (65) MUFATeN N-
alkylation iU allyl bromide, K,COs, 11 acetone Fevzansudasuaidu N-allyl sulfonamide
(64) mmﬁ?uﬁﬁﬂﬁﬁ%m Amide formation AU piperic acid (24) Tagld coupling agent 1Ju
EDCI lganswandauandu N-allyl sulfonamide piperate (63) uwazviUfAsen cross
metathesis U N-allyl glutarimide (49) Fsaransudndosidu  3-dibenzylamino

glutarimide)but-2-en-1-yl sulfonamide (62) Fa9nuan1snaaeeITediliaunsadunsen

'
=

TnladuansudniugNdednisld G98N8AININ1LaINITNEILATIZTANSIATIES 1AV

Y

Chabamide (61) l8lusn 2 Tumeusauansly awi 34
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\/\Br
HoN” Y K,CO3, Acetone HN” ) ?
DCC, DMAP, CH,Cl,
65 reflux | 64 (33%) 69%

O

0 o [

W\
< o]
O o /O/ (0) 0 |
: 49

0 S N’S\\ -

{ b x

) 1 O,
NBn2 62

Y

63 HG-II, toluene, Reflux

.......................... - <§

0
N
0
%‘NBW
1

=Ts

AN 34 LAAINISNENEIUTUATIZI Triene sulfonamide 62

N3dATIz9 N-allyl sulfonamide piperate (63) 1631314 coupling agent AaLaAIlUAITS

.«.:4'
7

O
O K Q W\
64 NP N S
0 N N 0] N7
< :@M)‘\OH < ]@/\/\)L S
o) 24 Coupling agent o |

DMAP, CH,Cl,

63
Entry Coupling agent % vyield U9 63
1 DCC 69%
2 EDCI 40%

A15197 4 uans conditions Tunsdaesen N-allyl sulfonamide piperate (63)
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uni 4

35AIuN15IY
gunsaluazansiaiilunismaaag

Strating materials wag reagent AllunsAaRIEINTaIMTBLIANEY TINDINAAUS

v 1Y) [y . 1 o o Ya o Y o )

wisiveldlunisadinlild piperine (2) uagludiuvesiviazans (solvent) fidelavinnisnau
d‘ o W dy 1 ¥ 1 £ o Q" dy ¥ U

Wemdnanuduneuldauaue Tudginvesdnihazansiusiaananuaulaun  Toluene

[y

Wevhnsnduleeld calcium hydride aelsianiiziia Argon wag Tetrahydrofuran (THF)

e eXp

[y

Wevinsnaulaeld sodium WAy benzophenone Awldan1iziia Argon LiOMen

e

mm%u waz 1% Vanillin T4 0.1 M sulfuric acid 11 Ethanol

a’liaza’lﬁlﬁluﬂ 19U Dichloromethane (DCM), Ethyl acetate (EtOAC) lag Hexane W1UN1T

naUaMAnANLT LNl ULELD

gunsalilglunnmaaag

_A%ed Rotary evaporator
- 303 Proton and carbon Nuclear magnetic resonance (NMR) spectra : Bruker
Avance-300 spectrometer

a

- Reaction flask uaziAisAasinnsfdamLIulanslinnufeulugouiigumngd
105 °C

- Thin-layer chromatography (TLC) ( 0.2 mm layer thickness of silica gel 60 F-254)

- AEANUAIMTU Flash chromatography

- Silica gel (40 mm particle size)

- Preperative Plate

- LATBIUA
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N1589A3I99 3-dibenzylamino glutarimide (44)

0

wNBnZ
0

nsduATIZY 3-dibenzyl glutarimide 41 §3dulstansagane dibenzyl glutamine
( 2.50 g., 7.67 mmol) Tu CH,Cl, Wiu CDI ( 1.87g., 11.5 mmol), DMAP (93.7 mg.,0.767

mmol) ag Triethylamine ( 1.60 mL, 11.5 mmol) 9 nuuthansagaigyinnisiianuioulas

a

reflux figaumail 50 °C Wuran 12 Falus meldanzuia Argon anndurinisweaujisen

Y
v 9/

Tngnsianul (50 mL) vinsadnlagly CH,CL (3x20 mL) %8991n1194U organic solvent 11

(%
o & o

manulagly anhydrous Na,SO, tagnsaslasniuda 3ntuvinnisadnmvinazaislagly
1304 Rotary evaporator nglaanA sy 31Nty crude product uvinlviusanslagly

Flash chromatography (silica gel, 2:1 Hexane/EtOAC) Faazldansudntaeidu 3-dibenzyl

glutarimide fldnwauziduvaaudedun (1.60 g, 68%) 'H NMR (300 MHz, CDCL5)O : 8.34 (brs,
NH); 7.57-7.21 (m,10H) ; 4:00 (d, J = 14.0 Hz, 2H) ; 3.76 (d, J = 14.0 Hz, 2H) ; 3.50 (dd, J

=11.2, 6.5 Hz, 1H) ; 2.69 (dt, J = 17.2 Hz, 3.2 Hz, 1H) ; 2.43 (dt, J = 17.2 Hz, 3.2 Hz, 1H)

: 2.18-2.04 (m, 2H)-; >C NMR (75 MHz, CDCLy) O : 23.1 (20), 31.6 (2C), 55.1 (2C), 58.7
(10), 127.4 (2C), 128.5 (40), 128.9 (4Q), 139.7 (2C), 173.0 (C=0), 173.7 (C=0).

N1589A5129 3-dibenzylamino-d-lactam (40) uaz 3-dibenzylaminopiperidine (40.1)

0]

Hl\é’Nan HUNBH2
+

4338191 3-dibenzylamino glutarimide 44 (171 mg, 0.56 mmol) Tu dried. THF

a

aeldannizufa Argon figaumgil 0 °C 1 LiAlH, (42 mg., 1.11 mmol) Mntailsimnuieu

Y
way reflux igaumadl 80 °C e 3 Falus vidsnuwriliunaamgiivies udufiy sat.

ag. NaHCO; (10 mL) wagviinisanasie EtOAc (3x10 mL) wazintu organic solvent 4

[%
o & o

manulagly anhydrous Na,SO, Hazntaslagntudd 3ntuvinnsadnavinazatslagly
1A3849 Rotary evaporator MeleanAnusu 3nuun crude product wnvilviusanslaely

Flash chromatography (silica gel, 1:1 Hexane/EtOAC) Faazldansudndoandu 3
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dibenzylamino-O-lactam (40) (30 mg., 21%) uag 3-dibenzylaminopiperidine (40.1) ( 71

mg., 50%)

3-dibenzylamino-8-lactam (40) : '*H NMR (300 MHz, CDCls) O:7.457.19 (m,
10H) ; 5.97(brs, NH) ; 4.05 (d, J = 14 Hz, 2H) ; 3.75 (d, J = 14 Hz, 2H) ; 3.28 (dd, J = 6.5
Hz,11.0Hz, 1H) ; 3.19 (t, J = 4.6 Hz, 2H) ; 2.20-2.00 (m, 2H) ; 1.85-1.75 (m, 2H) *C NMR
(75 MHz, CDCl; ) O : 224 (1Q) ; 27.2(1C) ; 42.2(1C0) ; 55.4(2C) ; 58.0(1C) ; 126.8(20) ;
128.2(4C) ; 128.6(4C) ; 140.5 (2C) ; 173.4 (C=0)

3-dibenzylaminopiperidine (40.1) : ‘H NMR (300 MHz, CDCl) O :7.42-7.17(m,
10H) ; 4.04 (brs, NH) ; 3.72 (d, J = 14 Hz, 2H) ; 3.66 (d, J = 14 Hz, 2H) ; 3.26 (d, J = 11.0Hz,
1H) ; 3.04 (d, J = 12.1 Hz, 1H) ; 2.28- 2.75 (m, 1H) ; 2.64 (t, J= 11.5 Hz, 1H) ; 2.50-2.43
(m, 1H) ; 2.10-1.88 (m, 1H) ; 1.86-1.64 (m, 1H) ; 1.60-1.40 (m, 1H). *C NMR (75 MHz,
CDCls ) O : 23.0 (10) ; 30.4 (1C) ; 45.5(1C); 47.7 (1C) 5 55.4 (20) ; 62.3(1C) ; 127.0 (20) ;
128.4 (4C) ;128.9 (4C) 140.1 (20)

N1989ATIZH unsaturated-O-lactam (39)

0]

N3&aAsIEI unsaturated-O-lactam (39) 1negls 3-dibenzylamino-O-lactam 40 (
60 mg., 0.20 mmol) Tu CH,CL, 1A m-chloroperbenzoic acid (m-CPBA) (70% wt, 74 mg,

0.30 mmol) wazyhnismufisamaiiviesdunal 1 $alus andungaufiselagld sat. aq.

