A study for the common synthetic method to
biologically active indole alkaloids and for the
creation of our own leads compounds
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Synthesis of New 1-Hydroxyindole Compounds and Their Characteristic Reactions
(Division of Pharmaceutical Sciences, Graduate School of Natural Science and Technology, Kanazawa University)
OYu-ya Nakai - Toshikatsu Hayashi *+ Fumio Yamada + Masanori Somei

A lot of new 1-hydroxytryptamine derivatives are added to our library of I-hydroxyindole compounds.
Examinations of acid catalyzed nucleophilic substitution reaction of 1 showed its dependence to pKa of the acid.
Formic acid is an exception to the above tendency and reacted efficiently with 1 to provide serotonin derivatives.
Reaction of 10 with formic acid produced 17 and SH-pyrrolo[2,3-f]benzoxazole (16), while 11 did not generate 7H-
pyrrolo[2,3-flbenzoxazole (19). In the reaction of 11 with indole, nucleophilic substitution reaction at the 6-position
was observed for the first time and 21 was isolated together with 20. Acid catalyzed reaction of 8 is also reported.

H421E 2 OtiC, 1-hydroxy-3B KU 1-methoxytryptamine {EEWEEA, Figure NEELETE, VT h o LEW
HA)D R, R, Z 2ELIEID. RIGHE. REEREFEELIEZ L. IV F-VRINUERE $3
Wik 24z, 5 M TCORZBERG. 30, 6M~OEBURSG, 222k 33U TO_RIBREE, 1 F
—“VOEETRIRERRANTCH 2 S DF LV RIGEBEAOEFEL L ERB U TRz, "OEHEE, &
#1172 1-hydroxy- 3 X UF 1-methoxytryptamine {LEWEEDAR L T ORHHN RIS E RE TR R 2T ok,

1-Hydroxyindole (1)% 2 kD RREIFHZRD bromide & Cs,CO, ZIBEICAWVWT, RISEEBZLICL D
HTINERL, 27NV a—)VHIgE%E 1 ATICFED 1-hydroxytryptamine FZEAEE(2a, b, ¢, HOARICEHIIL 2
(Scheme 1)o Imidazole F#E T t-butyldimethylsilyl chioride &RISTHIX, 2¢ SERKICHE SNz, THIT M-
methyltryptamine (4)% 3 5 95% T3/, indole-3-acetic acid (5)LHEE LT amide #(6)% 98%TEM L7
(Scheme 2)o WNTHL D 1-hydroxyindole HHEE 22 MA L. BI5 2,2°,3,3 -tetrahydroindole #&(7)% 85%TH%
1%, Na,WO,-2H,0/30% H,0, TE{t3 % &. 1,1’-dihydroxyindole {K(8)% 46%TEMT 5 Z L BFHIK=, 8
OEIX, diazomethane T methyl {635 Z LICL D 1,1’-dimethoxyindole #(9)% 0% TERTZ T &P LB,
ELkE. TBIZ. 6- (10, Scheme 3)B X T 5-acetylamino-1-methoxytryptamine FEAEADDERIZ B I Lo
10 OAREL LTI, tryptamine ZHBEWE LT3 8 TRBEINE 34%D)V— P B LV indoline B5 1-
methoxy-6-nitroindole-3-carbaldehyde &#EH T2 7 LIRBEINE 38% D20/ — M EFEH L. 11 OER
IZBI U TiX. tryptamine 7» 5 8 TIEERINE 32% DIV — 2B Uk,

FRMEUELE3 I L BHEEDT,. RIMEORE BT o/, ETHLAYWTHS 1 AV, B
LB RHEBRRIGERET L. ZORRY Table 1 KRLTH%. 12 OEREDP S S PREIZ, 5 AI~DK
BEMARSIL. pKeBICKE L, BOBEEIRIRIZLICLV{EEINZERICH o . iz, BlIE
Bk, BPHL RBIZoN0 T, B hydroxy (14D kabutane (15)ICED o=, L L, ERAERMEREIC
EVWFBOAIFIAT, RIGEShWTCEERDO 2L, 0 b VBEEAA2, BEENETEZITNS,
COEEOBRICELD. EAAT 1-hydroxytryptamine EZEHRL TR b=V BPESRINDZLNIHLOD

