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Short Step Synthesis of 4-Substituted Indoles and Ergot

Alkaloids.

Masanori SOMEI*

Various new methods for the synthesis of 4-substituted indoles were developed. These involved

' a) three step synthesis of N-methyl-1, 3, 4, 5-tetrahydropyrrolo [4, 3, 2-de] isoquinolines, b) one

step synthesis of 4-methylaminomethylindole,
d) the synthesis via 4-indolediazonium salts.

¢) one pot sythesis of 4-hydroxymethylindole,

Short step synthesis of ergot alkaloids, (+)-6, 7-secoagroclavine, was also achieved by 5 routes,

utilizing such novel reactions as a) selective mono-alkylation of nitroalkanes with gramines,

b) r-alkylation of allyl alcohol with nitroalkanes, and c¢) reductive alkylation of nitroalkanes

with Grignard reagents.
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Table 1 Effect of the relative ratio of

TiCl to 13*
TiCls Yield (%) of | Reaction
Entry | ol eq) a8 time (min)
1 35 0.6 5
2 7.0 49 7
3 7.7 19.6 7
4 8.7 3.6 7

* The reactions were carried out at 19°C.
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Table 2 Effect of the reaction time*.

Reaction Yield (%) of | Reaction
Entry temperature
time (min) 48 C)
5 3 13.8 18
6 5 16.0 20
3 7 19.6 19
7 10 7.9 18

* 7.7 mol eq. of TiClz was used.

Table 3 Effect of the pH*.

NH,OAc Yield (%) of | Reaction
Entry | (mol eq. temperature
to TiCls) 48 $9)
3 0 19.6 19
1 14.1 25
9 2 14.1 24
10 3 125 26

# The reaction time was constant for 7 min. and 7.7 mol eq.
of TiCl3 was used.

Table 4 Effect of the solvent systems*.

Entry Solvent systems Yield ‘gé%) of
11 H,O-AcOH (2: 1, v/v) 21.4
3 H:O 19.6
12 H,O-MeOH (2: 1, v/v) 13.3
13 H:O-THF (2:1, v/v) 3.9

* Reaction time was kept constant for 7 min and 7.7 mol eq.
of TiCly was used at 19°C.

Table 5 Effect of the temperature*.

Reaction temperature i 0
Entry oy p Y1eld4(8A)) of
14 0 1.6
3 19 19.6
i5 28 191

* Reaction time was kept constant for 7 min and 7.7 mol eq.
of TiClg was used.
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f)ag. TiC13/MeOH/NH40Ac; g)NH20503H/DMF/KOH; h) 2N-HCL1/
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IR 85 2 HH 88 THEFAT 7 A ¥ 1KLL THE
LAY 89 Liud, HFTHEEIEHAEESIEE
WTRHIOMRHLTE6 L 0~LSBTHLNSF
oL LTHEBOR W, X LLTEAFH H, COO
Et, Br #5802 & /) —AHB Y zF AT I VvFET,
85 LIS BT - ISRV RBICRLTH S, RISHED
i & i 86 DAEREIIEML 91 X Lz, Eick
BB 7V AFVNEBAFATZAFANEICL > TH
REN R OERIBD O, 91, RIFHITTREE
THENIERICEY 86 2ERBMICEZS 2506, 2R
T 925 BrRIRUGH, MAREEKEMATS SRERT
BZEICE-T, 85% 86U 8T3Y% TEBRT S Z

Table 7
a)DMFDMA { DMF
quantltatwe

—»@w @r:n @U @n

)
OH

TiCls Yield (%) of
Entry Solvent
(mol eq.) 82 85 86 | 87
1 12 éﬁ?fif%? 835 of ol o
2 8 " 41.8 | 21.9 6.3 1.3
3 6 " 5.6 | 36.2 7.9 8.3
4 4 " 2.8 1568 13.1{ 159
5 4 MeOH 3.6 |47.3 | 31.3 5.6
6 6 " 158 {27.0 | 25.7| 1.9
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Table 8
)
/-—> + £, <(8)
,Cix 890 ?e H
@?‘Jl N
N

