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915U Ineninus : fRiemansansd as. 101 wnsaad

@13599M7n tetrahydro-R-carboline (THRCs) uwazayiud uaisusznaudan
aeufUsznndulea Ailassaiaduadisiususzneudiens piperidine fidiousafuiedu
Tna a15swmnn THRCs Hanunsanuldlusssund Tavadaldainiis Wosn wardedidinmis
nzia wardanuinanslungy THRCs druimnnivsslovilufuiinwiivarnvanes uagld
Hugndnwilsaserludagtulidasdu magudaieules monoamine oxidase #iin A
(MAO-A)  endeutsvdain funzise . fudenataluigmwedsainanis  wavdiude

Y Va o

wuafise Seiliideaulafiagsihnsdaney THRCs wazeywusasngunuiuna C-1,
N-2 uay C-3 W1uUfATeniididny A U{ASEY Pictet-Spengler, N-Alkylation w3a N-
Acylation Lﬁaﬁﬂmamﬁamiaaﬂg%é%’]ﬁ’M}W WU21 1-phenethyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindole = = k@Y 1-(1-phenethy!-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-
ylpropan-1-one quéﬁﬁiumsé’u&Lsziaa‘ml,%ﬂ (Hep G2 wag Hela) wazdimnuduiiuwne
wasunAtes (L929) TnediAn ICs, Tun1siuvadugseseming 23.67-33.33 ug/mL §anuin
ﬁq%éﬁﬁuﬁa‘iﬂuﬁ% 5 wila lown Rhizopus sp., Bipolaris oryzae, Curvularia lunata,
Fusarium semitectum Wag. Fusarium fujikuroi- ey  2-octyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindole fiAwdud - 1000 pg/mL ﬁqw%iumﬁugﬂﬂﬂsLﬂ%mLaUImmaaIﬂIaﬁ
voutorluivld 100% uazidleth THECs lWnaasugrdlunissininasyiulnvesiianuiy
Lifuulilunasmassyiulmesfisnnanudududefoutud devnimesaon

frudnaiug nud9



58302201 : Major (ORGANIC CHEMISTRY)
Keyword : tetrahydro-f3-carboline, 2 3-substituted tetrahydro-3-carboline, antiviral
activity, anticancer activity, biological activities

MISS KOONCHIRA BUABAN : SYNTHESIS OF TETRAHYDRO-BETA-CARBOLINE
AND DERIVATIVES THESIS ADVISOR : ASSISTANT PROFESSOR WAYA PHUTDHAWONG,
Ph.D.

Tetrahydro-f-carbolines (THRCs) and derivatives are naturally occurring
indole alkaloid which are heterocyclic structure consists of piperidine ring fused with
indole ring. THRCs are widely distributed in natural products such as plants, fungi and
marines. Many of these compounds exhibited a broad range of biological activity and
pharmacological activities' such as inhibit the monoamine oxidase (MAO-A),
antidepressant drug, - anticancer, - anti-Plasmodijum - falciparum (Malaria)  and
antibacterial activities. Thus, our research group was interested in the synthesis of
THRCs derivatives bearing the substituted at C-1, N-2 and C-3 using the Pictet-
Spengler reaction followed by N-alkylation or N-acylation and evaluated for their
biological activities. The results showed that 1-phenethyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindole © ‘and 1-(1-phenethyl-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-
yUpropan-1-one displayed the highest cytotoxicity against two cancer cell lines (Hep
G2 and Hel.a) and showed weak activities against non-cancer cell line (L929) with ICs,
ranging from 23.67-33.33 ug/mL. These compounds showed to inhibit 5 plant
pathogenic fungi Rhizopus  sp.,- Bipolaris oryzae, Curvularia lunata, Fusarium
semitectum and Fusarium fujikuroi-and-at concentration of 1000 pg/mL, 2-octyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole displayed 100% of inhibitory activity to the
radial growth of fungus. However, these substituents had no activity to regulate plant

growth on RD49 rice compared with water.
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1.1 NUIATANNAIAY

3ulna (indole) (1) 1Huansuszneudunidussinveslsundnewmelsladadinuuin
fanlusssud Tutlagiuansusznoudulaaldgnéumnuunnndy 4,100 wila arunsonulely
ss5uvdnslufio 1Wesn wardadidinnansia asdunidnansviafinulusssunaniiebdy
Tnawdudiuuszneunieluluiana wu a1sgesiuy auxin (2) [1] melatonin (3), serotonin

(@) [2] Fadugasluuiinruaunisiasyivlauosiiy (N 1)
OH

(0]
N\
o \
H

(1) (2)

MeO N’A HO NH;

H O \

Iz

A\
(3) (4)
AT 1 uanslasead1aues auxin (2), melatonin (3) wag serotonin (4)

ansUsznevdulaanuindgnsvisdinniivainuans tagldianldiduensnulsa
#993ndae (il 2) 1wy aragilamide (5) vhnasafialdanamsienziaduag Martensia
fragilis Tefigslunsdiuduansiuouyadass [3] eyiusues 5chloroindole (6) Hnilu
ASATUNITENLEY [4] S9muin S-(2-Phenylindolyl-3)Diethyldithioearbamate (7) ﬁqwélu
nsudadesléfiunndndae [5] uenanileyitusues BPROLOTS (8) [6] Hnndlunisduda
waduzi59UINuAgn (human cervical carcinoma, KB), waduziieden (human lung
cancer, H460) waviwaauzissaldlug (colorectal carcinoma, HT-29) la# indomethacin

(9) uag tenidap (10) Ssldidusrduniseniaudnaae [7]



HO
\O Q i O<
R N | O/
H /O
(8)
R =1, CH3, CH,CHj (10)

P 1% a aa £ =
AN 2 uandlassasevesasuseneudulaalgnsniaginim

£ 5

U

wonanansusznavdulaassiluarsidgnonistinmiurauladnsiunas ayius

3

¢ o ¢ 3

YosasUszneudulaauttinduluaisnwuniimandifgluaidun3ddunszindgninig
FINIMNGHIUNITLAEATINAY (AT 3) LY Tryptamine - (11)  Faduarsasnuluda

]

Aunsight auxin ganudrdiqrlumsdudilsasniidisiuin (8] uasdmuiranslunguissd
gquislunistesiu wasidnlsadia (fungicidal activity) Sndae L AUNUS oxime VB 2-
substituted indoles (12) wag 3-substituted indoles (13) [4] wonnis cyclobrassinin
(18) war brassilexin (15) fgquilunisdudalsasi@n Botrytis cinerea) [9] 2-
Phenylindole (16) [10] fqussudadesn Rhizoctonia solani Fenelsalufivaszadailan
ICs0 4¥1NAU 34.6 pg/ml way 1-Acetyl-2-phenylindole (17) Wag 1-Benzoyl-2-phenylindole

(18) dflgwslunsduda Pythium debaryanum fvinlmianisiunveswalindanisiuiien

18T ICso WINAU 15 wag 81 pg/ml Mmuasiu



NH, COR @EC(
NOR'

A\
N R
" (12) 13
(1) R, R' = Alk; R" = OAIk, SAlk, NHAIK, NAIK,
NG s
=N
\ ;7/ A &
N N
H
(14) (15)
U< U« U0
N N N
(16) )to 0

(17) (18)

~] 1% a A < =~ %
AINN 3 LLam\ﬂﬂ3\‘135’1@6{]@\‘1a'ﬁﬂigﬂEJU@Tﬂ;maﬂlli]mﬁ%qﬂ“ﬂ]'}ﬂ?WVIWQ@WUﬂ’]iLﬂ‘HGﬁ

outusuosdulaa 14un tetrahydro-R-carboline  &3Usgnousien piperidine i
Houderursdulaa arslunguilannsonuldlusssumd wu v e wazdaidinmmeia
gNAIBYINTY 5-methoxy-1-oxo-tetrahydro-B-carboline (19)  @wsagnalaainiiay
Nothapodyfes foetida -TulszinABuLAY Lagdi@1u150dnnlaanTINveIRU Alstonia
venenata RBr. (Apocynaceae) -[11] Tetrahydrohymine (20) a@uisaannlaann
Banisteriopsis caapi TMUUSIasu3nIle [12] (+)-Harmicine (21), buchtienine (22) ua
16-(R)-19,20-E-isositsirikine  (23) @wnsavinnsanalaainluvesdu Kopsia griffithii Tu
UsevAualdy [13] suaveoline (24) awnsaanalaainiiy Rauwolfia suaveolens [14]
WAz Hyrtioerectine B (25) @snsaafnldanilosimeziaduns Hyrtios erectus [15]
eudistomidins H (26) wag eudistomidins | (27) annlaainindesivieunsia Eudistoma

glaucus Nvghnglogiugy UssmagUu [16] (A i 4)



HO NH
/ S
O A\ N “
N
H (25)
(24)

Br:

Br

(26) (27)
AN 4 uanslATeainaned 1,2,3 d-tetrahydro-R-carboline wazoyius

BUIUTYDY tetrahydro-R-carboline  wudfiuszlovtiegraunlusmudinin uagld
Jugrsnunlsasnsqlutagtu (nmil 5) endeeatu Tryptoline (28) ﬁqm'éiunwé’fugq
wulesl monoamine oxidase type A (MAO-A) [17] warddldiduenndenusvamaiiands
uan9nil Pinoline (29) wudnluansiueuyadass wazdaflgndlun1sdiuds monoamine
oxidase type A (MAO-A) [18] 2-acetyl-1,2,3,4-tetrahydro-R-carboline (30) @131150%1113
afaléannos) Fusarium incamatum (HKI0508) Tnenuindgnslunisudueaduzgain
ungn (Hela) lagdleAn CCso WU 23.8 pM [19] descarbomethoxydihydrogambirtannine
(31), aricin (32), usambarensin (33) ﬁamamﬁ’mumié’mﬁawmﬂuLaamaﬂiﬂmmL%EJ 3
A1 1Cso = 1.68, 0.69, 0.53 UM [20] uag hydroxytrypargine (34) @inlAainaoNiEUoIuLLg

Wuylla Parawixia bistriata fignaginuaas (Insecticidal activity) HeWug Apis mellifera 9



LDsy WinAU 8 ng/g [21] muanau hyrtioreticulins A (35) way B (36) @u1sadnalaain
Wostmgia Hyrtios reticulatus Sgnaluniséudaeulesl ubiquitin-activating enzyme (E1)

P81 1Cso L11AU 0.75 and 11 yg/mL suadu [22]

0
R NH N N
o ot o
N N N ‘4!>
H H H

(28):R=H (30) (31)
(29): R = OMe
NH
MeO
A\ NH
N )=NH
H H,N
(34)
COOH COOH
HO NH HO NH
N— NS, N N
N _Q\/NH N \_NH
(35) (36)

A7 5 wanalaseainawet 1,2,3 d-tetrahydro-B-carboline arayiusidgnaniaginim

Ltulén tetrahydro-B-carboline  wazoyus fllassaina uagniseangnivig
Fanawiivannuane %"w‘iﬂﬁﬂiﬁaaﬂﬁ]ﬁ%ﬁwmﬁé’amiflzﬁ tetrahydro-R-carboline e
AUNUS (il 6) TaeiSuinsdunszien tryptamine wa tryptophan methyl ester
muﬂgjﬁ%mﬁﬁﬁ@ Ap UASeN Pictet-Spengler, N-Alkylation wag N-Acylation kagyiin1g
d9m3129 B-carboline 90 1-substituted tetrahydro-B-carboline WuUfAsen oxidation

W lURmuImMIsUlAgIase wasfnwgmsniadiniwsaly



R3 RS RS
. g N-Alkylation
NH, Pictet-Spengler NH or N-R2
—— —_—
\ , \
N N R1 N-Acylation N R1
H H H
tryptamine
Oxidation
R3
\ N
N
H R

MWN 6 159513994 tetrahydro-B-carboline wazaynus

1.2 IngUsaeAvasuiY
1) Wefiny wasiaudSN80ATI99 tetrahydro-B-carboline WAZBYWUS
2) LilenadeugNENITANIIeN tetrahydro-R-carboline uazoywusiiduasild
3. LﬁaWaauauﬁ’aﬂmﬁ'ammﬁ@Lﬁ‘uimﬁuaaﬁmaq tetrahydro-R-carboline Wag

v ca o bl
AUNUSTIALATIERLA

1.3 FUNAFIUYDNUTIY

N13daLATIEYRYNUSYeY tetrahydro-B-carboline A1ndnagldtunau wagianlunis

ca ¥V

dupsnzvinies laansnandaaiulsununn wasausaeengnsnedInInias

1.4 YBULIAIUITY
INN15A0ATIEN tetrahydro-R-carboline WagayusLavINITIATIEALATIAT
voInanAunilalagisnisainlnsalnd teirluinnisvagougmsnisdanin uay

AMNEILNTalUNITLSINTRTeAUlaveNY
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1.5 Uszlgainaininazlasuainnisive il

ANUN30MIBNINAUINTFUATIEN tetrahydro-R-carboline waraunus i vagey

(%
Y

wazdlUseansnm  SnnsdlgvsmeTinmfivainvatoundedu  iewauusiselulalu

BUIAR

1.6 DeUANNANE

Abs absorbance

anh. Na,SO, sodium sulphate anhydrous

Ar argon

br broad (NMR spectrum)

CCsg 50% cytotoxicity concentration
CHyCLy dichloromethane

CH;COOH acetic acid

°C NG GGG

d doublet (NMR spectrum)

dd doublet of doublet (NMR spectrum)
DMSO dimethyl sulfoxide

Et:N triethylamine

equiv equivalent

g gram

hr hour

H,SO, sulfuric acid

ICsp half maximal inhibitory concentration
LCsg lethal concentration, 50%

m multiplet (NMR spectrum)
MeOH methanol

mg/mL milligram per milliliter

pg/mL microgram per milliliter

mL laddns

mmol millimole



nanometer

room temperature

singlet (NMR spectrum)
triplet (NMR spectrum)
thin-layer chromatography




UNni 2

255UNTSUNNITDS

d19Useneu tetrahydro-R-carboline Faduansussavmisluansuszneudulaadi
wuhduselovdegraunnlumuiinm wagliidusnsnulsanisgegnaunsvats enfeena
\wu Tryptoline (37) ﬁqm%ﬁumﬁu&wu%ﬂ monoamine oxidase type A (MAO-A) [23]
wazddldiduendenszamaiianils uenaini Pinoline (38) wuinduasnueyyadasy
LLazﬁaﬁﬂméluﬂﬂsﬁuga monoamine oxidase type A (MAO-A) [24] Callophycin A (39)
amsavinnsanalaannaisiengiad@ung Callophycus  oppositifolius finuluuseina
poawsde TnenuiflgnslunnsdudsusSsszamdannans (SF-268) uaznndlun1sduds
waduziseanldlng) (HT-29) [25] Reserpine (40) gnAunuildidueinaenyszamnluniy
waNTNN %ﬂﬁmﬁaﬁﬁmﬁﬁﬁﬂlﬁmniﬁﬂmaﬂ Rauwolfia = serpentine  Wa¥ Rauwolfia
vomitoria [26] Ajmalicine (41) @unsaanalaain Catharanthus roseus taeldidugnsnw

Tsarustuladings [27] (nwidd 7)

COOH
R NH N
\ \
N
H N
OH
(37): R=H (39)
(38): R = OMe
OMe
OMe
MeO OMe
(40) (41)

A 7 wanelAseainanes 1,2,3,4-tetrahydro-R-carboline wazayius

£ a A . v & = o § va
NYNTNFININANAINNA8VBY tetrahydro-R-carboline  hagayius Javinld

AIdelinnuaulalunisdunsesiasussnnilegaainvany
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Tul 1990 Narayanan, K. wagauy [25] lavinisdauasie 1,2,3,4-Tetrahydro-R-
carboline uazayus (MWl 8) 91N Tryptamine-2-carboxylic Acids Jsnsduasieviiu
UAA%e1 Pictet-Spengler Tngi3ua1nit ayl diazonium salt (42) viufAgenfiu p-keto-
acids (43) #wU{ATeN Japp-Klingemann  ausien1sUasdulaalaidu tetrahydro--
carboline (45) anturilUyhUARTen hydrolysis é#ansusznay (46) aatevinufAsendu
da15Usznauueantannieg wastinUjisen decarboxylation Tuanliznsaiiniiu

a15Usenau (47) Lagauius

CO,H X
S . (I " AcOH, pH 3-4 L Ly
< _— -
X N," N0 X ha
H 0°C, 5-6 hr 0]
(42a); X =H (43) (44a); X = H
(42b); X = 2,4-dimethoxy (44b); X = 2,4-dimethoxy
(42c); X = 4-methoxy (44c); X = 4-methoxy
(42d); X = 4-benzyloxy (44d); X = 4-benzyloxy
H* A
X . X
| N—CooH OH~, & | )
NF N - 7N 0
X H X H
(46a); X = H (45a); X=H
(46b); X = 6,8-dimethoxy (45b); X = 6,8-dimethoxy
(46¢); X = 6-methoxy (45¢); X = 6-methoxy
(46d); X = 6-benzyloxy (45d); X = 6-benzyloxy
O
R'/U\ H
TFA, A
| N { NH
NN R
X H
(47a); X =H

(47b); X = 6,8-dimethoxy
(47c); X = 6-methoxy
(47d); X = 6-benzyloxy
ANA 8 UARINITAUATIEN 1,2,3,4-tetrahydro-B-carboline wagaunus laeg Narayanan, K.

VAN
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soxnlul 2000 Gremmen, C. wavAmy [28] lamuinsduasIwRayRusyes
tetrahydro-B-carboline 1ildunuiilowesladuuuilowssnils (enantioselective) W1
UfjAisen Pictet-Spengler Inald p-tolylsulfinyl chiral auxiliary Jusmuauamesiownd
yoandnd 1nei3ua1nnisin tryptamine (48) 11¥iUfATENRU Andersen  reagent
[(1R,2S,5R)-(S)-menthyl p-toluene sulfinate] vy R-sulfinamine (49) (73%) ﬁ]’mﬁgu
U1111n15UAe R-carboline Aa8UfjAi3en Pictet-Spengler condensations lagldnsn 10-
camphorsulfonic acid (CSA) 1ludssufisen Tudviazatenau methylene chloride
waz chloroform ﬁqmmﬁ 78 °C 9ntuidn p-tolylsulfinyl chiral auxiliary sonlagld
hydrochloric acid Tu methanol vilvilsauiusves tetrahydro--carboline (51) (AN 9)

1. n-BuLi, THF
NH, 2. TMSCI

N\ 3. n-BulLi, THF
&\ HN
k 4 Y N
o (0]
W \S
T

N
(48) H
(49)
B O
3 Andersen reagent
9 A,
CSA, -78°C
CHZCIZ, CHCl,
HCI, EtOH
Q_ﬁNH - . §: S
N
H R 5 min, 0°C
(51) (50)

AT 9 WNUNISFLATIEOYRUGVRN tetrahydro-B-carboline LUV enantioselective Lo

Gremmen, C. gAY

lul 2004 Jiang, W. uaganiy [29] vinn1sdansieiouius 1,2,3,4-tetrahydro-f-
carboline (n i 10) Taei3ua1n1in D-tryptophan  methyl  ester Ufnsen Pictet-
Spengler U piperonal (53a) lanansimaidu diastereomers (54a way 54b) laeilsesay
NARARINAU 25% uay 24% eudu 910t (54a) YURAsen condensation U
chloroacetyl chloride villaaswaneias (56a) mﬂﬁ?uﬁﬂﬂﬁﬁ%m cyclization #18 N-

methyl —amine  Tufviazarsiuniuea flgaumngd 50 °C  WJwnar 16 alusli
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diastereomers (57a) lneSesasnanialvintu 54 wazly (57b) @ntesties 1.1 % 6110

a1sUsznoumneaY (56b) vUfAzen cyclization #28 N-methyl amine 1Jurian 48 SRIETR

Y a

aglvansusenaununeat (57¢) whllspuaskandntaad (21%) wazasvunewas (57d) i1 C-

Re

v A =

12 18U epimer fuiifosavnandaiiiududa 18%

uam’mﬁﬂ%ﬁﬂléjﬁ’] D-tryptophan methyl ester ¥inUf)isen Pictet-Spengler fiu
2,3-dihydro-benzofuran-5-carbaldehyde (53b) aglaansusenaununelas (55a) uag (55b)
17% wag 9% aUaRy AusIen1svinUAzen cyclization fe N-methyl amine Tugiayin
avaneivuea Mgyl 50 °C waznanildviufisenintudu a8 $2lus IWansusenou
(57e) waz (57f) lnedisovaznandniviniu 25% uay 38% ANaIAU

1u® 2005 Dardennes, E. wagmay [30] leiin1sdumse 3,4-furane-annulated
tetrahydro-3-carboline (" Wd 11) W Chiral indolyl lactone-acid (62) Falguannng
é’umwﬁam%umuimﬁmmﬂ indole  (58), 1,2,3-O-isopropylidene-Dglyceraldehyde
(59) wag Meldrum’s acid (60) ndsaintuvhnisuntawmlensenda uagvinnisiudeuny
AsuBNTanay diphenylphosphorylazide (DPPA) Tagldituaiiiu triethylamine snusaeyi
UA381 Curtius  Rearrangement ag911l9ALa isocyanate mua8viNUfATe1AU benzyl
alcohol Tty benzyl carbamate (64) ﬁ]ﬂﬂﬁuﬁ’lﬂﬁﬁ%m debenzylation 84 carbamate
ladu amine (65) foanyiINIs&AsIE7 chiral furaneannulated tryptamine (67) Tnavi
U381 desilylation Tngldnsmiumissufasemiusienisvinujisen debenzylation 101
a5U184a% (66) antuANsINeLaY (67) UM Pictet-Spengler cyclisation U
benzaldehyde agldllu diastereomeric tetrahydro-R-carbolines (68) (24%) way (69)
(31%)

Tul 2006 Lee, S. uazAuz [31] levirnsdansievioyiusues tetrahydro-f-
carboline uuU solid-phase synthesis 1ngi3191n1  Froc-Trp(Boc)-OH Wufnsen
esterification U SASRIN™" resin f\mﬂﬁ?uﬁﬂmiﬁﬁﬂmgj Frmoc 989 FmocTrp-loaded resins
(70) wagyiUfAzen amide coupling fiu Fmoc amino acid 12 %iia Azl dipeptides (71)
RewinU)Asen deprotection weany Fmoc M1uaIgUf]isen reductive amination lngly
Faivavaroidu MeOH:DMF  ludnsdsu 11 wazaudiein secondary  amine 7ildoi
UfATenfueystusue isocyanates Tneldiuaidiu DIPEA gavhesiinisiidn SASRIN™ resin
P9NLAIINUAATY1 acyl-iminium  formation Wag intramolecular  Pictet-Spengler
cyclization  #e formic  acid lnglaflédsiazarefigunad 50 °C  azldpysiusued

tetrahydro-R-carboline NlAUUTEVT uarIouasNanangs (N 12)
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CO;Me CHO

NHy

> X

N o—/

(52) (53a); X=0 49%

C Y= o,

TEA (53b); X=CH, 26%

COzMe

(54a) X =0, 4a:ab (1:1) (54b)
(55a) X=CH,, 5a:5b (1:2) (55b)

l CICH,COQOCI, Quantitative l

LOMe LCO,Me

\ (of
O
N 2 0O
b
(56a); X =0
(56¢); X = CH, JX

(0]

(56b); X = O
(56d); X = CH,

CH3NH,

Q\x X
(57a);X=0 \y (57b); X = O OJ

(57e); X = CH, (57f); X = CH,

AN 10 WHUNTEUWATIE 1,2,3,4-tetrahydro-3-carboline LLazauﬁué 1ne Jiang, W. uag

AEUY



. O o
A o) 0 O\'/ cat. D,L-proline
0,
g 7 | >L N I(O CH4CN, 76% - o)

H oHc” ~©O \ 4
(58) (59) 0O (60) N
H
(61)
10 % HCI
THF, 92 %
a) DPPA, Et;N
CH4CN, 0 °C
b) heat, toluene
c) BnOH, toluene R'0 00
heat, 63%
“COOH
A\
N
Pd-C, H, (64); R' =TBDMS, R? = Cbz
EtOAc, 80 % (65); R1 = TBDMS R2 =H :|ACOH-H20-THF
Pd-C, H, (66); R' = H, R2 = Cbz 60°C,97%  TBDMSCI, imidazole (62); R"=H
MeOH, 80 % (67); R"=R2=H CH,Cl,, DMF, 90 % (63); R' = TBDMS

a) PhCHO, MeOH;, heat
b) TFA, benzene, heat, 55 %

(69)

AT 11 waunsEaAsIZ 3,4-furane-annulated tetrahydro-R-carboline lag

Dardennes, E. llagAtuy
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R2
O NHFmoc “—NHFmoc
o) HN—<_
FmocTrpOH, O_O o)
HATU, DMAP i. 25% piperidine in DMF
Oon vtwe €0 sz _ Q-
BocN ii. Fmoc-protected amino acid, -
DIC, HOBt, DIPEA, DMF BocN
(70)
(71)
i. 25% piperidine in DMF
ii. dimethoxyacetaldehyde, NaBH;CN,
MeOH/DMF
ii. RINCO, DIPEA, DCE
OMe
R2 ~
o 0] OH —N OMe
) j/ neat formic acid (@) HN—<_ >=O
R\HJ\N 1y 50 OC, 3 hr OHN. 1
- ( )—O R
OYN\)"// “ —
=1-NH HN BocN
(73) (72)
R'= ‘Ez/k R2 = “L,L/,\
| 'ZLL/\/\/\ = e’s\/\/NHAIIoc
= e N\F YN

_ ¢ =;©

AN 12 UHUNSEUATIZRUNUSYDY tetrahydro-RB-carboline WUy solid-phase

synthesis 1ay Lee, S. LazAe

sounlul 2007 Trujillo, 1. J. wazAmg [32] lAvinn1sAnwiA uduiussewing
QRGN LLazqwémaﬂm %38 activity-structure relationship (SAR) %aﬂai\gﬁuﬁ tetrahydro-
R-carboline-1-carboxylic acid (74) %Qﬁﬂ%éﬁlumiﬁu&L@Ui%ﬂLﬂ’lWJ’]EJIUﬂ’]i‘%Jﬂw’liiﬂéﬁ/a’g
11Meee (mitogen-activated protein kinase-activated protein kinase 2 enzyme, MK-2)

IR 3TL5u AN Aring (1131991 1) WUl vis] methoxy funisit 6 Tignsnalunig
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(%
LYY

gugaoulas] MK-2 witiiunywnuiusnalnalAssingnsugad uiamnumuidumian 6

mevial hydroxyl kag mestyl ester aglvignanaluiuuAeenimy methoxy

5
c NH
[ ATEY
7 // N, COH
R 8
(74)

M19197 1 wansgvialun1sgues MK-2 7 A«ing vadayius tetrahydro-R-carboline-

1-carboxylic acid

mgiuwuﬁ ICs0 (UM)
6-OMe 2.5
5-OMe 42
7-OMe >200
8-OMe >200
6-OMe, 7-OH 56
6-OMe, 5-OMe >200
6-OH 4.5
6-CO,Me 6.6
6-OAC 170
6-H 87
6-F 26
6-Cl 19

wenantaaiziidelavinisAinwinisunuivedlulasiauluag piperidine nuii e

1 < 1 a & 1 = D 1 Sd 1 a 1
R Wuvsjueafanyian 1wy methyl 3o ethyl aglvignsnanimyununiilunyueasiany

Y

gy 19U isopropyl kg benzyl @1aLliBsNANVLUNUNIANNENE WagiayinsANwIny

&

{ o o ! o i 3 aa 1 {a 2 1
WU C-1 Taevinisideunsaansuendandungdunuidu q (R) wuin methyl
ester, primary amide, primary alcohol %38 amine yiliigrdtesas wandliiuingnag

UBNTANYINLALAA ionic interaction AU MK-2 (115199 2)



M19197 2 wanwgvialun13gUEs MK-2 va3ayius tetrahydro-R-carboline-1-carboxylic

acid

MeO

N\

N
H

N-R’

R2

R’ R’ MK-2 ICso (uM)
H COH 2.5
Me COH 1.0
Et COH 5.8
Pr COH 170
Bn COH 130
H CO,Me a7
H CONH, >200
H CO0H 5200
H CONH, >200
H CONHOH 88

17

= 1 f-ﬂl o ! dl a 1 Qll o 1
WATNIIANYIVIWNUVIAAUIN 3 way 4 Immimmg methyl ag ethyl NeLAUS

g L v 1% ' a 4o i 3 = i ° | 3 v
R Tiiguslun1sdugy MK-2 1eRanaan1sifudsiunud R geniswnuitlusiunus R™ duasli

sy ununansaasisiusslalasiaula (113199 3)

M13199 3 LAAIVBIUNITEUEY MK-2 Mfuniladl 3 wag 4 veseuiius tetrahydro-R-

carboline-1-carboxylic acid

MeO

R4

4
A\
N
H

R3

NH

1co,H

R’ R' MK-2 ICsp (M)
Me H 2.2
Et H 2.2
Bn H 16
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R’ R' MK-2 ICso (M)
H Me 7.1

H Et 64

H CF, 5200

H CH,OH 3.0

H CH,NH, 5.9

H CH,NMe, 5200

U 2007 Lingam, Y. R. wagmug [33] Mn1sdauasizit 1,1-disubstituted tetrahydro-

R-carbolines lng tryptamine inUfAsefuAlaua1e NuUisen Pictet-Spengler 14

[
v A v

dvhazareilueniuea wazyiudnseafigamgivies luasadimunit I, wndusdss

Ufisen Balviseuasnandniias (n15047 4)

R'COR?
NH, I,/ EtOH NH
N [ N R?
N R1
H N

a5797l 4 uaneNsdauAsIZeA 1,1-disubstituted tetrahydro-R-carbolines Tae 1, 1usiss

Ujnsen

. - Souaz LAY
a1susznaudlau HEAS o

NANAR (wy.)

