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The author improved the Somei’s synthetic method for melatonin (1), 1-hydroxy- (2), and 1-
methoxymelatonin (3) in terms of yield and reproducibility. With 1, 2, and 3 in hand, the following
new findings, various new compounds, and novel reaction were disclosed.

1) Using 1, 2, and 3, their brominations were studied as a representative of an electrophilic
substitution reaction. Products analyses disclosed an interesting fact that 1 did not produce any
7-brominated compounds while 2 and 3 afforded majorly 7-brominated compounds.

2) Novel nucleophilic substitution reactions were discovered when 6-amino-1-methoxytryptamines
(15 and 16) were treated with 85% HCO,H, resulting in the formation of new synthetic routes
either to novel 5H-pyrrolo[2,3-flbenzoxazoles (17), SH-pyrrolo[2,3-f]benzothiazoles (21), or
8H-pyrrolo[3,2-g]benzothiazole (22).

3) Preparations of novel Michael addition compounds (23, 24) and oxazine derivative (25) were
realized. A new reaction for the synthesis of 3-hydroxy-3H-indole-2-morpholine (26) was
discovered upon the reaction of 2 with 1-morpholino-1-cyclohexene.

4) A novel and simple dimerization of 2 was discovered upon reaction with acids such as HCO,H
and H,PO, to give 28 and 29, core structures of folicanthine (30) and chimonanthine (31).
Utilizing 28 and 29, various new derivatives of 30 and 31, such as 32, 33, 34, and 35, were
produced. - :

Figure 1 {779 melatonin ()i, FHICR B LEE, RICRBZLEZ WS, &Y XA
ERGTHHRAREIE LTOBE2EN, RLDEMBEHCERZILPPDOTWEHILE
YTHB. 1991 FELUE, ZD 1D, AARETL LTUANNS, RABREEBEREZE TS
CHHELPICIhDDOHS. COBRICKD, RETCIHRAEEICBVWT, 1 CBT24
AL B L UEBZHOMEIBERICTDODRATVWS. YHRZCBNTH, TENRET
EEINTWS tryptamine Q)ZFERI L Uz, MBOREITREAKRESBAEINE.
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1: Melatonin 2: Tryptamine 3 ' R=H
4. R=Me

—77 , #HiET1-Hydroxyindole (R PZRIE L, FDHD—D& LT, 1-hydroxymelatonin
(3)%° melatonin REW L UTHEEL, BSRTEERKE LT, Har0nidELsR7Vho4
FEGHFREGKE LTEEREEIZ2H-TWA L FELTWS. EEL, KNRIIOKRIERHF
FDO—BI2HE S =8, melatonin EEMLEWMEHOZRIMEZBR L, FHRRGEEEL,
iz, MEOEHEEM ) — MeAPEEZ L 2B, AlEE2SHICBVEHEET-
. ZOFR, UTIEARTLSIZ, IKED melatonin FERE LT, EZHBEOHELEZ
BEERLEYEART 5P TE, £7= melatonin {LAPEICKENE 23 OFRG
zREL, SSCERHIFHMREZ/IILICHAIILE.

1. Melatonin L EYIHDOHEBEFERRID : RRMABICDONT

$4E1L, 1-hydroxymelatonin (3)3B L U, Z DFFEEAATH % 1-methoxymelatonin (4)% , g scale
THERSOHTIRISEMHEREL L. & 517, melatonin FEEDHERNSRED
B &, AR LIC X 2B OKEEE ) — FMEAWEEB 32 L 2HN L LT, melatonin
LEWME (1, 3, YORFLIOVTRET 2TV, BOhELERYOBERTERAT)- .
T ORER, Scheme 1 IZTRT LT, 1 DRHEMLTIE, indole BLELREIBHNER(LE A
LEBAPRONZ I DPDDST, 7 MBREZLEERLBROENSBERICHL, 3
BLY 4 DRFEAETIE, 7 MPRRLCSNEMEDOBEENENC &, B, EE7H
HIXNLT, 3BLV4D T CORBEDPEE>TWET LEHSPICTE.

Fle, VENEBIZL ) RRMCONBICBREDSECZHOLEEL, 1 O Nb #IgE%
acetyl 5 IZAKJIZER\ pivaloyl EALZ X 7= pivaloylmelatonin (5), 1-hydroxy- (6)3
& U 1-methoxypivaloylmelatonin (7)2 &KL, BELERET L. ZORE, SHOES
BERIPRONED, FRICKL, 7 MERBEKIZLALER LRV NS BEikd 2
BEREZRETILHTESE.

Scheme 1

MeO NHAc MeO MeC. H o]
: [ ] ---l 7
N NT 3:7=0H N
1:H i !

2! 4:Z=0Me v Z 50
Brp, ACON3 Brp, ACONa Brp, AONa| 6:Z=0H
AcOH AcOH AcOH : 7:72=0Me
: ' H

’ .

MeO__- NHAc MeO._- N.__O
Br—— | | Br—— I 1

N N N N

71 H 7 H

Br Br

Substitution at the 7-Position is not favored.
7-Position is favored.

