
ijrt r 

THE SYNTHESIS OF SUBSTITUTED INDOLES 

VIA ARENE CHROMIUM TRICARBONYL COMPLEXES 

a thesis presented by 

GORDON NECHVATAL 

in partial fulfilment of the requirements for 
the degree of 

DOCTOR OF PHILOSOPHY 

OF THE 

UNIVERSITY OF LONDON 

DEPARTMENT OF CHEMISTRY 
IMPERIAL COLLEGE 
LONDON SW7 2AY. OCTOBER,1982. 

1 



CONTENTS 

Page 

ABSTRACT 3 

ACKNOWLEDGEMENTS 4 

ABBREVIATIONS 5 

REVIEW 

Synthetic applications of chromium tricarbonyl 

complexes of dihydropyridines and benzo-fused 

heterocycles 7 

The synthesis of carbocyclic-ring, carbon-

substituted indoles 27 

RESULTS AND DISCUSSION 

Introduction 85 

Preparation of 2-substituted 1-methylindoles ... 88 

Preparation of 7-substituted 1-methylindoles ... 92 

Preparation of 7-substituted 1-methoxymethyl-

indoles 101 

Preparation of d-substituted indoles 112 

EXPERIMENTAL 133 

REFERENCES 160 

2 



ABSTRACT 

The review is divided into two parts. In the first, the 

use of chromium tricarbonyl complexes of dihydropyridines 

and benzo-fused heterocycles in organic synthesis is discussed, 

while in the second, the synthesis of carbocyclic-ring, carbon-

substituted indoles is surveyed. 

The main part of this, thesis describes the preparation of 

tricarbonyl-(T
6

-N-protected-indole)chromium(0) complexes and 

their application to the synthesis of and 7- substituted 

indoles. The key step in these syntheses is the regioselective 

lithiation of N-protected indole complexes, the regiochemistry 

of which is determined by the nature of the N-protection. Thus, 

a sterically demanding N-protecting group, the tri-isopropylsilyl 

group, led to predominately 4—lithiation, while less sterically 

demanding groups led to predominately 7-lithiation. 

The subsequent reaction of the lithiated indole complexes with 

electrophiles afforded good yields of the substituted indole 

complexes. The cleavage of these complexes gave 

excellent yields of the corresponding substituted indoles. 

The future prospects for these reactions are also discussed. 
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ABBREVIATIONS 

Apart from the usual, common chemical abbreviations, the 

following, more specialised abbreviations were used in this 

thesis: 

DMF dimethylformamide; 

DMSO dimethylsulphoxide; 

HMPA - hexamethylphosphoric triamide; 

TBAF tetra-n-butylammonium fluoride; 

THF - tetrahydrofuran; 

TMEDA tetramethylethylenediamine. 

All temperatures quoted are measured in degrees centigrade 0°C) 

and the word complex is taken to mean a tricarbonyl~(Ti
 6

-arene) 

chromium complex, unless otherv/ise stated. 
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SYNTHETIC APPLICATIONS OF CHROMIUM TRICARBONYL COMPLEXES 

OF DIHYDROPYRIDINES AND BENZO-FUSED HETEROCYCLES 
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A Introduction 

In the past 25 years many stable TC-arene chromium 

1 

tricarbonyl complexes have been prepared. The chemical and 

physical properties of these compounds have been extensively 

studied, but it is only more recently that their application 
1 2 

to the field of organic synthesis has been investigated. ' 

This work has, in the main, concentrated on the application 

of carbocyclic arene complexes, v/ith the use of the non-

carbocyclic complexes receiving scant attention. It is 

intended to review here the use of non-carbocyclic chromium 

tricarbonyl complexes in organic synthesis. 

The methods for preparing non-carbocyclic arene complexes 

are, for the most part, similar to those used to prepare their 

carbocyclic analogues; that is, by direct thermal displacement oi 

other ligands from a neutral chromium tricarbonyl species such 

as chromium hexacarbonyl, trisacetonitriletricarbonylchromium 

or trisammoniatricarbonylchromium. Reaction conditions depend 
• 

on the nature of the arene being complexed and on the nature of 

the ligand undergoing displacement, but reaction.temperatures 

of between 25° and 160° are required. Yields of the complexes 

are usually good once the reaction conditions have been 

optimised. For example, indole reacts with chromium hexa-

carbonyl in refluxing dibutylether to give the indole complex 

in 80$ yield.
5 
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Cleavage of the arene complex to generate the free arene is 

achieved in excellent yields and under mild conditions by 

either the use of mild oxidising agents, such as irradiation/ 

h. . 5 
oxygen or iodine, or by the thermal exchange of the 

6 
TU-arene ligand for other ligands such as pyridine. 

The coordination of a chromium tricarbonyl group to an arene 

results in changes in the reactivity of the arene which are 

1 2 
well documented for carbocyclic arenes. ' Although the 

most important effect is the withdrawal of electron density 

from the arene ring, other effects are also present, resulting 

in the changes in reactivity outlined below: 

(a) side chain (benzyl) cations and anions are stabilised; 

(b) the arene ring protons aire enhanced in. acidity; 

(c) the steric effect of the chromium tricarbonyl group 

directs attack on the complex exo to the chromium; 

(d) nucleophilic aromatic addition and substitution of the 

complexed arene is enhanced. 

B Electronic effects of the chromium tricarbonyl group 

There is some controversy about the mechanism by which the 

chromium tricarbonyl group withdraws electron density from 

the complexed arene. 

Recent theoretical work
7

 prompted by the regiochemistry of 

2 
nucleophilic addition to substituted benzene complexes • 
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suggested that electron withdrawal is the result of the 

greater overlap of the TTr
m

°l
ec

U-lar orbitals of the arene 

with orbitals on the chromium tricarbonyl group than the 

corresponding overlap of orbitals on the chromium tricarbonyl 

group with the arene JX *-molecular orbitals. This results in 

greater back-bonding from the arene fl-molecular orbitals 

to the chromium tricarbonyl group than donation from chromium 

tricarbonyl to the arene IX^-molecular orbitals, thus producing 

the overall electron withdrawal from the ring. 

G 

However, earlier work based upon experimental results suggested 

that complexation by chromium tricarbonyl decreases the nett 

(^-electron density with little effect on the TX-electron 

density. This is surprising since it is usually assumed that 

the fI""
e Z e c

brons of an arene participate in the coordination 

with a metal and the contribution of the O-framework in . 

the total bonding is negligible. 

The apparent discrepancies between these results, together 

with the observations that the theoretical treatment neglect's 

the effects of complexation on the 0-framework, while the 

earlier work fails to explain the nucleophilic addition to 

arene complexes, suggests that a full explanation of the 

effects of complexation will have to await a more rigorous 

theoretical treatment. 
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C Dihydropyridine complexes 

The 1,2-dihydropyridine complex (1), prepared from 1,2-

dihydro-3-ethyl-1-methylpyridine and trisacetonitriletri-

carbonylchromium, although not strictly an arene "fX-complex as 

the nitrogen is a chelating ligand, has been used as a means 

of stabilising and modifying the chemistry of the unstable 

1,2-dihydropyridine system to the extent that regiospecific 

nucleophilic addition to 6-position of the complex becomes 

feasible (Scheme 1). 

Treatment of the 1,2-dihydropyridine complex (1) with 
a 

lithioisobutyronitrile (R ,R=Me) gave, after treatment with one 

• 1 N / 0 

equivalent of iodine, the complex (3; R ,R=Me) in 54/? yield,.
y 

This resulted from nucleophilic addition to the 6-position 

followed by hydride loss from C^ of the anionic intermediate 
1 1 

(2; R ,R=Me). Decomplexation of (3; R ,R=Me) with pyridine 

and subsequent sodium borohydride reduction gave a mixture of • 

the tetrahydropyridines (4; R
1

,R=Me; 34^) and (5; R
1

,R=Me; 8$). 

. 
a 

Treatment of the intermediate (2; R ,R=Me) with trifluoroacetic 

acid and subsequent oxidation with an excess of iodine afforded 

a more efficient route to the 1,2,5,6-tetrahydropyridine 

(5; R
1

,R=Me) (67# yield). Similarly, the reaction of the 

1,2-dihydropyridine complex (1) with lithiopropionitrile 
1 1 

(R =H,R=Me) and lithioacetonitrile (R ,R=H) gave good yields 
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of the 1,2,5,6-tetrahydropyridines (5; R
1

.=H,R=Me and R
1

, 

R=H respectively). 

5 

6 

Et 
3 Q 
2 

T P c r ( C O ) 
M e 

( D 

CrtCOLR 
Me N C 

(2) 

f Cr(C0)q 

M e J 

( 3 ) 

e,b 

c,d 
Et 

NC 
r 
M e 

(4) 

(a)LiC(R)(R
1

)CN,THF,-78°; (b)I
2
; (c)pyridine; (d)NaBH^; 

(e)CF^COOH. 

(Scheme 1) 

1 0 

The reaction of the 1,6-dihydropyridine complex (6), 

isolated as a by-product from the complexation of 1,2-dihydro-

3-ethyl-1-methylpyridine or from the thermal isomerisation of 
1 1 

the 1,2-dihydropyridine complex (1) , with lithioisobutyro-

nitrile gave, after treatment with iodine and an excess of 

silver nitrate, the pyridinium salt (7) • Demethylatio.n of 

this salt with triphenylphosphine in acetonitrile afforded 

the 3,5 
—disubstituted pyridine (8) (Scheme 2). 
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(a)LiC(Me)
2
CN,THF,-78°; (b)I

2
; (c)AgNO^; (d)Ph

5
P,MeCN,A . 

(Scheme 2) 

The reaction of the 1,2-dihydropyridine complex (1) with 

methyllithium at -78° gave, after work-up, a mixture of 

dimeric compounds (9,32*0, (10,27/0 and (11, 25#) ,
1 2 

presumably via 6-lithiation of complex (1) and nucleo-

philic addition of this carbanion to the 6-ppsition of 

another molecule of complex (1) (Scheme 3). 

Et 
a ( D 

(CO) 
Me 

( 1 ) 

l i ^ u k 
J Cr(C0)3 
Me 3 

(C0)3Cr, 

( 9 ) 

(C0)3Cr. 

a) MeLi, THF, -78 
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(CO)3Cr 

I T I N 
I H I 
He Me 

(11) 

(Scheme 3 ) 

A synthesis of the indole alkaloids olivacine (12) and 

guatambuine (15) utilising the chemistry of 7,2-dihydropyridine 

complexes has been reported. 

Me 

13 

Me 

? 
H Me 

112) 
The reaction of 7-phenylsulphonyl-2-lithioindole,(11) with 

acetylpyridine and subsequent hydrolysis of the nitrogen-

protecting group gave the 2-substituted indole (15) (Scheme 4). 

Quarternisation with methyl iodide followed by sodium 

borohydride reduction and complexation v/ith trisacetonitrile-

tricarbonylchromium gave the 1,2-dihydropyridine complex 

(16). Reaction of this complex (16) with Vilsmeier's salt 

gave an intermediate (17) which, on decomplexation with 

pyridine, gave a mixture of products (18 and 19)- Dehydro-

genation of this crude mixture with palladium on charco.al gave 

a mixture of the pyridinium salt (20,60>o from 16) and the 
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pyridine (21, 1C$ from 16). The demethylation of the 

pyridinium salt (20) with triphenylphosphine in HMPA or DMF 

and subsequent treatment with methyllithium followed by 

iodine oxidation gave olivacine (12) in overall yield. 

Quarternisation of olivacine (12) with methyl iodide and sodium 

borohydride reduction gave (i)-guatambuine (13)-

N' 

Li 

S0
2
Ph 

N d,e,f 

I M e - ^ O H 

H 
M E ^ M E 

Me • 

( 1 6 ) M E X + ^ M E N 

, M E ^ H O H \ R ( C 0 > 

M E ^ . - M E N 

IJN M E - ^ H O H 

H 
M E - ^ V O H 

H 

(18) (19) 

•Me 
N k, l 

(21) 
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( 12 ) — I I ^ ( 1 3 ) 

COMe 

(a) JJ ; (b)H
+

; (c)NaOH,H
p
O,MeOH; (d)Mel; 

N 
(e)NaBH^; (f)(MeCN)^Cr(CO)^;(g)POCl^,DMF; (h)pyridine; 

(i)Pd/C,300°; (j)Ph
5
P, HMPA or DMF; (k)Meli; (l)l

2
 . 

(Scheme 4-) 

D Benzofuran and benzothiophene complexes 

Pentacarbonylchromium complexes with aromatic carbene ligands 

react with acetylenes in a stereoselective fashion via 

incorporation of a carbon monoxide ligand, to give substituted 

benzo-fused aromatic (including benzofuran and benzothiophene) 

chromiumtricarbonyl complexes (Scheme^)- For example, 

pentacarbonyl-(2-furanyl(methoxy)carbene)chromium(0) (22) 

and pentacarbonyl-(2-thiophenyl(methoxy)carbene)chromium(0) 

(24-) reacted with pent-1-yne in dibutylether to give the 

substituted benzofuran (23) and benzothiophene (23) complexes 

Ir-respectively. 
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y 

OMe 

(CO)5Cr— 

X) 
(22) 

a 

OMe 

(23) 

.OMe 

O 
(24) 

a 

OMe 

(25) 

(a)PrC=CH,Bu
2
0, A • 

(Scheme 5) 

The construction of the benzo-fused aromatic skeleton is 

thought to occur in the coordination sphere of the metal, 

possibly after substitution of a carbon monoxide ligand by 

the alkyne. ^ 

The benzofuran complex (26) reacted with carbanions to give, 

after oxidation of the intermediates, a mixture of (27) 

1 6 

and 7-(28) substituted benzofurans, with the former 

predominant. 
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Cr(CO)3 

(26) 

R=CMe2CN, O 
Q)LiR,THF,-78°; b ) I 2 . 

(28) 

E Tetrahydroquinoline and indoline complexes 

The enhanced nucleophilic aromatic substitution of chloride 

6 
from chloroarene complexes by methoxide is we11 known and 

has been used to prepare N-protected-methoxy--tetrahydroquinoline 

17 
and N-protected-methoxyindolme complexes. ' 

Treatment of 1-benzyl-6-chloro-1, 2, 4--'tetrahydroquinoline 

complex (29) with an excess of potassium methoxide in the 

presence of 18-crown-6 at 70° gave the 6-methoxy substituted 

complex (30) in 91$ yield. Decomplexation with iodine afforded 
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1-benzyl-6-methoxy-1,2,3,4-tetrahydroquinoline(3l), isolated 

as the hydrochloride salt, in almost quantitative yield. 

MeO< 

(C0)3Cr 
Ph 

(C0)3Cr 

(29) (30) 

(a)KOMe,18-crown-6; (b)I
2
,THF,HC1,H

2
0. 

Similarly, l-benzyl-^-chloroindoHne (32) and 1,3?3-trimethyl-

5-chloroindoline (34) complexes gave the 1-benzyl-5-methoxy-

indoiine ( 3 3 ) and 1,3,3-trimethyi-5~mefhoxyindoline (35). 

hydrochlorides in excellent yields. 

( C 0 ) 3 C R 

(32) 

( C 0 ) 3 C R 

(a)KOMe,18-crown-6; (b)I
2
,THF,HG1,H

2
0. 

The lithiation of 1-(t-butyldimethylsilyl)-3,3-dimothylindoline 

complex (36) with n-butyllithium in TMEDA/THF at low temperature 

followed by reaction with benzaldehyde and subsequent 
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decomplexation and desilylation with iodine and acid, afforded 

a mixture of the 4-,5- and 6-phenyl(hydroxy)methyl-3,3-

dimethylindolines (37) (Scheme 6). This mixture was converted 

to the 4-(38), 5-(39) and 6-(40) benzo
f
yl-1-acetyl-3, 3-

dimethylindolines, which were present in the ratios of 27:19:54 
O 

respectively. 

(38) (39) (40) 

( a)n-BuLi, THF, TMEDA, -60° ; (b)PhCHO,H
+

; (c )I
2
, THF

-

,"HCI,H
2
0 

camphorsulphonic acid; (d)Ac^0,pyridine; (e)KOH,MeOH; 

(f)Jones' reagent. 

(Scheme 6) 

This reaction was repeated using acetaldehyde and also with 

the tricyclic indoline complex (41). In all examples the 6-

substituted product was the predominant isomer, and the overall 

yield of the 4-, 5- and 6- substituted products was 50-6'0;^. 

20 



(41) ' (42) 

The chromium tricarbonyl complex of codeine has been 

79 

prepared and has been found to consist of one steroisomer 

only, that with the chromium tricarbonyl group attached to . 

the p-face of the aromatic ring (as 4-2, R=H). Complexation 

to the OC-face is hindered by steric interaction between the 

carbonyl ligands and Cg, C^ and Cg. 
• 

The 0-(t-butyldimethylsilyl)-codeine complex (4-2,R=SiBu
c

Me
2
) 

was stereospecifically alkylated with sodium hexamethyldisi-

lazide and methyl iodide to give the 70(S)-methylcodeine 

complex (4-3) in 37$ yield} via attack exo to the chromium 

tricarbonyl group. Decomplexation with refluxing pyridine 

and desilylation with tetrabutylammonium fluoride (TBAF) gave 

70(S)-methylcodeine (44-) in excellent yield. 
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(C0)3Cc 
M E O ^ T X 

B U T ^ S I O ' * 

. ' M E 

Me 

.-Me 

Me 

(43) (44) 

The 0,0/-bis(t-butyldimethylsilyl) morphine complex (45) was 

•similarly alkylated to give 10(S)-methylmorphine (46). 

Cr (CO) 3 
Bui"Me2SiO 

B I M ^ S I O ' ' 

' T ^ T 
* * 0 

. - M E 

(45) (46) 

(a)NaN(SiMe
5
)

2
,THF; (b)Mel; (c)pyridine, A ;. (d) T B A F , T H F . 

Indole Complexes 

The reaction of 1-methylindole complex (47) with carbanions 

gave anionic intermediates which, on oxidation v/ith iodine, 
PO 

afforded either the 4- or the 7- substituted indoles. The 

regiochemistry of the nucleophilic attack was dependent on 

the nucleophile; v/ith lithioisobutyronitrile addition to C^ 

(48) was preferred while with 2-lithio-1,3-dithian addition 

to (49). v/as predominant. This is an experimental 

22 



observation for which there is, at present, no satisfactory 

explanation. 

Semmelhack has examined the nucleophilic addition of carbanions 

• 1 6 

to indole complexes m more detail and has found that addition 

to C^ was generally preferred over addition to C^, the only 

exception to this being the reaction with 2-lithio-1,3-dithian. 

The ratio of 4— substituted to 7-substituted indoles ranged 

from 14-:86 for 2-lithio-1,3-dithian to 99:1 for lithioiso-

butyric acid t-butylester. The introduction of a bulky 

alkyl substituent at C^ (50,R=Me) directed the nucleophilic 

addition predominately to C^ (52,R=Me), while a bulky nitrogen 

protecting group such as t-butyldiphenylsilyl (50 > R=Pli2
B

u
u

 Si) 

again favoured C^ addition (51,R=PH2Bu Si), with only a trace 

of what was tentatively assigned as the product arising from 

addition to Cr (53)» 

23 



(CO)3Cr 

SiMe SiMe-

Me (53) S i P h 2 B u t 

a)LiCMe2CNJHF-J b) I2 . 

H. Conclusion 

The use of non-carbocyclic chromium tricarbonyl complexes 

in organic synthesis has received little attention until 

very recently, however the relative ease with which 

substituents can now be introduced into certain, previously 

inaccessible, positions of heterocyclic systems suggests 

that these compounds will have a significant role to play 

in the development of new, efficient syntheses of complex 

molecules. 
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THE SYNTHESIS OP CARBOCYCLIC-RING, 

CARBON-SUBSTITUTED INDOLES 

27 



A Introduction 

The indole nucleus (1) is widespread in nature occurring 

1 
m a range of alkaloids and other biogenic compounds. A 

number of these compounds possess useful or interesting 

properties, such as the infamous hallucinogen,lysergic acid 

diethylamide (LSD) (2) and the plant-growth regulating 

hormone indole-3-acetic acid (3)-

E t 2 N 0 C < ^ \ Me 

(1) 

CH2CO2H 

(3) 

The synthesis of indoles with a range of substituents in all 

possible positions of the skeleton is therefore desirable in 

order to investigate their structure-activity relationships. 

Introduction of substituents into the pyrrolic ring of indole 

2 
is straight forward. The 3-position of indole is the most 

reactive site towards electrophilic substitution. N-substituted 

products are obtained by electrophilic attack on a localised 

N-anion in a polar solvent. Finally, 2-substituted products 

can be obtained by electrophilic attack on 2-lithioindoles, 

generally obtained by the action of alkyllithiums on N-

protected indoles. 
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The direct introduction of substituents into the carbocyclic 

ring of indole is more difficult, usually resulting in poor 

2 
yields or complex mixtures. This problem is usually overcome 

by the preparation of substituted indoles from non-indolic 

starting materials and most frequently from a reaction in 

which the pyrrole ring is built on to an already substituted 

benzene ring. The more established indole syntheses have been 
2 

extensively reviewed and might be generally described as 

inefficient as they produce mixtures of products, except in a 

few favourable cases, or require blocking groups in certain 

ring positions to direct the regiochemistry. Only the more 

recent developments of these methods will be discussed in this 

review. 

Since the ergot alkaloids exhibit a range of pharmacological 

properties and are of some medicinal importance, the syntheses 

of 4— .substituted indoles and their elaboration to ergot-type 

compounds have recently been reviewed. 

The material covered in this review will be discussed in the 

following manner: 

(a) syntheses based on a substituted benzene ring, with a 

clear division made between the older classical methods 

and more recent strategies; 
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(b) syntheses based on a pyrrole ring; 

(c) syntheses based on other ring systems; 

(d) methods of directly substituting the carbocylic ring. 

(i) Classical methods 

(1) The Fischer indole synthesis 

The Fischer indole synthesis is one of the oldest and most 

widely used methods of preparing indoles and involves the 

cyclisation of a substituted phenylhydrazone under a variety 

2 
of conditions. However, unsymmetrically substituted phenyl 

2 
rings give a mixture of isomeric indoles so a number of 

modifications have been reported. For example, the cyclisation 

of meta-substituted phenylhydrszones usually gives a mixture 
2 

of 4 and 6 substituted indoles but the cyclisation of the 

m-methylphenylhydrazone (4) gave the 6-methylindole (5) only.
3 

Desulphurisation of the product was possible using Raney-nickel. 

B Syntheses based on a substituted benzene ring 

SPh 

\ 
H H 

(4) (5) 
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The Fischer indole cyclisation of the hydrazone (6), containing 

a blocking chlorine atom to direct the cyclisation gave.the 

substituted indole (7) which was an intermediate in a synthesis 

of Uhle's ketone (8).
6 

COOH 

a 

» ( 6 ) O ^ 
CI 

(a)BF, - AcOK, AcOIi, A 

COOH 
( C H 2 ) 2 C 0 2 H 

C0 2 ET 

Treatment of the o-methoxyphenylhydrazone (9) with jD-toluene-

sulphonic acid and an excess of ethylacetoacetate gave the 

expected 7-methoxyindole (10,18$) and the 6-substituted indole 
n 

(12) in 56$ jield.' The major product arose by attack of the 

enolisable dicarbonyl compound on the intermediate (11), itself 

formed by an abnormal Fischer reaction (Scheme 1). The 

6-substituted indole (12) was elaborated to a range of more 

interesting 6-substituted indoles including 6- ( 3 ' 3 ~ 

dimethylallyl)-indole (13), a simple alkaloid. 
8 
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OMe 
C02Ef 

C02Et Ac 

COoEt H 

(12) 

COoEt 

(a) p.-MeCgH
Z)
_SOjH, AcGH

2
C0

2
Et,PhH, A • 

(Scheme 1) 

The cyclisation of phenythydrazones over an alumina catalyst 

at temperatures of 300 - 400 is claimed to give higher yields 

of indoles on an industrial scale, and with a greater tolerance 
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for simple substituents than under the normal Fischer reaction 

. • 9 
conditions. 

The synthesis of the trisubstituted indole (15), a key inter-

mediate in the synthesis of (dl)-hydroechinuline (16), was 

achieved in poor yield by the alkaline hydrolysis of the • 

2,4—diisoamylphenylhydrazine (14) followed by a Fischer 

indole synthesis with 3,3-dimethylp'entan-2-one and poly-

10 
phosphoric acid (Scheme 2) or, more efficiently, by a Madelung 

reaction of the substituted toluene (17) with potassium 

t-butoxide. 

(18) (19) 
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hi 

( K ^ - H K . M E 

J H 

0 

(16) 

(a)base hydrolysis; (b^-leCOOKepCIIpMe, polyphosphoric acid; 

Despite the poor regiocontrol and low yields often experienced 

in the Fischer indole synthesis it remains one of the most 

widely used methods of constructing the indole skeleton 

primarily because of the simple reaction conditions required. 

(2) The Bischler indole synthesis 

The cyclisation of (X-anilinoketones under protic or Lev/is 

2 
acid conditions is known as the Bischler indole synthesis. 

Although the mechanism of this reaction has been studied in 

2 
depth the mixtures of products that often result from this 

(c)KOBu . t 

(ocheme 2) 
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reaction has meant that it has found little use in preparative 

chemistry. 

A range of di- or tri-methyl-2-arylindoles have been prepared 

in good yield by the cyclisation of substituted OC-anilino-

11 
ketones in the presence of an acid catalyst. 

In an extension of the Bischler reaction it has been found 

that 1-(trifluoroacetyl)-indoles are produced in high yield 

12 
from the cyclisation of N-trifluoroacetyl- Ct-anilinoacetals 

(Scheme 3)- Treatment of the g_-methyl-Q,-ani lino ace tal (18) 

with trifluoroacetic anhydride yielded the N-trifluoroacetyl 

compound (19) which on treatment with boiling trifluoroacetic 

acid containing trifluoroacetic anhydride afforded 1-(trifluoro-

acetyl)-5-methylindole (20). Hydrolysis of the trifluoro-

acetyl group with potassium hydroxide gave 3-niethylindole (21) 

in 86% overall yield. 

(18) (19) 
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\ \ 
COCF3 H 

(20) (21) 

(a)(CF
5
C0)

2
0,Et

5
N; ( b ^ F ^ C O O H , ( C F ^ C O ^ O , A ; (c)KOH,MeOH. 

Cyclisation of the m-methyl-N-trifluoroacetyl- OC-anilinoacetal 

proceeded via the two possible paths to give a mixture of 4 -

and 6-methylindoles in 9$ and 77$ overall yields respectively. 

At present, though only simple indoles without electron-

withdrawing substituents have been prepared, this one-pot 

procedure constitutes an efficient method for the preparation 

of some simple alkyl or alkoxy indoles. 

(3) The Nenitzescu indole synthesis 

The reaction of the aminocrotonate (23) with the substituted 

benzoquinone (22) in a Nenitzescu indole synthesis afforded 

the 7-substituted indole (24) via initial condensation of the 

enamine onto the position ortho to chlorine. Subsequent 

(Scheme 3) 
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reactions on the indole (24) gave 2,7-d.imethyl-5-

methoxyindole (25) -

C O 2 B U 1 

(23) (24) 

(25) 

Substituted, benzoquinones generally condense with J^-amino-

crotonates in the two possible ways leading to a mixture of 

products; the example above is a directed condensation giving 

only one product. The Nenitzescu reaction requires the 

CC-position of the aminocrotonate to be substituted and 

consequently 2-substituted products are obtained. Overall 

it is an efficient route to 5-hydroxy-2-substituted indoles. 