U

1% 1%
Y

NaHCO; (10 mL) waganineae CH,Cl, (3 x 10mL) wagi1du organic solvent 11mdniilag
1% anhydrous Na,SO, Warnsedlagniuana anuuyinnsmanmvinazanglngleiaies Rotary

evaporator mgldanmiudiu 9ntiud crude  product  wvilsusavdlasld  Flash
chromatography (silica gel, 1:2 Hexane/EtOAC) Favzldansuansoeidu unsaturated-O-
lactam (39) fdnwauzansidu oil Lifid (12 me., 63%) ; 'H NMR (300 MHz, CDCly) O : 1H

NMR (300 MHz, CDCl;) O : 6.67 (dt, /=9.9 Hz, 4.11Hz, 1H) ; 5.92 (d, J = 1.7 Hz, 1H) ; 3.44
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(dt, J = 7.04 Hz,2.23Hz, 2H) ; 2.40-2.34 (m, 2H) "°C NMR (75 MHz, CDCl; ) O :22.4(10);
37.5(1C) ;123.7(1C) ; 140.5(1C) ; 165.6 (C=0)

A5891AS129 3-dibenzylaminopiperlongumine (45)
0]
MeO N UNBnZ
MeO
OMe
nsduasizy  3-dibenzylaminopiperlongumine 45 f3feinansazaty  3,4,5-

trimethoxycinnamic acid (43 mg;, 0.18 mmol) Tu CH,CL, 1#u 3-dibenzylaminopiperidine
40.1 ( 50 mg, 0.18 mmol) EDCI ( 83 mg, 0.53 mmol) tkaz DMAP ( 5 mg.) NI
samgiviendunan 1 Au L.Lazﬁﬁmiazmwmauqumﬂg‘jﬁ‘%aﬂmami@m}] 10 mL wazann
18 CH,Cl, (3 x 10 mL) waziity organic solvent WiSnulngld anhydrous Na,SO, Wag
nsedlagrudd antinsidndvhavatelagldiaies Rotary evaporator aneldan
mufy 9ntuth | crude product mﬁﬂﬁﬁqm‘é‘m’h’f Preparative  thin-layer
chromatography (1:1 Hexane/EtOAC) Foagldansuansuandu 3-dibenzylamino analog 42
999 piperlongumine fanwaziiu oil lifid (68 mg, 76%) *H NMR (300 MHz, CDCLs) O :
7.29-7.21(m, 10H); 7.32 (d, J = 15.1 Hz, 1H); 7.03(d, J = 15.1 Hz, 1H); 6.91(s,2H); 3.83 (s,
6H); 3.76(s, AH); 3.71 (s, 3H), 3.53-3.38 (m, 4H); 2.82-2.78 (m, 1H), 1.74-1.49 (m, 4H): °C
NMR (75 MHz, CDCl; ) O: 23.3,32.0,47.2,51.0, 56.1 (2C). 57.0 (20), 60.8, 62.5, 103.8 (20),

118.8, 127.2 (20), 128.4 (4C), 128.8 (4C), 130.3, 138.4, 138.6 (2C), 141.7, 153.0 (20), 166.3
(C=0).
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A5aNA piperine ANNARURALIS

)
OWI\O
<O
piperine (2)

fAfeldimaRUAuaURanBen ( 100 ¢) adnlagldrhazaiedu Ethanol 9y
Tfanudouigamadl 80 °C way reflux ifunan 3 #alas andurhnmisnsesananudulaeld
YANTBIAAAIUFULAL vacuum pump NTB3ENTaTARUE Mnuimssemefvazatelng
14 Rotary evaporator 19 crude deepli extract (10 g.) mmfuv‘fﬁﬂﬁﬁ%mﬁlu KOH ( 4 ¢) Tu
Ethanol mwdunan 1 Falus 9rndush crude solution nsesanAuiuLazEsazAE
crude Wntaudndunznoudmiouazurisludifuduna 1 Au mndunsesananudy
Faazliilu piperine crude wazvnsanuanelaeld Ethanol wazarldanswandneiiu
piperine Mdundndndes (4¢) HNMR (300 MHz, CDCL,) & 7.41 (ddd, J= 15.2 Hz, 8.2
Hz, 2.0 Hz, 1H); 6.97 (d, J= 1.5 Hz, 1H); 6.88 (dd, J=8.1 Hz, 1.7 Hz, 1H) ; 6.78-6.70 ( m,
2H); 6.44 (d, J= 14.7 Hz, 1H); 5.96 (s, 2H); 5.94 (d, J= 13.3 Hz); 3.84-3.37 (m,5H) °C NMR
(75 MHz, CDCl; ) O: 24.6 (1Q); 25.6 (20); 46.8 (2C); 101.3 (1C); 105.6 (10); 108.4 (1Q);
120.0 (1C); 122.5 (1Q); 125.3 (10); 130.9 (1C); 138.9 (1C); 142.4 (1Q); 148.1 (10); 148.1
(10); 165.4 ( C=0)

A589LATIEY piperic acid (24)

NN5dUATIEN piperic acid 24 §33elmin piperine ( 2.78 g, 9.77 mmol) Tu Ethanol
Wi KOH ( 2.19 g, 39.1 mmol) anndulsinnuseunay reflux tunan 72 Flas Ny
thansavaerausnaiafuil (50 mL) wag EtOAC (50 mL) ilewsnduififl piperate uagih

n15U3U pH Taensiiin 5M HCL (7.80 mL) udnduneneudindesseunes piperic acid 24
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(1.75 ¢, 82%) 'H NMR (300 MHz, CDCly) & 7.41 ( ddd, J= 15.2 Hz, 8.2 Hz, 2.0 Hz, 1H);
7.11(d, J= 1.5 Hz, 1H); 6.99 (dd, J= 8.1 Hz, 1.7 Hz, 1H); 6.89 (d, J= 2.0 Hz, 1H); 6.87 (d,
J= 6.2 Hz, 1H); 6.81 (d, J= 8.0 Hz, 1H); 5.97 (s, 2H); 5.95 (d, J= 15.1 Hz, 1H) '>C NMR (75
MHz, CDCl; ) O: 103.3 (10); 107.4 (1C); 109.8 (10); 121.7 (1C); 124.7 (10); 126.1 (1C); 132.6
(1C); 142.2 (1C); 147.5 (1C); 150.3 (1C); 150.6 (1C); 171.2 ( C=0)

A5891AS12% dibenzyl piperine (47)

nsduATIZ dibenzyl piperine 47 {RTEvIN1SAUATIENINENTALAY piperic acid
(86.2 mg, 0.395 mmol) Tu CH,Cl, 1ix 3-dibenzylaminopiperidine 43.1 ( 100 mg, 0.395
mmol) EDCI ( 136.6 mg, 0.71 mmol) taz DMAP ( 5 mg.) mﬂﬁ?umuﬁqmwgﬁﬁauﬁunm
1 Ay LLazﬁwmiazmamamqumﬂﬁﬁ‘%m‘lmmilﬁmﬁﬂ 10 mL wagainneg CH,ClL, (3 x 10
mL) wavihidu organic solvent witdatlneld anhydrous Na,SO, wagnsedlngrudd
Mnturhnsidnsazanelagldiaes Rotary. evaporator meldanmusiy antuii
crude product mﬁﬂﬁﬁﬁmﬁﬂ&w Preparative thin-layer chromatography (2:1

a o

Hexane/EtOAC) Bsagldansudndnaiiu dibenzyl piperine 45 ( 60 mg, 35%) fanwauzidu
oil #1991 "H NMR (300 MHz, CDCL,) O : 7.47-715 (m, 10H); 7.00 (d, J= 18.3 Hz, 1H); 6.94-
6.83 (m,1H); 6.84-6.61(m,2H); 6.31 (dd, J= 27.1Hz, 14.6 Hz, 1H); 5.96 (s,2H); 5.95 (d, J=
3.0 Hz, 1H); 4.92 (d, J= 9.6 Hz, 1H); 4.60 (d, J= 12.4 Hz, 1H); 3.97 (dd, J= 29.2 Hz,11.6

Hz,1H); 3.71 (s,4H); 3.10-2.75 (m,1H); 2.74-2.72 (m,2H); 2.50-2.30 (m,1H); 1.92-1.71 (m,2H)
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A1589LA5129 N-allyl-3-dibenzylamino glutarimide (49)

nsduATIEn N-allyl-3-dibenzylamino glutarimide 49 #33e1i1 3-dibenzylamino
clutarimide 41 (479.2 mg, 1.55 mmol) 1 DMF Lfisl K,CO5 (430.1 mg, 3.11 mmol), KI (25.0

mg, 0.155 mmol) ag allyl bromide (10.20 mL, 2.33 mmol) mmfumuﬁqmmﬁﬁauﬂu

U

1%

nan 1 Ay ntiuansazanganugn K,CO5 198A15n5898AANNAY Lagiidul (20 mL)
afnde CH,CL, (2 x 10 mL) Wagthd organic solvent wnatadsth (5 x 20 mL) wierdn
DMF a1 organic solvent anmaminlagld anhydrous Na,SO, waznsedlagriiugna
Mnhmstdasviasaelngldiases Rotary evaporator meldanaanusiu antuth
crude product ﬁﬁiﬁu‘%qmﬁ%ﬁ Flash chromatography (silica gel, 4:1 Hexane/EtOAC) R
aglasnanieidu N-allyl-3-dibenzylamino glutarimide 49 ( 389 mg, 72%) ‘H NMR
(300 MHz, CDCls) O :743-7.17 (m, 10H); 5.79 (ddd, J= 22.8 Hz, 10.6 Hz, 5.7 Hz, 1H); 5.16
(dd, J= 12.6 Hz, 1.1 Hz, 1H); 5.12 (dd, J= 5.6 Hz, 1.2 Hz, 1H); 4.34(d, J= 5.7 Hz, 2H); 4.03
(d, J= 14.0 Hz, 2H); 3.75 (d, J= 14.0 Hz, 2H); 3.52 (dt, J= 11.0 Hz, 4.9 Hz, 1H); 2.77 (dt, J=
17.2 Hz, 3.5 Hz, 1H): 2.50-2.37 (m, 1H); 2:13-2.00 (m, 2H) *C NMR (75 MHz, CDCl; ) O:
22.5 (10); 32.1 (1C); 41.8 (10Q); 54.96 (2C); 59.26 (1C); 117.43 (1C); 127.09 (2C); 128.31
(4C); 128.48 (4C); 132.21 (1C); 139.51 (1C); 171.34 (C=0); 172.90 (C=0)
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ASaAsTIEA  ethyl  (S,E)-4-(3-(dibenzylamino)-2,6-dioxopiperidin-1-yl)but-2-

