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Abstract

Project Code : MRG5980175

Project Title : Anticancer from a novel series of renieramycin derivatives and study of anticancer

mechanism of tetrahydroisoquinoline

Investigator : Assistant Prof. Supakarn Chamni, Ph.D.

E-mail Address : supakarn.c@pharm.chula.ac.th

Project Period : 2 years

Abstract:

Renieramycin M is a marine bistetrahydroisoquinolinequinone alkaloid, which is isolated
from the Thai blue sponge Xestospongia sp. found in the Si-chang Island of Thailand. In this work,
the new series of renieramycin M derivatives were synthesized including 22-O-amino ester, 5-O-
amino ester and 5-O-acyl-ester of renieramycin M and 5-O-acetyl ester of renieramycin T. More than
20 compounds with different ester substituents at carbon 5 and 22 positions were obtained in
moderate to high yields. The evaluation of non-small-cell lung cancer cell cytotoxicity against
aggressively metastatic H292 and H460 cell lines were analyzed by the anti-proliferative MTT assay.
All renieramycin derivatives exhibited cytotoxicity toward H292 and H460 lung cancer cell lines in
nanomolar concentrations. Interestingly, 22-O-ester derivative was possessed more cytotoxic activity
than that of 5-O-ester derivative. The most toxic candidates in these series were 22-O-acyl-N-Boc-L-
glycine ester of renieramycin M (IC5;, 3.56 nM), which showed 6 folds more toxic than that of
renieramycin M (IC5, 24.56 nM) toward H292 cells and 5-O-acetyl ester renieramycin T (IC5, 1.69
nM), which showed 6 folds more toxic than that of renieramycin M (IC5, 6.50 nM) toward H460 cells.
Thus, the more potent non-small-cell lung cancer cell cytotoxic agents have been developed by
using renieramycin M as a lead compound. The new renieramycin derivatives will be further studies

and developed as potential anti lung cancer candidates for animal and clinical study.

Keywords : Tetrahydroisoquinolinequinone, renieramycin M, blue sponge, cytotoxicity, non-small-cell

lung cancer cell
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Executive summary

®17 renieramycin M L“f|umiwﬁwﬁmﬁﬁﬁwmmuﬂglu tetrahydroisoquinolinequinone alkaloid
LLazLﬂumiﬁ'}ﬂ”ﬁgﬁwumﬂluwaaﬁwﬁﬁm‘iu 8NA  Xestospongia sp. Fawumsidvlamusysuzan
vinwnimzdty imiarays Uinalne lasnsanausnans renieramycin M nnasinFinGu
azdaslEnszuiumsfidanuiumne da maiweshaniiulusmsazars 10 mM Tnunadoalaen lud
KeN)  lunematiias A8 pH 7 Lﬁaﬂadﬁumiamm‘"ﬁmaamiwamn‘“msﬁﬁiwmﬁlumjw
renieramycin L&z l@anT renieramycin M ﬁﬁvxgLmuﬁvl,snmvluﬁﬁm{uau@‘hmeﬁ 21 Wusswan’
NNTaYITIBIUNTITUNUTIAT renieramycin M LLafzmiagWuﬁ‘ﬁﬁmim5yuu,ﬂm°uaammamai‘ﬁ'
mfuaudumief 22 sansneangnilumsdudamaduzSmasniie? uaramanIndadmaasuziss
YaerRaaaliidnldalasmanionihldiossiiansmeuuy  apoptosis HuMINITdu  p53-
dependent pathway® #3143 renieramycin M 5\‘1Qnl‘*ﬁms@i’mmulumiﬁnmqw%ﬁa:navlnmiﬁmmﬁa
UJaauhalwas LLan I@ﬂmiw”@umagw”uﬁ’maLﬂﬁﬁﬁimaaﬁﬂm\iLm:ﬁnmnavlnmwi”mmﬁmaﬂ
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Tulassmyasedt levinsifinaetnswanih@ingusnuim 2 a3 de lwdeungumauuas
qa1AN 2560 Ierdatnanastitunaan 36 Alansy hwinge wie 6 Alansuiminuits) wazana
wenas renieramycin M ldnadu 784.1 mg Aedufasas 0.01% Waisuiuiwinwasinuts wie
dalusesa: 0.002 Wardsunuiwinwasninden S lwlaUsanmans renieramycin M fasning
AMaAMIah Ly LL@iﬁﬁmmmaamﬂumju renieramycins 5%6] wndn ilesnanenundsUviuues
sanesanlumsidulavesasihemusssund  soiuislsunsruammimenaslasuiunsson e
miakl,w"'ufﬁwm:mumimﬁiugﬂuuuﬁﬂmﬂ%mm UWNWMNTEILATIZW renieramycin probe AT be
lewaunwmInaaas Hiountinil

813 renieramycin M ﬁm%‘:J;Jvlﬁazgﬂlﬁﬂummﬁﬁu’tumsé’aLﬂﬂsﬁagﬁuﬁ‘ﬁwm:mumi
maed lagyi e aluminium hydride reduction \RBFIATIZHENT jorunnamycin A U nTen
palladium catalyzed hydrogenation \HaFILATZRENS bishydroquinone ¥inU{ji381 photo reaction e
§ILANZAFT renieramycin T uazviUfjisen esterification asIaTz 22-O-acyl-ester Uz 5-O-
acyl-ester 989 renieramycin M Vl,ei”wamﬁmﬂumiagw”uﬂ%ﬁﬁﬁ%yjLmuﬁLaamafuumfuam‘hLmuaﬁ
5 ey 22 ﬁﬁmwwmﬂ%mﬂ I amino ester, cinamoyl ester WAy benzoyl ester Wuedw s
maaammmﬁmmmé’amﬁsﬁmiagﬁuﬂﬁajvlﬁwgaﬁyumﬂn'jw 20 lawsats  uasldmandans
FazAluszaulunanstisdunn

auWusuad renieramycin M Aldnnmssaaszinmua anild@nm  cytotoxicity 1w
wraanziSIlaauiainas ian oHa H290 way H460 LLa:wuiwagbw”uﬂmiﬂgawmmmqwﬁ%ﬁuu:ﬁd
Uoans 2 wialuszeumnluluand Lm:msay&w‘”uﬁﬁuamqw%%awLﬂuﬁmiamaﬂﬁgumaﬁqﬂﬁa 22-
0-acyl-N-Boc-L-glycine ester of renieramycin M (ICs, 3.56 nM) iafnmnlwesas H292 uaz 5-O-
acetyl ester renieramycin T (IC5 1.69 nM) Lﬁaﬁﬂmlumai H460 nnuamsansnaNuduisee
irasuzisslaans 2 wiia ﬁ']"l,ﬂg'(n'ﬁa?ﬂLmﬂﬁmamwﬁ%a'mLﬂuﬁw@iavna&i‘mﬁaﬂamvlﬁ'jmy}muﬁ
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1 { o ] Ié/ Qs 1 IS a 1
ﬁgmuﬁmwm 5-acyl ester ﬁ“ﬂu’l@ﬂﬁfyﬂu mezagwuﬁ’ﬂaqu 22-O-acyl-ester LaAIANMNLTUNLGD
& | ' 2 A . = o A A9 e & =
\IaSgINIINGY 5-O-acyl-ester Fadianuvhaulalumafinmuszianamnguiiielddwsaduzise
= {1 o . o ~ & A ' =

Yoaluawaa LLazLﬂuﬁmmmmwagwuﬁ’maa renieramycin T ugadgnianuduiudaisasuzs
va A = ' . . A ° A A (=) o ~
Uaaldd tihosandny dioxmethylene ring insuauddumien 7 uaz 8 Gevilwiilassashimaiadl
o o . A = Ao @ o & % = o a '
ARBARINY trabectedin (ET743) Taflusnadinialumainmaziaidusuazdlanaiamaaiat)
lum\iw tristetrahydroisoquinoline  alkaloid miw‘v@ummiﬁﬂumﬁdﬁnﬂmil,ﬂﬁﬂg;w tetrahydro
isoquinolinequinone alkaloid lagld renieramycin M Wuansduuuviafianusinauladnsniaodalyly
@ . s o . <& =~ a

auIAa Mattu AnsaseuWuslniaas renieramycin T Mamaaduazoniniedinin dnsons

v 4 v ld v R v
fuNNaLSEURIENT renieramycins  LHhasaniilaseainevad quinone Geassafinulasiaiives
atovaquone dnwnalnmaduuziSedie DNA alkylation Ha9anans renieramycin M flassasne
1% o . - A A Al o & o o Al

AR8nU  ecteinascidin 743 Fadusnadnltlumssnwnusiadiun  mslenszuiwmaedluns
Usidyslaseainaiataniiy selectivity nuuziss uazaaanaduivdaisaddnd 1w nadendany
vitamin U9TRA ANBILAZWAWN antibody drug conjugate (ADC) lawldans renieramycin Wusnseen
a I v A val v a o & = a a A = 1 =S v
an3  (payload) dudu iRelWETeyaiTunamaefiuazirineninnieinadanisdnsnisls

Uszlordnasanslungu renieramycin ivadunziisludainanasuazmadnsnisadin

Anti-non-small-cell
Iung cancer

22-0O-acyl ester of renjeramycin M 22-O-acyl ester of
renieramycin M
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1. n’]ﬂﬁnﬁaaﬁ’mﬂm%’laﬁ’lﬁu Xestospongia sp.

\fiudathenastinziadiniu Xestospongia sp. 9NIMzET RnIaTay3 finnudn 3-5
Was ansraLimaa vhenwszaralasmsssdsinnzauszisasiudantaoy 1w Wisnwag
Umeid e waswnounsia niwhwasinandmduiudn 9 wwdssanm 2 wuhwas uTaslu

gufudag giaz 1 Alaniu waziiulilugusudigninnil —20 asenaaifos

2. MILAIBNEITENANRSIL
‘ﬁnWaaﬁﬁaang}”w'ﬁwﬁaLLa:ialﬁﬁqmw;_]ﬁln&ﬁmﬁuqmm_]ﬁ 99 miwisimsesuums
aiannuLNIzUIWMT aadallil

2.1 fTunasinumsazanswamwatiwned (phosphate buffer) pH 7.0 Taawawludamsin
Wastin: phosphate buffer 1¥inn 3:2

2.2 1@ 10% KCN-phosphate buffer 3dn1uidudusad KCN i 10 mM aunne 30
Wl uATU 5 T2l

2.3 1@ methanol luaamain 1:1 anliitnu

2.4 wrsnaduim 48 Talus udhasazans luszweuiaeie rotary evaporator tAafnga
methanol 92 ldansanaduduiiinduasdsznoy wianadvisnue 4 sou azldmns
FNALTNTY 1-4

2.5 i sanauTwIndaladueanIzuInmT solvent extraction AU hexane U3u1a3
250 findaas 1w 1 A9

26 thasanauTuimsalugius smiainesnszuInmMs solvent extraction U ethyl
acetate 150103 250 J83AAT aATINIRUA 4 T0U

2.7 Wa38any ethyl acetate 1U3z18URIAE rotary evaporator A2 l@asananeny 1-4

2.8 @TIIFAUYNENT renieramycin @ M luansanenenuy 14 lasldinefia  thin  layer
chromatography lawld ethyl acetate:hexane luaasdin 1:1 1Ju mobile phase

2.9 WhasananeuimaindUSunmas renieramycin M mﬂﬁqﬂ lagRTananms
nagauely TLC vLﬂﬁwlﬁu‘%qw%%mmﬁama chromatography A quick column

chromatography Wag flash column chromatography

3. mmzmmsu’%qw%ﬂ renieramycin M

3.1 MIULNRIIAE quick column chromatography

MILuNRIILNatA quick column chromatography oM ILLN&1IWI silica gel %Gﬁﬁ
w7l stationary phase LLazmsfglu column Afianwmenisuazs vlwmsadouiidudanies
amaifmﬁfsvlﬁmaLﬂumsﬁau’iqw’ﬁf adedminsiumsuenansanafdlsinaean  Insssdoa
S8manasad eait

311 WEIENARIULANANAL kieseiguhr Tudasan 1:3 auldnidiugy
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3.1.4
3.1.5

3.1.6
3.1.7

L@38a slurry 2a9 silica gel 1% hexane 500 fiadaas lagld silica gel lugagaaw 1:100
wihweslSinuanIananeny uazaIsinnugives siica gel Uizanms 4 LouGiuaGs

o

NI slurry U84 silica gel a4l column s‘édﬁLﬁumuﬂuﬁﬂmd 10.5 LTWALNGT
‘ﬁa"ﬁé’nﬂg"tﬁ silica gel 13usaMIL 9ntiuls aspirator pump @ hexane aanlw
silica gel uws wazdfminiSousdane

miﬁgmiaﬁ'wmuﬁmwauﬂ“u kieseiguhr Tiduuudanuan Janufinindruda
peaIsnaliiafaudanin silica gel @28 mobile phase fitwanzan laun syazans
ethyl acetate:hexane AULINTWIBEA 10, 20, 30, 40, 50, 60, 70, 80, 90 Laz100
lasd3u1as waza3azany methanol:ethyl acetate ANNLTNTUIBLAZ 10 LAz 50 lag
51193 audau lasld mobile phase ANNLTNTHa: 300 TadaaT 91uiu 3 Jau
dudgmanafilaluziautisue 500 Saiaas

ansarane lUssinautsay rotary evaporator

ATIFUNENT  renieramycin @ M lusgiuanameomaia  TLC  lagld  ethyl
acetate:hexane 1waasaw 1:1 1w mobile phase NNLUsIMEMITANTIS

A

. . v w v A a s
renieramycin M 1idhenn ﬁ]ﬁ:vl@mimmqm

3.2 MIUUN&13A28 flash column chromatography

o o da ) . 4V v .
UIRINBRNANURIT renieramycin M F9ldnmIunendae quick column chromatography 1

PPN Sy 4 4, . =
LLﬂﬂlﬁUiqwmwumﬂ flash column chromatography lagansaziafauntn silica gel ‘Yl‘i_liiﬁﬂu

column NHUANBMLALLAZEN WazlTaNaRIN air pump luMTTzaNTA08N96 silica gel YilA

s A AVL v o a AVL v a aa o &
ﬁ']&l"liﬂLLUﬂE‘T'ﬁﬂ\iUﬁiﬁ'ﬂﬁ mﬂumimq‘n'ﬁ @ UINURSLDYUAIDTNIINANDY QI

3.2.1

3.2.2

3.23
324

3.25

3.2.6

3.2.7
3.2.8

L@38a slurry va4 silica gel 1% hexane 100 addas lagld silica gel lugagin 1:30
Lﬁ']ﬂnaaﬂ%mmmiﬁau%qﬂ%f

U3 silica gel adlu column TWTdmgstszana 30 UAWGT uszuIIINTIY
aziduadaniuasunininvasnasun

7 silica gel 628 hexane 3w liifiWasarmeinioat

'
A

a:mmmiﬁw%qwﬁ%ﬁ ethyl acetate lagld ethyl acetate lﬁﬁﬁmmﬁaﬂﬁqﬂ
sansnazansaseadnldanua

Uiiﬁ!ﬁﬁiﬁ"saﬂ’ldadlu colunm UazTE@2E mobile phase ﬁmm:au ldun ssazans
ethyl acetate:hexane ULTNTWIDEA 10, 20, 30, 40, 50, 60, 70, 80, 90 L&ax100
lasdSunas waza3azany methanolethyl acetate ANNTNTUIBBA: 20, 50
audau lasled mobile phase ANMNLTNTUAT 150 UARANT LALEIUENAVIAKE 50
88807 luzraumswa 100 Iadaas

@TIAFOUYNAT  renieramycin M lusiuanasismaiia  TLC  lawld  ethyl
acetate:hexane waaa 1:1 1Ju mobile phase NniwIWEIRETARTIs
renieramycin M 1ehenu

EUANA 1TIRBURIaE rotary evaporator e renieramycin M ‘].I%ﬁg“nﬁf
as9aulaTIaiIved renieramycin M aEumnaia nuclear magnetic resonance

spectroscopy
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3.3 MIANKWAN
. . v A all v o @ ) A
®17 renieramycin M mmimmﬂiﬁmqwﬂ@mﬂmi@mwﬁnmymmazmy ethyl acetate b3

v R < a AdA v
"%Zl'ﬂNﬂﬂLﬂ%L'ﬁﬂUN ENSGEN

4. M3RILAIIZABUNKEVDY renieramycin M AIBNIZLIBNINILAG

4.1 ’s*’?'dmﬂ:ﬁm;kw”uﬁ{ 22-0O-acyl-ester U84 renieramycin M

AZANBENT renieramycin M 3111 100 Jadnsu lu ethyl acetate U3anas 30 Jadans NN
\i120% Pd(OH),/C $1waw 50.0 fiadny Usznaugnliliussqufia hydrogen 1AL reaction flask
hiaa1melu reaction flask daumatheas ufia hydrogen uazmusIazanadIguLss ium 5
“ﬁ"'ﬂm ﬁm']m”umsmmﬂ 33 qquﬁ 25 aIALTaLTE mnffumaa suspension W% celite LR

o

a8 ethyl acetate 31193 20 JafFAT 31U 3 A9 WAz chloroform U3uNas 20 AadaaT 1wk 3

a

A9 FINEITATALTIRUAUA TR BUR I rotary evaporator 32ld&13 bishydroquinone GadantmAz
tHuvasudsdun G‘EaQﬂﬁwvlﬂlﬁi‘]umm%ﬁulumgumau@iavl,ﬂ laglaidas muﬂ'mmﬂmﬂﬁu‘%qﬁF

A=aN8ET bishydroquinone 31421 80 HaanId 1w tetrahydrofuran YSunas 10 fadaas vinlw
mia:mmﬁuﬁqmm_]ﬁ 17 asmamdos  musssrasatudadiesmeldanizidesdouts
Argon NTiLdY 0.5 M AIH3 lu tetrahydrofuran Usinas 2.3 fiaddas laswdnagneth o ldad
10 Nl mumia:myﬁqmﬁnﬁ 17 asrmados unm 4 Falug %%qmﬂﬁﬁ%mﬁ’mmnﬁuﬁw
U50195 2 U883 waz chloroform U3aNa3 20 UadAAT ﬁgmﬁqﬁ 17 psEiTalBeR Aoue) g
sIazanadisammniivios WaI9 NI 20 W9 1Hin sodium sulfate U5anas 10 n$u Lm:ﬂizﬂauaﬂiﬂq
UI3UMNF oxygen WAL reaction flask TMaaanmelu reaction flask samsithele LAw oxygen Uay
MuENTREAEE T e 10 1l niurinInTasssaransdIEnITAENIaIRamEa
2a9ud9 shansazanpananaaay chioroform Usinas 50 Ja58aT $1% 3 A1 TINANTALALTINNA
waz3zmeLkaeiy rotary evaporator auldmIazanUsunas 20 faddns SuMEEIaTaYBNTITD
sodium carbonate Tutih wazasazansdudaves sodium chioride luiin Mudey IniuuNBIWA"
Fuerarmuunidinmsatiidiy sodium sulfate nIasensazaednas) uasvhlwudaens rotary
evaporator a¢l@ crude product %d%ﬁﬂﬂﬁﬂﬁu?qwﬁﬁEm’liLLf;lﬂmi@T’mmﬂﬁﬂ flash column
chromatography lawlt 30% - 90% ethyl acetate:hexane 114 mobile phase aldans jorunnamycin A
ﬁu’%qw?%aﬁé’nwmnﬂummLLﬁaﬁmﬁaa

azaN8&T jorunnamycin A 10 §adn3u 1w dichloromethane U393 2 fafdas  vhlw
miazmmﬁuﬁqmm_]ﬁ 17 asmamdus  musssrasatuaaiissnmeldanizidesdouta
Argon LGU&13 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (ECDI) 3142% 5.5 Aa8n3d waz N, N-
4-dimethylaminopyridine (DMAP) 3.5 {iafn3u nniwduns acylating agent ludSanmfimanzan
wielsiifinl 30 esterification aghemuugal uazmumsazmoiduinm 2 $alus Jengaujisenles
W 20 a88e3 Whasazansananasiy chloroform U3anas 10 {adaas $wan 3 @39 39
PRIMAITUAITNaTEBuNSE a1aeuaIazaNaudaras sodium chioride lwih uazinvaBAITH
fvnazansBunidanisaingas sodium sulfate nyssEIATANBLAZFNlTLRITY rotary evaporator
22l@ crude product Gﬁmzﬁﬂﬂﬁﬂﬁu?qwﬁ%stiLLsmmi@Taﬂmﬂﬁﬂ flash column chromatography

lawlt 40% - 90% ethyl acetate:hexane 1% mobile phase fnlzvl,(é‘]yﬁq’lia‘lfil,‘V\T‘Llr.liF 22-0O-acyl-ester a3
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renieramycin MaT3saulaTa e INAAn AN eaeinafia  nuclear magnetic  resonance

spectroscopy

4.2 é‘amsw:ﬁagw‘"nﬁ 5-O-acyl-ester 184 renieramycin M

AZANBET renieramycin M 31421 40 HaAnIN lu ethyl acetate U3a1as 20 AadF0T NN
Wi 20% Pd(OH),/C $1wau 20.0 fiadiniy dsznaugnlilsussaufia hydrogen 1AL reaction flask
fana el reaction flask samshads wia hydrogen LLazmumsazmﬂamagmm Juan 5
fl'ﬂm ﬁm']m”umsmmﬂ 3 Qmﬁﬂﬁ 25 IAnLTaLTa ﬁl’mifuﬂiad suspension W1 celite LR
a8 ethyl acetate UTu1a3 20 UadANT 41U 3 @33 uaz chloroform U3an@s 20 dadaas $1wam 3
A9 SINETATALTIRUAUAT TR LRI rotary evaporator 32ld&13 bishydroquinone Gadantm
Wuvaudedon e'fiagﬂﬁﬁ"hflﬁﬂumw%ﬁu’lmgumau@ia"l,ﬂ lawlaidad shumnmnmﬂﬁu’%qw?