“1-Hydroxyindole {X&L” VIZx 3 2 —2DLERNRIBREZ REHEEZLEZX T3,

FBROBERRISENESIPIZR-EDT, 52 10, 1 LORGHERILBMRE Lz, 10 TH 5A~ND
KBEBARIEFEZ ST, 17 ¥EETZ00LHBINEN 17 OWERX 16% LEL ., FHAR sH-
pyrrolo[2,3-fbenzoxazole (A)FELRP L UT 2% TER L., Bt Fox4a8)d 15S%TEE L. AR
EERETNIZZEEOFHR SH-pyrrolo[2,3-flbenzoxazole HFEARDESHI AR TH DI L B2RATH I LB
ki, 10 07 I/ ECBETIMNERMEAETH S 11 LF¥FBLoORBTE. #%F L THpymolo[2,3-
flbenzoxazole (19)ix£ < £EMEF, B hydroxy HQRO)B L CHEEREELEWE S AR, ZIC, 11 ¥R
L ORGRIZKREF L UT indole Z2HMUTHEE I3, 20 BERSERTIEH S P, tryptamine Ek& 6 (LI
indole 28 3D SKIZFBEMRT 2L NI FLVWRIEHKEZ b, FREEDR)ZE BRONETERLE,

—7%. 1,1’-dihydroxyindole AA@)2BR L RIGZ BT 1 i kBEZHEIEhIE, 23 £RE 24 DL R
indolo[2,3-a]carbazole FEEADR LN % LHIG L TRISFKEERF N TH S, 8 £ THF F Et;N & ZnCl, &
EIGZBEBEITIE. 22 LRSI NIFRLEMDPERTEI e Bbd o,

REF L UT indole Z2HEIBEROLESYHQ)L FBLOKIGER. 2¢ LBLORGME, 10 ZHRT
32=20N—1b, 11 OERELZOBETRAUZHEKD 2 4 (1B tryptamine {LEWOEMR. 21 OHE
REZOFMOEDTHRETZFETH S,

[>z#k) 1) Review: M. Somei, Advances in Heterocyclic Chemistry, Vol. 82, ed. by A. R..Katrizky, Elsevier Science

(USA), 2002, pp. 101—-155; M. Somei, Heterocycles, 50, 1157 (1999); M. Somei, J. Synth. Org. Chem., 1991, 49, 205.
2) M. Somei and T. Kawasaki, Heterocycles, 29, 1251 (1989).
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Table 1
HCOOMe NHCOOMe MeOOCHN
Solvent (acid) HO, @\_ij
B s =
room temperature 12) R= H
13) R = CHO
Solvent A . Time A
Entry (Acid) pKa ® - 92
1 CH,CH,COOH 49 24 0
2 CH,COOH 48 24 0
3 HCOOH 32 14 8
4 CICH,CO0H 29 4 12
5 C1,CHCOOH 13 05 12
6 CF;COOH 02 112
Scheme 3
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A Study of the Reason for the Regioselective Nucleophilic Substitution Reactions of 1-Hydroxy-
indole Compounds
(Division of Pharmaceutical Sciences, Graduate School of Natural Science and Technology, Kanazawa University)
Masanori Somei + OKenta Imai * Fumio Yamada + Toshikatsu Hayashi * Yu-ya Nakai * Kunihiro Tokumura

Deviation of the N(1)—O bond from the indole molecular plane and the presence of C—C—Nb side chain at the 3-
position are found to be responsible for nucleophilic substitution reactions of 1-hydroxyindoles. Electron density on the
Nb nitrogen is another factor. We propose an idea of the “bishomoallylic conjugation” which is the interaction between
the lone pair orbital on the Nb nitrogen and the p-orbitals at the C(2) and C(3) double bond and responsible for the
hybridization of N(1)-nitrogen and governing the reaction pathway.

VPV LBOPLERTEI 7= VAFALQ)D, RERLOZED p* BESEIRX, BEB0D 6nEF
BASTVS pBEICH LERX LT3, HREESE L N2V (Scheme 1)o FHKICIE, indole BER
NOR sp BRTHZLFEZ O, LROBMEEROEHESP S, 1-hydroxyindole EEB)CHRKT 20 F4 @)
BREBEES)ZLNT, LEFS>TREBERRISERDO)DEREEL 3 = LikHERN,

4L T1-Hydroxyindole {&%]1 ¥ IZBNWT, MEMBDOH T, 1-hydroxyindole JHiZ AN OB L R LT
BFZVRERT ZD, ZOBRTAHAFAVEIHBEEGRZL L BTEET, RWVWT 6 Nu=OH)Z&EH
LT, BOM=VRE5235LE52, ZORROETHERZH#IELTNS, D