enoate 48

VA v o

Q’Jﬁ]ﬂmmi’wﬁ ethyl  (S,E)-4-(3-(dibenzylamino)-2,6-dioxopiperidin-1-yl)but-2-
enoate 48 lagld N-allyl-3-dibenzylamino glutarimide 49 (102.3 mg, 0.294 mmol) Tu
CH,Cl, LA Hoveyda Grubb’s catalyst 2" generation (2.0 mg) wag Ethyl acrylate (0.16
mL, 1.47 mmol) Mntalldaudeulas reflux ﬁqmmﬁ 40 °C LagyNnNISNInfIvinaray
Tneldirdes Rotary evaporator melfianmnuisi 910t crude product ﬁﬂﬁu‘%qwéim
14 Flash chromatography (silica- gel, 4:1 Hexane/EtOAC) Fanzldansnansauandu ethyl
(S,E)-4-(3-(dibenzylamino)-2,6-dioxopiperidin-1-yDbut-2-enocate 48 ( 81 mg, 65%) il
Fwazluvowdafoniidu TH NMR (300 MHz, CDCLy) & :7.45-7.20 (m,10H); 6.81 (dt, J=
15.7 Hz, 5.6Hz, 1H), 5.82(d, J= 15.7 Hz, 1H); 4.48 (d, J= 5.5 Hz,2H); 4.20 (q, J= 7.1 Hz,
2H); 4.02 (d, J=14.0 Hz, 2H); 3.76 (d, J= 14.0Hz, 2H); 3.54 (t, J= 8.2 Hz, 1H); 2.80 (dt, J=
17.2 Hz, 3.5 Hz, 1H); 2.50 (dt, J= 17.1Hz, 9.3 Hz, 1H); 2.12-2.04 (m,2H); 1.36-1.20 (m, 3H)
BC NMR (75 MHz, €DCly ) Q: 14.2 (1C); 22.72 (10); 29.73 (1C); 32.15 (1C); 40.17 (10);
55.14 (20); 59.47 (1C); 60.30 (1C); 122.90 (1C); 127.28 (2C); 128.46 (4C); 128.57(4Q),
139.44 (1C); 141.69 (1Q); 165.88 (C=0); 171.27(C=0); 172.90 (C=0)

A1589LA5124 3-dibenzylamino succinimide 53

0O

HN
b—Nan

0]

MsduATIEY 3-dibenzylamino succinimide 50 #3dulatansazany dibenzyl
asparagine (1.00 g., 3.21 mmol) Tu CH,Cl, t#iu CDI ( 780 mg., 4.81 mmol), DMAP (39.2
mg,0.321 mmol) wag Triethylamine ( 1.00 mL, 4.81 mmol) nntathansazaneyinnsly

AUSuLaY reflux Noamgdl 50 °C \Junan 12 Falus meldantizuiia Argon antiuvinnig
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mqmﬂﬁﬁ%m‘lmammﬁuﬁn (50 mL) ¥imsafalagld CH,CL, (3x20 mL) wdsantidu organic
solvent snidptilngld anhydrous Na,SO, wagnsolaguIuda TRy A aEETar F= e
azanalngldindes Rotary evaporator neldanmusiu aantuwh crude product anvils
U%Q%éi@ﬂﬁ Flash chromatography (silica gel, 4:1 Hexane/EtOAC) Faagldansnansauandu
3-dibenzylamino succinimide 53 (650 mg, 68%) dnwauidunandvna *H NMR (300 MHz,
CDCl3) 0 737-17.16 (m, 10H) ; 3.97 (dd, J= 8.4,6.0 Hz, 1H) ; 3.77 (d, J= 13.5 Hz, 2H) ;
3.58 (d, J= 13.5 Hz, 2H) ; 2.67 (dd, J= 18.6,8.4 Hz, 1H) ; 2.59 (dd, J= 18.0, 5.7 Hz, 1H) *C
NMR (75 MHz, CDCL3) o 178.6, 176.2,138.3 (2C), 128.9 (4C), 128.6 (4C), 127.6 (2C), 58.8,
54.7 (2C), 33.1

N15891AS129 N-allyl-3-dibenzylamino succinimide 52

0

AN
e NBn2

)

NsdATIEN N-allyl-3-dibenzylamino succinimide 52 {33811 3-dibenzylamino
succinimide 53 (285.4-mg, 0.971 mmol) Ty DMF L@y K,CO5 (201.3 mg, 1.46 mmol), Kl

(16.1 mg, 0.0971 mmol) itag allyl bromide (0.10 mL, 1.17 mmol) f\mﬁ?umuﬁqmmﬁﬁm

Y
14

Hunan 1 Ay Mntuhasasangnassnidn K,CO5 18A1SNT09aAAIINAY wastiuun (20
mL) @fimne CH,CL, (210 mL) ezt organic solvent wnatadae (5 x 20 mL) Lite
190 DMF wazthiu organic solvent it lagly anhydrous Na,SO, wagnsaslananiy
§d ntuinisidafvhazanelaglfinios Rotary evaporator meldanpnusiy a1ntu
111 crude product ﬁﬂﬁu%qm%ﬁmﬂ%} Flash chromatography (silica gel, 4:1 Hexane/EtOAC)
Faagldansudnsoeidu  Aallyl3-dibenzylamino succinimide 52 (177.2 mg, 65%) il
anwaszidu oil Awdsa'H NMR (300 MHz, CDCly) O :7.43-7.17 (m, 10H); 5.81-5.68 (m, 1H);
5.19 (dd, J= 17.1 Hz, 1.1 Hz, 1H); 5.14 (dd, J= 10.1 Hz, 1.2 Hz, 1H); 4.06 (d, J= 5.91 Hz,
2H); 3.90 (dd, J= 8.9Hz,5.4 Hz, 1H); 3.80 (d, J= 14.0 Hz, 2H); 3.61 (d, J= 14.0 Hz, 2H); 2.72

(dd, J= 18.5 Hz, 8.9 Hz, 1H); 2.59 (dd, J= 18.5 Hz, 8.9 Hz, 1H) ,">C NMR (75 MHz, CDCl3)
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0 176.9, 174.8 ; 138.3 (20); 132.4(1C); 128.9 (4C); 128.6 (4C); 127.6 (2C); 118.6(1C); 57.5,
54.7 (2C), 40.7; 32.2

AsaaAsIed  ethyl  (S,E)-4-(3-(dibenzylamino)-2,5-dioxopyrrolidin-1-yl)but-2-

enoate 51

Va v o L4

WIVYEILATIZY ethyl (S,E)-4-(3-(dibenzylamino)-2,5-dioxopiperidin-1-yl)but-2-enoate 51
Il N-allyl-3-dibenzylamino succinimide 52 (172.2 mg, 0:5156 mmol) Tu CH,CL, 1y
Hoveyda Grubb’s catalyst 2" generation (3.0 mg) Wag Ethyl acrylate (0.30 mL, 2.56
mmol) Mntiulsiaudounay reflux igavind 40 °C shmsfndasaviazanslngldinies
Rotary evaporator ngl@aneiaisu aintuth crude product ﬁ’liﬁu‘%?jw‘éimﬂsﬁ Flash
chromatography (silica  gel, 4:1 Hexane/EtOAc) Faazasndn iy ethyl (S,E)-4-(3-
(dibenzylamino)-2,5-dioxopiperidin-1-yl)but-2-enoate 51 ( 80 mg, 45%) fanweaugzidu oil
Andee 'H NMR (300 MHz, CDCly) © :7.45-7.17 (m, 10H); 6.75(dt, J= 15.7 Hz, 5.7Hz, 1H);
5.84 (dt, J= 15.7 Hz, 1.6 Hz, 1H); 4.21 (dd, J= 5.8 Hz, 1.8 Hz, 2H); 4.15 (q, J= 7.2 Hz, 2H),
3.97 (dd, J= 9.0Hz,5.7 Hz, 1H); 3.83 (d, J= 14.0 Hz, 2H); 3.66 (d, J= 14.0 Hz, 2H); 2.78 (dd,
J=18.5 Hz, 8.9 Hz, 1H); 2.64 (dd, J= 18.5 Hz, 8.9 Hz, 1H); 1.25 (t, J= 7.1 Hz, 3H) *C NMR
(75 MHz, CDCl5 ) O: 14.26 (10); 32.15 (10); 38.73 (1Q); 54.80 (20); 57.61 (1C);60.65(10);
122.77 (10); 127.72 (2C); 128.56(4C); 128.98(4C); 138.12 (1C); 139.64 (10); 165.47 (C=0),
174.40 (C=0); 176.59 (C=0)
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ASELATIZH ethyl (1R,2R,65)-4-((tert-butyldimethylsilyl)oxy)-6-(((S)-3-
(dibenzylamino)-2,6-dioxopiperidin-1-yl)methyl)-2-(dimethylamino)cyclohex-3-

ene-1-carboxylate 54

OsOEt o OYOEt

o)
Me,N \‘\\;Né,Nan Me,N, A /Eé,Nan
o) o)

OTBS OTBS

AIelavinsdaasigi ethyl (1R 2R,65)-4-((tert-butyldimethylsilyloxy)-6-((S)-3-
(dibenzylamino)-2,6-dioxopiperidin-1-ymethy)-2-(dimethylamino)cyclohex-3-ene-1-
carboxylate 54 lagi Ethyl acrylate-3-(dibenzylamino) glutarimide 48 (83.5 mg, 0.199
mmol) Tu toluene 1@x trans-3-(tert-butyldimethylsilyloxy) N,N-dimethyl-1,3-butadien-
1-amine (52) (0.10 mL, 0.398 mmol) Mntulimiudounas reflux Wuan 24 F3lus waz
FnsidnrhavanelaeldieSes Rotary evaporator meldannmudu sntu1 crude
product mﬁﬂﬁu%qwéimﬂ%’ Flash chromatography (silica gel, 4:1 Hexane/EtOAC) R
Iensuansaeidu ethyl (1R,2R,65)-4-((tert-butyldimethylsilyoxy)-6-(((S)-3-

