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ABSTRACT

The review is divided into two parts. 1In the first, the

use of chromium tricarbonyl comblexes of dihydropyridines

and benzo-fused heterocycles in corganic 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-(mbii-protected-indole)chromium(0) complexes and
their application to the synthesis of 4~ and - substituted
indoles. The key step in these syntheses is the regloselective
lithiation of N-protected indole complexes, the regiochemistry

of which is determined by the nature of the ﬁfprotection. Thus,
a sterically demanding W-protecting group, the tri-isopropylsilyl
group, led to predominately 4~lithiation, while less stericélly

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 Tthese 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:

DR ~ dimethylformamide;

DMSO - dimethylsulphoxide;

OMPA - hexamethylphosphoric triamide;
TBAF - tetra-n-butylammonium fluoride;
THE - tetrahydrofuran;

TMEDA - tetramethylethylenédiamine.

All temperatures quoted are measured in degrees centigrade QOG)
and the word complex is taken to mean a tricarbonyl-(nﬁ—arene)

chromium complex, unless otherwise stated.
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SYNTEETIC APPLICATIONS OF CHRCMIUM TRICARBONYIL. COMPLEXES

OF DIHYDROPYRIDINES AND BENZO-FUSED HETEROCYCLES



A Introduction

In the past 25 years many stable Tl-arene chromium
tricarbonyl complexes have been prepared.q The chemlcal and
physical properties of these compounds have been extensively
studied,',I but it i1s only more recently that their application
to the field of organic synthesis has been investigated.q’2
This work has, in the main, concentrated on the application
of carbocyclic arene complexes, with 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 afene complexes

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

carbocyclic analogues; that is, by direct thermal displaceme&t 0
other ligands from a neutral chromium tricarbonyl species such

as chromium hexacarbonyl, trisacetonitriletricarbonylchromium .
or trisammoniatricarbonylchromium. Reaction conditions devend

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.”



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/
>

oxygen4 or iodine,” or by the thermal exchange of the

Tl~arene ligand for other ligands such as pyridine.6

The coordination of a chromium tricarbonyl group to an arene

results in changes in the reactivity of the arene which are

well documented for carbocyclic arenes./"2 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 are enhanced in acidity;

(c) +the steric effect of the chromium tricarbonyl group
directs attack on the complex exc 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 woz:'lw:‘7 prompted by the regiochemistry of

nucleophilic addition to substituted benzens complexesa



suggested that electron withdrawal is the result of the

greater overlap of the Tl-molecular 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 T[*;molecular orbitals. This results in
greater back-bonding from the arene T[-molecular orbitals

to the chromium tricarbonyl group than donation from chromium
tricarbonyl to the arene Tt*~molecular orbitals, thus producing

the overall electron withdrawal from the ring.

However, earlier work8 based upon experimental results suggested
that complexation by chromium tricarbonyl decreases the nett

(O-electron density with little effect on the T[-electron
density. This 1s surprising since 1t is usually assumed that
the T[-electrons of an arene participate in the coordination
with a meftal and the contribution of the (J-framework in

the total bonding is negligible.

The apparent discrepancies between these results, together
with the observations that the theoretical treatment neglects
the effects of complexation on the (-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 awalt a more rigorous

theoretical treatment.
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c Dihydropyridine compnlexes

The 11,2-dihydropyridine complex (1), prepared from 1,2~
dihydro-3-ethyl-1-methylpyridine and trisacetonitriletri-
carbonylchromium, although not strictly an arene Tl-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 S5-position of the complex becomes

feasible (Scheme 1).

Treatment of the 1,2-dihydropyridine complex (1) with
lithioisobutyronitrile (Rq,R=ﬂe) gave, after treatment with one
equivalent of iodine, the complex (3; Rq,R=He) in 544 yield_.9
This resulted from nucleophilic addition to the 6-position
followed by hydride loss from 02 of the anionic intermediabe
(2; Rq,R=Me). Decomplexation of (3; Rq,R=He) with pyridine

and subsequent sodium borohydride reduction gave a mixture of °
the tebrahydropyridines (43 R',R=Me; 34:4) and (5; R',R=Me; 8%).
Treatment of the intermediate (2% Rq,R=Me) with trifluorocacetic
acid and subsequent oxidation with an excess of iodine.afforded
a more efficient route to the 1,2,5,6~tetrahydropyridine

(5; Rq,R=Me) (67% yield). Similarly, the reaction of the
1,2-dihydropyridine complex (1) with lithiopropionitrile

(R1=H,R=Me) and lithioacetonitrile (R',R=H) gave good yields

11



of the 1,2,5,6~tetrahydrovyridines (5; R .=i,R=Me and R,

R=H respectively).

(a)LiC(R)(Rq)CN,THF,—7BQ; (b)IE; (¢)pyridine; (d)NaBH

1

(e)CF_,COOH.

5 .
(3cheme 1)
The reaction of the 1,6-dihydropyridine com‘ple}c,]O (6),
isolated as a by-product from the complexation of 1,2~dihydro-
s=ethyl-1-methylpyridine or from the thermal isomerisation of
the 1,2-dihydropyridine complex (1)44, with lithioiscbutyro-
nitrile gave, after treatment with iodine and an excess of
silver nitrate, the pyridinium salt (7)9. Demethylation of
this salt with triphenylphosphine in acetonitrile afforded.

the 3,5-disubstituted pyridine (8) (Scheme 2).

12



Me
Ef NC J Et
— |
d ~

(8)

(a)Lic(He) ,CN, THF, -78° (0)I,; (c)AgNOs; (d)Ph5P,MeCN,A.
l(Scheme 2)

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

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

dimeric compounds (9,32%), (10,27%) and(11,25%),12

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

philic addition of this carbanion to the G-position of

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

a)MeLi, THF, -78°

13



{ Scheme 3)

A synthesis of the indole alkaloids clivacine (12) and

guatanbuine (1%) utilising the chemistry of 1,2-dihydropyridine

complexes has besn repoz:"ced./[5
Me Me
\WQ N/Me
~
| | |

(12) (13)

The reactlion of 1-phenylsulphonyl-2-lithiocindole, (1) with
L-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 with 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 charcoal gave

a mixture of the pyridinium salt (20,60% from 16) and the

14



pyridine (21, 10% from 16). The demethylaticn of the
pyridinium salt (20) with triphenylphosphine in HMPA or DMF
and subsequent treatment with methyllithium followed by

iodine oxidation gave olivacine (12) in 54% overall yield.
Quarternisation of olivacine (12) with methyl iodide and sodium

borohydride reduction gave (%)-guatambuine (13).

I @1(6“

SOzph
(14) (15) Me~t. Me

15



d .
—_ (1)) —= (13

COMe

e
(a) \\N . (0)H"; (c)WaOH,H,0,MeOH; (d)Mel;

(e)NaBHq; (f)(MeCN)BCr(CO)B;(g)POClB,DMF; (h)pyridine;

(i)Pd/c,300°; (3)Pn;P, HMPA or DMF; (k)MeIi; (1)I,.

(Scheme 4)

D Benzofuran and benzothiophene complexes

Penfacarbonylchromium 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 (Scheme5). For example,

pentacarbonyl-(2-fursnyl(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 (25) complexes

I'espectively./]4
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.,OMe

, OH
(C0)5Cr= T 0 Pr
( ) ; )

(CO3Cr
OMe
(22) (23)
OMe -
(CO} CP"'C/ g Pr
Hui— o /
AR O
(CO)aCP
Me
(24) (251

(2)PrCICH, Buj0, A .
{Bcheme 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.’]5

The benzofuran complex (26) reacted with carbznions to give,
after oxidation of the intermediates, a mixture of 4-(27)
and 7-(28) substituted benzofurans, '© with the former

predominant.
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He R i
Ssilen
0 0
y Cr(C0)5
A\

o) N Cr(CO)y

Cr{CO)4 A\ \
(26) 0 0
H R
R

(27)

= (28)
<
R=CMe,CN, < :>
S
a)LiR, THF,78°; b}1,.
E Tetrahydroquinoline and indoline complexes

The enhanced nucleophilic gromatic substitution of chloride
from chlorcarene complexes by methoxlde 1s well known6 and

has been used to prepare N-~protected-methoxy-tetrahydrogquinoline

and N-protected-methoxyindoline complexes.17

Treatment of “1-benzyl-6-chloro-1,2,3,4~tetrahydroquinocline
complex (29) with an excess of potassium methoxide in the
presence of 18-crown-o6 at 700 gave the 6-methoxy substituted

complex (30) in 91% yield. Decomplexation with iodine afforded

18



1-benzyl-6-methoxy-1,2,3,4-tetrahydroquinoline(31), isolated

as the hydrochloride salt, in almost quantitative yield.

a MeD MeO
Q0 G0 =0
_ a b
N N N
(Coy3Cr (CO)5Cr
L‘”Ph L"Ph L‘Ph

(29) (30) (31)

(2)KOMe,18-crown=6; (b)IE,THF,HCl,Hgo.

Similarly, ‘1-benzyl-5-chloroindaline (32) and 1,3%,%~trimethyl-
S-chloroindoline (34) complexes gave the ‘1-benzyl-S5-methoxy—
indoline (33) and 1,3,3-trimethyl-5-methoxyindoline (35),

hydrochlorides in excellent yields.

Ct Me(
——-—E4> -HCl
N a N

COE 1y bt (33) \ph
Me Me
Cl Me MeO Me
l!!lll -—TITf> -HCl |
N‘ . ’ N\ _
(CU)BCP (34) Me (35) Me .

(a)KOMe,18-crown~-6; (b)Ig,THF,HCl,Hgo.

‘The lithiation of 1-(Et-butyldimethylsilyl)-3,3-dimethylindoline
complex (36) with Q~butyllithium in TWEDA/THF at low temperatures

followed by reaction with benzaldehyde and subsequent



decomplexatlion and desilylation with ilodine 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-(3%8), 5-(39) and 6-(#40) benzoyl-1-acetyl-3, 3~

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

respectively.qa
Me OH Me
Me Ph Me
I + ——
N\ a,b,c N‘ d,e,f
(CO3Lr SiBulMe, H
(36) {(37)
PhoC Me - Mg Me
Me PhOC Me ; Me
+ +
N‘ l\{ P hOC N
Ac Ac *Ac
(38) (39) (40)
(2)n-Buli,THF, THEDA,~60%; (b)PnCHO,H™; ()1, THT,HCL,H0

camphorsulphonic acid; (d)AcEO,pyridiné; (e)XOH,MeOH ;
(f)Jones' reagent.

{Scheme 6)
This reaction was vTepeated using acetaldehyde and also with
the tricyclic indoline complex (441). In all examples the 6-
substituted product was the predominant isomer, and the overall

vield of the 4-,5- and 6~ substituted products was 50-60%.