& 512, 1-hydroxytryptamine 1G&WELE Nb AIBEOBEELICL Y, 1 ALKEEEDEEHR
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JRFD indole FEHICH T AEEDNETIENIEEZRHIT LN TE R, COMEED,
1-hydroxyindole (b &Y DO RIGHEICBEE U T WA AIREM 2 R T2 MR E2 8=,

2. I-Bydroxytryptamme L e OF A KL BEHIE

Indole Et& benzene JR_EDEHED, 1-hydroxyindole (b EWBOKIGIEZXEHT 2 —>
DHEFTHDILZIHT 58, indole B benzene B L DEHREDHEE, BHMNES
R Z 7z, melatonin FEALESYTH 2 5-bromo & (8)B KT 6-amino & (15, 16)E AL L
T, 85% HCOH L DRInEZIRET L=,

ZD#ER, 5-bromo R (8)TId, Scheme 2 IKRULZLSIZHRE ROFIALDBEFLT 9
ZERT BRETTHolk. —F, RISRAICKEHA (phenol, 1,2,3-trimethoxybenzene, indole)
2HEFEIRERAICIE, indole BRD 141, 3 MBLT 7 NFICKZRIDBAI N 5
¥ @10, 11, 12, 13, 125232 L Bbbho .

6 fiLiC acylamino EZFFD 16 ZEE & U= AIZIX, Scheme 3 ICRT L 512, 2FHER
BEEZ LT, 5H-pymolo[2,3-f]benzoxazole b &¥) (17)2E L UTER L, 5-hydroxy £k (18)°
YERT I PP oM. 5T, 6 i acylamino EOBREEFEHREEFICHIZ -
thiocarbamate & (20)Z2 EEHIZHWNIIE,5 IR TH % SH-pyrrolo[2,3-f]benzothiazole
R QDDERE & %) L » 7 fAL~FRER L7z 8H-pyrrolo[3,2-g]benzothiazole {4 (22)% %A% %
Tehbhrok. TH5ULT, XBEAOH/FTES, HEHOHREEBLAYEE2ART
3= HDEEN— ]\ DORAICKINL 7.

Scheme 2

NHCOMe

B‘\m)/ 85% HCOH
N

on 8

85% HCOgH Br{ : J
EtsN, MsCI,CHCIg Nucleophiles

NHCOoMe
NHCO,Me .
Qg | [weeOmed ) W u
u @7 MeO OMe

NHCOMe
H
N
W@Uj o] 1, W
Br. 3a Br. - TN + 9
@j' Swwllagw ¢
N™ N N/Q NN

NHCO,Me
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Scheme 3

~ y NH
R=Me, Et, #Bu Ac R=Me, Et, +-Bu NHAc NHAc NHAC
| 85%HCOH 0.5 HO5
——————————— B
ROCHN N H_<\ I M l * l
i N N
] 18 1 1
NHAc
NHAc
85%HCO.
zH .5
| +
N

I O °_<\ |
N N
15 OMe NaHCO,, THF ’ _ 21 H >\__s 7 H 22

3. 1-Hydroxymelatonin 558 k# O 5k & FrH Rt DB

1-Hydroxymelatonin FEAZ G 2 T & & EEIIZ, methyl acrylate 33 X U mesityl oxide
EONMRIGZMET L& 5, Scheme 4 IZRULZBRLEY (23, 24) 2 EIRERHS
[HILDPTEE. T5IC 24 DL, FHAR oxazine FEEK 25)~DFHICHBINL,
DY A4 TDILEYEHSRD =D DER)L—  OBFFRIZEIIL =.

7z, 20RINMEZRETT 5 7-8, ELN 2EE L U T enamine #£%E T, TsCl B LU MsCl
& DRJ5%4T > 7= . Enamine & LT 1-morpholino-1-cyclohexene % 3&iR L 7= & Z %, Scheme 5
WRLELSIZ, HRIMT X B HIfF L7 3-cyclohexanone-3H-indole & (27)%218% = XX
EeD, ZOPRRZIEDP o=, RRBICBIT 2 EASEMEIT, FENOHFHL 3-hydroxy-
3H-indole-2-morpholine {& (26) T, CD¥ 4 7DbLAPEESROEHOFHERICERET
SLARIILTE. M, 26 DEBMBICELTY, H#lRERE2TH=.

Scheme 4

HAe GO, MIAE KIUJ
\@jj% 23 0\/\002Me
NHAc

@j/‘/ cHCI
t-BuOK MeOH .

Scheme 5

NHAc

NHAc NHAG
Meo ‘ BN, { -N_O ,RCI  Meo. : Hof J MeO °
gH (R=MsorTs) N N,\ @ A
26 O 27

202 ¥ enamine & DRIGERIE, EEMEFRITHRE L indole ZREFE T3 2
L ORBER YL X BRDIEDD, 2 BHET 2 REROEE LT, Bh2s
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1 7ORIGZRITARLEDOS 2BHS 2LEWTH B I LHHEL IR 5.