NH
PhCOCH, O N\ a7 5
H

NH
0] o N\
0 N
0 Ho 0O 67 12
N —/ 0 N
—/ o
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. . Souay LI 1Y
arsusenaunlau NANANN -
NaNaR (wa.)
NH
i i > 72 8
N
)j\/u\o/\ H

W

TIZ

N

0
0
—/
NH
| 7 9
N O
NH

64 8

78

Iz __

Z
| T
oo

;i;o
| o ;g o
o
Y

N
N\ /
NH, aa 11

e

mewTbul 2008 Chauhan, M. S. P. Wazpue [34] vnsduasizioyiusves 2-[3-
(7-Chloro-quinolin-4-ylamino)-alkyl]-1-(substituted phenyl)-2,3,4,9-tetrahydro-1H-

bearbolines Tnslassassusznaudie 7-chloroquinoline  (haemozoin  inhibitor) i
Fuvvsil 4 WJumy diamino alkyl Foufusumis N-2 84 tetrahydro-B-carboline (DNA
intercalator) tumaumsdaATEsiauaINt1 7-chloroquinoline (76) vhufATentuayius
994 tetrahydro-f-carboline (78-95) %4 cis waz trans isomer launannnisvidjisenves
D/L tryptophan (77) fiu thionyl chloride Tudaviazansumiuea 16 methyl ester (77a)
WAt lUiUfAZen Pictet-Spingler cyclization fiu aromatic aldehydes #1139 waz¥iins

NAFRULMENITAULIANIA1LSY (antimalarial activity) laenegeun1ssmulsdn Plasmodium
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falciparum 9iResee chloroquine Tunasanaass (in vitro) Iagansusenounineia (92),

(105) waz (107) e MIC fnd1en chloroquine Fafldnegszing 0.05-0.11 uM (nwdi 13)

0]
I

HN’{"]\O/ﬁ\

n- o
X
_ +
Cl N

(76)

|
HN’H;OH
oo
~
Cl N

(75); (n=2,3)

b

Cl
joe \
cl N7 »

(74) (77)

(99)
MIC: 0.05 M
Cl

COOCH;
Y
HN j H \Hs N
C/E:ﬁ,\jj O (105); R= Me, MIC: 0.06 uM
R

N
~
(107); R=Et, MIC: 0.11 pM

Chloroquinoline
MIC: 0.391 uM

AR 13 anaziilavaaes: (a) DMF, 120 °C, high pressure; (b) i-SOCl,, MeOH, ii-
aromatic aldehydes, reflux; (c) aminoethanol/aminopropanol, Et;N, DMF, 120 OC; (d)
methane sulphonylchloride, Pyridine, O °C.

Tudifeanu Jenkins, P. R wazamg [35] Mn19d91A5189 (biphenylcarbonyl)-
tetrahydro-3-carboline (m‘wﬁ 14) Imayﬁuﬁ‘%\‘i para-biphenyl tetrahydro-b-carboline
(121a-h) Tigdlun1séiuds Cyclin-dependent kinase 4 (CDK4) l##fian Fadnil COKA 1N

Auldaznszdunisiindrviwmadvinliiinlsauziseld lnsoyWusves para-biphenyl
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(121d) ﬁﬁwgumﬁ@hmm para Lﬂwgmﬁaﬁqméﬁaﬁqm Tagdan 1Csy INAY 9 UM
uana il ortho-fluoro (121¢) way para-fluoro (121a) Igndtlun1séiuds COKa Wiy 17
Wy 12 uM auasu ludiueyiiusves meta-biphenyl (120a-h) Humuin meta-methyl
(120e) ﬁqméiumsé’u&% CDK4 lafan (ICs Wiy 11 uM) wazoyiusves ortho-biphenyls
(119a-d) nuin ortho-fluoro (119¢) ﬁqm%(iumﬁé’uéja CDK4 lodan Faflen ICs, winity

19 uM (M151991 5)

N N %
H 0) H @)

77 AR
(119a-d) ~/ (120a-h)
/ \‘/R'
=
H o N o R
(121a-h) (122a-b)

AW 14 nsdaasagi (biphenylcarbonyl)-tetrahydro-B-carboline 1agl Jenkins, P. R.

LT A

A15197 5 LLaﬂquéiuﬂwsguga CDK4 94 (biphenylcarbonyl)-tetrahydro-f-carboline

CDK4 inhibition CDK4 inhibition
d15Usenau d15Usenau
IC50/UM ICso/UM
Fascaplysin 0.55 120h; R’ = 0-OMe 79+ 24
119a; R’ = p-F 23+ 15 121a; R’ = p-F 12+12
119b; R’ = m-F 35+3 121b; R’ = m-F 21+ 15
119¢; R’ = o-F 19+2 121¢c; R’ = o-F 17+ 2
119d; R’ = m-Me 26 + 2 121d; R’ = p-Me 9+08
120a; R’ = p-F 25+ 1 121e; R’ = m-Me 25+3
120b; R’ = m-F 27 £ 1 121f; R’ = 0-Me 32+2
120c; R’ = o-F 18 + 2.5 121g; R’ = m-OMe 28+ 2
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CDK4 inhibition

CDK4 inhibition

d15Usenau #15Usenau
ICso/UM ICso/UM
120d; R’ = p-Me 24 + 2 121h; R’ = 0-OMe 22+ 1
120e; R’ = m-Me 11+1 122a; R’ = 4-pyridyl 39+3
120f; R’ = o-Me 75+3 122b; R’ = 3-pyridyl 36 x4
120g; R’ = m-OMe 33+ 3

% s

AoN AT NAUINTHUATIETRUNUGVDY Tetrahydro-B-carboline #1838 One-Pot

q

Domino  synthesis FuluT 2009 Tpg Hiroaki, O. WaAme [36] (AWl 15) 13U
ethynylaniline, aldehyde 'wag secondary amine ¥Ufisen coupling \iea%a indole
formation  Tmedl copper tdusiassufAzen wdmueen1svinuiasen nucleophilic
cyclization Aiguwnusit 3 Ineld -BuOK:hexane 9gliouiusuas tetrahydro--carboline

wazild MsOH aglviouiusues 4-Oxotetrahydro-R-carboline

R'= SO,Ar R
R®= CH,OH
R?CHO — \ Neos
A N NG - £-BUOK N R
R3__R 2
_ 5 R4 hexane H R
—_— \ N-gs |— (R*=H)
NHR' CuX N o
5 mol % . R2 R?
(123) (dioxant:) R R'=Me
L (124) 4 3_
R®= CO,R \  Negs
N
MsOH ] 2
Me R
(126)
(R?=H)

A# 15 Msdaunsigvieyiiusues Tetrahydro-B-carboline #3835 One-Pot Domino

synthesis 1ag Hiroaki, O. lazAe

11t 2010 Chauhan, M.S. P. uagang [37] vinmsdaasizvioyiusves 2-(pyrimidin-

2-yD-1-phenyl-2,3,4,9-tetrahydro-1H-3-carboline (0 16) Teeth methane sulfonyl
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(127) ¥U{ATe1  Nucleophilic substitution U tryptamine agla N-(2-(1H-indol-3-
ylethyl)-4,6-dichloropyrimidin-2-amine (128) mﬂﬁ?uﬁmwchﬂiﬁ%m Pictet Spengler
cyclization fUayWUEH199Y09 benzaldehyde neldaniiznsm azlvieyiusves 2-(4,6-
dichloropyrimidin-2-yl)-1-phenyl-2,3,4,9-tetrahydro-1H-b-carboline  (129a-f) wazii
amine 11U AT81 nucleophilic substitution Ml baeyiusves 2-(4,6-
Diaminopyrimidin-2-yl)-1-phenyl-2,3,4,9-tetrahydro-1H-bcarboline  (130a-b) yonani
wuiflgndlunisdudalsadvunile (antileishmanial activity)  Fadulsafinselaousas
Leishmania ~ donovani lae 2-(4,6-Dichloropyrimidin-2-yl)-1-(3,4-dimethoxyphenyl)-
2,3,4 9-tetrahydro-1H-b-carboline  ~(129b) Aifingunuiviia -1 1Ju 34-

dimethoxyphenyl quéﬁlumiéﬁukﬂamm%ﬁa (antileishmanial  activity) Tuszus

amastigotes I#ATianiian ICo, Ay 1.93 me/ml (115757 6)

q

Cl
(127)
)
I
cl” N7 57 cl
NH (0] =
gt - L A
N N N
H EtOH, reflux, 2 hr H
(128) Cl
(48)
R PTSA, EtOH
N\ / CHO reflux, 3 hr
R Cl
! Neat Amine =
\
reflux, 10 hr N V
Cl

(129a-f)

Al 16 ununsdaunTzvioyiusves 2-(pyrimidin-2-yU)-1-phenyl-2,3 4,9-tetrahydro-1H-

[3-carboline Iag Chauhan, M.S. P. hagme
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a4l 6 LLﬁﬂﬂﬂ%éiuﬂﬁié’fﬁuIiﬂasﬁuﬁLﬁEJGUEN 2-(pyrimidin-2-yl)-1-phenyl-2,3,4,9-

tetrahydro-1H-R-carboline wazayius

Antiamastigote activity
d1susznav
|C50 (mg/ml)
129a; R = 3,4,5-trimethoxy 3.81
129b; R = 3,4-dimethoxy 1.93
129¢; R = 4-methoxy 3.57
129d; R = 3-bromo 7.79
129e; R = 4-ethyl 4.46
129f; R = 4-methyl 6.00
130a; R = 4-methoxy
4.48
R, = morpholine
130b; R = 3,4-dimethoxy
Not active
R; = morpholine
Pentamidine 12.11

v

Chauhan, M.S.-P. wazpne g3lavian1sdansnzit indolylglyoxylamide wazeyius
Fusluliiieatiu (38] Ing methyl ester (132) Idanainn1sth D/L tryptophan (131) ¥
UjAsenfiu thionyl chloride Tuliniuea mmfuﬁﬂﬂﬁﬁ%m Pictet-Spengler cyclization
fuazanfnuoanlans1ag aumerinujiseniu indole oxalyl chloride (134) Tngldiuadu
K,CO5 ludvinazany THF agldeynusvad indolylglyoxylamide (135a-p) (g 17)
nEntuiluneaeugrdlunisiudalsaduaniieda (Leishmaniasis) Tuide Leishmania
donovani szezesuuaRlng (amastigote) Tunaeanaass (in vitro) (15197 7) Taewudn
auusves indolylglyoxylamide (135a-p) {A1 ICs, 885139 3.79-8.04 UM lagile gy
mmgmlﬂu sodium  stilbogluconate uag pentamidine 1ay  indolylglyoxylamides
(135i-p) Aiandofu 5-bromoindole  oxalyl  chloride 1#gqni#ianin lnatanie

indolylglyoxylamides (1350) waz (135p) ﬁﬁm\jmuﬁlﬂwg chloro uay bromo wnuiiet

Y

UWILUUGY 8A 1Cso AU 4.02 pM tag 4.09 uM Aua1fy



25

H,N HZN
SOCl,, MeOH
HO / > H O, /
O N reflux N
H H
(131) (132)

different aromatic aldehyde

MeOH, reflux
Cl
» 0/OCHs 0
e} R1 (0]
R2 N
N
\ R? N 134

THF, K,COg, reflux, 5 hr
(135a-p)

AWl 17 usumsdaasedt indolylglyoxylamide wagayiius lng Chauhan, M.S. P. uag

AEUS

A13199 7 uansgnstunisduaslsnasunilieda (Leishmaniasis) 484 indolylglyoxylamide

LaZBYNUS
Antiamastigote
Isomer R R’ R’ R' activity
ICs0 (LM)
L/cis H H CH, H 1.37
L/trans H H CH, H 6.79
D/cis H H C,Hs H 5.17
D/trans H H CoHs H 8.04
D/cis H H CH(CHa), | H 6.74
D/trans H H CH(CH3), | H 6.02
L/trans H H Cl H 4.36
L/trans H H H Br 3.79
L/cis Br H CH, H 5.18
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Antiamastigote

Isomer R1 R2 R3 R4 activity

ICs0 (MM)
L/trans Br H CHs H 4.79
D/cis Br H CoHs H 5.36
D/trans Br H CyHs H 5.86
D/cis Br H CH(CH3), | H 391
D/trans Br H CH(CH,), | H 4.44
L/trans Br H Cl H 4.02
L/trans Br H H Br 4.09
Pentamidine 20.43
Sodium stilbogluconate 71.90

wanNi Shen, L. wazAny [39] taviansdauasizieyniusues callophycin A (39)
ulul 2011 TngvinnsAgumyuvununeunuei 2 wag 3 waviheunusnduasiele

lunagougndnisdudawaauziie Inslunisvaasuniedsnisuisrdriudunnmass

[

wuledailuuianieg (quinone reductase activity) Tulgaduzi596u Hepa 1clc7 wuin S-

]
I =

isomer Uag R-isomer U83BYIUS carboline urea (138a, 138f) NIy uNUTLIUAUIUIN

Y

al

2 1Wuny pentyl T5euavn1segsanveusad (% survival) tesfign fe 7.8 A 12.7
PR anudn Risomer Uesaystus carbamate (136d) fifmgunuiiy Isobutyl lrina
Tumsfufasadundimianluiinmsdudansvds NO Tnoidsaead RAW 264.7 (Nitrite
assay) ﬁqu%gslumsé’uéu’q NFkB (NFKB luciferase assay) laadian ICs, 1inAU 2.8 ey 4.8
UM LU wonandl R-isomer vos (138)) %Qﬁugumuﬁﬂwg adamantyl figndlunns
FudumaduziSadiuy (MCFT) #2633 sulforhodamine B #a5iAn 1Cs, AU 14.7 uM (A il

18)
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(136a) (S)
(136b) (R)

(137a-b) (S) N (138a-0) (5)
(137¢c-d) (R) (138f+) (R) (139b) (R) OBn
(1373, c)R! = S \NF (138a-f) R4 = 7
(1370, <) /\i\( (138b-g) ’J\
(138c, h) /\/O
\ (140a) (S)
(138d, 1) /\O (140b) (R) OH
(138e,j) Q

il 18 annedilameaes: (i) R'OCOCL EtsN, CH,CL, rt; (V) R’Br %38 4-BnOBNBr, DIPEA,
CHACN, reflux(v) RINCO, CH,Cl,; (Vi) LHIOH, THF/H,O (1:1), rt; (vii) 10% Pd/C, H,, MeOH,
rt, 4.5 hr.

foulul 2012 Ascic, E. wazamg [27] lavinsduasiet tetrahydro-R-carboline
wazoyiusingldlanedudssufisen neldun Wilkinson’s catalyst 1vinsdaasizi

1,2,3,4-tetrahydro-b-carboline uazayius (AWl 19)
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N Rh(PPh3)sCl (5 mol %)
B\ R2  toluene, reflux, 4-16 hr
R4 — r
H
(141) (142)

ANA 19 NMIFWATIEI tetrahydro-R-carboline wazayius

Ascic, E. wavanzdalavinn1sdunsient tetrahydro-B-carboline  Wagauius H1u

URA3en Tsuji-Trost Tnedl Pd ilusisafen (nwit 20)

AIIOCO,Me (1 equiv)

N-Rq Pd(PPh3) (15-30 mol %) N-Rs
R, AN N\ H toluene, reflux, 3-16 hr R,—- ~ N
i > 270
Z~N Z N
N H
(143) (144)
(1.2 equiv)

£ 6 1

AT 20 N15EUATIEA 1,2,3,4-tetrahydro-R-carboline WAYBUNUONIUUA N8 Tsuji-Trost

lutAeaniu. Spindler, A. wazae [40] 11N15FULATIZROUIUGVDY tetrahydro-f-
carboline ImﬂﬁﬂﬂﬁmﬁawyjLmuﬁﬁéf’nmm 1,2 wag 6 (nwdl 21) Fusuani
tryptamine @ 5-methoxytrypamine y1Uf]i3e1 Pictet-Spengler lUauusHI1a9vaILon
Ala mﬂﬁ?uﬁmﬁﬁ%m N-Acylation %38 N-Alkylation - Taeldiuailu triethylamine uan
ﬁwlﬂmaaqu%‘hmsé’uéﬁq Breast - Cancer Resistance ~Protein (ABCG2) Faidulusiu
efflux transporter MVMINSNANEBENIINTAANSY WudmyjLmuﬁﬁﬁmﬁuu‘%nmﬁ%mm
R 1vinalunisuda Breast Cancer Resistance Protein (ABCG2) lalsinefu wazdiusion R’
Humyfitiia (phenyl group) fvsjunuiidu Cl w3 Br fiskumis meta vdo para a¢lvignsi
A Immawwwyj 3,4-dichlorophenyl %ﬂﬂ’]‘ﬁﬂi%ﬂaUMN’lﬁJLaﬁu (145n, 1450) ﬁﬁmg't,muﬁ
fumis R* 180U 4-0CH,Phenyl uag 3-OCH;-Phenyl ansdndiu Tneiilovhnnsnaaeugns

f8n1589uE Hoechst 33342 A1 ICq, WNAU 0.233 way 0.237 M auafy



0
RZ NH2 H)J\R1 R2 NH
AN\ A\
;
N TFA, DCM N R
H rt, 24 hr
o)
CI)LR3
TEA, THF
1 hr at 0°,
12 hr at rt
Y
R3
R? N—4 PN R? N—
AN o} N
]
N R NaH, DMF ” R
) 30-60 min at rt

29

-
<0
H CI

(145n): R® = 4-OCH,-Phenyl
(1450): R® = 3-OCH;-Phenyl

2N 21 miﬁﬁmi’lzﬁauﬁuﬁ‘%ﬂ tetrahydro-R-carboline Ing Spindler, A. LazAgg

A998 uandgyslun13sud Breast Cancer Resistance Protein (ABCG2)

a5 R’ R’ R R ICso + SD [UM]
145a phenyl H phenyl H 2.78 £ 0.15
145b 3,4-OCH3- H phenyl H 3.62 + 0.41
phenyl

145c¢ 3-CN-phenyl H phenyl H 2.00 = 0.18
145d 3,4-F-phenyl H phenyl H 1.10 £ 0.10
145e 3-Cl-phenyl H phenyl H 0.869 + 0.068
145f 4-Cl-phenyl H phenyl H 0.741 £ 0.123
145¢ 3,4-Cl-phenyl H phenyl H 0.328 + 0.055
145h 3,4-F-phenyl H 4-Cl-phenyl H 1.26 + 0.30
145i 4-Br-phenyl H 4-Cl-phenyl H 1.78 £ 0.19
145j 3,4-Cl-phenyl H 4-Cl-phenyl H 1.03 £ 0.10
145k 3,4-Cl-phenyl H 3,4-OCHs-phenyl H 0.698 + 0.116
1451 3,4-F-phenyl H 3,4-OCHs-phenyl H 1.10 £ 0.20
145m | 3,4-Cl-phenyl H 1-naphthyl H 1.32 +0.23
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a5 R R’ R’ R' ICso £ SD [UM]
145n 3,4-Cl-phenyl H 4-OCH5-phenyl H 0.233 + 0.044
1450 3,4-Cl-phenyl H 3-OCHs-phenyl H 0.238 + 0.044
145p 3,4-Cl-phenyl | OCH, phenyl H 0.382 + 0.077
145q 3,4-Cl-phenyl H 3-OCHs-phenyl ethyl >> 10
Ko143 0.221 + 0.024

dounlul 2013 Wang, Q. uwazaAmg [41] vinisduasizieyiusues d-
lodomethyl substituted tetrahydro-B-carboline (n i 22) ) Ingnayiusves olefin v
UA5e1MU alkyne #1199 H1uU§A381 I,-promoted cascade electrophilic cyclization R
an!WUﬁﬁuaﬂ 4-lodomethyl substituted - tetrahydro-f3-carboline wlmmasazmamamqam

90%

ANF / I
X R B R I (2 equiv) N N-R
R P > Ry 5 > R N
b ~
N cat. Pd/Cu N CH,CICH,CI Z =N ,
R? R? 70°C, 4 hr R

il 22 LLr;Jumﬁﬂmi’lsﬁayﬁuﬁ‘ﬂJaﬂ 4-lodomethyl substituted tetrahydro-3-carboline

1Ay Wang, Q. uazaty

1wl 2016 Reddy, S. C. uazany [42] FAT18vRYNUSVRY tetrahydro-B-carboline
(il 23) Taeid tryptamine YidfATentueunusanevetueanleiuUfATen Pictet-
Spengler Tnadl Triton X-100 (non-ionic surfactant) 1Justssujisemuisoansleia
(ultrasonic irradiation) NsWAILINTALATIEIBYNUSVRY tetrahydro-B-carboline Tneiad

LIJU'Jﬁﬂ’IﬁﬁﬂLﬂi’] ?1 mmaﬂmammﬂuﬂsmmm

Triton X-100
\ NH
—R
water, 70°C H
Sonication, 2 hr 74 \
A\
R

o

AMA 23 LanenSEUATIERRUNUSURY tetrahydro-R-carboline Wi1uigoaninleda

3
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M19197 9 KARINTHUATILBYRUSVRA tetrahydro-R-carboline Kw3Tdan31lailia

L I8N | WAAAI L a1 | WARfu9
GHE] WRULLNUN . g3 WULLNUN .

? (W714) (%) ’ (Wla9) (%)
a (4-CHPh 2 92 j (4-OH)(3-OMe)Ph 3 85
b (4-Me)Ph 2 86 k (4-Piperidinyl)Ph 2 92
C (4-NO,)Ph 4 94 l 2-Furyl 2 95
d (4-OMe)Ph 2 89 m 2-Thiophenyl 2.5 85
e (4-OH)Ph 2 88 n 2-Pyrrolyl 2 90
f | (4-N(CH5),)Ph 3 84 o 4-Pyridinyl 2 93
g (4-F)Ph 2 89 p (2-Methyl)-4- 3 87

Pyridinal
h (2-Br)Ph 3 86 q 5-Indolyl 2 92
i (2-OH)Ph 3 82 r 1,3-benzo[d] 2 88
dioxole-5-yl
wazludl 2017 Ly, X. LazAmg [43] n15d9LATIEa YRSV

q

bistetrahydrocarboline (il 24) Imﬁ’lﬂﬁﬁ%ﬁ coupling 581119 1,3-cis-1,2,3,4-
tetrahydrocarboline (146) way N-Boc tryptophane (147) miusigujisen N-protection
finglulpsaunislursdulaade Boc,O wagsimisidany TBS ether fe TBAF vinlwls
asUsznauninglay (148) AeuwiUfisen Swern - oxidation  LUAsu alcohol iy
aldehyde  udnAnn15Un297u N-Boc I hemiaminal  (149) 9 nduriiujAzen
intramolecular  Pictete-Spengler  cyclization f28 CF5CO,H ﬁqmwgﬁﬁa\‘i AIUAIYNN
UfjN381 Reductive  methylation Wag catalytic hydrogenation ﬁlmg O-benzyl latdu
lactam (150) ilothansuszneumueiay (150) ¥iUfisen reduction #e LIAlH, Tugiavi
azane THF waziuviugisendu TMSCN uas BFs.Et,0 luddvinazale methylene
chloride 1atdu heptacyclic amino nitrile ﬂﬂﬂﬁuﬁﬂﬂﬁﬁ%m Mitsunobu reaction 4
phthalimide (151) LLazmﬂﬁuﬁwmiLU?{awg phthalimide 101 amine 8 N,H,-H,0
wazanvnevinuisen acylation funsasieeliidusyiusue bistetrahydrocarboline uae
dlevhoyiusildlunnaeumnuibufiuiewwad (cytotoxicity) fu cell line vasuyweiann

¥HAAIY35 MTT assay Lag bistetrahydrocarboline Fivansanaidu 2-pyridine amide wag
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phthalimide (151) wansnnElun1sduds cell line Tusnudléviannuia Tasdian ICs, aglu
sefu 10° M

OTBS
W\ NH
N
H
BnO
o (146) HO Boc
OH i. BOPCI, EtsN, DCM, NHBo
-25°Ctort T &
\ NHBoc > N
N ii. (Boc),0, DMAP, Et;N Boc o
H DCM, rt BnO
(147) iii. TBAF, THF, rt (148)

(COCI),, DMSO, Et;N
DCM, -78 °C

i. TFA, 0 °C to rt
ii. 37% HCHO, NaBH,CN
CH,COOH, CH3OH, rt

iii. Pd(OH),, H, (50 psi)
CH,COOH, CH40H, rt

(150)

i. LIAIH,, THF, -17.°C-0 °C
ii. TMSCN, BF3.OEt,
DCM, -30 °C
iii Phthalimide, (Ph);P, DIAD
THF, -25 °C-0 °C

i. NoHy.H,0, C,HsOH, 50 °C
i. RCOOH, EDCI, DMAP, rt.