20



MeC

Me

N

C0)sC 1
( )3 ' BUtMEZSi

(41) - (42)

The chromium tricarbonyl complex of codeine has been

1S

prepared and has been found to consist of one steroisomer

only, that with the chromium tricarbonyl group attached to

the B—face of the aromatic ring (as #2,R=H). Complexation
to the (face is hindered by steric interaction between the
carbonyl ligands and 06, 07 and, 08.

The O-(t-butyldimethylsilyl)-codeine complex (42,R=SiButMe2)
was stereospecifically alkylated with sodium hexamethyldisi-
lazide and methyl iodide to give the 10(3S)-methylcodeine
complex (43) in 37% yield, via attack exc to the chromium
tricarbonyl group. Decomplexation with refluxing pyridine

and desilylation with tetrabutylammonium flucride (TBAF) gave

10(8)-methylcodeine (44) in excellent yield.

21



{43) (4d)

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

similarly alkylated to give 10(S)-methylmorphine (46).
Cr(CO)3

BufMe,Sio”

(45) (46)

(a)NaN(Siley),, THE; (b)Mel; (¢)pyridine, A ;. (a) T BAF, THF.

G Indele Complexes

The reaction of 1-methylindole complex (47) with carbanions
gave anionic intermediates which, on oxidation with iodine,

afforded either the 4- or the 7- substituted indoles.20

The
regiochemistry of the nucleophilic attack was dependent on

the nucleophile; with lithioisobutyronitrile addition to C&
[48) was preferred while with 2-lithio-1,3-dithian addition

to 07(49). was predominant. Thisg is an experimental

22



L]

observation for which there is, at present, no satisfactory

explanation.

Semmelhack has examined the nucleophilic addition of carbanions

16 .nd has found that addition

to indole complexeg in more detall
to G4 was generally preferred over addition to 07, the only
exception to this being the reaction with 2-lithio-1,3-dithian.
The ratio of 4—substituted to V-subgstituted 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 C5 (50,R=le) directed the nucleophilic
addition predominately to 07 (52,Rk=Me), while a bulky nitrogen
protecting group such as t-butyldiphenylsilyl (50,R=Ph2ButSi)
again favoured C, addition (51,R=PH2ButSi), with only a trace

of what was tentatively assigned as the product arising from

addition to 06 (53).

M
Me_ ] € ’ NCL- Me
NC
N\ A\
N
ﬂ/‘y Me NI"‘“I
Cr(CO)3 we

&7 N b A\
bk bkh
C H  Me Me

S S S

(S 9

alLiCMeoCN; b)I; c)2-lithio-1,3-dithian.



SiMEB SiMEB
+ N\

\ N\
(Co3Cr R R
: (50) NC Me
Me (52)
8”493
A\
NC
N
Me \
' t

a)LiCMe,CN, THF; b)I;.

H. Cenclusion

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 SYNTHISIS OF CARBOCYCLIC-RING,

CAREON-SUBSTITUTED INDOLES
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A Introduction

The indole nucleus (1) is widespread in nature occurring
in a range of alkaloids and other tilogenic con:q_)om'lcls‘.{1 A
number of these compounds possess useful or interesting
properties, such as the infamous hallucinogen,lysergicacid

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

hormone indole-3-acetic acid (3).

EtoNOC WLE
b CHoCO4H
c 3 ~ _kH 2492
\y 2 A\
6 N1 N
7 b \ Ny
N\
(1) (2) H (3)

The synthesis of indoles with a range of substituents in all
possible posgsitions of the skeleton is therefore desirable in

order to investigate their structure-activity relationships.

Introduction of substituents into the pyrrolic ring of indole

is straight forward.2 The 2-position of indole i1s 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.5

28



The direct introduction of substituents into the carbocyclic
ring of indole ig more difficult, usually resulting in poor
yields or complex mixtures.2 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 substitufed
benzehe ring. The more established indole syntheses have been
extensively reviewed2 and might be generally descrived as
inefficient as they produce mixtures of products, except in a
few favourable cases, or require blocking groups in certain
ring positliong to direct the reglochemistry. Only the more

recent developments of these methods will be discussed in this

evicv.

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

!

. 4
compounds have recently been reviewed.

The material covered in this review will be disgcussed in the

following manner:

(a) syntheses based on a substituted benzene ring, with a
clear division made bebween the older classical methods

and more recent stratepgies;

29



(b) syntheses based on a pyrrole ring;
(c) syntheses based on other ring systems;
(d) methods of directly substituting the carbocylic ring.

B Syntheses based on a substituted benzene ring

(i) Classical methods

(1) The Fischer indole synthesis

The IMischer 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

of conditions.2 However, unsymmetrically substituted phenyl
rings give a mixbture of isomeric indole52 s0 a number of
modifications have been reported. For example, the cyclisation
of meta-substituted phenylhydrszones usually gives a mixture

of 4 and © substituted indoles2 but the cyclisation of the
m—methylphenylhydrazone (4) gave the 6-methylindole (5) only.5

Desulphurisation of the product was possible using Raney-nickel.

SPh
SPh H*
Me N7 NI  Me il
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 kebtone (8).6

COzH '
(CH2)2C02H
a
COHEt
N> (CH,)3C0H N 2
N i \H
(L Ry CO2BF ey
~
—_—— N
N
H
(8)
(a)BB‘B-ACOH ,hcCOl, A

Treatment of the o-methoxyphenylhydrazone (9) with p-toluene-
sulphonic acid and an excess of ethylacetoacetate gave the
expected 7-methoxyindole (10,18%) and the 6-substituted indole
(12) in 567 yield.7 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.S
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N/NQ\K Me (10)
H EtO,C Y‘ OMe
(9) N — A\
COzEf Ac COzEf
\
H CO,Et H
(11) (12)
- A\
Me. -~ N
\
Me H
(13}

(a) R-MeC.H,S0.H, AccﬂgcogEt,PhH,zx.

5

(Scheme 1)
The cyclisation of pheny[hydrazones 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 substituenis than under the normal Fischer reaction

9

conditions.

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

mediaté 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%,5-dimethylpentan-2-one and poly-

phosphoric acial© (Scheme 2) or, more efficiently, by a Madelung

reaction of the substituted toluene (17) with potassium

t-butoxide.

{14)

(17)
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(16)

(a)base hydrolysis; (b)NeCCCHeECHEMe, polyphosphoric acid;

(¢)KOBu Y,

(i3cheme 2)

Despite the poor reglocontrol and low yilelds often experienced
in the Pischer 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 ({~anilinoketones under protic or Lewis

acld conditions is known as the Bischler indole synthesis.2

Although the mechanism ¢f this reaction has been studied in

depth2 the mixtures of products that often result from this
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reaction has meant that it has found 1little use in preparative

chemistry.

A range of di- or tri-methyl-2-arylindoles have been prepared
in good yield by the cyclisation of substituted (-anilino-

ketones in the presence of an acid catatlyst./l’I

In an extension of the Bischler reaction it has been found
that 1-(trifluoroacetyl)—indoles are produced in high yield
from the cyclisation of gftrifluoroacetyl—Cl—anilinoacetalsqe
(5cheme 3). Treatment of the pP-methyl- ({-anilinoacetal (18)
with trifluorcacetic anhydride yielded the N-trifluorocacetyl
compound (19) which on treatment with boiling trifluorcacetic
acid containing trifluorocacetic anhydride afforded 1-(trifluoro-
acetyl)-S-methylindole (20). Hydrolysis of the trifluoro-—
acetyl group with potassium hydroxide gave 5-methylindole (21)

in 86% overall yield.

Me EtD OEt Me EtO OEt
j a b
D
H COCF3
(18) (19)
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Me Me

N\ \
N N
\ \
COCF5 H
(20) | (21)

(2)(CF;00) 0, Bt 5; (b)CFBGOOH,(CFaco)EO,A; (c)KOH, MeOH.
(Bcheme 3)

Cyclisation of the m-methyl-l-trifluoroacetyl- ({~anilinoacetal
proceeded via the two possible paths to give a mixture of 4-
and &-methylindoles in 9% and 77% overall yields respectively.
At present, though only simple indoles without electron-
withdréwing 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 synthesi52 afforded
the 7-substituted indole (24) wvia initial condensation of the

enamine onto the position ortho to chlorine. Subsequent
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reactions on the indole (24) gave 2,7-dimethyl-5-
methoxyindole 135 (25).

Cl
O C0,Buf Ho
+ —
N0 HoN”™ ~Me
Me
(22) (23) (24)
MeO
_—— \
Me
N
\
Me H
(25)

Ssubstituted benzoquinones generally condense with B—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 reguires the
(l-position of the aminocrotonate to be substituted and
consequently 2-substituted products are obtained. Overall

it is an efficient route fto S-hydroxy-2-substituted indolecs.

(4) The Reissert and Related Indole Syntheses

The reduction of an o -nitrobenzylketone generates an 0-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 g-nitrotoluene (26) is
condensed with an oxalate ester and then reductively cyclised

to a substituted indole-2~carboxylic acidderivative (27), is

a well documented example of this general procedure.2
R R ' R
CHy _ X C0,Et \
0~ b i CO4Et
NOZ NO9 N
H
(26) (27)

(u)uusc,EtOCOCOQEt; (b)Oatalyst/Hg.

A recent modification of this procedure has been used to prepare

L )
4% Reaction in DMSQO of B-nitro-4-chloro-

2y%-diphenylindoles.
toluene (28) with deoxybenzoin enolate resulted in the displace-
ment of chloride to give the substituted o -nitrobenzylketone
(29) which, on reduction, gave 2,%Z-diphenyl-6-methylindole

(30) in 83% yield.

Ph
Ph
Ct Ph
0 Ph
Me NOZ Me NOZ Me N |

(28) (29) (30)
(a)PaCH -COPR, DISO; (b)Pd /C,E, or Fe/AcOH.
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Although the Reilissert reaction has found 1little use in
preparative chemistry, the recent related synthesis of
indoles (%2) by the reductive cyclisation of g-nitro- [3;
dialkylaminostyrenes (31) has found widespread application

in the syntheses of substituted indoles and will be discussed

later in this review (Page 49).

R X NRg
(H] )
NO» N\
H
(31) (32)

(5) The Madelung indole svynthesis

The Madelung reaction2 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
with the synthesis of 7-methylindole (34) in 508 yield'”
from the reaction of 2,6-dimethylformanilide (3%) with

potassium ethoxide at 5500.
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Me

NHCOH

Me Me
(33} (34)

o e

(a)KOEt, 350° (b)H 0.

A recent modification of the lMadelung 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 (35) in 41% Jleld.

00 = O

PhcoNH(35) , (36)

(a)n-Buli; (b)H0.