8zaN8&T bishydroguinone 10 Uadn3y w4 dichloromethane USanas 2 daddeas  vilw
mia:mmﬁuﬁ'qmmqﬁ 17 asmaados  musssrasatudadiosnmeldanizidesdouta
Argon L@u&13 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (ECDI) 142t 5.5 Aa8n3d waz N, N-
4-dimethylaminopyridine (DMAP) 3.5 {iafn3u nniwduans acylating agent TS mfimanzan
wielsiifinl 30 esterification aghemuugal uazmumsazmoidunm 2 $alus Sengaujisenles
W 20 a8&es Whesazansananasiy chloroform U3anas 10 {adaas $wan 3 @39 39
PRIMNITUAITNaT N BuNSE daeuaIazaneaudavas sodium chioride lwih waztinvaIBAITH
fvnazanBunidanisaineas sodium sulfate n3BsENTATANBLAZYN LRI rotary evaporator
22l@ crude product %aa:ﬁﬂﬂﬁﬂﬁu’%qwﬁ%ﬂmiLLmﬂmi@Tﬁﬂmﬂﬁﬂ flash column chromatography
lawlt 40% - 90% ethyl acetate:hexane 11 mobile phase ﬁlﬂﬁﬁ’lianguf 5-O-acyl-ester a3

renieramycin = M asaaulasIrIaINAAA Y caenafia  nuclear magnetic resonance

spectroscopy

4.3 MIFIATIZART 5-O-acetyl renieramycin T

AZAN8ENT renieramycin M 10 48dN3N @38 CH,C, 150 HafA®T U1aAWNANIMIA 500
finsany laormamoufalulasian wazmuamInzanusein3as magnetic stirrer DalawlnWgaaiss
\Tud 18 Tad dasnvaIatunau ﬁqm%qﬁ 25 asewaidos (wae 18 Al negeuNasy TLC
(ethyl acetate:hexane 2:3) MNuusziRsIEIAzAuazU AT luduasudelulas lidasrums
Lmﬂmﬂﬁﬁqw%{

\nanIazae pyridine 2 a8aT waz Ac,0 15 lulesdas Dathnmedasanms mu
mia:mﬂﬁ?mﬂ%‘ad magnetic stirrer (Juwan 3 fﬂim NAROUNAAY TLC (ethyl acetate:hexane 2:3)
I@ULﬁa'«g‘@miazawmuuLmu TLC ud i luvnlwuwsdaoie3os high vacuum pump Uszanos 15
wifl (Roszing pyridine rawiuaslu TLC tank wyaffsmlasidush 5 Gadfas asluwadunas
mumsazmm‘fwm%au magnetic stirrer 'Jwan 5 win

Lmnmﬂﬁﬁqﬂﬁ@uﬁ,’lmsazmﬂvl,ﬂ partition 1 separatory funnel @7tdichloromethane 'l
\fiut dichloromethane (ﬁa/uéi’m) ¥ndn 3 58U TIDw dichloromethane L“ﬁﬂﬁ’?&lﬂ”ulﬁlum’mgﬂ“nuﬁ
\fing magnesium sulfate 3 Fauz1 Winws magnesium sulfate sunuduron IWiduAnaslugnawla

UK MNNBUNIRIRNTaraslaylsnTuuieInudR TEey dichloromethane NAFLAIE TLC Wa7
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L@8 hexane adluuranuwnanauianmIanaznas i ldszinauislaans 5-O-acetyl renieramycin T ¥
Y Aa A“D a A d |
ﬂ’liLLEmmﬂWUiﬁgﬂﬁ@’m inaua flash column chromatography lawlt 30% ethyl acetate:hexane L1l
v { a A‘ v v a
mobile phase aldmng 5-O-acetyl renieramycin T ﬁ‘.l_liqvlﬁ as19aulaTIaie denadla nuclear

magnetic resonance spectroscopy

5. nﬂsﬂmaauQﬂéﬂaﬁutﬁuﬁvdamia&fmﬁaﬂamﬁmmaaﬂaita“n 7%hA 292 uar H460 A2
wmana MTT assay
5.1 mawnzthsmaduziSiansfiarnas lsiiinsiia H292 was H460
mstwnziaamasuzssensiia H292 uas H460 Follwmasuzssdensfiarmasliiin lu
213 LALILTAS RPMI 1640 Rilassznouaas fetal bovine serum Yauas 10 L-alanyl-L-glutamine
dipeptide 2 #iaflua/Aay penicilin 100 giia/fiadfas streptomycin 100 lulasniw/fadfay uaz
amphotericin B 0.25 lalasnsiwidasans luanizfidenivoulesanlod enudutuioss: 5 #
gunnd 37 aveialTus

5.2 ﬂ@aaumwmﬂuﬁﬁmaqmwﬁamﬂmi‘ﬁ?'ﬁ' MTT assay

Sunmawzassimasuzisolon H292 uas H460 $1%3% 10,000 irad/mau L mlcroplate
IWNZLALILTAS 96 Wau (96-well plate) wialugmaz afansvounlasenladanudututoss: 5 #
gunnd 37 aseLTalFus Wi 24 19 MNTWABILTASINEIAT T T8N ArnuET 0.01,
0.05, 0.1, 1, 5, 10, 25, 50, 100, 200 waz 500 wilulus1s wazewINd DMSO ANNTRTUTaas
0.05 (nguALAY) iuszsziia 72 F2lag ansuaud Sadusiazans 3-(4,5-Dimethylthiazol-2-
y)-2,5-dipheny! tetrazolium bromide (MTT) @uLUNTH 0.4 AadnIw/Aadans ﬂuﬁqquﬁ 37 a3
o win 3 $alue ludide nasemiudy DMSO 100 lulasinymau IWoazaNuNEN formazan
a9 35 MTT da  mytamsvhomsasiawlsd  mitochondrial reductase  lwlulnaauiasy
(mitochondria) vadadniiFin awlodazynUFAsdums MTT Afdndas waswdundnuas
formazan fid&N9INGH  SatuenuTIeIFIITI RNtz SRS U B ad i saa e
ﬁrmifuﬁwvlﬂi'mmms@@ﬂﬁmmﬁ 570 W lwaag @T’sﬂLﬂéaﬁmmﬂ'ﬁ@@ﬂﬁmlﬁwaammzmﬂluvlu
lasiwan (Microplate reader) @hﬁvlﬁgﬂﬁwmﬁ']mmm%aﬁazmwummmlumsﬁ%’imaaLsnaa‘mu
FUMIMUAT  wazthesasazanuaInIn M IdFia lUas9n T Wm e N U ARSI LA NTY
POITNT  LADWFN AT BITNIAENINTASUSINMIANIUIWTARI088T 50 VBITIWIULTAE
YINUA (ICq) sio'l

ﬂqﬂqi‘ﬁﬁﬂﬂﬂ Lﬂﬂ’]]'?l\'lﬁﬂﬂﬂll U‘a'—'li‘

fapavaruansolunsiidiinganasd = - . X 100
ANNNIRANALLATTELTRE LUNgHATLAM

a 6 ana

5.3 MIALATITHHANIRDA
lumsneaseuanuidufsaasans renieramycin M LLazang‘”uﬁ dalraaNztSIUaarinnms
NANDITI8ENI%BE 3 AT Iﬂmﬂ%'ﬂmﬁwﬂ“umiumuqu LaznguNinasaueiy doxorubicin Iﬂﬂﬂ’aga

a

ao ' a oA = ad) va )
°1]ENG']‘WJ%UQZLLE"(WGSL%EIIQWLQQU T ALUEILBIINIFIN ‘Mﬁﬂ@ml‘ﬁﬂﬂ one-way ANOVA Iﬂﬂa']ﬁil

o o

1U5unIn SPSS 183t 22 waLMPHAANNLANGNIBENIdpFATiFN p-value < 0.05

]
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AAaNIINnNaald

[ a 1 & & a A
1. manuaag19NaIRI 19w Xestospongia sp.

& @ ' by ad a . Ao o o A o & A
UM aENN AN RN Xestospongia sp. INNLNCRD "ﬂﬂ%')@"ﬁﬂlqli AIUIU 2 ATY AD

WOHNAN W.6. 2560 LAZARIAN W.A. 2560 lanassinsrunadw 36 Nlansa

31U 1 mufumatiashiiiuannizdaunizides lwdeunnunaw 2560 lianwemamzly

mIduiumuiudlagslay sa. an. a3, auTa WALINIT

3 2 mafudraganasihEidunnsTsumananuin 3-5 was sl,w,ﬁauq!mﬂu 2560
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2. MIAAIYNFIIINARYIY
maassurIananenuylszneumeamstunasiale  phosphate buffer (pH 7) kU
Ufjisenuansazany potassium cyanide (KCN) WasuTanaly methanol aNKkuiMIszine methanol

LAZRNAMIEAIINAZANY hexane Was ethyl acetate uday e laasananeny tWavin ldusnansus
q%’lf@ﬁ ainafia chromatography @a'ly

Xestospongia Sp.
wet weight 36 Kg

¢

Homogenization with
Phosphate buffer at pH 7

v

Treat with KCN
(10 MM in phosphate buffer at pH 7)
strirring at room temperature for 5 hour

v

Maceration with MeOH
for 48 h and drain all liquid
repeat 4 times

Y

Evaporation under
reduced pressure

v

AqUEOUS methanolic
extract

Solvent extraction
1. Hexane 250 mL, 1 time
2. Ethyl acetate 250 mL, 3 times

Y

Hexane extract Ethyl acetate extract Aqueous extract

Remove fat and Discard
chlorestero|

oo | [ 1] [2 ] [3] [

WHWBATN 1 MILaINEIFNaneNUNaItin&1iS% Xestospongia sp.
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A15197N 1 IRUNLRIVBITNIFNARNUN DI NZLAFHIT

FIRNANENU (Crude extract) | swinanIananeny (n3u)
1 14.42

2 41.69

3 14.05

4 108.58

;5'1]‘?1 3 WA TLC (ethyl acetate:hexane = 1:1) YBIFIRNAREY 1-4 NN NZIaRUNLTH

Xestospongia sp. WiaunUas renieramycin M (RM)

3. ﬂ']iLLEIﬂﬁ’li‘iJ%?!ﬂé renieramycin M

NHa TLC msananeny 1 uaz 2 a3 renieramycin M 3931usnsanianenuns 2 dWhenani
Iefnsananenunadn 56.11 niw ﬁﬁmﬁnwnmﬁaﬁwmﬂﬁﬁqﬁ%zJ quick column uaz flash
column chromatography @N&1AU wudwmmsmwnmiﬁqﬂﬁf renieramycin - M NNALA
chromatography LLae recrystallization Vl@TiwﬁB\‘lﬁwu 784.1 mg inﬂifuﬁﬂm‘s renieramycin M 14
asnamaulasIzIMaaisamIianey 'H uaz 3C NMR spectroscopy Wuin'le NMR spectrum

aa@ﬂﬁaaﬂ”u*’ﬁagaﬁm PIEIUNINAURUN
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Crude extract
56.11 g

QUiCk column chromatography

ethyl acetate:hexane 10-100%
methanol-ethyl acetate 10-50%

Recrystalization
Wwith ethyl acetate

DE

Renieramycin M

orange crystal Flash column chromatography

533.2 Mg
EIhyI acetate:hexane 10-100%
methanol:ethyl acetate 10-50%
DE; DE, DE, DE, DEg DEg DE,

Renieramycin M

Orange powder

Renieramycin M
Orange solid

784.1 mg

0-01% dry weight
0.002% Wet weight

a ﬂg . .
WH®WATIN 2 MIUUNTIIUIFNTD renieramycin M
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I3 o &

4. MIFILATIZHBUNHKS VDY renieramycin M AIBNITLIRNIINILAG

é’amswzﬁagw”ufmﬁmlmjmaa renieramycin M MenTzLIwMINSed lag renieramycin M
gﬂlﬁﬂumm%éfulumzmumiﬁamw:ﬁagw”ufmamﬁ Tagldvihmnasssaadalli

4.1 é’dmiﬁgﬁagwﬁf 22-O-acyl-N-Boc-amino ester U84 renieramycin M fﬁaﬂszﬂauﬁm
Tuasumanifigdy 2 duasuw Ae miﬁﬁwy}muﬁ agelate UAzN1ILANNY aminoester laelu
SUADUIN renieramycin M (1) 9200 reduce @28 Pd(OH),/C Lﬁ'amﬁﬂwyj quinone MALdu
hydroquinone ’«J’m‘fl?u agelyl ester 20N reduce A28 AlH, lawandadn alcohol 2 ‘ﬁdﬁiﬂidaf’m
wilawty jorunnamycin A Asansanyldlusssumd a1nii 39 alcohol 2 v §asen
esterification NU N-Boc-amino acid ﬁaulﬁl A N-Boc-L-glycine, N-Boc-L-alanine, N-Boc-L-
phenylalanine, N-Boc-L-valine, LLa N-Boc-L-proline INNANITINARDINLIN agwuuﬁg 22-0-acyl-N-Boc-
amino ester 184 renieramycin M &13naATIRA lauazdnanAansFaaTziluinmaigy (vield 59-
95%)

1. Hy, Pd(OH),/C
A6

o Noe 2 AlgH, THF

A A >0
=
© H 23 = 519 (3 5teps)

BMAP, EBCI:HCI
CH;Cl, 2 h, -17 8¢

2: JeruRnamyein A

NHees NHBes  NHBee

3a 3b 36 3d
93% 95% 84% 56% 86%

Ph Me
. S_Me . NN #
e A " f:) fﬁHaergé B%D
3

3: 22:0-AMING eSteF renieramyein M derivatves
;sﬂﬁ 4 msé’ams’]zﬁagﬁuf 22-0-acyl-N-Boc-amino ester 184 renieramycin M

42 duATzioywWus 5-O-acyl-ester 284 renieramycin M Fasznoudsdunaunnaadn
fAn 2 dunen lagluduaauusn renieramycin M (1) 920N reduce ¢38 Pd(OH),/C Lﬁial,ﬂﬁ'ywy;
quinone Mtilu hydroquinone (4) aﬁﬂﬁuﬁdﬁﬁﬂﬁﬁ%m esterification iU acylating agent fiawla leun N-
Boc-amino acid Was heterocyclic aromatic acid chloride INANANINARAINUIN a‘l,ql,w”uf 5-O-acyl-ester

284 renieramycin M 8ANTRFILATIZNA LA LAz NANRAMTRILATIZA s nouiunans (yield 27-51%)
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H,, 20% Pd(OH)ZIC N-Boc-amino acid

et
DMAP, EDCI.HCI
CH,Cly, 2 h, 1t

EtOAC, rt

4: bishydroguinone

NHBoc ~ NHBoc NHBoc  NHBoC
5a 5b 5¢ 5d

Ph Me
ne AR R e B
5e

51% 43% 30% 30% 27%

o)\%H
Me
5: 5-O-Amino ester renieramycin M derivatives

Ny | N | A Z
o, v T W
f
§f 59 5i 5)

6h
58% 48% 47% 51% 43%
E N7 N? N? Ph
6k 6l &m A 6o
41% 32% 39% 40% 39%

31N 5 MmIsuaTMzRayWus 5-O-acyl-ester 283 renieramycin M

4.3 MIFIATIZHRENT 5-O-acetyl renieramycin T s’fiaﬂs:ﬂauﬁwmgumumamﬁﬁ
f1Ag 2 duaan lagluduaauusn renieramycin M (1) 929N reduce G718 WAINUINLFIWY LA
18 W w“iamﬁng quinone 11w dioxymethylene ring (6) mmfuﬁdﬁﬁﬂﬁﬁ%m esterification Nu
acylating agent fisula 'ldun acetic anhydride NHAMINARBIWLAN auWUs  5-O-acetyl

renieramycin T @13130FILATIZN LALALANANAANIFILATIZHA LNt unans (yield 47%)

MeO MeO
Me

hv 18 W Me 7Meo AC,0, Py
0 Me
OMH
Me
Renieramycin M (1 Renieramycin T (6) 5-O-Acetyl Renieramycin T (7

;Jﬂﬁ 6 NMIFILATIZARNT 5-O-acetyl renieramycin T
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5. msenzlassaeneaivasansaunusildennsdoasei

MINATIA H uaz °C NMR spectra 110383310z Ao JEOL-JNM AL 300 uazJEOL-
JNM XL 500 FT-NMR spectrometer 1o NMR spectra Y8387 5f-0 uaaITEazidualy supporting
information maqNamu"’sﬁﬁ'ﬂ%aLLam“ﬁagaMmumﬂwmﬂ Lae NMR spectra 3a-e LLaZR17 S5a-e Y
o daasa Uil

22-0O-acyl-N-Boc-L-glycine derivative of renieramycin M: 11.6 mg (93%); yellow
amorphous solid. [e:]3% +161.7 (c 0.0035, CHCl;); CD A € (c: 9 UM, methanol, 20 °C) +0.02 (371),
—0.3 (314), —0.2 (315), —1.0 (300), —2.4 (283), —1.3 (269), —0.3 (257), —0.9 (242), —1.3 (227); IR
(KBr) 3414, 2978, 2943, 2855, 1751, 1717, 1655, 1616, 1508, 1452, 1369, 1310, 1281, 1236, 1161
cm™; "H-NMR (CDCl,, 400 MHz) 0 4.84 (1H, br s, 3'-NH), 4.47 (1H, dd, J = 10.8, 2.4 Hz, 22-Ha),
4.06 (1H, br d, J = 2.4 Hz, 21-H), 4.03 (3H, s, 7-OCHj), 4.03 (1H, overlapped, 11-H), 4.01 (3H, s,
17-OCHs,), 4.01 (1H, overlapped, 1-H), 3.95 (1H, br d, J = 2.4 Hz, 22-Hb), 3.78 (1H, dd, J = 18.6, 6.0
Hz, 2'-Ha), 3.49 (1H, dd, J = 18.6, 6.0 Hz, 2-Hb), 3.37 (1H, br d, J = 7.2 Hz, 13-H), 3.10 (1H, dt, J
=12.0, 2.8 Hz, 3-H), 2.94 (1H, dd, J = 17.3, 2.4 Hz, 4-HQL), 2.73 (1H, dd, J = 20.7, 7.6 Hz, 14-HQL),
2.31 (1H, d, overlapped, 14—HB), 2.30 (3H, s, NCH3), 1.99 (1H, d, J = 6.4 Hz, 4—H[3), 1.96 (3H, s, 6-
CH,), 1.95 (3H, s, 16-CH,), 1.42 (9H, s, 6'-H); "*C-NMR (CDCl,, 100 MHz) O 186.6 (C-15), 185.2
(C-5), 182.4 (C-18), 181.1 (C-8), 169.8 (C-1'), 155.5 (C-4), 155.4 (C-7), 155.3 (C-17), 142.1 (C-10),
142.0 (C-20), 135.1 (C-9), 135.0 (C-19), 128.9 (C-6), 128.3 (C-16), 116.9 (CN), 80.2 (C-5'), 64.1 (C-
22), 61.1 (17-OCHj3), 61.1 (7-OCH,), 59.0 (C-21), 55.7 (C-1), 54.6 (C-3), 54.2 (C-13), 54.1 (C-11),
423 (C-2"), 415 (NCHg,), 28.3 (C-8"), 25.2 (C-4), 21.2 (C-14), 8.9 (6-CH,), 8.6 (16-CH,)