>

(152a-r) NH
O

R

AT 24 UHUNTEUATIERYNUSYUDY bistetrahydrocarboline lag Lu, X. wazAay
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una 3

35N HUIUIY

3.1 gUnsaluaziAsaile

3.1.1
3.1.2
3.1.3
3.14
3.15
3.1.6
3.1.7
3.18
3.1.9
3.1.10

3.1.11
3.1.12
3.1.13
3.1.14
3.1.15
3.1.16
3.1.17
3.1.18
3.1.19
3.1.20
3.1.21
3.1.22
3.1.23
3.1.24
3.1.25

1399 Nuclear Magnetic Resonance 300 MHz: Bruker 300

\A394 Stuart SMP2 melting point apparatus

1389 UV-visible spectrometer: ELISA Microplate Reader

Lﬂ%laﬂ Mass spectrometer

A3D Rotary evaporator: Buchi Rotavapor R-114

1304 Vacuurn pump: Tokyo Rikakikai Co., Ltd. model A-3S
\3estaaiden (neflew 4 fume): Mettler Toledo model AB204
A3 Hotplate and stirrer: Heidolph MR 3001

1394 Ultrasonic Bath ; Elmasonic S 30 H

Micropipette: Finnpipette, HH10711 9u1% 1-10 pL, 20-200 pL tae 100-
1000 pL

gUNIAMSUMIENWNY preparative TLC: Desaga Brinkmann

TLC Silica gel 60 F,54 aluminium sheet, Merck

ADANY

N3¥AIYNTBY: Advantec Guumlﬁumu@uéﬂmﬂ 110 mm wag 70 mm
ieSesifafiugiu

“Qﬂﬂiﬁ]\‘iLLUUaﬂﬂ’ﬂuﬁu

Parafilm

wiaen uazlindnen

Wawsiman

Clamp uag Clamp Holder

é’ﬂmwwlﬁmmaﬁLLazﬁa (CO, Incubator)

é’ﬂaam‘%@ (Laminar Flow Cabinet)

widasiieinielsn (Automatic Autoclave)

96-well microplate

PUaaTe (Petri dish)
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3.2 d15AAN MY

3.2.1 Acetic anhydride (BDH Analar)

3.2.2 Acetone (AR) (BDH Analar)

3.2.3  Acetonitrile (Riedel-de Haen)

3.2.4  Acetyl bromide (Fluka)

3.2.5  Aluminium chloride (Riedel-de Haen)
3.2.6  Ammonium acetate (Fluka)

3.2.7  Ammonium solution (Carlo erba)

3.2.8 Amphotericin B (Sigma-aldrich)

3.2.9 Argon gas (Masser Specialty Gas Co., Ltd.)
3.2.10 Benzaldehyde (Sigma-aldrich)

3.2.11 1-Bromooctane (Fluka)

3.2.12 1-Bromopentane (Aldrich)

3.2.13 Benzene (AR) (Merck)

3.2.14 Benzoyl Chloride (Fluka)

3.2.15 Benzyl chloride (Fluka)

3.2.16 Bromine

3.2.17 Bromoethane (May & Baker)

3.2.18 N-Bromosuccinamide (Sigma-aldrich)
3.2.19 2-chlorobenzyl chloride (Fluka)

3.2.20 Celite (Fluka)

3.2.21 Chloroform-d contains 1% v/v of TMS (Sigma-Aldrich)
3.2.22 Cinnamaldehyde (Fluka)

3.2.23 Crotyl chloride (Fluka)

3.2.24 1,2-Dichloroethane (QReC)

3.2.25 3-(3,5-Dimethylthiazol-2,5-diphenyltetra-zolium bromide) (MTT)
3.2.26 3,4-Dihydroxy benzaldehyde (Fluka)
3.2.27 3,4-Dimethoxybenzaldehyde (Fluka)
3.2.28 4-Dimethylaminopyridine (Merck)

3.2.29 Dichloromethane (distillation)



3.2.30
3.2.31
3.2.32
3.2.33
3.2.34
3.2.35
3.2.36
3.2.37
3.2.38
3.2.39
3.2.40
3.2.41
3.2.42
3.2.43
3.2.44
3.2.45
3.2.46
3.2.47
3.2.48
3.2.49
3.2.50
3.2.51
3.2.52
3.2.53
3.2.54
3.2.55
3.2.56
3.2.57
3.2.58
3.2.59
3.2.60

Diethyl ether (Labscan)

Dimethyl sulfoxide (BDH VWR Analytical)
Dulbecco’s modified eagle medium (DMEM)
N,N"-Dicyclohexylcarbodiimide
N,N-Dimethylformamide (Merck)
Ethylacetate (distillation)

Ethyl bromoacetate

10% Fetal bovine serum
2-Furaldehyde (Fluka)

2-Furoyl chloride (Fluka)

37% Formaldehyde

Furfuryl alcohol (Fluka)
paraformaldehyde

Glacial acetic acid (Lab scan)
3-Hydroxybenzoic acid (Fluka)
4-Hydroxybenzoic acid (Fluka)
Hexane (distillation)

Hydrochloric acid (Lab-scan)
Hydrogen gas (Masser Specialty-Gas Co., Ltd.)
Indole-3-acetic acid (Fluka)

Lithium aluminium hydride
3-Methoxybenzaldehyde (Fluka)
2-Methoxybenzaldehyde (Fluka)
5-Methoxy-2-nitrobenzoic acid (Acros)
5-Methoxytryptamine (Sigma-aldrich)
Methanol (distillation)

Methanol-d (Sigma-Aldrich)
Molecular sieve 3 A

Molecular sieve 4 A

Methyl indole-6-carboxylate (Fluka)
2-Nitro-benzoylchloride (Fluka)

35
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3.2.61 4-Nitrobenzoyl chloride (BDH Analar)

3.2.62 Octanoyl chloride (Sigma-Aldrich)

3.2.63 10% Palladium on carbon (BDH Analar)

3.2.64 Phosphorous oxychloride (Fluka)

3.2.65 Potassium carbonate (Riedel-de Haen)

3.2.66 Potato Dextrose Agar (PDA)

3.2.67 Propionyl chloride (Fluka)

3.2.68 Sabouraud dextrode agar

3.2.69 Silica gel 60 (0.063-0.200 mm) &1%5U column chromatography (Merck)

3.2.70 Silica gel 60 F254 containing gsypsum #13U preparative thin layer
chromatography (Merck)

3.2.71 Sodium bicarbonate (Riedel-de Haen)

3.2.72 Sodium borohydride (Fluka)

3.2.73 Sodium hydroxide (Fluka)

3.2.74 Sodium sulfate anhydrous (Sigma-Aldrich)

3.2.75 Sulfuric acid (Carlo-erba)

3.2.76 Tetrahydrofuran (A.R.) (Lab-scan)

3.2.77 p-Toluenesulfonic acid (Carlo erba)

3.2.78 Triethylamine (Fluka)

3.2.79 Trifluoroacetic acid (Riedel-de Haen)

3.2.80 Tryptamine (Aldrich)

3.2.81 Tryptophane (Sigma-aldrich)

3.2.82 Xylene (Carlo Erba)

3.2.83 p-Xylene (BDH Analar)

3.2.84 UraUdeniiug nv.49 (LOT NO. 590/60)

3.3 A9N15NNA09

lunsdaunsevieyiusua Tetrahydro-R-carboline a2i3udUAT12131N tryptamine

[

(1) lnedufisedfity Ao Pictet-Spengler reaction FIdeldlauauuInINSdUATIEY

sasaluil
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3.3.1 MIAUATILNION 1 Yas Tetrahydro-B-carboline Uazaywus

O- AIkyIatlon

By Oh fruelD § Of Gl § O
N OR N o

O Acylatlon

N-acylation

Pictet-Spengler
NH, KL peng

A\ <\ Q_QNH
N

N
H

AN 25 MIFUATIERUNUSYRY Tetrahydro-B-carboline WHUNTEAATIEN 1

11 tryptamine ¥1U{A381. Pictet-Spengler fiu paraformaldehyde luaniiznsa
91N tetrahydro-B-carboline MU T80 N-acylation m1uaeUfA3e1 reduction e
Wasunyasuedaliduueanesed waziiluviiufisen O-Alkylation e O-Acylation fiu

alkyl halide %38 acyloyl halide Tugn1izmnge

ASEUATIZH 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153)

5% 1
37% formaldehyde
NH, NH

N\ 5% TFA N\
:

N N

H 90 °C, 24 hr H

(11) (153)

11 tryptamine (11) (0.10 g, 0.62 mmol) naufiu 5% trifluoroacetic acid fiazany
Tu acetonitrile (10 mL) muﬁuaqmamLLaJLﬁmm%fauﬁammﬁ 90 °C Mniuros iy 37%
formaldehyde (0.02 mL, 0.62 mmol) fiavanelu acetonitrile (2.50 mL) tJutian 30 udl
wazyhnslvaudeusioilunan 24 $alus anduilussmesvinavarsesnaneldausiy
UTIEINAR sl vinsatadae ethyl acetate (50 mL) waztu organic phase 11aMn
reansavaneduin sodium bicarbonate (2x50 mL) anugaeainfutinde (50 mL) ¥l
Wisene sodium sulphate anhydrous (anh. Na,SO,) ¥11A15n50¢ waguluseinesvin

azarenglinuAuuITEINIART MiuTansee column chromatography (silica gel,
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10% MeOH:CH,CL,) agl@ 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) Juvpaudsd
18849 (0.030 g, 24% yield); m.p. 185.9-187.5 °C (lit. 199-221 °C) [44]; 'H-NMR (300
MHz, CDCls) & 2.75 (t, J = 5.7 Hz, 2H), 3.18 (t, J = 5.7 Hz, 2H), 4.01 (s, 2H), 7.09 (dt, J =
1.1, 7.1 Hz, 1H), 7.14 (dt, J = 1.3, 7.1 Hz, 1H), 7.29 (d, J = 7.2 Hz, 1H), 7.48 (d, J = 7.2
Hz, 1H), 7.86 (br, 1H); "C NMR (75 MHz, CDCly) & 22.5 (CH,), 43.2 (CH,), 43.9 (CH,),
108.7 (C), 110.7 (CH), 117.9 (CH), 119.4 (CH), 121.5 (CH), 127.6 (), 132.7 (C), 135.6 (C);
ESI-MS [45] [M+H]: 173.

S9N 2

paraformaldehyde

NH, AcOH : MeOH (10:1) NH
A\ 80 °C, 1 hr then A\
S
N N
H Basified to pH 9-10 using NH,OH H
(11) (153)

11 tryptamine  (11)(0.22 g, 1.4 mmol) azargluansazarunNausznig
AcOH:MeOH (10:1) A8 9LAL paraformaldehyde (0.042 g, 1.4 mmol) Tanusoud
gaumnd 80 °C WHunan 1 ke anduriliasaraneiBuiigumgfives uaziinisifu
a15azany 30% NH,OH  aualsazatsdl pH 9-10 vinisananie CH,CL  vinlusienig
sodium sulphate anhydrous (anh. Na,S0,) ¥11n13nses wagilussimesvinazareniels
AYIUFUUTTENNAR ﬁﬂﬁungéﬁ’m columnchromatography  (silica gel, 10%
MeOH:CH,Cl,) a¥le 2,3,4,9-tetrahydro-1H-pyridol3,4-blindole (153) 1Juvesudsdinins

(0.22 g, 91% vyield).

aa

/N 3
paraformaldehyde
NH, AcOH : dry benzene (10:1), 4 AMS NH
N 80 °C, 1 hr then A\
'
N N
H Basified to pH 9-10 using NH4OH H
(11) (153)

11 tryptamine (11) (0.22 g, 1.4 mmol) azargluansazalsnanszning AcOH:dry
benzene (10:1) Tuvindunaufidl 4 A MS dessiiu paraformaldehyde (0.042 ¢, 1.4

mmol) Tianufauiiaamail 80 °C WWunan 1 F3lue antuvilviansazaeiduiigumgivies
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wazvinIsANaITazaly 30% NH,OH auansazaieil pH 9-10 Mniuaiadae CH,CL vl
Wiisene sodium sulphate anhydrous (anh. Na,SO,) ¥11n15n50¢ wagdluseinesvin
avanungldausuussEInNIAs ﬁwiﬁu’%qwéé’w column chromatography (silica gel,
10% MeOH:CH,CL,) agl@ 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) Juvpaudsd

Waes (0.20 g, 86% yield).

ANSHLATIZH 2-Acetyl-1,2,3,4-tetrahydro-f3-carboline (153a)

@j@ )LJk \N—/{’

AN 1

rt.,.1 hr
(153) (153a)

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) (1.0 g, 6.2 mmol) avanely
dry MeOH (20 mL) i acetic anhydride (1.00 mL, 10 mmol) ¥inn1sniuansazany
ﬁqmmﬁﬁauﬁunm 1 dlas ntuainge CHCL vilvusisdae  sodium sulphate
anhydrous (anh. Na,SO,) 7i1n1snses kaztlussiadvinazatengldnnuauussenie

cal v

° v 1 1 a o
1 Q']ﬂsU@Hﬁ H-NMR 13JWUNa@]ﬂ€UWW]ma@ﬂ"Iﬁ

@f@ )LJK \NJ{)

NEts, rt., 1.hr

]
=

59 2

(153) (153a)

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole (153) (0.12 g, 0.67 mmol) azanelu
dry MeOH (1 mL) iy triethylamine (0.09 mL, 0.67 mmol) AIUAILVINNITLAL
acetic anhydride (0.32 mL, 1.3 mmol) ¥msniuansazaefiguuniivieaduna 1 9alug
Mntuinisnseemeneudildly 2-Acetyl-1,2,3,4-tetrahydro--carboline  (153a)  1fu
vosuedining (0.039 g, 27% yield); m.p. 217.2-218.3 “C (lit. 237-238 °C) [19]; rotamers
1/3 (from the duplicated triplet signal ('H) at 3.83 and 3.92 ppm); "H-NMR (300 MHz,
MeOD) & (major rotamer) 2.23 (s,3H), 2.84 (t, J = 5.7 Hz, 2H), 3.83 (t, J = 5.7 Hz, 2H),
4.75 (s, 2H), 6.98 (t, J = 7.6 Hz, 1H), 7.02-7.10 (m, 1H), 7.29 (dd, J = 4.0, 7.9 Hz, 1H),
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7.40 (d, J = 7.6 Hz, 1H); d (distinct peaks for minor rotamer) 2.20 (s, 3H), 2.76 (t, J =
5.7 Hz, 2H), 3.92 (t, J = 5.7 Hz, 2H), 4.72 (s, 2H); "C NMR (75 MHz, MeOD) & (major
rotamers) 21.4 (CHy), 22.7 (CH,), 41.4 (CH,), 46.1 (CH,), 108.2 (C), 111.9 (CH), 118.5
(CH), 119.8 (CH), 122.2 (CH), 128.2 (C), 131.4 (C), 138.0 (C), 172.4 (C); & (distinct peaks
for minor rotamer) 21.9 (CHs), 21.9 (CH,), 45.4 (CH,), 109.1 (C), 118.6 (CH), 119.9 (CH),
122.4 (CH), 130.8 (CH), 172.5 (C); ESI-MS [19] [M+H]+: 215.5.

0] 0
NH )j\ N
N\ Br -~ ©j\@ ’<

NEts, rt., 1 hr

o e

%N 3

(153) (153a)
11 2,3,4,9-tetrahydro- 1H-pyrido[3,4-blindole (153) (0.15 g, 0.88 mmol) avanely

CH,CL, (10 mL) a1ntu@y triethylamine (0.24 mL, 0.88 mmol) auI8yiIAI5LAN acetyl
bromide (0.13 mL, 1.8/ mmol) n1smuansazaeigamgiviesdunan 1 $lus aniuy
nsnsesnynouiilales 2-Acetyl-1,2,3 d-tetrahydro-B-carboline  (153a) \Juvesuded

894 (0.079 g, 42% yield).

NSWENBINFNUATIZA 1-(3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-yethanol (154)

i 1
0 OH
N\ N—_< LiAlH,4 N\ N’<
Y
H 0°C, 3hr H
(153a) (154)

11 2-Acetyl-1,2,3,d-tetrahydro-R-carboline (153a) (0.041g, 0.19 mmol) Turiniuy
nanwua 25 ml Meldussenniaensneu (A @y dry THF (5 mb) asly nauflgamail 0 °C
mﬂﬁ’uﬁiaamam LiAlH, (0.036 g, 0.96 mmol) Faolunan 3 alug mﬂﬁ?uv‘hqum
ﬂﬁﬁ%mé’wmsazmaém@h sodium hydrogen carbonate (sat. NaHCO5) U311%5 10 ml
nduanatingae CH,CL (3x20 mU) 91ntuthdu organic phase ¥MlAWYIAE sodium

sulphate anhydrous (anh. Na,SO,) nsesuatilussmesviazatseannglaniiuy
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q
o

UssEnIAs vlusanseng column chromatography (silica gel, 4:1 Hexane:EtOAc)
9

‘WU’hﬁﬁLﬁ@ﬂ’]iﬁa’]ﬂ 9
%9 2
0O OH
\ N’< NaBH, N N’Q
—X—>
H reflux, 3 hr H
(153a) (154)

111 2-Acetyl-1,2,3 4-tetrahydro-R-carboline (153a) (0.12 g, 0.54 mmol) Tuvnnu
nauawIn 25 mL angldussenidensaet (Ar) iy dry THF (1 mL) 9anturessfis NaBH,
(0.082 g, 2.2 mmol) Trufounddsdoluna 3 dalus mﬂﬁ?uﬁwmimqmﬂﬁﬁ%mimms
nIOeHIU celite pad  a19m2y diethyl ether aniuinty organic phase Utz
avangeonnelfauAIUIIEINIAR ﬁwiﬁu%qwéé’w column chromatography (silica gel,

cal v

4:1 Hexane:EtOAC) nuinanndeya 'H-NMR laiwusdasasifidesnis

3.3.2 MIAUATILHION 2 ¥as Tetrahydro-R-carboline uazaywus

PNNTEUATIZN  Tetrahydro-B-carboline LLazayﬁuﬁuLmumﬁﬁ' 1 Sulsiusvay
ANANSY Ws1g- 1-(3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-ylethanol  (154) LAnA1s
GRMRLE ﬁﬂiﬁé"i%’EJLU?iSJULLuamﬂuﬂﬁé’qlmmﬁ e‘z’}w:ﬁ%’a%ﬁﬁ Tetrahydro-R-carboline uag
oytiusAlsanmsyiuFAZeN Pictet-Spengler 3¥ming tryptamine (11) Auueadlansiieg Tu
an12znIn Wyufasen Nalkylation %138 N-acylation wag oxidation Lﬁ@iﬁlé’auﬁuéﬁuaq

Tetrahydro-B-carboline liag R-carboline Mua1FU
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N-Alkylation Pictet-Spengler

or N \
\ N~R?2 /) \ NH /) A\
N N-Acylation N

H R’ H R’

Iz

Oxidation

Oa®
N 1
H R

AN 26 NIFUATILVIBUNUGVRY Tetrahydro-R-carboline UWHUNTFNATIZNN 2

A589LATIZH 1-(3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-yl)propan-1-one (153b)

\ i/ \
N NEts, 1t 1 hr N
(153) (153b)

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) (0.15 g, 0.87 mmol) avanglu
CH,Cl, (10 mL) NTRY triethylamine (0.18 mL, 1.3 mmol) MuA8yinIsIAL
propionyl chloride (0.05-mL, 0.52 mmol) ‘v‘hmimumsazmaﬁqmmﬁﬁmLﬁunm 1
F2lue a1nduinnnsnsosng neudlals 143 4-dihydro-1H-pyridol3,4-blindol-2(9H)-
yUpropan-1-one (153b) Huvesudsdima (0.16 g, 78% yield); m.p. 203.7-204.1 °C (lit.
204-206 “C) [46]; rotamers 1/4 (from the duplicated triplet signal ('H) at 3.79 and 3.97
ppm); 1H—NI\/\R (300 MHz, CDCls) (major rotamer) & 1.24 (t, J = 7.5 Hz, 3H), 2.51 (q, J =
7.5 Hz, 2H), 2.86 (t, J = 5.6 Hz, 2H), 3.79 (t, J = 5.6 Hz, 2H), 4.82 (s, 2H), 7.09 (dt, J =
0.9, 7.6 Hz, 1H), 7.15 (dt, J = 1.5, 7.6 Hz, 1H), 7.33 (d, J = 7.7 Hz, 1H), 7.46 (d, J = 7.5
Hz, 1H), 8.35 (br, 0.6H); O (distinct peaks for minor rotamer) 2.43 (q, J = 7.5 Hz, 2H),
2.81(t, J = 5.6 Hz, 2H), 3.97 (t, J = 5.6 Hz, 2H), 4.66 (s, 2H), 7.95 (br, 0.4H); 13C—N!\/\R (75
MHz, CDCls) (major rotamer) & 9.6 (CH5), 22.0 (CH,), 26.8 (CH,), 40.5 (CH,), 43.8 (CH,),
107.8 (C), 111.0 (CH), 117.8 (CH), 119.5 (CH), 121.7 (CH), 126.8 (C), 130.6 (C), 136.2 (O),
173.2 (Q); O (distinct peaks for minor rotamer) 40.1 (CH,), 43.0 (CH,); HRESI-MS: calcd
for Cy4H1gN,O [M+H]": 229.1335, found: 229.1335.

NH,
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ASEATIZH 1-(3,4-dihydro-1H—pyrido[3,4-b]indol—2(9H)—yl)octan-1-one (153¢)

4

NEts, rt, 3 hr
(153) (153c)

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole (153) (0.11 g, 0.62 mmol) avanely
CH,CL, (1 mL) antauda triethylamine (0.13 mlL, 0.93 mmol) Au@evnTsLRY
octanoyl chloride (0.21 mL, 1.2 mmol) ‘1/‘1’1mimumiazmaﬁqmmﬁﬁaﬂLi‘ﬁJumm 3
Falus Ynatadae CH,CL, antuthds organic phase Milwuiedae sodium sulphate
anhydrous (anh. Na,SO,) nsaudhlusemesvhavaiseenmeldanusuusseinisssi
IMUiaVIﬁm&J column chromatography (silica gel, 5% MeOH:CH,Cl,) agld 1-(3,4-
dihydro-1H-pyrido[3,4-blindol-2(9H)-yl)octan-1-one (153¢) tUuvoudsdivass (0.12 g,
41% vyield); m.p. 149.9-150.0 “C; rotamers 1/3 (from the duplicated triplet signal (‘H)
at 3.80 and 3.97 ppm); "H-NMR (300 MHz, CDCLs) (major rotamer) & 0.87 (t, J = 1.5 Hz,
3H), 1.20-1.50 (m, 10H), 2.48 (t, J = 7.5 Hz, 2H), 2.86 (t, J = 5.4 Hz, 2H), 3.80 (t, / = 5.7
Hz, 2H), 4.82 (s, 2H), 7.09 (t, J = 7.1 Hz, 1H), 7.16 (t, J = 7.1 Hz, 1H), 7.33(d, J = 7.1 Hz,
1H), 7.46 (d, J = 7.1 Hz, 1H), 8.40 (br, NH); O (distinct peaks for minor rotamer) 2.41 (t,
J = 7.5 Hz, 2H), 2.82(t, J = 5.4 Hz, 2H), 3.97 (t, J = 5.7 Hz, 2H), 4.67 (s, 2H), 7.94 (br,
NH); CNMR(HSMHZCDC)Oﬂ@mwomanSJAJ(OtLZZJ(OﬁlZSE(GﬁLZQZ
(CH,), 29.5 (2CH,), 31.7 (CH,), 33.7 (CH,), 40.5 (CH,), 44.0 (CH,), 111.0 (CH), 117.8 (CH),
119.5 (CH), 121.7 (CH), 127.0 (0), 129.0 (0), 130.7 (0), 136.2 (0), 172.5 (C); O (distinct
peaks for minor rotamer) 22.6 (CH,), 43.6 (CH,), 118.3 (CH), 119.8 (CH), 122.1 (CH),

HRESI-MS: calcd for CyoH,N,0 [M+H]" : 299.2118, found: 299.2116.

ATNEBIUFUATIZH ethyl 2-(3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-yacetate

(153d)
B
> AOJV [jj@’%_
H

NEts, rt, 22 hr

(153) (153d)



aq

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole (153) (0.12 g, 0.70 mmol) avanely
CH,Cl, (1 mL) Ty triethylamine (0.15 mL, 1.1 mmol) AuAIELAN ethyl
bromoacetate (0.15 mL, 1.4 mmol) VTWmimua’liazawﬁqmﬂgﬁﬁmL“fJunm 22 %Lﬂm
vhanafngae CH,CL,  andutiiu organic phase ¥ilWwieA1e  sodium  sulphate
anhydrous (anh. Na,50,) nsasudilussmesvazatseanngldninuiuusseinism

ﬁﬂﬁﬁqwéma column chromatography (silica gel, 5% MeOH:CH,Cl,) Wui1a15LAnnIs

dangfuaeyinliuIgns

ANSNENYINEWATIZA 2-ethyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153e)

NH Br N
N \
N NEts, rt, 1 hr N

(153) (153e)
11 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) (0.12 g, 0.69 mmol) avanelu

CH,Cl, (1 mL) I triethylamine (0.19- mL, 1.4 mmol) aumILyINASLA
bromoethane (0.16 mL, 2.1 mmol) ﬁﬂmsmumsazmaﬁqmmﬁﬁmL‘flumm 1 Falug
anneiey CH,CL, Mt organic phase ¥1lAWAIAIY sodium sulphate anhydrous
(anh. Na,S0,) nsewdnihlszmesviazanseonaisldnnusuusseinies ﬁﬂﬁﬁq‘m‘é
A8 column chromatography (silica gel, 5% MeOH:CH,Cl,) WuitasiinnIsaassiive

vilsiusans
AN589LATIZH 2-pentyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153f)

NH N B N—f*
% M b
N NEtg, rt, 24 hr N

(153) (153f)
141 2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole (153) (0.12 ¢, 0.67 mmol) avanglu

CH,CL, (1 mL) NThuRY triethylamine (0.19 mL, 1.3 mmol) @ufmeinNIsAN 1-
bromopentane (0.25 mL, 2.0 mmol) VT’]mimua’ﬁazmaﬁqmwﬂﬁﬁaﬂL‘fluna’l 24 ﬁfjb'ﬂm
Bhanafngae CH,CL, andutdu oreanic phase ¥1l#UAIAE  sodium  sulphate
anhydrous (anh. Na,50,) nsasudilussmedvazarseannegldninuiuusseinies

¥

ﬁﬂiﬁu%qwéma column chromatography (silica gel, 5% MeOH:CH,Cl,) agld 2-pentyl-
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2,3,0,9-tetrahydro-1H-pyrido[3,4-blindole (153f) \Juveaudadingdos (0.091, 57% yield);
m.p. 110.9-112.6 °C (lit. 119-120 °C) [47]; 'H-NMR (300 MHz, CDCl;) & 0.92 (+, J = 6.8
Hz, 3H), 1.30-1.50 (m, 4H), 1.55-1.67 (m, 2H), 2.56-2.63 (m, 2H), 2.75-2.92 (m, 4H), 3.69
(s, 2H), 7.07 (dt, J = 1.4, 7.0 Hz, 1H), 7.12 (dt, J = 1.4, 7.0 Hz, 1H), 7.26-7.33 (m, 1H),
7.6 (d, J = 7.2 Hz, 1H), 7.69 (br, NH); °C NMR (75 MHz, CDCLy) & 12.1 (CH), 19.4 (CH,),
20.7 (CH,), 25.3 (CH,), 27.8 (CH,), 48.6 (CH,), 49.2 (CH,), 56.0 (CH,), 106.7 (C), 108.6
(CH), 116.0 (CH), 117.3 (CH), 119.3 (CH), 130.0 (C), 134.1 (C); ESI-MS [47] [M+H]": 243.0.

AN589LATIZH 2-octyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153g)

Br
NH \M N
b (2 @EQ >
N NEts, rt, 22 hr N

(153) (153g)
11 2,3,4,9-tetrahydro- 1H-pyrido[3,4-blindole (153) (0.17 g, 0.99 mmol) avanely

CH,CL, (1 mL) nTuLRy triethylamine (0.28 mL, 1.9 mmol) @aufmeinIsiAu 1-
bromooctane (0.3¢ mL, 2.9 mmol) ymsmuaisazaeiionmgivieadunan 22 Falug
Bhanafage CH,Cl, 9ntniigu organic’ phase ¥l sodium  sulphate
anhydrous (anh. Na,50,) nseauarvaluszmesvhazatseannsldninuiuusseinies
ﬁﬂiﬁu%qwéﬁw column chromatography (silica gel, 5% MeOH:CH,Cl,) azla 2-octyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole (153g) Wureaudedindes (0.039, 15% vyield);
m.p. 105.3-106.7 OC; 1H—Nf\/\R (300 MHz, CDCl3) 0 0.89 (t, J = 6.6 Hz, 3H), 1.23-1.37 (m,
10H), 1.61, (qui, J = 7.5 Hz, 2H), 2.50-2.60 (m, 2H), 2.79-2.90 (m, 4H), 3.67 (s, 2H), 7.06
(t, J=7.1Hz 1H), 7.13 (t, J = 7.1 Hz, 1H), 7.28 (dd, J = 1.4, 6.5 Hz, 1H), 7.46 (dd, J =
1.4, 6.5 Hz, 1H), 7.79 (br, NH); "C NMR (75 MHz, CDCly) 14.1 (CHy), 21.3 (CH,), 22.7
(CH,), 27.5 (CH,), 27.6 (CH,), 29.3 (CH,), 29.6 (CH,), 31.9 (CH,), 50.5 (CH,), 51.1 (CH,),
57.9 (CH,), 108.6 (0), 110.6 (CH), 117.9 (CH), 119.3 (CH), 121.3 (CH), 127.3 (CH), 131.9
(0), 136.1 (C); HRESI-MS: calcd for CroHasN, IM+H]™ : 285.2325, found: 285.2320.
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N1SHILATIZH (E)-2-(but-2-en-1-yl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole
(153h)
357 1
/
NH Cl ®N
N NEtg, rt, 24 hr N
(153) (153i)

11 2,3,4,9-tetrahydro-1Apyrido[3,4-4lindole (153) (0.13 g, 0.72 mmol) azaylu
CH,CL, (1 mL) TNt triethylamine (0.20 mL, 1.4 mmol) AUAIYINAISIAN crotyl
chloride (0.21 mL, 2.2 mmal) yimsniuasazaiafianmgivieaduna 24 $lus v

anneae CH,ClL, 9ntutigu organic phase Wl#Lien2e sodium sulphate anhydrous

'
[

(anh. Na,S0,) nsoaatlusyveimyinarageanaglfnLAUUIIEINIFARN v‘l’ﬂﬁu%qmé
m18 column chromatography (silica gel, 5% MeOH:CH,Cl,) azla 2,2-di(A-but-2-en-1-
yU-2,3,4,9-tetrahydro-1H-pyrido[3,4- blindol-2-ium - (153i) Lﬁumaqmﬁmﬁﬁwma (0.039,
24% yield); 'H-NMR (300 MHz, CDCL,) & 1.79(d, J = 6.2 Hz, 6H), 2.60-2.73 (m, 2H), 3.57
(t, J = 5.7 Hz, 2H), 3.71-3.94 (m, 4H), 4.73 (s, 2H), 5.50 (dt, J = 6.5, 15.1 Hz, 2H), 6.04
(qd, J = 6.7, 15.0 Hz, 2H), 7.04, (t, J = 7.4 Hz, 1H), 7.12 (t, J = 7.4 Hz, 1H), 7.24 (d, J =
7.4 Hz, 1H), 7.69 (d, J-= 7.4 Hz, 1H), 11.62 (br, NH); 'C NMR (75 MHz, CDCL,) & 17.4
(CH,), 18.5 (2CHs5), 55.6 (CH,), 55.7 (CH,), 60.1 (2CH,), 103.1 (C), 112.2 (CH), 116.7 (2CH),
118.0 (CH), 119.4 (CH), 122.3 (CH), 124.4 (C), 125.4 (C), 136.8 (0), 141.9 (2CH); HRESI-
MS: caled for CoHy,sN,  [M+H]™ @ 281.2012, found: 281.2010.