(i1) Newer strategies towards substituted indoles

(1) From rearransgement 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-g -
toluidine (37) gave, in fair yield, a mixture of 2,7--
dimethylindole (38) and 2,7-dimethylindoline (39)."7 The
latter was readily dehydrogcenated to the indole (38). As
the yields of indole are poor and because of the severe
reactlion conditions necessary for the rearrangement, this

particular method has found little preparative use.

J ° Mg + Me
N N \
H Me H Me H

{37) (38) (39)
(a)u™, A.

Me

In a similar reaction, substituted N-(2-chloroallyl)anilines
rearranged to substituted 2-methylindoles in good yields.’18
For example, 2-methyl-7-methoxycarbonylindole (41) was produced
in 75% yield from the rearrangement of the substituted

aniline (40).

(>
(]] :
N
|
H

MeQ,C

N\
Me
N
\
H

MeOZC
(40) - (41)

(a)polyphosphoric acid, A or BF,,)' MeOH, 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 g-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-dimethylindole (46) in 53%

overall y:i.ell_d../Ig

The use of “1-methythiocacetaldehyde in place of 1-methylthio-
propan—-2—-one gave 1ndoles unsubstituted in the 2-position

but in lower overall yields. Since the reaction involves

an 1T to.ggzgg rearrangement, meta substituted anilines afford

a mixture of 4- and E-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.
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s -~ —_—
NH7 T/Cl §/+‘Me
Me Me H Me H
(42) (43) (44)
SMe
. N\ _d \
Me Me
N N
A )
Me P Me M
(45)  (46)

(a)Butocl,cﬂgclg,-sso; (b)MeSCHECOMe; (c)EtBN; (d)Raney-nickel.
(Schene 4)

Reaction of o-toluidine (47) with phenacyltriphenylarsonium-
bromide (48) in refluxing N, l-dimethylaniline afforded
2-phenyl-7-methylindole (49) in 63% yield“C (Path A) and on
treatment with phenacyldimethylsulphonium bromide (50) in
refluxing N ,N-diethylaniline gave the same indole (49) in

90% yield®! (Palh B).
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PRCOCH, AS*Ph3Br-
_— = 3 \
" (48, Path A) Ph
2
> PhCOCH,S*Me,Br™

~

\
Me Me H

e ) (50, Path B) 49)

These, almost identical reactions, have only been used for the
preparation of a few simple 2-phenylindoles. urther
applications will have to awalt a more extensive study of

the scope of these reactilons.

(2) TFrom o-~halosnilines

The reaction of substituted o-iodoanilines with cuprous
acetylides afford good yilelds of the substituted indoles.22
FFor example, the reaction of o-iodo- p-methylaniline (51)
with cuprous phenylacetylide gives a 90% yield of Z2-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-(1',

1" —dimethylallyl)-6-bromoindole (54), an intermediate in the

synthesis of neoechinulin 25(55L

A



Me I M
_a N\
Ph
NH, N

(51) (52)

(a)PuC=ccu, DMr, A.

Br
(53) 0 (54)
0 I
.Qr//“\rw,H
NN
]
e N\ N
= N
\
H
(55)

(a)H,C=CHCMe ,CECCu, DUF, A.

2

In a related reaction, 2-substituted indoles were prepared
in good yields from the treatment of substituted p-haloanilines

- with ketone enolates under irradiation.®" For example, the
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reaction of 2-bromo-S5-methylaniline (56) with acetone potassium

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

Br
a_. A\
Me
Me NHo Me N
H
(56) (57)
2 /O—'
(a)x* CH2=E\ 7liq'NH59hV'

Me

As with The previous indole synthesis, this method is restricted

to the preparation of 2-alkylindoles.

(3) PFrom azides and azirines

The thermolysis of ortho and para substituted ({-azidocinnamates
(58) in boiling xylene gave excellent (S0-95%) wields of the
substituted 2—ethoxycarbonylindole525 (59); however, meta
substituted {~azidocinnamates afforded a mixture of S-and 7-

substituted indoles.

R R
> (05Et -

N\
———
N3 N COoEt
\

(58) {59) H

This reaction is limited to the synthesis of indole~Z-

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

as 1n the recent preparation of 6- and 7—acylindoles.26’2r7

27

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

the substituted Q -azidocinnamate was blocked with a methoxy
group (as 60) directing the cyclisation to give the 7-acylindole
(61). Bubsequent hydrolysis and decarboxylation stéps géve

4-methoxy-7-( B-chlorobenzoyl)indole (62).

OMe OMe

N COZET A A
N "’\>F“C025f

3 N

\

R R H

{60) OMe (61)

—e R= p-Cl.C4H,CO-

(62)

Certain transition metal compounds react with substituted
2-arylazirines (63) to give variable yields of the substituted
2-styrylindoles®C (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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—~N
| — . N 7, CgHyMe-p
Me Me N

(63) (64)

(a)Co,(00)g»PhEl; or /Rh(CO),CL/5,PhH; or EPhBP)ERh(CO)CZ_J, PhH.

(4) From Isocyanides (3cheme 5)

The action of lithium diisopropylamide on Q, p -dimethylphenyl-
isocyanide (65) at ~78° generated the (-lithiomethylanion (66)
which on warming to room temperature cyclised to S-methyl-
lithioindole (67). Reaction of this anion with alkylhalides
gave l-alkyl-S5-methylindoles (68) in good overall yields, while
treatmgnt with magnesium iodide prior to the alkylation

afforded 3-alky1—5—methylindole529 (69), also in good yields.

Me Me Me CHoLi

NC NC

(65) (66)
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Me
__C_,m
N
\
R

Me -
_:, Li+ (68)
N
- Me
(67) L . N
d,C N
H
(69)

(a)LiH(if05H7)2,—780,diglyme; (b)=78° = Room Temp; (c)RX;
(s, .

(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) F¥From o-nitrotoluenes

In a strategy patented by Batcho and Lelmgruber, the condensation
of substituted o-nitrotoluenes (as 70) with dimethylformamide
dlalkylacetals gave the corresponding B~dimethy1amino—97
nitrostyrenes (as 71) which on reductive cyclisation afforded
the substituted indoles (as 72) in variable overall yields.ao
For example, 6-isopropylindole (72) was prepared in 433 overall

vield from o-nitro- p-isopropyltoluene (70).
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N NMe
Me AN 2

a b
— —
NO; NO;
(70) (71)

/\>
N
\
H

(72)

(a)Me2NcH(0Me)2,BMF,[§ ; (b)Pd/C,H,; 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

indeles from readily available starting materials.

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

51-28

of syntheses of 4-substituted indoles, particularly those

which serve as intermediates in the synthesis of ergot alkaloids.

Condensation of 2-methyl-%-nitrobenzoic acid methylester (73)
with dimethylformamide dimethylacetal gave the enamine (74)
which reductively cyclised to give 4-methoxycarbonylindole

(75) in 65%,32 66,%’55 or 74%54 overall yields depending on the
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reaction conditions used. This indole (75) was readily

converted to 4-formylindole and other ergot alkaloid

precursors.52’55
COoMe (0oMe COoMe
M NM '
Q= Q% 0
——
NO, ' NO, b N
H
(73) (74) (75)

(&)Me NCH(OMe) ,, DIF, A 3 (b)Pe,AcOl; or Pd/C,Hy; or TiCl,.

Similarly, o,o-dinitrotoluene (76) gave 4-nitroindole (77)

or 4-amincindole (78) depending on the conditions of the

cyclisation step{55
NO» NO9 - NH9
Me
ab N, \
NO; N \
H H
(76) (77) (78}

(a)Me NCH(OMe) , DUT, A (b)1TiCl,.

Diazotisation of 1-methoxycarbonyl-i4—-aminoindole (79), prepared
from 4-nitroindole in 88% yield, gave the diazonium salt (80)
which on treatment with potassium iodide gave a 76% yield of
1—methoxycarbonyl-4—iodoindole56 (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-1-enyl)indole (82), an
intermediate in a synthesis of (%)-§,7-secoagroclavine (83),

in 47% yield (Scheme 6).

e Ny e
N
\
H
{82) (83)
(a)NaNOg,HCl,Hgo; (b)XI; (c)Pd(OAc)2,PPh5,NEt5,CHacN,B—methyl—

A-hydroxy=-but-1-ene.

(Scheme 6)
A recent improvement in the preparation of 4~substituted
indoles from substituted o-nitrotoluenes has been reported by

Kruse,37 and is illustrated here by the synthesis of 4-methyl-

indole. The use of tris—(ﬁ,ﬂfdimethylamino)methane to prepare
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the substituted B-dimethylamino-g—nitrostyrene (85) from the
substituted o-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).

Me Me
Me N NMEZ
2 . —
NOZ NO,
(84) (85)
Me Me
i ‘s \
NNCONH-
NO, H N
H
(86) (87)

(a)(MezN)5CH,DMF,Z§; (0)H,NNHCORH 5ECL, HCL, 11,05 (¢)Pd/C,H,.

A one-pot synthesis of 4-(hydroxymethyl)indole (89) from
2-methyl-3-nitrobenzoic acid (88) has recently been reported.58
The sequential treatment of Z2-methyl-3-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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NG» NG5 NO»

(88)

CHO
OH

(89)

(a)MeENCH(OMe)E,DMF,A; (b)LiAlH,, THF; (c)TiCl,,NH, OAc,H,0,MeCH.
(Scheme 7)

These syntheses are specifically 4-substituted indole syntheses,

although the improvement in the general method reported by

Kruse57 could be applied to0 give higher yields of other

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

The reaction of a substituted aniline (90) with chloroaceto-
nitrile and boron trichloride in the presence of an additional
Lewis acid gave substituted gfamino—(]rchloroacetophenonés {(91).
Reductive cyclisation of these intermediates (91) with sodium

borohydride in refluxing dioxan afforded the substituted

indoles (92) in good overall yields.59
R R 0 R
ab CHoCL N
r———— N

C
NH» _ NH- N
H

(90} (91) (92)

(a)CLCH,CH, BCL,, (150, or AlCl5),PhH,A; (o)ut, (c)uaBi,,

dioxan, A .

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 strateg& involves

an ortho-substitution of an aniline and is thus similar to that
of Gassman./]9 flowever, 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 echinulin40 (96), the prenylated aniline
(94), prepared by lLewis-acid catalysed rearrangement of
N,N -di(3’,3'-dimethylallyl)aniline (93), was condensed with
ethyl-4-bromo-2  67-dimethylacetoacetate to give the tri-

substituted indole (95) in poor yield.

(93) (94)

(0,Et —

(95)
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(a)ZnOl2, A (b)BrcHE

2COCI'er2COEEt.