22-O-acyl-N-Boc-L-alanine derivative of renieramycin M: 12.3 mg (95%); yellow
amorphous solid. [C‘-]%}5 —75.8 (¢ 0.0024, CHCI;); CD Ag (c: 9 UM, methanol, 20 °C) —4.8 (355),
—3.5 (333), —2.1 (313), —2.8 (299), —9.3 (289), —16.1 (280), —5.0 (270), +8.9 (257), +5.4 (244),
+0.2 (234); IR (KBr) 3393, 2978, 2940, 2855, 1765, 1717, 1653, 1616, 1506, 1456, 1369, 1306,
1234, 1155, 1058 cm™"; '"H-NMR (CDCl,, 400 MHz) O 5.23 (1H, s, 3'-NH), 4.99 (1H, br d, J = 6.8
Hz, 2'-H), 4.45 (1H, brd, J = 11.2 Hz, 22-Ha), 4.08 (1H, br d, J = 12.0 Hz, 22-Hb), 4.01 (1H, d, J =
2.4 Hz, 21-H), 3.96 (3H, s, 7-OCH,), 3.96 (1H, overlapped, 11-H), 3.94 (3H, s, 17-OCH;), 3.92 (1H,
br d, overlapped, 1-H), 3.33 (1H, br d, J = 7.6 Hz, 13-H), 3.02 (1H, dt, J = 11.6, 3.2 Hz, 3-H), 2.82
(1H, br d, J = 16.8, Hz, 4-HQ), 2.67 (1H, dd, J = 20.7, 7.2 Hz, 14-HQL), 2.30 (1H, d, J = 21.1 Hz,
14-H[3), 2.22 (3H, s, NCH;,), 1.87 (3H, s, 6-CH,), 1.37 (1H, d, J = 7.2 Hz, 4-HP), 1.87 (3H, s, 16-
CH,), 1.31 (9H, s, 6"-H), 1.03 (3H, d, J = 7.6 Hz, 7'-H); 3C-NMR (CDCl,, 100 MHz) O 186.5 (C-15),
185.2 (C-5), 182.4 (C-18), 181.1 (C-8), 172.6 (C-1'), 155.6 (C-4'), 155.4 (C-7), 154.7 (C-17), 141.9
(C-10), 141.9 (C-20), 135.1 (C-9), 134.8 (C-19), 128.7 (C-6), 128.1 (C-16), 116.8 (CN), 79.9 (C-5'),
63.1 (C-22), 61.1 (17-OCH,), 61.0 (7-OCHj), 58.4 (C-21), 56.5 (C-1), 54.5 (C-3), 54.3 (C-13), 54.1
(C-11), 48.7 (C-2"), 41.5 (NCH,), 28.2 (C-6'), 25.2 (C-4), 21.0 (C-14), 18.3 (C-7'), 8.8 (6-CH,), 8.5
(16-CH,)
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22-0-acyl-N-Boc-L-phenylalanine derivative of renieramycin M: 12.4 mg (84%); yellow
amorphous solid. [O’«]E}S +29.7 (¢ 0.0017, CHCI,); CD Ag (c: 9 UM, methanol, 20 °C) —6.7 (356),
—4.4 (327), —4.0 (300), —9.5 (292), —23.1 (281), —3.5 (269), +11.4 (256), +5.4 (244), —2.8 (234);
IR (KBr) 3387, 2963, 2928, 2855, 1719 (br), 1655, 1612, 1560, 1508, 1499, 1458, 1368, 1306, 1261,
1234, 1159, 1107, 1084, 1049, 1030, 957, 801, 700 cm™; "H-NMR (CDCl,, 300 MHz) O 7.36 (1H, d,
J=42Hz, 11"-H), 7.29 (2H, d, J = 6.3 Hz, 9'-H), 7.05 (2H, d, J = 6.3 Hz, 10"-H), 4.71 (1H, br d, J
= 8.1 Hz, 2'-H), 4.30 (2H, dd, J = 11.4, 3.0 Hz, 22-H), 4.24 (1H, br d, J = 7.8 Hz, 21-H), 4.08 (1H,
overlapped, 1-H), 4.00 (6H, s, 17 and 7-OCH,), 3.87 (1H, br d, J = 14.7 Hz, 11-H), 3.34 (1H, br d, J
= 6.9 Hz, 13-H), 3.07 (1H, dt, J = 11.4, 3.8 Hz, 3-H), 2.91 (1H, br d, J = 18.0, Hz, 4-HQL), 2.84 (2H,
d, J=57Hz, 7'-H), 2.45 (1H, dd, J = 21.0, 7.2 Hz, 14-HQL), 2.33 (1H, d, overlapped, 14-H[3), 2.28
(3H, s, NCH,), 1.99 (1H, d, J = 15.6 Hz, 4-H[3), 1.92 (3H, s, 6-CH,), 1.86 (3H, s, 16-CHj,), 1.32 (9H,
s, 6'-H); "*C-NMR (CDCl,, 100 MHz) O 186.4 (C-15), 185.1 (C-5), 182.4 (C-18), 181.1 (C-8), 171.7
(c-1"), 155.5 (C-4"), 155.3 (C-7), 154.7 (C-17), 142.2 (C-10), 141.9 (C-20), 135.7 (C-9), 134.9 (C-
19), 129.3 (C-8'), 129.1 (C-9), 128.7 (C-10"), 128.6 (C-6), 128.0 (C-16),127.2 (C-11"), 116.8 (CN),
80.0 (C-5'), 64.3 (C-22), 62.0 (C-2'), 61.1 (17-OCHs,), 61.0 (7-OCHj,), 58.6 (C-21), 55.9 (C-1), 54.6
(C-3), 54.3 (C-13), 54.2 (C-11), 41.4 (NCHS,), 38.3 (C-7), 28.1 (C-6'), 25.0 (C-4), 21.4 (C-14), 8.8 (6-
CH,), 8.6 (16-CHj3)

22-0-acyl-N-Boc-L-valine derivative of renieramycin M: 8.1 mg (59%); yellow amorphous
solid. [2]5° +135.4 (c 0.0023, CHCl,); CD A € (c: 6 WM, methanol, 20 °C) —1.2 (353), —0.8 (326),
—2.0 (301), —5.1 (289), —8.1 (281), —2.9 (270), +2.3 (257), —0.2 (240), —1.2 (224); IR (KBr) 3404,
2969, 2940, 1741, 1717, 1655, 1616, 1506, 1456, 1371, 1310, 1236, 1157 cm™; 'H-NMR (CDCI,,
300 MHz) O 4.73 (1H, br d, J = 9.6 Hz, 2'-H), 4.29 (2H, d, J = 2.7 Hz, 22-H), 4.08 (1H, d, J = 2.4
Hz, 21-H), 4.06 (3H, s, 7-OCHj,), 4.04 (1H, d, J = 1.5 Hz, 1-H), 4.03 (1H, overlapped, 11-H), 4.00
(3H, s, 17-OCHy), 3.40 (1H, dt, J = 7.8, 1.5 Hz, 13-H), 3.08 (1H, dt, J = 11.4, 3.0 Hz, 3-H), 2.90 (1H,
dd, J = 16.8, 1.8 Hz, 4-HQ), 2.77 (1H, dd, J = 21.0, 7.8 Hz, 14-HQL), 2.30 (1H, d, J = 21.0 Hz, 14-
HB), 2.28 (3H, s, NCH3), 1.95 (3H, s, 6-CH,), 1.93 (3H, s, 16-CH,), 1.43 (1H, d, J = 3.6 Hz, 4-H|3),
1.36 (9H, s, 6'-H), 1.26 (1H, m, 7'-H), 0.80 & 0.73 (3H, d, J = 6.9 Hz, 8'-H); *C-NMR (CDCl,, 100
MHz) O 186.5 (C-15), 185.1 (C-5), 182.4 (C-18), 181.1 (C-8), 171.8 (C-1"), 155.6 (C-4'), 155.5 (C-7),
155.2 (C-17), 141.9 (C-10), 141.8 (C-20), 135.1 (C-9), 134.8 (C-19), 128.5 (C-6), 127.8 (C-16), 116.7
(CN), 79.8 (C-5"), 63.7 (C-22), 61.1 (17-OCH,), 61.1 (7-OCHj), 58.6 (C-2'), 58.4 (C-21), 56.4 (C-1),
54.6 (C-3), 54.5 (C-13), 54.1 (C-11), 41.5 (NCH,), 30.8 (C-7"), 28.2 (C-6), 25.1 (C-4), 21.2 (C-14),
18.9 & 17.5 (C-8'), 8.8 (6-CH,), 8.7 (16-CHy)
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22-0O-acyl-N-Boc-L-proline derivative of renieramycin M: 11.6 mg (86%); yellow
amorphous solid. [O’«]E}S +161.1 (c 0.0044, CHCIl,;); CD Ag (c: 14 UM, methanol, 20 °C) +1.6 (417),
—1.3 (389), —3.8 (358), —2.6 (328), —2.5 (300), —12.5 (282), —3.1 (270), +6.8 (258), +2.8 (243),
—1.1 (222), +2.5 (212), +7.3 (207); IR (KBr) 2974, 2955, 2940, 1749, 1695, 1655, 1616, 1450, 1400,
1373, 1312, 1236, 1188, 1159, 1084 cm™; 'H-NMR (CDCl,, 400 MHz) 3 4.30 (1H, m, J = 21.9, 11.6,
1.6 Hz, 2'-H), 4.05 (2H, br d, J = 12.8 Hz, 22-H), 4.03 (1H, d, overlapped, 21-H), 4.01 (1H,
overlapped, 1-H), 4.02 (3H, s, 7-OCH,), 3.99 (3H, s, 17-OCH,), 3.94 (1H, td, J = 5.2, 8.4 Hz, 11-H),
3.40 (2H, m, 9'-H), 3.30 (1H, br d, J = 5.6 Hz, 13-H), 3.09 (1H, br d, J = 11.6 Hz, 3-H), 2.95 (1H,
td, J = 26.0, 17.2, Hz, 4-HQL), 2.76 (1H, dd, J = 20.3, 7.6 Hz, 14-HQ), 2.33 (1H, d, J = 21.1 Hz, 14-
HP), 2.28 (3H, s, NCHj), 2.03 (1H, d, J = 15.2 Hz, 4-H[), 1.93 (3H, s, 6-CHj), 1.91 (3H, s, 16-CHy),
1.75 (2H, m, 8'-H), 1.34 (9H, s, 6'-H), 1.26 (2H, d, J = 2.4 Hz, 7'-H); "*C-NMR (CDCl,, 100 MHz) O
186.4 (C-15), 185.3 (C-5), 182.4 (C-18), 181.1 (C-8), 172.5 (C-1'), 155.7 (C-4"), 155.5 (C-7), 154.0
(C-17), 142.0 (C-10), 141.8 (C-20), 135.3 (C-9), 134.7 (C-19), 128.4 (C-6), 127.8 (C-16), 117.0 (CN),
79.7 (C-5), 65.2 (C-22), 63.7 (C-2'), 61.0 (17-OCH, & 7-OCHj,), 58.5 (C-21), 58.6 (C-4), 56.4 (C-1),
54.6 (C-3), 54.3 (C-11), 54.2 (C-13), 46.5 (C-9'), 41.5 (NCH,), 31.6 (C-7'), 29.8, (C-8'), 28.3 (C-6'),
25.2 (C-4), 21.2 (C-14), 8.8 (6-CH,), 8.6 (16-CH,)

5-O-acyl-N-Boc-L-glycine derivatives of renieramycin M: 2.5 mg (26%); yellow
amorphous solid. [O’«]E}S +161.7 (c 0.0007, CHCIl,;); CD Ag (c: 11 UM, methanol, 20 °C) +1.8 (420),
0.0 (384), —1.0 (353), —0.4 (323), 0.0 (298), +1.9 (282), +3.1 (264), +2.0 (244), +1.5 (229), +2.6
(217); IR (KBr) 3393, 2961, 2926, 2855, 1775, 1717, 1653, 1616, 1462, 1369, 1261, 1234, 1153,
1094, 1059, 1030, 802 cm™'; 'H-NMR (CDCl,, 400 MHz) & 5.93 (1H, qq, J = 7.6, 1.6 Hz, 26-H), 5.70
(1H, s, 8-OH), 5.00 (1H, br s, 3'-H), 4.44 (1H, br d, J = 10.8 Hz, 22-Ha), 4.24 (2H, t, J = 4.4 Hz, 2'-
H), 4.16 (1H, br d, J = 5.2 Hz, 1-H), 4.04 (1H, d, J = 2.8 Hz, 21-H), 3.98 (1H, dd, J = 11.2, 4.8 Hz,
22-Hb), 3.90 (3H, s, 17-OCH,), 3.88 (1H, br d, J = 2.0 Hz, 11-H), 3.71 (3H, s, 7-OCH,), 3.29 (1H, br
d, J = 8.0 Hz, 13-H), 3.12 (1H, dt, J = 12.0, 2.4 Hz, 3-H), 2.68 (1H, dd, J = 21.6, 8.0 Hz, 14-HQ),
2.40 (1H, dd, J = 15.2, 2.0 Hz, 4-HQ), 2.22 (1H, d, J = 21.2 Hz, 14-HP), 2.20 (3H, s, NCH,), 2.02
(3H, s, 6-CH,), 1.86 (3H, s, 16-CH,), 1.80 (3H, dd, J = 7.2, 1.6 Hz, 27-H), 1.61 (3H, s, 28-H), 1.55
(1H, br d, J = 12.4 Hz, 4-H[), 1.42 (9H, s, 6'-H); *C-NMR (CDCl,, 100 MHz) & 186.1 (C-15), 182.8
(C-18), 180.9 (C-1"), 167.1 (C-24), 155.4 (C-4"), 155.4 (C-17), 143.8 (C-7), 143.3 (C-8), 141.9 (C-
20), 140.1 (C-26), 138.7 (C-5), 135.4 (C-19), 129.7 (C-16), 126.8 (C-25), 124.1 (C-10), 122.5 (C-6),
117.5 (CN-21), 117.2 (C-9), 80.2 (C-5'), 64.3 (C-22), 61.2 (17-OCH,), 60.8 (7-OCHj,), 59.4 (C-21),
56.5 (C-1), 55.2 (C-3), 54.8 (C-13), 54.8 (C-11), 42.2 (C-2'), 41.5 (NCHj,), 28.3 (C-68"), 27.9 (C-4),
21.1 (C-14), 20.6 (C-28), 15.8 (C-27), 10.0 (16-CH,), 8.7 (6-CHy)
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5-0-acyl-N-Boc-L-alanine derivative of renieramycin M: 7.8 mg (44%); yellow amorphous
solid. [#]5” +34.1 (c 0.0039, CHCL,): CD A € (c: 11 LM, methanol, 20 °C) +1.7 (401), —0.4 (381),
—1.7 (357), —0.5 (331), +0.8 (307), +1.9 (294), +5.2 (282), +7.0 (267), +5.4 (250), +2.4 (236); IR
(KBr) 3393, 2976, 2938, 1765, 1717, 1653, 1616, 1458, 1369, 1304, 1234, 1153, 1059, 1059 cm™;
'H-NMR (CDCl,, 400 MHz) O 6.01 (1H, qq, J = 7.2, 1.6 Hz, 26-H), 5.78 (1H, s, 8-OH), 5.00 (1H, br
d, J = 9.6 Hz, 3'-H), 4.59 (1H, t, J = 7.2 Hz, 2'-H), 4.48 (1H, dd, J = 11.2, 2.8 Hz, 22-Ha), 4.31 (1H,
dd, J = 2.8, 5.2 Hz, 1-H), 4.11 (1H, d, J = 2.4 Hz, 21-H), 4.02 (1H, dd, J = 11.2, 5.6 Hz, 22-Hb),
3.97 (3H, s, 17-OCHj3), 3.94 (1H, br d, J = 2.8 Hz, 11-H), 3.78 (3H, s, 7-OCHj), 3.35 (1H, brd, J =
7.2 Hz, 13-H), 3.20 (1H, dt, J = 12.4, 2.4 Hz, 3-H), 2.75 (1H, dd, J = 21.1, 7.6 Hz, 14-HQL), 2.54 (1H,
br d, J = 15.2 Hz, 4-HQl), 2.27 (3H, s, NCH;), 2.28 (1H, d, J = 21.1 Hz, 14-H[), 2.11 (3H, s, 6-CHj),
1.92 (3H, s, 16-CH,), 1.88 (3H, dd, J = 7.6, 1.6 Hz, 27-H), 1.72 (3H, s, 7'-H), 1.71 (3H, s, 28-H),
1.64 (1H, dd, J = 15.2, 12.0 Hz, 4-HPB), 1.47 (9H, s, 6'-H); *C-NMR (CDCl,, 100 MHz) & 186.1 (C-
15), 182.8 (C-18), 171.6 (C-1"), 167.1 (C-24), 155.2 (C-17), 155.0 (C-4'), 143.8 (C-7), 143.3 (C-8),
142.0 (C- 20), 140.0 (C-26), 138.7 (C-5), 135.4 (C-19), 129.0 (C-16), 126.8 (C-25), 124.1 (C-10),
122.7 (C-6), 117.5 (CN-21), 117.1 (C-9), 80.1 (C-5'), 64.8 (C-22), 61.2 (17-OCH,), 60.8 (7-OCHj),
59.7 (C-21), 56.4 (C-1), 55.4 (C-3), 54.8 (C-13), 54.8 (C-11), 49.3 (C-2'), 41.5 (NCH,), 28.3 (C-6'),
27.5 (C-4), 21.2 (C-14), 20.6 (C-28), 18.7 (C-7"), 15.8 (C-27), 10.1 (16-CH,), 8.7 (6-CH,)