OH

\ NEt3
BrCH2CO0Et @ ] @ ] <I :ﬂgz

MeOH 91 OCH2COOMe _CHCOOMe
Reaction Yield (%) of
Entry .
time (h) a6 921 92
1 16 40.7 50.8 0
43 59.2 14.4 20.0
53 76.8 3.9 12.5
4% 92.5 87.3 0 0

* After stirring for 92.5h, the reaction mixture was refluxed
with sat. ag. NaHCOj;.
X : Leaving group, W : Eleciron withdrawing group,
R : Alkyl group.

EMTEH, LIzhoT, BID=Z v M )-5DRISHEIC
BE#EI BRI FATAFA, PYZFATICEM
ATEW L, EEAETS-LIckY, 83XV 86
3 3STERBHEWNE66% TART AHEERERHTZ L
HTE,

3.2 4-nAFOFTAYF—LEORHR™ 86%
ARRER L LTHBSF A B TERLOT, 1iER
d-z=tuAfrF—n93a~c £ IITRTINETEMR Lic,
RO TCEZHbF 7 o TETTDZ L X VRS T54-7
I/A v F—nBa~cEHRLIC™, MakEHLTY
7 SMEREREEBA RN L 25, BHT 5 HEEE,
WS MY Y LEREFAENR 10~15fFEn, 22/
ABRR L, BRE, FEROBREOEMIZ%a LR
BEEBIEREz Tz L, Py Skidk-2 52— BE
RSP CITWERL 2V 7 V=0 b ERBRE—TAE
s THIHBIER T - R BRGET 5 LR 52
Brli¥ibhol, ZZTRHMENEESEMEE4
a~CITBRI LIk 25, B L 5 Ba~cER9ITTET
WRCERTE, $BEEL-TI /A F—-1 821
BRALTLA A FrELA L F—N95dBARET 32
Libdroi, 9%Ba, b ixivkafETscticky %BdE
Bxi,

Table 9

NOg NO2
enewenlidw
ge " 93

8 94 R 95 R

& Yield (%) of
93 94 95
a) -COOMe 95.1 92.5 93.7
b) -Ts 81.8 91.8 58.0
¢) -CH,Ph 96.8 85.0 43.9
d) R=H — — 38.8

i) NaH/DMF i) R-X:CICOOMe, TsCl, and PhCHyBr
i) aq. TiCly iv) NaNOs/HCl/ MeOH.

3.3. 4NnOHFIAYF—LEOAR®™ 9%agy
TRy 7 ok T FY A LRET A LT LY,
T =v AR B ERECELE L BT, 9
BV hEBELLTEGRTSLE7E2ERLES. R
BRIZ Sandmeyer %479 241Xy, 98a~c 25 10
EFRTNETHLZ LN TERE, Bohi 97, 982IEK
T v Y A5y, Mannich 5UR, v 7 71k, 7ARY
MASBTB-Licky 99a~d, 100a~d, 101 a~c, 102
a~c ERINVIOTRTINRTEMT DT LB TELN, 1014,
102d ix Hansch &3 iz X 9 & Eh <Y, 102 TR
=%y v hREOEDERREER A L TN LN
BH&ENTHYY 102a~c 72 ENEBIERIC >V TKRE
BrkoEhs L5 ThS,

Table 10

78.3% by
L /' 96 COOMe g7 Coome
NHZ X
@ 1) NaNOg /HCI ©_ﬂ
N 2) Reagents N
95a Coome 98 coome
HX Reagents X Yield (%)
a) HCI CuCl Cl 77.9
b) HBr CuBr Br 82.6
¢) HCI Kl i 76.2

i) NaNOy/HCl ii) NaBF,/H,0 i) pyrolysis
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Table 11

.Me

w000 )