359 2
/

NH Cl @N

N NEts, rt, 24 hr N

(153) (153i)
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11 2,3,4,9-tetrahydro-1Apyrido[3,4-blindole  (153) (0.0994 g, 0.058 mmol)
azanelu CH,CL (1 mL) 91ntaudia triethylamine (0.01 mL, 0.081 mmol) AUAILVINIT
L@l crotyl chloride (0.27 mL, 0.29 mmol) ‘v‘hmimumsazmﬂﬁqmmﬁﬁaaL*fJuL’Jm 24
Falus Yunafngae CH,CL, 91nu1du organic phase vilusiadae sodium sulphate
anhydrous (anh. Na,50,) nsasudlussmeivhazarseannegldninuiuusseinies
ﬁﬂﬁu%qwééha column chromatography (silica gel, 5% MeOH:CH,Cl,) agl# 2,2-di(£-
but-2-en-1-yl)-2,3,4,9-tetrahydro-1Apyrido[3,4-blindol-2-ium (153i) L‘ﬂu%wﬁmﬁﬁﬂma
(0.009, 55% yield).

%N 3

NH \/\/CI N —
A\ AY A\ —\’\

N NEts, rt, 24 hr N
(153) (153h)

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) (0.31 g, 1.8 mmol) avanely
CH,Cl, (1 mL) Ty triethylamine (0.15 mL, 1.1-mmol) auA811n15LAL crotyl
chloride (0.26 mL, 2.7 mmol) 1/'1"1ﬂﬁﬂ’mmiazmaﬁqmmgﬁﬁaﬂL“T;Junm 24 Flus than
afmdne CH,CL, antutii organic _phase $11l3uites8- sodium sulphate anhydrous
(anh. Na,S0,) nsasudathluszmedviasatseenniglfausuusseinie ﬁﬂﬁu‘%qw‘é
A28 column chromatography: (silica gel, 5% MeOH:CH,CL,) axla (£)-2-(but-2-en-1-yl)-
2,3,0,9-tetrahydro-1H-pyrido[3,4-blindole (153h) 1Tuvesuded@du (0.098, 24% yield);
m.p. 82.8-84.2 OC; 1H—Nf\/\R (300 MHz, CDCly) 0 1.72 (d, J = 5.0 Hz, 3H), 2.83-2.90 (m,
4H), 3.15 (d, J = 5.0 Hz, 2H), 3.59 (s, 2H), 5.53-5.74 (m, 2H), 7.06 (dt, J = 1.4, 7.0 Hz,
1H), 7.11 (dt, J = 1.4, 7.0 Hz, 1H), 7.24 (d, J = 6.8 Hz, 1H), 7.45 (d, J = 6.8 Hz, 1H), 8.02
(br, NH); 13C NMR (75 MHz, CDCl;) & 17.8 (CHs), 21.1 (CH,), 49.9 (CH,), 50.5 (CH,), 59.8
(CH,), 108.3 (C), 110.7 (CH), 117.9 (CH), 119.3 (CH), 121.3 (CH), 126.8 (Q), 127.2 (O),
127.5 (CH), 127.7 (CH), 129.6 (CH), 131.7 (O), 136.1 (C); HRESI-MS: calcd for CysHygN,
[!\/I+H:|+ :227.1543, found: 227.1543.
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ASa9LATIZH 2-benzyl-2,3,4 9-tetrahydro-1H—pyrido[3,4-b]indole (153))

NEts, rt, 24 hr b

(153) (153j)
11 2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole (153) (0.050 g, 0.29 mmol) ayae

T CH,CL (1 ml) anthuiy triethylamine (0.02 mL, 0.17 mmol) AumIINISIAL
benzyl chloride (0.05 mL, 0.44 mmol) ‘1/‘1”1mimumsazmaﬁqmmﬁﬁmL“‘f;JuL’Jm 24
Flae thanafage CH,CL, 91ntuihdu organic phase viliudedie sodium sulphate
anhydrous (anh. Na,50,) nsasudailuszmesvhazarseanneldninuiuusseinies
ﬁﬂﬁﬁqwéﬁ’w column chromatography (silica gel, 5% MeOH:CH,Cl,) aglé 2-benzyl-
2,3,0,9-tetrahydro-1H-pyrido[3,4-blindole - (153j) 1Juvpsniladivdes (0.012 ¢ 16%
yield), 1H—NI\/\R (300 MHz, CDCl5) 0 283 (t,J = 5.2 Hz, 2H), 2.93 (t, J = 5.2 Hz, 2H), 3.66
(s, 2H), 3.78 (s, 2H), 7.07 (dt, J = 1.3, 7.1 Hz, 1H), 7.12 (dt, J = 1.3, 7.1 Hz, 1H), 7.27-7.44
(m, 6H), 7.47 (d, J = 6.0 Hz, 1H), 7.66 (br, NH); "CNMR (75 MHz, CDCly) & 21.1 (CH,),
50.2 (CH,), 50.9 (CH,), 61.9 (CH,), 108.4 (C), 110.7 (CH), 117.9 (CH), 119.4 (CH), 121.4
(CH), 127.3 (CH), 128.4 (2CH), 129.2 (2CH), 131.7 (C), 136.0 (C), 138.2 (C); HREI-MS [46]

[M]: 262.1456.

N1589AI9 (3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-yl)(phenyl)methanone
(153k)

NEts, rt, 4 hr
(153) (153K)
141 2,3,4,9-tetrahydro-1H-pyrido[3,4-blJindole (153) (0.12 ¢, 0.70 mmol) avanglu

CH,Cl, (1 mL) 21AtULAN triethylamine (0.15 mL, 1.1 mmol) AUA78YIINI5LAN benzoyl

chloride (0.16 mL, 1.4 mmol) ¥in1snuasazatefiaamaivenduiial 4 4alus 9nliu

Y

unadaaiy CH,CL,  91nUUUITY  organic phase  vinlwissae  sodium  sulphate
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anhydrous (anh. Na,50,) nsasudluszmesvazatseanngldninuiuusseinia
ﬁﬂﬁﬁqwéﬁ’m column chromatography (silica gel, 5% MeOH:CH,Cl,) azla (3,4-
dihydro-1H-pyrido[3,4-blindol-2(9H)-ylXphenylmethanone  (153k) 1Juvewnilndinies
(0.093, 61% yield); rotamers 1/4 (from the duplicated singlet signal ('H) at 4.46 and
4.89 ppm); "H-NMR (300 MHz, CDCLls) (major rotamer) & 2.88 (s, 2H), 3.66 (s, 2H), 4.89
(s, 2H), 7.00-7.13 (m, 2H), 7.18 (d, J = 5.8 Hz, 1H), 7.31-7.61 (s, 6H), 8.95 (br, NH); O
(distinct peaks for minor rotamer) 4.07 (s, 2H), 4.46 (s, 2H), 8.34 (br, NH); PCNMR (75
MHz, CDCly) (major rotamer) & 22.1 (CH,), 41.1 (CH,), 46.1 (CH,), 107.8 (C), 111.1 (CH),
117.8 (CH), 119.6 (CH), 121.8 (CH), 126.8 (C), 126.9 (2CH), 128.6 (2CH), 130.0 (C), 130.0

(CH), 136.0 (Q), 136.3 (C), 171.6 (C); HRESI-MS CygH1gN,O [48] [M] : 276.1263.

A589AS1Z9 (3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-y\(furan-2-yl)methanone
(1531)

0
o cl O
NH \ [ N
A\ - A\ ) 0
N NEt, rt, 5 hr N %
(153) (1531)

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153)(0.092 g, 0.54 mmol) azae
Ty CH,CL (1 mL) 9nthuf triethylamine (0.11 mL, 0:81 mmol) MUAIBYINAITLAN 2-
furoyl chloride (0.11 mL, 1.1 mmol) ‘v'hmsmumaazmaﬁqmmﬁﬁaqLfJunm 5 ﬁz?"ﬂm
Mniuthanatngae CH,CL, 91niuid organic phase ¥lusadae sodium sulphate
anhydrous (anh. Na,S0,) nssaudiluszmediazarseonneldnnuiuusseiniasi
ﬂ/‘fﬂﬁﬂ%qwééf’m column chromatography (silica gel, 5% MeOH:CH,Cl,) azla (3,4-
dihydro-1H-pyrido[3,4-blindol-2(9H)-yl)furan-2-yUmethanone ~ (1531)  \Juveniing
¥hmna (0.019, 13% yield); "H-NMR (300 MHz, CDCLy) & 2.95 (s, 2H), 4.09 (br s, 2H), 4.92
(s, 2H), 6.51 (dd, J = 1.7, 3.4 Hz, 1H), 7.07 (d, J = 3.5 Hz, 1H), 7.09 (dt, J = 1.3, 7.2 Hz,
1H), 7.15 (dt, J = 1.3, 7.4 Hz, 1H), 7.31 (d, J = 7.2 Hz, 1H), 7.48 (d, J = 7.2 Hz, 1H), 7.54
(s, 1H), 8.40 (br,NH); "C NMR (75 MHz, CDCLs) & 20.4 (CH,), 40.2 (CH,), 43.5 (CH,), 109.2
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(CH), 109.6 (CH), 112.7 (C), 114.7 (CH), 116.0 (CH), 117.9 (CH), 120.1 (CH), 125.7 (Q),
128.1 (C), 135.8 (C), 142.3 (CH), 146.1 (C), 158.4 (C); HRESI-MS: calcd for CygHiaN,O,
IM+H]" : 267.1128, found: 267.1128.

ASNYBINFUATIZH 2-(2-chlorobenzyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole
(153m)

Cl
Cl
NH N N AV
Cl
N\ > cl N
H NEts, rt, 4 hr N Cl
H

(153) (153m)
(153n)

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) (0.17 g, 1.0 mmol) avanely

CH,Cl, (1 mL) Nty triethylamine (0.28 mL; 2.0 mmol) MNMIENINITIAL 2-
chlorobenzyl chloride (0.20 mL, 3.0 mmol) ‘I/T’lmimua’liazmSﬁqmwgﬁﬁadLﬁunm 4
Flus andunaingae CH,QL - 9ntusihdu organic - phase YMlWLAIAE  sodium
sulphate anhydrous (anh. Na,SO,) nseasudtlusgmesviazatseannelaniiuau
UT58INARN ﬁﬂﬁungéﬁ’w column chromatography (silica gel, 5% MeOH:CH,Cl,) 3%
1o 2,2-bis(2-chlorobenzyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindol-2-ium  (153n) W
voIuTaddu (0.14, 12% yield), m.p. 125.7-127.0 °C; H-NMR (300 MHz, CDCly) & 3.34 (¢,
J = 6.0 Hz, 2H), 3.99 (t, J = 6.0 Hz, 2H), 4.77 (d, J = 13.1 Hz, 2H), 5.21 (s, 2H), 5.24 (d, J
= 13.1 Hz, 2H), 7.11 (dt, J = 1.0, 8.0 Hz, 1H), 7.21 (dt, J = 1.0, 8.0 Hz, 1H), 7.48-7.57 (m,
8H), 7.85-7.90 (m, 2H), 11.15 (br, NH); °C NMR (75 MHz, CDCls) & 18.3 (CH,), 53.2 (CH,),
57.4 (CH,), 60.6 (2CH,), 102.3 (C), 112.7 (CH), 117.8 (CH), 120.1 (CH), 123.0 (CH), 124.0
(0), 124.4 (3C), 125.0 (0), 128.9 (2CH), 130.8 (2CH), 132.9 (2CH), 136.6 (2CH), 137.1 (20);
HRESI-MS: calcd for CysHi/N,CL[M+H]™ : 297.1154, found: 297.1044.
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ASNYIIUFUATIZA (3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-y)(3-
hydroxyphenyl) methanone (1530)

(e}
OH
O
NH OH N
N\ —X— N\
N N
H H
(153) (1530) MO

o a

w/N1

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) (0.10 g, 0.60 mmol) avanely
CH,CL, (1 mL) Nty triethylamine (0.13 mL, 0.90 mmol) A1UAIBYIINISIAN 3-
hydroxybenzoic acid (0.12 ¢, 0.90 mmol) ‘1/’1’1m’imumﬁasmaﬁqmmﬁﬁmL‘fluL’Ja'l 24
Flua antiuthunafngae CHCL antiusidy organic _phase ¥lAK#AIAI8  sodium
sulphate anhydrous (anh. Na,SO,) nsesuarlussmesviazatseannelaniiueiy

v cal v

US38INAE NTeYA H-NMR ldnundnsaeifidesnis
351 2

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) (0.092 g, 0.53 mmol) azae
Tudavinazany CH,CL, 10 mL %i1A15tA DMAP (0.084 ¢, 0.69 mmol) anniulfu 3-
hydroxybenzoicacid (0.080 g, 0.53 mmol) #autin DCC (0.14 g, 0.69 mmol) i
gumgivios vhnsmuansazaaiteamgiivieadune 24 alus semedvihazatseen ada
A8 CH,Cl, 9ntuLnTU organic phase vinlsiliene_sodium sulphate anhydrous (anh.
Na,S0,) nsesudrtluseimesvinazaseonneldnnusuussenniasi Nveya "H-NMR
TinunAnSaiifons

]
=

751 3

azany 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) (0.17 g, 0.97 mmol) wag
3-hydroxybenzoic acid (0.14 g, 1.1 mmol) Tusivinazaiy xylene 10 mL naua1Tazans
Wuaan 5 undl wdwihnisiiyn POCL; (0.07 mL, 0.74 mmol) wag DMAP (0.019 g, 0.097
mmol) Tanufeufigaumadl 140 °C 1Hunan 3 $alus sumedihazatseen 1y sat.

NaHCO; 10 mL afm@ay CH,Cl, 21ntuttu organic phase vnlilAIA98 sodium
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sulphate anhydrous (anh. Na,SO,) nsesialtluszinedvinazargeenniglininuanu

1Y

° v 1 1 a cal v
‘Uiifﬂﬂ']ﬂm']‘ﬂ']ﬂ%@%a H-NMR ‘lﬂJWUNamﬂmeﬂmaﬂﬂqs

ASNYIBINFUATIZH (3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-y)(4-hydroxy
phenyl)methanone (153p)

(0]
/@)‘\OH O
NH HO N
N\
N N
H H
OH

(153) (153p)

W1

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153)(0.19 g, 1.1 mmol) avanely
CH,Cl, (1 mL) Nty triethylamine (0:24 mL, 1.7 -mmol) MufmeinIsiAu 4-
hydroxybenzoic acid (0.15 ¢, 1.1 _mmol) ‘v'hmimumiazmaﬁqmmﬁﬁmL‘fluL’Ja'l 24
Falus arnduinaindae CH,CL  9antsidy organic._ phase ¥YMlWLAIAE  sodium
sulphate anhydrous. (anh. Na,SO,) - nsadualussimesivazatseannelanuay

3

° v 1 | a o
UITTYINIARN Q’]ﬂsﬂallua H-NMR 13JWUNaC‘]ﬂmGV]

L2

figoanas
35 2

avany 2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole (153) (0.25 ¢, 1.4 mmol) wag
4-hydroxybenzoic ‘acid (0.25 g, 1.6-mmol)- lusiaviiazans xylene 15 mL nuaIsazane
Junan 5 Wil udwihinisida POCL (0.10 mL, 1.1 -mmol) way DMAP (0.024 g, 0.14
mmol) Tanudeudigamadl 80 °C 1Wuna1 3 dalus sumediviazateeen 1in sat,
NaHCO; 10 mlL @fasae  CH,Cl, 9nUudI9U organic phase  il1lAA28 sodium
sulphate anhydrous (anh. Na,SO,) nsasiatluszinedvinazargeennigliniuau

o eaw

° v 1 ' a
‘Uiimmﬂmmﬂﬂjajﬂa H-NMR ‘lﬂJWUNamﬂm‘%Wm@ﬂﬂqﬁ
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ASNYIBIUFUATIZH (3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-y)(5-methoxy-2-
nitrophenyl)methanone (153q)

NO, O
OH
0
NH OMe N NOz
A\ ¢ - A\
N NEts, rt, 24 hr N
(153) (153q) Me©

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole (153) (0.17 g, 0.98 mmol) avanely
CH,CL, (1 mL) Nty triethylamine (0.20 mL, 1.5 mmol) AuAIINISLAL 5-
methoxy-2-nitrobenzoic acid (0.29 g, 1.5 mmol) ﬁﬁmimumﬁa3ma‘1‘7iqmmﬁﬁaqL‘flu
nan 24 dalae antihinadagng CH,CL 91ntiuitu organic phase ¥lAKAIA8
sodium sulphate anhydrous (anh. Na,SO,) nsesuatilussivediazaigeenneld

Y] ° 1% 1 i a o eay
AINUAUUITYINTARAN T{I"Iﬂsll'ej&l‘ua H-NMR INWUNaWﬂmem@\Tﬂqi

N1589LAS129 (3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-y\(4-nitrophenyl)

methanone (153r)

0
Cl
O
NH O:2N N
A\ N\
N NEts;, rt, 24 hr p
NO
(153) (153r) ’

141 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) (0.24 ¢, 1.4 mmol) avanglu
CH,CL, (1 mL) NThuRY triethylamine (0.38 mL, 2.1 mmol) aufIgiINI5IAN a-
nitrobenzoyl chloride (0.52 ¢, 2.8 mmol) ‘vTﬂmimumiazawﬁqmwgﬁﬁmL“fJuLam 24
Flug antithunatnge CH,CL, Nt organic phase ¥lAKIAIAI8  sodium
sulphate anhydrous (anh. Na,SO,) nsasuathluszinedvinazargeennigliniunu

US5EINARN ﬁﬂiﬁu%qméé’aa column chromatography (silica gel, 5% MeOH:CH,Cl,) 2%

19 (3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-yl)(@-nitrophenyl)  methanone (153r) W
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Yoadednang (0.11 g, 25% vyield); m.p. 209.8-212.8 oC; rotamers 1/3 (from the
duplicated singlet signal ('H) at 4.58 and 4.97 ppm); "H-NMR (300 MHz, CDCls) (major
rotamer) 0 2.85 (s, 2H), 3.68 (t, J = 5.6 Hz, 2H), 4.97 (s, 2H), 7.13 (dt, J = 1.4, 7.7 Hz,
1H), 7.20 (t, J = 7.5 Hz, 1H), 7.35(d, J = 7.5 Hz, 1H), 7.47 (d, J = 7.5 Hz, 1H), 7.65 (d, J
= 85 Hz, 2H), 8.11 (br, NH), 8.33 (d, J = 85 Hz, 2H); & (distinct peaks for minor
rotamer) 2.98 (s, 2H), 4.15 (br, 2H), 4.58 (s, 2H); 13C NMR (75 MHz, CDCls) (major
rotamer) & 22.1 (CH,), 40.9 (CH,), 45.9 (CH,), 107.9 (C), 111.1 (CH), 117.9 (CH), 119.9
(CH), 122.3 (CH), 124.0 (20), 127.9 (0), 128.0 (2CH), 129.3 (Q), 136.3 (0), 142.2 (C), 148.6

(2CH), 169.1 (C); HRESI-MS: calcd for CigHisNzO [IM+H] 322.1186, found: 322.1186.
8M1sN3s

N1589LAS129 (3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-y)(2-nitrophenyl)

methanone (153s)

0]
CLs o
A NH NOs N N
t
O,N
N NEts, rt, 24 hr i
(153) (153s)

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) (0.085 g, 0.49 mmol) azae
Ty CH,CL (1 mL) 9 ntiufia triethylamine (0.10 mL, 0.74 mmol) MuAIBYINAITLALN 2-
nitrobenzoyl chloride (0.81 mL, 0.98_mmol) ¥inmsnauasazanefigumaiiviondunal
24 319 antihunatnge CH,CL 91ndundgu organic phase ¥Il9AKYIAE sodium
sulphate anhydrous (anh. Na,SO,) nsasiatluszinedvinazargeennigliniuanu
US5EINARN ﬁﬂiﬁu%qméé’aa column chromatography (silica gel, 5% MeOH:CH,Cl,) 2%
161 (3,8-dihydro-1H-pyridol[3,4-blindol-2(9H)-yl)(2-nitrophenyl) methanone (153s) 18u
Yoaudedindns (0.020 ¢ 13% yield); m.p. 201.5-203.0 "C; rotamers 1/3 (from the
duplicated singlet signal (°C) at 20.9 and 21.6 ppm); 'H-NMR (300 MHz, CDCLl,) (major
rotamer) & 2.75 (t, J = 5.3 Hz, 2H), 3.47-3.65 (m, 2H), 4.40 (s, 2H), 7.06-7.16 (m, 2H),
7.33(d, J = 7.7 Hz, 1H), 7.41-7.47 (m, 2H), 7.61 (ddd, J = 1.3, 7.5, 8.2 Hz, 1H), 7.74 (td,
J = 13,75 Hz, 1H), 8.24 (dd, J = 1.3, 8.2 Hz, 1H), "C NMR (75 MHz, CDCls) (major
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rotamer) & 21.6 (CH,), 40.7 (CH,), 45.2 (CH,), 107.8 (C), 111.1 (CH), 117.9 (CH), 119.7
(CH), 121.9 (CH), 124.9 (CH), 126.7 (C), 128.0 (CH), 129.3 (C), 130.0 (CH), 132.9 (O), 134.6
(CH), 136.3 (C), 145.4 (C), 167.5 (Q); O (distinct peaks for minor rotamer) 20.9 (CH,),
40.6 (CH,), 44.9 (CH,), 119.8 (CH), 122.2 (CH), 124.8 (CH), 129.9 (CH), 145.1 (C), 167.2
(C); HRESI-MS: calcd for CygH;sN;05 [M+Na] : 344.1011, found: 344.1005.

N1589AIZ] mixture of 1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (155)

benzaldehyde
NH. AcOH : dry benzene (10:1), 4 A MS NH
AN 80°C, 1.5 hr then A\
—
N N
H Basified to pH 9-10 using NH4OH H Q
(11) (155)

11 tryptamine (11) (021 g, 1.3 mmol) azargluansazaronauszniig
ACOH:MeOH (10:1) Tuwandunaudiad a A MS ADESLAN benzaldehyde (0.16 mL, 1.5
mmol) Wanufeufigumnd 80 °C Afunar 15 dalus anduvinliansazatedud
QUMNITBY WAZYINNTANENTAZANY 30% NH,OH uasazaeil pH 9-10 Mntuatnge
CH,CL, vlumInae sodium  sulphate anhydrous (anh. Na,SO,) ¥iMA13nTes kaztly
sumeivhazatenigliamuduusseInimen ﬁw‘iﬁu’%qwéé’w column  chromatography
(silica gel, 15% MeOH:CH,Cl,) 9glA 1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole
(155) \Juvesudedinans (0.25 ¢, 78% yield), m.p. 162.9-164.7 “C (lit. 160-161 °C) [49];
"H-NMR (300 MHz, CDCLy) & 1.97 (br, 1H), 2.78:3.00 (m, 1H), 3.07-3.18 (m, 1H), 3.37 (dt,
J =139, 125 Hz, 1H), 5.17 (s, 1H), 7.10 (dt, J = 1.9, 6.9 Hz, 1H), 7.14 (dt, J = 1.9, 6.9 Hz,
1H), 7.17-7.23 (m, 1H), 7.27-7.37-(m, 5H), 7.52-7.56 (m, 1H); ~C NMR (75 MHz, CDCly) &
22.5 (CH,), 42.9 (CH,), 58.1 (CH), 110.2 (C), 110.8 (CH), 118.3 (CH), 119.4 (CH), 121.8
(CH), 127.4 (C), 128.2 (CH), 128.5 (2CH), 128.8 (2CH), 134.4 (C), 135.9 (C), 141.7 (C); ESI-
MS [49] (M"): 271.1.
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A1589LA5129 1-(1-phenyl-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-yethanone

(155a)
o)

0
NH )j\Br N—<
N O NEts, rt., 3 hr N O

(155) (155a)

11 1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole  (155) (0.12 g, 0.47

mmol) azaneli CH,CL (1 mL) a1ntiuLfs triethylamine (0.29 mL, 1.2 mmol) A1uAI8¥in
A5Lsl acetyl bromide (0.10 mL, 1.4/ mmol) ¥hmsnuaisavanefigamaivenduna 3
Falus andusnainge CHCL - anntuiidu organic phase ¥ilAKIAIA8  sodium
sulphate anhydrous (anh. Na,SO,) nsesdlussimesiviazatseannelaniiueiy
US58INARN ﬁﬂﬁﬁqwéﬁw column -chromatography (silica gel, 5% MeOH:CH,Cl,) 3%
16 1-(1-phenyl-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-ylethanone (155a) 1Juvouded
aa (0.025, 18% yield); m.p. 236.6-237.8 °C (it. 266 °C) [50]; 'H-NMR (300 MHz,
CDCly) 0 2.19 (s, 3H), 2:80-3.05 (m, 2H), 3.40-3.60 (m, 1H), 3.89 (dd, J = 2.6, 12.9 Hz,
1H), 7.02 (s, 1H), 7.13 (dt, J/ = 1.1, 7.1 Hz, 1H), 7.20 (dt, J = 1.1, 7.1 Hz, 1H), 7.28-7.40
(m, 5H), 7.54 (d, J = 7.1 Hz, 2H), 7.94 (br, NH); C NMR (100 MHz, CDCly) & 21.8 (CH,),
22.1 (CHs), 40.6 (CH,), 51.6 (CH), 109.9 (C), 111.1 (CH), 118.1 (CH), 119.6 (CH), 122.2
(CH), 126.6 (CH), 128.1 (), 128.5 (2CH), 128.8 (2CH), 131.7 (O), 136.2 (C), 139.9 (O),
169.1 (C); HRESI-MS: calcd for C;oH;gN,O [M+H]+ : 291.1492, found: 291.1499.

N15891A512% 1-(1-phenyl-3,4-dihydro-1H-pyrido[3,4-bJindol-2(9H)-y)propan-1-
one (155b)

o)
NH \)]\m N,/</
Cx - Xl
N O NEtg, rt., 4 hr N O
(155) (155b)

11 1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole ~ (155) (0.15 g, 0.59
mmol) avanglu CH,CL (1 mL) mﬂﬁ?wﬁu triethylamine (0.05 mL, 0.35 mmol) #1uA28
#WN154H3 propionyl chloride (0.08 mL, 0.89 mmol) v‘hmimumiasawﬁqmmﬁﬁmLﬁu

Y

nan 4 Falus mntuthunaiaameg CH,ClL 3nUULENTU organic phase viliiliieaag sodium
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sulphate anhydrous (anh. Na,SO,) nsesialtluszinedvinazargeenniglininuanu
US58INARN ﬁﬂﬁﬁqwéﬁw column chromatography (silica gel, 5% MeOH:CH,Cl,) 9%
16 1-(1-phenyl-3,4-dihydro-1H-pyrido[3,d-blindol-2(9H)-yUpropan-1-one  (155b)  1u
YOIdeEV1 (0.11 g, 59% vield); m.p. 240.5-241.2 °C; "H-NMR (300 MHz, CDCl,) & 1.19
(t, J = 7.4 Hz, 3H), 2.45 (g, J = 7.4 Hz, 2H), 2.85-3.00 (m, 2H), 3.36-3.50 (m, 1H), 3.93
(dd, J = 3.7, 11.1 Hz, 1H), 7.04 (s, 1H), 7.13 (dt, J = 1.2, 7.1 Hz, 1H), 7.19 (dt, J = 1.2,
7.1 Hz, 1H), 7.24-7.31 (m, 6H), 7.53 (d, J = 7.5 Hz, 1H), 8.07 (br, NH); "C NMR (100
MHz, CDCls) & 9.5 (CHj), 22.2 (CH,), 26.9 (CH,), 39.6 (CH,), 51.7 (CH), 109.8 (C), 111.1
(CH), 118.1 (CH), 119.6 (CH), 122.1 (CH), 126.6 (C), 128.0 (CH), 128.5 (2CH), 128.8 (2CH),
131.9 (0), 136.3 (O), 140.1 (O), 1724 (C); HRESIMS: calcd for CoHaoN,0 IM+H]™ :
305.1649, found: 305.1661.