5-0O-acyl-N-Boc-L-valine derivative of renieramycin M: 4.0 mg (30%); yellow amorphous
solid. [0'-]%)5 —11.5 (c 0.0026, CHCI,); CD Ag (c: 10 UM, methanol, 20 °C) —1.8 (400), —1.8 (386),
—1.7 (369), —1.3 (348), —0.5 (325), —0.4 (298), —0.6 (288), —1.8 (273), —4.0 (251), —3.5 (240),
—3.0 (229); IR (KBr) 3393, 2972, 2940, 1761, 1717, 1653, 1616, 1462, 1369, 1306, 1234, 1153 cm’
. 'TH-NMR (CDCl,, 400 MHz) & 6.01 (1H, qq, J = 7.6, 1.6 Hz, 26-H), 5.76 (1H, s, 8-OH), 4.97 (1H,
d, J = 8.8 Hz, 3'-H), 451 (1H, dd, J = 9.6, 4.8 Hz, 2'-H), 4.39 (1H, dd, J = 9.6, 3.2 Hz, 22-Ha),
4.33 (1H, dd, J = 2.8, 5.6 Hz, 1-H), 4.07 (1H, d, J = 2.4 Hz, 21-H), 3.99 (1H, overlapped, J = 4.8 Hz,
22-Hb), 3.96 (3H, s, 17-OCH,), 3.95 (1H, overlapped, 11-H), 3.77 (3H, s, 7-OCH,), 3.34 (1H, d, J =
8.0 Hz, 13-H), 3.20 (1H, dt, J = 12.4, 2.0 Hz, 3-H), 2.74 (1H, dd, J = 20.7, 7.6 Hz, 14-HQ), 2.66 (1H,
d, J = 16.0 Hz, 4-HQ), 2.45 (1H, q, J = 5.2 Hz, 7'-H), 2.31 (1H, overlapped, 14-HP), 2.26 (3H, s,
NCH,), 2.08 (3H, s, 6-CH,), 1.92 (3H, s, 16-CH,), 1.85 (3H, dd, J = 11.2, 1.3 Hz, 27-H), 1.71 (3H, br
s, 28-H), 1.67 (1H, d, J = 16.0 Hz, 4-HP), 1.47 (9H, s, 6'-H), 1.19 (3H, d, J = 5.2 Hz, 8'-Ha), 1.08
(3H, d, J = 5.1 Hz, 8'-Hb); 3C-NMR (CDCl,, 100 MHz) & 186.2 (C-15), 182.5 (C-18), 178.1 (C-1"),
167.1 (C-24), 155.8 (C-4'), 155.2 (C-17), 143.9 (C-7), 143.3 (C-8), 142.0 (C- 20), 140.0 (C-26),
138.9 (C-5), 135.4 (C-19), 128.9 (C-16), 126.8 (C-25), 124.3 (C-10), 123.1 (C-6), 117.5 (CN-21),
117.2 (C-9), 80.1 (C-5"), 65.4 (C-22), 61.2 (17-OCHj,), 60.9 (7-OCHs,), 60.1 (C-2"), 58.8 (C-21), 56.3
(C-1), 55.9 (C-3), 54.9 (C-13), 54.9 (C-11), 41.5 (NCHS,), 30.7 (C-7'), 28.3 (C-6'), 27.3 (C-4), 21.4
(C-14), 20.6 (C-28), 19.9 (C-8), 15.8 (C-27), 10.3 (16-CH,), 8.7 (6-CHs)
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5-0-acyl-N-Boc-L-phenylalanine derivative of renieramycin M: 5.5 mg (30%); yellow
amorphous solid. [O’«]E}S —28.1 (¢ 0.0031, CHCIl;); CD Ag (c: 5 UM, methanol, 20 °C) —6.1 (358),
—3.4 (330), +0.2 (299), +3.9 (288), +15.6 (271), +11.7 (254), +3.5 (235), +18.6 (227), +30.7 (219),
+24.9 (209); IR (KBr) 3393, 2934, 1763, 1717, 1653, 1616, 1499, 1456, 1368, 1303, 1234, 1161,
1078, 1059, 770, 700 cm™"; "H-NMR (CDCl,, 400 MHz) O 7.38 (4H, overlapped, 9'-H & 10'-H), 7.30
(1H, dt, J = 8.8, 2.8 Hz, 11"-H), 6.01 (1H, qq, J = 7.2, 1.3 Hz, 26-H), 5.78 (1H, s, 8-OH), 4.87 (1H,
br d, J = 8.0 Hz, 3'-H), 4.81 (1H, dd, J = 9.6, 4.0 Hz, 2'-H), 4.48 (1H, dd, J = 10.8, 2.0 Hz, 22-Ha),
4.32 (1H, t, J = 4.8 Hz, 1-H), 4.10 (1H, d, J = 2.0 Hz, 21-H), 4.03 (1H, dd, J = 10.8, 5.2 Hz, 22-Hb),
3.94 (1H, d, J = 2.0 Hz, 11-H), 3.90 (3H, s, 17-OCHj,), 3.78 (3H, s, 7-OCH;), 3.56 (1H, dd, J = 14.0,
4.4 Hz, 7'-Ha), 3.35 (1H, d, J = 7.6 Hz, 13-H), 3.20 (1H, dt, J = 12.0, 2.8 Hz, 3-H), 3.08 (1H, dd, J =
13.6, 10.8 Hz, 7'-Hb), 2.74 (1H, dd, J = 20.7, 7.6 Hz, 14-HQ), 2.62 (1H, br d, J = 13.6 Hz, 4-HQ),
2.29 (1H, J = 20.7 Hz, 14-HPB), 2.26 (3H, s, NCH,), 2.09 (3H, s, 6-CH,), 1.92 (3H, s, 16-CH,), 1.88
(3H, dd, J = 7.6, 1.6 Hz, 27-H), 1.71 (3H, t, J = 1.6 Hz, 28-H), 1.67 (1H, dd, J = 12.0, 4.0 Hz, 4-HP),
1.38 (9H, s, 6'-H); 3C-NMR (CDCl,, 100 MHz) O 186.1 (C-15), 182.8 (C-18), 170.1 (C-1"), 167.1 (C-
24), 155.2 (C-4'), 155.2 (C-17), 143.8 (C-7), 143.3 (C-8), 142.0 (C- 20), 140.0 (C-26), 138.8 (C-5),
136.3 (C-19), 135.4 (C-8), 129.3 (C-10"), 128.7 (C-16), 128.7 (C-9'), 127.1 (C-11"), 126.8 (C-25),
124.1 (C-10), 123.1 (C-6), 117.6 (CN-21), 117.6 (C-9), 80.1 (C-5'), 64.9 (C-22), 61.2 (17-OCHy),
60.8 (7-OCH,), 59.7 (C-2'), 59.7 (C-21), 56.4 (C-1), 55.5 (C-3), 54.9 (C-13), 54.9 (C-11), 415
(NCH;,), 38.3 (C-7'), 28.2 (C-6'), 27.1 (C-4), 21.2 (C-14), 20.6 (C-28), 15.9 (C-27), 10.1 (16-CH,),
8.7 (6-CHy)
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6. msn@ﬁauqnémmLﬁ%ﬁmiamazfmﬁaﬂamﬁﬂmaa‘vlshgn 7% H292 was H460 A8
wmaka MTT assay

mnasauanuduiudaimasusiSilonriamas ilin ofa H292 uaz H460 VaIAT
renieramycin M agw”uﬂmj 22-0O-acyl-N-Boc-amino ester 184 renieramycin M (3a-3e) agw”uﬂmi 5-
O-acyl-ester U84 renieramycin M (5a-50) LLaz 5-O-acetyl renieramycin T (7) I@]mﬁ’m‘fagaﬁ 72 “ﬁ'LJI&Id
domafia MTT assay uazlt cisplatin uaz doxorubicin @adugiafihianldlunssnuuziSilen
\ussaiuquranin (positive control) uazilIouifinuanuduiindainas wutauwuslniusad
anuduindaraduziloasfioimad lian sfia H292 uaz H460 AITaNA ICs, Tuassd 2

1 A‘ | a ' =3 a T . . et
13199 2 grFanuiduiudairasuzisiloasialoas LLAnVaIaT renieramycin M LLaZG“I»qLW%ﬁG

H292 H460
Entry | Compound R
IC50 + S.D. (nM) IC50 + S.D. (nM)

1 RM, 1 - 2454 + 1.12 6.50 1 0.39
2 JA, 2 - 217.43 = 21.67 164.30 £ 11.07
3 | decyano JA - 4.04 x 10°£0.34 x 10° | 7.42 x 10°% 0.58 x 10°
4 RT, 6 - 60.96 +1.67 35.76 * 1.24
5 RTOAc, 7 - 416 £ 0.45 1.69 £ 0.31
6 3a Boc-L-Gly 3.5610.62 9.9410.82
7 3b Boc-L-Ala 10.321+1.95 19.7512.38
8 3c Boc-L-Phe 110.501+2.53 51.4315.67
9 3d Boc-L-Val 32.39+3.33 20.9513.53
10 3e Boc-L-Pro 66.5519.47 45.9116.94
11 5a Boc-L-Gly 10.2410.94 6.1410.68
12 5b Boc-L-Ala 24.0312.61 15.9411.32
13 5¢ Boc-L-Phe 57.3515.36 42.7214.91
14 5d Boc-L-Val 127.2012.65 200.53129.27
15 5e Boc-L-Pro 85.0018.62 43.2810.68

H460 and H292: human non-small cell lung cancer cell lines
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{ a% & A = a | = . . o
m'\iq\iﬁ 2 (@]a) f]ﬂ‘ﬁﬂ’;’];JLﬂuWH@]aLsﬁaarmLi\‘]ﬂa@]“lju@]l,‘ljaéiwllll,aﬂ“ﬂadﬁ’ﬁ renieramycin M LLﬂzaklquﬁf

Entry | Compound R H292 H460
IC50 + S.D. (nM) IC50 * S.D. (nM)
16 5f \QBr 20.89 * 1.58 13.95 = 1.12
17 59 () 59.03 * 4.10 19.76 10.85
18 5h | N/\ 103.40 £ 7.88 26.22 £ 0.27
19 5i \ /\N 19.99 £ 2.49 11.32 £ 0.27
20 5j \/\@ 1170 £ 0.72 10.86 £ 0.13
21 5k V/\CLF 63.11 + 3.28 17.04 £ 1.17
22 5I 7 Nj 56.75 * 5.30 52.33 +0.65
23 5m \N\/ 110.78 = 9.57 2217 £ 0.15
24 5n \©\/Nj 53.57 1+1.81 4521 1+ 0.59
25 50 7119 £ 2.25 53.51 1 0.52
®
26 cisplatin - 1213 x10°+ 1.12x 10° | 8.15x 10°1+ 0.64 x 10°
27 | doxorubicin - 350.70 + 32.94 33.70 £ 4.56

H460 and H292: human non-small cell lung cancer cell lines
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1) Ha, 20% Pd(OH),/C
EtOAc, rt, 5 h

2) RCOX (X = Cl or OH,
1-10 equiv.), EDCIL.HCI
DMAP, CH,Cly, r.t., 3 h;
air oxidation

renieramycin M (1)
) R 6a: R = CH;
Py blue sponge, Xestospongia sp. : 7e: R = CH,CHj3

ABSTRACT: A series of hydroquinone S5-O-monoester analogues of renieramycin M were semisynthesized via
bishydroquinonerenieramycin M (5) prepared from renieramycin M (1), a major cytotoxic bistetrahydroisoquinolinequinone
alkaloid isolated from the Thai blue sponge Xestospongia sp. All 20 hydroquinone 5-O-monoester analogues possessed
cytotoxicity with ICg, values in nanomolar concentrations against the H292 and H460 human non-small-cell lung cancer
(NSCLC) cell lines. The improved cytotoxicity toward the NSCLC cell lines was observed from the S-O-monoester analogues
such as 5-O-acetyl ester 6a and 5-O-propanoyl ester 7e, which exhibited 8- and 10-fold increased cytotoxicity toward the H292
NSCLC cell line (ICs, 3.0 and 2.3 nM, respectively), relative to 1 (ICs, 24 nM). Thus, the hydroquinone S-O-monoester
analogues are a new generation of the renieramycins to be further developed as potential marine-derived drug candidates for lung
cancer treatment.

arine natural products have been documented as category, is a bistetrahydroisoquinolinequinone that was

fascinating sources of potential anticancer agents. isolated as a preeminent alkaloid from the potassium cyanide-
Regarding their structural complexity and diversity, these pretreated methanolic extract of the blue sponge Xestospongia
marine-derived molecules are capable of interacting with sp., which has been collected in Thailand"® and the
numerous biomolecular targets to either inhibit or promote Philippines."
specific biological functions against various types of cancer cell Regarding our ongoing research toward the development of
lines.'~® Renieramycins, marine alkaloids classified into the new anticancer agents from marine tetrahydroisoquinoline
tetrahydroisoquinoline family,” have been isolated from various alkaloids, including renieramycins and ectinascidins, the
marine organisms, including sponges in the genera Reniera,'”"! naturally derived renieramycins such as renieramycin M (1),
Xestospongia,'> ™" Cribrochalina,'”"® and Neopetrosia."” More- renieramycin E, and renieramycin T (2), a renieramycin—
over, several renieramycin-type alkaloids have also been ecteinascidin hybrid structure, showed strong cytotoxicity with
obtained from a sponge-eating nudibranch, Jorunna funeb- IC;, values in the nanomolar range toward various cancer cell
ris.”%7* To date, renieramycins A—Y isolated from such lines, including breast (T47D), colon (HCT116 and DLD1),
sponges have been characterized and become target molecules lung (QGS6 and H460), pancreatic (AsPC1), and prostate

2437

of interest for synthetic studies
tigations as the promising anticancer agents. Received: January 23, 2017
Renieramycin M (1), the most prominent compound in this Published: May 1, 2017

and biological inves-
6,8,9,14,24,34,38
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Chart 1

renieramycin E: X = OH
renieramycin M: X =CN (1)

renieramycin T (2)

jorunnamycin A (3)

ecteinascidin 743:
ecteinascidin 770:

CN (4)

bishydroquinonerenieramycin M (5)

hydroquinone acetyl ester analogues of
renieramycin M

6a: Ry = COCH3, R, =H

6b: Ry = R, = COCHj3

Scheme 1. Preparation of Hydroquinone 5-O-Monoester Analogues of Renieramycin Y Sl

H,
renieramycin M 20% Pd(OH),/C
M EtOAc, rt, 5 h
quant.
R= —H —OCH;,
7a (47%)° 7b (25%)
_CHs /\CH;;
6a (45%) 7e (59%)
\©\Br \©\Ph
7i (58%) 7j (39%)

relee
| - o
N N

n (39%) 70 (40%)

(e}
R)J\X Y
X = Cl or OH HsC
(1-10 equiv)
EDCI.HCI, DMAP?  13C0
CH,Cly, rt, 3 h;
air oxidation
25-74%
CH3
5 hydroquinone 5-O-monoester

analogues of 1

g
HN__O HN__O
Y PR

7c (26%) 7d (44%)
~~CHs ANeH, s
7f (53%) 79 (74%) 7h (46%)
® D)
= N
Tk (48%) 71 (47%) m (51%)
e V\@L w@
7p (43%) q (41%) 7r (32%)

“Analogues 7e—h were prepared by esterification of S with the corresponding acid anhydrides (1.5 equiv) in pyridine (see Supporting Information).

alues in parentheses refer to the isolated yields.

(DU145) human carcinomas.'>'****° Thus, a series of 22-O-
ester bistetrahydroisoquinolinequinone derivatives of 1 were

prepared via jorunnamycin A (3) for initial cytotoxicity
evaluation. The resulting derivatives were found to exhibit

1542 DOI: 10.1021/acs.jnatprod.7b00068
J. Nat. Prod. 2017, 80, 15411547


http://pubs.acs.org/doi/suppl/10.1021/acs.jnatprod.7b00068/suppl_file/np7b00068_si_001.pdf
http://dx.doi.org/10.1021/acs.jnatprod.7b00068

Journal of Natural Products

Tc-r

Figure 1. HMBC (blue —) and NOESY (red <) correlations of hydroquinone S-O-monoester analogues of renieramycin M.

antiproliferative activities against breast (MDA-MB-435), colon
(HCT116),* and non-small-cell lung (H292 and H460) cancer
(NSCLC)™" cell lines at nanomolar concentrations.

Mechanistic studies of the in vitro cytotoxicity revealed that 1
displayed antimetastatic activity against NSCLC cells via the
apoptosis programmed cell death pathway involving a pS$3-
dependent mechanism.** Furthermore, 1 sensitized the anoikis-
resistant H460 NSCLC cell line to anoikis by suppressing the
survival proteins p-ERK and p-AKT and the antiapoptotic
proteins BCL2 and MCLL." To further explore the
cytotoxicity mechanisms and to also increase its solubility, the
left-handed quinone ring A of 1 was reduced to obtain
bishydroquinonerenieramycin M (5) and acetylated to afford S-
O-acetyl hydroquinone renieramycin M (6a). Both 1 and 6a
exhibited a similar cytotoxic potency, but 6a selectively
destroyed lung cancer H23 cells via only the apoptosis
pathway, while 1 inhibited cancer cells via a combination of
the apoptosis and unwanted necrosis mechanisms.** Recently,
S was reported as a potent cytotoxic agent against the H292
NSCLC cell line and exhibited greater cytotoxicity than 1.
Interestingly, compound § induced mitochondria-dependent
apoptosis via the suppressions of the antiapoptotic proteins
BCL2 and MCL1 and the expression of the pro-apoptotic
protein BAX." On the basis of the cytotoxic profile of 6a, it is
suggested that the hydroquinone moiety at ring A, which
resembles a partial structure of the approved anticancer drug
trabectedin (ecteinascidin 743)*® and the more stable
ecteinascidin 770 (4), is important for its cytotoxicity.

Using 6a as a lead compound, we are interested in discovery
and development of a new generation of the renieramycins
containing the hydroquinone moiety, which might be employed
as highly potent and apoptosis-inducing anti-NSCLC ther-
apeutic agents. Herein, we report the preparation of the first
series of hydroquinone 5-O-monoester analogues of 1 having
various substituents, including the small electron-withdrawing
substituents such as formate and methyl carbonate, amino
esters with tert-butyl-carbamate, aliphatic acyl, benzoyl, trans-
cinnamoyl, and nitrogen-heterocyclic aroyl moieties. All
hydroquinone 5-O-monoester analogues of renieramycin M
were prepared from 1 by Pd-catalyzed hydrogenation followed
by regioselective esterification. The in vitro cytotoxicity profiles
of each prepared analogue were then evaluated against the
H292 and H460 NSCLC cell lines.

B RESULTS AND DISCUSSION

Renieramycin M (1) was isolated from its natural source, the
blue Xestospongia sp. sponge collected from the Gulf of
Thailand. According to our published protocol, the unwanted
autodecomposition of the alkaloids was diminished by
pretreatment of the fresh blue sponge mash with potassium
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cyanide."” Then, the potassium cyanide-pretreated methanolic
extract was purified to successfully deliver gram quantities of 1.
The new series of 1 analogues were prepared by a two-step
strategy involving hydrogenation of 1 using Pearlman’s catalyst
(Pd(OH),/C) for the selective reduction of four quinone
carbonyls at atmospheric pressure to quantitatively yield §,
followed by a mild regiospecific esterification to obtain the
desired hydroquinone S-O-monoester analogues (7a—r) in
acceptable yields (Scheme 1). The esters 7a—d and 7i—r were
obtained from the corresponding acids and acid chlorides in the
presence of standard coupling reagents (EDCI/DMAP), while
6a, 6b, and 7e—h were prepared from the related acid
anhydrides in pyridine. After esterification, the hydroquinone at
ring E was subjected to air oxidation to regenerate the quinone
moiety.14

From the results shown in Scheme 1, the acylation yields of §
varied (25—74%) based on the reactivity of the acylating agents
and could be optimized by adding more acylating reagents.
Moreover, the 5,8-O-diacyl analogues were also observed as
minor products in some cases. In the cases of 7c and 7d, N-
Boc-L-glycine and N-Boc-L-alanine (S equiv), respectively, were
employed to construct the esters at the S-hydroxy group of 5.
Deprotection of the tert-butyl-carbamate was performed using
tetra-n-butylammonium fluoride (TBAF), which was reported
as a mild and efficient deprotection protocol.”” However, our
attempts failed to deliver the desired free amine due to
decomposition. Therefore, 7c¢ and 7d, containing a carbamate
moiety adjacent to the 5-O-ester group, were further used for
the cytotoxicity evaluation.

All synthetic hydroquinone S-O-monoester analogues 7a—r
were structurally characterized fully by extensive spectroscopic
analyses of NMR data in conjunction with high-resolution MS,
IR, and electronic circular dichrosim (ECD) data (see
Supporting Information). The 'H and "*C NMR spectroscopic
data of all synthetic analogues were assigned and were in
agreement with 6a** except for the signals of the additional acyl
substituents. All new analogues showed two quinone carbonyl
carbons at ¢ 186.0 & 0.1 (C-15) and 182.7 + 0.1 (C-18) ppm
along with two oxygenated aromatic carbons of the newly
formed hydroquinone at §; 143.2 + 0.2 (C-8) and 138.9 + 0.4
(C-S) ppm. The additional proton and carbon signals of the S-
O-ester substituents were assigned based on COSY, HMQC,
and HMBC data. The formation of hydroquinone S5-O-
monoester analogues at ring A was unambiguously confirmed
by the presence of a free phenolic hydroxy proton signal at C-8
in the range oy 5.70—5.95 ppm. Interestingly, the 8-OH proton
signals of 7a and 7b were not observed. However, the
placement of the formyl ester of 7a at C-S was confirmed by
correlations of the formyl proton (H-1') to the oxygenated
aromatic carbon C-5 via HMBC measurement and to 4-Ha and

DOI: 10.1021/acs jnatprod.7b00068
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Table 1. Cytotoxicity of Renieramycin M (1) and Hydroquinone 5-O-Monoester Analogues of 1 against the H292 and H460

Non-Small-Cell Lung Cancer Cell Lines

cytotoxicity ICgy + SD (nM)

entry compound S5-O-substituent H292 H460
1 1 §,8-dicarbonyl 24 +1 6.5+ 04
2 2 H 61 +2 36+1
3 3 S,8-dicarbonyl 217 £ 22 164 + 11
4 4 acetyl 1.6 £ 0.1 12 +£01
S S H 17 £ 0.1 1.1 +£01
6 6a acetyl 3.0 £ 06 3.6 + 04
7 6b §,8-O-diacetyl 28+ 1 25+ 1
8 7a formyl 12+1 9.7 £ 0.5
9 7b methylcarbonyl 11 +1 14 =1
10 7c N-(Boc)-L-glycinoyl 10+ 1 6+1
11 7d N-(Boc)-L-alaninoyl 24 +3 16 + 1
12 7e n-propanoyl 23 +£04 S.1+£0S$
13 7f n-butanoyl 6.7 £0.7 5.6 + 09
14 78 n-pentanoyl 36 +2 26 +£3
15 7h n-hexanoyl 16 +3 15+3
16 7i 4-bromobenzoyl 21 £2 14 x1
17 7 4-phenylbenzoyl 712 S4+1
18 7k 2-pyridinecarbonyl 103 + 8 26 + 1
19 71 3-pyridinecarbonyl S9+4 201
20 7m 4-pyridinecarbonyl 20+ 3 11 +1
21 7n 3-quinolinecarbonyl 111 £ 10 22 +1
22 70 6-quinolinecarbonyl S4+2 45 +1
23 7p cinnamoyl 12 +1 11 +1
24 7q 4-fluorocinnamoyl 63 +3 171
25 7r 3-pyridineacryloyl S7+5 S2+1
26 doxorubicin 351 £33 34 £S5
27 cisplatin 12 + 1 uM 82 + 0.6 uM

6-CHj; via NOESY measurement (Figure 1). The formation of
the methyl carbonate ester of 7b was assured by NOESY
correlation of the methyl carbonate protons (H;-1') to 6-CHj.
In general, the phenolic proton (8-OH) of 7c—r showed
HMBC correlations to C-7 and C-9 along with NOESY
correlations to H-1, 7-OCH,, and H-22b. This information
consequently implied the 5-O-acyl substitution. According to
our recent report, NOESY correlations of the 22-O-ester
derivatives of 3 among the 22-O-ester side chains and the
quinone ring E protons suggested their respective proximity
alignment;41 however, these correlations were not observed in
7a—r and the parental 1."” The results implied the different
structural alignment between the hydroquinone 5-O-monoester
analogues of 1 and the 22-O-ester derivatives of 3.