The reaction of a substituted o-allylaniline with a stoichio-
metric amount of a valladium (II) species and triethylamine
afforded a good yield of the subsgtituted 2-111etl'lylim:lole,LyI

as with the reaction of p-methyl-c-allylaniline (27) 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.

Me Me

Me

(97) (98]

(2)PACL,(CH,CN) 5, THE; (b)EtB'N.
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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) ZFrom a condensation reaction

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

7-dimethylindole (100) in 283 wield from the condensation of

pyrrole (99) with hexane—2,5—dione.42
Me
0N . A\
N N
I v
H Me H
{99) {100)
(2)MeCOCH ,CH ,COMe , Zn( OAc ) ,, ACCH, A .

This is a low ylelding method applicable only to the

condensation of a few symmetric diketones with pyrroles.
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(2) TFrom a cycloaddition reaction

The cycloaddition reaction of “1-phenyl-2-vinylpyrrole (101)
with dimethylacetylenedicarboxylate gave the 6,7-dihydroindole
(102) which, on aromatisation with 2,%-dichloro-5,6-
dicyanoquinone (DDR), afforded dimethyl 1-phenylindole-4,
S5-dicarboxylate (103) in 50% overall yield. '

E
E
[y _ =~ —- \
N — N
\
Ph ‘ Ph
(101 E (102)
N\
- E=-C0yMe
N
A\
Ph

(103)
(2)1eD,00ZCCO e, CHCL 5, A (b)ppg,Pni, A.
This is a rather elesant preparation of 4,5 or 6,7 (with a

A-vinylpyrrole) indoledicarboxylates which is, at present,

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

The cyclisation of thionium lons with electron-rich aromatic
systems has been used to construct several fused-ring systems
including the indole nucleus e (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 p-toluenesulphinic acid afforded the sulphone
(107). Reaction of this sulphone with p-toluenesulphinic

acid in refluxing acetonitrile yielded 1-methyl-4-(3' 3" -
dimethylallyl)indole (109) via cyclisation of the intermediate
thionium icn (108). |

|
MeS SMe
/C__:N\ .L. . Q MeS (Ho —— l N\
[ . N
'ﬁe MeS he

(104) (105) - (106)

| |
| +
MeS SMe ~SMe
a [ \ b l A\
o N N
\ \
Me

p-Me-CgH 507 p-MeC(H, S0, e
(107) (108)



\
N
\
M
(109)

(a) p-MeC.H,S0,,NMeCN,Room temp.; (D) Q-—Me(}6H4802H,i‘fleCN,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.

(&) From the photooxygenation of pyrrole

An efficlent route to 4-substituted indoles from the photooxyge-
nation of a pyrrole has been reported by Natsume et §1%5
(Scheme 9). Photooxygenation of 1-methoxycarbonylpyrrole (110)
with singlet oxygen gave the endoperoxide (4111) which, in the
presence of stannous chloride, reacted with nucleophiles to
gpive Z2-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 oxidaﬁion gave the unsaturated
ketones in good ylelds; in particular, the unsaturated kétone
(113%) was prepared in 63%% yield. Cyclisation of the ketone
(113) with stannic chloride also cleaved Tthe 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
B-toluenesulphonic acid and purification of the resulting
mixture through its crystalline picrate afforded, in 407 yield,

#~(3',3 ' -dimethylallyl)indole (116).

P = & =

\

) |
C0yMe COoMe CO,Me
(110} (111) (112)
QO
—Ft o A\

N

\

COzMe

(114)
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o<
<

(115) . {116)

—

o 0
@y (eImo1,, QRN 0 SN
(d)c5H5N+01or05";(e)Sn01

(h) p-teCgh, SO,H, FhH, A.

yr CH,CL,5 (£)ECH,MeOH,H 05 (g)¥eligT

(Scheme 9)

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 synthesise

indoles substituted in positions other than C although this

[4_1
has not, at present, been reported and further work in this
field has concentrsated on the elaboration of the 4-substituted

indoles to ergot alkaloids.46
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D Syntheses based on other Ting 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-gubstituted indoles.

(1) From dihydronaphthalenes

In the earliest of these methods, reported by Plieninger47

in 1956, the ozonolysis of 1q—acetamido~5,8-dihydronaphthalene
(117), prepared by reduction and acetylation of ‘1-aminonaph-
thalene, followed by reductive work-up afforded “1-acetylindocle-

4~gcetaldehyde (118), isolated as its semi-carbazone.

CH,CHO
a,b A\

N

A
AcNH (117) (118 Ac

(2)03; (PIPA/C,H,.

Under similar reaction conditions 1-(tosyl)amino-5,8 -dihydro-
naphthalene (119) gave the more stable 1-tosylindole-i4—

43

acetaldehyde (120), an intermediate in a synthesis of

4-(3"',%"'-dimethyallyl)indole (121).

64



HN-Tos Tos

(119) (120)
Tos = p-Me-CgH,S05 -

This is an elegant and efficient method of preparing
L-substituted indoles which are capable of elaboration to a

range of ergot precursors.

(2) From nitroisocarbostyrils

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

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

indole—4-carboxylic acid (123) in 463 yield.™

0N COMe (0yH
~ \
N Me
“Me N\
I !
(122) (123)

(a)Pd/C,H,; (b)KOH,DHSO: (e)ut.
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 S5-nitroisocarbostyrils are prepared by the oxidation of

49

5-nitroisoquinolinium salts, it is not surprising that a
couple of syntheses of Y-substituted indoles from 5-nitro-

isoquinolinium salts have been reported.Bo’Bq

In the first of these reports by Somei,50 2-methyl-5-nitro-
isoquinolinium iodide (124) was reduced with sodium borohydride
to the 1,2,3,4-tetrahydroisoquinoline (125). Quarternisation
with an alkylhalide followed by Hofmann degradation with
butyllithium gave the o-nitrostyrene (126) in variable yields.
Refluxing triethylphosphite cyclised the o-nitrostyrenes to

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

———’
+\Me
(124) (125) Me
Me
N_
(126) (12 7}

(a)NaBl,; (bIRL; (e)n-Buld; (U 0; (e)(E0)5P, 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 20%'yield5q
from the reaction of 2-methyl-5-nitroisogquinolinium iodide with
aqueous btitanium trichloride, which presumably proceeds via

the intermediates indicated (Scheme “11).

NO» NH,
AN a AN
N N
Z S Me | ~ Me
1=
NHMe
NH2
CHO N
— —_———
NHMe N
H
(128)
(a)1iC1;,H,0.

(Scheme 11)

Further improvements to this method have led to the multigram

isolation of 4-(li~acetyl-N-methylaminomethyl) indole in 24%

yield52. This is clearly an expedient synthesis of a 4-

substituted indole which 1s capable of elaboration to a range

: 52
of more complex 1ndoles.
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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 o-~nitrostyrene
oxide (131) in 86% yield from (1%30). Reduction of the nitro-
group followed by epoxide ring opening gave 4-methoxycarbonyl-

indole (132) in 62% yield.”>

NO2 g NO2  oH
1l
0 “——E—*> 0 -——£L4>
\\ W\
0 0
(129) (130)
NO, O C0,Me
. C I \
O, Me N
H
(131) (132)

MeOH 3

(a)NaBH, ,TIF; or (i)(Nﬂq)ECOB,ZX; (1i)NaBH,,

(11i)HCL,H,0; (b)CH MeOH.

2N2; (C)P%OE,H

21

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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B Methods of directly substituting the carbocyclic ring

(i) Approaches to 3.4 linked indole derivatives

Several approaches to the direct 4-functionalisation of
s=substituted indole derivatives have been reported, primarily
as steps towards the construction of the ¢ ring of lysergic

acid (135).

Woodward used an intramolecular [Friedel-Crafts reaction of

the dihydroindole acidchloride (1%%), and hence avoided competing
intramolecular acylation at GE’ to give the tricyclic ketone
(134) in 7% ;yield..Bl’TI This ketone was a key intermediate in

his synthesis of racemic lysergic acid (135).

N
Cl
a
—r——
N
)
COPh
{133)
(a)AlGlB.

Treatment of the tetrahydropyridine (1%6) with sodium amide
in ligquid ammonia gave the lysergic acid precursor (137) in

15% yield via addition of a carbanion to an aryne.’”
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Me0z( S | - Me Me0,C e
| H et
q |
ee— .
Br H H
N N
Ac :

\
Ac
(136) (137}

(a)Nallli,,liq.NH

2’ A"
The photocyclisation of the I~tryptophan ester (1%8) gave the
lactams (139) and (140) in yields of 33% and ‘9% respectively.56

0 0
Me L Me 1
N,H N,H
I I
Cl 3 .
‘E ‘E
——b +
N N
\ \ \
{138) H (139) H {140) H

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

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

For example, the irradiation of 1-ethoxycarbonylindole {(141)
afforded a mixture of 3-(142,4775), 4~(143,9%) and 6-(144,2%%)
ethoxycarbonylindoles. With 1, 3-disubstituted indoles,

rearrangement to the %-position was blocked and consequently

the 6-substituted indoles were the major products.

E
E
N N N £ N
\ \ \ \
£ H H H
(141) {142} (14 3) (144)

E= COZEf

(2) Via directed Grignards

——

The reaction of benzylchloride and dilute sodium hydroxide
solution with the S5-hydroxyindole (145), on heating, is

claimed58 to give a 42% yield of the 4~benzylindole (146).
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COzEt COzEf
H

HO N\ a 0 N
Me — % Me

N N

\ \

H H

(145} (146)

(2)PhCH,C1, NaOH, H,0,xylene, A.

2
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~alkylindole859; for example
4-benzyl-5-nitroindole (149) was obtained in 68% yield from

S5-nitroindole (147).

XMg0 CH,Ph
I Hs CHyPh o
: N, N\, 4 A
N a N b N
\ \

~H MgX H

(147) (148) (149)

(2)PhCHYigX; (b)KMNO, ,H 0, ke CO.

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.

12



(3) Via a directed lithiabion

It is well established that 1-protected indoles can be

lithiated at C,”,

group on the selectivity of the lithiation was investigated.

and recently the effect of a S-methoxy

60
The lithiation of 1-methyl-S5-methoxyindole (150) with n-
butyllithium was non-sgselective, giving, after reaction with
pyridine-2-carboxaldehyde, the 2-(151), 4-(152) and 6-(153)

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

R

MeO MeO Me(
N N, s \
N eDe N N
\ \ \
Me Me Me
(1501} (151) (152)

MeO

N A\

R \

Me

(153}

D
(a)g"'BuI—iaEtgoa A; (b) Q 3 (C)I'I+'
N “cHo

13



(4) Y¥rom haloindoles

Halo-substituted indoles can be regiospecifically alkylated
with organometallic reagents, as with the palladium catalysed
-reaction of a 4-iodoindole and S-methyl-3-hydroxybut~1-ene

discussed previously (Paze51).