N1589LAS12% phenyl(l-phenyl-3 ,4 -dihydro-1 H-pyrido[3 ,4 -blindol-2 (9 H)-
yUmethanone (155c)

NH

Crs »
N O NEts, rt., 3.5 hr

(155)
11 1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (155) (0.34 g, 1.4 mmol)

avanely CH,CL, (1 mL) mﬂﬁ?wﬁu triethylamine (0.12 mL, 0.84 mmol) AUAILVINITLAL
benzoyl chloride (0.24 mL, 0.83 mmol) 1/‘1"1ﬂﬁiﬂauaWiazawaﬁqmwgiﬁaqL‘fluL'Jm 3.5
Flug antithunatnge CH,CL, Nt organic phase ¥lAKIAIAI8  sodium
sulphate anhydrous (anh. Na,SO,) nsesudtlussmeiviazatseannglaniiueiy
US5EINARN ﬁﬁlﬁu%qmééf’w column chromatography (silica gel, 5% MeOH:CH,Cl,) 9
16 phenyl(1-phenyl-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-yUmethanone (155¢) 1Ju
YoIwdeddL (0.15 ¢, 31% yield); m.p. 233.1-234.7 °C; 'H-NMR (300 MHz, CDCL,) & 2.75-
2.82 (m, 1H), 2.82-3.00 (m, 1H), 3.34 (t, J = 11.3 Hz, 1H), 3.72 (dd, J = 4.2, 9.5 Hz, 1H),
7.09-7.14 (m, 2H), 7.15-7.19 (m, 1H), 7.19-7.26 (m, 3H), 7.30-7.42 (m, 7H), 7.51 (d, J =
7.1 Hz, 1H), 8.72 (br, NH); °C NMR (100 MHz, CDCLy) & 22.3 (CH,), 41.4 (CH,), 52.3 (CH),
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109.2 (C), 111.3 (CH), 118.0 (CH), 119.5 (CH), 122.0 (CH), 126.5 (C), 126.6 (2CH), 128.0
(2CH), 128.5 (2CH), 128.8 (2CH), 129.6 (CH), 136.3 (C), 136.4 (C), 136.4 (CH), 139.9 (C),
170.7 (C); HRESI-MS: caled for CogHaoN,O [M+H]' : 353.1648, found: 353.1638.

AN589LATIZA 2-octyl-1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (155d)

NH Ny B
N NEts, rt, 4 hr

" O
(155) (155d)
11 1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole  (155) (0.087 g, 0.35

mmol) azareluy CH,Cl, (1 mL) TR triethylamine (0.10 mL, 0.70 mmol) Aua2e
N19LAL 1-bromooctane (0.19 mL, 1.1-mmol) ﬁwmsmumiazmEJﬁqmmﬁﬁauﬁumm
4 $lug Yanafingae CHCl, snduiiu oreanic phase siluiadng sodium sulphate
anhydrous (anh. Na,S0,) nsesudnilussivesivhazanseennieldmnuduusseiniasi
ﬁﬂiﬁu‘%qw‘éﬁ’w column chromatography (silica gel, 5% MeOH:CH,Cl,) agla 2-octyl-1-
phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (155d) Lﬁu%aaLL%aﬁﬁwma (0.12 g,
93% yield), m.p. 88.9-90.5 oC; lH—N!\/\R (300 MHz, CDCls) 0 0.86 (m, 3H), 1.10-1.34 (m,
11H), 1.53 (t, J = 6.8 Hz, 1H), 2.30-2.42 (m, 1H), 2.54-2.66 (m, 1H), 2.73 (dq, J = 4.3, 9.2
Hz, 1H), 2.89 (dt, J = 1.2, 3.9 Hz, 1H), 2.92-3.05 (m, 1H), 3.27-3.36 (m, 1H), 4.63 (s, 1H),
7.00-7.11 (m, 2H), 7.12-7.17 (m, 1H), 7.28-7.43 (m, 5H), 7.46-7.55 (m, 1H); 13C NMR (100
MHz, CDCly) & 14.2 (CH), 21.1 (CHy), 26.8 (CH,), 28.8 (CH,), 29.1 (CH,), 29.3 (CH,), 29.4
(CH,), 31.8 (CH,), 46.3 (CH), 53.9 (CHy), 62.7 (CH), 108.9 (O), 110.6 (CH), 118.5 (CH),
119.4 (CH), 121.6 (CH), 127.1 (Q), 128.1 (CH), 128.6 (2CH), 129.3 (2CH), 134.6 (C), 136.3
(0), 140.9 (C); HRESI-MS: calcd for CysH3,N, [M+H]+ 1 361.2638, found: 361.2640.
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ASNYIYINFIUATIZI mixture of 1-(furan-2-yl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-
blindole (156)

2-furaldehyde

NH, AcOH : dry benzene (10:1), 4 AMS H
A\ 80 °C, 4 hr then A\
N > (0]
H Basified to pH 9-10 using NH,OH H / P
(11) (156)
N
/2 N/
N o) N 0
H H
/ Y / V4
(156a) (156b)

|}

i 1

11 tryptamine (11) (023 ¢, 1.3 mmol) azargluansazarunauszning
ACOH:MeOH (10:1) lumandunaudidl a A MS ABLALEN 2-furaldehyde (0.14 mL, 1.6
mmol) Tiarufeuiigamgi 80 °C WWunan 4 $2las snduiliansasaneiduiigumgiives
wazyinnsiiNaITazaie 30% NH,OH auatsagaiwil pH 9-10 nduainge CH,CL il
WwiisAae sodium sulphate anhydrous (anh. ‘Na,S0O,) ¥inasnses waginluseinesyin
avanungldausuussenias ﬁﬂﬁu’%qmééﬁa column ' chromatography (silica gel,
15% MeOH:CH,Cl,) agld 1-(furan-2-y0)-4,9-dihydro-3H-pyrido[3,4-blindole  (156a) 1Tu
vomindinia (0.022 ¢, 7% yield): 'H-NMR (300 MHz, CDCL) & 2.9 (t, J = 8.3 Hz, 2H),
4.05 (t, J = 8.3 Hz, 2H), 6.61 (dd, J = 1.7, 3.5 Hz, 1H), 7.18 (dt, J = 1.0, 8.0 Hz, 1H), 7.33
(dt,/ =1.0,8.0 Hz, 1H), 7.42 (d, J = 2.7 Hz, 1H), 7.49 (d, J = 8.0 Hz, 1H), 7.63 (d, J = 8.0
Hz, 1H), 7.68 (d, J = 1.1 Hz, 1H), 9.29 (br, NH); -C NMR (75 MHz, CDCl) & 18.5 (CH,),
46.6 (CH,), 111.6 (2CH), 112.0 (CH), 118.8 (C), 119.6 (CH), 120.0 (CH), 124.3 (C), 125.0
(CH), 125.2 (O), 136.8 (O), 1439 (CH), 148.4 (C), 150.8 (C); HRESI-MS: calcd for
Cy5H1oN,0 IM+H]": 237.1022, found: 237.1028. uwaglé 1-(furan-2-yl)-9H-pyrido[3,4-
blindole (156b) Huvemiiadiiina (0.0063 g, 2% vyield); "H-NMR (300 MHz, CDCL;) O
6.67 (dd, J = 1.8, 3.5 Hz, 1H), 7.28-7.34 (m, 2H), 7.57-7.60 (m, 2H), 7.73 (dd, J = 0.7, 1.7
Hz, 1H), 7.88 (d, J = 5.2 Hz, 1H), 8.14 (d, J = 7.9 Hz, 1H), 8.46 (d, J = 5.2 Hz, 1H), 9.39
(br, NH); 13(: NMR (75 MHz, CDCls) 0 107.1 (CH), 110.0 (CH), 110.7 (CH), 112.0 (CH),
118.5 (CH), 119.7 (O), 120.1 (CH), 127.0 (CH), 128.6 (C), 129.7 (C), 131.8 (Q), 137.3 (CH),
138.8 (0), 141.1 (CH), 152.9 (Q); MS [51]: 234.
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111 Furaldehyde (0.14 ¢ 0.15 mmol) azanglu dry benzene (11 mL) Turiafiu
naufid 3 A MS vin1siin tryptamine (11) (0.19 mg, 1.2 mmol) fiavarelu dry benzene
(11 mL) uay p-toluenesulfonic acid (11 mg) WanuSeusuaisazareidunan 3 Falus
meldussemeedneu (AR) vhmsnsesuazihansasanedildlussmesiviasaienels
AMUALUTIENIAS waziiunazanely dry THF (30 mL) MnnTHn 1.0 M hydrogen
chloride flazanelu diethyl ether (3.0 mL, 3.0 mmol) aslu mumsmwiaﬁqmmﬁ 30 °C
Hunan 2 Falus antuhasazanslssmedvhazatsaeldmnusuusseiniasm wuin

Lfinujizen

AN589LAT1ZI mixture of 1-(5-bromofuran-2-yl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-

blindole (157)
0

H (@]
| / Br
NH

(159)

NH3

IZ o
IZ/

(157) B

—_—
-—
—

N

38n13u3ea 5-bromofuran-2-carbaldehyde (159) 337 1
O O

H O AlICl3, 0°C, 40 min H O

then Bry, 24 hr
(158) (159)

111 2-furaldehyde (158) (14 g, 0.14 mmol) azaielu CH,Cl, (16 mL) AvY 9 LA

AlCL; (90 g, 0.67 mmol) ﬁqmmﬁ 0 °C antiunmuansazanesiarfunan 40 Wit udres 9
Wi bromine (120 g, 0.75 mmol) uawhnsniuansazanesaiduian 24 139 Waee 9
duhudeasly #1381 Falue snduduiindedus (500 mL) wag 30% ether:hexane
(800 mL) ntunuaunynouazans wazthlusemeiyhazaneneldausuusseiniesn

s Y

NUIMLAANARN U TIADINTS
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35 2
o) o)
HJ/\EO) NBS,OO\C/Z, 1 hr HJ/\EOf
| 78 > | )—Br
(158) (159)

11 2-furaldehyde (158) (0.29 ¢, 2.9 mmol) agaielu DMF (14 mL) @y N-

Bromosuccinimide (NBS) (0.53 g, 2.9 mmol) flazanglu DMF (2.4 mL) #lgamgil 0 °C

e

Wunan 1 97lue 3nntuinii (30 mL) wdnsasnznaunls wuiliinendnsuendeanis

%N 3
(@] (@]
H 0 NBS, NH,OAc H o)
| Y/, X > I / Br
25 °C, 30 min
(158) (159)

111 2-furaldehyde (158) (0.96 ¢, 10 mmol) aza1glu ether (10 mL) 1@y NBS (1.9
g, 11 mmol) AnTuLAL ammonium acetate (0.077 g, 1.0 mmol) ﬁqmwgﬁ 25 °C 1Ju
a1 30 Wi antunsesnEneudilaaneenetn wastiilussimesivazatenieldainudu

s Y

UI58INIART NUINLLAANERA UNTNADINIS

ATNEIYIUFIUATIZI mixture of (E)-1-styryl-2,3,4,9-tetrahydro-1H-pyrido[3,4-
blindole (160)

0)
HJK/\Q
NH
o " —
N\

N
H
11)

>

(

11 tryptamine  (11) (020 g, 1.3 mmol)  azateluaisazauNauIENINg
ACOH:MeOH (10:1) luwinfunaufifl 4 A MS Fessiiu cinnamaldehyde (0.42 mL, 1.5
mmol) iarufeuiigamgl 80 °C WWunan 1 $2lus anduiliansazaneiduiigumgiives
wazvinIsANaNsarany 30% NH,OH auansazaieil pH 9-10 Mntuainge CH,Cl, %ileA
w9628 sodium sulphate anhydrous (anh. Na,SO,) 1111190984 taztnluseinesayi

(% ¢l

arangNeldANUIUUITEINIART NUINMIRANARN U9 NReINTS
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ANSTNYIYINFIUATIZH mixture of 4-(2,3,4,9-tetrahydro-1H-pyrido[3,4-blindol-1-
ylbenzene-1,2-diol (161)
3,4-dihydroxybenzaldehyde
NH, ACOH : dry benzene (10:1), 4 AwmMs N\ NH

A\ 80 °C, 1.5 hr then

. x - y

H Basified to pH 9-10 using NH4OH

(11) (161)

i1 tryptamine  (11) (0.33g, 1.9  mmol) azm&ﬂumiazmamamzmw
AcOH:MeOH (10:1) Tuiafiunaudid 4 A MS aeaufial 3,4-dinydroxybenzaldehyde (0.63
g, 2.3 mmol) 1ﬁﬂawm§auﬁqmmﬁ 80 °C 1luian 1.5 $alus ntuvilansazanedud
gaunnfivies uagyiinsiAnaIsazas 30% NH,OH auansazansdl pH 9-10 9 nduadade
CH,CLl, yilAwAeA18 sodium  sulphate -anhydrous (anh. Na,SO,) ¥in1snses wagtnly

segvinazatsn18lanNUAUUITEINIERT WU IRNAR AU AR BINNS

ANSNEIBIUFWATIEH mixture of 1-(5-(chloromethyl)furan-2-yl)-2,3,4,9-tetrahydro-
1H-pyrido[3,4-blindole (162)

5-(chloromethyl)furan-2-carbaldehyde
NH AcOH : dry benzene (10:1), 4 A MS
N\ 80 °C, 1.5 hr then
N
H Basified to pH-9-10 using NH,OH

(11) (162)

@%

(162a)

11 tryptamine  (11) (096 g, 59 mmol) azalgluansazaluNausznIg
ACOH:MeOH  (10:1) Tuviafunaufiii 4 A MS  Aeeeufin 5-(chloromethylfuran-2-
carbaldehyde (1.0 g, 7.2 mmol) Tﬁmm%auﬁqmmﬁ 80 °C 1Juraan 1.5 Falug 91ndusih
Tansazaneiuiigumgiivios uazvhnisifiuansazate 30% NH,OH suansazaeil pH 9-10
Induaingae CH,Cl, vlsiitsse sodium sulphate anhydrous (anh. Na,SO,) ¥i1n13
nse9 uazihldszmediazarsnieldanuduusseiniei vildusaniee  column
chromatography (silica gel, 15% MeOH:CH,Cl,) agld 1-(furan-2-yl)-4,9-dihydro-3H-
pyridol[3,4-blindole (162a) Wuvawmiladiinma (0.025 g, 5% yield); 'H-NMR (300 MHz,
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CDCLy) & 2.46 (s, 3H), 2.96 (t, J = 8.4 Hz, 2H), 3.99 (t, J = 8.4 Hz, 2H), 6.19 (d, J = 2.9 Hz,
1H), 7.17 (t, J = 8.0 Hz, 1H), 7.30-7.42 (m, 2H), 7.50 (d, J = 8.0 Hz, 1H), 7.62 (d, J = 5.2
Hz, 1H), 9.32 (br, NH);, ~C NMR (75 MHz, CDCly) & 135 (CH,), 18.6 (CH,), 46.3 (CH,),
108.6 (CH), 111.8 (CH), 114.7 (CH), 118.9 (CH), 119.5 (CH), 124.2 (C), 124.4 (C), 124.9
(CH), 125.3 (), 136.9 (C), 148.2 (C), 155.2 (C), 172.5 (C); HREI-MS: calcd for CgHgN,0
[M+H]" : 251.1179, found: 251.1182.

NSH9ILASITY mixture of 1-(2,5-dimethoxyphenyl)-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindole (163)
2,5-dimethoxybenzaldehyde

NH, AcOH : dry benzene (10:1), 4 A MS
A\ 80 °C, 2 hr then
N

H Basified to pH 9-10 using NH,OH
(11) (163)

MeO
11 tryptamine (11) (0.12 g 0.71  mmol) azarvlugisazalsnNausznIg

AcOH:MeOH (10:1) Tumadunaudii 4 A MS fgequiin 2,5-dimethoxybenzaldehyde (0.16
g, 0.86 mmol) Tnufeudtgamnd 80-°C (Hunan 2 Hlus mnduinlviansazanendud
QUi wainIRANAITaraty 30% NH,OH auaIsavatedl pH 9-10 Mniuaiinge
CH,Cl, vlWwIn7e sodium- sulphate anhydrous (anh. Na,SO,) ¥iMA13nTes kaztly
smeiihavatenelinaufuussenAa ﬁﬂiﬁu‘%qm‘éﬁw column chromatography
(silica gel, 15% MeOH:CH,CL) agld 1+(2,5-dimethoxyphenyl)-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindole (163) Wuwpaudsdindosoau (0.20 g, 92% yield); m.p. 132.2-133.6
°C; "H-NMR (300 MHz, CDCl3)-8.2.87-2.92 (m, 2H); 3.15-3.25 (m, 1H), 3.29-3.39 (m, 1H),
3.67 (s, 3H), 3.84 (s, 3H), 5.65 (s, 1H), 6.68 (d, J = 2.9 Hz, 1H), 6.80-6.93 (m, 2H), 7.10
(dt,J =1.4,71Hz, 1H), 7.14 (dt, J = 1.4, 7.0 Hz, 1H), 7.22-7.24 (m, 1H), 7.52 (d, J = 7.0
Hz, 1H), 7.83 (br, NH); "C NMR (75 MHz, CDCly) & 21.1 (CH,), 21.4 (CH,), 41.0 (CH,),
51.3 (CH), 55.8 (CHs), 56.1 (CH), 109.6 (C), 110.9 (CH), 111.9 (CH), 113.9 (CH), 116.1
(CH), 118.3 (CH), 119.5 (CH), 121.9 (CH), 127.0 (C), 128.5 (C), 136.0 (C), 151.5 (C), 153.7
(), 175.9 (O); HREI-MS: calcd for CyoH,0N,0, [52] [f\/\]+ : 308.1525, found: 308.1527.
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A15§9LATIZH mixture of 1-(3-methoxyphenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-
blindole (164)
3-methoxybenzaldehyde

NH, AcOH : dry benzene (10:1), 4 A MS N\ NH
A\ 80 °C, 1.5 hr then
= N
N H OMe
H Basified to pH 9-10 using NH4,OH
(11) (164)

11 tryptamine  (11) (0.18 g, 1.1 mmol) azargluaisazaruNausznIg
ACOH:MeOH (10:1) Tuwinfunaufifl 4 A MS faaqifinl 3-methoxybenzaldehyde (0.17 g,
14 mmol) Tarufeudionmgd 80 °C WHunnan 15 alus mndhuhliarsazansbui
QNN WALINNITANEITALA1Y 30% NH.OH uasazaieil pH 9-10 Mniuainge
CH,Cl, vil¥uAIn2e sodium sulphate anhydrous (anh. Na,SO,) ¥iMA1snses wazily
semeiihararennglinnumiussen1Aen ﬁﬂiﬁu%qwéﬁaa column chromatography
(silica gel, 15% MeOH:CH,Cl,) axld 1-(3-methoxyphenyl)-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindole (164) \uvpsudsdintosoudsl (0.21 g, 72% yield); m.p. 150.8-153.8
°C (lit. 158-156 °C) [53]; "H-NMR (300 MHz, CDCL))'8 2.82-3.04 (m, 2H), 3.10-3.22 (m,
1H), 3.32-3.43 (m, 1H), 3.75 (s, 3H), 5.32 (s, 1H), 6.84-6.91 (d, J = 3.9 Hz, 3H), 7.11 (dt, J
= 1.5, 7.0 Hz, 1H), 7.16 (dt, J = 1.5, 7.0 Hz, 1H), 7.22(d, J = 2.0 Hz, 1H), 7.23-7.29 (m,
1H), 7.53 (dd, J = 2.0, 7.0 Hz, 1H), 7.80 (br, NH):"C_ NMR (75 MHz, CDCly) & 21.3 (CH,),
41.7 (CH,), 55.3 (CHy), 57.2 (CH), 109.8 (O), 111.0 (CH), 111.5 (CH), 114.2 (CH), 118.3
(CH), 119.6 (CH), 121.0 (CH), 122.1 (CH), 127.0(C), 129.9 (CH), 132.3 (C), 136.1 (C), 140.9
(0), 160.1 (C); HRESI-MS: calcd for C;gH,gN,O [M+H]+ 1279.1492, found: 279.1486.

A1589LAS12% 1-(1-(3-methoxyphenyl)-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-
ylDpropan-1-one (164a)

(0]
NH N‘z
Se Oy s g
N N
H O OMe NEt3, rt, 3hr H

(164) (164a)
11 1-(3-methoxyphenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (164) (0.42

OMe

g, 1.5 mmol) avanglu CH,Cl, (1 mL) mmfmam triethylamine (0.13 mL, 0.90 mmol)
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AIUAEYIINISLAN propionyl chloride (0.20 mL, 2.25 mmol) Fnsnauansazaned
gaumgiiiendunan 3 Flas thunatndng CH,CL anntiathdu organic phase ylliss8
sodium sulphate anhydrous (anh. Na,SO,) nsesumnlussedyinazatseannels
AURUUTTEINIAR ﬁwiﬁu%qw%ﬁw column  chromatography  (silica gel, 5%
MeOH:CH,Cl,) agla 1-(1-(3-methoxyphenyl)-3,4-dihydro-1H-pyrido[3,d-blindol-2(9H)-
ylpropan-1-one (164a) {uvasudsddu (0.15 ¢ 30% yield); m.p. 207.5-208.2 °C; 'H-
NMR (300 MHz, CDCls) 0 1.19 (t, J = 7.4 Hz, 3H), 2.44 (g, J = 7.4 Hz, 2H), 2.80-3.00 (m,
2H), 3.42 (dt, J = 4.9, 10.7 Hz, 1H), 3.70 (s, 3H), 3.92 (dd, J = 4.9, 10.7 Hz, 1H), 6.77-
6.91 (m, 3H), 6.99 (s, 1H), 7.08-7.21 (m, 3H), 7.29 (d, J = 7.7 Hz, 1H), 7.52 (d, J = 7.5 Hz,
1H), 8.20 (br, NH); 13C NMR (75 MHz, CDCLl,) 0 95 (CH5), 22.2 (CH,), 26.9 (CH,), 39.7
(CH,), 51.8 (CH), 55.3 (CH5), 109.7 (C), 111.1 (CH), 113.4 (CH), 114.4 (CH), 118.1 (CH),
119.5 (CH), 121.1 (CH), 122.1 (CH), 126.6 (C), 129.4 (CH), 131.8 (C), 136.3 (C), 141.7 (O),
159.7 (Q), 172.4 (C); HRESI-MS: calcd for C,H.N,0, [IM+H]™ : 335.1754, found:
335.1754.

158945129 (1-(3-methoxyphenyl)-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-

O
Cl
NH N
DR - 1)
N N
N O oMe NEts, rt, 3 hr H

(164) (164b)
11 1-(3-methoxyphenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (164) (0.49

yD(phenyl)methanone (164b)

g, 1.8 mmol) azanalu CH,Cl, (1 mL) Mty triethylamine (0.25 mL, 1.1 mmol) a1y
AIYYIINISLAY benzoyl chloride (0.30 mL, 2.7 mmol) ‘v'hmimumiazmaﬁqmmﬁﬁaa
Hunan 3 92l thanadnge CH,CL 9 ntuiidu organic phase ¥ilWAIAY sodium
sulphate anhydrous (anh. Na,SO,) nIsudurluszivedvinazatgesnnglanIua
US5EINARN ﬁﬂiﬁu%qméé’aa column chromatography (silica gel, 5% MeOH:CH,Cl,) 2%
1@ (1 -3 -methoxyphenyl)-3 ,4 -dihydro-1 H-pyrido[3 ,4 -blindol-2 ( 9 H)-
yD(phenyDmethanone (164b) 1uresuisdinadnssou (0.17 g 25% vyield); m.p.215.9-
217.9 °C; "H-NMR (300 MHz, CDCLy) & 2.72-2.86 (m, 1H), 2.86-3.03 (m, 1H), 3.35-3.50
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(m, TH), 3.75 (s, 3H), 3.80 (m, 1H), 6.84 (dd, J = 1.8, 8.2 Hz, 1H), 6.91-7.14 (m, 3H),
7.15-7.18 (m, 1H), 7.20 (d, J = 7.5 Hz, 1H), 7.30 (d, J = 7.5 Hz, 1H), 7.37-7.45 (m, 6H),
7.53 (d, J = 7.5 Hz, 1H), 8.12 (br, NH) ; °C NMR (75 MHz, CDCLy) & 22.3 (CH,), 41.6
(CH,), 52.2 (CH), 55.3 (CHy), 109.7 (C), 111.2 (CH), 113.6 (CH), 114.6 (CH), 118.2 (CH),
119.7 (CH), 121.1 (Q), 122.3 (CH), 126.6 (2CH), 126.7 (CH), 128.6 (2CH), 129.5 (2CH),
129.6 (C), 131.2 (C), 136.4 (O, 141.5 (C), 159.9 (C), 170.7 (C); HRESI-MS: calcd for
CosHyN,0, [M+H]' : 383.1755, found: 383.1749.