The cytotoxicity of the new hydroquinone S5-O-monoester
analogues 7a—r along with their synthetic precursors 1 and §
was evaluated against the metastatic and drug-resistant H292
and H460 NSCLC cell lines using the 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) assay.”® The
resulting ICs, values of the synthetic analogues were also
compared with the bistetrahydroisoquinolines 2, 3, 6a and 6b,
and the structurally related potent cytotoxic ecteinascidin 770
(4). Noticeably, 2 and 4 have a similar structural feature at ring
A as a highly oxygenated aromatic ring containing a
methylenedioxy bridge. Cisplatin and doxorubicin, commonly
used medications in cancer chemotherapy, were employed as
the positive controls. The newly synthesized 5-O-ester
analogues 7a—r exhibited an impressive cytotoxicity, with
ICs, values in the nanomolar concentration range against the
H292 (IC, 2.3—111 nM) and H460 (IC, 5.1—54 nM) cell
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lines, as shown in Table 1. Notably, most 5-O-ester analogues
were more cytotoxic than the positive controls. The
bistetrahydroisoquinolines 1, 2, 3, and 6a (entries 1, 2, 3, and
6, respectively) exhibited a similar cytotoxic potency against the
NSCLC cells to that previously observed against other human
cancer cell lines.””~*"** The trend in potency based on the ICq,
values (Table 1) is 6a > 1 > 2 > 3, with 6a being the most
potent. According to these results, we speculated that the S-O-
ester hydroquinone and 22-O-ester motifs are essential
pharmacophores for improving the cytotoxicity. Interestingly,
we initially evaluated the cytotoxicity profiles of 4 and S, which
belong to the tetrahydroisoquinoline type, regarding their
common oxygenated aromatic moieties at rings A and E. To
our surprise, both 4 and § displayed equal cytotoxic potencies,
which were about 15- and 6-fold more potent than 1 toward
the H292 and H460 cell lines, respectively (entries 4 and S,
Table 1). The presence of two hydroquinone moieties with
four free phenolic hydroxy groups in $ significantly improved
the cytotoxic potency, presumably regarding its improved
solubility compared to the lead 1, for which precipitation was
observed at a concentration of 1 4M in the aqueous medium
during the in vitro cytotoxicity. In addition, the hydroquinone
motif might mimic the aromatic pharmacophore of 4, leading to
the enhanced structure—cytotoxicity relationship toward the
NSCLC cells. However, the unstable bishydroquinone moiety
of 5§ is gradually oxidized to the original bisquinone 1 during
storage.

The small electron-withdrawing substituents represented by
the formate and carbonate groups in 7a and 7b (entries 8 and
9, respectively) resulted in an approximate 2-fold increase in
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cytotoxicity against the H292 cell line, while having slightly less
toxicity to the H460 cell line, relative to 1. Importantly, the
steric footprint of the new generation renieramycin analogues
might play a role in cytotoxicity. On the basis of the overall ICy,
values in Table 1 (entries 6 and 10—25), the smaller steric
substituents generally possessed a higher cytotoxic potency
than the larger substituents. For example, the ICs, values of 6a
< 7e < 7f < 7g, 7¢ < 7d, and 7i < 7j were observed from
cytotoxicity evaluation against both H292 and H460 cell lines.
Among the aliphatic acyl substituents (entries 6 and 8—15), S-
O-acetyl (6a, entry 6) and S-O-propanoyl (7e, entry 12)
analogues were the most potent cytotoxic compounds,
exhibiting an approximate 8- to 10-fold more potent
cytotoxicity than 1 against the H292 cell line, but only slightly
increased cytotoxicity toward the H460 cell line. In contrast,
the S5-O-ester analogues containing the large bulky aroyl
substituents such as the benzoyl (7i and 7j, entries 16 and
17), nitrogen-heterocyclic (7k—o, entries 18—22), cinnamoyl
(7p and 7q, entries 23 and 24), and 3-pyridineacryloyl (7r,
entry 25) moieties had decreased cytotoxicity against the H292
cells, except for 7i and 7m, having similar IC; values, and 7p,
having a 2-fold increase in cytotoxicity compared to 1. All of
these bulkier analogues were approximately 2- to 8-fold less
potent toward the H460 cell line compared to 1. It is
noteworthy that 5-O-(2-pyridinecarbonyl) ester (7k, entry 18)
and 5-O-(3-quinolinecarbonyl) ester (7n, entry 21) were 4-fold
more toxic against the H460 cell line than the H292 cell line.
Finally, it is noted that the 5,8-O-diacetyl ester (6b, entry 7)
possessed a much lower cytotoxicity than the 5-O-acetyl ester
(6a, entry 6), suggesting that a free phenolic hydroxy group at
ring A is required for elevating the cytotoxicity, probably due to
improved solubility. Although a structure—cytotoxicity relation-
ship could not be completely concluded from the present
report, it is suggested that a hydroquinone 5-O-monoester at
ring A with a less sterically demanding ester at C-5 and a free
phenolic hydroxy group at C-8 is an additional important
pharmacophore responsible for the improved cytotoxic potency
of the new generation renieramycin analogues.

In conclusion, 20 hydroquinone S-O-monoester analogues of
renieramycin M were synthesized from the naturally derived 1
isolated from the Thai blue sponge Xestospongia sp., involving a
two-step hydrogenation and selective esterification process.
Our current finding revealed that the development of 1 as the
hydroquinone 5-O-monoester analogues by modifying the
quinone ring A may deliver more effective antiproliferative
agents against lung cancer cell lines. Among these new
generation analogues, S-O-acetyl ester 6a and S-O-propanoyl
ester 7e expressed the most prominent cytotoxicity, exhibiting
8- and 10-fold increases in cytotoxicity against the metastatic
H292 NSCLC cell line, respectively, relative to 1. Further
cancer cell based studies to identify the cellular mechanism and
the corresponding protein targets will provide more under-
standing of the antiproliferative activity and may encourage the
clinical applications of renieramycin analogues as new potential
anti-lung cancer drug candidates.

B EXPERIMENTAL SECTION

General Experimental Procedures. Optical rotations were
measured on a Horiba-SEPA-200 polarimeter in a 1 dm cell, unless
otherwise stated. ECD spectra were obtained on a Jasco J-820
spectropolarimeter. Fourier transform infrared (FT-IR) spectra were
measured on a Shimadzu IRAffinity-1 FT-IR spectrophotometer. 'H
and ®C NMR spectra were obtained from a JEOL-JNM XL 500 FT-
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NMR spectrometer, unless otherwise stated. Tetramethylsilane and
deuterochloroform (CDCl,) served as internal standards at 0.00 ppm
for '"H NMR and 77.0 ppm for *C NMR, respectively. 2D NMR
experiments including COSY, DEPT, HMQC, HMBC, and NOESY
techniques were performed to assign bond and space connectivity of
protons and carbons. Mass spectra were recorded on a JEOL-JMS 700
mass spectrometer. Reactions were performed in oven-dried glassware
and magnetically stirred under an argon atmosphere using a calcium
chloride U-tube equipped with an argon balloon, unless otherwise
noted. Room-temperature (rt) was 25 °C, unless otherwise stated.
Commercial solvents and reagents were used as received, unless
otherwise explained. Anhydrous solvents were dried over 4 A
molecular sieves. All reactions were monitored by thin-layer
chromatography (silica gel GF,s5,) examined under UV light (254
nm). Yields refer to chromatographically and spectroscopically pure
compounds unless otherwise stated.

Sponge Material and Isolation of 1. The blue sponge
Xestospongia sp. was collected by scuba diving in the vicinity of
Sichang Island, the Gulf of Thailand, at a depth of 3—5 m in June
2013. The fresh sponges were treated with KCN in pH 7 buffer
solution and purified as explained in previous publications.'>*'

Preparation of 5. Compound § was freshly prepared prior to
being used as the starting material for each desired esterification
reaction. Each time, 1 (37.0 mg, 0.065 mmol) was dissolved in dry
EtOAc (20 mL). The resulting orange solution was treated with 20%
Pd(OH), on carbon (19.0 mg, S0% w/w). A hydrogen balloon was
attached to the reaction flask. Air was removed, and the reaction
mixture was blanketed with hydrogen gas. The heterogeneous reaction
was stirred vigorously at rt for S h. After completion, the reaction
mixture was filtered through a short pad of Celite and washed with
EtOAc (20 mL, 3 times) and CHCl; (20 mL, 3 times). The filtrates
were combined and concentrated in vacuo to yield $ as a colorless,
amorphous solid in quantitative yield. The product was employed in
the next step without further purification.

General Synthetic Procedure of 7a—d and 7i—r. Compound §
(10.0 mg, 0.017 mmol) was dissolved in dry CH,Cl, (2 mL). To the
colorless reaction mixture was added 1-ethyl-3-(3-(dimethylamino)-
propyl)carbodiimide hydrochloride (EDCI-HC, 3.3 mg, 0.017 mmol)
and N,N-4-dimethylaminopyridine (DMAP, 2.1 mg, 0.017 mmol) to
afford a light brown solution. Then, the corresponding acid or acid
chloride (1—10 equiv, 0.017—0.17 mmol) was added, and the reaction
was stirred at rt under an argon atmosphere for 3 h. After completion,
the bright yellow reaction mixture was quenched by the addition of
H,O (5 mL). The organic layer was separated by separatory funnel,
and the aqueous layer was extracted with CHCl; (10 mL, 3 times).
The organic layers were combined, washed with brine (30 mL), dried
over anhydrous Na,SO,, filtered, and concentrated in vacuo.
Purification of the residue by silica gel flash column chromatography
eluting with hexane/EtOAc (3:1) gave the corresponding hydro-
quinone 5-O-monoester analogue of 1 as a yellow, amorphous solid.
Formic acid (10 equiv) was used for the preparation of 7a. Methyl
chloroformate (1 equiv) was used for the preparation of 7b. N-Boc-L-
glycine and N-Boc-L-alanine (S equiv) were employed for the
preparation of 7c and 7d, respectively. 4-Bromobenzoyl chloride, 4-
phenylbenzoyl chloride, picolinoyl chloride-HCI, nicotinoyl chloride-
HCI, isonicotinoyl chloride-HCI, 3-quinolinecarboxylic acid, 6-
quinolinecarboxylic acid, cinamoyl chloride, 4-fluorocinamoyl chloride,
and 3-(3-pyridyl)acrylic acid (1 equiv) were employed for the
preparations of 7i—r, respectively.

General Synthetic Procedure of 6a, 6b, and 7e—h. Compound
S (20.0 mg, 0.034 mmol) was dissolved in pyridine (1.2 mL). The
corresponding acid anhydride (1.5 equiv, 0.051 mmol) was added to
the reaction mixture, which was then stirred at rt under an argon
atmosphere for 12 h. Then, the reaction mixture was poured into H,O
and extracted with CHCl; (10 mL, 3 times). The combined organic
layer was washed with brine (10 mL), dried over anhydrous Na,SO,,
filtered, and evaporated under reduced pressure to give a residue. The
residue was purified by silica gel column chromatography using an
appropriate ratio of eluent (hexane/EtOAc) to give the corresponding
hydroquinone 5-O-acetylester analogue of 1 as a yellow, amorphous
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solid. Acetic anhydride was employed for the preparation of 6a and 6b.
Propionic anhydride, butyric anhydride, valeric anhydride, and n-
hexanoic anhydride were used for the preparations of 7e—h,
respectively.

The physical and spectroscopic characterizations of 7a—r are
provided in the Supporting Information. The physical and
spectroscopic data of 5, 6a, and 6b were previously described.'*

Cytotoxicity MTT Assay. The cytotoxicity was evaluated against
the metastatic H292 and H460 human NSCLC cell lines (American
Type Culture Collection) employing the MTT assay.”® The
experimental details were previously described.*' Cisplatin and
doxorubicin were used as the positive controls.
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5

hydroquinone 5-O-(formyl) ester analogue of renieramycin M,
7a: yield 47%; yellow amorphous powder; [a]5 -1.8 (c
0.001, CHCI,); ECD Ae nm (c 9.9 uM, MeOH, 25 °C) +0.6
(438), 0.0 (392), —0.7 (357), —0.5 (332), —0.2 (308), —0.3 sh

(292), +0.5 (274), +1.2 (257), +0.6 (237); IR (KBr) vyax 3406

(br), 2961, 2924, 2853, 1740, 1716, 1653, 1618, 1460, 1261,

1234, 1150, 1096, 1043, 802 cm; '"H NMR (CDCl,, 500

MHz) 6 8.19 (1H, s, H-1'), 5.93 (1H, qq, J = 7.5, 1.5 Hz, H-26), 4.41 (1H, dd, J = 11.5, 3.2 Hz, H-22b),
4.25 (1H, dd, J =5.2, 3.2 Hz, H-1), 4.03 (1H, d, J = 2.6 Hz, H-21), 3.98 (1H, dd, J = 11.5, 5.2 Hz, H-22a),
3.92 (1H, overlapped, H-11), 3.90 (3H, s, 17-OCHjy), 3.72 (3H, s, 7-OCHj,), 3.29 (1H, dt, J = 8.9, 2.6 Hz,
H-13), 3.14 (1H, dt, J = 12.3, 2.6 Hz, H-3), 2.68 (1H, dd, J = 21.2, 8.9 Hz, H-14a), 2.50 (1H, dd, J = 15.5,
2.6 Hz, H-40), 2.22 (1H, d, J = 21.2 Hz, H-145), 2.20 (3H, s, 12-NCHj), 2.04 (3H, s, 6-CHs), 1.85 (3H, s,
16-CH3), 1.80 (3H, dg, J = 7.5, 1.6 Hz, H3-27), 1.62 (3H, dg, J = 1.6, 1.5 Hz, H;-28), 1.60 (1H,
overlapped, H-48); *C NMR (CDCls, 125 MHz) ¢ 186.0 (C, C-15), 182.7 (C, C-18), 167.1 (C, C-24),
158.3 (C, 5-0C=0), 155.4 (C, C-17), 143.8 (C, C-7), 143.4 (C, C-8), 141.9 (C, C-20), 140.1 (CH, C-26),
138.0 (C, C-5), 135.4 (C, C-19), 128.9 (C, C-16), 126.7 (C, C-25), 124.1 (C, C-10), 122.3 (C, C-6), 117.5
(C, 21-CN), 117.4 (C, C-9), 64.5 (CH,, C-22), 61.2 (CHs, 7-OCHs), 60.8 (CHs, 17-OCHs), 59.6 (CH, C-
21), 56.4 (CH, C-1), 55.4 (CH, C-3), 54.8 (CH, C-13), 54.7 (CH, C-11), 41.5 (CHj, 12-NCHs), 27.7 (CH,,
C-4), 21.2 (CH,, C-14), 20.6 (CHs, C-28), 15.8 (CH;, C-27), 10.1 (CHs, 6-CHj3), 8.6 (CHs, 16-CHa);

HREIMS m/z 605.2375 [M]" (calcd for Ca,HgsNgOs, 605.2373).
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hydroquinone  5-O-(methylcarbony/) ester analogue of

renieramycin M, 7b: yield 25%; yellow amorphous powder;
[@]% 3.9 (c 0.001, CHCIy); ECD Ag nm (c 9.4 uM, MeOH,
25 °C) +1.2 (433), —1.3 (392), —3.8 (359), —2.7 (333), —-1.1
(310), —0.2 sh (290), +1.0 (281), +3.3 (273), +5.2 (260), +3.2

(247), +0.3 (237); IR (KBr) vy 3433, 2959, 2926, 2855, 1768,

1740, 1715, 1653, 1618, 1458, 1385, 1261, 1231, 1153, 1098,

1038, 802 cm'; *H NMR (CDCl,, 500 MHz) 6 5.98 (1H, qq, J = 7.5, 1.5 Hz, H-26), 4.44 (1H, dd, J =
11.5, 2.9 Hz, H-22b), 4.29 (1H, dd, J = 5.2, 2.9 Hz, H-1), 4.08 (1H, d, J = 2.6 Hz, H-21), 4.02 (1H, dd, J
= 11.5, 5.2 Hz, H-22a), 3.96 (1H, overlapped, H-11), 3.95 (3H, s, 17-OCHs), 3.87 (3H, s, Hs-1'), 3.76
(3H, s, 7-OCH3), 3.34 (1H, dt, J = 7.5, 2.6 Hz, H-13), 3.20 (1H, dt, J = 12.6, 2.3 Hz, H-3), 2.73 (1H, dd, J
=20.9, 7.5 Hz, H-14a), 2.62 (1H, dd, J = 15.5, 2.3 Hz, H-4a), 2.27 (1H, d, J = 20.9 Hz, H-14p), 2.25 (3H,
s, 12-NCHj), 2.11 (3H, s, 6-CH3), 1.90 (3H, s, 16-CHs), 1.85 (3H, dg, J = 7.5, 1.6 Hz, H3-27), 1.68 (3H,
dg, J = 1.6, 1.5 Hz, H5-28), 1.60 (1H, overlapped, H-45); *C NMR (CDCls, 125 MHz) § 186.1 (C, C-15),
182.7 (C, C-18), 167.1 (C, C-24), 155.4 (C, C-17), 153.8 (C, 5-0OC=0), 143.7 (C, C-7), 143.3 (C, C-8),
141.8 (C, C-20), 140.0 (CH, C-26), 139.3 (C, C-5), 135.5 (C, C-19), 128.9 (C, C-16), 126.7 (C, C-25),
124.4 (C, C-10), 1225 (C, C-6), 117.5 (C, 21-CN), 117.2 (C, C-9), 64.7 (CH,, C-22), 61.2 (CHs, 7-
OCHs,), 60.7 (CHj3, 17-OCHs), 59.7 (CH, C-21), 56.4 (CH, C-1), 55.5 (CH, C-3), 55.4 (CHs, C-1'), 54.8
(CH, C-13), 54.7 (CH, C-11), 41.5 (CHs, 12-NCHs), 27.2 (CH,, C-4), 21.2 (CH,, C-14), 20.6 (CHs, C-
28), 15.8 (CHs, C-27), 9.8 (CHs, 6-CHs), 8.6 (CHs, 16-CHs); HREIMS m/z 635.2477 [M]" (calcd for

C33H37N3040, 635.2479).
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hydroquinone 5-O-(N-(tert-butoxycarbonyl)-L-glycinoyl) ester
analogue of renieramycin M, 7c: yield 26%; yellow amorphous
solid; [«]% +161.7 (c 0.001, CHCIs); ECD Agnm (c 11.0 uM,
MeOH, 20 °C) +1.8 (420), 0.0 (384), —1.0 (353), —0.4 (323), 0.0
(298), +1.9 (282), +3.1 (264), +2.0 (244), +1.5 (229), +2.6

(217); IR (KBF) vmax 3393, 2961, 2926, 2855, 1775, 1717, 1653,

1616, 1462, 1369, 1261, 1234, 1153, 1094, 1059, 1030, 802 cm’