The reaction of T[-(%',3'-dimethylallyl)nickel  bromide (155)
with 4—-, 5- or 6~bromoindoles gave the 4-, 5- or 6-(3',3 -
dimethylallyl)indoles in good yields;6q for example,
42-(3",%2"'-dimethyallyl)indole (156) was obtained in 67% yield

from &-bromoindole (4154).

Br
"\
N
A
H
{154)
(a)omr, A .

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

allyl)~group in the synthesis of neochinulin.=>

7L



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 syntheslis of 4-substituted indoles via
a directed electrophilic substitution has been reporﬁed.62

The lithium reduction of 1-trimethylsilyl-indole (157) in the
presence of chlorotrimethylsilane followed by in situ oxidation
with p-benzoquinone and.treatment with aqueous methanol gave
4-trimethylsilyl-indole (158) in 527% overall yield. Treatment
of this indole (158) with sodium hydride and acetylchloride
afforded 1-acelyl =4- trimethylsilyl—indole (159) which reacted
with acetylchloride and aluminium trichloride to give 1,%-

diacetylindole (160), via electrophilic substitution of the

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

SiMej3
A\ a,b,c \ d,e
N N
\ \
SiMej H
(157) {158)

75



SiMey © (OMe

N O f N

N N.

- (OMe COMe
(159} (160}

(a)Li,THF,MeBSiCI; (b) g—benzoquinone,CH2012; (c)MeOH,H 03

(d)laH, THF; (e)MeCOCL; (I)MeCOCL,AlCLl,,CH,Cl

3rRTT2

(Scheme 12)

This is an elegant, multigram synthesis of 4-substituted
indoles from inexpensive, readily available starting materials
that reguires 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 79 substituted indoles,

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

Over the past few years great advances have been made in the
synthesis of indoles substituted in the carbocyclic ring. It
1s now possible to prepare indoles substituted with a variety
of groups, by a range of concise strategies. This is
especlally true for the synthesis of 4-substituted indoles
which have been in demand as precursors in ergotv alkaloid

syntheses.

Of all the strategies, the method of Batcho and Leimgruberao
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

complex 4-substituted indoles, the strategies of Plieninger47’48,

21 45

Somel”  and Natsume “, in which the substituted indole ring is
constructed from other ring systems, are the most general and

direct.
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A. Introduction

The considerable biological activity of some of the meore
elaborate substituted indoles has stimulated considerable synthetic

interest in these compounds, especially in recent years (see revisuw),

Of all the methods for preparing carbocyclic-ring substituted
indoles, the strategy which has received the least attention is
the direct introduction of substituents into preformed indole ring
systems (see review). This strateqy represents a great challenge
in the synthesis of substituted indoles as it, more than any other
approach, has potential for the concise and efficient synthesis of

indoles substituted with more elaborats substituents,

It was decided, during the course of studiss directed towards
the preparation of substituted indoles via chromium tricarbonyl
complexes, to investigate the éelectiuity of proton abstraction
from N-protected indole complexes and the subsequent reaction with
electrophiles. It was already well established that the complexation
of a Cr(ED)3 group to an aromatic ring enhanced the acidity af the
arene~ring prutnns1 rendering them labile to the action of strong

bases.

This approach towards the. preparation of substituted indoles
affords several advantages over the nucleophilic addition of carbanions
to indole complexesz’3 (discussed in the rsview). One advantage is
that tha substituted indole is aobtained as a Cr(CD)3 complex which,

in itself, affords several advantages:

(a) the Cr(CD)3 complexes are coloured and are usually crystalline

making it easier to isolate and purify the product;
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(b) there is the opportunity to perform other Cr(CU)3 mediated

reactions on the product;

(c) the Cr(C0). complexes, although oxygen sensitive in
3 y

solution, are usually air stable solids and are frequently

more stable than the free arens.

Also,” it . was

roasonad that a wider range of elecirophiles would.

react with the lithioindole Cr(CU)3 species than the range of

carbanions which could add to indole complexes. This last advantage

was important since it was hoped to develop a strategy with which it

would be possible to synthesise a wide range of substituted indoles.

For the imitial approaches it was decided to use 1-methylindolse

Cr(‘EU)3 complex, the simple N-protscted indole complex which

Kozikowskl et 312

used in their study of the regioselective addition

of carbanions to indole complexss,

It is intended to discuss the preparation and cleavage of the

complexes, processes that must be optimised bsfore any other reactions

of these complexes can bs investigated, before the main part of the

work is presented,

This will be organised in the following manner,

based upon the starting indole complex and hence the substituted

indole abtained:

(a)
(b)
(e)
(d}

Preparation
Preparation
Preparation

Preparation

of 2-—substituted 1-methylindoles;
of 7-substituted i1-methylindoles;
of 7-substituted 1-methoxymethylindoles;

of 4~substituted indoles,
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Be. Preparation and cleavage of the indole complexes

The indole complexes were prepared by ths diresct thermal
displacement of carbon monoxide ligands from chromium hexacarbonyl
by refluxing‘in a mixture of di-p-butylether and THF4 in a
Strohmeier apparatus, Since this method gave excellent (ca, 80-90%
yields of the complexes on a reasonable scale (uUp to 2,0-3,5g
depending on ths complex) it'was considered unnecessary to use
a more active Cr('CD)3 transferring species, such as trisacetonitrile~
tricarbonylchromiums or trisammuniatricarbonylchromium6, to prepare
the complexes. The Strohmeier apparatus7 allowed the Er(CU)6
which sublimed cut of solution to be returned to the reaction flask
by the condensing solvent vapours, thus avoiding the nsed to continually

return the Cr(CU)6 via mechanical means,

Decomplexation of the indole complexes was most efficiently
realised gig_irradiationa of dilute solutions of the complex in THF
or acetonitrile in air, or less efficiently, via the thermal exchange
of pyridiﬁe ligands fTor the arene ligand on Cr(GU)Sg. The advantage
of the latter method was that the valuable Cr(CD)3 group could be
recovered as (pyridine)SCr(CU)3 and re-used, in conjunction with a
Lewis acid, to prepare other arene complexes1a. However, since this
method was only applicable to indoles with thermally stable functional
groups and because of the negligible amounts of (pyridine)SCr(CD)3

recovered, it was abandoned in favour of the photelytic cleavage.
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Ce Preparation of 2-substituted{-methylindoies

As mentiﬁned previously, 1-methylindole complex(1) was used
in the ipitial lithiation studies. Treatment of this complex
(1) with one equivalent of p~butyllithium in THF and an excess
of THEDA at -78° followsd by reaction with sthylchloroformate gave
a product which was later identified as 2-ethoxycarbonyl-i-methylindole
complex {2}, in 78% yield. Repeating this reaction in the absence
of TMEDA led to lower yields of the 2-substituted product (2, 27%)
and the recovery of starting material (50% ) suggesting that the
lithiation requires TMEDA to break up the aggregates of butyllithium
and to promote its reactiuity?i. This is in contrast to the observa-
tions of Rausch gﬁ_gi?, who found that far from promoting the lithiation
of benzene Cr(CU)3 complex, TMEDA actually retarded it1. Photochemical
decomplexation of the 2-substituted complex (2) gave a 93% yield of

the 2=athoxycarbonyl~l=methylindcole (4).

A\ a,b A\ .
N N (0,Et
\ \

Cr(cOl3  Me (03 Me  (COBCP (g, Me
(1) (2) 3)

(2) —_—

N C05Et
N‘ 2
Me

(4)

(a) n-Buli, THEDA, THF, =78"; (b) C1C0,Et; (c)hy, THF or

MeCN, air.
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This reaction, on its own, has little synthetic potential since

12413,
2

although this requires higher temperatures (—200 to 360) and under

uncomplexed N-protected indoles are also lithiated at C

the reaction conditions employed to lithiate 1~-methylindole complex,

the free arene, t-wmethylindole, was unaffected,

The use of ethylchlorcformate as a quenching reagent was found
to give a fairly clean reaction which is in contrast to a recent
observation that the lithiation of the flucrobenzene complex (5)
with an excess of t—butyllithium and subsequent reaction with
methylchloroformate gave a 60% yield of the benzophenone bis-—cnmplex14
(6} While products of this nature were not searched for in the reaction
of 1-methylindole complex with Erbutyllithium and ethylchloreformate,
or indeed in subsequent reactions which employed a chloroformate
quench, and so their presence cannot be rigorously excluded, they
could only have been present, if at all, in trace amounts and certainly

nothing like the 60% yield obtained by Sandilands ot al14.

Me
(COI3Cr

(5) (6)

]

(a) t-Buli, Et,0, ~78"; (b) ClCO, e,

Reaction of 1-methylindole complex (1) with p-butyllithium
followed by quenching with chlorotrimethylsilane gave an 83% yield

of trimethylsilylated complexes. The major component, isclated from
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tha mixtufe by careful crystallisation in 60% overall yield, was
identified as 1—methyl—2—trimethylsilylindule complex (7) by photochem—
ical decomplexation to give the indole (9, 95%) which was identical

(tlc, ir,'H nmr and mass spectrum) to authentic 1-methyl-2-
trimethylsilylindole prepared by guenching 2—lith10-1—methylindole12

with chlorotrimethysilana, The minor component (8),which was present

in 15-20% yield was recognised as probably having arisen from 7-1ithiation
and attempts were made to increase the ratio of C,?:C2 lithiatien by
altering the reaction conditions. However, under a range of conditions,
different temperatures and different bases, the ratio of C7.C2 lithia~

tion, as measured by the reaction with chlorotrimethylsilane never rose

above 1:3 (Table 1).

(1) —— pSIMeB p

Cricory Me (COISCT SiMes
(7) (8)
¢ o N\
! @ysm%
N
\
Me
(9)
(a) p-Buli, THF, THEDA, =78"; (b) ClSife.; (c)hy, THF, air.
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Lithiation of 1-methylindole complex

approximate ratio of

alkyllithium temperature 87 : C2 products a
n-Buli ~23° - b

n—-Buli -50° 1:5

n-Buli -78° 1:4

n~-Buli ~106° 1:3
geBuli ~78° 1:3

(a) determined by 1H nmr of the mixture of trimethylsilylated
indoles;

(b} extensive decomposition of the lithiospecies was observed.

{(Table 1)

Closer investigation of the mother~liquors of the reaction
mixture which yielded 2-ethoxycarbonyl-1-methylindole complex (2),
revealed the presence of another isemer presumably, by analogy to
Ehe rgaction yielding 2— and 7- trimethylsilyl-i~methylindole

complexes, the 7-ethoxycarbonyl-1-methylindole complex (3).