(4) The Reissert and Related Indole Syntheses 

The reduction of an £ -nitrobenzylketone generates an o-amino-

benzylketone which can cyclise and dehydrate, in situ, to give 

an indole. This is an efficient strategy for the preparation 
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of indoles substituted in the carbocyclic ring as there 

is only one possible mode of ring closure. The Reissert indole 

synthesis, in which a substituted o-nitrotoluene (26) i's 

condensed with an oxalate ester and then reductively cyclised 

to a substituted indole-2-carboxylic acid derivative (27), is 

P 
a v/ell documented example of this general procedure. 

CH 
Q 

NO 

(26) 

C0 2ET 

(27) 

C0 2EF 

( a)cose, StOCOCOpEt; (b)Catalyst/H
2
, 

A recent modification of this procedure has been used to prepare 

1 4 

2,3-drphenylindoles. Reaction in DMSO of 3-nitro-4-chloro-

toluene (28) with deoxybenzoin enolate resulted in the displace-

ment of chloride to give the substituted o_-nitrobenzylketone 

(29) which, on reduction, gave 2,3-diphen,yl-6-methylindole 

(30) in 83/o yield. 

Ph 
. Ph 

I I 
0 

NO2 

(28) (29) (30) 
( a)PiiGH -COPh,DHSO; ( b ) P d / G , H

2
 or Ee/AoOH. 
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Although the Reissert reaction has found little use in 

preparative chemistry, the recent related synthesis of 

indoles (32) by the reductive cyclisation of o-nitro-

dialkylaminostyrenes (31) has Loimd widespread application 

in the syntheses of substituted indoles and will be discussed 

later in this review (Page 4 9 ) • 

(31) (32) 

(5) The Madelung indole synthesis 

The Madelung reaction involves the cyclisation of N-acyl-

0-alkylanilines under strongly basic conditions at elevated 

temperatures. 

In its traditional form, the conditions are such that it 

is limited to the preparation of simple alkylindoles, as 

1 "5 

with the synthesis of 7-methylindole (34) in 5C$ yield
 y 

from the reaction of 2,6-dimethylformanilide (33) with 

potassium ethoxide at 350°• 
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Me 

NHCOH 

A , B 

Me 
(33) 

(a)KOEt,350°: (b)H
o
0. 

A recent modification of the Madelung reaction used butyl-

lithium at room temperature to effect the cyclisation of 

N-benzoyl-1-amino-5,6,7,8-tetrahydronaphthalene (35) to the 

2-phenylindole derivative (36) in 41$ y i e l d . ^ 

Q.b 

PhCONH 
(35) 

(a)n-BuLi; (b)H
2
0. 

(ii) Newer strategies towards substituted indoles 

(1) From rearrangement reactions 

Several modern approaches towards the construction of the 

indole nucleus depend, as does the Fischer indole synthesis, 

on a rearrangement reaction to construct the pyrrole ring. 
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The acid catalysed thermal rearrangement of N-allyl-0 -

foluidine (37) gave, in fair yield, a mixture of 2,7- • 

dimethylindole (38) and 2,7-dimethylindoline ( 3 9 ) . ^ The 

latter was readily dehydrogenated to the indole (38). As 

the yields of indole are poor and because of the severe 

reaction conditions necessary for the rearrangement, this 

particular method has found little preparative use. 

Q 

(38) (39) 

Me 

In a similar reaction, substituted N-(2-chloroallyl)anilines 
q q 

rearranged to substituted 2-methylindoles in good yields. 

For example, 2-methyl-7-methoxycarbonylindole (41) was produced 

in 75^ yield from the rearrangement of the substituted 

aniline (40). 

a 

Me02C 
(40) 

Me02C 
(41) 

(a)polyphosphoric a c i d , A or B F
7
* M e O H , A • 
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This reaction is confined to the synthesis of simple 

2-methyindoles. 

Another method for the preparation of indoles, due to Gassman 

et al, is outlined below (Scheme 4). Reaction of the 

substituted N-chloroaniline (43), obtained from Q-toluidine 

(42), with 1-methylthiopropan-2-one gave the azasulphonium 

salt (44) which, on treatment with base, rearranged to the 

substituted 2-methyl-3-methylthioindole (45). Desulphurisation 

with Raney-nickel afforded 2, 7-d.iniethylindole (46) in 53$ 

19 
overall yield. 

The use of 1-methythioacetaldehyde in place of 1-methylthio-

propan-2-one gave indoles unsubstituted in the 2-position 

but in lower overall yields. Since the reaction involves 

an N to ortho rearrangement, meta substituted anilines afford 

a mixture of 4- and 6-substituted indoles. 

This reaction is similar to the Fischer indole synthesis but 

has a couple of advantages in that the starting substituted 

anilines are more readily available than substituted phenyl-

hydrazines and that the reaction conditions are milder. 

4 2 



CH2COMe 
I 

(45) (46) 

(a)BiYoCil^CB^Cl^-65°; (b)MeSGH
2
C0Me; (cjEtjN; (d)Raney-nickel, 

(Scheme 4-) 

Reaction of £-toluidine (4-7) with phenacyltriphenylarsonium-

bromide (4-8) in refluxing N, N-dimethylaniline afforded 
Of) 

2-phenyl-7~m ethyl indole (4-9) in 63^ yield^ (Path A) and on 

treatment with phenacyldimethylsulphonium bromide (50) in 

refluxing N ,N-diethylaniline gave the same indole (4-9) in 

72^ yield
2 1

 (Path B). 

43 



P h C O C H 2 A s + P h 3 B r 

(48, Pat-h A) 

P h C O C H 2 S + M e 2 B r ~ 

Ph 

Me Me 

(47) (50, Path B) (49) 

These, almost identical reactions, have only "been used for the 

preparation of a few simple 2-phenylindoles. Further 

applications will have to await a more extensive study of 

the scope of these reactions. 

(2) From o-haloariilines 

The reaction of substituted o-iodoanilines with cuprous 

22 

acetylides afford good yields of the suostituted indoles. 

For example, the reaction of oyiodo- g_-methylaniline (51) 

with cuprous phenylacetylide gives a 90$ yield of 2-phenyl-5-

methylindole (52). This reaction is limited to the synthesis 

of 2-substituted indoles and has been used to prepare, in 

quantitative yield from 2-iodo-5-bromoaniline (53), 2-(l'
f 

1' — dimethylallyl)-6-bromoindole (54), an intermediate in the 
p 7 

synthesis of neoechinulin m 5 5 ) . 
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(51) 

H 

(52) 

(a)PhC=GGu,DMF, 

(55) 

(a)H
2
G=

r

CHCMe
2
CEGCu,DMF, A -

In a related reaction, 2-substituted indoles were prepared 

in good yields from the treatment of substituted Oyhaloanilines 

24 
with ketone enolates under irradiation. For example, the 
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reaction of 2-bromo-5-methylaniline (56) with acetone potassium 

enolate afforded an 82$ yield of 2,6-dimethylindole (57). 

( 5 6 ) (57) 

0 

Me 
(a)K

+

 C H
2
 = C

x
 ,liq.NH $ , h V • 

As with the previous indole synthesis, this method is restricted 

to the preparation of 2-alkylindoles. 

(3) From azides and azirines 

The thermolysis of ortho and para substituted OC-azidocinnamates 

(58) in boiling xylene gave excellent (90-95$) yields of the 

substituted 2-ethoxycarbonylindoles
2 3

 (59); however, meta 

substituted Cl-azidocinnamates afforded a mixture of 5-and 7 ~ 

substituted indoles. 

This reaction is limited to the synthesis of indole-2-

carboxylates and if the 2-position is required unsubstituted 
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additional hydrolysis and decarboxylation steps are required, 

as in the recent preparation of 6- and 7-acylindoles. ' ' 

27 

In the preparation of 7-acylindoles, one ortho position of 

the substituted (X,~
a z

^-
(

i
o c

i
n n a i n a

^
e w a s

 blocked with a methoxy 

group (as 60) directing the cyclisation to give the 7-acylindole 

(61). Subsequent hydrolysis and decarboxylation steps gave 

4-methoxy~7-( £-chlorobenzoyl)indole (62). 

OMe 

(60) 
OMe 

OMe 

& 

T * 
( 6 1 ) 

C0 2Et 

R = E -C I .C 6 H 4 C0 -

Certain transition metal compounds react with substituted 

2-arylazirines. (63) to give variable yields of the substituted 

2 ° 

2-styrylindoles
 u

 (64). This reaction has found little applic-

action as it requires further study to extend its scope 

beyond that of the preparation of 2-styrylindoles. 
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(63) 

H 

(64) 

(a)Co
2
(GO)

8
,PhH;

 o r

 or /CPh
5
P)

2
Rh(CO)Gl7, PhH. 

(4) Prom Isoc.yanides (Scheme 5) 

The action of lithium diisopropylamide on o, |D-dimethylphenyl-

isocyanide (65) at -78° generated the CC-lithiomethylanion (66) 

which on warming to room temperature cyclised to 5-methyl-

lithioindole (67)- Reaction of this anion with alkylhalides 

gave l-alkyl-5-methylindoles (68) in good overall yields, while 

treatment with magnesium iodide prior to the alkylation 
29 

afforded 3-alkyl-5-methylindoles (69), also in good yields. 

Me. Me 

NC NC 

(65) ( 6 6 ) 
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\ 

(69) H 

(a)LiN(i-C
5
Hr

?
)

2
,-78

u

,diglyme; (b)-78° — Room Temp; (c)RX; 

( d ) M g I
2
. 

(Scheme 5) 

This is an efficient, mild route to substituted indoles that 

does not produce isomeric mixtures of products, but which is 

limited by the fact that disubstituted phenylisocyanides are 

not readily available compounds. 

(5) From o-nitrotoluenes 

In a strategy patented by Batcho and Leimgruber, the condensation 

of substituted £-nitrotoluenes (as 70) with dimethylformamide 

dialkylacetals gave the corresponding p-dimethylamino-o_-

nitrostyrenes (as 71) v/hich on reductive cyclisation afforded 

the substituted indoles (as 72) in variable overall y i e l d s . ^ 

For example, 6-isopropylindole (72) was prepared in 43$ overall 

yield from £-nitro- fD -isopropyltoluene (70). 
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(70) (71) 

(72) 

(a)Me
2
NCH(OMe)

2
,DMF,A ; (b)Pd/C,H

2
; or Raney-nickel or 

Fe,AcOH. 

As the reductive cyclisation involves the reaction of two ortho 

substituents, there is only one possible product. This 

strategy tolerates a broad range of functional groups of 

widely differing electronic character, and it constitutes an 

efficient method for the preparation of a range of simple 

indoles from readily available starting materials. 

More recently, this strategy has formed the basis of a number 

6 1 - 6 8 

of syntheses of 4-substituted indoles, ^ particularly those 

which serve as intermediates in the synthesis of ergot alkaloids. 

Condensation of'2-methyl-3-nitrobenzoic acid methylester (73) 

with dimethylformamide dimethylacetal gave the enamine (74) 

which reductively cyclised to give 4-methoxycarbonylindole 

(75) in 6 3 $ ,
5 2

 6 6 $
5 3

 or 7 4 $
3 4

 overall yields depending on the 
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I 

reaction conditions used. This indole (75) was readily 

converted to 4— formylindole and other ergot alkaloid 

52,55 

(73) 

C02Me 

(74) 

C02Me 

(75) 

(a)Me
P
NGH(0Me)

o
,DMF, A - 5 (b)Pe,AcOH; or Pd/0,H

o
; or TiCl^. 

Similarly, o, oydinitrotoluene (76) gave 4—nitroindole (77) 

or 4— aminoindole (78) depending on the conditions of the 

•35 
cyclisation step. 

(76) (77) 

(a)Me
2
HCH(OMe)

2
,DME, A ; (b)TiGl,. 

(78) 

Piazotisation of 1-methoxycarbonyl-4—aminoindole (79), prepared 

from 4—nitroindole in yield, gave the diazonium salt (80) 

which on treatment with potassium iodide gave a 76/0 yield of 

1-methoxycarbonyl-4—iodoindole
3

^ (81). The palladium catalysed 

reaction of this iodoindole (81) with 3-methyl-3-hydroxybut- 1-ene 
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afforded 4-(3'-hydroxy-3'-methylbut-l^enyl)indole (82), an 

intermediate in a synthesis of (i)- 6,7-secoagroclavine (83), 

in 47$ yield (Scheme 6). 

(82) (83) 

(a)NaN0
2
,HCl,H

2
0; (b)KI; (c)Pd(OAc)

2
,PPh

5
,NEt

5
,CH^CN,3-methyl-

3-hydroxy-but-1-ene. 

(Scheme 6) 

A recent improvement in the preparation of 4-substituted 

indoles from substituted o_-nitrotoluenes has been reported by 

S7 

Kruse, ' and is illustrated here by the synthesis of 4-methyl-

indole. The use of tris-(N,N-dimethylamino)methane to prepare 
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the substituted |3-dimethylamino-£-nitrostyrene (85) from the 

substituted £-nitrotoluene (84) permitted lower temperatures 

and shorter reaction times than those required for dimethyl-

formamide acetals. Also, reduction of the semi-carbazone (86), 

prepared in situ from the enamine (85), improved the yields 

of the substituted indole (87). 

NMe 

(8 7) 

(a)(Me
2
N)

5
GH,DMF, A ; (b)H

2
NNHCONH

2
-HCl,HCL,II20; (c)Pd/C,H. 

A one-pot synthesis of 4-(hydroxymethyl)indole (89) from 

2-methyl-3-nitrobenzoic acid (88) has recently been reported.
3

^ 

The sequential treatment of 2-methyl-5-nitrobenzoic acid with 

dimethylformamide dimethylacetal, lithium aluminiumhydride and 

titanium trichloride gave, at best, a 30$ yield of 4-(hydro-

xymethyl)indole via the intermediates indicated (Scheme 7). 
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( 88 ) 

OMe 

NH 

6c, CHO 

OH 

CH 2OH 

(89) 

(a)Me
2
NGH(OMe)

2
,DMF,A; (b)LiAlH^, THF; (c)TiCl

5
,NH

4
0Ac,H

2
O,MeOH. 

(Scheme 7) 

These syntheses are specifically 4-substituted indole syntheses, 

although the improvement in the general method reported by 

37 

Kruse*" could be applied to give higher yields of other 

substituted indoles. 
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(6) From the ortho CX-chloroacetylation of anilines 

The reaction of a substituted aniline (90) with chloroaceto-

nitrile and boron trichloride in the presence of an additional 

Lev/is acid gave substituted o_-amino- OC-chloroacetophenones (91) 

Reductive cyclisation of these intermediates (91) with sodium 

borohydride in refluxing dioxan afforded the substituted 

indoles (92) in good overall yields.^*
3 

(90) (91) (92) 

(a)ClCH
2
CN,BCl

5
,(TiCl

Z L
 or AlCl^),PhH, A ; (b)H

+

; (cjNaBH^, 

d i o x a n , . A • 

4 ' 

This strategy is an efficient method for the preparation of 

simple indoles from readily available substituted anilines. 

However, meta-substituted anilines are ortho-chloroacetylated 

in the two possible unsymmetrical positions, giving an isomeric 

mixture of products. In principle, this strategy involves 

an ortho-substitution of an aniline and is thus similar to that 

19 
of Gassman.

 y

 However, this method affords a higher yielding 

route to 2-unsubstituted indoles using readily available reagents. 
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(7) From miscellaneous reactions 

In the synthesis of e c h i n u l i n ^ (96), the prenylated aniline 

(94), prepared by Lewis-acid catalysed rearrangement of 

N,N -di( 3',3'-dimethylallyl)aniline (93), was condensed with 

ethyl-4-bromo-2 ,2-dimethylacetoacetate to give the tri-

substituted indole (95) in poor yield. 

(93) (94) 

-J> 

(95) 

C02Et 
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(a)ZnCl
2
, A ; ( b ) Br CH

 2
 CO CM e

 2
 GO

 2
E t 

The reaction of a substituted o_-allylaniline with a stoichio-

metric amount of a palladium (II) species and triethylamine 

afforded a good yield of the substituted 2-methylindole, 

as with the reaction of (D-methyl-o-allylaniline (97) to give 

2 , 5-dimethylindole (98) in 76$ yield. This is a mild, high 

yielding strategy that is however limited to the preparation 

of 2-methylindoles. 

(97) 

(a)PdCl
2
(CH,CN)

2
,THF; (tOEt^H 

(98) 
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C Syntheses based on the pyrrole ring 

In contrast to the many indole syntheses that utilise 

substituted benzene rings as starting materials and fuse on 

the pyrrole ring in subsequent steps, there are few syntheses 

which start with a pyrrole and then build on the carbocyclic 

ring. 

(1) From a condensation reaction 

A simple example of this strategy is the preparation of 4-, 

7-dimethylindole (100) in 28$ yield from the condensation of 

4-2 
pyrrole (99) v/ith hexane-2, 5-d.ione. 

Me . o 
N 
I 
H 

(99) 

(a)MeGOOH
2
CH

2
COMe,Zn(OAc)

2
,AcOH, A . 

This is a low yielding method applicable only to the 

condensation of a few symmetric diketones with pyrroles. 

(100) 
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(2) From a eyeloaddition reaction 

The cycloaddition reaction of 1-phenyl-2-vinylpyrrole (101) 

v/ith dimethylacetylenedicarboxylate gave the 6,7~di hydro indole 

(102) which, on aromatisation with 2,3-dichloro-5,6-

dicyanoquinone (DDQ), afforded dimethyl 1-phenylindole-4, 

5-dicarboxylate (103) in 50$ overall y i e l d . ^ 

(103) 

(a)Fie0
9
CGEGC0

Q
Me,GIICl

7
, A ; (b)DDQ,PhII, A -

This is a rather elegant preparation of 4,5 or 6,7 (with a 

3-vinylpyrrole) indoledicarboxylates v/hich is, at present, 

limited to the synthesis of 1-alkyl or aryl indoles. 
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(3) Prom the cyclisation of thionium ions 

The cyclisation of thionium ions v/ith electron-rich aromatic 

systems has "been used to construct several fused-ring systems 
!\ 11 

including the indole nucleus (Scheme 8). The reaction of 

1-methyl-2-lithiopyrrole (104) with the aldehyde (105) gave the 

2-substituted pyrrole (106) which, on treatment with one 

equivalent of (D-toluenesulphinic acid afforded the sulphone 

(107). Reaction of this sulphone with [D-toluenesulphinic 

acid in refluxing acetonitrile yielded 1-methyl-4-(3',3' -

dimethylallyl)indole (109) via cyclisation of the intermediate 

thionium ion (108). 

(X * 
I 

Me 

(104) 

CHO 

(106) 

Q 

p-Me-C6H4S02 

(107) 

B-Me-C6H4S02 

(108) 
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Me 

(109) 

(a) £-MeC
6
H^S0

2
H,MeCN,Room temp.; (b) {J-MeC^R^S C^H, Me ON, A • 

(Scheme 8) 

At present, this elegant strategy is limited to the synthesis 

of 1-methyl-4-alkylindoles and further work is required in order 

to extend its scope. 

(4) From the photooxygenation of pyrrole 

An efficient route to 4-substituted indoles from the photooxyge-

45 

nation of a pyrrole has been reported by Natsume et al 

(Scheme 9). Photooxygenation of 1-methoxycarbonylpyrrole (110) 

with singlet oxygen gave the endoperoxide (111) which, in the 

presence of stannous chloride, reacted with nucleophiles to 

give 2-substituted pyrroles. For example, reaction of the 

endoperoxide with 1-trimethylsiloxy-1,3-butadiene afforded 

a 62$ yield of the 2-substituted pyrrole (112). Treatment of 
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this unsaturated aldehyde (112) with Grignard reagents followed 

by pyridinium chlorochromate oxidation gave the unsaturated 

ketones in good yields; in particular, the unsaturated ketone 

(113) was prepared in 63$ yield. Cyclisation of the ketone 

(113) with stannic chloride also cleaved the acetonide group 

to give the 4-substituted indole (114) in 52$ yield. 

Subsequent alkaline hydrolysis of the methoxycarbonyl group 

followed by treatment with methylmagnesium iodide gave the 

alcohol (115). in 78$ overall yield. Dehydration with 

g-toluenesulphonic acid and purification of the resulting 

mixture through its crystalline picrate afforded, in 40fo yield, 

4-(3',3'-dimethylallyl)indole (116). 

O 
N 
I 

C02Me 

(110) 

a 0 

0; 
N 
1 
C02MG 

(111) 

0HC< 

N' 
\ 
C02Me 

(112) 

c,d 

0 

0 

C02Me 

(113) 

0 

C02Me 

(114) 
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OH 

\ 

1 9 

\ 

h 

\ 
H H 

(115) (116) 

(a) 0
o
; (b)SnGl 

1 
MgX; 

(d.)G^H^N
+

ClCrO^""; (e)SnCl^, CIi^Cl^; (f )K0H,Me0H,H
2
0; (g)MeMgl 

(h) |D-MeG6H,S07H,PhH, A -

This is an efficient synthesis of a range of 4-substituted 

indoles 'based on readily available starting materials and 

reagents, that should be amenable to multigram-scale preparations. 

Using this basic strategy it should be possible to synfhes i se 

indoles substituted in positions other than although this 

has not, at present, been reported and further work in this 

field has concentrated on the elaboration of the 4-substituted 

46 
indoles to ergot alkaloids. 

(Scheme 9) 
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D Syntheses based on other ring systems 

Several novel approaches to substituted indoles involve the 

"rearrangement" of other substituted carbocyclic or hetero-

cyclic ring systems to the indole nucleus. These approaches 

have, at present, been applied solely to the preparation of 

4—substituted indoles. 

(1) From dihydronaphthalenes 

4-7 

In the earliest of these methods, reported by Plieninger ' 

in 1956, the ozondLysis of 1-acetamido-5,8-dihydronaphthalene 

(117), prepared by reduction and acetylation of 1-aminonaph-

thalene, follov/ed by reductive work-up afforded 1-acetylindole-

4—acetaldehyde (118), isolated as its semi-carbazone. 

(a)0
$
; (b)Pd/C,H

2
. 

Under similar reaction conditions 1-(tosyl)amino-.5, 8-dihydro-

naphthalene (119) gave the more stable 1-tosylindole-4— 

4-8 

acetaldehyde (120), an intermediate in a synthesis of 

4-(3 5'-dimethyallyl)indole (121). 
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(119) (120) (121) 

TOS = | D - M E - C 6 H 4 - S 0 2 -

This is an elegant and. efficient method of preparing 

4-substituted indoles which are capable of elaboration to a 

xange of ergot precursors. 

(2) From nitroisocarbostyrils 

The hydrogenation of 2-methyl-4-acetyl-5--nitroisocarbostyril 

(122) followed by treatment with a strong base gave 2-methyl-

indole-4-carboxylic acid (123) in 46$ yield. 49 

(122) 

(a)Pd/C,H
2
; (b)KOH,DMSO: (c)H

+

. 

b.c 

Me 

(123) 

This scheme provides a concise route to 2-substituted indole-

4-carboxylic acids but, to date, no further investigations 

extending the scope of this reaction have been published. 
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(3) From nitroisoquinolinium salts 

Since 5~nitroisocarbostyrils are prepared by the oxidation of 

49 
5-nitroisoquinolinium salts, it is not surprising that a 

couple of syntheses of 4-substituted indoles from 5-nitro-

60 61 
l s o q u m o l i m u m salts have been reported. ' ̂  

60 

In the first of these reports by Somei, 2-methyl-5-nitro-

isoquinolinium iodide (124) was reduced v/ith sodium borohydride 

to the 1,2,3,4-tetrahydroisoquinoline (123). Quarternisation 

v/ith an alkylhalide followed by Hofmann degradation with 

butyllithium gave the £-nitrostyrene (126) in variable yields. 

Refluxing triethylphosphite cyclised the £-nitrostyrenes to 

the substituted indoles (127) in moderate yields (Scheme 10). 

(a)NaBH^; (b)RX; (c)n-BuLi; (dJIIgO; (e)(EtO)^ P , A . 

(Scheme 10) 
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Recently this strategy has been improved to give a one-step 

synthesis of 4-(N-methylaminomethyl)indole (128) in 2 0 $ y i e l d
3

^ 

from the reaction of 2-methyl-5-nitroisoquinolinium iodide with 

aqueous titanium trichloride, which presumably proceeds via • 

the intermediates indicated (Scheme 11). 

(128) 

(a)TiCl-.,H
o
0. 

P cl 

(Scheme 11) 

Further improvements to this method have led to the multigram 

isolation of 4-(N-acetyl-N-methylaminomethyl) indole in 24$ 

52 
yield . This is clearly an expedient synthesis of a 4-

substituted indole which is capable of elaboration to a range 

52 
of more complex indoles. 
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(4) From nitrophthalic anhydride 

The reduction of 3-nitrophthalic' anhydride (129) with sodium 

borohydride gave 3-hydroxy-4-nitrophthalide (130) which, on 

treatment with excess diazomethane, afforded the cx-nitrostyrene 

oxide (131) in 86$ yield from (130). Reduction of the nitro-

group followed by epoxide ring opening gave 4-methoxycarbony1-

indole (132) in 62$ y i e l d .
3 3 

n o
2 

Q 
- O 

(130) 

COoMe 

C0 2Me 

(131) (132) 

(a)NaBH^,THF; or ( i X N H ^ C O ^ , A ; (ii)NaBH^,MeOH; 

(iii)HCl,H
2
0; (b)GH

2
N

2
; (c)Pfc0

2
,H

2
,Me0H. 

This is a' concise synthesis of 4-methoxycarbonylindole but 

is not as suited to multigram preparation as the other 

syntheses of this compound already discussed. 
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E Methods of directly substituting the carbocyclic ring 

(i) Approaches to linked indole derivatives 

Several approaches to the direct 4-functionalisation of 

3-substituted indole derivatives have been reported, primarily 

as steps towards the construction of the G ring of lysergic 

acid (135). 

Woodward used an intramolecular Eriedel-Crafts reaction of 

the dihydroindole acidchloride (135), and hence avoided competing 

intramolecular acylation at C
2
, to give the tricyclic ketone 

54 

(134) in 77$ yield. This ketone was a key intermediate in 

his synthesis of racemic lysergic acid (135)-

(a)AlCl
x
. 

Treatment of the tetrahydropyridine (136) with sodium amide 

in liquid ammonia gave the lysergic acid precursor (137) in 

/ • 55 
15k> yield via addition of a carbanion to an aryne. ^ 
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(136) (137) 

(a)NaM-l
2
,liq.NH

5
. 

The photocyclisation of the L-tryptophan ester (138) gave the 

E = C02Me 
(ii) Other substituted indoles 

There are few methods currently available for the direct 

introduction of a substituent into the carbocyclic ring of 

indole; and in general they tend to be low yielding or too 

specialised to find widespread application. 
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(1) Via a photochemical rearrangement 

The photochemical rearrangement of 1-substituted indoles 

57 
gave a mixture of 3-,4-and 6-substituted indoles. 

For example, the irradiation of 1-ethoxycarbonylindole (141) 

afforded a mixture of 3-(142,47$), 4-(143,9$) and 6-(144,23$) 

ethoxycarbonylindoles. With 1, 3-d.isubstituted indoles, 

rearrangement to the 3-position was blocked and consequently 

the 6-substituted indoles were the major products. 

hV 

(141) (143) (144) 

(2) Via directed Grignard: 

The reaction of benzylchloride and dilute sodium hydroxide 

solution with the 5-hydroxyindole (145), on heating, is 

claimed
3 8

 to give a 42$ yield of the 4-benzylindole (146). 
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C0 2Ef 
CH 2Ph 

C0 2 Et 

(145) (146) 

(a)PhCH
2
Cl,Na0H,H

2
0,xylene, A . 

The conjugate addition of an alkyl Grignard to 5-nitroindole 

followed by oxidation of the intermediate o-alkylnitronate 

adduct (148) gave good yields of 4-alkylindoles
5 < 3

; for example 

4-benzyl-5-nitroindole (149) was obtained in 68$ yield from 

5-nitroindole (147). 