' 'H NMR (CDCls, 400 MHz) & 5.93 (1H, qq, J = 7.6, 1.5 Hz,

H-26), 5.70 (LH, s, 8-OH), 5.00 (1H, br s, NH), 4.44 (1H, br d, J = 10.8 Hz, H-22a), 4.24 (2H, d, J = 4.4
Hz, NHCH,), 4.16 (1H, br d, J = 5.2 Hz, H-1), 4.04 (1H, d, J = 2.8 Hz, H-21), 3.98 (1H, dd, J = 10.8, 5.2
Hz, H-22b), 3.90 (3H, s, 17-OCHs), 3.88 (1H, br d, J = 2.0 Hz, H-11), 3.71 (3H, s, 7-OCHs), 3.29 (1H,
dt, J = 8.0, 2.8 Hz, H-13), 3.12 (1H, dt, J = 12.0, 2.4 Hz, H-3), 2.68 (1H, dd, J = 21.6, 8.0 Hz, H-14a),
2.40 (1H, ddd, J = 15.2, 12.0, 2.0 Hz, H-4), 2.22 (1H, d, J = 21.6 Hz, H-148), 2.20 (3H, s, 12-NCH.),
2.02 (3H, s, 6-CHs), 1.86 (3H, s, 16-CHs), 1.80 (3H, dq, J = 7.6, 1.6 Hz, H;-27), 1.61 (3H, dg, , J = 1.6,
1.5 Hz, H3-28), 1.55 (1H, dd, J = 15.2, 12.0 Hz, H-4f), 1.42 (9H, s, He-'Bu); *C NMR (CDCls, 100 MHz)
5 186.1 (C, C-15), 182.8 (C, C-18), 180.9 (C, 5-OC=0), 167.1 (C, C-24), 155.4 (C, NC=0), 155.4 (C, C-
17), 143.8 (C, C-7), 143.3 (C, C-8), 141.9 (C, C-20), 140.1 (CH, C-26), 138.7 (C, C-5), 135.4 (C, C-19),
129.7 (C, C-16), 126.8 (C, C-25), 124.1 (C, C-10), 122.5 (C, C-6), 117.5 (C, 21-CN), 117.2 (C, C-9), 80.2
(C, 'Bu), 64.3 (CH,, C-22), 61.2 (CH3, 7-OCHs), 60.8 (CH3, 17-OCHy), 59.4 (CH, C-21), 56.5 (CH, C-1),
55.2 (CH, C-3), 54.8 (CH, C-13), 54.8 (CH, C-11), 42.2 (CH,, NHCH,), 41.5 (CH,, 12-NCHs), 28.3
(CHs, 'Bu), 27.9 (CH,, C-4), 21.1 (CH,, C-14), 20.6 (CHs, C-28), 15.8 (CHs, C-27), 10.0 (CH3, 6-CHy),

8.7 (CHs, 16-CHy); HRFABMS m/z 735.3250 [M+H]" (calcd for CgsHs7N4Oys, 735.3242).
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hydroquinone 5-O-(N-(tert-butoxycarbonyl)-L-alaninoyl) ester
analogueof renieramycin M, 7d: yield 44%; yellow amorphous
solid; []? +34.1 (c 0.004, CHCl3); ECD A nm (c 11.0 pM,
MeOH, 20 °C) +1.7 (401), -0.4 (381), —1.7 (357), 0.5 (331),
+0.8 (307), +1.9 (294), +5.2 (282), +7.0 (267), +5.4 (250), +2.4

(236); IR (KBI) vmax 3393, 2976, 2938, 1765, 1717, 1653, 1616,

1458, 1369, 1304, 1234, 1153, 1059, 1059 cm™; 'H NMR

(CDCls, 400 MHz) § 6.01 (1H, qq, J = 7.6, 1.5 Hz, H-26), 5.78

(1H, s, 8-OH), 5.00 (1H, br d, J = 9.6 Hz, NH), 4.59 (1H, t, J = 7.2 Hz, NHCH), 4.48 (1H, dd, J = 11.2,
2.8 Hz, H-22b), 4.31 (1H, dd, J = 2.8, 5.6 Hz, H-1), 4.11 (1H, d, J = 2.4 Hz, H-21), 4.02 (1H, dd, J =
11.2, 5.6 Hz, H-22a), 3.97 (3H, s, 17-OCHy), 3.94 (1H, br d, J = 2.8 Hz, H-11), 3.78 (3H, s, 7-OCHj),
3.35 (1H, dt, J = 7.6. 2.4 Hz, H-13), 3.20 (1H, dt, J = 12.0, 2.4 Hz, H-3), 2.75 (1H, dd, J = 21.1, 7.6 Hz,
H-14a), 2.54 (1H, ddd, J = 15.2, 12.0, 2.8 Hz, H-4a), 2.27 (3H, s, 12-NCHy), 2.28 (1H, d, J = 21.1 Hz, H-
14p), 2.11 (3H, s, 6-CHs), 1.92 (3H, s, 16-CH;), 1.88 (3H, dq, J = 7.6, 1.6 Hz, H3-27), 1.72 (3H, br s,
NHCHCHy), 1.71 (3H, dg, J = 1.6, 1.5 Hz, H3-28), 1.64 (1H, dd, J = 15.2, 12.0 Hz, H-4p), 1.47 (9H, s,
Hs-'Bu); *C NMR (CDCls, 100 MHz) 5 186.1 (C, C-15), 182.8 (C, C-18), 171.6 (C, 5-OC=0), 167.1 (C,
C-24), 155.2 (C, C-17), 155.0 (C, NC=0), 143.8 (C, C-7), 143.3 (C, C-8), 142.0 (C, C-20), 140.0 (CH, C-
26), 138.7 (C, C-5), 135.4 (C, C-19), 129.0 (C, C-16), 126.8 (C, C-25), 124.1 (C, C-10), 122.7 (C, C-6),
117.5 (21-CN), 117.1 (C, C-9), 80.1 (C, 'Bu), 64.8 (CH,, C-22), 61.2 (CHs, 7-OCHs), 60.8 (CH,, 17-
OCHg), 59.7 (CH, C-21), 56.4 (CH, C-1), 55.4 (CH, C-3), 54.8 (CH, C-13), 54.8 (CH, C-11), 49.3 (CH,,
NHCH,), 41.5 (CHs, 12-NCHy), 28.3 (CHs, 'Bu), 27.5 (CH,, C-4), 21.2 (CH,, C-14), 20.6 (CH,, C-28),
18.7 (CHs, NHCHCH;), 15.8 (CHg, C-27), 10.1 (CHs, 6-CHy), 8.7 (CHa, 16-CH;); HRFABMS m/z

749.3392 [M+H]" (calcd for CagHagN4Oyr, 749.3398).
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hydroquinone  5-O-(r-propanoyl) ester analogue of

renieramycin M, 7e: yield 59%; yellow amorphous powder;
[]5 +41.0 (c 0.400, CHCl3); ECD Ag nm (c 12.6 pM,
MeOH, 26 °C) 0 (233), —4.8 (235), 0 (236), +35.5 (264), 0

(291), —44.1 (357), 0 (407); IR (KBr) vmex 3429, 2943, 2855,

1759, 1713, 1653, 1616, 1460, 1304, 1233, 1153 cm'; *H

NMR (CDCl;, 500 MHz) 6 6.00 (1H, qq, J = 7.4, 1.5 Hz, H-

26), 5.79 (1H, s, 8-OH), 4.50 (1H, br d, J = 10.8 Hz, H-22b), 4.32 (1H, ddd, J = 4.2, 3.2, 2.1 Hz, H-1),
4.11 (1H, d, J = 2.5 Hz, H-21), 4.04 (1H, dd, J = 10.8, 4.2 Hz, H-22a), 3.96 (1H, overlapped, H-11), 3.96
(3H, s, 17-OCHj), 3.77 (3H, s, 7-OCHy), 3.36 (1H, ddd, J = 7.7, 2.5, 1.9 Hz, H-13), 3.20 (1H, ddd, J =
12.1, 2.6, 2.3 Hz, H-3), 2.75 (1H, dd, J = 21.0, 7.7 Hz, H-140), 2.62 (2H, q, J = 7.6 Hz, Hs-1), 2.52 (1H,
br d, J = 14.9 Hz, H-4a), 2.28 (1H, d, J = 21.0 Hz, H-148), 2.27 (3H, s, 12-NCHj), 2.08 (3H, s, 6-CHy),
1.92 (3H, s, 16-CH;), 1.88 (3H, dg, J = 7.4, 1.6 Hz, Hs-27), 1.70 (3H, dg, J = 1.6, 1.5 Hz, H;-28), 1.63
(1H, ddd, J = 14.9, 12.1, 2.1 Hz, H-48), 1.32 (3H, t, J = 7.6 Hz, H,-2"); *C NMR (CDCls, 125 MHz) §
186.0 (C, C-15), 182.7 (C, C-18), 172.1 (C, 5-OC=0), 167.1 (C, C-24), 155.4 (C, C-17), 143.7 (C, C-7),
143.0 (C, C-8), 141.8 (C, C-20), 140.0 (CH, C-26), 139.0 (C, C-5), 135.5 (C, C-19), 128.8 (C, C-16),
126.8 (C, C-25), 124.3 (C, C-10), 122.3 (C, C-6), 117.6 (C, 21-CN), 117.1 (C, C-9), 64.6 (CH,, C-22),
61.2 (CH,, 7-OCHs), 60.7 (CHs, 17-OCHj), 59.6 (CH, C-21), 56.4 (CH, C-1), 55.3 (CH, C-3), 54.8 (CH,
C-13), 54.7 (CH, C-11), 41.4 (CHs, 12-NCHs), 27.7 (CH,, C-4), 27.3 (CH,, C-1), 21.1 (CH,, C-14), 20.6
(CHs, C-28), 15.8 (CHs, C-27), 9.9 (CHs, 6-CHs), 9.4 (CHs, C-2), 8.6 (CHs, 16-CHs); HREIMS m/z

633.2688 [M]" (calcd for CasHzoN;0s, 633.2686).
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hydroquinone 5-O-(n-butanoyl) ester analogue of renieramycin
M, 7f: yield 53%; yellow amorphous powder; [a]% +233.0 (c
0.500, CHCly); ECD Ae nm (c 12.4 pM, MeOH, 27 °C) 0.0
(232), —0.5 (234), 0 (238), +2.5 sh (247), +4.0 (267), 0 (293),
—4.5 (357), 0 (401); IR (KBF) vmax 3435, 2963, 2940, 1757,

1715, 1653, 1616, 1460, 1304, 1233, 1153 cm'; 'H- NMR

(CDCls, 500 MHz) ¢ 6.00 (1H, qq, J = 7.3, 1.5 Hz, H-26), 5.79

(1H, s, 8-OH), 4.49 (1H, br d, J = 11.0 Hz, H-22b), 4.32 (1H,
ddd, J = 5.0, 3.3, 2.5 Hz, H-1), 4.11 (1H, d, J = 2.5 Hz, H-21), 4.04 (1H, dd, J = 11.0, 5.0 Hz, H-22a),
3.96 (1H, overlapped, H-11), 3.96 (3H, s, 17-OCH,), 3.77 (3H, s, 7-OCHy), 3.36 (1H, ddd, J = 7.7, 2.5,
1.4 Hz, H-13), 3.20 (1H, ddd, J = 12.4, 2.6, 2.3 Hz, H-3), 2.74 (1H, dd, J = 21.0, 7.7 Hz, H-14q), 2.57
(2H, t, J = 7.5 Hz, H,-1), 2.54 (1H, dd, J = 15.8, 1.5 Hz, H-4a), 2.28 (1H, d, J = 21.0 Hz, H-14p), 2.27
(3H, s, 12-NCHg), 2.07 (3H, s, 6-CHz), 1.92 (3H, s, 16-CH3), 1.87 (3H, dq, J = 7.3, 1.6 Hz, Hs-27), 1.81
(2H, sext, J = 7.5 Hz, H,-2), 1.70 (3H, dg, J = 1.6, 1.5 Hz, H;-28), 1.63 (1H, ddd, J = 15.8, 12.4, 2.5 Hz,
H-48), 1.10 (3H, t, J = 7.5 Hz, Hs-3); C NMR (CDCls, 125 MHz) J 186.1 (C, C-15), 182.7 (C, C-18),
171.4 (C, 5-OC=0), 167.1 (C, C-24), 155.3 (C, C-17), 143.7 (C, C-7), 143.0 (C, C-8), 141.8 (C, C-20),
140.0 (CH, C-26), 139.0 (C, C-5), 135.5 (C, C-19), 128.8 (C, C-16), 126.8 (C, C-25), 124.3 (C, C-10),
122.4 (C, C-6), 117.6 (C, 21-CN), 117.1 (C, C-9), 64.7 (CH,, C-22), 61.2 (CH3, 7-OCHj), 60.7 (CHs, 17-
OCHs), 59.6 (CH, C-21), 56.4 (CH, C-1), 55.4 (CH, C-3), 54.8 (CH, C-11), 54.7 (CH, C-13), 41.4 (CH;,
12-NCHj), 35.8 (CH,, C-1), 27.6 (CH,, C-4), 21.1 (CH,, C-14), 20.6 (CHs, C-28), 18.6 (CH,, C-2)), 15.8
(CHs, C-27), 13.9 (CHa, C-3), 10.0 (CHs, 6-CH;), 8.6 (CHs, 16-CHy); HREIMS miz 647.2840 [M]*

(CaICd for CssH41 N3O, 6472843)
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hydroquinone  5-O-(n-pentanoyl) ester analogue of

renieramycin M, 7g: yield 74%; yellow amorphous powder;
[«]5 +148.1 (c 0.600, CHCls); ECD Ae nm (c 12.1 uM,
MeOH, 27 °C) +31.6 (203), +3.8 sh (227), 0 (234), -0.4
(236), 0 (241), +0.7 (265), 0 (281), —0.7 (286), —2.2 (359), 0

(396); IR (KBr) vmax 3426, 2959, 2936, 1757, 1715, 1653,

1616, 1462, 1306, 1233, 1152, 1109, 1059 cm™'; 'H NMR

(CDCls, 500 MHz) 6 6.00 (1H, qg, J = 7.4, 1.6 Hz, H-26),
5.80 (1H, s, 8-OH), 4.49 (1H, br d, J = 11.1 Hz, H-22b), 4.32 (1H, ddd, J = 5.0, 3.2, 2.9 Hz, H-1), 4.11
(1H, d, J = 2.2 Hz, H-21), 4.04 (1H, dd, J = 11.1, 5.0 Hz, H-22a), 3.96 (1H, overlapped, H-11), 3.96 (3H,
s, 17-OCHy), 3.77 (3H, s, 7-OCHj3), 3.36 (1H, ddd, J = 7.6, 2.2, 1.7 Hz, H-13), 3.20 (1H, ddd, J = 12.4,
2.9, 2.4 Hz, H-3), 2.74 (1H, dd, J = 21.0, 7.6 Hz, H-140), 2.59 (2H, t, J = 7.7, 3.7 Hz, H,-1"), 2.53 (1H, m,
H-4a), 2.28 (1H, d, J = 21.0 Hz, H-148), 2.27 (3H, s, 12-NCH;), 2.07 (3H, s, 6-CHs), 1.92 (3H, s, 16-
CHs), 1.87 (3H, dq, J = 7.4, 1.5 Hz, H-27), 1.78 (2H, quint, J = 7.7 Hz, H,-2), 1.70 (3H, dg, J = 1.6, 1.5
Hz, Ha-28), 1.63 (1H, overlapped, H-48), 1.50 (2H, sext, J = 7.6 Hz, H,-3"), 1.02 (3H, t, J = 7.5 Hz, Ha-
4"; ®C NMR (CDCls, 125 MHz) 6 186.1 (C, C-15), 182.7 (C, C-18), 1715 (C, 5-OC=0), 167.1 (C, C-
24), 155.3 (C, C-17), 143.7 (C, C-7), 143.0 (C, C-8), 141.8 (C, C-20), 139.9 (CH, C-26), 139.0 (C, C-5),
135.5 (C, C-19), 128.8 (C, C-16), 126.8 (C, C-25), 124.3 (C, C-10), 122.4 (C, C-6), 117.6 (C, 21-CN),
117.1 (C, C-9), 64.7 (CH,, C-22), 61.2 (CHj3, 7-OCHj3), 60.6 (CH3, 17-OCHg), 59.6 (CH, C-21), 56.4 (CH,
C-1), 55.4 (CH, C-3), 54.8 (CH, C-13), 54.7 (CH, C-11), 41.4 (CHs, 12-NCHs), 33.7 (CH,, C-1), 27.6
(CH,, C-4), 27.2 (CH,, C-2'), 21.1 (CH,, C-14), 20.6 (CHs, C-28), 22.5 (CH,, C-3"), 15.8 (CH3, C-27),
13.7 (CH3, C-4"), 10.0 (CH3, 6-CHs3), 8.6 (CH;, 16-CHs); HRFABMS m/z 662.3072 [M+H]" (calcd for

C36HasN30,, 662.3078).
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hydroquinone 5-O-(n-hexanoyl) ester analogue of renieramycin
M, 7h: yield 46%; yellow amorphous powder; [a]5 +87.8 (c
0.300, CHCI3); ECD A nm (c 8.9 uM, MeOH, 27 °C) +18.1
(202), +2.6 sh (227), 0 (234), —0.1 (236), 0 (241), —0.3 (252), 0
(257), +1.0 (274), 0 (288), —1.1 (340), 0 (386); IR (KB) vimax

3429, 2934, 2859, 1757, 1717, 1653, 1616, 1460, 1304, 1233,

1153, 1109, 1059 cm™'; '"H NMR (CDCl;, 500 MHz) § 6.00

(1H, qq, J = 7.4, 1.7 Hz, H-26), 5.79 (1H, s, 8-OH), 4.49 (1H,

brd, J=11.1 Hz, H-22b), 4.32 (1H, dd, J = 5.1, 3.2 Hz, H-1),
4.11 (1H, d, J = 2.3 Hz, H-21), 4.04 (1H, dd, J = 11.1, 5.1 Hz, H-22a), 3.96 (1H, overlapped, H-11), 3.96
(3H, s, 17-OCHj), 3.77 (3H, s, 7-OCHg), 3.36 (1H, ddd, J = 7.5, 2.3, 1.4 Hz, H-13), 3.20 (1H, ddd, J =
12.2, 2.7, 2.3 Hz, H-3), 2.74 (1H, dd, J = 21.0, 7.5 Hz, H-14a), 2.58 (2H, m, H»-1"), 2.52 (1H, br d, J =
16.1 Hz, H-4a), 2.28 (1H, d, J = 21.0 Hz, H-14p), 2.27 (3H, s, 12-NCHj), 2.07 (3H, s, 6-CH3), 1.92 (3H,
s, 16-CHs), 1.87 (3H, dg, J = 7.4, 1.4 Hz, H3-27), 1.79 (2H, m, H,-2), 1.70 (3H, dq, J = 1.7, 1.4 Hz, Hs-
28), 1.63 (1H, overlapped, H-48), 1.44 (4H, m, H,-3' and H,-4"), 0.97 (3H, t, J = 7.2 Hz, H;-5"); *C NMR
(CDCl;, 125 MHz) 6 186.1 (C, C-15), 182.7 (C, C-18), 171.5 (C, 5-OC=0), 167.1 (C, C-24), 155.4 (C, C-
17), 143.7 (C, C-7), 143.0 (C, C-8), 141.7 (C, C-20), 140.0 (CH, C-26), 139.0 (C, C-5), 135.5 (C, C-19),
128.8 (C, C-16), 126.8 (C, C-25), 124.3 (C, C-10), 122.3 (C, C-6), 117.6 (C, 21-CN), 117.1 (C, C-9), 64.7
(CH,, C-22), 61.2 (CHs, 7-OCHy), 60.6 (CH3, 17-OCHs3), 59.6 (CH, C-21), 56.4 (CH, C-1), 55.4 (CH, C-
3), 54.8 (CH, C-11), 54.7 (CH, C-13), 41.4 (CHs, 12-NCHj), 33.9 (CH,, C-1Y), 31.5 (CH,, C-3), 27.6
(CH,, C-4), 24.8 (CH,, C-2"), 22.3 (CH,, C-4'), 21.1 (CH,, C-14), 20.6 (CHj;, C-28), 15.8 (CHj;, C-27),
13.9 (CHs, C-5, 10.0 (CHs, 6-CHs), 8.6 (CH3, 16-CHs); HRFABMS m/z 676.3240 [M+H]" (calcd for