COOH

Yield (%) of
X
99 100 101 102
a) F 94.2 816 81.8 87.6
b) Br 82.6 745 89.1 77.7
c) I 92.7 70.9 93.5 99.0
d) Cl 79.0 59.9 — —

i) 209% NaOH/MeOH
i) DMF/H;0/KCN.

i) HCHO/AcOH/MesNH

3. 4AANHT ALY F—NOERBN 421
BT A v F—NOHREBNEREZADA TRV
ZZTCHBanTT =y AEKBRECFALXY VNS
VEBH VUL LRGSR L DA, 103 Likic 104 28
Bz ENTER (B11), 104 AL BT HiE, 105
BLUZOZEE 106 B LA B, 105 ZREE TER
iz B+s itk vicic 106 IEBLE, 220
FLEY 105 BEBEICERTERLOT, ER AT
FMEREOERERIRET B LR TEL,

Fig.11

@m@n

COOMe COOMe COOMe
103 14,3% 104 595°%

"85 (5]

105 574% 106  wuo%

'C-OEt

a)i,NaNOz/HCl; ii,KSC(=S)OEt; b)20%NaOH/MeOH.

3.5. 4 fi~DFEEQEOEA BanL 7
{LE—ERz A5 Sandmeyer KK b INER {EfTLTC
(B12), K FBRFMUEHEZBATEIRAALLLT, =
—FRy ¥ &#Hv Ulmann L7 -7 & 25 109,
10 BERT B0H T 4000 3 — ke USEBEEL
BN EBbh o7, —FEBRAFVILER W5
Heck ISP @77 YABEAFAT TN, A FAE=
N by, 222 FA-3-7F -2-F—n L HEB Y ITK

F—ABLXUEAT A v A FOERIFR 395

EARZ VBRI RTHEREE L2 /-, e Heck Kis
FEZORVWEIRTVBAFALE=AS b THLIRE
BURIESEFLT 112, 54 BX 0 a, p-TERY by
BARBILEEIN M3BELRBZ LS BED SRR
Bohiz®, MARBOEAT VA FERPBIGED
VEoTHS (B155R).

Fig.12

i 82 0°le f 91, 8% f

95a COOMe 107 COOMe 108

o 2dr - @UM&

98¢ COOMe 109 Ph 21.9% H 4,5% 545%
COOMe
/\cooaae
98¢ ———
N 688 209%

111 coome 103 ¢ OOe

sac—aémén‘ém

OH COOMe 113 COOMe
112 s9.3% 7 3% 7.8% 14.0%
H0>l\/ 1
9Bc—m——> *
d N N
114 s67%  99¢ " 054

a)i,NaNOz/HCI; ii,CuClN/NaCN; b)20%NaOH/MeOH; c)Cu/DMF -
d)Pd (OAc) 2 (cat. amount)/NEt3/CH3CN.

Dk, K3@2DOEESK LA F—APT =04
WoRGHE, BROFFRY 7 /=y 2 EORISHEL
BW—HEERTZILVHEHAL, 404 F—1P¥75=9
LEERDSELEEH R 4 BHA » F—AERIPTRET
bErEEFRH L,

4. EB/TNLAOA KOS 8

4.1, LEMICSATREGSEAMRMNE 53, 8
£ DEATAI v A FARICIGEL THMALE 36
EBETHo0GTRICISLEMAL— P EEHB LA
Fabb, BI13IEFY KwL—=M—N—-0—P—Q ®an
— & K5R=>S—>T—U-V—=Q Db 1 — L THB, st
LAY KZ 68 ~D C3 BN T K — VEES TER S
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@
Ed