(a)PhCH
2
MgX; (b)KMn0

4
,HgO,MegCO. 

This is an interesting, high yielding synthesis of 4-alkyl-

indoles. However, 5-nitroindole is itself as difficult to 

prepare as simple 4-alkylindoles are by other indirect methods. 
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T 

(3) Via a directed lithiation 

It is well established that 1-protected indoles can be 

lithiated at C^ , and recently the effect of a 5-methoxy 

60 
group on the selectivity of the lithxation was investigated. 

The lithiation of 1-methy1-5-methoxyindole (150) with n-

butyllithium was non-selective, giving, after reaction with 

pyridine-2-carboxaldehyde, the 2-(l5l), 4-(l52) and 6-(153) 

substituted indoles in the ratios of 4:5:1 respectively. 

R 

(150) (151) (152) 

(153) 
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(4-) From haloindoles 

Halo-substituted indoles can be regiospecifically alkylated 

with organometallic reagents, as with the palladium catalysed 

•reaction of a 4—iodoindole and 3-methyl-3-hydroxybut-1-ene 

discussed previously (Page 5 1 ) . 

The reaction of TC-(3',3'-dimethylallyl)nickel bromide (155) 

v/ith 4—, 5- or 6-bromoindoles gave the 4—, 5- or 6-(3',3'-

61 
dimethylallyl)indoles in good yields; for example, 

4— (3' , 3 '-dimethyallyl)indole (156) v/as obtained in 67$ yield 

from 4—bromoindole (154-). 

(154) (155) (156) 

(a)DMF, A -

This reaction was also used to introduce the 6-(3',3-dimethyl-

allyl)-group in the synthesis of neochinulin. 
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The major disadvantage of this strategy is that already-

substituted indoles are required as starting materials, the 

regioselective preparation of which is not routine. 

(5) Via a directed electrophilic substitution 

A new method for the synthesis of 4-substituted indoles via 

62 
a directed electrophilic substitution has been reported. 

The lithium reduction of 1-trimethylsilyl-indole (157) in the 

presence of chlorotrimethylsilane followed by in situ oxidation 

with [D-benzoquinone and .treatment with aqueous methanol gave 

4-trimethylsilyl-indole (158) in 52$ overall yield. Treatment 

of this indole (158) with sodium hydride and acetylchloride 

afforded 1-acetyl -4- trimethylsilyl-indole (159) which reacted 

with acetylchloride and aluminium trichloride to give 1,4-

diacetylindole (160), via electrophilic substitution of the 

trimethylsilyl group, in 91$ overall yield (Scheme 12). 

Q,B,C 

SiMe 
(157) (158) 

d,e 



SPMe COMe 

COMe COMe 

(159 (160 ) 

(a)Li,THF,Me^SiCl; (b) |D-benzoquinone,CH
2
Cl

2
; (c)Me0H,H

2
0; 

(d)NaH,THF; (e)MeGOCl; (f)MeCOCl,AlGl^,CH
2
C1

2
. 

(Scheme 12) 

This is an elegant, multigram synthesis of 4-substituted 

indoles from inexpensive, readily available starting materials 

that requires further investigation to discover the scope of 

the electrophilic substitution reaction. 

(6) Via Chromium tricarbonyl complexes 

Another procedure that achieves direct functionalisation of 

the indole skeleton is the nucleophilic addition of carbanions 

to N-protected-indole chromium tricarbonyl complexes followed 

by oxidation of the anionic intermediates. This strategy, 

which affords good yields of 4- (or 7-) substituted indoles, 

has already been discussed in the previous review (Page 22). 
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F Conclusion 

Over the past few years great advances have been made in the 

synthesis of indoles substituted in the carbocyclic ring. It 

is now possible to prepare indoles substituted with a variety 

of groups, by a range of concise strategies. This is 

especially true for the synthesis of 4-substituted indoles 

which have been in demand as precursors in ergot alkaloid 

syntheses. 

Of all the strategies, the method of Batcho and Leimgruber
3 ( 3 

is perhaps the most general method for the synthesis of simple 

indoles as it tolerates a wide variety of functional groups 

and does not give isomeric mixtures of products. For more 

4.7 ILQ 
complex 4-substituted indoles, the strategies of Plieninger " , 

• 51 45 
Somei .and Natsume , m which the substituted indole ring is 

constructed from other ring systems, are the most general and 

direct. 
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A. I n t r o d u c t i o n 

The c o n s i d e r a b l e b i o l o g i c a l a c t i v i t y of some of the more 

e l a b o r a t e s u b s t i t u t e d i n d o l e s has s t i m u l a t e d c o n s i d e r a b l e s y n t h e t i c 

i n t e r e s t i n these compounds, e s p e c i a l l y i n r e c e n t y e a r s ( see r e v i e w ) . 

Of a l l the methods f o r p r e p a r i n g c a r b o c y c l i c - r i n g s u b s t i t u t e d 

i n d o l e s , the s t r a t e g y which has r e c e i v e d the l e a s t a t t e n t i o n i s 

the d i r e c t i n t r o d u c t i o n of s u b s t i t u e n t s i n t o preformed i n d o l e r i n g 

systems (see r e v i e w ) . T h i s s t r a t e g y r e p r e s e n t s a g r e a t c h a l l e n g e 

i n the s y n t h e s i s of s u b s t i t u t e d i n d o l e s as i t , more than any other 

approach , has p o t e n t i a l f o r the c o n c i s e and e f f i c i e n t s y n t h e s i s of 

i n d o l e s s u b s t i t u t e d w i t h more e l a b o r a t e s u b s t i t u e n t s . 

I t was d e c i d e d , du r ing the course of s t u d i e s d i r e c t e d towards 

the p r e p a r a t i o n of s u b s t i t u t e d i n d o l e s v i a chromium t r i c a r b o n y l 

complexes , to i n v e s t i g a t e the s e l e c t i v i t y of proton a b s t r a c t i o n 

from _N-protected i n d o l e complexes and the subsequent r e a c t i o n w i t h 

e l e c t r o p h i l e s . I t was a l r e a d y w e l l e s t a b l i s h e d t h a t the complexat ion 

of a C r ( C 0 ) 3 group to an a romat ic r i n g enhanced the a c i d i t y of the 

1 

a r e n e - r i n g protons r e n d e r i n g them labile to the a c t i o n of s t rong 

b a s e s . 

T h i s approach towards t h e . p r e p a r a t i o n of s u b s t i t u t e d i n d o l e s 

a f f o r d s s e v e r a l advantages over the n u c l e o p h i l i c a d d i t i o n of ca rban ions 

2 3 

to i n d o l e complexes ' ( d i s c u s s e d i n the r e v i e w ) . One advantage i s 

t h a t the s u b s t i t u t e d i n d o l e i s obta ined as a C r ( C 0 ) 3 complex wh ich , 

i n i t s e l f , a f f o r d s s e v e r a l advantages : 

( a ) the Cr("C0)„ complexes a re co lou red and a re u s u a l l y c r y s t a l l i n e 

making i t e a s i e r to i s o l a t e and p u r i f y the p r o d u c t ; 
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(b ) t h e r e * i s the opportun i ty to perform other C r ( C 0 ) 3 mediated 

r e a c t i o n s on the product ; 

( c ) the C r ( C 0 ) 3 complexes, a l though oxygen s e n s i t i v e i n 

s o l u t i o n , are u s u a l l y a i r s t a b l e s o l i d s and are f r e q u e n t l y 

more s t a b l e than the f r e e a rene . 

A l s o , i t . was reasoned tha t a wider range of e l e c t r o p h i l e s would, 

r e a c t w i th the l i t h i o i n d o l e C r ( C 0 ) 3 spec ie s than the range of 

carban ions which could add to i ndo le complexes. T h i s l a s t advantage 

was important s i n c e i t was hoped to develop a s t r a t e g y w i th which i t 

would be p o s s i b l e to synthesise a wide range of s u b s t i t u t e d i n d o l e s . 

For the i n i t i a l approaches i t was decided to use 1-methy l indo le 

C r ( C 0 ) 3 complex, the s imple ^-pro tec ted indo le complex which 

2 

Koz ikowski e t a l used i n t h e i r s tudy of the r e g i o s e l e c t i v e add i t i on 

of carbanions to indo le complexes. 

I t i s intended to d i s c u s s the p repara t ion and c leavage of the 

complexes, p rocesses t h a t must be opt imised before any other r e a c t i o n s 

of these complexes can ba i n v e s t i g a t e d , before the main pa r t of the 

work i s p re sen ted . T h i s u i l l be organised i n the f o l l o w i n g manner, 

based upon the s t a r t i n g indo le complex and hence the s u b s t i t u t e d 

i ndo le obta ined : 

( a ) P repa ra t ion of 2 - s u b s t i t u t e d 1 - m e t h y l i n d o l e s ; 

(b ) P repa ra t ion of 7 - s u b s t i t u t e d 1 -methy l i ndo le s ; 

( c ) P repa ra t ion of 7 - s u b s t i t u t e d 1-methoxymethy l indoles ; 

( d ) P repa ra t i on of 4 - s u b s t i t u t e d i n d o l e s . 
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B , P repa ra t ion and c leavage of the indo le complexes 

The indo le complexes were prepared by the d i r e c t thermal 

d isp lacement of carbon monoxide l i gands from chromium hexacarbonyl 

4 

by r e f l u x i n g i n a mixture of d i - q - b u t y l e t h e r and THF i n a 

Strohmeier appara tus . S ince t h i s method gave e x c e l l e n t ( c a . 80-90^) 

y i e l d s of the complexes on a reasonable s c a l e (up to 2 . 0 - 3 . 5 g 

depending on the complex) i t was cons idered unnecessary to use 

a more a c t i v e CrCco)^ t r a n s f e r r i n g s p e c i e s , such as t r i s a c e t o n i t r i l e -
5 6 t r i ca rbony lchromium or t r i sammoniat r icarbonylchromium , to prepare 

the complexes . The Strohmeier apparatus a l lowed the Cr (C0)g 

which subl imed out of s o l u t i o n to be re tu rned to the r e a c t i o n f l a s k 

by the condensing s o l v e n t vapours , thus avo id ing the need to c o n t i n u a l l y 

r e t u r n the Cr (C0 )g v i a mechanica l means, 

Decomplexation of the i ndo le complexes was most e f f i c i e n t l y 
G 

r e a l i s e d v i a i r r a d i a t i o n of d i l u t e s o l u t i o n s of the complex i n THF 

or a c e t o n i t r i l e i n a i r , or l e s s e f f i c i e n t l y , v i a the thermal exchange 

of p y r i d i n e l i g a n d s f o r the arene l i g a n d on C r^Q)^ • The advantage 

of the l a t t e r method was t h a t the va luab le CrtCO)^ group could be 

recovered as (pyr id ineJgCrCco)^ and re -used , i n con junc t ion w i th a 
10 

Lewis a c i d , to prepare other arene complexes « However, s i n c e t h i s 

method was on ly a p p l i c a b l e to i n d o l e s w i th t h e r m a l l y s t a b l e f u n c t i o n a l 

groups and because of the n e g l i g i b l e amounts of (py r id ine )^Cr (CO 

recove red , i t was abandoned i n favour of the p h o t o l y t i c c l eavage . 
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C . P repara t ion of 2 - subs t i tu ted 1-methy l indo les 

As mentioned p r e v i o u s l y , 1 -methy l indo le comp lex ( l ) was used 

i n the i n i t i a l l i t h i a t i o n s t u d i e s . Treatment of t h i s complex 

0 ) w i th one equ i v a l en t of r v -buty l l i th ium i n THF and an excess 

of TfCDA a t - 7 8 ° fo l lowed by r e a c t i o n w i th e thy l ch lo ro fo rmate gave 

a product which was l a t e r i d e n t i f i e d as 2~ethoxycarbonyl-1-methy l indole 

complex ( 2 ) , i n 78$ y i e l d . Repeating t h i s r e a c t i o n i n the absence 

of THEDA l e d to lower y i e l d s of the 2 - s u b s t i t u t e d product ( 2 , 27$) 

and the recovery of s t a r t i n g m a t e r i a l (50$)^suggest ing t h a t the 

l i t h i a t i o n r e q u i r e s TfCDA to break up the aggregates of b u t y l l i t h i u m 

11 
and to promote i t s r e a c t i v i t y . . T h i s i s i n c o n t r a s t to the observa— 

1 
t i o n s of Rausch e t a l , who found t h a t f a r from promoting the l i t h i a t i o n 

1 

of benzene C r ( C 0 ) 3 complex, TfCDA a c t u a l l y re ta rded i t • Photochemical 

decomplexation of the 2 - s u b s t i t u t e d complex ( 2 ) gave a 93$ y i e l d of 

the 2-e thoxyca rbony l -1-methy l indo le ( 4 ) . 

Q.b 

Cr(C0)3 Me (C0)3Cr co 2Et 

(2) (3) 

(2) C02Ef 

( a ) n - B u L i , TfCDA, THF, - 7 8 ° ; (b ) C l C 0 2 E t ; ( c ) h y , THF or 

NeCN, a i r . 
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T h i s r e a c t i o n , on i t s own, has l i t t l e s y n t h e t i c p o t e n t i a l s i n c e 

12 13 

uncomplexed J^-protected i ndo le s a re a l s o l i t h i a t e d a t 9 9 

a l though t h i s r e q u i r e s h igher temperatures ( -20 ° to 3 6 ° ) and under ' 

the r e a c t i o n cond i t ions employed to l i t h i a t e 1-methy l indo le complex, 

the f r e e a rene , 1 -methy l i ndo le , was u n a f f e c t e d . 

The use of e thy l ch lo ro fo rmate as a quenching reagent was found 

to g i ve a f a i r l y c l e a n r e a c t i o n which i s i n c o n t r a s t to a r e c e n t 

obse rva t ion t h a t the l i t h i a t i o n of the f luorobenzene complex ( 5 ) 

w i t h an excess of t ^ b u t y l l i t h i u m and subsequent r e a c t i o n w i th 

14 

methylch loroformate gave a 60$ y i e l d of the benzophenone b is-complex 

( 6 ) . While products of t h i s nature were not searched f o r i n the r e a c t i o n 

of 1-methy l indo le complex w i th n - b u t y l l i t h i u m and e t h y l c h l o r o f o r m a t e , 

or indeed i n subsequent r e a c t i o n s which employed a ch loroformate 

quench, and so t h e i r presence cannot be r i g o r o u s l y exc luded , they 

could only have been p r e s e n t , i f a t a l l , i n t r a c e amounts and c e r t a i n l y 

noth ing l i k e the 60$ y i e l d obtained by Sandi lands e t a l ^ » 

(COUCr 

a.b 

Cr(CO) 

( a ) b - B u L i , E t 0 , - 7 8 ° ; (b ) C1C0 Ne# 

React ion of 1 -methy l indo le complex (1 ) w i th n_-buty l l i th ium 

fo l lowed by quenching w i th c h l o r o t r i m e t h y l s i l a n e gave an 83$ y i e l d 

of t r i m e t h y l s i l y l a t e d complexes . The major component, i s o l a t e d from 
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the mix ture by c a r e f u l c r y s t a l l i s a t i o n i n 60% o v e r a l l y i e l d , was 

i d e n t i f i e d as 1 - m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e complex ( 7 ) by photochem-

i c a l decomplexation to g ive the indo le ( 9 , 95%) which was i d e n t i c a l 

( t i c , i r , ^ H nmr and mass spectrum) to a u t h e n t i c 1-methyl—2-

12 

t r i m e t h y l s i l y l i n d o l e prepared by quenching 2 - l i t h i o - 1 - m e t h y l i n d o l e 

w i th c h l o r o t r i m e t h y s i l a n e . The minor component ( 8 ) , which was present 

i n 15-20% y i e l d was recognised as probably having a r i s e n from 7 - l i t h i a t i o n 

and attempts were made to i n c r e a s e the r a t i o of C y 1 ^ l i t h i a t i o n by 

a l t e r i n g the r e a c t i o n c o n d i t i o n s . However, under a range of c o n d i t i o n s , 

d i f f e r e n t temperatures and d i f f e r e n t bases , the r a t i o of C y 5 ^ l i t h i a -

t i o n , as measured by the r e a c t i o n w i th c h l o r o t r i m e t h y l s i l a n e never rose 

above 1 : 3 (Table 1 ) . 

( a ) rwBuL i , THF, TfCDA, - 7 8 ° ; ( b ) C lS iMe 3 ; ( c ) h y > THF, a i r . 
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L i t h i a t i o n of 1-»methylindols complex 

approximate r a t i o of 
Q 

a l k y l l i t h i u m temperature : C products 

rv-BuLi - 2 3 ° -
b 

r^-BuLi - 5 0 ° 1 m 
0 5 

rv-BuLi - 7 8 ° 1 0 
• 4 

r>-BuLi -100° 1 • • 3 

t - B u L i - 7 8 ° 1 • 3 

1 
( a ) determined by H nmr of the mix ture of t r i m e t h y l s i l y l a t e d 

i n d o l e s ; 

( b ) e x t e n s i v e decomposition of the l i t h i o s p e c i e s was observed. 

(Table 1 ) 

C loser i n v e s t i g a t i o n of the mother - l iquors of the r e a c t i o n 

mix ture which y i e l d e d 2-e thoxycarbony l -1-methy l indo le complex ( 2 ) , 

r e v e a l e d the presence of another isomer presumably , by analogy to 

the r e a c t i o n y i e l d i n g 2 - and 7 - t r i m e t h y l s i l y l - 1 - m e t h y l i n d o l e 

complexes," the 7-e thoxycarbony l -1-methy l indo le complex ( 3 ) # 

As the 7 - s u b s t i t u t e d - 1 - m e t h y l i n d o l e s were never obtained 

pure , no d e f i n i t e s t r u c t u r a l assignments could be made and the 

t e n t a t i v e assignments are based on the r e s u l t s of l a t e r work. 
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D. P repa ra t ion of 7 - s u b s t i t u t e d 1-methy l indo les 

Having determined the i n i t i a l s i t e of l i t h i a t i o n f o r 1 -methy l -

i ndo le complex ( 1 ) , i t was decided to determine the second s i t e of 

deprotonat ion us ing the t r i m e t h y l s i l y l group, a r e l a t i v e l y easy 

15 

group to remove from an aromat ic system , to block the 2 - p o s i t i o n . 

Thus , 1 - m e t h y l - 2 — t r i m e t h y l s i l y l - i n d o l e complex ( 7 ) , generated i n s i t u , 

was reac ted w i th another equ i va l en t of n^-butyl l i thium and quenched 

w i th e thy l ch lo ro fo rmate g i v i n g , a f t e r l i q u i d chromatography and 

c r y s t a l l i s a t i o n , a 67$ y i e l d of 7-ethoxycarbonyl—1-methyl—2-tr im-

e t h y l s i l y l i n d o l e complex ( 1 0 ) . 

Cr(C0) 3 

(1) ° ' b » (7) 
Q.C 

SiMe 

C0 2 Et 

( 1 0 ) 

(a) n-BuLi, THF, TF1EOA, -78°, (b) ClSirie
3
; (c) C1C0 Et. 

The H nmr of complex (10 ) showed a c l e a r v i c i n a l ABC s p l i t t i n g 

p a t t e r n f o r the c a r b o c y c l i c r i n g protons (64 .8 - 6 . 6 ) suggest ing 

4 - or 7 - s u b s t i t u t i o n , wh i l e the N-methyl group ( 6 3 . 9 ) showed a 

c l e a r downf ie ld s h i f t r e l a t i v e to the chemica l s h i f t of the 

1 - m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e complex ( 7 , 6 3 . 7 ) i n f e r r i n g 

7 - s u b s t i t u t i o n . However, wi thout a u t h e n t i c samples which would 

be both d i f f i c u l t and time-consuming to p repare , the d i s c r i m i n a t i o n 

between 4 - and 7— s u b s t i t u t e d products could not be made w i th 
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complete con f idence . The re fo re , an X-Ray c r y s t a l l o g r a p h i c a n a l y s i s 

was undertaken ( f i g u r e 1 ) which showed tha t the major product was 

indeed the 7 - s u b s t i t u t e d complex ( 1 0 ) . 

With the s t r u c t u r e of the major product e s t a b l i s h e d , i t was 

decided to examine the scope of the r e a c t i o n of the l i t h i o i n d o l e 

complex w i th a range of e l e c t r o p h i l e s to g ive 7 - s u b s t i t u t e d indo le 

complexes (11 ) (Scheme 1 ) . 

(1) (7) 
q . c 

SiMe 

(11) 

SiMe 

( a ) n - B u L i , THF, TF1EDA, - 7 8 ° ; (b ) C l S i r i e 3 ; ( c ) E l e c t r o p h i l e , (H + ) ; 

( d ) h y , THF or NeCN, a i r . 

(Scheme 1 ) 

During the course of these r e a c t i o n s (Table 2 ) i t was found tha t 

the r e a c t i o n w i th methyl iodide ( run 2 ) gave an i n sepa rab le mixture 

of i somer i c products (11 and 12, R=fle) which were p r e s e n t , by H nmr, 
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(Figure 1) 



i n the r a t i o of» c a . 5 : 1 . Photochemical decomplexation of t h i s 

mixture and c a r e f u l chromatography a f forded 2 f r a c t i o n s , pure 

1 , 7 - d i m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e (13 , R=P1e) and a mixture of 

the 7-methylated compound ( l3 ,R=Me) and an i somer . Th i s unknown 

compound which was present i n c a . 13% of the mixture was shown to 

be the 1 , 4 - d i m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e (14 , RsHe) by i t s high 

r e s o l u t i o n bH nmr. The absorpt ions due to the minor component were 

w e l l separated from those of the 7 - s u b s t i t u t e d i n d o l e , and i n 

p a r t i c u l a r the s i g n a l due to Ĥ  ( 6 6 . 3 ) showed a s m a l l ( c a . 0 .8Hz ) 

coupl ing to Ĥ  ( 6 7 . 5 5 ) . Th i s long range coupl ing between Ĥ  and 

15 

Ĥ  i s w e l l documented , and combined w i th the v i c i n a l ABC s p l i t t i n g 

pa t te rn observed f o r the c a r b o c y c l i c r i n g protons ( 6 7 . 0 - 7 6 ) of the 

minor component, conf i rmed the assignment of the s t r u c t u r e as ( l4 ,R=Me) . 

The s y n t h e s i s of 7 - s u b s t i t u t e d 1 - m e t h y l - 2 - t r i m e t h y s i l y l i n d o l e s 

Indole Complex(l 1 ) Free Indole (13 ) 

Run E l ec t r 'oph i l e Product ( R=) Y i e l d a / % Y i e l d b / % 

1 C lC0 2 Et C Q 2 E t 6 7 9 0 

2 He I He 64C 

3 PhCHO C-H-OH-Ph 63 89 

4 CH2=CHCH0 C-H-0H'CH=CH2 60 92 

5 PhSCl SPh 51 85 

6 fle2C=CHCH2Br CH2CH=CHe2 43 77 

( a ) pure complex; 

( b ) from complex; 

( c ) mixture of 4 and 7 i somers . 

(Table 2 ) 

The crude complex i s o l a t e d from the other r e a c t i o n s (Table 2 ) 

was found, by H nmr, to con ta in an impur i t y i n approx imate ly the same 
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percentage as the methy lat ion ( run 2 ) but i n these r e a c t i o n s 

chromatography and c r y s t a l l i s a t i o n gave the pure 7 - s u b s t i t u t e d 

complexes (11 ) . The impur i ty uas assumed, by analogy w i th the 

methy l a t i on , to be the 4 - s u b s t i t u t e d indo le (12) but as these 

complexes were never obtained pure and as other a reas of work 

were showing promise , t h i s was never v e r i f i e d . 

React ion of the l i t h i o - s p e c i e s w i t h the 2 aldehydes ( runs 

3 and 4 ) a f fo rded a mixture of d i a s te reomer i c products (15 , 15 , 

17 and 18 ) due to the c r e a t i o n of an asymmetric cent re and to the 

f a c t tha t indo le complexes are c h i r a l . 

• . 

R R 

(15) (16) 

(C0)3Crx (C0)3Cr 

SiMe 

R 

S iMe 3 

(17) (18) 

R = Ph, CH=CH2 
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The 2 d ias te reomer i c p a i r s (15 and 16) and (17 and 18) show d i f f e r e n t 

1 

H nmr s i g n a l s f o r the OH and JN-Me groups due to the d i f f e r e n t 

environments c rea ted by the asymmetric c e n t r e , and are present i n 

a lmost equal q u a n t i t i e s showing t h a t there i s l i t t l e or no s t e r e o -

s e l e c t i o n i n t h i s r e a c t i o n . The r e a c t i o n w i th a c r o l e i n ( 19 ) ( run 4 ) 

a l s o showed e x c l u s i v e 1 , 2 - a d d i t i o n to the carbony l group. 

(19) 

P h o t o l y t i c c leavage of the 7 - s u b s t i t u t e d complexes (11 ) 

a f fo rded e x c e l l e n t y i e l d s (Table 2 ) of the corresponding indo les 

( 1 3 ) . 

I n order to demonstrate the p o t e n t i a l f o r the s y n t h e s i s of 

1 ,7—disubs t i tu ted i ndo le s i t was necessary to show t h a t the 

2 - t r i m e t h y l s i l y l group could be r e a d i l y removed. Thus, 

(9) (20) 

( a ) CF3C02H, H 2 0 , CC14 . 

a romat ic d e s i l y l a t i o n of 1 - m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e ( 9 ) w i th 

15 

aqueous t r i f l u o r o a c e t i c a c id i n a 2 phase system gave 1-methy l indo le 

( 20 ) i n 80 % y i e l d . The use of carbon t e t r a c h l o r i d e as co-so l ven t 
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1 
a l lowed the r e a c t i o n to be fo l lowed by H nmr. 

The d e s i l y l a t i o n of the 7-e thoxycarbony l s u b s t i t u t e d indo le 

(21 ) (Scheme 2 ) r equ i red a more s t r o n g l y a c i d i c medium,presumably 

because 2-pro tonat ion to g ive the in te rmed ia te (22 ) i s re ta rded by 

the e l e c t r o n withdrawing nature of the ethoxycarbony l group. As a 

d i r e c t consequence of t h i s , o t h e r , s i d e r e a c t i o n s took p lace lower ing 

the y i e l d of the d e s i l y l a t e d product ( 23 ) to 53/6. In p a r t i c u l a r , 

3 -p ro tonat ion of 7-e thoxycarbony l -1-methy l indo le ( 23 ) to g ive the 

in te rmed ia te ( 2 4 ) was f a c i l e , o ccu r r i ng to a s i g n i f i c a n t degree 

before a l l the s t a r t i n g m a t e r i a l had been d e s i l y l a t e d . T h i s protonated 

in te rmed ia te ( 24 ) reac ted w i th another molecule of 7 -e thoxyca rbony l -1-

methy l indole ( 23 ) t o . g i v e the b i s - i n d o l e ( 25 ) which was i d e n t i f i e d on 

1 

the b a s i s of i t s H nmr, 2 over lapp ing U - e t h y l absorpt ions and 2 

_N-methyl a b s o r p t i o n s , one a t the normal _N-methylindole chemica l s h i f t 

( 5 3 . 8 5 ) and the other to h igher f i e l d ( 6 2 . 8 ) , together w i th the 
17 

ample l i t e r a t u r e precedent f o r the a c i d i c d i m e r i s a t i o n of i ndo le s • 

+ 
H 

a 
SIME*3 

N SiMe 

(21) ( 2 2 ) 

98 



C02Et 

(23) 

C02Et 

(23) (24) 

I I 
Me C0 2 Ef 

(25) 

( a ) CF3C02H, H 20, CC14 . 