A15§9LATIZH mixture of 1-(2-methoxyphenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-
blindole (165)

2-methoxybenzaldehyde NH

NH, AcOH : dry benzene (10:1), 4 A MS N OMe
AN 80 °C, 1.5 hr then
[ N
N H
H Basified to pH 9-10 using NH,OH O
(11) (165)

11 tryptamine  (11) (0.16 g, 0.93 mmol) azargluaisararuNansznIN
AcOH:MeOH (10:1) Tuwanfiunaufifl 4 A MS faeqifin 2-methoxybenzaldehyde (0.16 ¢,
1.1 mmol) Wnruiouiteaminl 80 ¢ 1Hunan 1.5 2l aaniusiliarsazateifudi
QU WANNITANE1TAEA1Y 30% NH,OH auasavaedl pH 9-10 Mntuaiage
CH,Cl, ¥iluwsranae sodium. sulphate anhydrous (anh. Na,50,) ¥MA13nses wazily
semeiiharatemeldnnumiusseanasa ﬁﬂiﬁu‘%qm‘éﬁ’m column chromatography
(silica gel, 15% MeOH:CH,Cl,) azld 1-(2-methoxyphenyl)-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindole (165) \Unvasusddy (0.022 ¢, 9% yield); m.p. 97.8-99.3 °C (lit. 95-
96 °C) [54; "H-NMR (300 MHz, CDCly) & 2.28 (br s, 1H), 2.81 (d, J = 4.9 Hz, 2H), 3.00-
3.11 (m, 1H), 3.16-3.28 (m, 1H), 3.85 (s, 3H), 5.57 (s, 1H), 6.83 (t, J = 7.4 Hz, 1H), 6.92
(d, J = 8.2 Hz, 1H), 6.98 (dd, J = 1.4, 7.5 Hz, 1H), 7.06-7.18 (m, 3H), 7.26 (dd, J = 1.5,
15.6 Hz, 1H), 7.50 (d, J = 3.7 Hz, 1H), 7.94 (s, NH); "C NMR (75 MHz, CDCl)) & 22.4
(CH,), 41.7 (CH,), 50.9 (CH,), 55.5 (CH), 110.2 (C), 110.7 (CH), 110.8 (CH), 118.0 (CH),
119.2 (CH), 120.6 (CH), 121.4 (CH), 127.3 (0), 129.0 (CH), 129.2 (CH), 129.7 (C), 134.1 (O),
135.8 (Q), 157.2 (O); EI-MS [54] [M]+: 278.
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A1589LAS12% 1-(1-(2-methoxyphenyl)-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-

O
NH
L] S 08
N NEt,, rt, 3 hr
MeO MeO

(165) (165a)
11 1-(2-methoxyphenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (165) (0.064

yDpropan-1-one (165a)

g, 0.23 mmol) azarelu CH,Cl, (1 mL) TRy triethylamine (0.02 mL, 0.14 mmol)
auFIingiAa propionyl chloride (0.01 mL, - 0.34 mmol) ¥insnIuansazaned
gamaiiiendunian 3 Flag thunafnaag CHCL antiatidu organic phase Y8
sodium sulphate anhydrous (anh. Na,SO,) nsesarrlussivedvinazarseenniela
mméfumimmﬂ@il’w‘iﬂﬁu%qwéﬁw column - chromatography  (silica gel, 5%
MeOH:CH,Cl,) agla 1-(14(2-methoxyphenyl)-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-
yDpropan-1-one (165a) L0uveiudsdinioseon (0.032 ¢, 82% yield); m.p. 193.4-195.4
°C; rotamers 1/1.1 (from the duplicated singlet signal ('H) at 3.99 and 4.05 ppm); -
NMR (300 MHz, CDCls) O (major rotamer) 1.08 (t, J = 7.3 Hz, 3H), 2.41-2.63 (m, 2H),
2.76-2.97 (m, 2H), 3.60-3.80 (m, 1H), 4.05 (s, 3H), 5.10-5.20 (m, 1H), 6.41 (s, 1H), 6.82-
6.95 (m, 1H), 6.96-7.18 (m, dH), 7.20-7.34 (m, 2H), 7.49 (dd, J = 7.7, 11.5 Hz, 1H), 8.61
(br, NH); O (distinct peaks for minor rotamer) 1.19.(t, J = 7.4 Hz, 3H), 2.21 (m, 2H),
3.15-3.26 (m, 1H), 3.99 (s, 3H), 4.24 (d, J = 13.3 Hz, 1H), 8.42 (br, NH); 13C NMR (75
MHz, CDCl5) & (major rotamer) 9.5 (CH,), 20.9 (CH,), 26.6 (CH,), 38.4 (CH,), 50.9 (CH),
55.9 (CHs), 107.9 (C), 110.0 (C), 110.8 (CH), 111.3 (CH), 118.3 (CH), 119.5 (CH), 121.6
(CH), 122.0 (CH), 126.5 (Q), 127.4 (CH), 129.3 (CH), 132.3 (C), 135.9 (0), 155.9 (0O), 174.0
(Q); O (distinct peaks for minor rotamer) 22.2 (CH,), 27.3 (CH,), 42.3 (CH,), 48.2 (CH),
56.4 (CH,), 110.9 (CH), 112.0 (CH), 117.9 (CH), 119.3 (CH), 121.2 (CH), 121.7 (CH), 126.8

(CH), 128.7 (CH), 133.7 (C), 135.8 (0), 156.7 (C), 172.7 (Q).
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A1SNY18I1NFILATIZH (1-(2-methoxyphenyl)-3,4-dihydro-1H-pyrido[3,4-blindol-

2(9H)-y)(phenyl)methanone (165b)
0

e
NH
L) X
H NEts, rt, 3 hr
MeO
(165) (165b)
11 1-(2-methoxyphenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (165) (0.34

g, 1.2 mmol) aganalu CH,CL, (1 mL) MRy triethylamine (0.10 mL, 0.72 mmol)
AUA8YIIN5LAN benzoyl  chloride  (0.21 mL, 1.8 mmol) ¥nsmuansavalei
gamgivienduia 3 Falug thanatngne CH,CL, 91ntdu organic phase Wliukadae
sodium sulphate anhydrous (anh. Na,SO,) nsesarlussivedvinazarseenniela
AURUUTTEINIAR V‘l’ﬂﬁU%ijléﬁ’JEJ column . chromatography  (silica gel, 5%

MeOH:CH,CL,) WuInliAnndn e fifednis

N1589LAS18H mixture of 1-phenethyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole

(166)
o)
Hk/\@
NH; 167 NH
N N
H AcOH : dry benzene (10:1), 4 A MS H Q
(11) 80.°C, 1 hr then (166)

Basified to pH 9-10 using NH,OH
11 Cinnamaldehyde (0.25 g 1.9 mmol) tag 1 mol% Pd azatelu dryMeOH 15

mL shmsmuasneldgumgiiviesneld H, gas Wuan 6 $9lus vhnisnsesansazaned
lalaransniy MeOH ﬁﬂﬁ'ﬁqw%‘ﬁ’m column chromatography (silica gel, CH,Cl,) agla
3-phenylpropanal (167) {uvesmnilnlifid niuth tryptamine (11) (0.24 g, 1.5 mmol)
avangluasaranenaNsening AcOH:MeOH (10:1) Turiafunaufifl 44 MS Aoefia 3-
phenylpropanal (0.23 g, 1.8 mmol) Wmm%fauﬁqmmﬁ 80 °C 1Juraan 1 ¥alus ety
yhlvansazaneiduiionmgiivies uazyinnsiAnansazans 30% NH,OH suansazanedl pH o-

10 9 ntuainee CH,CL, iliiliiesae sodium sulphate anhydrous (anh. Na,SO,) v1n13
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nses wazthluszmediiazaeneldanuduusseaniadi ilduiandse  column
chromatography (silica gel, 15% MeOH:CH,Cl,) ald 1-phenethyl-2,3,4,9-tetrahydro-
1H-pyrido[3,4-blindole (166) 1uramilnddy (0.096 ¢, 24 % yield); 'H-NMR (300 MHz,
CDCls) 0 1.89-2.04 (m, 1H), 2.05-2.20 (m, 1H), 2.68-2.76 (m, 2H), 2.76-2.92 (m, 2H),
2.96-3.08 (m, 1H), 3.33 (td, J = 4.7, 12.8 Hz, 1H), 4.06 (d, J = 5.2 Hz, 1H), 7.07 (dt, J =
1.3, 7.1 Hz, 1H), 7.12 (dt, J = 1.3, 7.0 Hz, 1H), 7.16-7.33 (m, 6H), 7.47 (d, J = 7.0 Hz, 1H),
7.76 (br, NH); °C NMR (75 MHz, CDCly) & 22.7 (CH,), 29.7 (CH,), 36.7 (CH,), 42.4 (CH,),
52.2 (CH), 109.1 (C), 110.7 (CH), 118.0 (CH), 119.0 (CH), 121.5 (CH), 126.0 (CH), 127.5
(0), 128.4 (2CH), 128.5 (2CH), 135.6 (C), 135.9 (C), 141.9 (C).

N15891A512% 1-(1-phenethyl-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-yl)propan-1-
one (166a)

NH C,)]\/

(L
H NEts, rt, 3 hr
wo L

11 1-phenethyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (166) (0.020 g, 0.072

mmol) azanela CH,CL, (1 mL) anntiupa triethylamine (0.01'mL;, 0.043 mmol) Aus78
WN15453 propionyl chloride (0.02 mL, 0.11 mmol) ‘v‘hmﬁmumiazmaﬁqmmﬁﬁaﬂL“fl‘u
a7 3 4alug nnafndae CH,CL 9 ntutidu organic  phase ¥INlALTIA28 sodium
sulphate anhydrous (anh.” Na,SO,) nsasuailuszwmesvinazavesnniglaniueiu
US5EINARN ﬁﬂiﬁu%qméé’aa column chromatography (silica gel, 5% MeOH:CH,Cl,) 2%
18 1-(1-phenethyl-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-y\propan-1-one (166a) 1Ju
yoeniindindes (0.0090 g, 39% yield); H-NMR (300 MHz, CDCL,) & 1.22 (t, J = 7.4 Hz,
3H), 2.00-2.23 (m, 2H), 2.30-2.57 (m, 2H), 2.62-2.86 (m, 4H), 3.40-3.51 (m, 1H), 3.95-4.05
(m, 1H), 5.88 (dd, J = 5.5, 8.4 Hz, 1H), 7.04-7.34 (m, 8H), 7.43 (d, J = 7.4 Hz, 1H), 8.42
(br, NH); °C NMR (75 MHz, CDCly) & 9.7 (CHs), 22.1 (CH,), 26.9 (CH,), 32.5 (CH,), 36.1
(CH,), 40.0 (CH,), 49.2 (CH), 107.3 (C), 111.1 (CH), 117.9 (CH), 119.4 (CH), 121.7 (CH),
126.8 (C), 128.2 (2CH), 128.3 (2CH), 125.9 (CH), 134.7 (C), 136.1 (C), 141.6 (C), 173.2 (Q).
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A1589LA5129 (1-phenethyl-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-y\)(phenyl)

NH )k© N‘i
L} - L
” NEts, rt, 3 hr
(166) O (166b)

11 1-phenethyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (166) (0.58 ¢, 2.1

methanone (166b)

mmol) aganglu CH,Cl, (1 mL) 91nUuLAY triethylamine (0.18 mL, 1.3 mmol) a1uA3evin
N13LAU benzoyl chloride (0.37 mL, 3.2 mmol) ‘v‘hmsmumsazmaﬁqmmﬁﬁwﬂunm
3 Fla Uanaineeg CH,Cl 9Nttt organic phase vilvAKAIA18 sodium sulphate

anhydrous (anh. Na,SO,) nsolaitlussivedvitazageennelfnIuAUUITEINIFARN

s
a

ﬁﬂﬁu‘%awﬁﬁw column _chromatography = (silica  gel, 5% MeOH:CH,Cl,) agla (1-
phenethyl-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-y )(phenyl) methanone (166b) 1Uu
Yo dadnansgau (0.0099 g, 2% yield); m.p. 194.5-195.2 °c "H-NMR (300 MHz, CDCls)
0 2.15-2.30 (m, 2H), 2.60-2.80 (m, 2H), 2.80-3.00 (m, 2H), 3.42-3.54 (m, 1H), 3.90 (dd, J
= 4.8, 13.7 Hz, 1H), 5.99 (t, J = 7.2 Hz, 1H), 7.04-7.27 (m, 8H), 7.38-7.49 (m, 6H), 8.63
(br, NH); °C NMR (75 MHz, CDCL,) & 22.3 (CH,), 32.6 (CH,), 36.3.(CH,), 42.0 (CH,), 49.5
(CH), 107.1 (Q), 111.2 (CH), 117.9 (CH), 119.4 (CH), 121.8 (CH), 125.9 (CH), 126.5 (2CH),
126.6 (C), 128.3 (2CH), 128.5 (2CH), 128.7 (2CH), 129.6 (CH), 133.9 (Q), 136.2 (), 136.6

(0), 141.5 (0), 171.4 (O).

A3E9LAIIZI 9H-pyrido[3,4-blindole (167)

Q—QNH 10% Pd/C,\r/equx,Shr» \ N
N\

A9 1

N N
H H
(153) (167)

141 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) (0.16 ¢, 0.94 mmol)
avaely benzene (6.2 mL) 9niis 10% Pd/C Tiaudowdunan 8 dalus aniuvh

Tidusutsgangivies udwinisnsesru celite Wunlussimedvhazargeannigldaueiu
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U358171AAT 1NV IRUSENSAe column  chromatography — (silica  gel, 5%

1Y

MeOH:CH,Cl,) anndaya "H-NMR laiwundnsaueifidesns

0, o]
QQ\NH 10% Pd/C, 145 °C, 24 hr _ \ /N

359 2

N N
H then MeOH H
(153) (167)

11 2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole (153) (0.12 g, 0.69 mmol) avanely
pxylene (3.5 mL) 91ntandial 10% Pd/C ¥nsmuansazaneit 145 °C \unan 24 $lug
niuwiliduaudsoumnives wdwhmadia MeOH (6.94 mL) udvinisnsesiu celite
ihlusemedviarargoonmeldaruduussoiniam andusiliuignide column
chromatography (silica gel, 5% MeOH:CH,Cl,) agld 9H-pyrido[3,4-blindole (167) Ju
YoIuTadmies (0.019 g, 17% vield); m.p. 187.3-188.6 “C (lit. 196 °C) [55); 'H-NMR (300
MHz, CDCls) & 7.27-7.35 (m, 1H), 7.57 (s, 1H), 7.58 (d, J = 3.8 Hz, 1H), 8.01 (d, J = 5.2
Hz, 1H), 8.15 (d, J = 7.9 Hz, 1H), 8.44 (d, J = 5.1 Mz, 1H), 9.03 (s, 1H), 9.36 (br, NH); ' 'C
NMR (75 MHz, CDCls) 6 111.9 (CH), 114.9 (CH), 120.4 (CH), 121.2 (CH), 121.9 (CH), 128.9
(0), 129.6 (0), 132.8 (O), 136.0 (CH), 137.6 (CH), 140.9 (C); ESI-MS [55] [M+H]+: 169.

Q—QNH 10% Pd/C, 145 °C, 48 hr _ \ N

N N
H then MeOH H

(153) (167)
111 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) (0.12 g, 0.69 mmol) azaielu

]
=

359 3

pxylene (3.5 mlL) 91ntandial 10% Pd/C ¥insmauansazaneit 145 °C \unan 48 $lug
nurhliBuauivgumnives udwin1siiu MeOH (6.94 mL) uwdwhnansasiu celite
Unluszmesiiazatgeannieldaiusuusseiniasi mﬂﬁuﬁﬂﬁﬁqwéﬁ’w column
chromatography (silica gel, 5% MeOH:CH,Cl,) agld 9H-pyrido[3,4-blindole (167) WHu

voaudednang (0.019 g, 33% yield).
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ANSNYBINFUATIZH 1-phenyl-9H-pyrido[3,4-blindole (168)

NH 10% Pd/C, 145 °C, 18 hr

% A @
H O then MeOH

(155) (168)
11 1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole  (155) (0.051 g, 0.77

mmol) avanslu pxylene (1.4 mL) aantiufiu 10% Pd/C ¥n1sniuatsarvaedl 145 °C

< ) & o qv e A v v o ' . ° )
Wuian 18 SU'JIZLN QqﬂUUVIWIMLHUQUOQQMWQQJWBQ LAININTNTONINNU celite u’]l‘di%WiEJG]']

1Y

YMazangeanneldnUAUUIIEINIARY WU LIAANERS N NADINT

3.3.3 N15891A312975% 3 Y84 Tetrahydro-B-carboline uazaywus

INUWHUNITHUATIENN 2 TUagTINISWRgUNEUNUNAF MG C-1 uag N-2 duly
WHUNTEAATIZAN 3 TURgIINTSANvINgUIUITRIU C-1, N-2 uasiidunie C-3 10w
methyl ester Li@YINNSANYITUTOUNUNDAIMLNT 3 udziinasaniseangvansali lne

14 tryptophane methyl ester Wuarsassulunisansiest Tetrahydro-$3-carboline uag

AUYNUS
COOMe
\ N~R
N
H
N-Alkylation
or
N-Acylation
COOMe COOMe i ;.\
— Oxidation Pictet Spengler\
() U S A
4 N
N
N N N

Ly

AN 27 N13FBATITROYITUSVRY Tetrahydro-B-carboline WiuUN15EWATIZIN 3

COOMe

NH,
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ATNIINFUATIZH 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-carboxylic acid
(170) 354 1

COOH
paraformaldehyde COOH
NH,  AcOH : dry benzene (10:1), 4 A MS
N\ 80 °C, 3 hr then \ NH
> >
N N N
H Basified to pH 9-10 using NH4OH H
(169) (170)

11 tryptophan (169) (0.22 ¢, 1.1 mmol) azargluaisazalsnanszwing
AcOH:MeOH (10:1) Tumafiunauiisl 4 A MS dewifisl paraformaldehyde (0.04 mL, 1.263
mmol) TauFeuiigamgd 80 °C Wbunm 3 Falus antuilviasasaneifuiigumgiives
wazyinnsiANalTazaty 30% NH.OH aud1sazaieil pH 9-10 ntuaingne CH,CL, vilsk
Wisse sodium sulphate anhydrous. (anh. Na,SO,) 1n1snses wagilusememyin

¥

azaun1ulanuAuUIIEINIART  YiNlAUSansnae  column - chromatography (silica gel,

[

15% MeOH:CH,CL,) nuinkiiinudnsasiiinasnis

aa

/N 2
COOH
COOH
NHy 37% formalin, 2.5 M NaOH, rt, 2 hr,
reflux 3 hr NH
\ i = |
N = N
H then neutralized by 2 M HCI
(169) (170)

11 tryptophan (169) (1.0 g, 4.9 mmol) azaielu 2.5 M NaOH (2 mL) ¥in13nu
ANTAzaNLIUNTLI ML NUATANEAINTIUABE WAL 37% formalin (0.20 mL, 5.5 mmol) N1

d' a v I3 Y] Y g v % & Y] S o qw
miazawmqmwﬂm%mmunm 2 sU'JIﬂN LLa’ﬂMM’]maumaLUuwm 3 GU'JI@N Q"Iﬂuu‘W'ﬂM

Y

<& a v ° a I A v
a']'iﬁﬁﬁWEJLEJUVIQﬂJWﬂNﬁE]Q LagyINIgAN 2 M HCL auansazatgidunans ﬂ'ﬁ@ﬂma‘ﬁﬂﬁ]umtﬂ

Y

[y &

wazihlUszmedvinazatenielamnusuussenn1ean wunlunianan s usndenis
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A1589LA129 methyl 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-carboxylate
(172)

COOMe COOMe
N N
H H
(171) (172)
28n1310384 methyl 2-amino-3-(1H-indol-3-y)propanoate (171)
COOH COOMe
WNHZ MeOH, conc, HSO4 WHz
: o
N N
H reflux, 48 hr H
(169) (171)

111 tryptophan (169) (0.67 g, 3.2 mmol) 1aza1ely MeOH (20 mL) mﬂﬂfuﬁaﬁlﬂ
ngA conc. H,50, (0.4 mb) warlimiudaunieldusserniafiivensneu (Ar) Juaan 48
s MnduilfiBuasiigangivos uasnendfisedisnsfuaisazatedud NaHCO;
aunsestsansazanglsiifines tharsazanedildunaiages CH,CL (3x30 mL) thau CH,CL
MlvLtenae sodium sulphate anhydrous (anh. Na,SO,) ¥n15nTe4 taztnlussinedani
azarenldausiuussernad azle methyl — 2-amino-3-(1H-indol-3-y)propanoate
(171) Wuvewilndiing (067 ¢, 94% yield); H-NMR (300 MHz; CDCL) & 1.75 (br, 2H),
3.03(dd, J = 7.7, 14.4 Hz, 1H), 3.27 (dd, J = 4.7, 14.4 Hz, 1H), 3.69 (s, 3H), 3.83 (dd, J =
4.7, 7.7 Hz, 1H), 6.95 (s, 1H), 7.10.(t, / = 7.1 Hz, 1H), 7.17 (t, J= 7.1 Hz, 1H), 7.29 (d, J =
7.9 Hz, 1H), 7.59 (d, J = 7.7 Hz, 1H), 8.64 (br, NH);, "C NMR (75 MHz, CDCl)) & 29.7
(CH,), 52.3 (CH5), 52.8 (CH), 106.2 (C), 110.8 (CH), 118.2 (CH), 119.6 (CH), 121.9 (CH),
127.0 (CH), 135.8 (C), 139.8 (C), 174.0 (O); LRMS-ESI [56] [I\/\+H]+: 219.0.

N1589A1ZR% methyl 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-carboxylate
(172)

COOMe paraformaldehyde COOMe
NH AcOH : dry benzene (10:1), 4 AMS
\ 2 80 °C, 1.5 hr then \ NH
N > N
H Basified to pH 5-6 using NH4OH H
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11 methyl 2-amino-3-(1H-indol-3-yl)propanocate (171) (0.14 g, 0.66 mmol)
avangluansaranenanszning AcOHMeOH (10:1) Tuiafunauiill 4 A MS Aoy
paraformaldehyde (0.024 ¢, 0.79 mmol) Wmm%@uﬁqmmgﬁ 80 °C 1Juan 1.5 $alus
mniuhlansazaneBuiigaumglives uasyinafuansazats 30% NH,OH Tuansazaned
pH 5-6 ntuaingae CH,Cl, ¥l¥wmanae sodium sulphate anhydrous (anh. Na,SO,)
vinsnses wagihlussmesvhazarsngldnrusuusseniasi vinliuzandee column
chromatography (silica gel, 15% MeOH:CH,Cl,) azle methyl 2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindole-3-carboxylate (172) Wuvewded@ivdas (0.045 g, 29% vyield), m.p.
171.8-173.6 °C (lit. 187.2-188.8 °C) [57]; 'H-NMR (300 MHz, CDCLy) & 2.05 (br, NH), 2.89
(tdd, J = 1.5, 4.2, 15.2 Hz, 1H), 3.14 (tdd, J = 1.5, 4.2, 15.2 Hz, 1H), 3.79 (s, 3H), 3.81-
3.85 (m, 1H), 4.08-4.30 (m, 2H), 7.10 (dt, J = 1.3, 7.0 Hz, 1H), 7.15 (dt, J = 1.3, 7.0 Hz,
1H), 7.30 (d, J = 8.0 Hz, 1H), 7.48 (d,J = 7.4 Hz, 1H), 7.87 (br, NH); "C NMR (75 MHz,
CDCly) & 24.2 (CHy), 40.7 (CHy), 51.1 (CH,), 54.7 (CH), 105.5 (C), 109.8 (CH), 116.6 (CH),
118.2 (CH), 120.5 (CH), 126.0.(0), 130.6 (), 135.0 (O), 172.7 (C); MS [57] [I\/\+H]+: 231.0.

A1589LAS129 methyl — 2-propionyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-
carboxylate (172a)

COOMe S COOMe
NH C|)J\/ N*(’
\ . N/ o
N
N NEts, rt, 5 hr H
(172) (172a)

U1 methyl 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-carboxylate  (172)
(0.015 g, 0.065 mmol) azanalu CH,Cl, (1 mL) TRy triethylamine (0.02 mL, 0.039
mmol) MUMEIINI5LHL propionyl chloride (0.02 mL, 0.098 mmol) ¥1N1sNIUEITAaZAY
ﬁqmmﬁﬁa«ﬂunm 5 $9lus dhanafage CH,CL Nt organic phase ¥l
p18 sodium sulphate anhydrous (anh. Na,S0O,) nsesudtlusswmedinasaigeennisla
AURUUTTEINIAR ﬁﬂiﬁu%?jwéﬁw column  chromatography  (silica gel, 5%
MeOH:CH,Cl,) azl@ methyl  2-propionyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-
carboxylate (172a) \Jureanilndiden (0.0096 g, 52% yield); rotamers 1/1.5 (from the
duplicated douplet signal ('H) at 4.99 and 5.92 ppm); "H-NMR (300 MHz, CDCl;) O
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(major rotamer) 1.24 (t, J = 7.2 Hz, 3H), 2.40-2.58 (m, 2H), 3.00-3.20 (m, 1H), 3.49 (dd,
J =156, 24.3 Hz, 1H), 3.61 (s, 3H), 4.80 (s, 1H), 5.26 (dd, J = 1.5, 17.0 Hz, 1H), 5.96 (dd,
J =15, 6.4 Hz, 1H), 7.07-7.22 (m, 2H), 7.30-7.35 (d, J = 8.1 Hz, 1H), 7.50 (t, J = 7.4 Hz,
1H), 7.94 (br, 1H); O (distinct peaks for minor rotamer) 3.63 (s, 3H), 4.42 (d, J = 16.9
Hz, 1H), 4.99 (d, J = 4.8 Hz, 1H), 8.18 (br, 1H); "C NMR (75 MHz, CDCl,) & (major
rotamer) 9.1 (CH), 22.9 (CHy), 27.3 (CHy), 41.4 (CH,), 50.6 (CH), 52.4 (CH,), 107.2 (C),
110.8 (CH), 118.3 (CH), 119.8 (CH), 122.3 (CH), 126.7 (C), 128.5 (0), 136.5 (0), 171.8 (Q),
1745 (C); O (distinct peaks for minor rotamer) 9.3 (CHs), 24.1 (CH,), 27.2 (CH,), 39.2
(CH,), 52.8 (CH5), 54.9 (CH), 105.2 (C), 110.9 (CH), 118.0 (CH), 119.6 (CH), 121.9 (CH),
129.7 (Q), 136.4 (C), 171.2 (0), 1742 (C); HRESEMS: calcd for CygHygN,Os [M+H]
287.1390, found: 287.1390.

A1589LA5129 methyl 2-benzoyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-
carboxylate (172b)

COOMe 2 COOMe
cl o
NH N
\ N N
N
H NEts, rt, 4 hr H

(172) (172b)
11 methyl  2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-carboxylate  (172)

(0.055 g, 0.24 mmol). azaiglu CH,CL, (1 mL) Pty triethylamine (0.02 mL, 0.14
mmol) MuMeyinn1sLAL benzoyl chloride (0.04 mL, 0.36 mmol) Fnsniuasazaned
gaumgiiieaduan 4 Flas thunatndae CH,CL arntiuthdu organic phase yllisa8
sodium sulphate anhydrous (anh. Na,S0,) nsesumunlussedvinazatseannels
AURUUTTEINIAR ﬁﬂﬁu’%qwéé’w column  chromatography  (silica gel, 5%
MeOH:CH,Cl,) 38l methyl 2-benzoyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-
carboxylate (172b) \uvesudsdindessou (0.043 g, 5% yield); m.p. 200.3-201.4 “C (lit.
218-219 °C) [58]; ); rotamers 1/3 (from the duplicated douplet signal (1H) at 4.92 and
6.03 ppm); 1H—NI\/\R (300 MHz, CDCls) & (major rotamer) 3.12 (dd, J = 5.7, 15.5 Hz,
1H), 3.44 (d, J = 15.5 Hz, 1H), 3.60 (s, 3H), 4.59 (d, J = 16.7 Hz, 1H), 4.92 (d, J = 5.1 Hz,
1H), 5.33 (d, J = 16.7 Hz, 1H), 7.06-7.20 (m, 2H), 7.31-7.40 (m, 1H), 7.41-7.55 (m, 6H); O
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(distinct peaks for minor rotamer) 3.23 (dd, J = 6.5, 16.0 Hz, 1H), 3.53 (d, J = 15.6 Hz,
1H), 3.69 (s, 3H), 6.03 (d, J = 6.0 Hz, 1H); ~C NMR (75 MHz, CDCl,) & (major rotamer)
23.8 (CH,), 39.5 (CH,), 52.7 (CH,), 57.6 (CH), 105.1 (Q), 111.1 (CH), 117.9 (CH), 119.4
(CH), 121.0 (CH), 121.9 (CH), 126.5 (2CH), 126.6 (C), 128.7 (CH), 129.1 (CH), 130.3 (Q),
135.7 (Q), 136.5 (C), 171.1 (Q), 172.9 (C); d (distinct peaks for minor rotamer) 23.0
(CH,), 44.2 (CH,), 51.3 (CH), 52.6 (CH5), 110.9 (CH), 118.2 (CH), 119.6 (CH), 122.1 (CH);
HRESI-MS: calcd for CyoH15N,O5 [M+Na] : 357.12.15, found: 357.1203.