(dibenzylamino)-2,6-dioxopiperidin-1-yUmethyl)-2-(dimethylamino)cyclohex-3-ene-1-

[%
¢ o

carboxylate 54 (15.0 mg, 25%) %aawswﬁmﬁm%umiﬁmiwﬁmﬁm%ﬁL‘fJuf;j diastereomer
19eil diastereomeric ratio W 2:1 'H NMR (300 MHz, CDCls) O : 7.49-7.20 (m,10H); 4.81
(d, J= 1.7 Hz, 1H); 4.20 (m,2H); 4.03 (d, J= 14.0 Hz,2H); 3.91-3.81 (m,1H); 3.76 (d, J= 14.0
Hz,2H); 3.57-3.44 (m,2H); 2.86-2.72 (m,1H); 2.47-2.33 (m,3H); 2.22 (s,6H); 2.01 (m,3H);
1.32-1.25 (m,6H); 0.01 (5,9H), >)C NMR (75 MHz, CDCl, ) O: 174.4;173.4;173.3;171.9;171.7
(C=0); 151.3;150.9 (1C); 139.5 (20); 128.6;128.5 (4C); 128.4;128.3(4C); 127.2(20);
101.8(10); 63.5;63.4 (10); 60.4 (1C); 55.1;55.0 (20); 48.3;48.2 (1C); 42.1 (20); 40.0 (10);
34.7,34.5 (1Q); 33.7; 33.6(10);32.4; 29.7; 29.4; 25.6; 25.5; 22.9; 22.7 (1Q); 14.2; 14.1 (10);
-4.19; -4.24, -4.47; -4.56 (1C)
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ASELATIZH ethyl (1S,2R,6R)-4-((tert-butyldimethylsilyl)oxy)-6-(((3S)-3-
(dibenzylamino)-2,5-dioxocyclopentyl)methyl)-2-(dimethylamino)cyclohex-3-

ene-1-carboxylate 56

O OEt O OEt
0 X 0
Me2N RN MezN/' -
0] 0]

OTBS OoTBS

AIelaviNsdaasIg ethyl (15,2R,6R)-4-((tert-butyldimethylsilyoxy)-6-((35)-3-
(dibenzylamino)-2,5-dioxocyclopentyl)methyl)-2-(dimethylamino)cyclohex-3-ene-1-
carboxylate 56 1na1in Ethyl acrylate-3-(dibenzylamino) succinimide 51 (72.0 mg, 0.177
mmol) Tu toluene 1@u trans-3-(tert-butyldimethylsilyloxy) N,N-dimethyl-1,3-butadien-
1-amine (52) (0.11 mL, 0.443 mmol) Mntulimaudounas reflux Wuan 24 F3lu uay
¥msidarhazanelaelfiaios Rotary evaporator aneldanausu aintu crude
product mﬁﬂﬁﬁﬁjwﬁmﬂ%} Flash chromatography (silica gel, 2:1 Hexane/EtOAC) R
Taasnansueiduy ethyl (1S,2R,6R)-4-((tert-butyldimethylsilyl)oxy)-6-(((35)-3-
(dibenzylamino)-2,5-dioxocyclopentyl)methyl)-2-(dimethylamino)cyclohex-3-ene-1-
carboxylate 56 (13.9 mg, 30%) %da’ﬁmamﬁm%ﬁﬁﬂiﬁaﬁiwamﬁmﬁﬁLid]uq' diastereomer .

'H NMR (300 MHz, CDCl,) & : 7.50-7.13 (m, 10H); 4:83 (d, J= 5.5 Hz, 1H); 4.30-
4.13 (m, 2H); 3.97-3.92 (m, 1H); 3.85 (d, J= 13.4 Hz, 2H); 3.76-3.70 (m, 1H); 3.66 (d, J=
13.2Hz, 2H); 3.56-3.33 (m, 2H); 2.76(dd, J= 9.2 Hz, 3.2 Hz, 1H); 2.67 (dd, J= 5.6 Hz, 2.0
Hz, 1H); 2.37-2.27 (m, 1H); 2.23 (s, 6H); 1.92-1.80 (m, 3H); 1.33-1.27 (m, 6H); 0.12 (s, 9H)
BC NMR (75 MHz, CDCl, ) O: 177.2; 177.1; 174.9; 174.1; 174.0 (C=0); 150.6 (1C); 138.2;
138.1 (20); 128.8; 128.5 (4Q); 128.19 (4Q); 127.7(2C); 101.6; 101.5 (10); 63.35; 63.32 (10);
60.6; 57.3; 57.2 (1Q); 54.7; 54.6 (20); 48.2(1C); 41.8 (20); 40.5(1Q); 34.5; 34.2; 33.9; 32.1;
32.0; 31.9 (1Q); 25.6; 25.5 (30); 17.9; 17.8 (10); 14.2(10); -4.26; -4.51; -4.62 (10)
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A1589LA5129 O-allyl piperate 60

n5dATIER O-allyl piperate 60 {33811 piperic acid 24 (0.1266mg, 0.5810 mmol) Tu
DMF 1§ K,CO5 (112.4 mg, 0.8130 mmol), Kl (9.60 mg, 0.0581 mmol) tag allyl bromide
( 0.10 mL, 0.697 mmol) ﬁmﬁ?umuﬁqmw

¥

giviendunan 1 fu andwhansazanenausn
11(20 mL) @nmne CH,CL (2 x 10 mL) wagiin

MIn K,CO5 1men1snsasanaduaiy Lagtiy
u organic solvent nafagaenin (5 x 20 mL) tilarnan DMF uaviidu organic solvent 11
fdninlagld anhydrous Na,S0s warnseslngriuaa. antwinnisisnivhazanelngld
1389 Rotary evaporator mgldananusi Tt crude product ﬁﬂﬁu‘%qw%ﬁmaﬁ

Flash chromatography (silica gel, 2:1 Hexane/EtOAC) Fozldansnansaueidu O-allyl
piperate 56 (131.6 mg, 87.%) Ianwazidu oil @wdes’H NMR (300 MHz, CDCL;) O 7.41 (
ddd, J= 15.2 Hz, 8.2 Hz, 2.0 Hz, 1H); 7.11 (d, J="1.5 Hz, 1H); 6.99 ( dd, J= 8.1 Hz, 1.7 Hz,
1H); 6.89 (d, J= 2.0 Hz, 1H); 6.87 (d, J= 6.2 Hz, 1H); 6.81(d, J= 8.0 Hz, 1H); 6.17-5.83
(m,aH); 5.33 (dd, J= 17.2 Hz, 1.0 Hz, 1H); 5.24 (dd, J= 14.8 Hz, 4.4Hz,1H); 4.66 (d, J=
5.6Hz,2H), >C NMR (75 MHz, €DCly ) O+ 101.30(1C); 105:8 (1C): 108.4 (1C); 117.9(1C);
119.9(1C); 123.0 (1Q); 1244 (10); 126.18 (10); 130.2(1C); 132.5(1C); 140.4;145.1;
148.2;148.6 (1C); 166.6 (C=0)
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A1589LA5129 (3-dibenzylamino glutarimide)but-2-en-1-yl piperate (59)

o)
Y™~y
e} N

NB Ny

NM389LATIZI (3-dibenzylamino glutarimide)but-2-en-1-yl piperate 59 E:ﬁ’;ﬁjaﬂ”l O-
allyl piperate 60 (181.1 mg, 0.702 mmol) Tu CH,CL, 1Hu N-allyl glutarimide 49 ( 49.0
mg, 0.140 mmol) uag 2" generation Hoveyda grubb’s catalyst ( 8.8 mg, 0.014 mmol)

a

nniulvianuioulay reflux fisamgil 40 °C vihnisiaedinazanelngldiases Rotary

Y

[%
&Y

evaporator neldanAuAY YUl crude  product ﬁﬂﬁﬁqwé‘lmlﬁ? Flash
chromatography (silica gel, 4:1 Hexane/EtOAC) Faaglgansnansuandu (3-dibenzylamino
glutarimide)but-2-en-1-yl piperate 59 (25 mg, 30%) - fanwaziuvewudsdun H NMR
(300 MHz, CDCls) O :7.54-7.21 (m, 10H) ; 7.00 (dd, J= 2.7 Hz, 1.7 Hz, 1H); 6.93 (dd, J=
3.2 Hz, 1.8 Hz, 1H); 6.90 (dd, J= 3.4 Hz, 1.8 Hz, 1H); 6.84 (d, J= 11.2 Hz, 1H); 6.81-6.73
(m, 2H); 6.70-6.61 (m, 1H); 5.98 (s, 2H); 5.96-5.83 (m, 3H); 5.79 (dd, J= 7.1 Hz, 5.0 Hz,
1H); 4.71-4.61 (m, 2H); 4.46-4.35 (m, 2H); 4.03 (d, J= 14.0 Hz, 2H); 3.76 (d, J= 14.0 Hz,
2H); 3.52 (t, J= 7.9 Hz, 1H); 2.81 (dt, J=17.2 Hz, 3.2 Hz, 1H); 2.53-2.30 (m, 1H); 2.18-1.95
(m, 2H) *C NMR (75 MHz, CDCls ) 0: 29.7 (1C0); 32.2 (1C); 40.7 (1Q); 55.1 (2Q); 63.9 (1C);
77.3(1Q); 101.4 (1Q); 105.9 (1C); 108.6 (1C); 119.9 (1Q); 123.7 (1C); 124.5 (1Q); 126.3 (1C);
127.3 (20); 128.5 (4Q); 128.9 (4C); 129.7 (1C); 130.5 (10); 130.6 (1Q); 139.5 (2C); 140.5
(1C); 148.3 (1C); 148.5 (1C); 166.7 (C=0); 171.4 (C=0); 172.9 (C=0)