(Scheme 2) 
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T h i s s t r a t e g y a f fo rded a wide range of 7 - s u b s t i t u t e d 

1 - m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e s i n good y i e l d from 1-methy l indo le 

and has the p o t e n t i a l to g ive f a i r to good o v e r a l l y i e l d s of the 

7 - s u b s t i t u t e d i n d o l e s by aromatic d e s i l y l a t i o n . For example, 

7 - e t h o x y c a r b o n y l - 1 - m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e was obtained i n 

53$ o v e r a l l y i e l d and d e s i l y l a t i o n gave 7-e thoxycarbony l -1-methy l -

indo le i n 28$ o v e r a l l y i e l d from 1 -methy l i ndo le . 
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E• P repara t ion»of 7 - s u b s t i t u t e d l -methoxymethy l indoles 

S ince the l i t h i a t i o n of 1-methy l—2—tr imethy l s i l y l indo le complex 

produced a mix ture of 4 - and 7 - l i t h i a t e d in te rmed ia tes (see p rev ious 

s e c t i o n ) , i t was decided to use the methoxymethyl group as ^ - p r o t e c t i o n , 

18 

I t was hoped t h a t the w e l l known c h e l a t i n g p r o p e r t i e s of t h i s group 

would favour a t t a c k a t C^ to the e x c l u s i o n of a t t a ck a t C^ i n the 

second l i t h i a t i o n step (Scheme 3 ) , and consequent ly a f f o r d a more 

e f f i c i e n t route to 7 - s u b s t i t u t e d i n d o l e s . 

( 2 6 ) 

\ 
Me 

(Scheme 3) 
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13 Complexation of 1-methoxymethyl indole w i th chromium hexacarbonyl 

i n a r e f l u x i n g mixture of d i - rv-buty le ther and THF gave a 91$ y i e l d 

of the corresponding complex ( 2 7 ) . L i t h i a t i o n of t h i s complex 

( 27 ) (Scheme 4 ) w i th 1 . 2 e q u i v a l e n t s of r v -buty l l i th ium i n THF and 

TP1EDA a t - 7 8 ° fo l lowed by r e a c t i o n w i th c h l o r o t r i m e t h y l s i l a n e was 

expected to g ive the 2 - t r i m e t h y l s i l y l a t e d complex ( 2 6 ) . However, 

a f t e r chromatography the r e a c t i o n was found to have g iven 2 d i s t i n c t 

p roduc t s , the former , a c r y s t a l l i n e s o l i d was t e n t a t i v e l y i d e n t i f i e d 

on the b a s i s of i t s H nmr as the 2 , 7 - d i ( t r i m e t h y l s i l y l ) - 1 -

methoxymethyl indole complex (28 , 1 7 $ ) , wh i l e the l a t t e r , a semi-

c r y s t a l l i n e o i l was shown to c o n s i s t of a mix ture of p roduc t s , again 

1 

by H nmr. C r y s t a l l i s a t i o n of t h i s mixture gave a s i n g l e product 

which was t e n t a t i v e l y i d e n t i f i e d as 1 - m e t h o x y m e t h y l - 7 - t r i m e t h y s i l y l i n d o l e 

complex ( 29 ) wh i le the o t h e r , minor component was i d e n t i f i e d as 1 -

methoxymethy l—2- t r imethy l s i l y l i ndo le complex ( 2 6 ) . 

The assignments of the complexes (28 and 29) were conf irmed by 

19 

nuc lea r Overhauser e f f e c t (nOe) d i f f e r e n c e s p e c t r a of the decomplexed 

i n d o l e s (30 and 31 r e s p e c t i v e l y ) . 
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( 2 8 ) -F> 
S i M e 

M e
3
S i ^ O M e 

(30) 

(29) 

M e
3
S i ^ " O M e 

(31) 

(a) rv-BuLi, THF, THEDA, - 7 8 ° ; (b ) C l S i r i e 3 ; ( c ) h y , HeCN, air. 

(Scheme 4 ) 

Spectrum ( 1 ) shows the r e s u l t s obta ined from nOe exper iments 

on 2 , 7 - d i ( t r i m e t h y l s i l y l ) - 1 - m e t h o x y m e t h y l i n d o l e ( 3 0 ) . Apart from 

the normal high f i e l d H nmr, p lo t t ed w i th a s c a l i n g f a c t o r , spectrum 

( 1 ) shows the nOe d i f f e r e n c e spec t r a obtained from the i r r a d i a t i o n of 

the resonances a t 6 5 . 6 0 , 0 .46 and 0 .38 (CjL-OMe, C„-SiMa„ and 
z ( -— o 

C2-SiFTe3 r e s p e c t i v e l y ) . I r r a d i a t i o n of the resonance a t 6 0 .46 

(C^-SiFte^) produced a l a r g e e f f e c t on Hg ( 6 7 . 4 2 , 16$) w i th sma l l e r 

e f f e c t s on the C^-OMe and C^-Ojle s i g n a l s , wh i le i r r a d i a t i o n of the 

resonance a t 6 0 .38 (C 2 -S i F l e 3 ) showed a l a r g e e f f e c t on H3 

( 6 6 . 8 7 , 11$) w i th aga in sma l l e r e f f e c t s on Ch^-ODe and CH2-0He# 

These r e s u l t s conf i rmed t h a t s t r u c t u r e was ( 3 0 ) , as was p r e v i o u s l y 
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proposed. Spectrum ( 2 ) shows the r e s u l t s obtained from the nOe 

exper iments on 1 -methoxymethy l -7~t r ime thy l s i l y l i ndo le ( 3 1 ) . 

I r r a d i a t i o n of the resonance a t 6 5 . 57 (CHg-OMe) produced a s i g n i f i c a n t 

e f f e c t on H2 ( 6 7 . 2 0 , 9%)with s m a l l e r e f f e c t s on CH2-0Fte ( 6 3 . 1 6 ) • 

and SiNe^ ( 6 0 . 4 6 ) , wh i le i r r a d i a t i o n of the resonance a t 6 0.46 

(SiMe^) showed a l a r g e e f f e c t on ( 6 7 . 4 4 , 15%) w i t h l e s s s i g n i f i c a n t 

e f f e c t s on CH^-OFIe and Ct-y-QFle. These r e s u l t s conf i rmed t h a t the s t r u c -

t u r e was ( 3 1 ) , as was a l s o p r e v i o u s l y proposed. I t i s i n t e r e s t i n g 

to note tha t the nOes induced i n SiMe^ and H 2 , from the i r r a d i a t i o n of 

the CH -̂OMe resonance , themselves induce secondary nOes i n t h e i r 

neighbours Ĥ  and Ĥ  r e s p e c t i v e l y , which consequently appear as negat i ve 

e f f e c t s . Smal le r and the re fo re l e s s pronounced secondary nOes are a l s o 

observable on spectrum ( 1 ) . 

U i th the s t r u c t u r e s unambiguously ass igned , the r e a c t i o n can be 

d i scussed i n g rea te r depth . The major products from t h i s r e a c t i o n 

(78%) were the 7 - ( 29 ) and 2 - (26 ) t r i m e t h y l s i l y l complexes which were 

p resent i n the r a t i o of c a . 4:1 r e s p e c t i v e l y . Thus , changing the 

^ - p r o t e c t i n g group from JJ-methyl to N.-methoxymethyl has a l t e r e d the 

r e g i o s e l e c t i v i t y of the i n i t i a l l i t h i a t i o n from predominately C2 to 

predominately C^. T h i s i s best exp la ined by examining the che la ted 

in te rmed ia tes f o r C 2 « (32 ) and C,-,-(33) l i t h i a t i o n . Che la t ion v i a a 

5-membered r i n g on to the 2 - l i t h i a t e d product (32 ) i s obv ious ly more 

Me 

(32) (33) 
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s t r a i n e d and consequent ly l e s s favourab le than c h e l a t i o n v i a a 

6-membered r i n g on to the 7 - l i t h i a t e d product ( 3 3 ) . As M-methoxy-

13 

methy l indole i s known to l i t h i a t e e x c l u s i v e l y a t C^ , complexat ion 

w i th Cr(C0)3 has a l t e r e d the r e g i o s e l e c t i v i t y of a t t a c k to g ive p r e -

dominately the 7 - l i t h i a t e d indo le complex ( 3 3 ) . 

The format ion of tha 2 , 7 — d i ( t r i m e t h y l s i l y l ) - i n d o l e complex (28 ) 

can be exp la ined by the i n i t i a l format ion of the mono ( 2 - or 7 - ) 

l i t h i a t e d complexes (34)(Scheme 5 ) which can be f u r t h e r deprotonated 

by the excess of base present ( 1 . 2 e q u i v a l e n t s ) to g i ve the 2,7— 

d i l i t h i a t e d s p e c i e s ( 3 5 ) . React ion of t h i s w i th c h l o r o t r i m e t h y l s i l a n e 

g i ves the d i s i l y l a t e d product ( 2 8 ) . To t e s t t h i s t h e o r y , 

OMe 

OMe 

Li 

(34) 

Cr(C0)3 

c 

( 2 8 ) 
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( a ) n - B u L i , THF,4 TMEDA, - 7 8 ° ; ( b ) excess n - B u L i ; ( c ) C lS iMe 3 . 

(Scheme 5 ) 

1-methoxymethyl indole complex (27 ) was t r e a t e d w i th 2 e q u i v a l e n t s of 

r v -bu ty l l i t h ium fo l lowed by r e a c t i o n w i th c h l o r o t r i m e t h y l s i l a n e to g i ve 

an 80$ y i e l d of the 2 , 7 — d i s i l y l a t e d complex (28 ) and a 16$ y i e l d of 

the monos i l y l a ted complexes (26 and 2 9 ) . 

I n order to minimise the y i e l d of the d i s i l y l a t e d complex (28 ) 

and hence i n c r e a s e the y i e l d of the monos i l y la ted complexes (29 and 

2 6 ) , the l i t h i a t i o n of l -methoxymethy l indole complex was repeated 

under the same cond i t i ons as b e f o r e , us ing an exac t eq u i va l en t of 

r v -bu ty l l i t h ium which was added over a per iod of 5 minutes . Subsequent 

r e a c t i o n w i t h c h l o r o t r i m e t h y l s i l a n e gave a 90$ y i e l d of the monos i l y l a ted 

complexes (26 and 29) and a 9$ y i e l d of the d i s i l y l a t e d complex ( 2 8 ) . 

U i th the aim of improving the C^ : C2 l i t h i a t i o n r a t i o and perhaps 

r e a l i s i n g e x c l u s i v e 7 - l i t h i a t i o n , the r e a c t i o n of 1-methoxymethyl indole 

complex w i th r>-buty l l i th ium was performed under a range of d i f f e r e n t 

cond i t i ons "(Table 3 ) . 
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L i th ia fc ion of 1-methoxymethyl indole complex 

Run So lvent Temperature Y i e l d a / $ 

Rat io of 

C^ : Cg L i t h i a t i o n 

1 t h f / t n e d a - 4 6 ° 90 3 : 1 

2 th f/ tmeda - 7 8 ° 90 4 : 1 

3 t h f - 7 8 ° 94 4 : 1 

4 t h f - 9 8 ° 98 5 : 1 

( a ) Y i e l d of monos i l y l a ted complexes (26 and 2 9 ) ; 

( b ) As measured by r e a c t i o n w i th c h l o r o t r i m e t h y l s i l a n e and 

decomplexation to g ive a mixture of 2 - and 7 - t r i m e t h y l s i l y l i n d o l e s . 

(Table 3 ) 

l i t h i a t i o n 

As can be seen (Tab le 3 ) , though the r a t i o of C^tC^/was temperature 

dependent the e f f e c t i s not marked and e x c l u s i v e 7 - l i t h i a t i o n was not 

p o s s i b l e . I t i s i n t e r e s t i n g to note t h a t , i n c o n t r a s t to the l i t h i a t i o n 

of 1-methy l indo le complex , the l i t h i a t i o n of 1-methoxymethyl indole complex 

d id not r e q u i r e TMEDA to i n c r e a s e the r e a c t i v i t y of the a l k y l l i t h i u m , 

presumably because the c h e l a t i n g a b i l i t y of the methoxymethyl group 

l e d to an e a s i e r deprotonat ion . 

L i t h i a t i o n w i th in -buty l l i th ium at - 9 8 ° ( run 3 ) fo l lowed by quenching 

w i th c h l o r o t r i m e t h y l s i l a n e gave an almost q u a n t i t a t i v e y i e l d (98$) of 

the mix ture of monos i l y l a ted complexes (26 and 29) from which , a f t e r 

c a r e f u l c r y s t a l l i s a t i o n , a y i e l d of 66$ pure 1-methoxymethyl-7-

t r i m e t h y l s i l y l i n d o l e was obta ined . 

In order to show t h a t t h i s route i s as genera l as tha t based on 

1-methy l indo le complex, and to d i scover whether chromatographic 

sepa ra t ion of mare e l abora te 2 - and 7 - s u b s t i t u t e d 1-methoxymethyl indole 
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complexes was p o s s i b l e , the l i t h i a t i o n step was fo l lowed by r e a c t i o n 

w i th 3 , 3 - d i m e t h y l a l l y l bromide. Chromatographic sepa ra t ion was indeed 

f e a s i b l e , g i v i n g a 49% y i e l d of pure 7 - ( 3 » , 3 , - d i m e t h y l a l l y l ) - 1 -

methoxymethyl indole complex ( 3 6 ) . 

( a ) rv-BuLi , THF, - 7 8 ° ; (b ) rie2C=CHCH B r ; ( c ) hy , MeCN, a i r . 

P h o t o l y t i c c leavage of the methoxymethyl indole complexes was 

accomplished as r e a d i l y as b e f o r e , g i v i n g almost q u a n t i t a t i v e y i e l d s 

of the f r e e i n d o l e . For example, the 7 - ( 3 1 , 3 * — d i m e t h y l a l l y l ) -

indo le (37 ) was obtained from i t s complex i n 93% y i e l d . 

Var ious attempts were made to remove the methoxymethyl group 

from g-methoxymethyl indole w i th the aim of extending t h i s s t r a t e g y 

to the p repa ra t ion of 7 - s u b s t i t u t e d i ndo le s without any J+-protect ion , 

13 

However, as was d i scovered by Sundberg e t a l the deprotec t ion of 

1-methoxymethyl indole under mi ld cond i t i ons i s not t r i v i a l . Under 

both p r o t i c and Lewis a c i d cond i t i ons 1—methoxymethylindole polymer ised 

to g ive undetermined products , wh i le the a c t i o n of a good nuc leoph i l e 

20 

(LiSFle i n HFIPA ) on 1-methoxymethyl indole complex only served to . c leave the 

complex ,poss ib ly v i a the thermal exchange of HP1PA l i g a n d s f o r the 

arene l i g a n d on the .Cr(C0)3 group. 
T h i s s t r a t e g y f o r the p repara t ion of 7 - s u b s t i t u t e d i ndo le s a f f o r d s 

Cr(CO) 3 

(27) 

(56) (37) 
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a more conc i se hnd higher y i e l d i n g route than tha t based on 1 - m e t h y l i n -

dole complex. For e xamp le , 1 -methoxymethy l -7 - t r ime thy l s i l y l i ndo le was 

prepared i n 45$ o v e r a l l y i e l d i n 4 s teps from i n d o l e . However, both these 

approaches to 7 - s u b s t i t u t e d i n d o l e s are a t present r e s t r i c t e d to 

J\[-protected i n d o l e s . 
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F . P repa ra t ion of 4- s u b s t i t u t e d i ndo le s 

As 4- s u b s t i t u t e d indo les have cons iderab le b i o l o g i c a l p r o p e r t i e s 

i t was decided to t r y to adapt the chemist ry of .N-protected indo le 

complexes to the p repara t ion of these compounds. 

S ince the l i t h i a t i o n of 1 - m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e complex 

and subsequent r e a c t i o n w i th methyl iod ide gave a mix ture of 4 - and 

7 - s u b s t i t u t e d i ndo le s w i th the l a t t e r predominat ing, i t was reasoned 

t h a t a bulky ^ - p r o t e c t i n g group would s t e r i c a l l y h inder l i t h i a t i o n 

a t C2 and C^, and consequent ly favour a t t a ck a t C^. 

As the t > - b u t y l d i m e t h y l s i l y l group i s a s t e r i c a l l y demanding group 

t h a t had been used w i th some success f o r the ^ - p r o t e c t i o n of i n d o l i n e 

21 
C r ( C 0 ) 3 complexes (page 19) and because i t was r e a d i l y removed , i t 

was decided to prepare 1 - b - b u t y l d i m e t h y l s i l y l i n d o l e complex . ( 3 9 ) . 

22 

Treatment of the indo le complex ( 38 ) w i th potasss ium hydr ide i n 

THF fo l lowed by r e a c t i o n w i th j t - b u t y l d i m e t h y l s i l y l c h l o r i d e and work-

up w i th a. THF/aqueous pH=7 b u f f e r s o l u t i o n , to prevent the d e s i l y l a t i o n 

of the p rotec ted complex ( 39 ) by hydroxide ion produced by the aqueous 

quenching of the excess potassium hydr ide , a f fo rded an 83% y i e l d of 

the 1 - j > - b u t y l d i m e t h y l s i l y l i n d o l e complex ( 3 9 ) . 

(38) (39) 

( a ) KH, THF; ( b ) Fie B u t S i C l ; ( c ) THF, H Q, pH=7 b u f f e r . 
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L i t h i a t i o n * o f t h i s p rotec ted complex (39 ) w i th _ t - b u t y l l i t h i u m 

i n THF and TF1EDA under a range of r e a c t i o n cond i t ions fo l lowed by 

r e a c t i o n w i th e thy l ch lo ro fo rmate gave only low y i e l d s of a mix ture 

of undetermined products . The bulk of the t - b u t y l d i m e t h y l s i l y l 

p r o t e c t i n g group l i e s p r i n c i p a l l y i n the t - b u t y l group and i n order 

to prov ide a more s p a t i a l l y complete p r o t e c t i o n , other JM-protecting 

23 

groups were sought . A r epor t on the r e l a t i v e r a t e s of d e s i l y l a t i o n 

of v a r i o u s s i l y l e thers showed t h a t the t r i — i s o p r o p y l s i l y l e the r s 

were more s t a b l e to a c i d , b a s e and f l u o r i d e h y d r o l y s i s than the 

corresponding b - b u t y l d i m e t h y l s i l y l e the r s and were more s t a b l e to 

base h y d r o l y s i s than t _ - b u t y l d i p h e n y l s i l y l e t h e r s , which suggested 

tha t an J M - t r i - i s o p r o p y l s i l y l p r o t e c t i n g group would indeed render 

a more complete p r o t e c t i o n . Another important advantage of the 

t r i - i s o p r o p y l s i l y l p r o t e c t i n g group i s t h a t the corresponding 

s i l y l c h l o r i d e i s e a s i l y prepared on a l a r g e s c a l e from r e a d i l y 
24 

a v a i l a b l e , cheap reagents . 

Thus , 1 — t r i - i s o p r o p y l s i l y l i n d o l e complex (41 ) was i n i t i a l l y 

prepared i n 77$ o v e r a l l y i e l d from indole ( 40 ) (Scheme 6 , Path A) 

i n a f a s h i o n analogous to t h a t by which the 1 - j > - b u t y l d i m e t h y l s i l y l i n d o l e 

complex ( 39 ) was prepared . A l t e r n a t i v e l y , a more convenient p repara t ion 

of t h i s complex (41 ) i nvo l ved the i n t i a l N ^ t r i - i s o p r o p y l s i l y l a t i o n 

of i ndo le ( 40 ) w i th r v b u t y l l i t h i u m and t r i - i s o p r o p y l s i l y l c h l o r i d e 

13 

(Scheme 6 , Path B) a f t e r the f a sh ion of Sundberg e t a l to g ive the 

N-protected i ndo le (42) which was then reac ted w i th Cr (C0)g to g ive 

the d e s i r e d complex (41 ) i n 85$ o v e r a l l y i e l d . P u r i f i c a t i o n of the 

j\Hprotected i ndo le (42 ) proved d i f f i c u l t , attempts a t the d i s t i l l a t i o n 

of the crude product gave a t best a 54$ y i e l d of d i s t i l l a t e , u n t i l 

i t was d i scovered tha t the crude product ( 4 2 ) , produced i n q u a n t i t a t i v e 

y i e l d , gave a lmost the same y i e l d of complex (41 ) as the d i s t i l l e d 

m a t e r i a l . 
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Cr(CO)3 

SI (i —Pr) 3 

si(i-pp)
3 

(42) 

Perth B 

( a ) C r ( C 0 ) 6 , n.-Bu20, THF, A ; (b ) KH, THF; 

( c ) ( i r P r ) 3 S i C l ; ( d ) THF, H 2 0 , pH=7 b u f f e r ; ( e ) n r B u L i , THF. 

(Scheme 6 ) 

The second route (Scheme 6 , Path B) was the p r e f e r r e d route 

to the complex ( 41 ) as i t was the h igher y i e l d i n g path and the 

in te rmed ia te (42 ) could be made and s to red i n l a rge q u a n t i t i e s , 

wh i l e the other i n t e r m e d i a t e , the indo le complex ( 3 8 ) , could only 

be made on a r e l a t i v e l y s m a l l s c a l e ( c a . 3g) and was uns tab le and 

so had to be used almost immediate ly . 

L i t h i a t i o n of the 1 - t r i - i s o p r o p y l s i l y l i n d o l e complex (41 ) 

r e q u i r e d 2 e q u i v a l e n t s of r v -buty l l i th ium i n THF and TP1FDA a t - 7 8 ° 

f o r 3 hour s . The absence of TFIEDA, l e s s than 2 equ i va l en t s of 
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base or a s i g n i f i c a n t l y sho r t e r r e a c t i o n time a l l decreased the 

e x t e n t of l i t h i a t i o n , as measured by the subsequent r e a c t i o n w i th 

e t h y l c h l o r o f o r m a t e . 

React ion of the l i t h i a t e d complex (43 ) w i th e thy l ch lo ro fo rmate 

gave a red o i l which on c r y s t a l l i s a t i o n a f fo rded a s i n g l e product 

( 6 0 $ ) . The H nmr of t h i s complex showed tha t Ŵ  ( 6 7 . 3 5 ) and Ĥ  

( 6 7 . 0 ) were s t i l l p resent and t h a t the protons of the c a r b o c y c l i c 

r i n g ( 6 5 .05 - 6 . 4 ) showed a v i c i n a l ABC s p l i t t i n g p a t t e r n , 

suggest ing 4 - or 7 - s u b s t i t u t i o n . The downf ie ld s h i f t of Ĥ  

(0.5ppm) r e l a t i v e to the s t a r t i n g m a t e r i a l ( 4 1 ) , and the f i n e 

coup l ing ( c a . 0 .8 Hz) between Ĥ  and the f u r t h e s t downf ie ld carbo-

c y c l i c - r i n g proton , i n d i c a t e d tha t the product was 4-e thoxyca rbony l -

1 - t r i - i s o p r o p y l s i l y l i n d o l e complex ( 4 4 ) . 

Li 

(C0)3Cr Si(i_-Pr)3 (C0)3Cr 

a 

Sif l-Pr)3 

(41) (45) 

C02Ef 

(44) 

( a ) n - B u l i , THF, TMEDA, - 7 8 ° ; ( b ) C l C C I E t . 
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I n order t\D conf i rm t h a t the predominant s i t e of deprotonat ion 

was indeed C^, the l i t h i a t e d complex ( 4 3 ) was reac ted w i th 

c h l o r o t r i m e t h y l s i l a n e to g i v e , a f t e r c r y s t a l l i s a t i o n , a 56% y i e l d of 

1 

a complex, the 'H nmr of which suggested i t was the 4 - t r i m e t h y l s i l y l 

complex ( 4 5 ) , The 4 - s u b s t i t u t i o n was conf irmed by an nOe d i f f e r e n c e 

(41) 
a 

(43) 

(C0)3Cr S i ( i -P r ) 3 

(45) (46) 

( a ) n -QuL i , THF, TFIEDA, - 7 8 ° ; (b) ClSiria ; ( c ) h y , MeCN 

or THF, a i r , 

spectrum of the f r e e indo le ( 4 6 ) , obta ined i n a 93% y i e l d from 

p h o t o l y t i c c leavage of the complex ( 4 5 ) , Thus , as spectrum ( 3 ) 

shows, i r r a d i a t i o n of the protons of the t r i - i s o p r o p y l s i l y l group 

produced a l a r g e e f f e c t on 2 protons, ( 6 7 . 5 4 , 12%) and Ĥ  

( 6 7 . 2 7 , 9%), wh i l e i r r a d i a t i o n of the protons of the t r i m e t h y l s i l y l 

group a l s o produced a l a rge e f f e c t on 2 protons, Ĥ  ( 6 7 . 2 7 , 7%) and 

Ĥ  ( 6 6 . 7 5 , 7%). These r e s u l t s unambiguously e s t a b l i s h e d t h a t the 

major product of the r e a c t i o n was 4 - s u b s t i t u t e d . Smal l secondary 

nOes (see page 105) were observed f o r Ĥ  and H^, due to the nOes 

induced i n and Ĥ  r e s p e c t i v e l y by the i r r a d i a t i o n of the t r i -

i s o p r o p y l s i l y l group. 

The mother l i q u o r s from the c r y s t a l l i s a t i o n of the 4 - s u b s t i t u t e d 

complexes (44 and 45 ) were shown by H nmr to be a mix ture of i somers , 
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w i t h the 4—subst ituted complexes predominat ing. A high r e s o l u t i o n 

H nmr of the decomplexed mother - l iquors from the c r y s t a l l i s a t i o n of 

the 4 - t r i m e t h y l s i l y l i ndo le complex ( 45 ) showed the presence of the 

4 - s i l y l a t e d compound (46 ) together w i th sma l l e r amounts of 2 other 

i somers which were t e n t a t i v e l y ass igned as the 5 - ( 47 ) and 6 - ( 48 ) 

t r i m e t h y l s i l y l i n d o l e s . Consequent ly , the t r i - i s o p r o p y l s i l y l 

p r o t e c t i n g group has indeed prevented l i t h i a t i o n a t C or C . 

(47) (48) 

The assignments of the minor components (47 and 48 ) were 

cor roborated by the f a c t tha t the l i t h i a t i o n of 3 - m e t h y l - 1 - t r i -

i s o p r o p y l s i l y l i n d o l e complex ( 49 ) (Scheme 7 ) fo l lowed by r e a c t i o n 

w i th c h l o r o t r i m e t h y l s i l a n e y i e l d e d a mixture of 4 - ( 5 0 ) , 5 - ( 51 ) 

and 6 - ( 5 2 ) t r i m e t h y l s i l y l a t e d p roduc t s , as shown by the nOe 

25 
assignments of the decomplexed products • 

a.b.c 

(C0)3Cr S i n - P r ) 3 

(49) 
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S i ( i - P r ) 3 S iU -P r ) 3 S i ( i -Pr ) 3 

(50) (51) (52) 

( a ) rv-BuLi , THF, TNEDA, - 7 8 ° ; . (b ) C l S i ^ ; ( c ) h y , HeCN, a i r . 

Scheme 7 

The mixture of 4 - ( 4 6 ) , 5 - (47 ) and 6 - (48) t r i m e t h y l s i l y l 

i n d o l e s were present i n the r a t i o s of c a . 2 . 6 : 1 : 1 . Thus , r e a c t i o n 

of 1 - t r i - i s o p r o p y l s i l y l i n d o l e complex w i th n^-butyl l i thium fo l lowed 

by quenching w i th c h l o r o t r i m e t h y l s i l a n e was est imated to g ive 

c a . 70$ of the 4 - t r i m e t h y l s i l y l i ndo le complex (45 ) w i th c a . 8$ 

of each of the 5 and 6 i somers . 