Cs7H46N30,, 676.3234).
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hydroquinone 5-O-(4-bromobenzoyl) ester analogue of

renieramycin M, 7i: yield 58%; yellow amorphous solid;
[@]% +7.5 (c 0.007, CHCIs); ECD Agnm (c 5.3 UM, MeOH,
25 °C) +1.1 (425), 0.0 (401), —1.6 (380), —2.5 (357), 1.1
(321), +0.6 (292), +5.4 (273), +9.9 (253), +6.0 (239), +0.3
(226), —6.7 (211); IR (KBr) vms 3433, 2957, 2918, 2849,
1736, 1717, 1653, 1462, 1304, 1260, 1234, 1152, 1070, 1011,

845, 800, 955 cm *; 'H NMR (CDCl;, 500 MHz) § 8.02 (2H,

d, J = 8.6 Hz, H-2' and H-6"), 7.70 (2H, d, J = 8.6 Hz, H-3’

and H-5"), 6.01 (1H, qq, J = 7.4, 1.4 Hz, H-26), 5.89 (1H, s, OH-8), 454 (1H, dd, J = 11.8, 2.9 Hz, H-
22b), 4.35 (1H, br t, J = 4.6 Hz, H-1), 4.13 (1H, d, J = 2.6 Hz, H-21), 4.08 (1H, dd, J = 11.8, 4.6 Hz, H-
22a), 3.92 (1H, br d, J = 2.0 Hz, H-11), 3.80 (3H, s, 17-OCHj), 3.80 (3H, s, 7-OCHs), 3.36 (1H, dt, J =
7.5, 2.6 Hz, H-13), 3.22 (1H, br d, J = 12.0 Hz, H-3), 2.73 (1H, dd, J = 20.9, 7.5 Hz, H-14a), 2.56 (1H,
dd, J = 155, 2.0 Hz, H-4a), 2.28 (1H, d, J = 20.9 Hz, H-14p), 2.23 (3H, s, 12-NCH), 2.12 (3H, s, 6-
CHy), 1.89 (3H, dg, J = 7.4, 1.5 Hz, H3-27), 1.88 (3H, s, 16-CH,), 1.71 (3H, dg, J = 1.5, 1.4 Hz, H3-28),
1.69 (1H, overlapped, H-48); *C NMR (CDCl,, 125 MHz) § 185.9 (C, C-15), 182.6 (C, C-18), 171.2 (C,
5-0C=0), 167.1 (C, C-24), 163.7 (C, C-1'), 155.3 (C, C-17), 143.8 (C, C-7), 143.2 (C, C-8), 1415 (C, C-
20), 140.1 (CH, C-26), 139.0 (C, C-5), 135.5 (C, C-19), 132.1 (CH, C-3' and C-5), 131.4 (CH, C-2and
C-6'), 129.1 (C, C-16), 127.7 (C, C-4'), 126.7 (C, C-25), 124.4 (C, C-10), 122.5 (C, C-6), 117.5 (C, 21-
CN), 117.3 (C, C-9), 64.5 (CH,, C-22), 61.2 (CHs, 7-OCHj), 60.4 (CHs, 17-OCHj), 59.4 (CH, C-21), 56.5
(CH, C-1), 55.1 (CH, C-3), 54.8 (CH, C-13), 54.5 (CH, C-11), 41.4 (CH,, 12-NCH3), 27.8 (CH,, C-4),
21.1 (CH, C-14), 20.6 (CHs, C-28), 15.8 (CHs, C-27), 10.1 (CHs, 6-CHs), 8.5 (CHs 16-CHy);

HRFABMS m/z 760.1876 [M+H]" (calcd for C3gH39BrN3;Oy, 760.1870).
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hydroquinone 5-O-(4-phenylbenzoyl) ester analogue of

renieramycin M, 7j: yield 39%; yellow amorphous solid;
[¢]5 +67.2 (c 0.004, CHCIy); ECD As nm (c 6.0 uM,
MeOH, 25 °C) +6.5 (429), +4.2 (409), 0.0 (384), —2.5 (367),
—3.0 (352), —2.3 (334), +0.3 (310), +8.5 (294), +17.9 (279),
+12.2 (269), +5.0 (259), —0.7 (237); IR (KBr) vma 3374,
2957, 2918, 2851, 1734, 1717, 1653, 1609, 1558, 1462,
1310, 1260, 1234, 1152, 1078, 800, 748, 698 cm™*; 'H NMR

(CDCls, 500 MHz) 5 8.15 (2H, d, J = 8.6 Hz, H-2' and H-

121, 7.70 (2H, d, J = 8.6 Hz, H-3' and H-11'), 7.61 (2H, dd, J
= 8.6, 1.4 Hz, H-6' and H-10"), 7.45 (2H, t, = 7.5 Hz, H-7" and H-9"), 7.37 (H, dt, J = 7.5, 1.2 Hz, H-8"),
5.94 (1H, qq, J = 7.5, 1.4 Hz, H-26), 5.76 (1H, s, OH-8), 4.52 (1H, br d, J = 11.5 Hz, H-22b), 4.29 (1H, br
t,J = 4.9 Hz, H-1), 4.08 (1H, br d, J = 2.0 Hz, H-21), 4.07 (1H, dd, J = 11.5, 4.9 Hz, H-22a), 3.89 (1H, br
s, H-11), 3.74 (3H, s, 17-OCHy), 3.74 (3H, s, 7-OCHj), 3.30 (1H, dt, J = 7.5, 2.0 Hz, H-13), 3.17 (1H, d, J
= 12.5 Hz, H-3), 2.67 (1H, dd, J = 20.9, 7.5 Hz, H-14), 2.56 (1H, dd, J = 15.2, 1.8 Hz, H-4a), 2.22 (1H,
d, J = 20.9 Hz, H-14p), 2.17 (3H, s, 12-NCHS), 2.08 (3H, s, 6-CH3), 1.83 (3H, dg, J = 7.5, 1.5 Hz, H4-27),
1.81 (3H, s, 16-CHy), 1.66 (3H, dq, J = 1.5, 1.4 Hz, H;-28), 1.64 (1H, overlapped, H-48); *C NMR
(CDCls, 125 MHz) & 185.9 (C, C-15), 182.5 (C, C-18), 167.1 (C, C-24), 164.3 (C, 5-OC=0), 155.4 (C, C-
17), 146.6 (C, C-4"), 143.8 (C, C-7), 143.1 (C, C-8), 141.4 (C, C-20), 140.1 (CH, C-26), 139.8 (C, C-5'),
139.2 (C, C-5), 135.6 (C, C-19), 130.5 (CH, C-2'and C-127), 129.0 (CH, C-7' and C-9), 128.4 (CH, C-8"),
127.5 (C, C-16), 127.4 (CH, C-3' and C-11"), 127.3 (CH, C-6' and C-10"), 127.3 (C, C-1'), 126.8 (C, C-
25), 124.5 (C, C-10), 122.7 (C, C-6), 117.6 (C, 21-CN), 117.2 (C, C-9), 64.2 (CH,, C-22), 61.2 (CHj, 7-
OCHg), 60.4 (CHs, 17-OCHs), 59.4 (CH, C-21), 56.5 (CH, C-1), 55.2 (CH, C-3), 54.8 (CH, C-13), 54.5
(CH, C-11), 41.4 (CHs, 12-NCHy), 27.9 (CH,, C-4), 21.0 (CH,, C-14), 20.6 (CHs, C-28), 15.9 (CHj, C-
27), 10.1 (CHg, CHg-6), 8.5 (CH3, CH;-16); HRFABMS m/z 758.3075 [M+H]" (calcd for CasHasN3Os,

758.3078).
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5 hydroquinone 5-O-(2-pyridinecarbonyl) ester analogue of

renieramycin M, 7k: yield 48%; yellow amorphous solid;
[a]% +33.8 (c 0.001, CHCIs); ECD Agnm (¢ 2.9 UM, MeOH,
25 °C) +1.5 (425), +0.5 (400), —0.7 (380), —1.6 (357), —0.9
(325), —0.6 (311), —0.4 (299), 0.0 (290), +2.9 (277), +6.3 (255),
+3.9 (239); IR (KBr) vmax 3429, 2957, 2918, 2849, 1736, 1717,

1653, 1464, 1261, 1234, 1152, 1117, 1078, 802 cm *; 'H NMR

(CDCl,, 500 MHz) & 8.88 (1H, d, J = 4.9 Hz, H-6"), 8.24 (1H,

d,J = 7.8 Hz, H-3"), 7.97 (1M, td, J = 7.8, 1.2 Hz, H-4"), 7.61 (1H, ddd, J = 6.0, 4.9, 1.2 Hz, H-5'), 6.00
(1H, qq, J = 7.5, 1.5 Hz, H-26), 5.84 (1H, s, OH-8), 4.59 (1H, br d, J = 11.8 Hz, H-22b), 4.35 (1H, br t, J
= 3.7 Hz, H-1), 4.13 (1H, d, J = 2.5 Hz, H-21), 4.10 (1H, dd, J = 11.8, 3.7 Hz, H-22a), 3.93 (1H, br d, J =
3.4 Hz, H-11), 3.81 (3H, s, 17-OCHs), 3.81 (3H, s, 7-OCHs), 3.36 (1H, ddd, J = 7.7, 2.5, 1.7 Hz, H-13),
3.22 (1H, dd, J = 12.9, 3.4 Hz, H-3), 2.73 (1H, dd, J = 21.2, 7.7 Hz, H-14q), 2.63 (1H, d, J = 15.8 Hz, H-
4a), 2.29 (1H, dd, J = 21.2, 7.7 Hz, H-148), 2.23 (3H, s, 12-NCH), 2.16 (3H, s, 6-CH3), 1.90 (3H, dg, J =
7.5, 1.6 Hz, Hs-27), 1.88 (3H, s, 16-CH3), 1.71 (3H, dg, J = 1.6, 1.5 Hz, H4-28), 1.68 (1H, overlapped, H-
4B); *C NMR (CDCl,, 125 MHz) § 186.0 (C, C-15), 182.6 (C, C-18), 167.1 (C, C-24), 164.8 (C, 5-
0C=0), 155.4 (C, C-17), 150.3 (CH, C-6'), 146.9 (C, C-2'), 143.8 (C, C-7), 143.3 (C, C-8), 1415 (C, C-
20), 140.2 (CH, C-26), 139.2 (C, C-5), 137.2 (CH, C-4'), 135.6 (C, C-19), 128.6 (C, C-16), 127.6 (CH, C-
51), 126.7 (C, C-25), 125.6 (CH, C-3'), 124.2 (C, C-10), 122.5 (C, C-6), 117.6 (C, 21-CN), 117.3 (C, C-9),
63.9 (CH, C-22), 61.3 (CHs, 7-OCHj), 60.5 (CH3, 17-OCHs), 59.3 (CH, C-21), 56.6 (CH, C-1), 55.1
(CH, C-3), 54.8 (CH, C-13), 54.5 (CH, C-11), 41.4 (CHa, 12-NCHj), 27.8 (CH,, C-4), 21.0 (CH,, C-14),
20.7 (CH3, C-28), 15.9 (CH3, C-27), 10.2 (CHs, 6-CHy), 8.5 (CHs, 16-CH;); HREIMS m/z 682.2641 [M]"*

(CaICd for C37H3sN4Oq, 6822639)
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hydroquinone 5-O-(3-pyridinecarbonyl) ester analogue of
renieramycin M, 71: yield 47%; yellow amorphous solid; [Ot]ZD5
+4.0 (c 0.003, CHCls); ECD Ag nm (¢ 2.1 uM, MeOH, 25 °C)
+1.7 (421), 0.0 (388), —9.5 (373), —1.4 (352), —1.1 (337), —0.7
(322), —0.5 sh (307), 0.0 (290), +2.3 (275), +3.5 (257), +2.5
(247), +1.6 (235); IR (KBr) vinay 3422, 2957, 2918, 2849, 1742,

1717, 1653, 1464, 1262, 1234, 1152, 1111, 1078, 1022, 800

cm™’; 'H NMR (CDCl,, 500 MHz) § 9.28 (1H, s, H-2'), 8.85

(1H, dd, J = 4.9, 1.7 Hz, H-6"), 8.37 (1H, d, J = 8.0 Hz, H-4"), 7.47 (1H, dd, J = 8.0, 4.9 Hz, H-5'), 5.95
(1H, qq, J = 7.5, 1.2 Hz, H-26), 5.84 (1H, s, OH-8), 4.47 (1H, dd, J = 11.8, 2.9 Hz, H-22b), 4.29 (1H, br t,
J=43Hz, H-1), 4.06 (1H, d, J = 2.6 Hz, H-21), 4.02 (1H, dd, J = 11.8, 4.3 Hz, H-22a), 3.85 (1H, br d, J
= 2.0 Hz, H-11), 3.74 (3H, s, 17-OCHy), 3.74 (3H, s, 7-OCHy), 3.29 (1H, dt, J = 7.5, 2.6 Hz, H-13), 3.16
(1H, d, J = 12.0 Hz, H-3), 2.66 (1H, dd, J = 20.9, 7.5 Hz, H-14a), 2.47 (1H, dd, J = 15.5, 2.0 Hz, H-4a),
2.20 (1H, d, J = 20.9 Hz, H-148), 2.17 (3H, s, 12-NCHj), 2.07 (3H, s, CH3-6), 1.83 (3H, dg, J = 7.5, 1.4
Hz, Hs-27), 1.82 (3H, s, CH;-16), 1.65 (3H, dq, J = 1.4, 1.2 Hz, H3-28), 1.60 (1H, overlapped, H-4p); ©*C
NMR (CDCl,, 125 MHz) § 186.0 (C, C-15), 182.6 (C, C-18), 167.1 (C, C-24), 163.1 (C, 5-OC=0), 155.3
(C, C-17), 154.1 (CH, C-6"), 151.2 (CH, C-2'), 143.9 (C, C-7), 143.4 (C, C-8), 141.6 (C, C-20), 140.2
(CH, C-26), 138.8 (C, C-5), 137.5 (CH, C-4), 135.4 (C, C-19), 128.6 (C, C-16), 126.7 (C, C-25), 124.7
(C, C-3), 124.4 (C, C-10), 123.7 (CH, C-5'), 122.5 (C, C-6), 117.5 (C, 21-CN), 117.3 (C, C-9), 64.2
(CH,, C-22), 61.3 (CHg, 7-OCHj), 61.3 (CHa, 17-OCHg), 59.4 (CH, C-21), 56.5 (CH, C-1), 55.2 (CH, C-
3), 54.8 (CH, C-13), 54.6 (CH, C-11), 41.4 (CHs, 12-NCHy), 27.9 (CH,, C-4), 21.1 (CH,, C-14), 20.6
(CHa, C-28), 15.8 (CH3, C-27), 10.1 (CHg, 6-CHy), 8.6 (CHs, 16-CHy); HRFABMS m/z 683.2723 [M+H]*

(CaICd for Cs7H39N,4Os, 6832717)
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hydroquinone 5-O-(4-pyridinecarbonyl) ester analogue of

renieramycin M, 7m: yield 51%; yellow amorphous solid;
[@]% +92.1 (c 0.004, CHCIls); ECD A&nm (¢ 4.4 UM, MeOH,

25 °C) +1.0 (428), 0.0 (399), —0.9 (383), —1.7 (364), -1.0

(331), —0.4 (306), —0.3 (293), 0.0 (288), +1.6 (277), +3.2

(261), +1.0 (239); IR (KBr) vmex 3435, 2918, 2849, 1748,

25

O Z 1715, 1653, 1616, 1462, 1252, 1234, 1152, 1113, 1061 cmfl;
7m Me
28 'H NMR (CDCls, 400 MHz) 6 8.92 (2H, dd, J = 4.5, 2.0 Hz,

H-2' and H-6'), 7.98 (2H, dd, J = 4.5, 1.2 Hz, H-3' and H-5'), 6.01 (1H, qq, J = 7.2, 1.2 Hz, H-26), 5.95
(1H, s, OH-8), 4.55 (1H, br d, J = 11.2 Hz, H-22b), 4.36 (1H, br t, J = 5.2 Hz, H-1), 4.13 (1H, d, J = 2.0
Hz, H-21), 4.09 (1H, dd, J = 11.2, 5.2 Hz, H-22a), 3.91 (1H, br d, J = 2.4 Hz, H-11), 3.81 (3H, s, 17-
OCHy), 3.74 (3H, br's, 7-OCHj), 3.36 (1H, dt, J = 8.0, 2.0 Hz, H-13), 3.23 (1H, dt, J = 12.4, 2.0 Hz, H-3),
2.73 (1H, dd, J = 21.2, 8.0 Hz, H-14a), 2.55 (1H, dd, J = 15.2, 2.4 Hz, H-4a), 2.28 (1H, d, J = 21.2 Hz,
H-14B), 2.24 (3H, s, 12-NCH3), 2.14 (3H, s, 6-CHy), 1.89 (3H, dq, J = 7.2, 1.4 Hz, H4-27), 1.88 (3H, s,
16-CHa), 1.71 (3H, dg, J = 1.4, 1.2 Hz, H;-28), 1.65 (1H, overlapped, H-48); *C NMR (CDCl,, 100
MHz) § 186.0 (C, C-15), 182.7 (C, C-18), 167.1 (C, C-24), 163.1 (C, 5-0C=0), 155.3 (C, C-17), 151.0
(CH, C-2" and C-6"), 143.9 (C, C-7), 143.6 (C, C-8), 141.7 (C, C-20), 140.2 (CH, C-26), 138.8 (C, C-5),
136.2 (C, C-4'), 135.4 (C, C-19), 128.7 (C, C-16), 126.7 (C, C-25), 124.3 (C, C-10), 123.0 (CH, C-3'and
C-5'), 122.4 (C, C-6), 117.5 (C, 21-CN), 117.5 (C, C-9), 64.4 (CH,, C-22), 61.3 (CHs, 7-OCHy), 60.4
(CHs, 17-OCH;), 59.5 (CH, C-21), 56.5 (CH, C-1), 55.2 (CH, C-3), 54.8 (CH, C-13), 54.6 (CH, C-11),
41.5 (CH3, 12-NCH3), 27.9 (CH,, C-4), 21.1 (CH,, C-14), 20.6 (CH,, C-28), 15.9 (CH3, C-27), 10.1 (CH;,

6-CHs), 8.6 (CHs, 16-CHa): HREIMS m/z 682.2632 [M]* (calcd for Ca7H3sN.Os, 682.2639).
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hydroquinone 5-O-(3-quinolinecarbonyl) ester analogue of

renieramycin M, 7n: yield 39%; yellow amorphous powder;
[a]¥ +64.9 (c 0.001, CHCly); ECD Ag nm (c 9.6 UM,
MeOH, 25 °C) +0.4 (425), +0.2 (400), 0.0 (384), —0.3 (356),
-0.2 (337), 0.0 sh (314), 0.0 sh (289), +0.4 (278), +0.9
(269), +1.1 (259), +1.4 (247), +1.1 (241), +0.7 (236), 0.0
(226); IR (KBr) vmax 3435, 2955, 2918, 2851, 1740, 1717,