N1589A1Z%  N-allyl-4-methylbenzenesulfonamide 64



a2

O\\/©/

RS
\
HN o)

K o

nsduATIen  N-allyl-d-methylbenzenesulfonamide 64 33t p-
toluenesulfonamide 65 (512.3 mg, 2.99 mmol) lu Acetone Lfis K,CO; (827.1 mg, 5.98
mmol) waz allyl bromide ( 0.40 mL, 4.50 mmol) mﬂﬁ?umuLLaslﬁﬂawm%fauﬁqmmﬁ 60
°C Hunan 1 Ay andwhasavanenaaniida K,CO, lnanisnsesananusiy @fnsae
CH,CL, (2 x 10 mL) wazi4u oreanic solvent aiaptintagld anhydrous Na,50, waznses
Tngrudnd mntuhmsmiasviazanelngldieies Rotary evaporator nmeldannnusiu
M crude product ﬁﬂﬁﬁqwﬁmw Flash - chromatography (silica gel, 4:1
Hexane/EtOAC) Fsazldansudndnmmiu N-allyl-4-methylbenzenesulfonamide 64 (210
me, 33 %) fidnwauzidu oil *H NMR (300 MHz, CDCls) O : 7.77 (d, J= 8.3 Hz, 2H); 7.30 (d,
J= 8.0 Hz,2H); 5.70 (ddt, J= 15.9 Hz, 10.3Hz, 5.8 Hz,1H); 5.28 (brs, NH); 5.15 (dd, J= 17.1
Hz, 1.1 Hz,1H); 5.05(dd, J= 10.2Hz, 1.3 Hz,1H); 3.51 (t, J= 6.0Hz,2H); 2.41 (s,3H) ">°C NMR
(75 MHz, CDCls ) 0:21.5 (1C); 45.7 (1Q); 117.3 (1C); 1271 (2C); 129.7 (2C); 133.1 (1C);
136.9 (10); 143.4 (1Q)

A5891AS129 N-allyl sulfonamide piperate 63



a3

NM58d9LATI9 N-allyl sulfonamide piperate 63 ;ﬁff&%mmmwﬁﬂmﬁazm N-allyl
sulfonamide 64 (191.3 mg, 0.910 mmol) lu CH,Cl, 1y DCC (281.7 mg, 1.37 mmol),
DMAP (11.1 mg, 0.0910 mmol) wag piperic acid 24 (198.4 mg, 0.910 mmol) nthuhnig
muﬁqmmﬁﬁmtﬂunm 1Ay LLasﬁﬂmﬁazmama:ummqﬂﬂgjﬁ%m‘[mmi@uﬁﬂ 10 mL uag
anmne CH,CL (3 x 10 mL) waztdu organic solvent uiSntilngld anhydrous Na,SO,
waznsaslerudd mnturihmstdasviavanglagliinies Rotary evaporator nmeldan
a9t crude product mﬁﬂﬁﬁqwﬁ%ﬁ flash chromatography (4:1
Hexane/EtOAC) Teagldaisnansausidu N-allyl sulfonamide piperate 63 (257.0 mg, 69
%) 'H NMR (300 MHz, CDCL) O : 7.84.(d, J= 8.4 Hz, 2H); 7.76 (d, J= 8.3 Hz, 2H); 7.44 (dd,
J=17.9 Hz, 10.3 Hz, 1H); 6.98 (d, J= 1.5 Hz, 1H); 6.90 (dd, J= 8.1 Hz, 1.5 Hz, 1H); 6.87-
6.73 (m, 3H); 6.72-6.60 (m, 2H); 5.98 (s, 2H); 5.71 (m, 1H); 5.38-5.22 (m, 1H); 5.20-5.00
(m, 1H); 4.52 (d, J= 5.3 Hz, 2H); 2.42 (s, 3H)
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PNNTANYINTHUATIZIETIATIET9AA18UDY piperlongumine Way Chabamide

Y1 VA v

Tnganusaagulaindideladinsimunisnisdumszi unsaturated-O-lactam 15 910 L-

Y

glutamine el du precursor TUN5d4ATIER piperlongumine lalusuian Tnenis

Fums1e9f unsaturated-O-lactam 15 Wik 4 Jumeuldun N-benzylation, CDI-mediated
cyclization, Reduction ey Cope-elimination wazuenanasslavdunsed 3
dibenzylaminopiperlongumine  analog  lAdnee.  LazAINAISANYINITALATIZRAS
laseainenangves Chabamide {33ulatin1sduns1esi chiral acrylate dienophlies \eAnw
U381 Asymmetric Diels-Alder reaction Faanunsadunsizsilaan L-glutamine Wag L-
asparagine I@]EJLﬁﬂ&imﬂﬁﬁ%mﬁﬁﬁﬁﬁymm N-benzylation, CDI-mediated cyclization, N-
alkylation wae cross metathesis wagannsarlulguselosilunmsfnuufizen Diels-
Alder reaction \fievmsdnAseiatsiaseadieves Chabamide wiannHanIsNAgeINu
annsadnasis  Cycloadduct 54 way 56 @iy racemic  form  waddl
diastereoselectivity Aigaliaasmnin

(%
Ya v v

wenIINUEITEgalnlinIsduaTzianslasmineaaneves Chabamide Tngvinujizen
Intramolecular Diels-Alder reaction ¥as@1358uU5ve4 piperic acid Ingdinsldvyiaidun
wanenaiuly - warAIRdiTeazainsadunTEaslATIas19Aa18ves  Chabamide oty

BUAR



o 0
i NBn NBn HN MeO NN
HN NBny | —m— HU ZHl\é’ e [ ----— |
3 + e MeO
o]
“ 43.1 43 OMe 4
\ o
<Oj©/\/\)J\UNan
o a7
0
0] MeO S N NBn,
EtO NBn
NN : U
o] OMe 45
¢ 48
COEt O
Me,N Ny NBny
o
OTBS 54
0 Os_OEt
0 0
HN EtO Me,N .
2 WY
5 NBn | —— B o TN ON NBn, > N NBn,
0
53 o o
51 OTBS 56

dl a v
AN 35 ﬁ?ﬂNﬁﬂ’]ﬁVl@ﬁ@\‘ﬂJ@N?U?ﬁ]U






ay

S1SE° 14
9FLZ T+
mpwm.H$

129924,
g1La A f
pioL z
vm:.i_ r
zoeL zd)
LOLE €
126 )
94057 ¢
s6egc
nmm_w.mg_
mmw>.m*
oLOC P
950"/

28027 L~
8TCE" 1|
CZET L \
BEET L)
pmmm.rjuw
LVBE L—
00TE" L Aw
teee L
L06€" L
AR AN
p8rs L
1ZEE 88—

0 ppm

—m

[=

LY

€867zt

FSLe 16—

—
pt)
0
ey
3
g
|
!
HN

T880f LeT Yy
2882 221/

44

983V "84l

(P

8906, Lhl
ZGLG ELT—

ppm

140 120 100 80 60 40

160

wane 'H wag °C ¥89 3-dibenzylamino glutarimide




a8

N NN

o~

‘e
€
TE

™ m

™™

L e

~ 0

4
b 1

MJ},\NFJ\J

=z
I

rpm

90070 —
8e1b 22
I CVPE LT —
861
561
69LT"Th
OOLF G5 N
STZOf 85 2
Lenl
XY
“Ti0 2
T
18870
By 08 0TI T+
T
86 ¢
SISk e LT

HN

43

ppm

20

50

80

1z0

T
o 140

T
16

T
180

T
200

'H waz 1°C ¥84 3-dibenzylamino-O-lactam

LLEing



1 0 ppm
= o Yoflel V=[] Yeo
o =€ 15 [=] |=
o SR EHEIENE
T wwomw
o W = O O W W~ WOuw -~ < O
r- N O~ o~ O O S 0o - oSN Mm
. . P ~ ™M o O W WD = O WO
o O W M~ WO . - . e . . . .
e N R SR N - A Cone
— === ~ e WWn O WS T Mo
M | Wi ‘ ‘ Il
T T T T T T T T T T T T T T T T T T T T
1%0 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

wane 'H wag *C 9949 3-dibenzylaminopiperidine

a9



@
3
o
=
w
(&
i
=}
o
kel
]

‘Wf | [ ]

waad 'H ¥a9 unsaturated-O-lactam

MeO
OMe

45

eénd 'H ¥89 3-dibenzylamino piperlongumine analog

50



o
i 2
285 i
r L I e T - S i S R
I/ IV
0]
(0] 2
A _ JUL .
T T T T T T T T T T
9 8 7 5 5 4 3 2 1 ¢ ppm
\ )'7 ‘ \
o o)) |« “ o
= |=|=[n| |= —~ N
ENEREIE ‘ W .
) N -
T T T T T T T T T T T T T T T T T T T T T T T
210 200 1%0 180 170 140 150 140 130 120 110 100 90 a0 70 60 50 40 30 20 10 0 ppm

waae °C ¥4 piperine



52

T T
8 7 6 5 4 3 2 1 0 ppm

T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 0 ppm

wane °C ¥a4 piperic acid



53

oo
CWOUNMFTFOODLMOEODRDNONRANANANADNEONET OO TFTONTTOWOONODWENEFOYOEFNAO0OANMNEN O O
T R P A i e e N - e R e R R R R L v A D v R R R
MM ANNNNO N DBE R R MMM N RN O DO NN E H AP OO BT DR YOO NN NT TTTmmm®aD -
........................................................ NS%ee
Ll el e e S == R e B S e B s s e B B B B B B o B o B B o A e e B e T T e B B e B T B B B B B B B = I
= == =——— =SSN
T T T T T T T T T
k] 7 13 5 4 3 2 1 0 ppm

W(K ,r T / y A .