P h o t o l y t i c c leavage of the 4-ethoxycarbony l indo le complex (44 ) 

gave the f r e e indo le (53 ) which was deprotected almost i n s t a n t a n e o u s l y 

23 

w i th tetra-jn-butylamrnonium f l u o r i d e (TBAF) i n THF to g ive 4 -e thoxy-

ca rbony l indo le (54 ) i n 84$ o v e r a l l y i e l d . In c o n t r a s t , when the 

4 - t r i m e t h y l s i l y l i n d o l e (46 ) (Scheme 8 ) was t r ea ted w i th TBAF under the 

same c o n d i t i o n s , the r e a c t i o n was ext remely slow and gave, a f t e r s e v e r a l 

days a t room temperature , a mixture of products by t i c . The more ready 

deprotec t ion of the 4-e thoxycarbony l indo le ( 53) i s probably due to the 

f a c t t h a t the e l ec t ron-w i thdraw ing nature of the e thoxycarbony l group 
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CO2EF 

(C0)3Cr 

C0 2EF 

A 

S i ( i -P r ) 3 

(44) 

C0 2EF 

S i ( i -Pr ) 3 

(53) (54) 

( a ) h Y » THF, a i r ; ( b ) TBflF, THF, 0 ° . 

s t a b i l i s e s the negat i ve charge produced by the f l u o r i d e d e s i l y l a t i o n . 

S ince complexat ion of an arene to Cr(CO) i s known to reduce the 

e l e c t r o n dens i t y i n the r i n g (see r e v i e w ) , the deprotec t ion was 

performed on the corresponding 4 — t r i m e t h y l s i l y l i n d o l e complex ( 4 5 ) , 

In t h i s c a s e , t h e r e a c t i o n was almost ins tantaneous and the deprotected 

i ndo le complex ( 55 ) was decomplexed by the a c t i o n of r e f l u x i n g p y r i d i n e 

to g ive 4 — t r i m e t h y l s i l y l i n d o l e ( 5 6 ) i n 86% o v e r a l l y i e l d . 

Me3Si 

(CO) 3 Cr 

a 

(45) 
S i ( i -P r ) 3 

(C0)3Cr 

(55) 

a or c 

Me 3S i 

X 

(46) 
Si(j.-Pr)3 

MeaSi 
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( a ) hy , THF or NeCN, a i r ; ( b ) TBAF, THF, 0 ° ; ( c ) p y r i d i n e , A . 

(Scheme 8 ) 

As the s i l i c o n - c a r b o n bond i s much more s t a b l e than the s i l i c o n -

26 

n i t rogen bond , c leavage of the 4 — t r i m e t h y l s i l y l group by f l u o r i d e 

was not expected and indeed, under the r e a c t i o n c o n d i t i o n s p r e v i o u s l y 

desc r ibed , none was observed. 

The l i t h i a t i o n - q u e n c h procedure was repeated w i th a s e r i e s of 

e l e c t r o p h i l e s (Scheme 9 ) and the products (57 ) were i s o l a t e d i n f a i r 

to good y i e l d s (Tab le 4 ) . O e s i l y l a t i o n of these complexes ( 57 ) was 

accomplished by t reatment w i th TBAF i n THF and the decomplexation was 

e f f e c t e d by e i t h e r l i g h t and oxygen or the a c t i o n of r e f l u x i n g p y r i d i n e 

to g ive the 4 - s u b s t i t u e d indo les ( 5 8 ) i n e x c e l l e n t o v e r a l l y i e l d s . -

(41) 
Q.b 

(COhCr 

c.d 

or e 

Si( i-Pr) 

(57) (58) 

( a ) n - B u L i , THF, TP1E0A, - 7 8 ° ; ( b ) E l e c t r o p h i l e ; 

( c ) TBAF, THF, 0 ° ; (d)h-y , deCN or THF, a i r ; 

( e ) P y r i d i n e , A , 

(Scheme 9 ) 
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Syn thes i s of 4 - s u b s t i t u t e d indo les 

Run E l e c t r o p h i l e Product (R=) 

Complex ( 57 ) 

Y i e ld a /% 

Free Indole ( 58 ) 

Y ie ld b /% 

1 C lC0 2 Et C02Et 60 84 

2 C lS i r ie 3 SiHe3 56 86 

3 CI CO He C02He 59 81 

4 He I He c 
-

5 PhSCl SPh _d 26® 

6 He C=CHCH2Br CH2CH=CHe2 36 95 

( a ) i s o l a t e d y i e l d ; 

( b ) y i e l d from complex; 

( c ) an i n s e p a r a b l e mixture of s t a r t i n g m a t e r i a l and product was obta ined ; 

( d ) complex was too unstab le to i s o l a t e ; 

( e ) o v e r a l l y i e l d . 

(Table 4 ) 

The r e a c t i o n w i th methyl iod ide ( run 4 ) gave, by H nmr, a c a . 

45% y i e l d of 4 - s u b s t i t u t e d complex (57 , R=He) but un fo r tuna te l y t h i s 

was i n sepa rab le from the s t a r t i n g m a t e r i a l and the 5 and 6 i somer i c 

p roduc t s . 

The crude product a r i s i n g from r e a c t i o n w i th benzenesulphenyl 

c h l o r i d e ( run 5 ) was uns tab le to attempts to induce i t to c r y s t a l l i s e 

so was d e s i l y l a t e d and decomplexed d i r e c t l y to g ive a 26% o v e r a l l y i e l d 
a 

of 4 -pheny l th io indo le (58 , R=SPh). A high r e s o l u t i o n H nmr of t h i s 

m a t e r i a l shows t h a t i t was almost completely composed of the 4 - s u b s t i -

tu ted i n d o l e . Thus , the resonance a t 6 6 ,55 (H^) shows f i n e coupl ing 

to H2> Ĥ  and NH, as shown by decoupl ing exper iments . 

React ion w i t h 3 , 3 - d i m e t h y l a l l y l bromide ( run 6 ) gave, by H nmr, 

a c a . 50% y i e l d of the 4 - s u b s t i t u t e d indo le (57 , R= CH2CH=CMe2), of 

which 36% could be separated from the 5— and 6— s u b s t i t u t e d i somer i c 
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products and the s t a r t i n g m a t e r i a l by c a r e f u l c r y s t a l l i s a t i o n of the 

i n i t i a l f r a c t i o n s from l i q u i d chromatography. D e s i l y l a t i o n and 

decomplexation gave 4-(3 , 3 - d i m e t h y l a l l y ) - i n d o l e (58 , RrrCH^CltCne^) 
. » ! 

i n 95% o v e r a l l y i e l d . T h i s completes a s y n t h e s i s of 4 - ( 3 , 3 -

d i m e t h y l a l l y l ) - i ndo le i n 28% o v e r a l l y i e l d from i n d o l e , a h igher 

y i e l d i n g route to t h i s compound from r e a d i l y a v a i l a b l e s t a r t i n g 

m a t e r i a l s than any other s t r a t e g y p r e v i o u s l y d i scussed (see r e v i e w ) . 

In an attempt to obta in e x c l u s i v e 4 - l i t h i a t i o n i t was decided 

to i n v e s t i g a t e the l i t h i a t i o n of a s u i t a b l y protected indo le complex 

t h a t could che l a te and thus s t a b i l i s e a 4 - l i t h i o s p e c i e s . L i t h i a t i o n 

of f r e e i n d o l e s conta in ing groups tha t could che l a te a 4 - l i t h i o s p e c i e s 

has a l ready been shown to g ive e i t h e r mix tures of products or e x c l u s i v e 

2 - l i t h i a t i o n . For example, as d i scussed e a r l i e r (page 7 3 ) , 

5-methoxy-1-methyl indole (59) was l i t h i a t e d i n the 2 , 4 and 6 p o s i t i o n s 

27 
i n the r a t i o s of 4 : 5 : 1 r e s p e c t i v e l y , wh i l e 3-dimethylaminomethyl-1— 

methy l indole (60 ) was l i t h i a t e d e x c l u s i v e l y a t C a s measured by the 

28 
subsequent r e a c t i o n w i th D90 • 

(59) (60) 

Since 3-dimethylaminomethyl indole (gramine) i s more r e a d i l y 

prepared than 5-methoxy indole , i t was decided to i n v e s t i g a t e the 

l i t h i a t i o n of the ^-pro tec ted gramine complex ( 6 2 ) . Thus , gramine 

was N - t r i - i s o p r o p y l s i l y l a t e d i n the usua l manner to g ive an almost 

q u a n t i t a t i v e y i e l d of the protec ted gramine (61 ) . However, 

complexat ion of the c rude , or the d i s t i l l e d m a t e r i a l (61 ) under the 

normal cond i t i ons gave an i n t r a c t a b l e t a r wi thout any t r a c e of the 
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TT-complex (f^2), p o s s i b l y because the e l e c t r o n - r i c h t e r t i a r y 

n i t rogen of gramine could ac t as a competing 0 - l i g a n d f o r the 

chromium ca rbony l group. 

NMe2 

S i ( U P r ) 3 (C0)3Cr 

NMe 

S i ( i -Pr ) 3 

(61) (62) 

Since complexat ion of the p ro tec ted gramine (61 ) under d i f f e r e n t 

r e a c t i o n cond i t i ons f a i l e d to g ive more than a t r a c e of the complex 

( 6 2 ) , f o r which there was only mass s p e c t r a l ev idence , t h i s approach 

was abandoned due to l a c k of t ime . 

124 



G. Conclus ion and f u t u r e prospects 

The genera l s t r a t e g y of l i t h i a t i n g N-protected i ndo le complexes 

and the subsequent r e a c t i o n w i th e l e c t r o p h i l e s has been shown to be 

a g e n e r a l , expedient and high y i e l d i n g route to 4 - and 7— s u b s t i t u t e d 

i n d o l e s . 

The advantages and drawbacks common to both the approaches to 

4 - and 7 - s u b s t i t u t e d indo les w i l l be d i scussed before more s p e c i f i c 

remarks concern ing each approach are made. 

(1 ) General comments 

The main advantage of t h i s genera l s t r a t e g y i s t h a t i t a f f o r d s 

a conc i se and high y i e l d i n g route to 4 - or 7 - s u b s t i t u t e d indo les 

depending on the JM-protection used . Th i s s t r a t e g y i s an example of 

the d i r e c t s u b s t i t u t i o n of i ndo le (see r e v i e w ) , and as such , i s a 

route to a wider range of s u b s t i t u t e d i ndo le s than those mentioned 

p r e v i o u s l y s i n c e the key step i s a r e g i o s e l e c t i v e l i t h i a t i o n . Once 

t h i s i s r e a l i s e d , the subsequent r e a c t i o n s a r e , as f a r as can be 

determined by t h i s i n i t i a l i n v e s t i g a t i o n , t y p i c a l of the wide range 

29 
of r e a c t i o n s of o rgano l i th ium compounds • 

The drawbacks are f o r the most p a r t , those tha t r e s u l t from 

the p r o p e r t i e s of the chromium hexacarbony l t h a t i s used to form 

30 

the complexes. I t i s an expensive reagent (£89.60 per 100g) . 

I t r e q u i r e s e l eva ted r e a c t i o n temperatures ( c a . 1 5 0 ° ) f o r complexat ion , 

a l though the use of more a c t i v e C r ( C 0 ) 3 t r a n s f e r r i n g s p e c i e s such as 

t r i s a c e t o n i t r i l e t r i c a r b o n y l c h r o m i u m or t r i sammoniatr icarbonylchromium 

could enable mi lder r e a c t i o n cond i t i ons to be used. Optimum y i e l d s 

of i ndo le complexes are obtained through the use of r i g o r o u s l y oxygen-

f r e e cond i t ions and a Strohmeier apparatus (page 87 ) . Even then , i t 

i s not p o s s i b l e to complex a l l i ndo le s due to e i t h e r the severe 

125 



condi t ions or t̂ o the f a c t tha t other f u n c t i o n a l groups on some indo les 

can i n t e r f e r e w i th the TU-complexation. 

These p rope r t i e s of chromium hexacarbonyl could f e a s i b l y 

r e s t r i c t the use of indole C r (C0 ) 3 complexes to the s yn thes i s of 

the more e laborate and otherwise i n a c c e s s i b l e subs t i t u ted i n d o l e s , 

as w i th those based on n a t u r a l products s ince the more simple indo les 

are more economical ly prepared by e i t h e r a range of r i n g syntheses 

(see r ev i ew ) or by the e l abora t ion of s imple a l r e a d y - s u b s t i t u t e d 

i n d o l e s . 

Although the chromatographic separat ion of s imple 4- or 7 -

s u b s t i t u t e d indo le complexes, as w i th those prepared i n t h i s s tudy , 

was not always r e a l i s e d , i t i s envisaged that the chromatographic 

separa t ion of i ndo les s u b s t i t u t e d wi th more e laborate s u b s t i t u e n t s 

would be more p r a c t i c a b l e . 

As was mentioned p rev ious l y (page 85)» t h i s l i t h i a t i o n - q u e n c h 

procedure has s e v e r a l d i s t i n c t advantages over the nucleophi l ic addition 

of carbanions to indole complexes. The main advantage i s tha t the 

products are obtained as t h e i r C r (C0 ) 3 complexes enabl ing f u r t h e r 

Cr (CO)^ mediated r e a c t i o n s to be performed, whereas i n the n u c l e o p h i l i c 

add i t ion approach the products are obtained v i a an o x i d a t i o n , thereby 

c l eav ing the complex and d i s ca rd ing the va luab le C r (C0 ) 3 moiety . In 

p a r t i c u l a r , a f u r t h e r Cr(C0)
3
 mediated r e a c t i o n tha t could be envisaged 

i s the n u c l e o p h i l i c add i t ion to a complexed double bond spec ies (as 

Scheme 1 0 ) . Th i s would be d i r ec ted exo to the Cr(CO)3 group and thus 

prov ides a p o t e n t i a l route fo r the asymmetric s yn thes i s of s u b s t i t u t e d 

indo le s based on the ergot a l k a l o i d s . 
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•X, Y = any other atom or group 

( a ) R " ; ( b ) H + . 

(Scheme 10) 

2 . Approaches to 7 - s u b s t i t u t e d indo les 

Using t h i s s t r a t e g y i t i s p o s s i b l e to prepare 7 - s u b s t i t u t e d 

J+-protected i n d o l e s i n good o v e r a l l y i e l d s from i n d o l e ; f o r example 

7 - ( 3 , 3 - d i m e t h y l a l l y l ) - 1 - m e t h o x y m e t h y l i n d o l e (37 ) was prepared i n 

34$ o v e r a l l y i e l d . As a route to 7 - s u b s t i t u t e d i n d o l e s , the approach 

from 1-methoxymethyl indole complex i s on the whole more e f f i c i e n t than 

t h a t from 1-methy l indo le complex as i t does not i n v o l v e the p r o t e c t i o n 

and deprotec t ion of the 2 - p o s i t i o n . 

At p r e s e n t , i t i s not p o s s i b l e to prepare 7 - s u b s t i t u t e d i ndo le s 

wi thout any Jf-pro t a c t i o n , a l though the use of a more r e a d i l y removable 

methylene-oxy N-protec t ing group l i k e the (3 - t r i m e t h y l s i l y l e t h o x y m e t h y l 

31 
group (63 ) should make t h i s o b j e c t i v e f e a s i b l e . 
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N 

OMe 

(37) (63) 

3 . Approaches to 4 - s u b s t i t u t e d i ndo le s 

T h i s s t r a t e g y has l e d to the conc i se s y n t h e s i s of 4- s u b s t i t u t e d 

i ndo le s i n good o v e r a l l y i e l d from i n d o l e . For example, 4-ethoxy— 

ca rbony l indo le ( 54 ) was prepared i n 43$ o v e r a l l y i e l d from i n d o l e . 

The g r e a t e s t p o t e n t i a l of t h i s s t r a t e g y i s i n the s y n t h e s i s of 

the more e l abora te e rgot- type s t r u c t u r e s and i t i s p o s s i b l e to envisage 

the c o n s t r u c t i o n of the ske l e ton of some ergot a l k a l o i d s v i a a r ap id 

and convergent s y n t h e s i s (see page 129). 

In order to extend the scope of t h i s s t r a t e g y an area t h a t r e q u i r e s 

i n i t i a l i n v e s t i g a t i o n i s the moderation of the r e a c t i v i t y of the 

(54) (64) 
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.organol i thium in te rmed ia te (6 4) to enable r e a c t i o n w i th a wider 

range of e l e c t r o p h i l e s to take p l a c e . One of the ways of accompl ish ing 

t h i s i s v i a a t r a n s - m e t a l l a t i o n r e a c t i o n , f o r example the format ion of 

Pn organocopper s p e c i e s from an o rgano l i th ium . 

Cuprates are g e n e r a l l y l e s s b a s i c than the corresponding organo-

32 

l i t h i u m s and t h e i r range of r e a c t i o n s complements those of organol i th iums • 

S ince i t i s d e s i r a b l e to r e a c t a l l the va luab le complex anion (65 ) w i th 

an e l e c t r o p h i l e , a mixed cuprate which i s compatible w i th the r e a c t i o n 

cond i t ions r e q u i r e d f o r the l i t h i a t i o n step would have to be used. One 

of the feu mixed cuprates tha t i s compatible w i th THF so l ven t and g i ves 
33 

good y i e l d s of products i s the mixed homocuprate (66 ) • 

[ R ' S 0
2
C H

2
Cu R ] " Li + 

R'= Me, Ph; 

R = transferable group. 

(65) (66) 

Other t r a n s - m e t a l l a t i o n r e a c t i o n s to g i v e , fo r example organozinc 

and organomagnesium compounds are a l s o f e a s i b l e and might f u r t h e r add 

to the range of r e a c t i o n s pos s ib l e fo r the complex anion (65 )• 

An example of the p o t e n t i a l envisaged f o r the organocopper 

compound (6 8) i s the convergent s y n t h e s i s of the ske l e ton of the e r g o l i n e 

r i n g system (6 7) (Scheme 1 1 ) . The mixed cuprate (68 ) would r e a c t v i a 

a 1 , 4 - a d d i t i o n to the unsaturated ketone of the reduced p y r i d i n e 

(C0)3Cr Si([-Pr)3 
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e q u i v a l e n t ( 6 9 ) to g i v e , a f t e r inork-up, the 4 - s u b s t i t u t e d i ndo le 

H 
(67) 

complex ( 7 0 ) . Treatment of t h i s complex (70 ) w i th f l u o r i d e could 

a l s o lead to concomitant c l o s u r e of the ' C r i n g v i a an i n t r a -

molecular n u c l e o p h i l i c displacement to g ive the complexed e r g o l i n e 

ske l e ton (7 1), obtained i n 3 s teps from the protected indo le complex 

(41 ) . 

R'CuLi 

A,B 

(C0)3Cr S i ( i -p r ) 3 (C0)3Cr Si(i-Pr)3 £ 

(41) ( 6 8 ) 

N 
I 

Y 
(69) 
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R' = n o n - t r a n s f e r a b l e l i g a n d of the mixed homocuprate; 

X = a l e a v i n g group; 

Y = a group to s t a b i l i s e the reduced p y r i d i n e equ i va len t 

( a ) n_—BuLi, THF, TFIEDA, - 7 8 ° ; (b ) R»Cu; ( c ) H20; (d) F7 

(Scheme 11) 

As t h i s scheme i s so a t t r a c t i v e by v i r t u e of the ease w i th which 

the e r g o l i n e r i n g system can be c o ns t r uc ted , a cons iderab le time and 

e f f o r t expended i n the sea rch f o r a s u i t a b l e enone (6 9) can be j u s t i -

f i e d . 

With t h i s approach to the ergot- type compounds, the major problem 

i s no longer the 4 - s u b s t i t u t i o n of i n d o l e , descr ibed i n the f o l l o w i n g 

manner i n a rev iew by. Koz ikowsk i^ 4 , " the d i r e c t i n t r o d u c t i o n of a 

carbon u n i t as an e l e c t r o p h i l e i n t o the 4 - p o s i t i o n of indo le i s , of 

cou r se , d i f f i c u l t to a c h i e v e " , but r a t h e r the p repara t ion of s u i t a b l e 

e l e c t r o p h i l e s w i th which the 4 -an ion i c s p e c i e s (6 5) can r e a c t . 

The a b i l i t y to r e g i o s e l e c t i v e l y l i t h i a t e the 4 - p o s i t i o n of 

i n d o l e , together w i th the normal e l e c t r o n - r i c h cha rac te r of the 

3 - p o s i t i o n , which could p o s s i b l y be enhanced v i a d e s i l y l a t i o n of a 

p ro tec ted complex, suggests t h a t the 1 - t r i - i s o p r o p y l s i l y l i n d o l e 
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complex could ac t as a 3 , 4 - d i a n i o n e q u i v a l e n t (as 72) , thus p rov id ing 

a new methodology f o r the c o n s t r u c t i o n of the "C" r i n g of the e rgo l i ne 

r i n g system which could prove to be a powerfu l s y n t h e t i c t o o l i n 

subsequent syntheses of e rgot- type compounds. 

(C0)3Cr 

(72) 

132 



* 

EXPERIMENTAL 
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Melt ing po in t s were determined on a K o f l e r hot-s tage apparatus 

and are uncor rec ted . I n f r a r e d s p e c t r a were recorded on a Perk in-E lmer 

298 g r a t i n g spec t rometer . Y nmr were r o u t i n e l y recorded at 60 MHz on 

Var ian T-60 or EM-360A spectrometers or a t 250 MHz on a Brucker WH-250 

FT spectrometer w i th t e t r a m e t h y l s i l a n e as an i n t e r n a l s tandard . 

Apparent 3 va lues and m u l t i p l i c i t i e s are quoted, and the fo l l ow ing 

abbrev i a t ions are used; s ( s i n g l e t ) , d ( d o u b l e t ) , t ( t r i p l e t ) , 

q ( q u a r t e t ) , h ( h e p t e t ) , m ( n u l t i p l e t ) and b (b road ) . 

So lvents were p u r i f i e d as f o l l o w s : petroleum e t h e r - r e d i s t i l l e d , 

d r i ed i f necessary by d i s t i l l a t i o n from phosphorous pentoxide and 

s tored over sodium w i r e ; d i c h l o r o m e t h a n e - d i s t i l l e d ; a c e t o n i t r i l e -

d i s t i l l e d , d r i e d i f necessary by d i s t i l l a t i o n from ca lc ium hydr ide or 

phosphorous pentox ide ; d i - n - b u t y l e t h e r - d i s t i l l e d from sodium; d i e t h y l -

ether and THF — d r i e d i f necessary by d i s t i l l a t i o n from sodium-potassium-

benzophenone k e t y l ; e thano l , methanol , p y r i d i n e and carbon t e t r a c h l o r i d e -

AnalaR r eagen t s ; TMEDA - s to red over sodium w i r e . P e t r o l r e f e r s to the 

petroleum ether f r a c t i o n of bp 40-60° un less otherwise s t a t e d . 

S i l i c a ge l type 60H was used f o r l i q u i d chromatography, a n a l y t i c a l 

t i c was performed on precoated GF-254 s i l i c a p l a t e s and p r e p a r a t i v e t i c 

(prep , t i c ) was c a r r i e d out on p l a t e s coated w i th s i l i c a GF-254 un le s s 

otherwise s t a t e d . 

React ions i n v o l v i n g chromium t r i c a r b o n y l complexes or a l k y l l i t h i u m s 

were c a r r i e d out under an atmosphere of d r y , oxygen-f ree n i t r o g e n . 

Organic s o l u t i o n s were r o u t i n e l y d r i ed over anhydrous magnesium 

su lphate and s o l u t i o n s tha t conta ined an apprec iab le amount of THF 

were p redr i ed by shak ing w i th s a t u r a t e d b r i n e . So l ven t s were r o u t i n e l y 
U 

removed a t reduced pressure on a Buchi r o t a r y evapora to r . 

Microana lyses and mass s p e c t r a were c a r r i e d out by the r e s p e c t i v e 

l a b o r a t o r i e s a t I m p e r i a l Co l l ege . 

134 ' 



Genera l Procedure f o r the thermal complexat ion of i ndo le s 

A mixture of the indo le (1 .1 e q u i v a l e n t s ) and chromium hexa-

ca rbony l ( 1 . 0 e q u i v a l e n t ) i n a mixture of d i - in-buty le ther (80ml) and 

THF (5ml) uas thoroughly deoxygenated and was heated under r e f l u x i n 
7 

a Strohmeier apparatus f o r 15 hours . A f t e r c o o l i n g , the r e s u l t i n g 

orange s o l u t i o n was f i l t e r e d through c e l i t e w i th THF and was concen-

t r a t e d to c a . 10ml. On s tand ing , a f i r s t crop of complex c r y s t a l l i s e d 

out of t h i s s o l u t i o n and a second crop was obtained by the add i t i on of 

p e t r o l . The complex was f i l t e r e d o f f and was thoroughly washed w i th 

p e t r o l . The complexes produced by t h i s method were d r i ed i n vacuo 

and were used wi thout f u r t h e r p u r i f i c a t i o n . 
Q 

General Procedure f o r the p h o t o l y t i c c leavage of the indo le complexes 

A d i l u t e s o l u t i o n of the complex i n THF or a c e t o n i t r i l e ( c a . 300mg 

per 150ml) was i r r a d i a t e d wi th a 300U tungsten lamp i n a i r u n t i l t i c 

i n d i c a t e d t h a t the r e a c t i o n had gone to complet ion . Removal of the 

s o l v e n t and chromatography gave the f r e e i n d o l e . 

Procedure ' fo r the decomplexation of i ndo le complexes v i a the a c t i o n 

9 

of r e f l u x i n g p y r i d i n e 

A s o l u t i o n of complex i n p y r i d i n e ( c a . 1OOmg per m l ) was deoxy-

genated and was heated under r e f l u x , under a n i t rogen atmosphere, f o r 

2 hours . Removal of the excess p y r i d i n e and chromatography gave the 

f r e e indo le and (pyridine)3 C r ( C O . 

1 - H e t h y l i n d o l e 3 5 

Potassium (13 .Og, 0 .33mol) uas added to l i q u i d ammonia (50Dml) 

which conta ined a t r a c e of anhydrous f e r r i c c h l o r i d e and the mixture 

was l e f t to r e a c t under a n i t rogen atmosphere (1 h o u r ) . Indole 

( 3 5 . 1 g , 0 . 3 m o l ) i n THF (100ml) uas added and was a l lowed to r e a c t f o r 

1 hour before an excess of methy l iodide (55g) i n THF (50ml) uas added. 

A f t e r 30 minutes , the r e a c t i o n uas c a u t i o u s l y quenched w i th wet THF 
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(20ml) before w&ter (200ml) was added. The ammonia was a l lowed to 

evaporate overn ight and the r e a c t i o n mixture was e x t r a c t e d w i th 

dichloromethane (3x100ml ) . The organ ic l a y e r s were combined and 

a c i d i f i e d (pH=5) w i t h d i l u t e h y d r o c h l o r i c a c id and were washed w i th 

water (3x50ml ) . The aqueous phases were n e u t r a l i s e d and were e x t r a c t e d 

w i th dichloromethane (2x50ml) and the combined organic phases were 

combined, d r i ed and concent ra ted . D i s t i l l a t i o n from ca lc ium hydr ide a f fo rded 

3 6 

1-methy l indo le ( 3 6 . 7 g , 93$) as a c l e a r o i l , bp 78-80° ® 2 mmHg ( L i t . , 

78-9° O 2 mmHg). 