1653, 1620, 1462, 1375, 1306, 1287, 1261, 1234, 1151,

m 1090, 1111, 791, 778 cm™'; *H NMR (CDCls, 300 MHz) ¢

9.52 (1H, s, H-2), 9.03 (1H, s, H-4'), 8.25 (1H, d, J = 8.1 Hz, H-8"), 8.05 (1H, d, J = 7.5 Hz, H-5), 7.93
(1H,t,J = 8.1 Hz, H-7"), 7.71 (1H, t, J = 7.5 Hz, H-6'), 6.03 (1H, qg, J = 7.0, 1.2 Hz, H-26), 5.85 (1H, s,
OH-8), 4.57 (1H, d, J = 10.5 Hz, H-22b), 4.37 (1H, br d, J = 4.2 Hz, H-1), 4.14 (1H, br s, H-21), 4.09
(1H, dd, J = 10.5, 4.2 Hz, H-22a), 3.91 (1H, br s, H-11), 3.83 (3H, s, 17-OCHj), 3. 83 (3H, s, 7-OCHy),
3.36 (1H, d, J = 7.2 Hz, H-13), 3.25 (1H, d, J = 12.0 Hz, H-3), 2.73 (1H, dd, J = 20.7, 7.2 Hz, H-14a),
2.63 (1H, d, J = 14.1 Hz, H-40), 2.28 (1H, d, J = 20.7 Hz, H-14p), 2.22 (3H, s, 12-NCH), 2.18 (3H, s, 6-
CHs), 1.92 (3H, qq, J = 7.2, 1.4 Hz, H3-27), 1.88 (3H, s, 16-CHs), 1.74 (3H, dq, J = 1.4, 1.2 Hz, H;-28),
1.65 (1H, overlapped, H-48); **C NMR (CDCls, 125 MHz) § 186.0 (C, C-15), 182.6 (C, C-18), 167.1 (C,
C-24), 162.5 (C, 5-0C=0), 155.8 (C, C-17), 147.8 (CH, C-2), 144.0 (C, C-7), 143.7 (C, C-8), 142.0 (C,
C-9'), 141.3 (C, C-10"), 140.5 (C, C-20), 140.2 (CH, C-26), 138.7 (CH, C-4"), 137.9 (C, C-5), 135.7 (C,
C-19), 134.2 (CH, C-7"), 129.5 (CH, C-5' and C-8), 128.6 (C, C-16), 127.5 (CH, C-6'), 126.7 (C, C-25),
124.6 (C, C-10), 122.2 (C, C-6), 122.3 (C, C-3'), 117.6 (C, 21-CN), 117.4 (C, C-9), 64.5 (CH,, C-22),
61.3 (CH3, 7-OCHs), 60.9 (CHs, 17-OCHj), 58.5 (CH, C-21), 56.5 (CH, C-1), 54.8 (CH, C-3), 54.6 (CH,
C-13), 54.2 (CH, C-11), 41.5 (CHs, 12-NCHs), 27.9 (CH,, C-4), 21.0 (CH,, C-14), 20.6 (CHj, C-28), 15.8
(CHs, C-27), 10.2 (CHs, 6-CHs), 8.5 (CHs, 16-CHj); HRFABMS m/z 733.2872 [M+H]" (calcd for

CuHaN,Og, 733.2874).
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hydroquinone 5-O-(6-quinolinecarbonyl) ester analogue of

renieramycin M, 70: yield 40%; yellow amorphous powder;
[«]% +10.6 (c 0.006, CHCl5); ECD Ag nm (c 9.6 WM,
MeOH, 25 °C) +0.4 (425), 0.0 (394), —0.3 (375), —0.5 (355),
-0.2 (325), -0.1 sh (312), 0.0 (292), +0.9 (279), +1.9 (267),
+2.5 (255), +2.8 (247), +1.5 (234), 0.0 (223); IR (KBF) vinax
3420, 2957, 2918, 2849, 1738, 1717, 1653, 1616, 1462,

1263, 1232, 1177, 1152, 1090, 802 cm'; *H NMR (CDClI;,

500 MHz) ¢ 9.09 (1H, dd, J = 4.3, 1.7 Hz, H-2'), 8.77 (1H,
br d, J = 1.5 Hz, H-5'), 8.38 (1H, overlapped, H-4"), 8.38 (1H, dd, J = 8.9, 1.5 Hz, H-7'), 8.25 (1H, d, J =
8.9 Hz, H-8'), 7.57 (1H, dd, J = 8.3, 4.3 Hz, H-3), 6.04 (1H, qq, J = 7.2, 1.2 Hz, H-26), 5.87 (1H, s, OH-
8), 4.59 (1H, br d, J = 11.2 Hz, H-22b), 4.37 (1H, t, J = 4.8 Hz, H-1), 4.14 (1H, br d, J = 2.3 Hz, H-21),
4.10 (1H, dd, J = 11.2, 4.8 Hz, H-22a), 3.92 (1H, br s, H-11), 3.82 (3H, s, 17-OCHs), 3.82 (3H, s, 7-
OCHs), 3.36 (1H, dt, J = 7.5, 2.3 Hz, H-13), 3.24 (1H, br d, J = 12.3 Hz, H-3), 2.72 (1H, dd, J = 20.9, 7.5
Hz, H-14a), 2.64 (1H, dd, J = 15.5, 2.3 Hz, H-4a), 2.28 (1H, d, J = 20.9 Hz, H-14p), 2.22 (3H, s, 12-
NCHs), 2.17 (3H, s, 6-CH3), 1.90 (3H, dq, J = 7.2, 1.4 Hz, H-27), 1.87 (3H, s, 16-CH3), 1.74 (3H, dq, J =
1.4, 1.2 Hz, H3-28), 1.66 (1H, overlapped, H-44); *C NMR (CDCl;, 125 MHz) § 186.0 (C, C-15), 182.6
(C, C-18), 167.1 (C, C-24), 164.0 (C, 5-OC=0), 155.3 (C, C-17), 153.0 (CH, C-2"), 150.4 (C, C-9'), 143.9
(C, C-7), 143.3 (C, C-8), 141.4 (C, C-20), 140.2 (CH, C-26), 139.2 (C, C-5), 137.5 (CH, C-7'), 135.5 (C,
C-19), 131.7 (CH, C-5'), 131.7 (C, C-6"), 130.3 (CH, C-8), 129.0 (CH, C-4), 127.6 (C, C-16), 126.7 (C,
C-10"), 126.7 (C, C-25), 124.6 (C, C-10), 122.8 (C, C-6), 122.2 (CH, C-3'), 117.6 (C, CN), 117.3 (C, C-
9), 64.5 (CH,, C-22), 61.3 (CH,, 7-OCHs), 61.3 (CHs, 17-OCHs), 59.5 (CH, C-21), 56.5 (CH, C-1), 55.2
(CH, C-3), 54.8 (CH, C-13), 54.5 (CH, C-11), 41.4 (CHa, 12-NCHj), 27.9 (CH,, C-4), 21.0 (CH,, C-14),
20.6 (CH3, C-28), 15.9 (CHs, C-27), 10.2 (CHs, 6-CHs), 8.5 (CHs, 16-CH,); HRFABMS m/z 733.2879

I:I\/H‘H:rr (CaICd for C41H41N4Os, 7332874)
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hydroquinone  5-O-(cinnamoyl)  ester  analogue  of

renieramycin M, 7p: yield 43%; yellow amorphous solid,;
[a]¥ +30.7 (c 0.001, CHCI;); ECD As nm (c 9.9 uM,

MeOH, 25 °C) +0.5 (417), —0.2 (392), —1.1 (355), —0.5
(325), +1.1 (302), +2.8 (278), +2.0 (260), +1.4 (248), +0.4
(238), —0.8 (225); IR (KBr) vmax 3435, 2957, 2918, 2849,
1717, 1653, 1616, 1462, 1308, 1261, 1234, 1150, 1057, 802,

768 cm™; 'H NMR (CDCl;, 400 MHz) & 7.81 (1H, d, J =

16.0 Hz, CH=CHj), 7.62 (2H, m, H-3'and H-5'), 7.46 (3H,

m, H-2', H-6', and H-4"), 6.67 (1H, d, J = 16.0 Hz, CH,=CH), 6.01 (1H, qq, J = 7.4, 1.2 Hz, H-26), 5.79
(1H, s, OH-8), 4.54 (1H, d, J = 11.2 Hz, H-22b), 4.34 (1H, br t, J = 4.0 Hz, H-1), 4.13 (1H, d, J = 2.0 Hz,
H-21), 4.07 (1H, dd, J = 11.2, 4.0 Hz, H-22a), 3.99 (1H, br d, J = 3.6 Hz, H-11), 3.85 (3H, s, 17-OCHj),
3.80 (3H, s, 7-OCHs), 3.36 (1H, dt, J = 7.2, 2.0 Hz, H-13), 3.22 (1H, d, J = 12.0 Hz, H-3), 2.74 (1H, dd, J
= 20.8, 7.2 Hz, H-14a), 2.60 (1H, dd, J = 14.0, 2.0 Hz, H-4a), 2.29 (1H, d, J = 20.8 Hz, H-14p), 2.25 (3H,
s, 12-NCHa), 2.12 (3H, s, 6-CH3), 1.89 (3H, dq, J = 7.2, 1.4 Hz, H3-27), 1.90 (3H, s, 16-CH3), 1.72 (3H,
dg, J = 1.4, 1.2 Hz, H,-28), 1.66 (1H, overlapped, H-48); *C NMR (CDCls, 100 MHz) 5 186.0 (C, C-15),
182.6 (C, C-18), 167.1 (C, C-24), 164.7 (C, 5-OC=0), 155.5 (C, C-17), 146.8 (CH, CH=CHy), 143.8 (C,
C-7), 143.1 (C, C-8), 1415 (C, C-20), 140.0 (CH, C-26), 139.1 (C, C-5), 135.7 (C, C-19), 134.1 (C, C-
11, 131.0 (CH, C-4"), 129.1 (CH, C-2" and C-6'), 128.8 (C, C-16), 128.4 (CH, C-3' and C-5'), 126.8 (C,
C-25), 1245 (C, C-10), 122.6 (C, C-6), 117.6 (C, 21-CN), 117.2 (C, C-9), 116.4 (CH, CH,=CH), 64.5
(CH,, C-22), 61.2 (CHg, 7-OCHj), 60.6 (CHs, 17-OCHg), 59.5 (CH, C-21), 56.5 (CH, C-1), 55.3 (CH, C-
3), 54.9 (CH, C-13), 54.6 (CH, C-11), 41.5 (CHs, 12-NCHy), 27.8 (CH,, C-4), 21.1 (CH,, C-14), 20.6
(CHa, C-28), 15.9 (CH3, C-27), 10.1 (CHg, 6-CHy), 8.6 (CHs, 16-CHy); HRFABMS m/z 708.2930 [M+H]*

(CaICd for C40H42N30g, 7082921)
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hydroquinone  5-O-(4-fluorocinnamoyl) ester analogue of
renieramycin M, 7q: yield 41%; yellow amorphous solid; [Ot]ZD5
-80.5 (¢ 0.003, CHCIy); ECD Ae nm (c 1.4 uM, MeOH, 25 °C)
—-0.1 (404), —8.5 (386), —16.2 (359), —10.4 (336), +0.6 (320),
+21.6 (306), +40.5 (293), +57.7 (285), +66.5 (277), +52.9 (271),
+35.3 (266), +28.2 (252), +13.3 (242), —16.2 (228); IR (KBr) vmax

3433, 2959, 2918, 2851, 1721, 1653, 1601, 1510, 1462, 1310,

1261, 1233, 1144, 1059, 833, 800 cm*; 'H NMR (CDCl,, 500

MHz) 5 7.70 (1H, d, J = 16.0 Hz, CH=CHy), 7.55 (2H, dd, J = 8.5, 5.5 Hz, H-2’ and H-6"), 7.08 (2H, d, J
= 8.5 Hz, H-3’ and H-5'), 6.52 (1H, d, J = 16.0 Hz, CH,=CH), 5.94 (1H, qg, J = 7.2, 1.5 Hz, H-26), 5.72
(1H, s, OH-8), 4.47 (1H, d, J = 11.8, 2.9 Hz, H-22b), 4.27 (1H, br t, J = 4.9 Hz, H-1), 4.06 (1H, d,J = 2.9
Hz, H-21), 3.99 (1H, dd, J = 11.8, 4.9 Hz, H-22a), 3.91 (1H, br d, J = 3.2 Hz, H-11), 3.78 (3H, s, 17-
OCHs), 3.73 (3H, s, 7-OCH), 3.29 (1H, dt, J = 7.5, 2.9 Hz, H-13), 3.15 (1H, d, J = 12.1 Hz, H-3), 2.67
(1H, dd, J = 20.9, 7.5 Hz, H-140), 2.53 (1H, dd, J = 15.5, 2.3 Hz, H-4a), 2.20 (1H, d, J = 20.9 Hz, H-
148), 2.19 (3H, s, 12-NCH), 2.05 (3H, s, 6-CHs), 1.83 (3H, s, 16-CHs), 1.82 (3H, dg, J = 7.2, 1.6 Hz, Ha-
27), 1.65 (3H, dg, J = 1.6, 1.5 Hz, H4-28), 1.62 (1H, overlapped, H-48); *C NMR (CDCls, 125 MHz) &
186.0 (C, C-15), 182.6 (C, C-18), 167.1 (C, C-24), 165.3 (C, 5-OC=0), 164.5 (C, C-4'), 155.4 (C, C-17),
145.5 (CH, CH=CHg), 143.8 (C, C-7), 143.1 (C, C-8), 141.6 (C, C-20), 140.1 (CH, C-26), 139.1 (C, C-5),
135.6 (C, C-19), 130.3 (C, C-1'), 130.3 (CH, C-2’ and C-6'), 128.7 (C, C-16), 126.8 (C, C-25), 124.4 (C,
C-10), 122.6 (C, C-6), 117.6 (C, 21-CN), 117.1 (C, C-9), 116.4 (CH, CH,=CH), 116.2 (CH, C-3 and C-
5), 64.5 (CH,, C-22), 61.2 (CH3, 7-OCHs), 60.5 (CH3, 17-OCH;), 59.5 (CH, C-21), 56.5 (CH, C-1), 55.3
(CH, C-3), 54.8 (CH, C-13), 54.6 (CH, C-11), 41.4 (CH3, 12-NCHj), 27.7 (CH,, C-4), 21.1 (CH,, C-14),
20.6 (CHs, C-28), 15.9 (CHs, C-27), 10.1 (CHs, 6-CHj), 8.6 (CHs, 16-CH;); HRFABMS m/z 726.2833

[l\/l"'H]+ (CaICd for C40H41FN309, 7262827)
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hydroquinone 5-O-(3-pyridineacryloyl) ester analogue of
renieramycin M, 7r: yield 32%; yellow amorphous solid; [Ot]ZD5
+252.4 (¢ 0.001, CHCly); ECD Aenm (¢ 7.1 uM, MeOH, 25 °C)
+0.6 (425), +0.4 (406), +0.1 (386), —0.1 (367), —0.2 (350), 0.1
(325), +0.5 (299), +1.5 (278), +1.9 (258), +0.8 (240), —1.0 (225);

IR (KBr) vmax 3412, 2963, 2918, 2849, 1732, 1653, 1464, 1304,

1261, 1234, 1152, 1094, 1028, 802 cm*; '"H NMR (CDCl;, 300

MHz) & 8.77 (1H, s, H-2'), 8.60 (1H, d, J = 4.8 Hz, H-6"), 7.91

(1H, br d, J = 8.4 Hz, H-4"), 7.74 (1H, d, J = 16.2 Hz, CH=CHpg), 7.35 (1H, dd, J = 8.4, 4.8 Hz, H-5),
6.68 (1H, dd, J = 16.2, 3.6 Hz, CH,=CH), 5.93 (1H, qqg, J = 6.9, 1.5 Hz, H-26), 5.74 (1H, s, OH-8), 4.46
(1H, d, J = 10.2 Hz, H-22b), 4.26 (1H, br s, H-1), 4.05 (1H, br s, H-21), 3.99 (1H, d, J = 10.2, H-22a),
3.93 (1H, t, J = 3.9 Hz H-11), 3.78 (3H, s, 17-OCHj), 3.72 (3H, s, 7-OCHy), 3.28 (1H, d, J = 6.0 Hz, H-
13), 3.15 (1H, d, J = 10.8 Hz, H-3), 2.67 (1H, dd, J = 20.2, 6.0 Hz, H-14a), 2.50 (1H, d, J = 15.3 Hz, H-
4a), 2.28 (1H, d, J = 20.2 Hz, H-148), 2.17 (3H, s, 12-NCHs), 2.04 (3H, s, 6-CHy), 1.83 (3H, dg, J = 6.9,
1.6 Hz, Hy-27), 1.83 (3H, s, 16-CHy), 1.64 (3H, dq, J = 1.6, 1.5 Hz, H3-28), 1.62 (1H, overlapped, H-4p);
¥C NMR (CDCl,, 100 MHz) & 186.1 (C, C-15), 182.7 (C, C-18), 167.1 (C, C-24), 164.2 (C, 5-0C=0),
1555 (C, C-17), 151.5 (CH, C-6'), 149.9 (CH, C-2'), 143.8 (C, C-7), 143.2 (C, C-8), 142.8 (CH,
CH=CHp), 141.7 (C, C-20), 140.1 (CH, C-26), 138.8 (C, C-5), 135.5 (C, C-19), 134.4 (CH, C-4"),129.9
(C, C-3'), 128.9 (C, C-16), 126.8 (C, C-25), 124.4 (C, C-10), 123.9 (CH, C-5), 123.7 (C, C-6), 118.7
(CH, CH,=CH), 117.5 (C, 21-CN), 117.2 (C, C-9), 64.5 (CH,, C-22), 61.2 (CHs, 7-OCHg), 60.5 (CHs, 17-
OCHg), 59.5 (CH, C-21), 56.5 (CH, C-1), 55.3 (CH, C-3), 54.8 (CH, C-13), 54.7 (CH, C-11), 41.5 (CH;,
12-NCHs), 27.7 (CH,, C-4), 21.1 (CH,, C-14), 20.6 (CH3, C-28), 15.8 (CH5, C-27), 10.1 (CHs, 6-CHs),

8.6 (CHs, 16-CHy); HRFABMS m/z 709.2874 [M+H]* (calcd for CsoHsN4Os, 709.2874).
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Figure S45. HMBC (500 MHz) spectrum of 7q in CDCl,



68

=3 | i
= | I .
o i ! [
= | | I
o |
= ‘ i
o = i H -
ER : il Sk r
£ r i I |
= = i H
- AL FANE iy S ||
ojiSCTv}l-l 1-F3/phase sensitive noesy - - . - e - = - w% S
= .
] - e
- .
= .
o L]
1 2 £ =}
® @ =
] 3
< i =
Lan T
] B e = -
1 > o =
4 |
1 . -
= - . =
<7 3 - ;
] & ee - -
1 P Y L
=
]
1 N .
= L 2 @
R=h i |
1 ] &
= R —
i & §¢? i_
] - g8 @ = —
] L& e - i
= f
g % 4 [
2 ]
S 2
A 3
= &
£ ]
L= =
ERE n
(PR
&
o 1
= 3
= - +
=
|
— - . : — ——— I T o . o = — | e e e
| 10.0 9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0 [} 0 0.2 04 0.6 0.8 1.0
X : parts per Million : Proton abundance

Figure S46. NOESY (500 MHz) spectrum of 7q in CDCl,
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Figure S48. *C NMR (100 MHz) spectrum of 7r in CDCl;



C3_004_OA: STRUCTURE-ACTIVITY RELATIONSHIP (SAR) STUDY OF
RENIERAMYCIN AND ESTER DERIVATIVES AS NEW ANTI-CANCER AGENTS FROM
MARINE BISTETRAHYDROISOQUINOLINEQUINONE ALKALOIDS

Supakarn Chamni,"* Natchanun Sirimangkalakitti,' Pithi Chanvorachote,? Naoki Saito,* and

Khanit Suwanborirux!

!Center for Bioactive Natural Products from Marine Organisms and Endophytic Fungi (BNPME),
Department of Pharmacognosy and Pharmaceutical Botany, Chulalongkorn University, Pathumwan,
Bangkok 10330, Thailand

2Cell-Based Drug and Health Product Development Research Unit and

Department of Pharmacology and Physiology, Faculty of Pharmaceutical Sciences,

Chulalongkorn University, Pathumwan, Bangkok 10330, Thailand

3Graduate School of Pharmaceutical Sciences, Meiji Pharmaceutical University, 2-522-1 Noshio,
Kiyose, Tokyo 204-8588, Japan

*e-mail: supakarn.c@pharm.chula.ac.th

Abstract: Renieramycin M, a bistetrahydroisoquinolinequinone marine alkaloid isolated from the
Thai blue sponge Xestospongia sp., has been reported as a highly potent anti-lung cancer agent. To
explore structure-cytotoxicity relationship, the series of renieramycin derivatives has been prepared by
semi-synthesis from natural renieramycin M focusing on structural modification at C-5 and C-22. All
synthetic renieramycin derivatives were subjected to non-small cell lung cancer cells (NSLCC) based
anti-proliferative assay for cytotoxic evaluation. We observed that most of renieramycin derivatives
possessed nanomolar cytotoxic level. The additional ester motifs either at C-5 or C-22 individually
played significant role toward cytotoxic activity against non-small cell lung cancer H290 and H460
cell lines. The structure-cytotoxicity relationships of renieramycin M and derivatives were discussed
and compared with a chemotherapeutic drug, Yondelis®, which shares a similar structural framework
for tetrahydroisoquinoline alkaloids. In this research, the key pharmacophores corresponding
to cytotoxicity were elucidated and new renieramycin derivatives as potential cytotoxic agents with 5-
20 folds more potent than renieramycin M were reported.

Renieramycin M
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