oo
=]
[t
0w .
0« o R R
- €000 O O O O e o

SN e—

O
<OWUNBn2
(0]
a7

-
S

JLUL

" Y s | itk

T T T T T T
1%0 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 0 ppm

ieing 13C a4 3-dibenzylamino piperine



NBn2

53

54

ppm

o ort Al . y
i S g
waAe 'H 299 3-dibenzylamino succinimide
I e T |
0O
HN
NBn2
(0]
53
|
2 Bt | ;J | ﬂ ; \ l \
T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 910 alo 70 60 5]0 40 30 ZIO 1l0 0 ppm

wang °C ¥@3 N,N-dibenzylamino succinimide



49

hane 'H 299 N-allyl-3-dibenzylamino glutarimide

o
\/\N NBn,
L ol | |
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppn

waae °C w84 N-allyl-3-dibenzylamino glutarimide

55



O
AN
N
NBn2
0]
52
T T T T T T T T T
8 7 6 5 4 3 2 1 0  ppm
\T(J L}[ jr Iﬂr hr jr
\ NP N | \/
(0]
\/\
N
NBn2
o
52
H N} . L | N I A
T T T T T T T T T T T T T T T T T T T T
1%0 180 170 160 150 140 130 120 110 100 30 30 70 60 50 40 30 20 10 0 ppm

hane °C 89 N-allyl-3-dibenzylamino succinimide

56



57

o

EtO\n/\/\ NBn,
AN N
(0]
(@)
48
8 l § 5 : 3 2 1 o pom
W HEH H Y

waae 'H Y89 chiral acrylate-3-(dibenzylamino) glutarimide

038

—0.

| ‘ " "l

T T T T T T T T T T T T
50 40 30 20 10 0 ppm

T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60

wane °C 994 chiral acrylate-3-(dibenzylamino) glutarimide



.050

51

ppm

T T T T T T
180 180 170 160 150 140 130 120 110 100 a0 80 70 60 50 40 30 20 10 0 ppm

waae °C ¥4 chiral acrylate-3-(dibenzylamino) succinimide

58



59

|

N

T T T T

T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 20 10 60 50 40 30 20

wand °C va9 Diels-Alder adduct 54



60

“§§%¥v“*§¢¢?%7%4’é42222ﬁ%22¢¢”

Me,N SN
NBn2

OTBS
' 5 7 : 5 i 0 pom

Hr i

eing H wae Diels-Alder adduct 56

N/ V V \V \\\ \} \/ N :\ N\ =7~ \ VY

Os_OEt '
o)
MesN W
N NBn,
S |
OTBS :
56

JJ] 4 {“ | A HJIJ‘ l_

T T T T T T T T T T T

: .
190 180 170 160 150 440 130 120 110 100 90 80 70 60 50 40 30 20 10 O ppm

wang 2C va9 Diels-Alder adduct 56



—64.907

JITSV 122 1T

60

wane °C ¥a3 O-allyl pipeate

20




62

@ @
™oy =]

e e

o}
<o X o
e} N
O N O
NBn2
59

| b .

o
s

0O
(0]

OTNIO
NBn2

59

el L

Yousel b i

T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

wang °C w89 (3 dibenzylamino glutarimide)but-2-en-1-yl piperate



63

| 64

T T T T T T T T T
9 8 7 6 5 4 3 2 1 0 ppm

w
o
-
&
. I s
T T T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 20 10 0 ppm

waae °C va4 N-allyl-4-methylbenzenesulfonamide



A
<O N N /S\\
0]
63
; : ' 5 2 3 2 1 0 ppn

wane 'H a9 N-allyl sulfonamide piperate

64



65

Total synthesis of piperlongumine and its analogs from L-glutamine

Phongsathon Khlongkhlaeo, Punlop Kuntiyong
Department of Chemistry, Faculty of Science, Silpakorn University, Sanamchandra Palace, Muang, Nakhon Pathom,
Thailand
*E-mail: Kuntiyong p@su.ac.th

Abstract:

Piperlongumine, a potent cytotoxic amide alkaloid from long pepper, Piper longum, was synthesized
along with its 3-dibenzylaminopiperlogumine analog from L-glutamine and 3,4,5-trimethoxycinnamic acid.
The key intermediate (3S)-dibenzylaminoglutarimide was formed in 2 steps from L-glutamine via N-
benzylation and 1,1’-carbonyldiimidazole (CDI)-mediated cyclization. Reduction of one of the glutarimide
carbonyl with Lithium Aluminum Hydride (LAH) gave 3-dibenzylamino-d-lactam along with 3-
dibenzylaminopiperidine. Cope elimination of the dibenzylamino group gave the unsaturated &-lactam.
Coupling reaction of the lactam with 3,4,5-trimethoxycinnamic acid would give piperlongumine. In addition,
amide formation of 3-dibenzylaminopiperidine with 3,4,5-trimethoxycinnamic acid gave the dibenzylamino
analog of piperlongumine which could be converted to the natural product by Cope elimination and amide
oxidation. In addition, the amino group will provide a variation point for further synthesis of other analogs of

piperlongumine for evaluation of medicinal properties of the synthetic compounds in the future.

1. Introduction

Piperlongumine is a cytotoxic  alkaloid
found in Piper longum (deepli) which has been
used as spice and medicinal herb in Thailand and
other countries in South and South East Asia.
Deepli is used for remedies for indigestion, cough
and other respiratory-related abnormality as well
as intestinal worm and hemorrhoid. It can also be
mixed with other herbs in medicine ball for local
muscle aches and bruises. Studies of chemical
constituents of deepli extract showed  that
piperlongumine and piperine  are important
ingredients which exhibit anti-colon and liver
cancers as well as anti-bacterial, anti-inflammatory
and anti-platelet aggregate activities.
Piperlongumine was extracted from roots of Piper
longum in 1% w/w amount. To. date, there are
several reports regarding biological activities of
piperlongumine, its derivatives and  analogs
especially as anti-cancer agents. However, it has
not been developed into a cancer drug in climical.
In addition, piperine and piperlongumine were
found in Piper retrofractum Vahl as reported by
Wattanapiromsakul along with other alkaloids
such as salvatine, piperlonguminine and methyl
piperate.! They also reported that piperine and
piperlonguminine inhibited M. tuberculosis with
MIC of 50.00 pg/mL. whereas methyl piperate and
sylvatine were inactive. The compounds were
tested against lung cancer cells (SCLC-H22 and
NCI-H187) and human gingival fibroblasts (HGF).
Piperine, piperlonguminine, methyl piperate and
sylvatine were active against SCLC-H22 and NCI-
H187 but less active against human gingival

fibroblasts (HGF) (% inhibition less than 20 % at
5 pg/mL or % inhibition less than 50 % at 50
pg/mL). In addition, a methanol extract was
moderately active against NCI-H187 and human
gingival fibroblasts (HGF) with ICso of 20.98
pg/mL and % inhibition = 57 at 25 pg/mL
concentration, respectively 2 (Figure 1).

Qﬁ Gl I

plperlongumme piperine

MWCE

sylvatine

JCH

piperlonguminine
Figure 1. The Chemical constituents of Piper longum

In a previously reported synthesis of
piperlogumine and derivatives by Bradshaw and
Moses, unsaturated d-lactam 5 was synthesized
from 3-valerolactam (1) in 5 steps which involve
N-protection to give N-Boc carbamate 2, a-
thinoylation for phenylsulfide 3 and oxidation of
the sulfide and subsequent elimination of
benzenesulfonyl to give intermediate 4 and
deprotection of Boc carbamate with hydrochloric
acid. Amide formation of the unsaturated lactam 5
with trimethoxycinnamoyl chloride 6 gave



piperlongumine.’ In addition, Schrieber
reported a two-step synthesis of unsaturated lactam
5 from butenylamine hydrocholirde (7) and
acryloyl  chloride (8) to  obtain N-
butenylacrylamide (9). Ring closing metathesis of
this diene gave unsaturated 5-lactam 5 in 2 steps.
However, the amine starting material 7 is
expensive and acryloyl chloride is a highly toxic
irritant (Scheme 1).* In this work, we developed a
new synthetic route for unsaturated lactam 5 for the
synthesis of piperlongumine and its 3-
dibenzylamino analogs from cheap and readily
available starting material L-glutamine and 3,4,5-
trimethoxycinnamic acid.

Bradshaw and Moses

n-BuLi, Boc,0O PhSSPh
THF -78°C BocN THF BocN BocN
-78°C -1t 1. m-CPBA

70% 2. toluene,

80°C, 99% 6M HCI
Me. MeOH, 0°C

1g = 103 Baht

Oxalyl chloride MeO.
DMF, CHQCb
OH ooc-rt, 1h

3,4,5-tr|methoxycmnamlc acid

98%

NaH, THF

OMe 0°C-rt
MeO
|
N
BoseSs
piperlongumine DA C.
Schrieber
L
= o o
al RCM
8
NNHQ _ 5 4 HN)v > HN ]
7 Grubbs'
K/\ catalyst
1g = 3,900 Baht 9 5

Scheme 1. Previously reported. syntheses of
piperlongumine

2.Methods and experimental.
2.1 Materials

Starting materials and reagents were
obtained from commercial sources and were used
without further purifications. Solvents were dried
by distillation from the appropriate drying
reagents. Tetrahydrofuran (THF) was distilled
from sodium and benzophenone 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 or by heating the
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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)

2.2 Spectroscopic measurement

Proton and carbon nuclear magnetic
resonance (NMR) spectra were obtained using a
Bruker Avance-300 spectrometer.
2.3 Synthesis of compounds
2.3.1 Synthesis of
glutarimide 10

To a solution of NN-dibenzyl L-
glutamine (611 mg, 1.80 mmol) in CH,Cl, was
added N,N-carbonyldiimidazole (CDI) (875 mg,
5.39 mmol), 4-dimethylaminopyridine (DAMP)
(22.0 mg, 0.180 mmol), triethylamine (Et;N) (1.00
mL,5.39 mmol) and the mixture was stirred for 12
hours ~at room temperature under argon
atmosphere. To this mixture was added water and
the mixture was extracted with CH>Cl, (3 x 20
mL). The combined organic layers were dried over
anhydrous NaSOs, filtered, and concentrated
under reduced pressure. The crude product was
purified by flash chromatography (silica gel, 2:1
hexanes/EtOAc) to give N,N-dibenzylamino
glutarimide 10 (474 mg, 85%) as white amorphous
solid.