T r i c a r b o n y l -
(1)6 

-1—methyl indole)chromium(0) ( 1 ) 

The complexat ion of 1-methy l indo le ( 2 . 1 6 g , 16 . 5 mmol) and chromium 

hexacarbony l ( 3 . 3 6 g , 15 mmol) was c a r r i e d out as p r e v i o u s l y descr ibed 

to g i ve the t i t l e compound ( 1 ) ( 3 . 5 4 g , 88$) as ye l low n e e d l e s , mp 

131-2° ( d e c . ) (from e t h e r - T H F - p e t r o l ) ; Y (CHC1„) 1955, 1865, 1555, 
max j 

1455, 1300, 1130 and 630crr f 1 ; 6 (CDC13) 3 .65 (3 H, s , N-Fle), 5 .05 

(1 H, t , 0=6Hz), 5 . 35 (1 H, t , 0=6Hz), 6 . 0 (1 H, d, 3=6Hz, H 4 ) , 6 . 2 - 6 . 4 

(2 H, m, H3 and H ? ) and 7 .05 (1 H, d, 0=3Hz, H 2 ) ; m/e 267(lY l+ ) , 211, 183 

and 131(100$) (Found: C, 5 4 . 0 7 ; H, 3 . 3 5 ; N, 5 . 2 6 . C1 2HqCrN03 r e q u i r e s 

C, 5 3 . 9 4 ; H, 3 . 3 9 ; N, 5 . 2 4 $ ) . 

L i t h i a t i o n of 1-methy l indo le complex (1 ) and r e a c t i o n w i t h 

e thy l ch lo ro fo rmate 

To a s o l u t i o n of 1-methy l indo le complex (534 mg, 2 mmol) i n THF 

(60 ml ) and THE DA (2ml ) a t - 7 8 ° was added in-buty l l i th ium (2 mmol). 

A f t e r 1 hour , an excess of e thy l ch lo ro fo rmate (2 ml ) i n THF (10 ml ) 

was added and was a l lowed to r e a c t a t - 7 8 ° (1 hour) before being a l lowed 

to warm to room temperature . D i l u t e h y d r o c h l o r i c a c id (10 ml of 1F1 s o l n . ) 

was added and the organ ic l a y e r was washed w i th water ( 2x25ml ) . The 

aqueous l a y e r s were e x t r a c t e d w i th e ther (2x25ml) and the combined 

organ ic phases were d r i e d and concentrated to g ive a red o i l . Chroma-

tography ( p e t r o l - e t h e r ; 5 0 : 5 0 ) gave a red o i l which was c r y s t a l l i s e d 
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wi th p e t r o l to g ive t r i c a r b o n y l - ( - 2 - e t h o x y c a r b o n y l - 1 - m e t h y l i n d o l e ) -

chromium(o) ( 2 ) (530 mg, 78%) as red c r y s t a l s , mp 124° (from p e t r o l -

e ther or p e t r o l - d i - i s o p r o p y l e t h e r ) ; y (CDC1 ) 1960, 1885, 1710 
max «j 

and 1145cm"1 ; 6 (CDC1 ) 1 . 4 (3 H, t , 3=7Hz, C02CH2CH.3), 3 . 9 (3 H, s , -

N-Fle), 4 .35 (2 H, q , 3=7Hz, CO^H^Cl^), 5 .15 (1 H, t , 3=7Hz, Hg) , 

5 . 55 (1 H, t , 3=7Hz, H g ) , 6 . 0 (1 H, d , 3=7Hz, H 4 ) , 6 . 3 5 (1 H, d , 

3=7Hz, H ? ) and 7 . 2 (1 H, s , H 3 ) ; m/e. 339(M + ) , 255(100%) and 203 

(Found: C, 5 2 , 8 9 ; H, 3 . 8 9 ; N, 4 . 0 6 . C^H^CrNOg r e q u i r e s C, 5 3 . 1 0 ; 

H, 3 . 8 6 ; N, 4 . 13%) . 

2 -E thoxycarbony l -1-methy l indo le ( 4 ) 

Photochemical decomplexation of the complex ( 2 ) (530 mg, 1 . 56 mmol) 

i n a c e t o n i t r i l e i n the manner descr ibed p r e v i o u s l y , gave the t i t l e 

compound ( 4 ) (295 mg, 93%) as a c l e a r o i l which s o l i d i f i e d on s t and ing . 

P rep , t i c (deve loping s o l v e n t , p e t r o l ( 3 0 - 4 0 ) - e t h e r ; 7 0 : 3 0 ) and 

c r y s t a l l i s a t i o n from p e t r o l ( 3 0 - 4 0 ) a t - 7 8 ° gave a n a l y t i c a l l y pure 

m a t e r i a l as white c r y s t a l s , mp 6 1 - 6 1 . 5 ° ; Y (CDC1 ) 2980, 1705, 
max j 

1520, 1400, 1245, 1230, 1170, 1150, 1135 and 1085cm"1 ; 6 (CDClg) 1 . 4 

(3 H, t , 3=7Hz, C02CH2CH3 ) , 4 .05 (3 H, s , N-Me), 4 . 4 (2 H, q , 3=7Hz, 

C02CH2CH3) and 7 . 0 - 7 . 8 (5 H, m, H 3 - H ? ) ; m/e. 203( f l+ , 100%), 188, 175 and 

158 (Found: C, 7 0 . 7 0 ; H, 6 . 4 5 ; N, 6 . 7 5 . C
1 2

H 1 3 N ° 2 r e P u i r e s c i 7 0 . 9 2 ; 

H, 6 . 4 5 ; N, 6 . 8 9 % ) . 

L i t h i a t i o n of 1—methylindole complex and r e a c t i o n w i th 

c h l o r o t r i m e t h y l s i l a n e 

The complex (1 ) (534 mg, 2 mmol) was l i t h i a t e d as be fo re , and 

c h l o r o t r i m e t h y l s i l a n e (228 mg, 2.1 mmol) i n THF (5 ml ) was added and 

a l lowed to r e a c t a t - 7 8 ° (1 hour) before being warmed to room temper-

a t u r e . Uork-up as be fo re , and chromatography ( p e t r o l - e t h e r ; 80 :20 

to 6 0 : 4 0 ) gave an orange o i l (563 mg, 83% ) which was c r y s t a l l i s e d 

w i th p e t r o l - e t h e r to g ive t r i c a r b o n y l - ( 3 ) 6 - 1 - m e t h y l - 2 - t r i m e t h y l s i l y l -

indole)-chromium(O) ( 7 ) (410 mg, 60%) as b r i g h t orange p r i sms , mp 105° 
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(from p e t r o l - e t h e r ) ; y (CDC1„) 1950, 1860, 1455, 1255, 1210, 1120, 
rn 3X o 

1070, 835 and 625 cm""1; 6 (CDC13) 0 .35 (9 H, s , S i M e 3 ) , 3 . 7 (3 H, s , 

IM-Me), 5 . 0 (1 H, t , 3=6Hz, H ) , 5 . 45 (1 H, t , 3=6Hz, H g ) , 5 .95 

(1 H, d , 3=6Hz, H4)4 6 .35 (1 H, d , 3=6Hz, H ) and 6 . 5 (1 H, s , H 3 ) ; 

m/a 3 3 9 ( n + ) , 269 , 255(100$) , 203 and 188 (Found: C, 5 3 . 3 3 ; H, 5 . 0 2 ; 

l\J, 4 . 1 3 . C 1 5 H 1 7 CrN0 3 S i r e q u i r e s C, 5 3 . 0 8 ; H, 5 . 0 5 ; N, 4 . 1 3 $ ) . 

1 - M e t h y 1 - 2 - t r i m e t h y l s i l y l i n d o l e ( 9 ) 

A s o l u t i o n of 1-methy l indo le ( 3 . 28g , 25 mmol) i n e ther (50 ml ) 

was added to r v -buty l l i th ium (30 mmol) i n e ther (50 ml ) and the mixture 

/| 2 

was heated under r e f l u x fo r 8 hours . A f te r coo l ing to 0 , a s o l u t i o n 

of c h l o r o t r i m e t h y l s i l a n e ( 3 . 26g , 30 mmol) i n e ther (25 ml ) was s low l y 

added and a l lowed to r e a c t a t 0° (30 minutes ) before water (10 ml ) was 

added. The organ ic l a y e r was washed w i th water (2x50 ml ) and the 

aqueous phases were e x t r a c t e d w i th ether (2x25 m l ) . The combined 

organ ic phases were d r i e d and concentrated to give an orange o i l , 

d i s t i l l a t i o n of which gave the t i t l e compound ( 9 ) ( 3 . 6 1 g , 71$) as a 
c l e a r l i q u i d , bp 80-5° @ 0 .06 mmHg; y ( f i l m ) 2960, 1350, 1250, . max 

1070, 840, 750 and 625 cm" 1 ; 6 (CC1 4 ) 0 .35 (9 H, s , S i M e 3 ) , 3 . 7 (3 H, 

s , IM-Me ) , 6 .55 (1 H, s , H ) and 6 . 8 - 7 . 6 (4 H, m, H 4 - H ? ) ; m/e. 203 (d* ) 

and 188(100$) (Found: C, 70 . 72 ; H, 8 . 6 7 ; IM, 6 . 9 4 . C ^ H ^ N S i r e q u i r e s 

C, 7 0 . 8 8 ; H, 8 . 4 3 ; IM, 6 . 8 9 $ ) . 

Photochemical c leavage of 1 - m e t h y l - 2 - t r i m e t h y s i l y l i n d o l e complex ( 7 ) 

Photochemical decomplexation of the complex ( 7 ) (264 mg, 0 .78 mmol) 

i n a c e t a n i t r i l e i n the u s u a l manner a f forded 1 - m e t h y 1 - 2 — t r i m e t h y l s i l y l -

i ndo le ( 9 ) (150 mg, 95$) as a c l e a r o i l which was i d e n t i c a l ( t i c , i r , 

1H nmr and mass spectrum) to the au then t i c m a t e r i a l prepared above. 

L i t h i a t i o n of 1-methy l indo le complex under d i f f e r e n t cond i t ions 

The l i t h i a t i o n of 1-methy l indo le complex (534 mg, 2 mmol) was 

c a r r i e d out i n the manner p r e v i o u s l y descr ibed and under the cond i t i ons 
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o u t l i n e d i n Table 1 (Page 9 1 ) . The r e a c t i o n was quenched w i th 

c h l o r o t r i m e t h y s i l a n e and the u s u a l work-up and chromatography ( p e t r o l -

e t h e r ) gave the mixture of t r i m e t h y l s i l y l a t e d complexes (7 and 8 ) . 

Photochemical decomplexation of these compounds gave a mixture of the 

f r e e i n d o l e s , the composit ion of which was determined by i n t e g r a t i o n 

of the r e l e v a n t s i g n a l s i n the Y nmr. 

Genera l Procedure f o r the p repara t ion of 7 - s u b s t i t u t e d 1-methy l -2-

t r i m e t h y l s i l y l i n d o l e complexes (11 ) 

To a s o l u t i o n of 1-methy l indo le complex (801 mg, 3 mmol) i n THF 

(100 ml ) and THE DA (2 ml ) a t - 7 8 ° was added i i - b u t y l l i t h i u m (3 mmol). 

A f t e r 1 hour , c h l o r o t r i m e t h y l s i l a n e (358 mg,3.3 mmol) was added and 

a l lowed to r e a c t a t - 7 8 ° (1 hour) before n f b u t y l l i t h i u m ( 3 . 5 mmol) was 

added. A f t e r 1 hour a t - 7 8 ° , a s o l u t i o n of the d r y , r e d i s t i l l e d 

e l e c t r o p h i l e i n THF (10 ml) was added and was al lowed to r e a c t a t - 7 8 ° 

(30 minutes ) before warming to room temperature . D i l u t e hyd roch lo r i c 

a c i d (10 ml of 1M s o l n . ) was added and the organic l a y e r was washed 

w i th water (3x50 m l ) . The aqueous l a y e r s were e x t r a c t e d w i th ether 

(3x25ml) and the organ ic phases were combined, d r ied and concent ra ted . 

Chromatography ( e l uan t was a g rad ien t of p e t r o l - e t h e r ) gave the 

products desc r ibed below. 

T r i c a r b o n y l - ( l ^ - 7 - e t h o x y c a r b o n y l - 1 - m e t h y l - 2 - t r i m e t h y s i l y l i n d o l e ) 

chromium(o) ( 10 ) 

The r e a c t i o n was performed, as descr ibed above, w i th e t h y l c h l o r o -

formate (400 mg, 3 . 7 mmol). Chromatography ( p e t r o l - e t h e r ; 100 :0 to 

8 5 ; 1 5 ) gave a red o i l which was c r y s t a l l i s e d wi th p e t r o l to g ive the 

t i t l e complex ( 10 ) (825 mg, 67$) as red c r y s t a l s . R e c r y s t a l l i s a t i o n 

from d i - i s o p r o p y l e t h e r - p e t r o l gave a n a l y t i c a l l y pure , X-Ray c r y s t a l l o -

graph ic m a t e r i a l as red need les , mp 107° ; Y (CDCl- ) 1960, 1885, 1710 
max o 

1245, 1190, 1130, 1100, 835 and 615 c m - 1 ; 5 (CDC1 ) 0 .35 (9 H, s , S i l% ) 
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1 .45 (3 H, t , 3̂ =7 Hz, C02CH2CH3) , 3 . 85 (3 H, s , N-Cle), 4 .45 (2 H, q , 

3=7Hz, CO^I^CH^ , 4 .95 (1 H, t , 3=6Hz, H 5 ) , 6 .05 (1 H, d , 3=6Hz), 

6 . 5 (1 H, d , 3=6Hz) and 6 .55 (1 H, s , H 3 ) ; m/e 411 (M+ ) , 355, 327 (100$ ) , 

312, 275, 255, 230 and 214 (Found: C, 5 2 . 7 6 ; H, 5 . 1 6 ; W, 3 . 4 2 . C ^ H ^ 

CrN0,_Si r e q u i r e s C, 5 2 . 5 4 ; H, 5 . 1 4 ; N, 3 . 4 0 $ ) . C r y s t a l da ta : C r y s t a l s 

of ( 10 ) C 1 8 C 2 1 C r N 0 5 S i are orthorhombic , a, = 2 3 . 6 9 4 ( 6 ) , = 1 7 . 6 1 6 ( 5 ) , 

£ = 9 . 6 8 3 ( 2 ) A, J L = 4042 A 3 ; spacegroup Pbcn, Z_ = 8 . Of the 2080 ' 

independent r e f l e c t i o n s ( 6 <50 ) measured on a d i f f r a c t o m e t e r us ing 

Cu-]< a r a d i a t i o n , 560 were c l a s s i f i e d as unobserved. The s t r u c t u r e 

was so lved by the heavy atom method and r e f i n e d a n i s o t r o p i c a l l y to 

g ive a c u r r e n t = 0 . 0 5 1 . 

7 - E t h o x y c a r b o n y l - 1 - m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e ( l 3 , R = C 0 2 E t ) 

P h o t o l y t i c c leavage of the complex (10 ) (800 mg, 1 .95 mmol) gave 

the t i t l e compound (13 , R=C02Et) (482 mg, 90$) as a c l e a r o i l , prep . 

t i c of which ( p e t r o l ( 3 0 - 4 0 ) - e t h e r ; 5 0 : 5 0 ) gave a n a l y t i c a l l y pure 

m a t e r i a l ; y (CHC1„) 2950, 1700, 1440, 1360, 1340, 1300, 1200, 1100, max j 

1070, 875 and 680 cm" 1 ; 6 (CDC13) 0 . 4 (9 H, s , S i M e ^ , 1 . 4 (3 H, t , 

3=7Hz, C02CH2CH3 ) , 3 . 9 (3 H, s , N-Fle) , 4 . 4 (2 H, q , 3=7Hz, C02CH2CH3 ) , 

6 .75 (1 H, s , H 3 ) , 7 .05 (1 H, t , 3=7Hz, H 5 ) and 7 . 5 - 7 . 8 (2 H, m, H4 

and H g ) ; m/e. 275 ( t X , 1 0 0 $ ) , 260, 230 and 214 (Found: C, 6 5 . 4 8 ; H, 7 . 7 7 ; 

N, 5 . 0 5 . C 1 5 H 2 1 N0 2 S i r e q u i r e s C, 6 5 . 4 1 ; H, 7 . 6 8 ; N, 5 . 0 9 $ ) . 

1 , 7 - D i m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e ( l3 ,R=Me) 

The genera l procedure was c a r r i e d out w i th an excess of methyl 

iod ide ( 3 . 0 g ) . The usua l work-up and chromatography ( p e t r o l - e t h e r ; 

90 :10 to 7 0 : 3 0 ) gave, by Y nmr, a mixture of 7 - and 4 - methylated 

products i n the r a t i o of cai. 5 : 1 . Photochemical decomplexation of 

t h i s mix ture and c a r e f u l chromatography ( p e t r o l - e t h e r ; 100 :0 to 9 5 : 5 ) 

gave a sample of pure 1 « 7 - d i m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e (13 , R=(v)e) 

as f i n e white need le s , mp 109-110 (from p e t r o l a t -78 ) , p rep , t i c of 
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which ( p e t r o l ( S 0 - 4 0 ) - e t h e r ; 9 5 : 5 ) gave a n a l y t i c a l l y pure m a t e r i a l ; 

y (CHC1„) 2950, 1450, 1305, 1110, 865, 835 and 660 cm"1 ; 6 (CDC1_) 
fH3X J 3 

0 .4 (9 H, s , S i H e 3 ) , 2 .75 (3 H , s , He) , 4 .1 (3 H, s , N-He) , 6 . 6 

(1 H, s , H 3 ) and 6 . 8 - 7 . 5 (3 H, m, H^-Hg); m/e 217 (H+ ) and 202(100%)' 

(Found: C, 7 1 . 7 4 ; H, 8 . 8 5 ; N, 6 . 4 0 . c - ] g N S i r e q u i r e s C, 71 . 83 ; 

H, 8 . 8 1 ; N, 6 . 44%) . 

T r i c a r b o n y l - -methy l—7- (pheny lhydroxymethy l ) -2—tr imethy l s i l y l indo le )— 

chromium(O) (11 , R=CH0HPh) 

The usua l procedure was c a r r i e d out w i th benzaldehyde (400 mg, 

3 . 77 mmol). The usua l work-up and chromatography ( p e t r o l - e t h e r ; 85 :15 

to 7 0 : 3 0 ) gave the t i t l e complex (840 mg, 63%) as orange p r i sms , mp 

1 4 9 ° ( d e c . ) (from p e t r o l - e t h e r ) ; y (CDC1„) 3580, 1950, 1860, 1445, 
max *j 

1240, 1100, 1065, 830 and 620 cm""1; 6 (CDC1 3 ) 0 .4 (9 H, d , S i H e 3 ) , 3 . 55 

and 3 .75 (1 

H, d , 3=4Hz, d i sappears on add i t ion of D^O, OH), 3 . 8 and 

4 .1 (3 H, s , N-He) , 4 . 8 - 5 . 8 (2 H, m, Hg and H f i ) , 6 . 2 - 6 . 7 (3 H, m, 

s i m p l i f i e s on a d d i t i o n of D 2 0 , H 3 , Ĥ  and CJHOHPh) and 7 . 2 - 7 . 6 (5 H, m, 

P h ) ; m/e. 445 ( H + ) , 429, 361, 345, 309 and 293(100%) (Found: C, 5 9 . 2 2 ; 

H, 5 . 1 7 ; N, 3 . 1 4 . C H^CrNO^Si r e q u i r e s C, 5 9 . 3 1 ; H, 5 . 2 0 ; N, 3 . 1 4 % ) . 

1—Hethy1-7—(pheny lhydroxymethy l ) -2- t r imethy l s i l y l indo le (13 , R=CH0HPh). 

P h o t o l y t i c c leavage of the complex (11 , R=CH0HPh) (300 mg, 0 .67 

mmol) i n THF gave the t i t l e compound (185 mg, 89%) as white c r y s t a l s , 

mp 110° (from p e t r o l a t - 7 8 ° ) , p rep , t i c ( p e t r o l ( 3 0 - 4 0 ) - e t h e r ; 9 0 : 1 0 ) 

of which gave a n a l y t i c a l l y pure m a t e r i a l ; y (CDC1„) 3600, 2960, 
max J 

1445, 1310, 1250, 1075, 810 and 645 cm"*1; 6 (CDC1 ) 0 .35 (9 H, s , S i H e 3 ) , 

2 . 6 (1 H, d, 3=5Hz, OH), 3 . 9 (3 H, s , N-He), 6 .4 (1 H, d , 3=5Hz, 

CHOHPh), 6 .65 (1 H, s , H ) and 6 . 8 . 7 . 6 (8 H, m H -H g and P h ) ; m/e. 

309 (M+, 100%) and 292 (Found: C, 7 3 . 5 0 ; H, 7 . 5 3 ; N, 4 . 3 7 . C^H^NOSi 

r e q u i r e s C, 7 3 . 7 4 ; H, 7 .49 ; N, 4 . 5 3 % ) . 
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T r i c a r b o n y l - -hydroxyprop-2 t -e r i y l )-1 - m e t h y l - 2 - t r i m e t h y l s i l y l -

indole )chromium(0) (11 , R=CH0HCH=CH2). 

The genera l procedure , desc r ibed p r e v i o u s l y , was performed w i th 

a c r o l e i n (207 mg, 3 . 7 mmol). Chromatography ( p e t r o l - e t h e r ; 85 :15 to-

6 0 : 4 0 ) and c r y s t a l l i s a t i o n w i t h p e t r o l a f fo rded the t i t l e complex 

(11 , R=CH0HCH=CH2) (710 mg, 60$) as orange c r y s t a l s , mp 155° ( d e c . ) 

(from p e t r o l - e t h e r ) ; y (CDC1„) 3580, 2970, 1950, 1860, 1445, 
ID3X J 

1405, 1380, 1295, 1250, 1100, 1070, 980, 830 and 620 cm" 1 ; 6 (CDC13) 

0 .35 (9 H, s , S i H e 3 ) , 2 . 2 - 2 . 3 (1 H, m, d i sappears on add i t ion of 

D 2 0 , OH), 3 .85 and 4 .05 (3 H, s , N-He) , 4 . 8 - 6 . 5 (7 H, m, H^-Hg and 

CHOHCHpCH^) and 6 .45 (1 H, s., H 3 ) ; m/e 395 ( f l + ) , 389, 339, 323, 311 

(100$ ) , 295 , 259 and 243 (Found: C, 5 4 . 5 0 ; H, 5 . 2 9 ; N, 3 . 5 2 . 

C 1 8 H 2 1 CrN0 4 S i r e q u i r e s C, 5 4 . 6 7 ; H, 5 . 3 5 ; N, 3 . 5 4 $ ) . 

7 - ( l t - h y d r o x y p r o p ^ f - e n y l ) - 1 - m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e 

(13 , R=CH0HCH=CH2) 

P h o t o l y t i c c leavage of the complex (11 , R=CH0HCH=CH2) (200 mg, 

0 . 5 mmol) i n THF gave the t i t l e compound as a c l e a r unstab le o i l , (120 019,92%), 

p rep , t i c ( p e t r o l - e t h e r ; 9 0 : 1 0 ) of which gave a n a l y t i c a l l y pure m a t e r i a l ; 

Y m g x (CDC13) 3590, 2960, 1445, 1400, 1300, 1060, 980, 810 and 660 cm" 1 ; 

6 (CDC13) 0 . 4 (9 H, s , S i n e 3 ) , 2 . 05 (1 H, d , 3=6Hz, OH), 4 .15 (3 H, s , 

N-Ne), 5 . 2 - 7 . 6 (7 H, rn, H4-H6 and CH0HCj+=CH2) and 6 .65 (1 H, s , H 3 ) ; 

m/e 259 (pl+) (Found: C, 6 9 . 7 6 ; H, 8 . 3 5 ; N, 5 . 2 4 . C^H^NOSi r e q u i r e s 

C, 6 9 . 4 5 ; H, 8 . 1 6 ; N, 5 . 4 0 $ ) . 

Benzenesulphenyl c h l o r i d e 

Benzenesulphenyl c h l o r i d e was prepared accord ing to the method of 

37 o 37 o Lecher and Holschneider , bp 72 @ 8 mmHg ( L i t . , 73-5 ( c o r r . ) ® 

9 mmHg). 
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T r i c a r b o n y l - ( T n -1 -methy l -7 -pheny l th io—2—tr imethy l s i l y l i ndo le ) 

chromium(O) (11 , R=SPh) 

The genera l procedure was performed w i th benzenesulphenyl 

c h l o r i d e (520 mg, 3 . 6 mmol). Chromatography ( p e t r o l - e t h e r ; 90 :10 to 

7 0 : 3 0 ) gave the t i t l e complex ( 11 , R=SPh) (680 mg, 51$) as golden-ye l low 

c r y s t a l s , mp 135-40° ( d e c . ) (from p e t r o l - e t h e r ) ; Y (CDC1„) 1950, 
max «j 

1880, 1250, 1090, 830 and 615 cm" 1 ; 6 (CDC13) 0 .35 (9 H, s , S i P l e 3 ) , 

4 . 0 (3 H, s , IM-fle), 5 .05 (1 H, m, H 5 ) , 5 . 5 (1 H, m, H g ) , 6 . 4 (1 H, m, 

H 4 ) , 6 . 5 (1 H, s , H 3 ) and 7 . 1 - 7 . 4 (5 H, b s , P h ) ; m/e 447 ( f l + ) , 363 

and 311 (100$) (Found: C, 5 6 . 2 7 ; H, 4 . 6 5 ; l\l, 3 . 0 8 ; S , 7 . 5 0 . C 2 1H 2 1 

CrN03SSi r e q u i r e s C, 5 6 . 3 6 ; H, 4 . 7 3 ; N, 3 . 1 3 ; S , 7 . 1 6 $ ) . 

1 - m e t h y l — 7 - p h e n y l t h i o - 2 - t r i m e t h y l s i l y l i n d o l e (13 , R=SPh) 

Photochemical decomplexation of the complex (11 , R=SPh) (320 mg, 

0 .72 mmol) i n THF gave the t i t l e compound (190 mg, 85$) as a c l e a r o i l 

which was c r y s t a l l i s e d from p e t r o l (30-40) a t - 7 8 ° to g ive whi te c r y s t a l s , 

mp 1 0 4 . 5 - 6 ° , p rep , t i c ( p e t r o l ( 3 0 - 4 0 ) - e t h e r ; 9 0 : 1 0 ) of which gave 

a n a l y t i c a l l y pure m a t e r i a l ; Y (CDC1 ) 3060, 2950, 1580, 1440, 
max o 

1305, 1105, 1070, 830, 805 and 635 cm" 1 ; 6 (CDC13) 0 .35 (9 H, s , 

S iP l e 3 ) , 4 .1 (3 H, s , N-Ne), 6 . 7 (1 H, s , H 3 ) and 6 . 8 - 7 . 8 (8 H, m 

H4-H6 and P h ) ; m/e. 311 (Pl+ , 100$) and 296 (Found: C, 6 9 . 4 7 ; 

H, 7 . 0 8 ; N, 4 . 3 3 . C ^ H ^ N S S i r e q u i r e s C, 6 9 . 4 0 ; H, 6 . 7 9 ; N, 

4 . 5 0 $ ) . 

3 - n e t h y l b u t - 2 - e n y l bromide ( 3 , 3 - d i m e t h y a l l y l bromide) 

The t i t l e compound was prepared by the method of Staudinger 

38 

e t a l • A s o l u t i o n of hydrogen bromide i n g l a c i a l a c e t i c a c i d 

(32 .4 ml of 45$ w/v s o l n . , 0 .18 mol) was added dropwise to i soprene 

(20 ml , 0 . 2 mol) cooled to 0 ° . A f te r the add i t i on was complete , the 

r e a c t i o n mix ture was s t i r r e d f o r 30 minutes and was then poured i n t o 

co ld sodium hydroxide s o l u t i o n (300 ml of 2(1 s o l n . ) The product 
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s e t t l e d out as a lower l a y e r and t h i s , and d ich loromethane e x t r a c t s 

of the aqueous phase (3x25 ml ) were washed w i th water (2x25 m l ) , 

d r i e d and concen t ra ted to g i ve an orange o i l ( 2 1 . O g ) . D i s t i l l a t i o n 

gave 3 - m e t h y l b u t - 2 - e n y l bromide ( 1 8 . 4 g , 69$) as a c l e a r l i q u i d , bp 

52-5° © 45 mmHg ( L i t . 3 8 , 26-33° <D 12 mmHg). 