Z OMEHBE T Scheme 2 WRTHEERZESPIZI LT E %, BB 1-hydroxyindole HHid, LIRAELERES
H#T, AIZEFREORBICBNT, 1Y F—IVD 3L C—C—Nb B2 E T 3REERD Type I Ok
BUNOHBAERIRKIC D =V EEEES, 9252 3" "Type 1"ORGERT. —5, 34l C—C—Nb
LS O#ERE 3 SR ERD Type I OLAWA0)iL, F—%{MT T kabutane (A1) 2,2’-dimer (12, 13),
B FOX I RIHZERT 2 "Type2"ORGEZRI T WS BkH 2ERERH LA,

ChSDRIGDHHRZRETDEFEESPIZT 5728, 4 BD Type I BT 3 1-hydroxyindole (L&Y
(15, 16, 17, 18)D X{RRERHHERIT 1T > = Fgure 1)o BEIC Figure 2, 21 ICRT L3I0, 150 1 fiIkBERE
RFBA L F—NVREDPSK 15° HNTNWEZ L2 1991 EIBHLPICLTWEDT, 2 1618 & EREICHE
WTNWB3EHFEZTWE, LPL 16 9 IZRT L3I 10° U EHEWTWBDIZ, 17, 18 iX 20 ITRT L3I
IEIE0° THD, TypeIGAWH I 51219,20 215 =50 subtype A, B HEIh 3 2 L Hbh ok,

LI ARET LI, subtype A D15, 16 1 "Type 1"OREBHRRIGELZ TOIZH L, subtype B D 17,
18 IX kabutane (11)*° 2,2’-dimer (12, 13), Bit KO F AN ELER T 3 "Type 2"ORIGER I T2 LB
0T BB, Type I O subtype A IZET % 1-hydroxyindole H S5 LB A F4 > 0 1 HIBRE, sp*&
BT IFFRELTETHBEEG) ICRN 20, REERRIGERVO)ESZ 2 LRLEEZI TS,
ZIT 15, 16 DRIMENIC, BORIZHITH % indole Z2HEZRZ L, ThETIFFIOE,, LIERE
FLTORBBRISDIFIETET LT, 23 252 /= (Scheme 3)e BZ 5 < 1 fIABESENTNVIDT,
2DE372 SN2 RSB TET LT3 D EHEL TS,

=75, Type 1{EEYWD C—C—Nb gD Nb EBHER, acyl S tosyl &, trifluoroacetyl £, trifluoro-
methanesulfonyl EANEEZ L T 3, tosyl BEKE CTid"Type 1"ORBEBHRREEERITOIT L, ti-
fluoroacetyl P E DRI REFREMEESBAINEZETIE, "Type2"ORGERI T L LR LR,

UEOKRBEEH—KICHETIEHIC, B2 Figure 3 WRTREEZZEZI TV, Hb, 24 IZRT
L3I, Angle 8 ODREX 2 3fif C—C—Nb {I8{ ED No DIKEEES L UZDEFHED 1-hydroxyindole
LEVBORMMEEZETIERTHILEL 5, Bb, SMAHAE LD Nb BEROO—>R7H, £ K—
VD2, 3NOzREELHE L (bishomoallylic conjugation R T 3) REMLTHIE, 1MEHRE NOF sp
BRZEZVEPRRD, NO)-O BE¥A YV R—VEBLAERR DL S I3, Nb EREREDIA
PRICX Y, MAEEFEL LT EROLBHENITE < REPEHRTIHE, H3id Nb ZE lone pair D
BEFEEDNTHED, 25 ERTLSE, 1V k=02, MO 7EFB IV NQ)L lone pair & DHEHE
ZhiE, NOZRIZEREDA V F—HBRERDTED p? BREBRZDT, "Type 2'ORBERITE
2o

U EDERPZYUDPEPIIONT, SFHEHEICLI2RTEToT N2, ZOBRLSHT, L DM
RTF—FTERRTITFETH %o

[>cak]) 1) Review: M. Somei, Advances in Heterocyclic Chemistry, Vol. 82, ed. by A. R. Katrizky, Elsevier Science

(USA), 2002, pp. 101—155; M. Somei, Heterocycles, 50, 1157 (1999); M. Somei, J. Synth. Org. Chem., 1991, 49, 205.
2) M. Somei, T. Kawasaki, K. Shimizu, Y. Fukui, and T. Ohta, Chen. Pharm. Bull, 39, 1905 (1991).
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Scheme 3
SN2 Mechanism on the Indole Nitrogen
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Figure 3 H
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