As the 7-substituted-1-methylindoles were never obtained
pure, no definite structural assignments could be made and the

tentative assignments are based on the results of later work,
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. o
D. Preparation of 7—substituted 1-methylindeles

Having determined the initial site of lithiation for f1=-methyl-
indole complex (1), it was decided to detsrmine the second site of
deprotenation using the trimethylsilyl group, a relatively easy
group to remove from an aromatic system15, to block the 2-position,
Thus, 1-methyl-2-trimethylsilyl—-indole complex (7), generated in situ,
was reacted with another equivalent of p—butyllithium and guenched
with ethylchloroformate giving, after liquid chromatography and
crystallisation, a 67% yield of 7-ethoxycarbonyl-1-methyle2-trim-—

ethylsilylindole complex (10),

Cr(CO)3
a,b a,c
(1) (7) ——= Site
N
M
COpEt ¢
(10}

(a) n~Buli, THF, TMEDA, —~78°, (b) Cl5iMes; (c) ClCO,Et.
- ’ 3

2

The 1H nmnr of complex (10} showed a clear vicinal ABC splitting
pattern for the carbocyclic ring protons (64.8 -~ 6.6) suggesting
4= or 7~ substitution, while the N-methyl group (& 3.9) showed a
clear downfield shift relative to the chemical shift of the
1-methyl—2-trimethylsilylindole complex (7, 6 3.7) inferring
7-substitution. Houwever, without authentic samples which would
be both difficult and time-consuming to prepare, the discrimination

between 4— and 7- substituted products could not be made with



complete confidence. Therefore, an X—Réy crystallographic analysis
was undertaken (figure 1) which showed that the major product was

indeed the 7-substituted complex (10).

With the siructure of the major product established, it was
decided to examine the scope of the reaction of the lithioindole
complex with a range of elactrophiles to give 7-substituted indole

complexes (11) (Scheme 1).

Cr(C0) 35 iy
a,b a,c
(1) ——= (7] ——= N SiMe; * N SiMe
N 3 N 3
h 1
R e

Cr(COl5 Me

(11) - (12)

d d

Y R
g I/\>\- A
N A~ S!M93 N SiMegy

\
R Me Me
{13) (14)

(a) n-Buli, THF, THEDA, —780; (b) ClSiMeS; (c) Electrophile, (H+);

(d)hy , THF ar MeCN, air.

(scheme 1)
During the course of these reactions (Table 2) it was found that
the reaction with methyl iodide {(run 2) gave an inseparaﬁle mixture

of isomeric products (11 and 12, R=Me) which were present, by lH nmT
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(Figure 1)



in the ratioc of,ca, S:1. Fhotochemical decomplexation of this
mixture and careful chromatography afforded 2 fractions, pure
1,7=dimethyl=-2-trimethylsilylindole (13, R=Me} and a mixture of

the 7-methylated compound (13,R=Ne) and an isomer, This unknouwn
compound which was present in ca. 13% of the mixture was shown to
be the 1,4~dimethyl-2-trimethylsilylindole (14, R=Me) by its high
resolution lH nmr, The absorptions due to the minor component were
well separated from those of the 7-substituted indole, and in
particular the signal due to H3 (6 6.3) showed a small (ca. 0.8Hz)
coupling to H7 (67.55)e This long range coupling hetween H3 and
H? is well documented 16, and combined with the vicinal ABC splitting

pattern observed for the carbocyclic ring protons (6 7.0~76) of the

minor component, confirmed the assignment eof the structure as (14,R=Me),

The synthesis of 7=substituted 1-methyl-2=trimethysilylindoles

Indole Complex{11) Free Indole (13)

Run Electrophile Product ( R=) Yield®/% Yieldb/%
1 ClCOEE CO,Et 67 90
2 Mel Me 64" -
3 PhCHO C-H-0H-Ph 63 89
4  CH,=CHCHO C-H-OH*CH=CH, 60 92
5 PhSC1 SPh 51 85
6 Me,C=CHCH,Br CH, CH=CMe,, 43 77

(a) pure complex;
{b) from complex;

{c) mixture of 4 and 7 isomers.

(Table 2)

The cruds complex isolated from the other reactions (Table 2)

was found, by 1H nmr, to contain an impurity in approximately the same
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percentage as the methylation {run 2) but in these reactions

chromatography and crystallisation gave the pure 7-substituted
complexes (11), The impurity was assumed, by analogy with the
methylation, to be the 4-substituted indole (12) but as these
complexses were never obtained pure and as other areas of work

wera showing promise, this was never verified,

Reaction of the lithio-species with the 2 aldehydes (runs
3 and 4) afforded a mixture of diastersomeric products (15, 16,
17 and 18) due to the creation of an asymmetric centre and to the

fact that indole complexes are chiral.

(CON3(rg fC0)3CF
N\
SiMe SiM
3 N I 23
M
HO Bamma Hel g
R R
(15) (16)

R=Ph, CH=CH,
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The 2 diastereomeric pairs {15 and 16) and (17 and 18) show different
. 1H nmr signals for the OH and N-Me groups due to the different
environments created by the asymmetric centrs, and are present in
almost equal quantities showing that there is little or no stereo-
» selection in this reaction. The reaction with acrolein (19) (run 4)

also showed exclusive 1,2-~addition to the carbonyl group.

Photolytic cleavage of the 7-substituted complexess (11)

afforded excellent yields (Table 2) of the corresponding indoles

(13).

In order to demonstrate the potential for the synthesis of
1,7=disubstituted indoles it was necessary to show that the

2-trimethylsilyl group could be readily removed. Thus,

(9) ' (20)

(a) CF.CO.H, H

5 C0, 6, CCl,.

2

aromatic desilylation of 1-methyl-2-trimethylsilylindole (9) with
5 . .
aquaous trifluorcacetic acid1 in a 2 phase system gave 1-methylindole

(20) in B0 % yield. The use of carbon tetrachloride as co-solvent
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allowed the reaction to be followed by 1H nmr.

The desilylation of the 7-esthoxycarbanyl substituted indole
(21) (Scheme 2) required a more strongly acidic medium,presumably
because 2-protonation to give the intermediate (22) is retarded by
the electron withdrawing nature of the ethoxyecarbonyl group, As a
direct eﬁnsequence of this, other, side reactions took place lowering
the yield of the desilylated product (23) to 53%. 1In particular,
- 3=-protonation of 7-ethoxycarbonyl-l1-methylindole (23) to give the
intermediate (24) was facile, occurring to a significant degree
before all the starting material had been desilylated. This protonated
intermediate (24) reacted with another molecule of 7-egthoxycarbonyl=T-
methylindole (23) to give the bis-indeole (25) which was identified on
the basis of its 1H nmr, 2 overlapping O-ethyl absorptions and 2
N-methyl absorptions, one at the normal Nemethylindole chemical shift
{ 6 3.85) and the other to higher field (8§ 2.8), together with the

ample literature precedent for the acidic dimerisation of indoles‘17.

\H
a
SiMe3—
N SiMes
\ \
copEt Me | (0t 8
21) (22)
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COLE COgEt
(23) (24)
~N
el
Eto,c  Me N |
Me  CO,Et
(25)

(a) CF,CA,H, H,0, CC1,.

2

(Scheme 2)
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This strat;gy afforded a wide range of 7-substituted
1-methyl-2-trimethylsilylindoles in good yield from 1-methylindole
and has the potential to give fair to good overall yields of the
T=substituted indoles by aromatic desilylation. For example,
7—ethaoxycarbonyl—-1-methyl=2~trimethylsilylindole was obtained in
53% overall yield and desilylation gave 7—athoxycafbonyl—1-methyl-

indole in 28% overall yield from 1-methylindole,
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E. Prepafation~uf 7=substitutad 1-methoxymethylindoles

Since the lithiation of q-methyl-2-trimethylsilylindole complex
produced a mixture of 4~ and 7- lithiated intermediates (see previous
section), it was decided to use the methoxymethyl group as N—protection,
It was hoped that the well known chelating properties of this grcup18
would favour attack at C, to the exclusion of attack at C, in the

second lithiation step (Scheme 3), and consequently afford a more

efficient routs to 7=substituted indoles,

SiMe SiMe
N 3 N 3
(CONSCr LDM (CO)3Cr !
*~0
\
(26) Me
(Scheme 3)
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Complexation of 1-methoxymethylindole13 with chromium hexacarbonyl
in a refluxing mixture of di~p~butylether and THF gave a 91% yield
of the corresponding complex (27). Lithiation of this complex
(27) (Scheme 4) with 1.2 equivalents of p~butyllithium in THF and
TMEDA at =78° followed by reaction with chlorotrimethylsilane was
expected to give the 2~trimethylsilylated complex (26). However,
after chromatography the reaction was found te have given 2 distinct
products, the former, a crystalline solid was tentatively identified
on the basis of its 1H nmr as the 2,7-di(trimethylsilyl)-1-
methoxymethylindole complex (28, 17%), while the latter, a semi-
crystalline oil masAshown to consist of a mixture of products, again
by 1H nmr. Crystallisation of this mixture gave a single product
which was tentatively identified as 1-methoxymethyl-7-trimethysilylindole
complex (29) while the other, minor component was identified as 1-

methoxymethyl-2-trimethylsilylindole complex (26),

The assignments of the complexes (28 and 29) were confirmed by
nuclear Overhauser effect (n0e) difference spectra of the decomplexed

indoles (30 and 31 respectively).

(CO3Cr (CO)5Cr
N A\
\\ ---E;‘- Sib1e:3 * N~y
N a, N NL\
(€0 5Cr U . -
: OM Me 3Si M
27y OMe Me3Si g © Plpgy OMe
N\
+ SiMe
. 3
(CON53Cr LOM
(26 €
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Me3S| OMe
(30)

s

Me3 S
(31)

(a) n-Buli, THF, TMEDA, -78°%; (b) ElSlMGS,(C) hy , MeCN, air.

(Scheme 4)

Spectrum (1) shous the results obtained from nOe experiments
on 2,7-di(trimethylsilyl }=1-methoxymethylindole (30), Apart from
the normal high field 1H nmr, plotted with a scaling factor, spectrum
(1) shouws the nle difference spsctra obtained from the irradiation of

the resopances at 0§ 5,60, 0.46 and 0.38 (CﬁQ-UME, C.-5ifle, and

C2-5iﬂ93 respectively), Irradiation of the resonance at § 0,46

(C7—Siﬂg3) produced a large effect on H, (6 7.42, 16%) with smaller

effects on the CH,~-0Me and CH,-ONe signals, while irradiation of the

resonance at 6 0,38 (CZHSiﬂPS) showed a large effect on H3
( 6 6,87, 11%) with again smaller effects on CH,~0Me and CH,-Ofte.