T r i c a r b o n y l - H 6 - 1 - m e t h y l - 7 - ( 3 ' - m e t h y l b u t - 2 f - e n y l ) r 2 -

t r i m e t h y l s i l y l i n d o l e ) c h r o m i u m ( 0 ) ( 11 , R=CH CH=CMe2) 

The g e n e r a l procedure was c a r r i e d out w i t h 3 - m e t h y l b u t - 2 - e n y l 

bromide ( l . 1 9 g , 8 mmol). Chromatography ( p e t r o l - e t h e r ; 90 :10 to 

7 0 : 3 0 ) gave the t i t l e complex ( 11 , R=CH2CH=CMe2) (530 mg, 43$ ) as 

b r i g h t orange c r y s t a l s , mp 119-20 ° , ( f rom p e t r o l - e t h e r ) ; y 
max 

(CDCl ) 1940, 1850 , 1440, 1250 , 1100 , 830 and 620 cm" 1 ; 6 ( C D C 1 3 ) 

0 . 3 5 (9 H, s , S i r i e 3 ) , 1 . 8 (6 H, b s , CH2CH=CMe2), 3 . 5 - 3 . 8 (2 H, m, 

CH>2CH=CHe2), 3 . 9 (3 H, s , N-Me), 5 . 0 - 5 . 5 (3 H, m, Hg, Hg and CH2-

CH=CNe2), 6 . 15 (1 H, dd, 3=6,2 Hz, H^) and 6 . 4 (1 H, s , H ) ; m/e 

407 (M + ) , 351 , 328 , 323 (100$) and 271 (Found: C, 5 9 . 0 7 ; H, 6 . 2 5 ; 

N, 3 . 3 8 . . C H CrNO S i r e q u i r e s C, 5 8 . 9 5 ; H, 6 . 1 8 ; N, 3 . 4 4 $ ) . 

1 - M e t h y l - 7 - ( 3 ! - m e t h y l b u t - 2 f - e n y l ) - 2 - t r i m e t h y l s i l y l i n d o l e 

( 1 3 , R=CH2CH=Clvle2) 

P h o t o l y t i c c l eavage of the complex ( 11 , R=CH2CH=CMe2) 

(200 mg, 0 .49 mmol) i n THF gave the t i t l e compound (102 mg, 77$ ) 

as a wh i te c r y s t a l l i n e s o l i d , mp 106 .5-107 ( from p e t r o l ( 30 -40 ) 

a t - 7 8 ° ) , p rep , t i c ( p e t r o l ( 3 0 - 4 0 ) - e t h e r ; 9 5 : 5 ) of which gave 

a n a l y t i c a l l y pure m a t e r i a l ; y (CHC1„) 2960, 2920 , 1440, 1305, 1110, 
max o 

1070, 870 , 840 and 660 cm" 1 ; 6 (CDCL j ) 0 .35 (9 H, s , SiMe ) , 1 . 7 (6 H, 

b s , CH0CH=CMe_), 3 . 7 5 (2 H, d , 3=7Hz, CHnCH=Crie_), 4 . 0 5 (3 H, s , z z z z 

N—Me), . 5 . 3 (1 H, b s , CH CJ±=CMe2), 6 . 5 5 (1 H, s , H 3 ) and 6 . 8 - 7 . 6 

(3 H, m, H,-Hc);m/e 271 (M+ , 1 0 0 $ ) , 256 , 216 and 198 (Found: C, 7 4 . 9 5 ; 
4 b — 

H, 9 . 0 5 ; N, 5 . 1 2 . C ^ H ^ N S i r e q u i r e s C, 7 5 . 2 1 ; H, 9 . 2 8 ; N, 5 . 1 6 $ ) . 
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D e s i l y l a t i o n o f * 1 - m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e (9 ) 

To a s o l u t i o n of 1 - m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e ( 1 . 40 g , 6 . 9 mmol) 

i n carbon t e t r a c h l o r i d e (10 ml ) a t 0° was added a mixture ( a l s o a t 0 ° ) 

of t r i f l u o r o a c e t i c a c i d ( 4 . 0 g ) and water ( 8 . 0 g) and the r e s u l t i n g 

2-phase mixture was s t i r r e d v i g o r o u s l y . The r e a c t i o n was fo l lowed by 

^H nmr and was judged to be complete a f t e r 2 . 5 hours . Water (10 ml ) 

was added and the r e a c t i o n mixture was n e u t r a l i s e d w i th sodium 

b i ca rbona te . The aqueous l a y e r was e x t r a c t e d w i th dichloromethane 

(2x10 ml ) and the combined organ ic phases were washed w i th sodium 

b icarbonate s o l u t i o n (10 ml of 5% w/v s o l n . ) and water (10 ml ) 

before being d r i ed and concentrated to an orange o i l . F i l t r a t i o n 

through s i l i c a ( type 60H) w i th p e t r o l gave 1-methy l indo le (724 mg, 

80%) as a c l e a r o i l which was i d e n t i c a l ( t i c , ^ H nmr and i r ) w i t h 

the au thent i c m a t e r i a l p r e v i o u s l y prepared . 

D e s i l y l a t i o n of 7 - e t h o x y c a r b o n y l - 1 - m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e 

(13,R=C0 E t ) 

To a s o l u t i o n of 7 - e t h o x y c a r b o n y l - 1 - m e t h y l - 2 - t r i m e t h y l s i l y l i n d o l e 

(623 mg, 2 .27 mmol) i n carbon t e t r a c h l o r i d e (10 ml ) a t room temperature 

was added t r i f l u o r o a c e t i c a c i d ( 3 . 0 g) and water ( 1 . 5 g) and the 

r e s u l t i n g 2-phase system was s t i r r e d v i g o r o u s l y . The r e a c t i o n was 

fo l lowed by Ĥ nmr and was stopped a f t e r 2 hours . A s i m i l a r work-up 

to before and chromatography ( p e t r o l - e t h e r ; 100 :0 to 8 5 : 1 5 ) gave 2 

f r a c t i o n s : 

( a ) 7-ethoxycarbonyl—1-methyl indole ( 23 ) (244 mg, 53%) as a 

c l e a r o i l , p rep , t i c ( p e t r o l ( 3 0 - 4 0 ) - e t h e r ; 5 0 : 5 0 ) of which 

gave a n a l y t i c a l l y pure m a t e r i a l ; y (CDCla) 1700, 1320, 1260, 1220, 
m3X 

1200, 1135 and 1105 cm" 1 ; 6 (CDC1 ) 1 . 4 (3 H, t , 3=7Hz, 

C02CH2CH3 ) , 3 . 85 (3 H, s , IM-He), 4 . 4 (2 H, q , 3=7Hz, C02CH2CH3 ) , 

6 .55 (1 H, d , 3=3Hz, Hg) , 7 . 0 (1 H, d , 3=3Hz, H 2 ) , 7.1 

(1 H, t , 3=7Hz, H 5 ) and 7 . 6 - 7 . 9 (2 H, m, H4 and Hg); m/e 
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203 (M+, 1t)0$), 175, 174, 158 and 156 (Found: C, 7 0 . 6 3 ; 

H, 6 . 4 7 ; N, 6 . 7 0 . C1 2H1 3N02 r e q u i r e s C, 70 . 92 ; H, 6 . 4 5 ; 

N, 6 . 8 9 $ ) . 

( b ) 7 - e t h o x y c a r b o n y l - 2 - ( 7 f - e t h o x y c a r b o n y l - 1 ' - m e t h y l i n d o l y l ) 

- 1 -methy l -2 , 3 -d ihyd ro indo le (25 ) (43 mg, 9$) as an orange o i l , 

Y 1700, 1450, 1365, 1200, 1130 and 1095 cm" 1 ; 6 (CDC1 ) max *j 

I . 4 (6 H, qd, 2 over lapping C02CH2CH3 ) , 2 . 8 (3 H, s , s a tu ra ted 

N-Me), 3 . 0 - 3 . 6 (2 H, m, CH 2 CH-Ind . ) , 3 .85 (3 H, s , I n d o l i c N-Me), 

4 . 4 (4 H, m, 2 over lapp ing C02CH2CH3 ) , 6 . 7 (1 H, t , D=7Hz, 

CH 2CH-Ind. ) and 7 . 0 - 8 . 0 (7 H, m, I n d o l i c H2 and A r . ) ; m/e. 

406 (M+) and 404 (100$) (Found: M+ = 406 .1881 . 

Co/Ho cNo0. r e q u i r e s M+ = 406 .1892 ) . 
Z4 ZB Z 4 

1-Methoxymethyl indole 

1-Methoxymethyl indole was prepared i n 85$ y i e l d by the method 

13 o of Sundberg e t a l to g ive a c o l o u r l e s s o i l , bp 88-93 @ 0 .5 mmHg 
' I T _ 

( L i t . , 69-71 @ 0.1 mmHg); y ( f i l m ) 2920, 1605, 1505, 1455, 
max 

1385, 1305, 1225, 1180, 1095, 910 and 740 cm" 1 ; 6 (CDC13) 3 . 15 

(3 H, s , OMe), 5 . 3 (2 H, s , CHg-OMe), 6 . 5 (1 H, d , 3=3Hz, H^) and 

7 . 0 - 7 . 8 (5 H, m, H2 and H 4 - H ? ) ; m/e. 161 (M+) and 130 ( 1 0 0 $ ) . 

T r i c a r b o n y l - ( 7 $ -1-methoxymethyl indole)chromium(o) (27 ) 

Complexation of 1-methoxymethyl indole (403 mg, 2 . 5 mmol) w i th 

chromium hexacarbonyl (500 mg, 2 .27 mmol) i n the u s u a l manner 

a f fo rded the t i t l e complex (27 ) (610 mg, 90$ y i e l d ) as ye l low p r i sms , 

mp 153-5 (d e c . ) (from T H F - e t h e r - p e t r o l ) which were almost completely 

i n s o l u b l e i n any of the common nmr s o l v e n t s ; Y m a x (CHClg) 1955, 

1870, 1440, 1295, 1120, 1095, 660 and 625 cm" 1 ; m/e. 297 (M+ ) , 266, 

241, 213, 183, 161 and 130 (100$) (Found: C, 5 2 . 6 3 ; H, 3 . 6 9 ; N, 4 . 7 4 . 

G 1 3 H 1 1 C r p 4 r e q u i r e s C, 5 2 . 5 3 ; H, 3 . 7 3 ; N, 4 . 7 1 $ ) . 
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T r i c a r b o n v l - ( 7| 6 * - 2 « 7 - d i ( t r i m e t h y l s i l y l ) - i - m e t h o x y m e t h y l i n d o l e ) 

chromium(o) (28 ) 

r v -Buty l l i th ium (8 mmol) was added to a s o l u t i o n of 1-methoxy-

methy l indole complex (1 .188 g , 4 mmol) i n THF (150 ml ) and TMEDA 

(2 ml ) a t - 7 8 ° . A f t e r 1 . 5 hours , c h l o r o t r i m e t h y l s i l a n e (1 .09 g , 

10 mmol) i n THF (10 ml) was added and was a l lowed to r e a c t a t - 7 8 ° 

(30 minutes ) before being warmed to room temperature . E ther (100 ml ) 

was added and the r e a c t i o n mixture was washed w i th d i l u t e h y d r o c h l o r i c 

a c i d (20 ml of 1 M s o l n . ) and water (3x100 m l ) . The aqueous l a y e r s 

were e x t r a c t e d w i th ether (2x50 ml) and the combined organic phases 

were d r i e d and concent ra ted . Chromatography ( p e t r o l - e t h e r ; 90 :10 to 

7 0 : 3 0 ) gave the t i t l e complex (1 .447 g, 82$) as orange c r y s t a l s , mp 

136-9° (from T H F - e t h e r - p e t r o l ) ; y (CDC1„) 1950, 1870, 1375, 1250, 
max j 

1200, 1160, 1110, 1080, 830 and 625 cm" 1 ; 6 (CDC13) 0 .35 (9 H, s , 

C 2 - S i M e 3 ) , 0 . 6 (9 H, s , C -SiMe ) , 3 . 2 (3 H, s , OMe), 4 .85 (1 H, t , 

0=6Hz, H ) , 5 . 4 (2 H, q , 3=11 Hz, CH OHe), 5 . 55 (1 H, d , 3=6Hz, H g ) , 

6 . 5 (1 H, d , 3=6Hz, H 4 ) and 6 . 6 (1 H, s , H 3 ) ; m/e 441 ( f l + ) , 385, 357, 

342 and 327 (100$) (Found: C, 5 1 . 5 3 ; H, 6 . 1 5 ; N, 3 . 1 7 . ^ g H 2 ? C r N 0 4 S i 2 

r e q u i r e s C, 5 1 . 6 8 ; H, 6 . 1 6 ; N, 3 . 1 7 $ ) . 

2 , 7 - D i ( t r i m e t h y l s i l y l ) - 1 - m e t h o x y m e t h y l i n d o l e (30 ) 

Photochemical c leavage of the complex (28 ) (370 mg, 0 .84 mmol) i n 

a c e t o n i t r i l e gav8 the t i t l e compound (245 mg, 96$) as white c r y s t a l s , 

mp 57-8° (from p e t r o l (30-40 ) a t - 7 8 ° ) , p rep , t i c of which gave 

a n a l y t i c a l l y pure m a t e r i a l ; y (CDC1„) 2940, 2900, 1380, 1290, 1250, 
max «j 

1200, 1160, 1080, 1045, 825 and 640 cm" 1 ; 6 (250 MHz, CDC13) 0 .38 

(9 H, s , C 2 - S i M e 3 ) , 0 .46 (9 H, s , C ? - S i M e 3 ) , 3 .04 (3 H, s , OMe), 5 . 60 

(2 H, s , CJ^OMe), 6 .87 (1 H, s , H 3 ) f 7 .07 (1 H, t , 3=7Hz, Hg) , 7 .42 

(1 H, dd, 3=11, 1 . 5 Hz, H ) and 7 .62 (1 H, dd, 3=11, 1 . 5 Hz, H ) ; 

m/e 305 (M+, 100$ ) , 275, 260, 230, 215, 200 and 185 (Found: C, 6 3 . 1 1 ; 

H, 8 . 9 9 ; l\l, 4 . 6 8 . C 1 6 H 2 ? N0S i 2 r e q u i r e s C, 6 2 . 8 9 ; H, 8 . 9 1 ; N, 4 . 5 8 $ ) . 
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T r i c a r b o n y l - -mGthoxymethy l -7 - t r imethy l s i l y l i ndo le ) ch romium(0 ) (29 ) 

n - B u t y l l i t h i u m (2 mmol) was added to a s o l u t i o n of 1-methoxy-

methy l indole complex (594 mg, 2 mmol) i n THF (80 ml ) a t - 9 8 ° over a 

per iod of 5 minutes and was a l lowed to r e a c t a t - 9 8 ° . A f te r 1 .25 hours , 

a s o l u t i o n of f r e s h l y d i s t i l l e d c h l o r o t r i m e t h y l s i l a n e (543 mg, 5 mmol) 

i n THF (10 ml ) was added and was a l lowed to r e a c t a t - 9 8 ° (15 minutes ) 

before being warmed to room temperature . D i l u t e hyd roch lo r i c a c i d 

(5 ml of 1fl s o l n . ) was added and the organ ic l a y e r was washed w i th 

water (3x50 m l ) . The aqueous l a y e r s were e x t r a c t e d w i th ether 

(2x50 

ml ) and the organ ic phases were combined, d r i ed and concent ra ted . 

Chromatography ( p e t r o l - e t h e r ; 90 :10 to 6 0 : 4 0 ) gave a mixture of the 

2 - (26 ) and 7 - ( 29 ) t r i m e t h y s i l y l a t e d complexes (722 mg, 9 8 $ ) . 

C r y s t a l l i s a t i o n of t h i s mixture w i th THF-e the r -pe t ro l gav8 the t i t l e 

complex (487 mg, 66$ o v e r a l l y i e l d ) as orange c r y s t a l s , mp 121-2° 

(from T H F - e t h e r - p e t r o l ) ; y (CHC1,) 1955, 1875, 1135, 1110, 1040, 
max o 

840, 660 and 625 cm""1; 6 (CDC13) 0 .45 (9 H, s , Side ) , 3 .25 (3 H, s , 

OFle), 4 . 9 (1 H, t , 0=6Hz, Hg), 5 . 35 (2 H, q, 0=12Hz, CH ONe), 5 .45 

(1 H, d, 0=6Hz, H g ) , 6 .35 (1 H, d , D=3Hz, H ) , 6 .45 (1 H, d , 0=6Hz, 

H^) and 7 .15 (1 H, d , 0=3Hz, H ) ; m/e 369 ( n + ) , 338, 313, 285, 270 

and 255 (100$) (Found: C, 5 1 . 9 7 ; H, 5 . 1 5 ; N, 3 . 7 7 . C 1 g H i g C r N 0 4 S i 

r e q u i r e s C, 5 2 . 0 2 ; H, 5 . 1 8 ; N, 3 . 7 9 $ ) . 

1—Hethoxymethy1-7- t r imethy l s i l y l indo le (31 ) 

P h o t o l y t i c decomplexation of the complex (29 ) (400 mg, 1 .08 mmol) 

i n a c e t o n i t r i l e gave the t i t l e compound (225 mg, 89$) as a c l e a r o i l , 

p rep , t i c ( p e t r o l - e t h e r ; 8 5 : 1 5 ) of which gave a n a l y t i c a l l y pure m a t e r i a l ; 
Y (CDC1 ) 2940, 2900, 1520, 1410, 1375, 1300, 1250, 1210, 1185, 1090, max j 

830 and 640 cm" 1 ; 6 (250 HHz, CDC1 ) 0 .46 (9 H, s , Sir-le ) , 3 .16 (3 H, s , 
O O 

one), 5 .57 (2 H, s , CHgOFle), 6.6 (1 H, d , 3=3Hz, H 3 ) , 7 .12 (1 H, t , 

3=6Hz, H 5 ) , 7 . 2 (1 H, d, 3=3Hz, H ) , 7 .44 (1 H, dd, 3=10, 1 . 5 Hz, H g ) 

and 7.66 (1 H, dd, 3=10, 1 . 5 Hz, H ) ; m/e, 233 (H
+

), 218, 203, 188 and 
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144 (100%) (Found: C, 66 . 71 ; H, 8 . 2 7 ; N, 5 . 8 8 . C^H^NOSi r e q u i r e s 

C, 66 . 90 ; H, 8 . 2 1 ; N, 6 .00%) . 

L i t h i a t i o n of 1-methoxymethyl indole complex under d i f f e r e n t cond i t i ons 

The l i t h i a t i o n of 1-methoxymethyl indole complex ( 27 ) w i th one 

equ i va l en t of in -buty l l i th ium was performed as descr ibed p r e v i o u s l y 

and under the cond i t ions ou t l i ned i n Table 3 (Page 109) . The r e a c t i o n 

was quenched w i th c h l o r o t r i m e t h y l s i l a n e , and the usua l work-up and 

chromatography ( p e t r o l - e t h e r ) gave the mixture of the 2 - ( 26 ) and 

7 - ( 29 ) t r i m e t h y l s i l y l a t e d complexes. Photochemical decomplexation 

of these complexes gave a mixture of the f r e e i n d o l e s , the composit ion 

of which was determined by the i n t e g r a t i o n of the r e l e v a n t s i g n a l s i n 

the Ĥ nmr. 

Tr icarbony l- ( ' r )4-1-methoxymethy l-7- (3 l -methy lbut -2 ! - e n y l ) l ndo le 

chromium(o) (36 ) 

To a s o l u t i o n of 1-methoxymethyl indole complex (1 .188 g , 4 mmol) 

i n THF (150 ml ) a t - 7 8 ° uas added n r b u t y l l i t h i u m (4 mmol). A f t e r 1 

hour , a s o l u t i o n of 3-methy lbut -2-eny l bromide (894 mg, 6 mmol) i n 

THF (10 ml ) was added and uas a l lowed to r e a c t at - 7 8 ° ( 3 0 minutes ) before 

being warmed to room temperature . Water (10 ml) and ether (50 ml ) were 

added and the organ ic l a y e r uas washed w i th water (2x50 m l ) . The 

aqueous• layers were e x t r a c t e d w i th ether (2x50ml) and the organ ic 

l a y e r s were combined, d r i ed and concent ra ted . Chromatography ( p e t r o l -

e t h e r ; 95 :5 to 6 0 : 4 0 ) gave the t i t l e complex (36) (720 mg, 49%) as 

b r i g h t ye l low c r y s t a l s , mp 102 .5-103° (from T H F - e t h e r - p e t r o l ) ; Y m a x 

(CDC13) 2910, 1945, 1860, 1290, 1180, 1110 and 615 cm"1 ; 6 (CDC13) 

1 .75 (6 H, s , CH2CH=CHe2), 3 .25 (3 H, s , OHe), 3 . 7 and 3 .95 (2 H, d, 

3=7Hz, CH>2CH=CHe2), 5 . 0 - 5 . 7 (5 H, m, Hg, Hg, CH2CH=CHe2 and Cj^OHe), 

6.1 (1 H, dd, 3=6,1 Hz, H^), 6 .35 (1 H, d , 3=3Hz, Hg) and 7 .15 (1 H, 

d, 3=3Hz, H 2 ) ; m/e, 365 ( n + ) , 309, 281 and 249 (100%) (Found: C, 5 9 . 3 2 ; 
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H, 5 . 2 5 ; N, 3.9fc. C^H^CrNO r e q u i r e s C, 5 9 . 1 8 ; H, 5 . 2 4 ; !\l, 

3 . 8 3 % ) . 

I - F l e t h o x y m e t h y l - ? - ^ ' - m e t h y l b u t - 2 f - e n y l ) i n d o l e (37 ) 

Photochemical decomplexation of the complex (36 ) (440 mg, 

I . 2 mmol) i n a c e t o n i t r i l e gave the t i t l e compound (37 ) (251 mg, 91%) 

as a c l e a r o i l , p rep , t i c ( p e t r o l - e t h e r ; 5 5 : 4 5 ) of which gave 

a n a l y t i c a l l y pure m a t e r i a l ; y (CDC1 ) 2930, 1440, 1420, 1370, 1300, 
RN3X J 

1210, 1180, 1115, 1085 and 635 cm" 1 ; 6 (CDClg) 1 .75 (6 H, s , CH2CH= 

CMj^), 3 . 2 (3 H, s , OFle), 3 . 8 (2 H, d , 3=6Hz, CHgCHsCNe^, 5 .35 (1 H, t , 

3=6Hz, CH2CH=Cfle2), 5 .45 (2 H, s , CHgOMe), 6 . 5 (1 H, d , 3=3Hz, Hg) and 

7 . 0 - 7 . 7 (4 H, m, H2 and H 4 - H 6 ) ; m/e. 229 (f'1+), 197, 182 (100%) and 154 

(Found: C, 78 . 33 ; H, 8 . 30 ; N, 6 . 1 0 . C H i gN0 r e q u i r e s C, 7 8 . 5 6 ; 

H, 8 . 3 5 ; N, 6 .11%) . 

T r i ca rbon yl— (7)^—indole )chromium(0 ) 2 2 (38 ) 

The camplexat ion of i ndo le ( 2 . 1 6 g , 1 8 . 5 mmol) w i th chromium 

hexacarbony l ( 3 . 70 g , 16 .8 mmol) under the usua l cond i t ions gave the 

t i t l e compound (38 ) (3 .61 g , 85%) as ye l low c r y s t a l s which d id not have 

a c l e a r me l t ing p o i n t , but which darkened a t c a . 9 5 ° . 

T r i c a r b o n y l - C ^ - l - t - b u t y l d i m e t h y l s i l y l i n d o l e ) c h r o m i u m ( 0 ) (39 ) 

To a suspension of potassium hydr ide (440 mg, 11 mmol) (washed 

f r e e of o i l w i th dry p e t r o l (3x25 ml ) ) i n THF (40 ml ) was added a 

s o l u t i o n of i ndo le complex ( 38 ) ( 2 . 0 g , 7 . 9 mmol) i n THF (60 m l ) . 

A f t e r the ev o l u t i on of hydrogen had ceased ( c a . 15 m inu tes ) , a s o l u t i o n 

of . t - b u t y l d i m e t h y l s i l y l c h l o r i d e (1 .21 g, 8 mmol) i n THF (10 ml ) was 

added. T i c (d ich loromethane) i n d i c a t e d tha t the r e a c t i o n was complete 

w i t h i n 5 minutes and the excess potassium hydr ide was quenched w i th a 

mix ture of aqueous pH=7 b u f f e r s o l u t i o n and THF ( 20 : 80 , 25 m l ) . The 

organ ic l a y e r was washed w i th b u f f e r s o l u t i o n (25 ml ) and water 

(3x25 m l ) . The aqueous l a y e r s were e x t r a c t e d w i th ether (2x25 ml ) 
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and the organic^phases were combined, d r i e d and concentrated to 

c a . 10 ml . C r y s t a l l i s a t i o n w i th the a i d of p e t r o l a f fo rded the 

t i t l e complex ( 39 ) (2 .41 g, 83$) as b r i g h t ye l low c r y s t a l s , mp 143° 

( d e c . ) (from e t h e r - p e t r o l ) ; Y ( e t h e r ) 1945, 1870, 1020, 665 and • 

625 cm" 1 ; 6 (CDC13) 0 .55 (3 H, s , SiMeFleBi^), 0 .75 (3 H, s , SiMeMeBi^), 

0 .95 (9 H, s , Sif legBu11) , 4 . 9 - 5 . 4 (2 H, m, Hg and H g ) , 6 . 0 - 6 . 3 (2 H, m, 

H4 and H ? ) , 6 .35 (1 H, d , 3=4Hz, H ) and 7 .15 (1 H, d , D=4Hz, H ) ; 

m/e 367 (M+ ) , 311, 283 (100$ ) , 231 and 227 (Found: C, 5 5 . 5 3 ; H, 5 . 7 5 ; 

N, 3 . 8 0 . C H 2CrN0 3Si r e q u i r e s C, 5 5 . 5 7 ; H, 5 . 7 6 ; N, 3 . 8 1 $ ) . 

24 
T r i — i s o p r o p y l s i l y l c h l o r i d e 

T r i — i s o p r o p y l s i l a n e , prepared i n 70$ y i e l d by the method of 

39 

Namektin e t a l , ( 8 5 . 5 g , 0 .54 mol) and anhydrous c o p p e r ( l l ) c h l o r i d e 

(160.1 g , 1 .19 mol) were heated a t r e f l u x i n dry a c e t o n i t r i l e fo r 16 

hours . A f t e r c o o l i n g , the r e a c t i o n mixture was e x t r a c t e d w i th dry p e t r o l 

(4x150 m l ) . Concentrat ion and d i s t i l l a t i o n gave t r i - i s o p r o p y l s i l y l c h l o r -

ide (83 .97 g ,81$ ) as a c l e a r l i q u i d , bp 68-70° @ 7 mmHg ( L i t . , 88-92° 

® 18 mmHg24; 82-5° @ 15 mmHg40). 