N,N-dibenzylamino

Compound 10; 'H NMR (300 MHz,
CDCL)8 + 834 (brs, NH); 7.57-7.21 (m,10H) ;
4.00(d, /=14.0 Hz, 2H) ; 3.76(d, J= 14.0 Hz, 2H)
;3.50(dd, /=11.2,6.5 Hz, 1H) ; 2.69 (dt,J=17.2
Hz, 3.2 Hz, 1H);2.43 (dt,J= 17.2 Hz, 3.2 Hz, 1H)
- 2.18-2:04 (m,2H) ; *C NMR (75 MHz, CDCl3) 8
+23.12C), 31.6 (2C), 55.1 (2C), 58.7 (1C), 127.4
(2C ), 128.5 (4C), 128.8 (4C), 139.7 (2C), 173.0
(C=0), 173.7 (C=0).

2.3.2 Synthesis of 3-dibenzylamino-8-lactam 11
and 3-dibenzylaminopiperidine 12

To a solution of N, N-dibenzylamino
glutarimide 10 (171 mg, 0.56 mmol) in THF
under argon atmosphere at 0 °C and was added
LiAlH4 (42 mg, 1.11 mmol) and the mixture was
heated to reflux at 80 °C for 3 hours. After
allowed to cool to room temperature, to this
mixture was added dropwise sat. aq. NaHCO; (2
mL) water (8 mL) and the resulting mixture was
extracted with EtOAc (3 x 10 mL). The combined
organic layers were dried over anhydrous Na,SOs,
filtered, and concentrated under reduced pressure.
The crude product was purified by flash
chromatography (silica gel, 1:1 hexanes/EtOAc)
to give 3-



dibenzylamino-6-lactam 11 (30 mg, 18%) and 3-
dibenzylaminopiperidine 12 (71 mg, 43%)

Compound 11 ; 'H NMR (300 MHz,
CDCl3) 6 : 7.45-7.19(m,10H) ; 5.97(brs,NH) ; 4.05
(d,J=14Hz2H); 3.75(d, J= 14 Hz,2H) ; 3.28(dd,
J =6.5 Hz,11.0Hz,1H) ; 3.19(t, J = 4.6 Hz,2H) ;
2.20 2.00(m,2H) ; 1.85-1.75(m,2H) *C NMR (75
MHz, CDCl3 ) 6 : 22.4 (1C) ; 27.2(1C) ; 42.2(1C)
; 55.4(2C) ; 58.0(1C) ; 126.8(2C) ; 128.2(4C) ;
128.6(4C) ; 140.5(2C) ; 173.4 (C=0)

Compound 12 ; 'H NMR (300 MHz, CDCI;) & :
7.42-7.17(m,10H) ; 4.04(brs,NH) ; 3.72 (d, J =
Hz,2H) ; 3.66(d, J = 14 Hz,2H) ; 3.26(d, J =
11.0Hz,1H) ; 3.04(d, J = 12.1 Hz,1H) ; 2.28-
2.75(m,1H) ; 2.64(t, J= 11.5 Hz, 1H) ; 2.50-
2.43(m,1H) ; 2.10-188(m,1H) ; 1.86-1.64(m,1H) ;
1.60-1.40(m,1H). 3*C NMR (75 MHz, CDCl3) & :
23.0 (1C); 30.4 (1C) ; 45.5(1C) ; 47.7 (1C) ; 55.4
(2C) ; 62.3(1C) ; 127.03(2C) ; 128.4(4C)
;128.9(4C) 140.1(2C)

2.3.3 Synthesis of unsaturated d-lactam 5

To a solution of 3-dibenzylamino-o-
lactam 11 (60 mg, 0.20 mmol) in CH,Cl, was
added m-chloroperbenzoic acid (m-CPBA) (70%,
74 mg, 0.30 mmol) and the mixture was stirred for
1 hour at room temperature. To this mixture was
added sat. ag. Na,CO; (10 mL) and the mixture
was extracted with CH>Cl, (3 x10-mL).- The
combined organic layers were dried over
anhydrous NaSOs, filtered, and concentrated
under reduced pressure. The crude product was
purified by flash chromatography (silica gel, 1:2
hexanes/EtOAc) to give unsaturated o-lactam 5 (12
mg, 63%) as a colorless oil.

Compound 5 ; 'H NMR (300 MHz, CDCl3) & :-1H
NMR (300 MHz, CDCl) & : 6.67(dt,J=9.9
Hz4.11Hz,1H) ; 5.92(d, J = 1.7 Hz,1H) ; 3.44(dt,
J = 7.04 Hz,2.23Hz,2H) ; 2.40-2.34 (m,2H) 1*C
NMR (75 MHz, CDCl3 ) § : 22.4 (1C) ; 37.5(1C)
;123.7(1C) ; 140.5(1C) ; 165.6 (C=0)

2.3.4 3-dibenzylaminopiperlogumine 13

To a solution of 3,4,5-trimethoxycinnamic
acid (43 mg, 0.18 mmol) in CH>Cl, (10 mL) were
added 3-dibenzylaminopiperidine 12 (50 mg, 0.18
mmol) and EDCI (83 mg, 0.53 mmol) and DMAP
(5 mg) and the mixture was stirred at room
temperature overnight. To this mixture was added
water (10 mL) and it was extracted with CH>Cl»(3
x 10 mL). The combined organic layers were dried
over anhydrous Na>SOs, filtered, and concentrated
under reduced pressure. The crude product was
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purified by Preparative thin-layer chromatography
(1:1 hexanes/EtOAc) to give 3-dibenzylamino
analog 13 of piperlogumine (68 mg, 76%) as a
colorless oil.

Compound 13; '"H NMR (300 MHz, CDCIs) & :
7.29-7.21(m,10H); 7.32 (d, J = 15.1 Hz, 1H); 7.03
d, J = 15.1 Hz, 1H); 6.91(s,2H); 3.83 (s, 6H);
3.76(s, 4H); 3.71 (s, 3H), 3.53-3.38 (m, 4H); 2.82-
2.78 (m, 1H), 1.74-1.49 (m, 4H): '3C NMR (75
MHz, CDCl; ) 6: 23.3, 32.0,47.2, 51.0, 56.1 (2C).
57.0 (2C), 60.8, 62.5, 103.8 (2C), 118.8, 127.2
(20), 128.4 (4C), 128.8 (4C), 130.3, 138.4, 138.6
(20), 141.7, 153.0 (20), 166.3 (C=0).

3. Results and Discussion

The synthesis of unsaturated lactam 5
started from the benzylation of L-glutamine in
under basic conditions using benzyl chloride,
K>COs3, and NaOH in MeOH and HO to give N,N-
dibenzyl glutamine. This compound underwent
CDI-mediated - cyclization to give NN-
dibenzylamino glutarimide 10 in good yield.
Reduction of the glutarimide with LAH in
refluxing. THF gave a mixture of 3-
dibenzylaminolactam 11 and 3-
dibenzylaminopiperidine 12 in a ca. 1:2 ratio. Cope
elimination of the dibenzylamino group in lactam
11 gave unsaturated lactam 5 in a respectable yield
(Scheme?2).

(0] (0] 1. BnCI NaOH
NBn,
HoN OH 2 CDI, DMAP,
NH, Et3N, CH,Cl,, 85A>

L-glutamine
1g = 1-10 Baht LAH, THF
reflux
Q m-CPBA .
H,@ CHCl, é,NBnZ HU Ny
63%
5 1 18% 12 43%

(3 steps)
Scheme 2. Synthesis of unsaturated 5-lactam 5

The unsaturated lactam 5 was the key
intermediate that could be converted to
piperlongumine by coupling with 3,4,5-
trimethoxycinnamoyl chloride according to the
procedure reported by Bradshaw. In addition, 3-



dibenzyl-aminopiperidine 12 underwent amide
formation with 3,4,5-trimethoxycinnamic acid in
the presence of EDCI and DMAP to give the
dibenzylamino analog 13 of piperlongumine in
good yield (Scheme 3).

o
H3CO. Ay HN NEn; o

12 HaCO ANy NBn,
HsCO —_—

OCH; EDCI, DMAP HyCO

13
3,4,5-trimethoxycinnamic acid ~ CH2Clz 76% OCHj3

Scheme 3. Synthesis of 3-dibenzylaminopiperine
analog 13

In conclusion, we developed a new
synthetic route for the unsaturated d-lactam 5 for
synthesis of piperlongumine and its 3-
dibenzylamino analog 13 from cheap and readily
available starting material L-glutamine and 3.4,5-
trimethoxycinnamic acid. The synthesis is shorter
than the previously reported synthesis - by
Bradshaw with comparable yield and used cheaper
and greener starting material than both reported
syntheses. In addition, the amino  group will
provide a variation point for further synthesis of
other analogs of piperlongumine for evaluation of
their medicinal properties in the future.

Acknowledgements

This work was financially supported by Thailand
Science Research ‘and Innovation (TSRI)’s
Fundamental Fund (FF67) and the Faculty of
Science, Silpakorn University’s Grant SRF-JRG-
2566-13. Phongsathon is supported by a
scholarship for Master Student Research Assistant
from the Faculty of Science, Silpakorn University.

Research ethics / Declarations
Authors declare no conflict of interest.