These results confirmed that structure was (30), as was previously
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proposed, Spectrum (2) shows the results ghtained from the nOe
experiments on 1-methoxymethyl-7~trimethylsilylindole (31).
Irradiation of the resonancs at § 5.57 (QﬂQ—DNe) produced a significant

effect on H, (6 7.20, 9%)uith smaller effects on CH,-OMe (6 3,16) -

2
and SiMe3 (6 0.46), while irradiation of the resonance at § 0,46
(Simeg) showed a large effect on M, (6 7.44, 15%) with less significant
effects on QEQ—DME and CHZ-OEE, Thess results confirmed that the siruc-—
ture was (31), as was also previously proposed. It is interesting

to note that the nbes induced in SiMe3 and H2, from the irradiation of
the Cﬂg—ﬂme resonance, themselves induce secondary nlas in their
neighbours HE and H3 respectively, which consequently appear as negative

effects, Smaller and therefore less pronounced secondary nOes are alsa

observable on spectrum (1).

With the structures unambiguously assigned, the reaction can be
discussed in greater depth, The major products from this reaction
(78%) were the 7- (29) and 2- (26) trimethylsilyl complexes which were
present in the ratio of ca., 4:1 respectively. Thus, changing the
ﬂrprotecting group from N-methyl to N-methoxymethyl has altered the

regioselectivity of the initial lithiation from predominately C, to

2
predominately C?. This is best explained by examining the chelated
intermediates for C2- (32) and Cfﬁ(33) lithiation, Chelation via a

S-membered ring on to the 2-lithiated product (32) is obviously more

(CO)BCI‘ (COMCr,
N\ N\
N N
\\d"o\h1 L
e i
0
Me
(32) (33}
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strained and cuﬁsequently less Favourabie than chelation via a

6-membered ring on te the 7-lithiated product (33). As N—mathoxy-—
methylindole is known to lithiate exclusively at 0213, complexation
with Cr(CO)3 has altered the regioselectivity of attack toc give pre-

dominately the 7-lithiated indole complex (33),

The formation of the 2,7--di(trimethylsilyl)-indole complex (28)
can be explained by the initial formation of the mono (2~ or 7-)
lithiated complexes (BQ(Scheme 5) which can be further .deprotonated
by the excess of base present (1.2 equivalents) to give the 2,7-
dilithiated species (35). Reaction of this with chlorotrimethylsilane

gives the disilylated product (28). To test this theory,

(CO)BCP
N
N
(O3t b \Ngue (03
N N
LOMe Ce(CO)3 Lj LOM_e
(27) N Li (35)
N
OMe
(34)
Cr(CO)3
C o A\
SiMe3

MEBSi LDMe
{28)
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(a) n-Buli, THF,* THEDA, -78%5 (b) excess p-gulis (c) C1SiMe,.
(Schame S)

1-methoxymethylindole complex (27) was treated with 2 equivalents of

o=butyllithium followsd by reaction with chlarctrimethylsilane to givé

an 80% yield of the 2,7-disilylated complex (28) and a 16% yisld of

the monosilylated complexes (26 and 29),

In order to minimise the yield of the disilylated complex (28)
and hence increase the yield of the monosilylated complexes (29 and
26), the lithiation of 1-methoxymethylindole complex was repeated
under the same conditions as before, using an exact equivalant of
n=butyllithium which was added over a period of 5 minutes. Subsequent
reaction with chlorotrimethylsilane gave a 90% yield of the monosilylated

complexes (26 and 29) and a 9% yield of the disilylated complex (28).

With the aim of improving the C7 : C2 lithiation ratio and perhaps
realising exclusive 7- lithiation, the reaction of 1-methoxymethylindole
complex with p-butyllithium was performed under a range of different

conditions (Table 3),
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Lithiation of 1-methoxymethylindole complex

Ratio of
Run Solvent Temperature Yielda/% C? : C2 Lithiationb
1 THF /TMEDA -45° 90 3 s 1
2 THF/TMEDA —78° 90 4 11
3 THF ~78° 94 4 21
4 THF -og° 98 5 11

(a) Yield of monosilylated complexes (26 and 29);

(b) As measured by reaction with chlorotrimethylsilane and
decomplexation te glve a mixture of 2- and 7= trimethylsilylindoles.

(Table 3)

lithiation
7:C2/has temperature

As can be seen {(Table 3), thaugh the ratio of C
dependant the effect is not marked and exclusive 7-=lithiation was not
possible, It is interesting to note that, in contrast to the lithiation
of 1-methylindole complex,the lithiation of 1-methoxymethylindole complex
did not require THEDA to increase the reactivity of the alkyllithium,
presumably because the chelating ability of the mathoxymethyl group

led to an easier deprotonation.

Lithiation with p=butyllithium at -9g° (run 3) followed by quenching
with chlorotrimethylsilane gave an almost quantitative yield (98%) of
the mixture of monosilylated complexes (26 and 29) from which, after
careful crystallisation, a yield of 66% pure 1-methaxymethylw7.

trimethylsilylindole was obtained.

In order to show that this route is as general as that based on
1=methylindele complex, and to discover whether chromatographic

separation of more elaborate 2—= and 7- substituted 1-methoxymethylindole
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cumplexesruas passible, the lithiatiunlsfep was followed by reaction
with 3,3~-dimethylallyl bromide, Chromatographic separation was indeed
feasible, giving a 49% yield of pure 7-(3',3'-dimethylallyl)—1-

methoxymethylindole complex (36 ).

(r{COl3
a,b N C A\

(27} —_— _—

N N

LOMe L0 Me

(36) (37)

(2a) n-BuLi, THF, -78%; (6) e C=CHCH, Br; (c) hy 4 MeCN, air,

2

Photolytic cleavage of the methoxymethylindole complexes was
accomplished as readily as before, giving almost quantitative yields
of the free indole., For example, the 7-(3',3'=—dimethylallyl) -

indole (37) was obtained from its complex in 93% yield.

Various attempts were made to remove the methoxymethyl group
from N-methoxymethylindole with the aim of extending this strategy
to the preparation of 7-substituted indoles without any N-protection.
However, as was discovered by Suﬁdberg g&_g}jS the deprotection of
1-methoxymethylindole under mild conditions is not trivial. Under
both protic and Lewis acid conditions f-methoxymethylindols polymerised
to give undetermined products, while the action of a good nucleophile

20)

(LiSMe in HMPA on 1-methoxymethylindole complex only served to .cieave the

complex,possibly via the thermal exchange of HMPA ligands for the

arene ligand on the .Cr(CEI)3 group,

This strategy for the preparation of 7-substituted indoles affords

10



a more cohcise vnd higher yielding route than that based on T—methylin-—
dole complex. For example,l-methoxymethyl-7-trimethylsilylindole was
prepared in 45% overall yield in 4 steps from indole. However, both these
approaches to 7-substituted indoles are at present restricted to

N-protected indoles.
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Fe Preparation of 4= substifuted indoles

As 4— substituted indoles have considerable biological properties
it was decided to try to adapt the chemistry of Neprotected indole

complexes to the preparation of these compounds.

Since the lithiation of 1-methyl-2-trimethylsilylindole complex
and subsequent reaction with methyl iodide gave a mixture of 4- and
7- substituted indoles with the latter predominating, it was reasoned
that a bulky N-protecting group would sterically hinder lithiation

at Cz and C,, and consequently favour attack at Cd‘

7
As the t—butyldimethylsilyl group is a sterically demanding group

that had been used with some success for the N-protection of indolins

Cr(CD)3 complexesz1 (page  19) and because it was readily removed,it

was decided to prepare l-t-butyldimethylsilylindole complex (39).

Treatment of the indole complex22 (38) with potasssium hydride in

THF followed by reaction with t—butyldimethylsilylchloride and work-—

up with a. THF/aqueous pH=7 buffer solution, to prevent the desilylation

of the protected complex (39) by hydroxide ion produced by the aqueous

quenching of the excess potassium hydride, afforded an 83% yield of

the 1-f-butyldimethylsilylindole complaex (39).

(riC0)3 Cr(CO)3
N\ ab,c A\
N
\ N\
H SiMe ;Buf
(38) | (39)

(a) KHy, THF; (b) Me ButSiCl; (c) THF, H,0, pH=7 buffer.
2
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Lithiationvof this protected complex (39) with E=butyllithium
in THF and TMEDA under a range of reaction conditions followed by
reactiaon with ethylehloroformate gave only low yields of a mixture
of undetermined products. The bulk of the t-butyldimethylsilyl
protecting group lies principally in the t-butyl group and in order
to provide a more spatially complete protection, other N-protecting
groups were sought, A report23 on the relative rates of desilylatinh
of various silyl ethers showed that the tri~isopropylsilyl ethers
were more stable to acid,base and fluoride hydrolysis than the
corresponding t~butyldimethylsilyl ethers and were more stable to
base hydrolysis than t-butyldiphenylsilyl ethers, which suggested
that an N-tri-isopropylsilyl protecting group would indeed render
a more complete protection, Anothef important advantage of the
tri-isopropylsilyl protecting group is that the corresponding
silylchloride is easily preparsd on a large scale from readily

available, cheap reagentsza.

Thus, 1-tri-isopropylsilylindole complex (41) was initially
prepared in 77% overall yield from indole {40) (Scheme 6, Path A)
in a fashion analogous to that by which the 1-t~butyldimethylsilylindole
complex (39) was prepared, Alternatively, a more convenient preparation
of this complex (41) involved the intial N—tri-isopropylsilylation
of indole (40) with n-butyllithium and tri-isopropylsilylchloride
(Scheme 6, Path B) after the Fashion of Sundberg gg_g;jz to give the
M-protected indole (42) which was then reacted with Cr(CD)6 to give
the desired complex (41) in 85% overall yield, Purificaktion of the
N—protected indole (42) proved difficult, attempts at the distillation
of the crude product gave at best a 54% yield of distillate, uptil
it was discovered that the crude product (42), produced in quantitative
yield, gave almost the same yield of complex (41) as the distilled

material.
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) Cr(CO)3

N
\
H
a A (38) b,c.d
Path A CriCO)g
A\ \
N N
H Si{i-Pr)3

C
(40) N y (41)

N\

\
Siti-Prl3
(42)
Path B

(a) Cr(Co),, n-Bu,0, THF, & ; (b) KH, THF;

2

(¢) (i-Pr},siCl; (d) THF, H,0, pH=7 buffer; (e) n-Buli, THF.
— 3 —

2

{(Scheme 6)