P repa ra t ion of t r i c a r b o n y l - Cnfe- i - t r i - i s o p r o p y l s i l y l i n d o l e ) c h r o m i u m ( 0 ) 

(41 ) v i a the indo le complex (38 ) 

Using a s i m i l a r procedure to t h a t descr ibed f o r the p repara t ion of 

complex ( 3 9 ) , indo le complex (30) ( 2 . 10 g , 8 . 3 mmol) was r eac ted w i th 

potassium hydr ide (530 mg, 13 .3 mmol) and t r i - i s o p r o p y l s i l y l c h l o r i d e 

( 1 . 9 3 g , 10 mmol). A s i m i l a r work-up to before and c r y s t a l l i s a t i o n 

w i t h the a i d of p e t r o l gave t r i c a r b o n y l - ( " 0 - t r i - i s o p r o p y l s i l y l i n d o l e ) 

chromium(Q) (41 ) ( 3 . 05 g , 90$) as b r i g h t ye l low c y s t a l s , mp 138-40° 

( f rom d i - i s o p r o p y l e t h e r - e t h e r - p e t r o l ) ; y (CHC1 ) 2950, 2870, 1955, 
max o 

1860, 1430, 1270, 1140, 1105, 880 and 630 cm";1 6 (250 MHz, CDC13) 1 . 2 

(18 H, d , S i (CHHe 2 ) 3 ) , 1 . 7 (3 H, m,' S i (CJf le2 ) 3 ) , 5 .15 (1 H, t , 3=6Hz), 

5 . 3 (1 H, t , 3=6Hz), 6 .25 (2 H, d , 3=6Hz, H4 and H ) , 6 .45 (1 H, d , 
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3=4Hz, Hg) and 7 . 3 (1 H, d , 3=4Hz, H ) ; 'm/e 409 ( H + ) , 325, 273 

and 230 (100%) (Found: C, 58 .85 ; H, 6 . 6 9 ; N, 3 . 4 3 . C^H^CrNOgSi 

r e q u i r e s C, 58 . 65 ; H, 6 . 6 5 ; N, 3 . 4 2 % ) . 

1 - T r i - i s o p r o p y l s i l y l i n d o l e (42 ) 

n , -Bu ty l l i th ium (30 mmol) was added to a s o l u t i o n of indo le 

( 2 . 9 3 g , 25 mmol) i n THF (70 ml ) a t - 2 0 ° . A f te r 1 hour , a s o l u t i o n 

of t r i - i s o p r o p y l s i l y l c h l o r i d e (5 .78 g , 30 mmol) i n THF (20 ml) was 

added and was a l lowed to r e a c t a t - 2 0 ° (1 hour) before being warmed 

to room temperature . The s o l u t i o n was concentrated to c a . 30 ml and 

was washed wi th water (2x50 m l ) . The aqueous l a y e r s were e x t r a c t e d 

w i t h ether (2x25 ml ) and the organ ic phases were combined, d r i ed and 

concent ra ted . D i s t i l l a t i o n of t h i s compound (bp 140° @ 0 . 2 mmHg) 

l e d to an e x c e s s i v e l o s s of product (54% y i e l d ) . T races of so l ven t 

and other v o l a t i l e i m p u r i t i e s were removed from the crude product by 

heat ing ( c a . 60 ° ) under vacuum f o r 15 hours to g ive the t i t l e compound 

( 6 . 8 5 g , 100%), i d e n t i c a l ( i r and ^H nmr) to the d i s t i l l e d m a t e r i a l , 

as a red o i l , p rep , t i c ( p e t r o l ( 3 0 - 4 0 ) - e t h e r ; 9 5 : 5 ) of which gave 

a n a l y t i c a l l y pure m a t e r i a l ; y ( C H C O 2940, 2870, 1520, 1450, 1270, 
max vj 

1140, 1015, 885, 740, 690 and 660 cm" 1 ; 6 (CDClg) 1 .1 (18 H, d, 3=8Hz, 

S i ( C H H e 2 ) g ) , 1 . 4 - 2 . 0 (3 H, m, Si(CHHe ) g ) , 7 .55 (1 H, d , 3=3Hz, Hg) 

and 6 . 9 5 - 7 . 7 (5 H, m, and H 4 - H ? ) ; m/e 273 (H + ) , 230 (100%) , 202, 

188 , 174 and 160 (Found: C, 74 .36 ; H, 1 0 . 0 5 ; N, 5 . 1 5 . C^H NSi 

r e q u i r e s C, 74 . 66 ; H, 9 . 9 5 ; N, 5 . 12%) . 

Complexation of 1 - t r i - i s o p r o p y l s i l y l i n d o l e 

The r e a c t i o n of d i s t i l l e d 1 - t r i - i s o p r o p y l s i l y l i n d o l e ( 42 ) 

(683 mg, 2 . 5 mmol) and chromium hexacarbonyl (500 mg, 2 . 27 mmol) 

under the usua l c o n d i t i o n s a f forded 1 - t r i - i s o p r o p y l s i l y l i n d o l e complex 

(41 ) (809 mg, 87%) and r e a c t i o n of the crude 1 — t r i — i s o p r o p y l s i l y l i n d o l e 

( 1 . 4 9 g , 5 .46 mmol) w i th chromium hexacarbonyl (1#0 g , 4 . 55 mmol) gave 
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the same complex (41 ) (1 .58 g, 85$) as b r i g h t ye l low c r y s t a l s , mp 

137-9 ( d e c . ) (from e t h e r - p e t r o l ) , w i th the same s p e c t r a l p r o p e r t i e s 

as those reported p r e v i o u s l y (Found: C, 5 8 . 9 1 ; H, 6 . 6 2 ; N, 3 . 4 0 . C a l c . 

f o r C2 0H2 7Crl\ !03Si C, 58 .65 ; H, 6 . 6 5 ; l\l, 3 . 4 2 $ ) . 

Genera l procedure f o r the p repara t ion of 4 - s u b s t i t u t e d 

1 - t r i - i s o p r o p y l s i l y l i n d o l e complexes (57 ) 

n , -Bu ty l l i t h ium (4 mmol) was added to a s o l u t i o n of 1 - t r i -

i s o p r o p y l s i l y l i n d o l e complex (41 ) (818 mg, 2 mmol) i n THF (70 ml) 

and TMEDA (1 ml ) a t - 7 8 ° . A f te r 3 hours , a s o l u t i o n of d r y , r e d i s t i l l e d 

e l e c t r o p h i l e i n THF (10 ml) was added and was al lowed to r e a c t a t - 7 8 ° 

(15 minutes ) before being warmed to room temperature . Aqueous ammonium 

c h l o r i d e s o l u t i o n (10 ml of 15$ w/v s o l n . ) was added and the organic 

l a y e r was washed w i th water (3x25 m l ) . The aqueous l a y e r s were e x t r a c t e d 

w i t h ether (2x25 ml ) and the organ ic phases were combined, d r i ed and 

concent ra ted . Chromatography (e luant was a grad ient of p e t r o l - d i c h l o r o -

methane) gave the crude i somer i c mix ture of products . C r y s t a l l i s a t i o n 

of t h i s mixture w i th p e t r o l gave the 4 - s u b s t i t u t e d complex ( 5 7 ) . 

T r i c a r b o n y 1 - ( T ^ - 4 - e t h o x y c a r b o n y 1 - 1 - t r i - i s o p r o p y l s i l y l i n d o l e ) 

chromium(O) ( 44 ) 

Complex ( 41 ) (409 mg, 1 mmol) was l i t h i a t e d as desc r ibed above 

and was reacted w i th an excess of e thy l ch lo ro fo rmate (2 m l ) . The 

u s u a l work-up and chromatography (pe t ro l -d i ch lo romethane ; 80 :20 to 

5 0 : 5 0 ) and c r y s t a l l i s a t i o n gave the t i t l e complex (289 mg, 60$) as 

orange-red c r y s t a l s , mp 134-6° (from T H F - e t h e r - p e t r o l ) ; y (CDC1 ) 
max 

2950, 2870, 1960, 1880, 1705, 1280, 1150, 1090 and 1010 cm" 1 ; 6 

(CDC13) 1 . 0 - 2 . 0 (21 H, m, S i ( L - P r ^ ) , 1 . 5 (3 H, t , 3=7Hz, C02CH2CH3) , 

4 . 4 (2 H, q, 3=7Hz, C O ^ ^ C H ^ , 5 .05 (1 H, t , 3=6Hz, H g ) , 5 . 95 

(1 H, d, 3=6Hz, H c ) , 6 .4 (1 H, d , 3=6Hz, H „ ) , 7 . 0 (1 H, d , 3=3Hz, H„) 
B R «J 

and 7 .35 (1 H, d , 3=3Hz, H - ) ; ra/s. 4 8 1 (M + )> 397 (100%), 345 , 326 and 
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302 (Found: C, %57.41; H, 6 . 4 9 ; N, 2 . 8 9 . C2 3H3 1CrNOgSi r e q u i r e s 

C, 5 7 . 3 6 ; H, 6 . 4 9 ; N, 2 . 9 1 $ ) . 

4 - E t h o x y c a r b o n y l - 1 — t r i - i s o p r o p y l s i l y l i n d o l e (53 ) 

P h o t o l y t i c c leavage of the complex ( 44 ) (250 mg, 0 .52 mmol) i n 

THF gave the t i t l e compound (150 mg, 84$) as a c l e a r o i l , prep, t i c 

( p e t r o l ( 3 0 - 4 0 ) - e t h e r ; 5 0 : 5 0 ) of which gave a n a l y t i c a l l y pure m a t e r i a l ; 

y (CDCl „ ) 2940, 2870, 1690, 1440, 1280, 1150, 1095 and 1015 cm" 1 ; max «j 

6 (250 MHz, CDC13) 1 .15 (18 H, d , 3=7Hz, S i ( C H M e 2 ) 3 ) , 1 .47 (3 H, t , 

3=7Hz, C02CH2CH3 ) , 1 .72 (3 H, h , Si(CH[1e ) 3 ) , 4 .46 (2 H, q , 3=7Hz, 

C02CH2CH3) , 7 . 2 (1 H, t , 3=6Hz, H g ) , 7 .33 (1 H, dd, 3=3, 0 .8 Hz, H 3 ) , 

7 . 4 (1 H, d , 3=3Hz, H 2 ) , 7.71 (1 H, d t , 3=7, 0 .8 Hz, H ? ) and 7 .93 

(1 H, dd, 3=7,0 .8 Hz, Hg); m/e 345 (M+ ) , 302 (100$ ) , 274 and 256 

(Found: C, 6 9 . 4 7 ; H, 9 . 0 4 ; N, 4 . 2 4 . C H^NO S i r e q u i r e s C, 69 . 52 ; 

H, 9 . 0 4 ; N, 4 . 0 5 $ ) . 

4 -E thoxycarbony l indo le ( 54 ) 

To a s o l u t i o n of 4 - B t h o x y c a r b o n y l - 1 - t r i - i s o p r o p y l s i l y l i n d o l e ( 53 ) 

(110 mg, 0 .32 mmol) i n THF (5 ml) a t 0° was added TBAF ( 0 . 7 ml of a 

1 M s a i n . , 0 . 7 mmol). T i c i n d i c a t e d t h a t r e a c t i o n was complete 

w i t h i n 5 minutes . Dichloromethane (10 ml ) was added and the r e a c t i o n 

mixture was washed w i th water (3x10 m l ) . The aqueous l a y e r s were 

e x t r a c t e d w i th dichloromethane (10 ml ) and the organic phases were 

combined, d r i e d and concent ra ted . Chromatography (pe t ro l -d i ch lo romethane ) 

a f fo rded 4-e thoxycarbony l indo le (60 mg, 100$) as white c r y s t a l s , mp 

70-1 (from e t h a n o l - p e t r o l ) ( L i t . , 7 0 - 1 ° ) ; Y (CDC1-) 3480, 1700, 
FH3X J 

1340, 1270, 1180, 1145 and 1070 cm" 1 ; 6 (CDC1 ) 1 . 45 (3 H, t , 3=7Hz, 

C02CH2CH3 ) , 4 . 4 (2 H, q , 3=7Hz, CO^HgCH ) , 7 . 0 - 8 . 0 (5 H, m, H2> H3 

and H 5 -H ? ) and 8 . 2 - 8 . 8 (1 H, b s , NH); m/e 189 (M+, 1 0 0 $ ) , 174, 161 and 

144. 
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T r i c a r b o n y l - C n ^ - l - t r i - i s o p r o p y l s i l y l - A - t r i m e t h y s i l y l i n d o l g ) 

chromium(O) ( 4 5 ) 

1 - T r i - i s o p r o p y l s i l y l i n d o l e complex ( 41 ) (818 mg, 2 mmol) was 

l i t h i a t e d us ing the usua l procedure and was r eac ted w i th c h l o r o -

t r i m e t h y l s i l a n e (500 mg, 4 . 6 mmol) to g i v e , a f t e r work-up, chroma-

tography (pe t ro l -d i ch lo romethane ; 90 :10 to 7 0 : 3 0 ) and c r y s t a l l i s a t i o n , 

the t i t l e complex ( 45 ) (540 mg, 56$) as orange c r y s t a l s , mp 145° 

( d e c . ) ( from e t h e r - p e t r o l ) ; y (CHC1_) 2950, 2870, 1950, 1865, 
max o 

1370, 1135, 840 and 625 cm"1.; 6 ( C D C l j ) 0 .45 (9 H, s , S i M e 3 ) , 1 . 0 - 2 . 0 

(21 H, m, S i ( i r P r ) 3 ) , 4 . 8 - 5 . 3 (2 H, m, H5 and H g ) , 6 . 4 (2 H, m, H3 and 

H ? ) and 7 .35 (1 H, d , 3=4Hz, H 2 ) ; m/e, 481 (m"1"), 425, 397, 345 ( 1 0 0 $ ) , 

302 and 238 ( found : C, 5 7 . 6 3 ; H, 7 . 3 6 ; N, 2 . 9 2 . C 2 3H 3 5Cr!\ !0 3Si 2 r e q u i r e s 

C, 5 7 . 3 4 ; H, 7 . 3 2 ; N, 2 . 9 1 $ ) . 

1 - T r i - i s o p r o p y l s i l y l - 4 - t r i m e t h y l s i l y l i n d o l e (46 ) 

Photochemical decomplexation of the complex ( 45 ) (260 mg, 0 .54 mmol) 

i n THF gave the t i t l e compound ( 4 6 ) (173 mg, 93$) as a c o l o u r l e s s o i l , 

p rep , t i c ( p e t r o l ( 3 0 - 4 0 ) - e t h e r ; 9 5 : 5 ) of which gave a n a l y t i c a l l y pure 

m a t e r i a l ; y ( C D C O 2920, 2870 , 1395, 1275, 1145, 1020 and 830 cm" 1 ; max »j 

6 (250 MHz, CDC13) 0 . 4 (9 H, s , S i F l e 3 ) , 1 . 15 (18 H, d , 3=7Hz, S i ( C H F I e 2 ) 3 ) , 

1 . 7 (3 H, m, S i (CHI v le 2 9 3 ) , 6 .75 (1 H, dd, 3=3 ,0 .8 Hz, H 3 ) , 7 .13 (1 H, t , 

3=6Hz, H g ) , 7 . 2 5 - 7 . 3 (2 H, m, H2 and H 5 ) and 7 .54 (1 H, d t , 3=6,0 .8 Hz, 

H ? ) ; m/e 345 (M+ , 100$ ) , 330 and 302 (Found: C, 6 9 . 2 1 ; H, 1 0 . 1 5 ; N, 

3 . 8 9 . C 2 0 H 3 5 N S i 2 r e q u i r e s C, 6 9 . 4 9 ; H, 1 0 . 2 1 ; N, 4 . 0 5 $ ) . 

4 - T r i m e t h y l s i l y l i n d o l e ( 5 6 ) 

To a s o l u t i o n of complex ( 45 ) (300 mg, 0 .62 mmol) i n THF (5 m l ) 

a t 0° was added TBAF ( 1 . 2 ml of a 1M s o l n . , 1 . 2 mmol). T i c i n d i c a t e d 

t h a t r e a c t i o n was complete w i t h i n 10 minutes . Dichloromethane (20 m l ) 

was added and the r e a c t i o n mix ture was washed w i th water (3x10 m l ) . 

The aqueous l a y e r s were e x t r a c t e d w i t h dichloromethane (10 ml ) and 
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the organ ic phafees were combined, d r i ed and concent ra ted . Decomplex-

a t i o n w i th p y r i d i n e fo l lowed by chromatography ( p e t r o l - e t h e r ; 90 :10 to 

5 0 : 5 0 ) gave the t i t l e compound (56 ) (101 mg, 86%) as whi te c r y s t a l s , mp 

65-6" ( f rom p e t r o l ) which was not depressed on mixing w i th a sample of 

42 

4 - t r i m e t h y l s i l y l i ndo le prepared v i a an a l t e r n a t i v e route • P rep , 

t i c and c r y s t a l l i s a t i o n (from p e t r o l ( 3 0 - 4 0 ) a t - 7 8 ° ) of t h i s compound 

a f fo rded a n a l y t i c a l l y pure m a t e r i a l ; y (CDC1 ) 3490, 1395, 1345, 1260, 
IT13X J 

1155, 1140, 1100, 835 and 640 cm" 1 ; 6 (250 NHz, CDClg) 0 .4 (9 H, 3 , S i H e 3 ) , 

6 .68 (1 H, b s , Hg), 7 . 1 5 - 7 . 3 (3 H, m, \\ , Hg and H g ) , 7 . 4 (1 H, d , 3=6Hz, 

H ) and 8 . 1 - 8 . 2 (1 H, b s , NH); m/e 189 (H+ ) and 174 (100%) (Found: C, 
( 

69 .78 ; H, 8 . 0 1 ; N, 7 . 3 6 . C ^ H ^ N S i r e q u i r e s C, 69 . 78 ; H, 7 . 9 9 ; N, 7 . 40%) . 

T r i c a r b o n y l - ( " n ^ - 4 - m e t h o x y c a r b o n y l - 1 - t r i - i s o p r o p y l s i l y l i n d o l e ) 

chromium(O) (57,R=C02 Pie) 

Complex ( 41 ) was l i t h i a t e d by the usua l procedure and was reac ted 

w i th methychloroformate (500 mg, 5 . 3 mmol). The usua l work-up and 

chromatography (pe t ro l -d i ch lo romethane ; 85 :15 to 7 0 : 3 0 ) gave a red o i l 

(760 mg) which was c r y s t a l l i s e d w i th p e t r o l - e t h e r to g ive the t i t l e 

complex (550 mg, 59%) as red c r y s t a l s , mp 100-1° (from p e t r o l - e t h e r ) ; 

y (CDC1_) 2940, 2870, 1960, 1880, 1710, 1420, 1285, 1190, 1150, max o 

1095 and 1015 cm" 1 ; 6 (CDClg) 1 . 0 - 2 . 0 (21 H, m, S i ( , i - P r ) 3 ) , 4 . 0 

(3 H, s , CO He) , 5 .1 (1 H, t , 3=6Hz, H g ) , 6 . 0 (1 H, d , 3=6Hz, Hg), 

6 . 5 (1 H, d , 3=6Hz, H ? ) , 7.1 (1 H, d , 3=3Hz) and 7 .45 (1 H, d , 3=3Hz); 

m/e 467 ( H + ) , 411, 383(100%) i331 and 288 (Found: C, 5 6 . 7 4 ; H, 6 . 3 3 ; 

N, 2 . 9 6 . C 2 2H 2 gCrN0gSi r e q u i r e s C, 5 6 . 5 1 ; H, 6 .25 ; N, 3 . 00%) . 

4-Hethoxycarbony l indole (58,R=C02He) 

D e s i l y l a t i o n of the complex (57,R=C02He) (280 mg,0.6 mmol) i n 

THF (5 m l ) w i th TBAF ( 1 . 2 ml of 1P1 s o l n . , 1 . 2 mmol) under the u s u a l 

cond i t ions fo l lowed by decomplexation w i th r e f l u x i n g p y r i d i n e and 

chromatography (pe t ro l -d i ch lo romethane ; 100 :0 to 0 : 1 0 0 ) a f fo rded 
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4-methoxycarbony l indo le ( 58 , R=C02P1e) (85 mg, 81%) as wh i te c r y s t a l s , 

mp 68-9° ( from m e t h a n o l - p e t r o l ) ( L i t . 4 1 » 4 3 > 64 ° , 6 7 - 9 ° ) ; V 
' 'max 

(CDC1 ) 3470, 1700 , 1430, 1335, 1270 , 1190, 1140 and 1070 cm""1; 

6 (CDClg) 3 . 9 (3 H, s , CO He) , 7 . 0 - 8 . 0 (5 H, m, H2> Hg and Hg-H ? ) ' 

and 8 . 3 - 9 . 0 (1 H, b s , NH); m/e 175 (P1+), 144(100%) and 116 . 

4 -Pheny th io indo le (58 , R=SPh) 

1 - T r i - i s o p r o p y l s i l y l i n d o l e complex ( 4 1 ) (1 .636 g , 4 mmol) was 

l i t h i a t e d by the c o n d i t i o n s desc r ibed p r e v i o u s l y and was r eac ted w i t h 

benzenesu lpheny l c h l o r i d e ( 1 . 2 0 g , 8 . 3 mmol). The u s u a l work-up and 

chromatography ( p e t r o l ( 60-80 ) -d i ch lo romethane ; 90 :10 to 7 0 : 3 0 ) gave 

an orange o i l ( 1 . 5 5 g ) which was uns tab l e and could not be induced to 

c r y s t a l l i s e . D e s i l y l a t i o n of t h i s m a t e r i a l i n THF (15 m l ) w i th TBAF 

(5 ml of 1 PI s o l n . , 5 mmol) fo l lowed by photochemical decomplexat ion 

and chromatography ( p e t r o l - e t h e r ; 85 :15 to 7 0 : 3 0 ) gave the t i t l e 

compound (58 ,R=SPh) (230 mg, 26%) as a ye l l ow o i l , p rep , t i c ( p e t r o l 

( 3 0 - 4 0 ) - e t h e r ; 5 0 : 5 0 ) of which gave a n a l y t i c a l l y pure m a t e r i a l ; y (CDClq) 
max j 

3480, 1580, 141 0 , 1330, 1190, 1135, 1100, 1070, 1030, 850 and 640 cm" 1 ; 

6 (250 PI Hz, CDClg) 6 .54 (1 H, m, Hg) , 7 . 1 - 7 . 3 (8 H, m, \\ , Hg, Hfi 

and P h ) , 7 . 3 5 (1 H , d t , 3=7 , 0 . 8 H z , H ? ) and 8 . 1 - 8 . 3 (1 H, b s , N H ) ; 

m/e 225 (Fl+ , 100%) (Found: C, 7 4 . 5 2 ; H, 4 . 9 7 ; N, 6 . 1 8 . C^H^NS 

r e q u i r e s C, 7 4 . 6 3 ; H, 4 . 9 2 ; N, 6 . 2 2 % ) . 

T r i c a r b o n y l - ( 7 ) b - 4 - ( 3 ! - m e t h y l b u t - 2 * - e n y l ) - 1 - t r i - i s o p r o p y l s i l y l i n d o l e ) 

chromium(o) (57,R=CH2CH=CP1e2 ) 

1 - T r i - i s o p r o p y l s i l y l i n d o l e complex ( 4 1 ) (1 .636 g , 4 mmol) was 

l i t h i a t e d , as p r e v i o u s l y , and was r e a c t e d w i t h 3 - m e t h y l b u t - 2 - e n y l 

bromide ( 2 . 4 0 g , 16 mmol). The u s u a l work-up, chromatography ( p e t r o l 

( 60 -80 ) -d i ch lo romethane ; 95 :5 to 8 0 : 2 0 ) and c r y s t a l l i s a t i o n of the 

f i r s t f r a c t i o n s gave the t i t l e complex (689 mg, 36%) as orange c r y s t a l s , 

mp 112-113 .5 ° ( f rom e t h e r - p e t r o l ) ; y (.CDC1„) 2930, 2880, 1945, 1860, 
max «j 

1445, 1420, 1270, 1145, 1105 and 1010 cm" 1 ; 6 (CDClg) 1 . 0 - 2 . 0 (21 H, m, 
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S i C i - P r ) ) , 1.8% (6 H, s , CH2CH=CMe2), 3 . 6 (2 H, bd, 3=8Hz, C l^Cfc 

CMe2) , 4 . 9 - 5 . 4 (3 H, m, H g , Hg and CH2CH=CMb2), 6 .1 (1 H, d , 3=6Hz, 

H ) , 6 .45 (1 H, d , 3=4Hz, H ) and 7 .25 (1 H, d , 3=4Hz, H ) ; m/e. 

477(M + ) , 461, 393 and 341(100$) (Found: C, 6 3 . 1 9 ; H, 7 . 4 4 ; N, 2 . 9 4 . • 

C H CrN0„Si r e q u i r e s C, 6 2 . 8 7 ; H, 7 . 3 9 ; !\l, 2 . 9 3 $ ) . 
Z D O D <J 

4 - ( 3 f—Nethylbut-2 ! - e n y l ) i ndo le (58. R = CH2CH=CMe ) 

The complex ( 57 , R = CH CH=Clvle2) (240 mg, 0 .5 mmol) was d e s i l y l a t e d 
of 

w i th TBAF ( 0 . 8 ml/1M s o l n . , 0 .8 mmol) and the product was photochemica l l y 

decomplexed i n a c e t o n i t r i l e to g i v e , a f t e r p u r i f i c a t i o n by p rep , t i c 

( p e t r o l ( 3 0 - 4 0 ) - e t h e r ; 7 0 : 3 0 ) , the t i t l e compound (88 mg, 95$) as a 

c l e a r o i l which had the same s p e c t r a l p r o p e r t i e s (^H nmr and i r ) 
44 / \ 

as those repor ted by P l i e n i n g e r e t a l ; Y m a x ( C C 1 4 ) 3490, 2980, 

2910, 2880, 1500, 1430, 1405, 1335, 1145, 1100, 1075, 900 and 715 cm" 1 ; 

6 (CCl^) 1 . 7 (6 H, s , CH CH=CHe
2
), 3 . 55 (2 H, d , 3=7Hz, CĤ CH=CFIb ), 

5 .35 (1 H, m, CH CJ+=Cne2), 6 .4 (1 H, m, H3 ) , 6 . 6 - 7 . 1 (4 H, m, H2 and 
H_-H_) and 7 . 2 - 7 . 6 (1 H, b s , NH); m/e 185 (M+ ) , 170, 155, 154, 143, b i — 
130 and 117. 

3- (Dimethy laminomethy1) indole (gramine) 

3- (D imethy laminomethy l ) indo le was prepared i n 97$ y i e l d by the 

45 o method of Snyder e t a l and was d r i e d i n a vacuum oven a t 60 to 

g i ve m a t e r i a l w i t h mp 126-8° ( L i t . 4 5 1 2 7 - 8 ° ) . 

3 - ( D i m e t h y l a m i n o m e t h y l ) - 1 - t r i - i s o p r o p y l s i l y l i n d o l e (61 ) 

3-(Dimethylaminomethyl)indole (871 mg, 5 mmol) was N_-tri—isopropyl— 

s i l y l a t e d us ing the same procedure as t h a t descr ibed f o r indo le 

(Page 152 ) to g i ve the t i t l e compound ( 6 1 ) (1 .63 g , 99$) as an orange 

o i l , p rep , t i c (a lumina F—254 (Type E ) ; developing s o l v e n t , p e t r o l -

e t h e r ; 5 0 : 5 0 ) of which gave a n a l y t i c a l l y pure m a t e r i a l ; Y (CDC1„) 
m 3 x 

2930, 2870, 1445, 1305, 1135, 1015, 850 and 640 cm" 1 ; 6 (CDClg) 

1 . 0 - 2 . 0 (21 H, m, S i ( i - P r ) 3 ) , 2 . 25 (6 H, s , NMe2), 3 . 6 (2 H, s , 
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CHgNWe ) and 7 . 0 - 7 . 8 (5 H, m, H2 and H 4 - H ? ) ; m/e. 330 (d + ) and 

286(100$) (Found: C, 72 . 46 ; H, 1 0 . 4 6 ; N, 8 . 6 2 . C H N S i r e q u i r e s 

C, 7 2 . 6 6 ; H, 1 0 . 3 7 ; N, 8 . 4 7 $ ) . 
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