68

References

(1) Amad, S.; Yuenyongwad, S.;
Wattanapiromsakul, = C.  Investigation  of
Antitubercular and Cytotoxic Activities of Fruit
Extract and Isolated Compounds from Piper
Retrofractum Vahl. Walailak J Sci &amp; Tech
2017, 14, 731-739.

(2) Tripathi, S. K.; Biswal, B. K. Piperlongumine,
a potent anticancer phytotherapeutic: Perspectives
on contemporary status and future possibilities as
an anticancer agent. Pharmacological research
2020, 156, 104772.

(3) Han, L.; Stanley, P.; Wood, P.; Sharma, P.;
Kuruppu, A.; Bradshaw, T.; Moses, J. Horner-
Wadsworth-Emmons approach to piperlongumine
analogues with potent anti-cancer activity. Org
Biomol Chem 2016, 14 (31), 7585-7593.

(4) Drew J. Adam; Mingji Dai; Giovanni
Pellegrino; Bridget K. Wagner; Andrew M. Stern;
Alykhan F. Shamji; Schreiber, S. L. “ Synthesis,
cellular evaluation, and mechanism of action of
piperlongumine

analogs” PNAS 2017, 109, 15115-15120.



69

B 'U ‘-" wj\/t

“20ACC

ASIACHEM2025
20" Asian Chomlcal Con ess

"Responsible Chemical 5
for World Sustainabili

Bangkok, THAILAND

Date: 28 July 2025

Subject: Acceptance of full paper for ASIACHEM2025

Dear Mr. Phongsathon Khiongkhlaeo,

| am pleased to inform you that your abstract entitled “Total synthesis of piperlongumine and its analogs from L-
glutamic acid" has been accepted for full paper at the The 20" Asian Chemical Congress (20ACC) which will be
held at the Berkeley Hotel Pratunam in Bangkok, Thailand, during June 23-27, 2025. Your article will be
further processed and published as conference proceedings in electronic format.

Should you have further enquiries, please do not hesitate to contact us at acc2025thailand@gmail.com

Best Regards,

Prof. Dr. Tirayut Vilaivan
Chair of Scientific Committee
ASIACHEM2025

Secretarlat Office:
Tel. +66 94 251 2103 | e-mall: acc2025thailand@gmall.com | Web site: hitps://acc2025thadand com






(1) Amad, S.; Yuenyongwad, S.; Wattanapiromsakul, C. Investigation of Antitubercular
and Cytotoxic Activities of Fruit Extract and Isolated Compounds from Piper
Retrofractum Vahl. Walailak J Sci &amp; Tech 2017, 14, 731-739.

(2) Han, L.; Stanley, P.; Wood, P.; Sharma, P.; Kuruppu, A.; Bradshaw, T.; Moses, J. Horner-
Wadsworth-Emmons approach to piperlongumine analogues with potent anti-cancer
activity. Org Biomol Chem 2016, 14 (31), 7585-7593.

(3) He, K;; Xu, H.; Wang, T.; Li, X;; Guo, B.; Li, D; Li, Y.; Zhang, C. An improved synthesis
of piperlongumine and the preliminary imaging evaluation on tumor targeting. Journal
of Radioanalytical and Nuclear Chemistry 2020, 324, 489-496.

(4) Wei, K; Li, W.; Koike, K.; Chen, Y.; Nikaido, T. Nigramides A- S, Dimeric Amide
Alkaloids from the Roots of Piper n-igrum. The Journal of organic chemistry 2005, 70
(4), 1164-1176.

(5) Shinta, D. N.; Choodej, S.; Pudhom, K. Synthesis of Piperine Amide Derivatives and
Evaluation of Their Anti-inflammatory Activity. In Proceedings of the 6th RSU
International Research Conference, 2021; Muang Thailand: Vol. 30.

(6) Plachinski, E. F. K., H. J.; Genzink, M. J.; Sanders, K. M.; Kelch, R. M.; Guzei, I. A.; Yoon,
T. P. A. General Synthetic Strategy toward the Truxillate Natural Products via Solid-
State Photocycloadditions. J. Am. Chem. Soc. - 2024, 146 (22), 14948-14953.

(7) Plachinski, E. F.; Kim, H. J;; Genzink, M. J;; Sanders, K. M.; Kelch, R. M.; Guzei, I. A;
Yoon, T. P. A General Synthetic Strategy toward the Truxillate Natural Products via
Solid-State Photocycloadditions. Journal of the American Chemical Society 2024, 146
(22), 14948-14953.



557}
=)
=.

NEITUANU

s193anlasu

UseIng e

Phongsathon Khlongkhlaeo

2019-2022 Bachelor of Science in Chemistry, Silpakorn
University, Thailand

2023 - present Master of Science in Chemistry, Silpakorn
University, Thailand

1. Kuntiyong, P., Buaphan, A., Sirirak, J., Booranamonthol, S.,
Khlongkhlaeo, P., Thammapichai, K., Sanongkiet, S., (2024)
“Synthesis of Spirolisoxazolidino[4,5-flindolizidine-8,3'-oxindole],
Spirolindolizidine-1,3" -oxindoles], Indolo[2,3-a]lquinolizidines and
their anti-alpha slucosidase activity” Tetrahedron, 155: 133907
2. Khlongkhlaeo, P., Kuntiyong, P. ,(2025) " Total synthesis of
piperlongumine and.its analog from L-glutamic acid" Proceeding
of 20th Asian Chemical Congress, Thailand, 23-27 June 2025
Outstanding Poster presentations (PACCON2024) in the topic "

Synthesis of dibenzylamino derivative of (+) and (-)-Chabamide"



	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ
	สารบัญตาราง
	สารบัญรูปภาพ
	บทที่ 1  บทนำ
	1.ที่มาและความสำคัญ
	2.วัตถุประสงค์ของงานวิจัย

	บทที่ 2 งานวิจัยและเอกสารที่เกี่ยวข้อง
	งานวิจัยและเอกสารที่เกี่ยวข้อง

	บทที่ 3  การศึกษาการสังเคราะห์
	การสังเคราะห์ Piperlongumine
	Synthesis route I : การสังเคราะห์ unsaturated--lactam (15)
	การสังเคราะห์ Piperlongumine Analog
	Synthesis route II : การสังเคราะห์ 3-dibenzylamino piperlongumine (45)
	การศึกษาการสังเคราะห์ Chabamide แบบ non-racemic : การสังเคราะห์ Dibenzylaminopiperine
	Synthetic route III : การสังเคราะห์ dibenzyl piperine derivative (47)
	Intermolecular Asymmetric Diels-Alder Reaction ของ Chiral Dienophile จาก Dibenzylaminoglutarimide และ Succinimide
	Synthetic route IV : การสังเคราะห์ chiral acrylate glutarimide (48) และ chiral acrylate succinimide (51)
	การสังเคราะห์ chiral acrylate glutarimide (48)

	Intermolecular Asymmetric Diels-Alder Reaction
	Synthetic route V : การศึกษาปฏิกิริยา Asymmetric Diels-Alder reaction
	การศึกษาการสังเคราะห์ Chabamide Analog ด้วย Intramolecular Asymmetric Diels-Alder Reaction
	การศึกษาการสังเคราะห์ของสารโครงสร้างคล้ายของ Chabamide (58) จาก Triene ester 59
	การศึกษาการสังเคราะห์ของสารโครงสร้างคล้ายของ Chabamide (61) จาก Triene Sulfonamide 62
	การพยายามสังเคราะห์ Triene sulfonamide 62

	บทที่ 4  วิธีดำเนินการวิจัย
	อุปกรณ์และสารเคมีในการทดลอง
	อุปกรณ์ที่ใช้ในการทดลอง

	การสังเคราะห์ 3-dibenzylamino glutarimide  (44)
	การสังเคราะห์ 3-dibenzylamino-d-lactam (40) และ 3-dibenzylaminopiperidine (40.1)
	การสังเคราะห์ unsaturated--lactam (39)
	การสังเคราะห์ 3-dibenzylaminopiperlongumine (45)
	การสกัด piperine จากผลดีปลีแห้ง
	การสังเคราะห์ piperic acid (24)
	การสังเคราะห์ dibenzyl piperine (47)
	การสังเคราะห์ N-allyl-3-dibenzylamino glutarimide (49)
	การสังเคราะห์ ethyl (S,E)-4-(3-(dibenzylamino)-2,6-dioxopiperidin-1-yl)but-2-enoate 48
	การสังเคราะห์ 3-dibenzylamino succinimide 53
	การสังเคราะห์ N-allyl-3-dibenzylamino succinimide 52
	การสังเคราะห์ ethyl (S,E)-4-(3-(dibenzylamino)-2,5-dioxopyrrolidin-1-yl)but-2-enoate 51
	การสังเคราะห์ ethyl (1R,2R,6S)-4-((tert-butyldimethylsilyl)oxy)-6-(((S)-3-(dibenzylamino)-2,6-dioxopiperidin-1-yl)methyl)-2-(dimethylamino)cyclohex-3-ene-1-carboxylate 54
	การสังเคราะห์ ethyl (1S,2R,6R)-4-((tert-butyldimethylsilyl)oxy)-6-(((3S)-3-(dibenzylamino)-2,5-dioxocyclopentyl)methyl)-2-(dimethylamino)cyclohex-3-ene-1-carboxylate 56
	การสังเคราะห์ O-allyl piperate 60
	การสังเคราะห์ (3-dibenzylamino glutarimide)but-2-en-1-yl piperate (59)
	การสังเคราะห์  N-allyl-4-methylbenzenesulfonamide 64
	การสังเคราะห์ N-allyl sulfonamide piperate 63

	บทที่ 5  สรุปผลการทดลอง
	ภาคผนวก
	1H และ 13C NMR spectrum

	รายการอ้างอิง
	ประวัติผู้เขียน