A1589LAS129 methyl 1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-

carboxylate (173)
COOMe

benzaldehyde COOMe
NH AcOH :dry benzene (10:1), 4 AMS
\ ; 80 °C, 1 hr then \ NH
N
H Basified to pH 5-6 using NH;,OH
(171) (173)

11 methyl 2-amino-3-(1H-indol-3-ypropanoate (171) (0.29 g, 1.3 mmol)
avangluansazanenansznine ACOH:MeOH (10:1) luvanfunauiisl 4 A MS desfu
benzaldehyde (0.16 mL, 16 mmol) WA moufigamadi 80 °C iunian 1 Falus 91ndy
vilviansavaneiunonmgivies ugssimsiinasazans 30% NH,OH auansazaedl pH 5-
6 ntuaiAdY CH,CL, yilAusanie sodium sulphate anhydrous (anh. Na,SO,) ¥11A1%
nseq uazihlusumedvihazarsneldinuduussernian siiliuiandeneg  column
chromatography (silica “gel, “15% - MeOH:CH,Cl,) agldl methyl 1-phenyl-2,3,4,9-
tetrahydro—lH—pyrido[3 4-blindole=3-carboxylate (173) \uvemiiadima (0.13 g, 34%
yield); "H-NMR (300 MHz, CDCls) & (cis isomer) 3.11 (ddt, J = 1.2, 6.9, 8.1 Hz, 1H), 3.26
(ddt, J = 1.0, 5.3, 8.0 Hz, 1H), 3.69 (s, 3H), 3.94 (t, J = 6.6 Hz, 1H), 5.23 (s, 1H), 7.04-7.10
(m, 2H), 7.11-7.19 (m, 1H), 7.20-7.27 (m, 4H), 7.49-7.94 (m, 1H), 7.65-7.76 (m, 1H); 13C
NMR (75 MHz, CDCls) O (cis isomer) 25.7 (CH,), 52.1 (CH5), 56.8 (CH), 58.6 (CH), 108.7
(0), 110.9 (CH), 118.1 (CH), 119.4 (CH), 121.8 (CH), 127.0 (C), 128.0 (CH), 128.4 (CH),
128.6 (2CH), 128.7 (CH), 134.6 (C), 136.1 (O), 140.7 (O), 173.2 (Q) 1H—N!\/\R (300 MHz,
CDCls) O (trans isomer) 3.01 (ddd, J = 2.6, 7.7, 15.1 Hz, 1H), 3.23 (ddd, J = 1.9, 4.3,
15.1 Hz, 1H), 3.69 (s, 3H), 3.94 (t, J = 6.6 Hz, 1H), 5.11 (s, 1H), 7.04-7.10 (m, 2H), 7.11-
7.19 (m, 1H), 7.27-7.45 (m, 4H), 7.49-7.94 (m, 1H), 7.82-7.97 (m, 1H); "C NMR (75 MHz,
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CDCly) O (trans isomer) 24.7 (CH,), 52.1 (CHs), 52.3 (CH), 54.8 (CH), 108.3 (C), 110.9
(CH), 118.1 (CH), 119.5 (CH), 121.8 (CH), 126.9 (C), 128.0 (CH), 128.4 (CH), 128.6 (2CH),
128.7 (CH), 133.1 (Q), 136.1 (C), 141.9 (C), 174.0 (C); EI-MS [49] [M+H]": 307.

MR CRERE G IY R RER methyl 1-phenyl-2-propionyl-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindole-3-carboxylate (173a)
COOMe o COOMe
O \ NH Cl)l\/ N(
N 0
N ———— O
H Q NEta, rt, 4 hr N
(173) (173a)

11 methyl 1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-carboxylate
(173) (0.13 ¢, 0.43 mmob) azanslu CH,CL (1 ML) 9ntuial triethylamine (0.03 mL,
0.26 mmol) AUABYIIASIAN propionyl chloride (0.05 mL, 0.64 mmol) ¥iA1sAIU
miazmaﬁqmmﬁﬁaui‘]unm 4 $lge Branadadae CH,CL, 91ntutihdu oreanic phase

U

VlAuAeRaY sodium sulphate anhydrous (anh. Na,SO,) nseskatilussinedvinazany

ca v

¥ 1Y) ° v 1 | a o
ganmelinuAuuTseINIAm ndeya  H-NMR linurdnduniidesnis

ATNYIUFUATIZH methyl 2-benzoyl-1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-

blindole-3-carboxylate (173b)

H NEts, rt, 3.5 hr
(173) Q

11 methyl 1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-carboxylate

(173b)

(173) (0.26 g, 0.84 mmol) azarelu CH,Cl, (1 mL) Ty triethylamine (0.06 mL,
0.51 mmol) AuA2EYIINT5LAN propionyl chloride (0.013 mL, 1.3 mmol) ¥1n19n7U

ansazaneigamaiveaduna 3.5 9lua dwnadase CH,ClL 90Tl organic phase
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VlAAeR2Y sodium sulphate anhydrous (anh. Na,SO,) nsesialtilussinedvinazany

(% ¢ al

U U (I) v 1 1 a =4
panNYlARNUANUTIEINARN RARKI H-NMR lainunandausinneenis

A1589LA5129 methyl 1-phenyl-9H-pyrido[3,4-blindole-3-carboxylate (174)

H
(173) Q

11 methyl  1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole-3-carboxylate
(173) (0.23 g, 0.69 mmol) azaislu pxylene (5 mL) ndudin 10% Pd/C vhn1snau
ansaranedl 145 °C WHuna 24 dalus andwilibuauisenmgives ufwhnaify
MeOH (10 mL) uaavinasnsesial celite unlusziesivinazatseannigliniiunu
UF5HINARN mﬂﬁ'uﬁﬂﬁu‘%qméﬁw column  chromatography  (silica gel, 5%
MeOH:CH,Cl,) agld methyl  1-phenyl-9H-pyrido[3,4-blindole-3-carboxylate (174) 1Ju
vowiinddos (0.0081 g, 4% yield); H-NMR (300 MHz, CDCL) & 4.06 (s, 3H), 7.38 (&, J
= 7.8 Hz, 1H), 7.47 (t, J = 7.4 Hz, 1H), 7.53 (d, J = 7.4 Hz, 2H), 7.56-7.64 (m, 2H), 7.94
(d, J = 7.1 Hz, 2H), 8.22 (d, J = 7.9 Hz, 1H), 8:84 (br, NH), 888 (s, 1H); "C NMR (75 MHz,
CDCls) O 52.7(CHs), 111.9 (CH), 116.9 (CH), 121.2 (CH), 122.0 (CH), 122.1 (C), 128.4
(2CH), 128.9 (CH), 129.2 (CH), 129.3 (2CH), 129.8 (C), 135.1 (CO), 137.8 (O), 138.2 (O),
140.6 (), 142.9 (CH), 166.9 (C); EI-MS [59] [M]+: 302.

3.4 NINATIUNINITININ
3.4.1 NAFDUNIAIULYARULIS 1B tetrahydro-3-carboline u,azmgﬁuéiﬂﬂ%%
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide]

msmaauqmémaq tetrahydro-f-carboline LLazayﬁuésiaﬂ’]sé’uéy’qﬂflil,ﬁzgﬁuaq
L%aﬁml,%ﬂﬂ’]ﬂmﬂ@ﬂ (Hela, cervix carcinoma cell) LAzYAdULLIS IRy (HepG-2, human
liver carcinoma) l@gas MTT [3-(3,5-dimethylthiazol-2,5-diphenyltetra-zolium
bromide)] assay [60] 19 acridine orange Ju positive control LgaﬂL%aﬁuzL%ﬂiummi
Dulbecco’s modified eagle medium (DMEM) +10% fetal bovine serum ﬁqmﬁﬁ”ﬁ 37 °C,

5% CO, Wilaamuuiy 1x10° cells/mL Tu 96-well microplate freansuiazefinfinany
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it 100, 50, 25, 125 uay 6.25 pg/mL ihlutufigauvindl 37 °C, 5% CO, Wuan 24
Flua Wasuownslval waziiiu 400 ug/mL MTT solution U3unais 100 uL Uudi 37 °C, 5%
€O, iunan 4 Falus drgevnsesn uaziAu DMSO 100 pl/well M3iAnd formazan axin
Tngldrmagandunasil 560 nm #e ELISA reader shnsneassienun 3 91w

AIINIAN ICs, NEDITIAIAIM USRI wadTanT i (% survival)

% val = Test — Blank « 100
osurvival = Reference — Blank

o % survival = Wesdudiwadiisendin
Test = ﬂ"]ﬂ’)’]ll@ﬂﬂaULLﬁQGUENMQEWIG]ﬁEJU
Blank = A1ATUYANTLUEIYDIVRUMU],U DMSO 20 %
Reference 2 ﬂ"}mmamﬂﬁuLLawamquﬁ%aémm 100%

L ¢ 1

3.4.2 nagdauANUTURYYDY tetrahydro-R-carboline wazaynussaisasiilae

ﬁwmsl,ﬁysmmaéﬁa@ia?m’?ﬁowu‘%mawg (L929,  Mouse subcutaneous connective
tissue) figaumgil 37.°C, 5% CO, Tilarmmuuiu 1x10 wad/dadans lu 96-well
microplate Yhnsvingeuatsiia gy 100; 50, 25, 12,5 4az 6.25 pg/mL Umidulia
24 F3l9 Wasuowslval wazfin 400 pe/mL MTT solution U3unas 100 pL Ul 37 °C,
5% CO, WWunan 4 Hilas drge1misesn uaviin DMSO. 100 ul/well thluiarinisgandy
LESAANEIAAY 580 nm e ELISA reader udafwiamen ICs, wiouvaAuIam

Wosigudwadnsandin (% survival)

Q‘QI v
1]

3.4.3 NAHUANSANULYDITIUNYVB tetrahydro-B-carboline wazaywus

¥nsenwmuaiusalunssudadeslufinues tetrahydro-B-carboline was
aqﬁuéﬁ’m%@mﬁwm 5 %iin laun Rhizopus sp. (sawiazveualduagin), Bipolaris
oryzae (@waluandtima Tsawdane uaz lsandinlunszuzsingndrdng), Cunvularia
lunata (Qsawanse wag Tsananunlunszusniznadn), Fusarium semitectum (5@
widnang war lsandiinlunsyusinnznddng uay Fusarium fujikurol (Lsaneniinanu) fivi
AsUMLMIZAREIUY Potato Dextrose Agar (PDA) (Himedia, India) ﬁqmmﬁ 25 + 2 °C \lu

1381 7 U
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3.4.3.1 ndoUNVaEILYe1878 Agar well diffusion method

N13aEaTY tetrahydro-R-carboline wazayusmMeInIUea 8Ly (2b) way (2¢)
avanedeerdlaildmududuviiu 20 me/mL andurhnsmenmsiasade PDA adly
Muwzdsade petri dish Aflvuiadusuguinais 9 cm InduatemquILALEKY
gudnans 4 mm udmenansatafiodonld Usnm 50 plilutmmnedesiigumnd 30 + 2
°C Junan 7w thesnuauralaenisinduriugugnaiaves inhibition zone lae
negative control i lusvhavae uag amphotericin B Ty positive control Ve
2 41 Fmsiilelulfiiunsesinaevgivesanshudesu

3.4.3.2 Wlﬂ’ﬂﬂt‘fl’&l‘fl’ﬂﬁ?%]ﬂ (Minimum inhibitory concentration, MIC) ¥894
tetrahydro-R-carboline wazaunwus

Budesiia 4 wia leud Rhizopus sp., Bipolaris oryzae, Curvularia lunata,
Fusarium semitectum Was Fusarium fujikuroi JNZEBIUeIMSEs e PDA
gaungd 30 + 2 °C Wuna 7w nfuiia normal saline 5 miL asuulalafiveadon 1
aUasiesuarns1atfusae hematocytometer fimududy 10° alesrefiadans anndusi
mMsneaasatly 96-well microplate  AnduduaInvauusnieviauil 11 egsening 2
me/mL &4 1.953 pg/mL i1 serial_dilution MYAITAZAIYIINNQULIA 100 L TUBSewq
Ineld sabouraud dextrode broth Glucose Phenol red (SDBGP) g 3 ads e
gamafi 30 + 2 °C wlunan 7 Tulay negative control THludiazane uas
amphotericin B 1#idu positive control dsinaeuthilaevqugarneiilaazidunauiising
ddushitanftansadudadenls

3.4.3.3 nadsun1sduinisisyiulavedialadventas

Nay (153¢) fimududu 0,100, 250, 500 and 1000 pg/mL aduevaidsaie
PDA LLawﬁwmimaﬂumuwaL??ENL%@ petri dish Usuas 20 mL Ta amphotericin B W

positive control wagldomsiasaie PDA Alaiflansilu negative control antudLT05

4 4 wila laun Rhizopus sp., Bipolaris oryzae, Curvularia lunata, Fusarium

a

semitectum Wag Fusarium fujikuroi 1174LINTINANDMNTEBUTE IetdesNaamngll 25
o < 1 J o [ 7 & = v I o § 2 6
+ 2 Cuna 7 Ju ndwihmsiaduiugudnatedalail wieuisdmnumilesidus

N39UBINTAT YL AUV
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IR (%) DE= DT 100
= x
° DC
e R = M3dudain1siasyRulnrautos
DC = dsihugudnadlalaiivesdesuuemsideate PDA filidans
DT = wuiuaudnadlalaliveatiosuuemsideute PDA Nilans

G RIY)

3.4.4 MNAFBIUANNEINITAIUNITAIVANNISIITYLAUTAVDINY

WayWusves | tetrahydro-R-carboline  Ailgainmsdaasiedt  uveaeu
AsEsatunIsmUANNIsesAulavedin  lagfiansanaindesidudnisienvediudn

o v

LATAINYIVBIIIN kazd1ad WSsusuAU LG 1AA NMSVAgoUSNANNSENTIURBN

% [

Wug N9.49 N59UTlaeFUTeATY YNNSTIVTINIUN 18 N.e. 2559 (LOT NO. 590/60) 11
Yy v S v A o w a & ° 2 v = A v Y | -
dePgeIARIUeMAnEUN YN UGt URenINIUNMTANUAY WuYasavaned
ALY 1.7, 0.17, 0,017 uaw 0.0017 ppm Y3195 10 mL Arnududuay 20 wéan
Juan 24 9lug diedadudenimieauudnuaeute (Petri dish) Aussynienssany
N394 2 WHUNYUANTAEANEURIETNRRINTNAdeY ANt uEswe el i iivies
Tuesufufnisdunan 24 dalus waihmsinauenivessn wasasulagldldussinaly

Tufi 5 YasnsgluandIkazAaUas I UANIT@ATEULER (germination percentage)

s & & I ) ) ° & v a =]
Woeddudnssenveaudn (germination percentage) = _sathuwdadnldeniisen x 100

° 2 v a a &
PNULanTIUaanNUgnyvne
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uni 4

NANISNAADILAZIATIZRNANIITNAADY

4.1 WHUNITHILATIZIN 1

O
NH2  pictet-Spengler NH N-Acylation N /\
\ -~ N e \
N N N
H H H
11 153 153a
reduction
OR OH
N’Q O-Alkylati N l\
CC\Q -~ )
’ or N
H O-Acrylation
154

NN 28 HANITHUATILROYRUSVRY Tetrahydro-B-carboline MINUNUNITAUATIZNN 1

1%
Y

N13deATIERYNUSYRY Tetrahydro-B-carboline AIUWNUNITEATIZAT 1 T
SuvN15§ AN tryptamine (1) 11¥IUN3e1 Pictet-Spengler AU 37%
formaldehyde Tuaniznsn ludvhazans CH,ON waglianudewdunan 24 $3luq wun
TSevavnandnaiiios 2% Faudeunild paraformaldehyde Tuansavanenaussning
ACOH:MeOH  Tudmsidiu 10:1 vinliiAan15Unasla 2,3,4,9-tetrahydro-1H-pyrido[3,4-

blindole (2) Tuusuna 91% Suduldann 'H-NMR wudeyias triplet 2 TUsmawdl 2.77 ppm

o

Wuwes CH,  MAn1nn15Ua9 nalnnisiinufisen Pictet-Spengler [61] astiink1u

iminium ion AuMIEUHATE1 electrophilic addition Y8339 tryptamine Aiduwnusn 3 vl
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1in spiroindolenine  ANTULAA rearrangement YU RATENAILNUIN 2 AURIE

(Y L3

UfA381 deprotonation IngtuaviliAanisUniadundnsusinfosnis (nwi 29)

0 H(Ja NH
NH, HJ\R N_) R
N\ Y o
N N N
H H L

NH ®_ NH
N S
N R N R
H
MWN 29 uansnalnmsiinUfisen Pictet-Spengler

AoudlUTUfAe1 N-Acrylation U acetic anhydride Migaungivienduiaan 1
s nudblieuisen a1nIaefingin acetic anhydride #ilgiinenaiinnisaanys
Wi ly NEts Juwaazla 2-Acetyl-1,2,3,4-tetrahydro-f-carboline (153a) 27% NARAUN

[%

NN 2-Acetyl-1,2,3 A-tetrahydro-B-carboline . (153a)  uneng1uinUizen
reduction Iagld  LiAlH, wag NaBH, \JuiiS@a% (reducing agent) Lﬁamﬁawyj ketone
\Juny alcohol WU'j']a'ﬁLﬁﬂmsamaﬁwmzﬁﬂﬁﬁqwé lildanunsadansiest 1-(3,4-
dihydro-1H-pyrido[3,4-blindol-2(9H)-ylethanol  (154) Fslyianusairluvinujisen o-

Alkylation %58 O-Acrylation
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4.2 WHUNISHILASIHN 2

0O
2
N\ e R1J\H A N-alkylation N\ NR
N Pictet-Spengler N-acylation H

N

N

H
Oxidation J

o

AN 30 NANTTHUATIVRYWUSYDS Tetrahydro-B-carboline MULAUNTTHUATIZVN 2

WNUNNSEUATIZIM 2 Tuazvnsdauasiyi THRCs vusumsit 1 wae 2 Buaini
tryptamine (11) 11¥Uji%e7 Pictet-Spengler - fuueafladuiianiieg (ms1eil 10) Tu
A1992a78NANTZIIN AcOH:MeOH - Tugnsidau 10:1 virlwannisUaasla 1-
substituted THRCs Tnel#Sosaznanangs 72-92% sniiuiloinujasedu 2-
methoxybenzaldehyde Wa¥ 3-phenylpropanal l#spsasNandnliivs 9% uwaz 24%
AINAIRU 8191100 2-methoxybenzaldehyde ﬁwyﬂﬁ&ﬁﬂmauﬁﬁ%mm ortho ¥ilan
Anuannsalunisidudidnivsldvemydanladas Feilienndenisiinujisen uas 3-
phenylpropanal @1aLinn1saaiefseninsitdfisen Juililandndunusuinles uag

aaa

211 tryptamine (11) U381 Pictet-Spengler fiu 2-furaldehyde Tuanmgnsadunan
4 F7lus wuinlaiandeSauafidesnts ey 1-(furan-2-y0-4,9-dihydro-3H-pyrido[3,4-
blindole (156a) way 1-(furan-2-yl)-9H-pyrido[3,4-blindole (156b) fifllassadraduivesls
uAndeiauadesunnnid guduaindoya "H-NMR Tagans (156a) ldnudayains singlet 1
TUsneuves C-1 wuilesdaal triplet 2 TUsmoud 2.99 uay 4.05 ppm wawals (156b)
wudayey1au doublet 1 TUsmoud 4.05 uway 2.99 ppm v8d C-3 uay C-4 wihthu slousiinis

unylusiulufdiunuai 2 ves 2-furaldehyde wudnldiinufasendadiaiunsasin

dunsiendela uendinillletn  tryptamine  (11)  vUfAT81 Pictet-Spengler fiu



cinnamaldehyde luansagatgnausening
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AcOH:MeOH 1Hutnan 1 #alae wudnlal

AnUiAsenduiedturinufisedu 3,4-dinydroxybenzaldehyde Mduasuszneuiluea

o1afinufAsenaziiiuduaisazate 30% NHOH ludusaunisngaufisen inlnaaduil

e Y

wenlenleasu wdrazangaglutuinvaeyinisann Juillinundndueindenis

A15197 10 LEAIEN1IZNITEUATIZA 1-substituted THRCs

%
uaaflan dn12znsiufgisen ARG Y
NARN N
AcOH : dry MeOH (10:1), 4 A MS NH
| 80 °C,2.0h > 91
HO+H—O+H =P Y\ N
g-100 | then Basified to pH 9-10 using NH,OH (153)
o) AcOH : dry benzene (10:1), 4 A MS NH
A\
O)LH 80.°C, 1.5 hr O N 78
then Basified to pH 9-10 using NH,OH (125) O
N
N/
N (0]
/ H P 7
o AcOH : dry benzene (10:1), 4 A'MS (156a)
O 80 °C, 1.5 hr
\ / H _
then Basified to pH 9-10 using NH,OH N
\ 7
N 9] )
Ho [ P
(156b)
0 ACOH : dry benzene (10:1), 4 A MS

80 °C, 1.0 hr
then Basified to pH 9-10 using NH,OH

Tumalgizen

ACOH : dry benzene (10:1), 4 A MS
80 °C, 1.5 hr
then Basified to pH 9-10 using NH,OH

lnanen
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waAnban dn13zn1svinuisen PRERGIL y
WNaRNUN
AcOH : dry benzene (10:1), 4 A MS \ /N
o 80 °C, 1.5 hr 5
Cl el _ .
\ / H | then Basified to pH 9-10 using NH,OH (162a)
Me O ACOH : dry benzene (10:1), 4 A MS
Q)LH 80 °C, 1.5 hr 92
OMe then Basified to pH 9-10 using NH4OH
O
H AcOH : dry benzene (10:1), 4 A MS NH
A\
80 °C, 1.5 hr y 72
H
OMe then Basified to pH 9-10 using NH,OH (164) Q
OMe O ACOH : dry benzene (10:1), 4 A MS
©)\H 80 °C, 1.5 hr 9
then Basified to pH 9-10 using NH,OH
AcOH : dry benzene (10:1), 4 A MS { NH
O
W 80 °C, 1 hr N 24
H H
then Basified to pH 9-10 using NH,OH (166)

mawnu 1-substituted THRCs LUMNUfATe1 N-Acylation %se N-Akylation fiu alkyl

halide 3 acyl halide flgamgisieafuan 1.5-24 Falus (ms1s7t 11) 14 NEt, Wulua
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¢l¢ 1,2-substituted THRCs Ifsosasnanan 2-93% uonanilienn 2,3,4,9-tetrahydro-
1H-pyrido[3,4-blindole (153) ¥inUfA381 N-Akylation fiu 3 wi1wad crotyl chloride lngly
NEt, $1uu 2 wiwesansaedu 9zld 2,2-di((H-but-2-en-1-y|)-2,3,4,9-tetrahydro-1
pyrido[3,4-Alindol-2-um (153i) 24% Fsvhnsasuanneildidu NEt, 1.5 win wagld
crotyl chloride 0.6 w1 Tusgeglianviniuinlile (£)-2-(but-2-en-1-yU-2,3,4,9-tetrahydro-
1H-pyrido[3,4-blindole (153h) 7ifaan1s T5oeaznandnviniu 24% Sanuindleth 2,3,4,9-
tetrahydro-1H-pyrido[3,4-blindole  (153) ¥NUA381NU 2 11v89 2-chloridebenzyl
chloride Tagl NEt; 3 1911 9giin 2,2-bis(2-chlorobenzyl)-2,3,4,9-tetrahydro-1H-
pyrido[3,4-blindol-2-ium (153n) wnu wazidlovhnsdaasizi (1-(2-methoxyphenyl)-3,4-
dihydro-1H-pyrido[3,4-blindol-2(9 H)-y)(phenyl)methanone (165b) a1n 1-(2-
methoxyphenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (165) ez benzoyl chloride
Tuannzwaigumgiviesdunen 3 Falus wuilifaujaser erallosnainanungny
Y9Iy methoxy VLN LULT LB IENSH IR Wil benzoyl chloride llanunsaviugazen

) v 1 ' o a o
guduandeya H-NMR linudeyeyaesarsnandun

AN5199 11 WARIAN1IZNISAILASIEN 1,2-substituted THRCs

alkyl halide
Y o - NEt3 L1381 a o ¢ O/0
#15R9AY %30 < NANANN . .
(eq) (@1319) NANA
acyl halide
(e} (@]
BN 1 1 27
° (153a)
J 1 1 a2
i 1.5 1 (153b) 78
C|)J\/ :
(153) I
C|)L§/)/ 1.5 3 (153¢) a1
6
i laRnundAs
e M~ 15 22 AnURATEN -
Bre_- 2 1 LlAnufAzen -
Avi 2 24 (153) 57
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alkyl halide

- . NEt, 1287 L. %
GREIZNY] %39 B NANNEL o .
(eq) (W139) NARAN
acyl halide
Vi 2 22 (153g) 15
2 24 (153i) 24
/\/\
cl 0.6 24 (153h) 24
C'A© 0.6 24 (153)) 16
0]
m)K@ 15 4 (153k) 61
(0]
ol o 15 5 (153\) 13
W,
(153) .
A/@ 3 4 (153n) 12
Cl
O NO,
HOJ\@ 15 24 LiAnujAzen -
OMe
(o]
m*@\ 1.5 24 (153r) 25
NO»
(0]
CI)D 1.5 24 (153s) 13
O2N
(0]
P§ 1.2 3 (155a) 18
Br
(o]
o 0.6 4 (155b) 59
(155) Q
cl 0.6 35 (155¢) 31
Bf/\f’)/s 2 q (155d) 93
(@]
J_ 0.6 3 (164a) 30
Cl
(164) @
cl 0.6 3 (164b) 25
(165) i 0.6 3 (165a) 42
CI)J\/ ) a
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alkyl halide

. . NEt, 181 .. %
#A1999AU %59 B NANNUN oY .
(eq) (W139) NARAN
acyl halide
(0]
(165) cl 0.6 3 LliAnufAzen -
(0]

. 0.6 3 (166a) 39
Cl

(166) 9
Cl)b 0.6 3 (166b) 2

A15797 12 LARINANITELATIZN (3,4-dihydro-1H-pyrido[3,4-bJindol-2(9H)-y)(3-
hydroxyphenyl) methanone (1530)

o)
OH
o)
NH OH N

A\ N

N x N

H H
(153) (1530) HO

g5 d0198n1TNIUNAZeN

1 NEt3, CH2Cl2, rt 24 hr.

2 DMAP, DCC, CH,Cl,, rt 24 hr.

3 POCLl;, DMAP, xylene, reflux 3 hr.

aaa [y

dlevransuseneu (153) ¥ufizendu 3-hydroxybenzoic acid tngldiuaidu NEt,
wudrldidatdu (34-dihydro-1H-pyridol3,4-blindol-2(9H)-y\)(3-hydroxyphenyl)
methanone (1530) afmLﬁumammamjm%mﬂ%amaq 3-hydroxybenzoic acid fifinny
Jeshdensiiauiitentes Fsldaesihnisidsuannzmaveasaduthaisuszney (153)

iUJAse11U 3-hydroxybenzoic  acid lagld dicyclohexylcarbodiimide (DCC)  1du
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coupling reagent uazld d-dimethylaminopyridine (DMAP) 1Justssufjizen Anuinlyl
Anufnseunu Fuhdsuanensmaaesdnats Iaevinsdnasgiluy one-pot 131
MMIENIHIEY way 3-hydroxybenzoic acid azanglu xylene 91ntuiiy POCL, way DMAP
Tianufeuudaisazatedunet 3 Hlus leviinisildsungaiiuendaves 3-
hydroxybenzoic  acid ¥ifuuedanaslsd fda1nuiedlidonisiiaufasen wuinla
AnUAsewduiuy (151991 12)  Fevnauaemdu a-hydroxybenzoic  acid nuinlidiAn
wAnAugiideInsuiy (15197 13)  wazSanuiwdasusinlfideriuiatendu ethyl
bromoacetate Uy bromoethane LAnn1saaefuaeyiliuigns uaz 5-methoxy-2-

nitrobenzoic acid WuliiAnU)Ase1 madtannenlineassanalimunzay

A157971 13 WanIHanISEAASIZI (3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-y(d-hydroxy
phenyl)methanone (153p)

0O
NH ' Ho N
) O
/\ >
N N
H H
OH

(153) (153p)

5 dn122n15vnUqAsen

1 NEt3, CH2Cl2, rt 24 hr.

2 POCLl;, DMAP, xylene, reflux 3 hr.

wazdinsdaasest B-Carboline (167, 168) (3199 14) s fi3en oxidation
5uan11 2,3,4,9-tetrahydro-1H-pyridol[3,4-blindole (153) azanelusavinazans benzene
iy 10% Pd/C Tanudoudunan 8 Falus wuitliiondndasiigenis Swihnis
Wasuanmeildnnaswnduldihazats pxylene warldlutinaiianas Wanudeusu
asavanefigamadl 145 °C 1unan 24 dlus wudile 9H-pyridol3,d-blindole (167) 17%
Jufiunainisvaasndu 48 $2lus nudildosasnandnsigetwdu 33% uawdlewr 1-

phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole  (155) viUfisen oxidation U 10%



Pd/C Timnuseudunan 48 lus wuanluinuds

[

wavonnnillimanzauyiindndaeiianisaaned

A519Tt 14 nansduaTIEY B-Carboline (167, 168)

N

H R'

(153);R'=H
(155); R" = phenyl

AU

92

#939n159719L 08911970 LAY

-

L
N
H R
(167);R'=H

(168); R" = phenyl

o ; . P %
#1390 danzildnaass 81 (Flay) NARNMN ..
NARNEUN

10% Pd/C, reflux 8 LiRnufAzen -

(153) | 10% Pd/C, 145 °C then MeOH 24 17

(167)
10% Pd/C, 185 °C then MeOH 48 33
(155) | 10% Pd/C, 145 °C then MeOH 18 LiRaugisen -