4. 1-Hydroxymelatonin D I- & % &1t R)t & Folicanthine 35 J ¥ Chimonanthine @

LR

2 % 8% HCOH LREE¥%&, Scheme 6 2R & 572 folicanthine Bi& %5 - 1=
3a,3a’-bispyrrolo[2,3-b]indole {b&Y) 28)ZHTH 1 TRTER T L WS, YFEEDHE
RARICES, "ZONEHE L, FEEAHREHES PICTH TR folicanthine (30),
chimonanthine B1)B XU ZN 5 DFBEXDERZ KA 7=,

NHAc

100% HCOLH

Scheme 6

Ac CHO

rN\/N\©\
ZOMe

a2

R
0

MeO.
] ] |
N 1,2,3-trimethoxybenzene V€O
OH Ar atmosphere A
2 NN
CHC Ac
fe H
:NVN: :
85%H3zP0O,4 MeO OMe
CH4CN \CC -
\
N""N" 29
Ac

H

n-Z

Me

30 : ()-folicanthine
:R=Me
31 : (&)-chimonanthine

3a,3a'-bispyrrolof2,3-blindoles

"HCOH ZAWEZE{ERIB T, 1006 HCOH ZHWTREGRMNIC 1,23-
trimethoxybenzene Z#HMT B LIk D, ZEBE 2)DNELE 489~ L HETE.
iz, EFRACEETSBEZERL T, BLW2E% 85% H,PO,ICE X T CH,CN 2L L
EBEICE, MbT2EBE QDONEEZRE A% ETHETEZILibh o1,
Folicanthine B2 HBHET 2 = DDIFBEREEELTEEODT, 23 OBEEARERA,
2850, 2 2REBLTIB2/BILICHIILE. 229 5T M5 AFNVE (34)

BIURNAFVE (568D LETE.

Scheme 7
Aoy  Me Me
NVN: : ' :N\/N
MeO. OMe MeO. : “OMe .
C :N"N: N/‘N:
H Ac Me Me
29 34
100% HCOH
ﬁi\c (}HO »lAc QHO
NN N

-

OMe BBrg, CHCl3

{3

MeO. HO_
( IN/\N NN l DMF
OHC Ac OHé Ac
28 32
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RARPD 30, 31 OLEMRIT, 33 2EHE LTRETTHS. T3 LT, EE2WICE
FZREBEE TR folicanthine (b S WIEE O S EM MBI R 2T S OICLE L k3L
RBERSHRDDDOER 723 28, 29, 34, I5ErFhizTEE. |

MEDOXRBEEMEME ORIE 2 EM U TEMETE SN/ melatonin SFEADEKBRERIL,
REKERTH 5. | -
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BBRLIE, AT P2V, e FOF U A5 MoV BIVHELEYROSR ELERBEIIOWTHLT
BY, TRICRTEEEBTVS,

1. 1-Hydroxymelatonin {L &MBEDOBA DA B L FDEFILITHNT BHAR - 1 Hydroxy- (1), l-methoxymelatonin
2. 1 BLU 2D Nbpivaloyl FEME (3, 4) DYWERVWEREOBEBICKIIL . &5z hbiks
WORRMERFL, L 20 THNOREREF BT TWEEERRE LA, — 5. 3BLUT40RE
1T, 7THBRESHEERTLZZLORBL, Nb-BRESRICEE2XE T2 ERTHLZ L3RR
L7

2. 1-Hydroxytryptamine 1t & B DT KL BB KIS N FER — 5-Bromo- 3 & UF 6-amino-1-hydroxytryptamine
FHGEACLIREBERRIE 2R L. 5 # % 5Hpyrrolo [23-7] benzoxazole. 5H-pyrrolo [23-f]
benzothiazole 35 & UF 8 H-pyrrolo [3,2-g1 benzothiazole HHUS D SRELHIA L 7=

3. 1-Hydroxymelatonin &40 4 5K & H3 XS @ B46 -1-Hydroxymelatonin #* 5. oxazine HFE 4 &5
®EBEm L7 %72, l-morpholino-1-cyclohexene & D RSIZ & ¥ . 3-hydroxy-3H-indole-2-morpholine
BEGTERT2FRRCERET I LRI L7 ‘

4, 1-Hydroxymelatonin B IC & 2 ZE{L XS &£ &% Folicanthine 3 & UF Chimonanthine & 0 & 5
DB -1-Hydroxymelatonin OEEIC & 5 ~B{LRE % #5 L. folicanthine 3 & O* chimonanthine &
%o 7z 33,33 -bispyrrolo [2,3-2] indole FEEBROESHEFHET L. ZEFFEL, EEFEHIZ
KIZFER & TWw 2\ folicanthine 3 & UF chimonanthine 7V 7 0 4 F OB EFEEHABBFIEICLER.
BALEBRBEREORAICEI LTV,

BEDX iz, B, 4 Y F-VORZEFRBICBIZ2EOHLVWEEORR. F-FRSOMA

KOWTHRLTBY, A Y F-VOLZEOERIFS LT3, OERROERZIRIZI T, BXEES
B&iZ, KL (FEFE) RXIETBEHEL L
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