—=aroute

Ry R1 R2
0 Rz NO2
,Me
*Me
a
{ N
H
Ry OH Ry OH Ry OH
~Me
~Me

Eméﬁf

2 Steps(Ry=Rp=H)

nAMWEAL—FEEBRTSOIE, LM, S—T B
TCrFIvEG~=bu 2 EINRBLEBALES
b, ToUBETTIATALa—AO 7 +F A4k
RIitE SERBRICIEZ T2 L8 TESh, M—N, U
—V o fEffE= b e k&Y T LEERT S L FRHC
EFediAa7Iv~RBRIGELTESH, PO,V
—0 ~DOBTNTHEBYETT 3 0SB MEREHBRL
RFNE R BRN,

4.2. (£)-6, 7-EaF75 0I5 EDEER
EFEEAS Ri=Re=H 2 BRL THHEIT-> 7. an—
MZUZERW, D3fi~=brt & oI+ <<
SREEMRICERZTY, BEELERr -, £Z
T, 3{linY L OoBMFHEENBT SERKER - TG
EEABEL, NV IATATFARRT ¢+ o EMEEL
TE5=buFrh EOBREE  TARMERIEER
M3z enTEi®™, Rk MicERL, =btexs
vk SPL~BAT D L FRRICGTFR~A AR
IR TRII®ELNTE, T rafk116, v
K115, & 3 1 DERETE I Z L TER (B 14),
Zh LAY O L ELEEE—FANICIRE LB b ofahs,
M5, 137 2 —nfbic kv 127 252508 115,k 7 5 —
MMEFEBLARWZ &, BRIERIC XS 467w DB
EhELBICLAHRMEBT, 16,5 116 B+ 5F
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———b route

H
Nie

NO2 Ry 2 NO2 Z ///;7 a N

Various type
ergot alkaloids

Iz

Fig.i3
Me
I
EEIZIY NS B FF R, 5. By 2 eTHSH
7o
Fig.14
0 NO2 0’~ ,Me
43 .Me tdpH s
Nove 4«H-
ss\ “
(9 %
13 -~ N
70 115 5 4/3H vy 16 Saou
H90% o
H
N-Et
+ + 16t

H
19 1624,

58.6%

21

(¥)-6,7-Secoagroclavine

41 8% from 118

a)CHBNOZ/\’.‘H?’CN/(_Q-Bu) 3P; b)MeMgI/TH‘F/EtZO; c)Aczo/
pyridine; d)p-TsOH/benzene; e)aq. Tic13/xvteOH/NH40Ac.
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Grignard DB HEEEBT 5 L, BHE=I=
NS5 74O NEBE#HE Fesi 7 I v oEmaTil
EN B BERANCIEA Szl 3 6 L Ao, 72
T115t & iBF| 0 Grignard HIK L KIS S ¥l Z 5
HEDIZ 116 2 BNRTHLENTEL, 1615 v
R, ¥Y2O21BEHTHER, ERLFPF 2 E
116t BEBRETD o7, Tz OREOEIR, 118
BIAESRD N BED TENRTH-720 7T, 116t %
7 FAE T ~FE L, BRI O Grignard 3#38%
fER &SR z5, BEHIBAELRE, Z O 116,
RERENBZ 256116t V9 A /AL TERET-
s, —E N-=5afk 119 L2 0 FE ok idh
B ERMICIYPIKT AL 1202 12101 01 B
EPrteode, TTRRAREHEEF I B Fuxy
AT VvRILEMET I VEERTEZ LV MREE
TEI, FEFIBECEALELLEZS, (£)-6,7-%
aFFersrse 212 118 X 0 41.8% ONRT 24
BT B L B TE RS

b — P TIEREY 122128 0 TERAHMTH 0
2, PRoBcnBFEDEFEHTSZ Lic kv GRS
TRETZZLNTER (B15), KWT=breTid
VIREBTYATAZ—ADOY LT AFAMBERERS
FTREARFEML IR, REORH 18% ofgR<T
BRIOBREK 124 2 6MT5 2 LA TH S, 1241
NMR 227 pARBWT ST m oA e by
LIOSHZz TH Y A LTNAEZENLD FT vk