4.3 WHUNSAATIZIN 3

TuunuNTELATIZIN 3 1 A8vNTduATIE THRCS NIVYUNUNUIAFILMU 1,

2 way 3 WBANYINITOBNANENNTIN TR LU 3 Indinasian1seangnsuseoly Tnewsusu

NM5&uATIEHAN tryptophan (169) Taglun1sdaasnzsd 1,3-substituted THRCs (1574l

15) 0711 tryptophan  (169) viUfAseniiu paraformaldehyde H1uUfAzeN

Pictet-

Spengler luansazanenausening AcOH:MeOH ludnsidu 10:1 ianuiouiigamagil 80

°C e 3 $lus nudladAnufAsendu 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-

carboxylic acid (170) Feinisdeuanefildnaaeaduth tryptophan (169) azanelu

25 M NaOH unu vin1TNIUaNITazaIsaunNIeiemznauasatgantuaAseqL@y 37%

formalin muansazaneiigaugiivienduian 2 4alue udalieudouseidunan 3 Falus

wasinsvgauiizesienisidis 2 M HCL auansazaneidunans wuinldinufiseuniu
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aradunannainaulunsauavesufiserinarenyasuendanvesansaasuiaibild

ca v

LANARNN NN DINT

GI’]‘J'Nﬁ 15 NaNISEBASIZY 2,3,4 9-tetrahydro-1H-pyrido[3,4-blindole-3-carboxylic acid

(170)
COOH COOH
NH, NH
N — X —> N
N N
H H
(169) (170)
7% annziildnnaas
Paraformaldehyde
1 ACOH : dry benzene (10:1), 4 A MS, 80 °C, 3 hr
then Basified to pH 9-10 using NH,OH
37% formalin
2 2.5 M NaOH, rt, 2-hr., reflux 3 hr
then neutralized by 2 M HCl

Juinisundemyaiiuenddnuesansniiu lnasinufasen esterification  Aaeda

azanelunIuea wag conc. H,S0, hruseunaldusseniafiie Argon Wunan 48 dalus

18U methyl  2-amino-3-(1H-indol-3+yl)propanoate

(A9 31)
COOH
Q—\§-<NH2 MeOH, conc, H,SO,
N >
H reflux, 48 hr, 94%
(169)

(171) WiSosasnandnasiis 94%

COOMe
N
H
(171)

A 31 nansdauasie methyl 2-amino-3-(1H-indol-3-ylpropanocate (171)
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ﬁ]’mﬁ?uﬁ’lmiﬂmﬂshuﬂﬁﬁ%m Pictet-Spengler U paraformaldehyde (il 32)
17 methyl  2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-carboxylate  (172) T#5e8as
HANARE 29% wazle1 methyl 2-amino-3-(1H-indol-3-ylpropanoate (171) Ynaafiu
benzaldehyde 1% methyl 1-phenyl-2,3,4 9-tetrahydro-1H-pyrido[3,4-blindole-3-
carboxylate (173) 34%

COOMe paraformaldehyde COOMe
AcOH : dry benzene (10:1), 4 A MS

\ NH; 80 °C, 1-1.5 hr then
N >
H Basified to pH 5-6 using NH,OH
(171) 29-34%

(172):R'=H
(173): R' = phenyl

mwﬁ 32 LAMINANNSENASIEY 1,3-substituted THRCs

9t 1,3-substituted THRCs yi1ufisen N-Acylation AU acyl halide i
gaumgiiveadunan 4-5 43l (M31971 16) 14 NE utvaaslél 1,2,3-substituted THRC
TSpeaznandn 52-54% uaﬂmﬂ‘ﬁﬂﬁ methyl 1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-
blindole-3-carboxylate (173) yinufjiseny - propionyl chloride wag benzoyl chloride
Tneld NEt, 0.6 4i1vesarsieunuinandasiiansaaiasa lidndy 1-phenyl-2-
propionyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole-3-carboxylate  (173a) uag methyl
2-benzoyl-1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-carboxylate (173b)

a519fl 16 wansanzlunsdansizii 1,2,3-substituted THRCs

alkyl halide

all £ = NEt3 L'Ja'] a [ 4 a [ 4
d196961U %39 o NARNANEUN % NANNUN
(eq) | (@Nw9)

acyl halide
(6]
o 0.6 5 (172a) 52
(172) 0
ci 0.6 il (172b) 54

O

(173) A 0.6 4 LiiAnufAzen -
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alkyl halide

% . - NEt; 1381 o e . o o .
196190 %99 o NARNUN % WaNNUN
(eq) | (¥la)
acyl halide
(0]

(173) C|)K© 0.6 3.5 LliAnufAzen -

LLazLﬁaﬁ’] methyl 1-phenyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole-3-
carboxylate (173) 1UAATe1 oxidation U 10% Pd/C flgamgil 145 °C 1Juaan 24
Falug wudnle methyl  1-phenyl-9H-pyrido[3,4-blindole-3-carboxylate (174) L3 4%

aaa

whtiueainannanldriselumnzay (0 mi 33)

COOMe
10% Pd/C, 145 °C, 24 hr

Sals - \
N then MeOH, 4%
H
(173) Q

AT 33 NN ENATIN methyl 1-phenyl-9H-pyrido[3,4-blindole-3-carboxylate (174)

4.4 NANTSNAFBURNINIITININ

4.4.1 NaVIﬂ's‘iaUﬂ’]'ﬁéf’mwaﬁuzL‘%Q LtazwﬂﬁaUﬁ’muL‘Tluﬁwﬁiawaa‘m'}mﬁﬂwm
tetrahydro-B-carboline uazaywuslaads MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazoliumbromide]

R3
-R2 N
\{ A
1
N R'] N R
H H

(153-166, 172-174) (167, 156b)
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A15197 17 Lansanaaaunsiuradueise Lagnageumuluiivrowadingifes

a5 R R
Hep
Hela L929
G2
(153) H 122.00 | 88.66 | 53.00
(6]
(153a) H A 67.00 | 153.19 | 82.00
(@]
(153b) H - 5778 | 8861 | 145.00
o *
153¢ H d | 22137 | 76.00
(153¢) My n
(153f) H N 5067 | 81.14 | 10.00
(153g) H NN nd | 13598 | 11.00
(153h) H NN 8500 | 123.13 | 54.63
(153)) H 3/\© 44.20 | 41.50 | 30.00
(0]
(153k) H E)b 24.00 | 82.04 | 40.00
(6]
(1530 H D0 64.00 | 5867 | 54.20
/
Clp
(153n) H % 26.67 | 25.00 16.71
LD
O
(153r) H §)k© 178.79 | 147.51 | 117.94
0O
(153s) H E)D 123.92 | 84.15 | 102.65
(155) §—© H 90.68 | 37.07 | 38.00
(e}
(155a) 50 g)J\ 600.00 | 72.43 | 122.77
(@]
(155b) 50 g)j\/ 111.22 | 219.23 | 237.29




971

ICs0 (pg/mL)
a3 R' R’ R’ Hep
Hela L929
G2
O
(155¢) §—© ;J\© H 100.63 | 210.79 | 190.58
(156b) 5\{} - H 6154 | 9878 | 1843
\
]
(163) §@ H H 9259 | 14831 | 98.55
(o]
\
(164) § Q H H 89.74 | 100.85 | 240.79
/O
§ o}
(164a) §)l\/ H 143.04 | 35.32 | 171.33
/O
§ O
(164b) ?b H 149.43 | 172.78 | 275.87
/O
(165) §Q H H 53.74 | 62.75 | 109.29
O\
$ o)
(165a) §)l\/ H 156.56 | 39.72 | 125.92
O\
(166) §V\© H H 27.84 | 23.67 | 138.38
$ o)
(166a) V\© §)l\/ H 2379 | 33.33 | 109.38
§ (0]
(166b) V\© E)k© I 79.48 | 11576 | 116.29
(167) H - H 139.95 | 62.67 | 22.33
(172) H H BNrO~ | 12825 | 147.11 | 182,07
(@]
(0] § o
(172a) H EJ\/ ~NrO~ | 6159 | 124.25 | 126.99
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ICso (pg/mL)
13 R’ R’ R’ Hep
Hela L929
G2
(0]
(172b) H §J\© o~ | 12515 | 20020 | 188.67
(@]
§ O\
(174) §—© H e 181.25 | 137.39 | 68.14
Acridine orange 6.36 4.11 7.24

* nd; not detect

*“* JoyauanIARReYaINIMAARY 3 T

k% L3

mamﬁmaauqw%‘mwﬁaamﬁammmqﬂ (Hela, cervix carcinoma cell) LwaauzL3s
U (Hep G2, human liver carcinoma) kavasifuiusewadidee (L929, mouse
subcutaneous connective tissue) 1agAs MTT [34(3,5-dimethylthiazol-2,5-diphenyltetra-
zolium  bromide)] assay [Jun1sldans tetrazolium —salt  gegnieulwilululnasuinde
Wasulundnaihiilidazanen (vViolet formazan crystal) lunsdifiwadneasyinlieulesd
Fuannling Faanunsomusmaisadiisendinld lnen1snsiaindesazans formazan
arystal winirludafinrmegvindu 500 nm Ingwanisnageunueyiusursiignsians
Fuwaduzids Tasudnuiuied 1 fmyunuiduaserlsnfnasligniiianii lae 1-2-
methoxyphenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (165)  Lag 1-(3-methoxy
phenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (164) ﬁﬁmﬂ' OMe vUw198ElsINANtY
Fumils ortho uay meta TevdsunzSeia waveniufivdewadideide L929 o us
dniiva] OMe unuileg 2 myjuuauuduagligrslumsimusaduzi3ianas wagaanduiy
polaaun@ 1929 ﬁmgaﬂﬁuﬁﬂﬁw 981918 1-(2,5-dimethoxyphenyl)-2,3,4,9-tetrahydro-
1H-pyrido[3,4-bJindole (163) 61w 1-phenethyl-2,3,4 9-tetrahydro-1H-pyrido[3,4-
blindole (166) fisuniiad 1 defuneafaassudivaraeduiseslsininaslignily
miﬁmmaﬁmm%ﬂﬁﬁqw 1A1 ICsy (half maximal inhibitory concentration) Tun1sA1u
waauwl3e Hela wag HepG2 WU 23.67 uay 27.84 pg/mL aua1iu kagasduiiuee
wanUnAndAtoudnee

Tudauved 1,2-substituted THRCs nudrusiaadawumisedl 1 1 0ulelasiau way

o I Al Id 1 a 4 £ ] 13 < [y 1 & a 1 3
FLLNUIN 2 L“LJ‘LJ‘VI&JULLEJﬁﬂﬁI‘Vii]‘V]ﬁI‘Uﬂ'ﬁEJUENL“UaalISLiQIUiS(ﬂ‘Uﬂﬂuﬂa’N LU UN YR DLYAR
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Unh g9 wag 2,2-bis(2-chlorobenzyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindol-2-ium
(153n) fisinsunudiveany 2-chlorobenzyl §1uau 2 vajassiunysd 2 gmsaalunis

@ al

fuguwaduzise uindanuduiivdowadund L929 ge8nae 1A ICs, aEs¥NIN 16.71-

SLda

26.67 pg/mL Tudiuwes aromatic  amide (153k, 1530 wuinlignsnanin lne (3,4-
dihydro-1H-pyrido[3,4-blindol-2(9H)-yD(phenyl)methanone (153k) ﬁﬁmﬂmuﬁmq
sunidlulnsiauduny benzoyl Wigvslunisdudueadusds Hep G2 wag Hela léAfian
1A 1Cso 111U 24.00 waz 82.04 pg/mL auaau Tudiuwey aliphatic  amide (153a-
153¢) duldgrslunisdiudugaduzSanas wusumai 2 \Jumy propionyl (153b) figws
Tunstudavaduzsdusziuuiunansiidnsewing 57.78-88.61 pg/mlL uspuduiivse
wasUndfiatesiian 1Cs, u1n31 100 pe/ml Fevinisidensumusi 2 Jumy  benzoyl
wagny propionyl ﬁiﬁqwéiumsé’u&L%aémﬁaﬁﬁ wazilmuduiivrswaaunfitesuyin

nsdunTIwoyiusausialy

oo I oo I cooo

it e -

AT 34 NanINeEBUGVSR WwaduzI5s uazailufiviowadillolovas (14), (14a)
way (14b)

91NNITANYINATDILATIATIFUAUIN 1 WA 2 ADNITOBNGVIS WUTT UILIUF LU

71 1 Milwasezlsufin wagdumisd 2 Wumy benzoyl sewy propionyl rnuduiiusie

waaUnfanas wayligrslunsduduvaduziianas JeihnsAinwse wulfiduned 1 8

1y 3-methoxyphenyl (164a) Wag 2-methoxyphenyl (165a) kagiifunis N-2 L‘flumg'

propionyl T1ignsalun1sdudusaduziis Hela 81 ICso Wiy 35.32 wag 39.72 pg/mL
o o { Y o | A [ I o A I 1 .

AINAINU WAZNUIT D10LNRUN 1 1JUnY ethylbenzene wagduuen 2 1UUM propionyl

(166a) TriquisiiAfianlumsdusasadusdadasewing 23.79-33.33 pg/mL
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souniiovhnmsfinyinaveamyunuitlusumisil 3 soniseengud wuidevyunui
Hu methyl ester TgndlunisiiufuvaduziSanas iftes methyl 2-propionyl-2,3,4,9-
tetrahydro-1H-pyrido[3,4-blindole-3-carboxylate (172a) ﬁLLamq%éIumigUg?ﬂL%aémﬁ\‘i
Hep G2 Tusgfuthunans wazgeavneidiomnsfinuauansalunisdudueadunss uas
anudufivsoiwadunfves B-carboline  wagoyWusiléuna1nn1sifAzen oxidation
984 1-substituted THECs wuilignilunisdiufuvaduzsaliunans wasdmnnduivse

AR UNAaade 18.43-22.33 pg/mL

4.4.2 NANSNAFOUNEAN UL TUNY

M131991 18 uana Zone of Inhibition (mm) 484 THRCs Wagauius uues by

Zone of Inhibition (mm)
#19 Bipolaris | Fusarium Fusarium Cuvularia Rhizopas

oryzae fujikuroi | semitectum lutana Sp.
(153) 0.0 0.0 0.0 0.0 0.0
(153a) 0.0 0.0 1.0+ 0.0 0.0 -
(153b) 0.0 0.0 0.0 0.0 0.0
(153¢) 0.0 0.0 0.0 0.0 0.0
(153f) 1.0+ 0.0 0.0 0.0 0.0 0.0
(153¢) 1.0 £ 0.0 1.0+ 0.0 1.0+£0.1 1.5+0.1 3.0
(153i) 1.0+ 0.0 0.0 0.0 0.0 0.0
(153j) 0.0 0.0 0.0 1.0+ 0.0 0.0
(153k) 3.0+0.1 1.0+ 0.0 20+0.0 3.0+0.0 7.0
(1531) 6.0 + 0.0 20+0.1 25+0.1 25+0.2 4.0
(153n) 7.0 £ 0.1 0.0 0.0 1.0 £ 0.0 0.0
(155) 0.0 0.0 0.0 1.0 £ 0.0 0.0
(155a) 0.0 0.0 20+0.1 0.0 2.0
(155b) 35+0.1 0.0 20+00 1.0+ 0.0 -




Zone of Inhibition (mm)

#1139 Bipolaris | Fusarium Fusarium Cuvularia | Rhizopas

oryzae fujikuroi | semitectum lutana Sp.

(156b) 0.0 0.0 1.0 £ 0.0 1.0+ 0.0 0.0
(163) 1.0 +£0.1 0.0 0.0 0.0 -
(164) 6.0 £ 0.1 0.0 0.0 0.0 -
(165) 25+03 0.0 0.0 4.0+ 0.0 -
(166) 4.0+ 0.0 1.0 £ 0.0 0.0 20+0.0 -

(167) 20+ 0.0 0.0 0.0 0.0 0.0
(172) 0.0 0.0 0.0 0.0 -
(174) 1.5+0.1 0.0 0.0 20+0.1 -
Amphotericin B | 2.1 + 0.1 nd 1.3+0.1 1.5+0.1 -

* _ not test, ** nd; not detect

A15797 19 wans Minimum inhibitory concentrations (mg/mL) w83 THRCs LLazagﬁuﬁ

vdesludiv
Minimum inhibitory concentrations (mg/mL)
d19 Bipolaris Fusarium Fusarium Cuvularia
oryzae Sfujikuroi semitectum lutana

(153a) - ’ 0.87 £ 0.0 -
(153f) 0.11 £ 0.0 - - -
(153g) 0.028 + 0.0 nd nd 0.20 + 0.0
(153i) 0.22 +0.1 - - -
(153j) - - - 0.25+ 0.0
(153k) 0.20 + 0.1 nd nd 0.52 + 0.0
(1531) 0.40 + 0.0 0.40 + 0.0 nd 0.25+ 0.0
(153n) 0.11 £ 0.0 - - 0.50 + 0.0
(155) - - - 0.55+ 0.1
(155a) - - nd -
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Minimum inhibitory concentrations (mg/mL)
GRE] Bipolaris Fusarium Fusarium Cuvularia
oryzae fujikuroi semitectum lutana
(155b) 0.21 £ 0.0 - 1.70 £ 0.0 0.27 + 0.0
(156b) - - 0.88 + 0.3 0.03+ 0.0
(167) 0.11 £ 0.0 - - -
Amphotericin B 0.78 £ 0.0 nd nd 033+ 0.1

* - not test, ** nd; not detect

LY [

dlevhnisanuanuansalunisfududeslufindosduves THRCs WATAUWUS
fudesmun 5 wie A Rhizopus  sp.," Bipolaris oryzae, Curvularia lunata,
Fusarium semitectum Wa¥ Fusarium fujikuroi ﬁﬁ'}ﬂﬁﬁmwwlﬁmuu Potato Dextrose
Agar (PDA) 1ulian 7 Ju wudn 1-substituted THRCs wag R-carboline IﬁqmélﬁﬁiuﬂWi
fudadesluiy wsiilefnviavesvyunufisumis N2 donalunisesngvatiudaies
wudw‘lﬁqwélﬁﬁ%u %quj alkyl amine (153g) &g aromatic amide (153k) tay (1530) &
grislumsiudesiluiirlévia 5 uiln el Zone of Inhibition 5&wine 1.0-7.0 mm wazd
mmmﬁu{ljuGthﬂUﬂﬁﬁugﬂL%Jaiﬂ (MIC, Minimum - inhibitory concentrations) #1314

0.03-0.52 mg/mL &

<

bigmslunisauiiesluisindtenilinaaeyu Amphotericin B

=1 (Bt

AN 35 LAAINAYDI Zone of Inhibition TuN1SEUGNTDI LN
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AT 36 LanINaues MIC (Minimum inhibitory concentrations) Tun1sdugutes

4.4.2.1 NAFIUNSEUEINTIYAUTNYDILALANYD YD

A1519% 20 udnsan1sguINsaTyAulnvedlaladusudesiluiie ves 2-octyl-2,3,4,9-

tetrahydro-1H-pyrido[3,4-blindole (153¢)

wurugudnansvasialail (mm)

ANULdRdY
#d15Usenav Bipolaris Fusarium Fusarium Cuvularia
(ug/mL)
oryzae fujikuroi semitectum lutana
None (control) - 77.7+£0.15 | 54.8 £0.08 51.7 £ 0.23 50.0 = 0.27
NG NG’ NG’ NG
1000
(100%) (100%) (100%) (100%)
N-A 8.5+ 0.05 13.0 +£ 0.35 9.0 £ 0.07 9.0 +0.12
N 7 500
N (153g) (89.1%) (76.3%) (82.6%) (82.0%)
143 +0.11 | 223 +0.08 | 30.8+0.04 19.8 £ 0.11
250
(81.7%) (59.4%) (40.6%) (60.5%)
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248 +0.13 | 34.3+0.04 | 59.0+0.21 | 30.0+ 0.07
100
(68.2%) (37.4%) (-14.0%) (40.0%)
33.0+0.14 | 56.8+0.04 | 24.5+0.17 | 40.3 +0.08
Amphotericin B 0.6
(57.6%) (-3.7%) (52.7%) (19.5%)

* NG; no growth

Mnnsanwauanselunstudadestlufineduves THRCs mudn 2-octyl-
2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole  (153g) Iﬁqm‘éﬁﬁiumsﬁmv‘“gﬁlsﬂuﬂ% Falein
AUIUS (153g) ¥msinmmstiudimstasyivisvendesiluiivdely Tnsasuan (153¢)
ALY 0, 100, 250, 500 and 1000 pg/mL adlusvnaidsais PDA waziudesuning
Pnssnansemsiaende ndsnnmasdeaduaa 7 54 wuiians (153¢) ﬁqm‘éiumié’uéu’a
nsasaivinvendesans 4 via Tnefiarrududu 1000 ue/ml @runsadudanis
wiydulnvesdeslddian fan1ssuda 100% sesaunfefinrududu 500 wag 250

ug/mL fifn1sdudiaade 82.5%  Wag 60.55% FIus U wasiinnnudiudu 100 pe/mL 9

£ v & Ny A
gslun1siudeslufivtiosiian

A9 37 wansdudenisiadgivlpvesdesiluiivuesans (153g) NAaduTU 1000

pg/mL

4.4.3 Naﬂ'ﬁ‘VIﬂﬂaﬂﬂ?ﬂuﬂﬂuﬁiﬂiuﬂqiﬂ’JUﬂﬂJﬂ'ﬁLfﬁﬁyLﬁUIﬁl"UENﬁ‘U

s

INNTANYIANAINITELUATAIUANNTIS L AUlavaeiY tnenadeuiut1anug

3

Nv49 TaeNa15u1N U UANITI9NVBILLAALAZAINLEIIVDITIN bavadu LWSsuLfiey

flutuag IAA 89 IAA - (3-Indoleacetic  acid) 1Jusesluuiivnguesndu inszAunis

wigAvle Yinlidnisuuseas werdadveugasd lnsundudiiwaznovaussseUiuiaen
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Fuliiwiiy diudeaniseendugeninlusin drguiulvasduganisiivle waztJufiudodie
TnevinlaTerzvadfisinistAula AlUFURUS AU LYULULTaaNUTULALAR bIVNLIUIN NS
Wwigresivanas uagvgalvlungainsizeandunguiuaznsedqulviivasiaueiiduesnu
wazlunanstinveneiivesgad Inevaluudimnududunmingaudmivadiuazeglugie
-4 -5 ¢ | H % a a v &
10 - 10 Tuans (17-1.7 ppm) Tudiuaessiniuazassnisoonduluusunuiitesuin fAs
-10 -11 ¢ -5 -6 | v ¢ 1 £ '
107 - 10 lwans (L.7x10 -1.7x10 ppm) wudteyiusues THRCs Lifignalunisisans

Wi AulnvesiynnANULtulaieuiuLn WiauRus N-Propionyl (153b) Ain1sduty

0.017 ppm THANEMEAULAZIINUINAINUINAILTIIUTI 3.35-6.20 LEURLLAT

AUE1ITIN (cm)

o
o
I

1AA
(153)
{155)
{153a)
(153b)
(153¢)
(153f)
(153g)
(153h)
(153)
(153j)
{153k)
(1531)
{153n)
{155a)
{155b)
{172)
{167)
(156h)

W 17ppm mWO17ppm gm0.017 pprn | 0.0017 ppm

0.2% 95%EtOH:H20

AN 38 KARIANEITINVEITIINUG N4 TuTud 5 Aenuduty 0.0017-1.7 ppm
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una 5

agUNaN1INAAaDY

v
av v ¢

NuATeilaneng1udunsigrioyiusves tetrahydro-f-carboline  Tulnun1g
fuasiziil 1 duSwiinsdnasziainnsi typtamine  (11) wwiUiATen Pictet-
Spengler iU formaldehyde Tuansavananansenintg AcOH:MeOH Tusnsgiu 10:1 vinli
Wan1sUaaele 2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153) Tuu3une 91% mouniild
yUfe1 N-Acylation U acetyl bromide figampfivieafiuian 1 49lus uazld NEt; 1y

aaa

waagle 2-Acetyl-1,2,3 4-tetrahydro-f-carboline - (153a) 42% mﬂuumﬂgﬂsm
reduction Taeld  LiAlH, wag NaBH, LJui3aad (reducing agent) wuinluiiAnufAzend
foans vnluldarunsadumsiet 1-(3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-yDethanol
(154) FaldanunsathluvinUfiizen O-Alkylation %5 O-Acrylation salél

Tuunumsdansigii 2 way 3 du §Idefoinisdunsnzs THRCs waveyius lny
SuduN1sFNATIZAIN tryptamine . (11) %30 methyl - 2-amino-3-(1H-indol-3-
yDpropanoate (171) ' snvinistasiiudjiisen Pictet-Spengler fuuaadlausieg lu
asavanensn i 1-substituted THRCs Tuusues 9-92% wag 1,3-substituted THRCs Tu
Uuu 29-34% ﬁ]WﬂﬁuﬁﬁﬂﬁLauﬂijquﬁlUﬁﬁ’lLL‘V]‘LN N-2 928 alkyl halide %38 acyl
halide Tngld NEt, - [utua Nigamgiivendunan 1.5-24 Falus azldoysugaes THECs
USU4 2-92% wazdnun 1-substituted THRCs 1N¥nU{A381 oxidation fae 10% Pd/C v
a9 B-carboline 1sunny 4-7% ANUAIGU

MNuANIINRBUNNSINTInIn Tuntsneaeunsiueadugiss wasnaaeua
Huiiwrowadiniziaeslaeda MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazoliumbromide] wuinlunsunuiruved 1 1y ethylbenzene TWgnaiia
fign wazludunisil 2 wan N-acylamide TgnSAaTian Tasianigny benzoyl wazny
propionyl d@ulusumisit 3 fdu methyl  ester WigndlunisdnuvadusSaanas 3 1-

phenethyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-bJindole (166) Wwag 1-(1-phenethyl-3,4-

dihydro-1 H-pyrido[3,4-blindol-2 (9 H)-yl)propan-1-one (166a) 14q naalunisduda
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waauzss wazdnnuduiiviowadunfites laeflan 1Cs, Tunisiugaduzisiegszning
23.67-33.33 pg/mL uaﬂmmf 1-(2-methoxyphenyl)-2,3,4,9-tetrahydro-1H-pyrido[3,4-
blindole (165), 1-(3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-yUpropan-1-one (153b) wag
(1-phenethyl-3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-yl)(phenyl) methanone (166b) i
anudufivdowadunitos wasilgnslunisduduvadusdaiunans fsewing 53.74-
115.76 pg/mL wag 2-benzyl-2,3,4 9-tetrahydro-1H-pyrido[3,4-blindole  (153j), (3,4-
dihydro -1H-pyrido[3,4-blindol-2(9H)-y)(phenyl)methanone (154k), (3,4-dihydro-1H-
pyrido[3,4-b] indol-2(9H)-y\(furan-2-yl)methanone (1531) wag 2,2-bis(2-chlorobenzyl)-
2,3,4,9-tetrahydro-1H-pyrido[3,4-blindol-2-urn(153n) fiaudufivsewsasunfigs wilv
qrisdnlumstiudugadunss

uenaniidleyh  THRCs uazeyius lunadaugquigiudoslufiv 5 viin 1Hud
Rhizopus sp., Bipolaris oryzae, Curvularia lunata, Fusarium semitectum Wag Fusarium
fujikuroi Wuin 2-octyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole  (153g), (3,4-dihydro-
1H-pyrido[3,4-blindol-2(9H)-y(phenyl) methanone -~ (153k)  uag (3,4-dihydro-1H-
pyrido[3,4-blindol-2(9H)-y\(furan-2-yl)methanone (1531) Suwliislunséudosluity
14 5 %fin Toeil Zone of Inhibition 52313 0.10-0:60 cm kawdianmidudusinaaianuns
FudadoslaUszana 0.03-0.52 me/ml warlumsnageunisdiudanisisaiulnvetaladl
mau%mﬂuﬁmaa 2-octyl-2,3,4,9-tetrahydro-1H-pyrido[3,4-blindole (153g) WUIiAY
Fudu 1000 pe/ml awnsadudintsiasaivlnle 100% warludiuvesninuanunsalunis
muausiasyRvlnvesiiadinaaeuiuiniiug nvag Tufuil 5 finnududu 0.0017-1.7
ppm wuimneyiuslifgvslunisissninaiydulnvesiisnnaudududodouiu u
1-(3,4-dihydro-1H-pyrido[3,4-blindol-2(9H)-y\propan-1-one (153b) lA1ue1iasAumas

FINUINATIUNAMUIIIUYIN 3.35-6.20 LEURLLAT N1AUTUTU 0.017 ppm
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