Fig.15
OH OH OH
NO
N,Me 2
~Me
a b c
5 —o s —
83.7% bl-l’ 70.3% u 83.8% N
14 122 123
?H ?H
NOZ N=Me N=Me
H 5l.H Me
10
d a N
——( i 2 4
N N
H H N
124 17.8% 125&5/5!-!,19.0% 126 32 o
+123,285% c:500H, 200 %

u.l'l.', EW, 5-epl- 121

a) MeMgl/THF/Et,0; b) (Me).,N+=CH2 c1; C)CH,NO,,/CH4CN/
(Q-Bu)3P; d)ZnClZ/NEtB/THF; e)aqg. TiCl3/MeOH/NH4OAc.

ERETE, L LARBG, KiT Grignard K% T
L, an— b LiFBEARY, BiHiZ LIS EBRER
£ kbhT, FF A EI126t, 2k 125¢ M1 : 1T
ERTBZLBbhot, RBAMIC A FAENREA X
NI 126 LYBEIE L, &5, 126t 125¢ 2=
b2 v TERETAZ LIV 121 B I 121054
CEESR TSI LB TER®,

FTIRBA_ LS 64, B IERADFHEIL IV 13 &
Y2TERTAMRLI B, Lieh-TZZic13ky 121
DITEERHE (R14), sTEEME (@15) 23z
Lz Licied, bhaAhi@EOMAIRIZ, Theh
40%, 56 % TH Y, BERFBRIEIZTAENL 609, 78
%THD, —H 441k 32akv(EB), 114138 X v

(B 7-10, 12) Bl AR CE R Tzhbor— kT
XoTHL 1IN 0LEHEBEE LIz e s, T 127
ERHCTRI6ITRT L5 UIBRER L— T Lo
THLI2 2 28T B2 LN TE (FHEIR 20 %, B
BARE 27 %), AA— FTIE 13402 VA EFBRETS
BRI TRBUETH -, TbbERE 134 & Birchig

Fig.16

° NO2 E8 N0z ES tHy

a b
N 939% N 78.4% N
H H H
115t 127 128
Ms
0 H 0 H 0 /
Cooy” neooet Lo five [ e
c d e
el — —
945% N N 795 u
129 130 so54f! 131

+ N forrnyl compound( 37, 0%)

Ms Ms
0 NMe \é NMe ‘E NMe
¢ 853% 85,2%
H
134

H
!\'lMe
121 s504% i
e -+
136 3704
88.1% oy SN WY
135  Coome 136 H

a) p-TsOH/ethylene glycol; b)S%Pd/C,Hz,lOOkg/cmz; c)
ClCOOEt/NBt3; d)LiA1H4/Et20; e)MsCl/pyridine; f£)1N-
HCl/acetone; g)MeMgI/Etzo/THF; h)p~TsOH/benzene;
i)NaH, DMF/CLCOOMe; j)Na/lig. NH,.
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FTFB LAy F—ABBIEBTEh 136 ERT 3 L
WHOEELIMENELh, R 1IMLEEFRIIET
REBLTI36 L Lo BirchBR2fT5 2 Lick v B
EERTHILBTER,

MEER 13D ar—Fk, bA— FOERERYFID
I BIRELOEAT AN A FARICIGEL THE
FALB3LEBHAMEL LTEETIIPELER, =
OMe, R.:=H ; Ri=R;=0Me 2 > W THREETPTH
DD X 5 icfEf a, b A — MToOWTLHRARTHS,

BhH Yz

APIEBHA v F—ABXUERATAL I A FOSEIX
Z OEEREIF ORI, ELLEESOWMELRE
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® —mid FE® Woodward*®, Plieninger®”, Julia'®,
Trost'®, Kozikowski®, Rebek™, Oppolzer®®, Ramage
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B HHEE OHE THE L .

WEE (£)6, T~ta7smr sy BIUZOEE
F—3 B EET & o ZI%ERT - BB Ry
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