The second route (Scheme 6, Path B) was the preferred route
to the complex (41) as it was the higher yielding path and the
intermediate (42) could be made and stored in large gquantities,
while the other intermediate, the indole complex (38), could only
be made on e relatively small scale (ca. 3g9) and was unstable and

s0 had to be used almost immediately,

Lithiation of the 1—tri-isopropylsilylindole complex (41)
required 2 equivalents of p-butyllithium in THF and TMEDA at —7g°

for 3 hours. The absence of TMEDA, less thanm 2 squivalents of
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base or a significantly shorter reaction time all decreased the
extent of lithiation, as measured by the suybsequent reaction with

ethylchloroformate,

Reaction of the lithiated complex (43) with ethylchloroformate
gave a red oil which on crystallisation afforded a single product
(60%)s The TH nmr of this camplex showed that H, ( 6 7.35) and Hy
(6 7.0) were still present and that the protons of the carbocyclic
ring (6 5.05 = 6.4) showed a vicinal ABC splitting pattern,
suggesting 4= or 7- substitution. The downfield shift of H3
(0.5ppm) relative to the starting material (41), and the fine
coupling (gg. 0.8 Hz) betueen H3 and the furthest downfiseld carbo-

cyclic-ring proton, indicated that the product was 4—ethoxycarbonyl-

1=tri~isopropylsilylindole complex (44),

Li
0 . N
N\
(CO¥3Cr 5,(,_pr)3 (COI3Cr Si{i-Pr)3
(41) } (43)
COgE+
D
(CO)3Cr Si(i-Prl3
(44)

(a) n-Buli, THF, TMEDA, 7875 (b) C1CO,Et,
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In order tvo confirm that the predohinant site of deprotonation
was indeed C,, the lithiated complex (43) was reacted with
chlorotrimethylsilane to give, after crystallisation,a 56% yield of
a complex, the ?H nmr of which suggested it was the 4-trimethylsilyi

complex (45). The 4-substitution was confirmed by an nOe difference

Me3Si Me3Si
y )
(41) ——=(43) ——*‘\/\\ @
N N
A \
(COI3Cr Sili-Prl3 Sili-Prl3
(45) (46)

(a) n-BuLi, THF, TWEDA, ~-78%;  (b) Cl5iMe (c)hy , FeCN

3
or THF, air,

spectrum of the free indols (46), obtained in a 93% yield fram
photolytic cleavage of the complex (45). Thus, as spectrum (3)
shows, irradiation of the protons of the tri-isopropylsilyl group
produced a large effect on 2 protons, H, (6 7.54, 12%) and H,
(6 7.27, 9%), while irradiation of the protons of the trimethylsilyl
group also produced a large effect on 2 protons,H5 (8§ 7.27, 7%) and
H, (66.75, 7%). These results upnambiguously established that the
major product of the reaction was 4~substituted, Small secondary

nOes (see page 105) were observed for Hg and He, due to the nles

3!

induced in H7 and H2 respectively by the irradiation of the tri-

isopropylsilyl group.

The mother liquors from the crystallisation of the 4-substituted

1
complexes (44 and 45) were shown by H nmr to be a mixture of iscmers,
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rradiate Si-iPr,

Irradiate SiMe,
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with the ﬁ—substituted complexes predohinating. A high resolution
1H nmr of the decomplexed mother-liquors from the crystallisation of
the 4—trimethylsilyl indole complex (45) showed the presence of the
4=silylated compound (46) together with smaller amounts of 2 other
isomers which were tentatively assigned as the 5~ (47) and 6~ (48)

trimethylsilyl indoles. Consequently, the tri-isopropylsilyl

protecting group has indeed prevented lithiation at 02 or C7.
ME3Si
N\ N\
N i N
- Me3Si \
Si(i-Prly Si(i-Prl3
(47) (48)

The assignments of the minor components (47 and 48) were
corroborated by the fact that the lithiation of 3-methyl-1-tri-
isopropylsilylindole camplex (49) (Scheme 7) followsed by reaction
with chlorotrimethylsilane yielded a mixture of 4- (50}, 5- (51)
and 6~ (52) trimethylsilylated products, as shown by the nOs

assignmenta of the decomplexed productszs.

Me

N a,b,c
hk
(COi3Cr Sifi-Pr)3
(49)
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ME3Si

Me Me Me
Me3Si
N\ . A\ \
N N MesSi N
v \ \
Si(i-Pri3 Si(i-Prig Sifi-Prij
(50) {51} {52)

(a) n-BulLi, THF, TMEDA, -78°; (b) C1Sifle,; (c)hy , MeCN, air.

Scheme 7
The mixture of d4— (46), 5- (47) and 6~ (48) trimethylsilyl

indoles were present in the ratios of ca. 2,6:1:1. Thus, reaction
of 1=tri-isopropylsilylindole complex with p-butyllithium followed
by quenching with chlorotrimethylsilane was estimated to give

ca. 70% of the 4-trimethylsilyl indole complex (45) with ca, 8%

of each of the 5 and 6 isomars.

Photolytic cleavage of the 4-—ethoxycarbonylindole complex (44)

gave the free indole (53) which was deprotected almost instantanesously
with tetra~n-butylammonium fluoride (TBAF) in THF?® o give 4methoxy—
garbonylindole (54) in B4% overall yield. In contrast, when the
4=trimethylsilylindole (46) (Scheme B) was treated with TBAF under the
same caonditions, the reaction was extremely slow and gave, after several
days at room temperature, a mixture of products by tlce. The more ready
deprotection of the 4—ethoxycarbonylindole ( 53) is probably due to the

fact that the electron-withdrawing nature of the ethoxycarbonyl group

119



COyEt C0,Et

B 0,Et
\—"“@3 @3
N
\

(CoI3tr Si{i-Prl3 SI(I -Pri3
(44) (53) (54)

(a) hy,  THF, air; (b) TBAF, THF, 0°.
stabilises the negative charge produced by the fluoride desilylation,

Since complexation of an arene to tr(CU)3 is known to reduce the
electron density in the ring (see review), the deprotection was
performed on the corrsesponding 4-trimethylsilylindole complex (45).

In this case, the reaction was a2lmost instantaneous and the deprotected
indole complex (55) was decomplexed by the action of refluxing pyridine

to give 4-trimethylsilylindole (56) in 86% overall yield.

Me3Si Me 3Si
G
9, \ LI
N\ N
(CO)4Cr Si{i-Prl Si(i-Pr)
(45) . - {46)
b
35[ 33I
Iy == 0
(C0)3Cr
(55) (56)
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(a) hy , THF or MeCN, air; (b) TBAF, THF, 0°; (¢) pyridine, A .

(Scheme 8)

As the silicon=carbon bond is much more stable than the silicon-
nitrogen bDnd26, cleavage of the 4~trimethylsilyl group by fluoride
was not expected and indeed, under the reaction conditions previously

described, none was observed,

The lithiation-quench procedure was repeated with a series of
electrophiles (Scheme 9) and the products (57) were isolated in fair
to good yields (Table 4)., Desilylation of these complexes (57) was
accomplished by treatment with TBAF in THF and the decomplexation was
effected by either light and oxygen or the action of refluxing pyridine

to give the 4~substitued indoles (58) in excellent overall yields..

(&1)
: or e

T-< /

(COI5Cr S|(|-Pr)3

(57) (58)

(a) n-Buli, THF, TMEDA, -78"; (b) Electrophile;
(c) TBAF, THF, 075 (d)hvy , MeCN or THF, air;
(e) Pyridine, & ,

(Scheme 9)
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Synthesis of 4—substituted indoles

Complex (57) Free Indole (58)

Run  Electrophile Product (R=) Yield®/# vield®/%

1 C1C0,EE CO, Et 60 84

2 ClSife, Sivle, 56 B6

3 clco,te €O, Fie 59 81

4 Mel Me =c -

5  PhsCl SPh 4 26°

6  Me,C=CHCH,Br  CH,Ch=Clie, 36 95

(a) isolated yields

(b) yield from complex;

(¢} an inseparable mixture of starting material and product was obtained;
(d} complex was too unstable to isolate;

(e) overall yield,

(Tabls 4)

The reaction with methyl iodide (rum 4) gave, by 1H nmr, a tae
45% yield of 4-substituted complex (57, R=Me) but unfortunately this
was inseparable from tha starting material and thes 5 and 6 isomeric

praducts,

The crude product arising from reaction with benzenesulphenyl
chloride (run 5) was unstable to attempts to induce it to crystallise
so was desilylated and decomplexed directly to give a 26% overall yield
of 4-phenylthioindole (58, R=SPh), A high resolution Ty pnmr of this
material shows that it was almost completely composed of the 4-substi-
tuted indole, Thus, the resonance at § 6.55 (HS) shows fine coupling

to H2, H7 and NH, as shown by decoupling experiments.

Reaction with 3,3-dimethylallyl bromide (run 6) cave, by 1H NMT

—

a ca. 50% yield of the 4-substituted indole (57, R= CH,CH=Cle, ), of

uvhich 36% could be separated from the 5= and 6- substituted isomeric
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products and the starting material by careful crystallisation of the
initial fractions from liquid chromatography. Desilylation and

)

v

decomplexation gave 443 »3 ~dimethylally)=indole (58, R=CHZCH=CF-’IB2
ot

in 95% overall yield, This completes a synthesis of 4~(3 ,3 -

dimethylallyl )-indole in 2B% overall yield from indole, a higher

yielding route to this compound fraom readily available starting

materials than any other strateqy previously discussed {see revieu).

In an attempt to obtain exclusive 4=lithiation it was decided
to invastigate the lithiation of a suitably protected indole complex
that could chelate and thus stabilise a 4=1lithio species. Lithiation
of free indoles containing groups that could chelate a 4-1ithio speciss
has already been shown to gilve either mixtures of products or exclusive
2-lithiation. For example, as discussed earlier {page 73),
S~methoxy=l-methylindole (59) was lithiated in the 2, 4 and 6 positions
in the ratios of 11:5:127 respectively, while 3-dimethylaminomethyl-1-
methylindole (60) was lithiated exclusively at C,s as measured by the

28

subsequent reaction with DZD .

NMeZ
Me(
¥ A\ A\
N N
\ \
Me Me

(59) (60)

Since 3-~dimethylaminomethylindole (gramine) is more readily
prepared than S5-methoxyindole, it was decided to investigate the
lithiation of the ﬂrprotectéd gramine complex (62). Thus, gramine
was ﬂrtri—isopropylsiiylated in the usual manner to give an almost
guantitative yield of the protected gramine (61). Howsver,
complexation of the crude, or the distilled material (61} under the

normal conditions gave an intractable tar without any trace of the
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T ~complex (Q?), possibly baecause the electron—-rich tertiary
nitrogen of gramine could act as a competing O -ligand for the

chromium carbonyl group.

NMe> NMe,
\ N\
N N
\ \
Sii-Pri3  (COI3Cr Si(i-Pr)3
(61) (62)

Since complexation of the protected gramine (61) under different
reaction conditions failed to give more than a trace aof the complex
(62), for which there was only mass spectral evidence, this approach

was abandoned due to lack of time.
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G. Conclusion and future prospects

The general strategy of lithiating N-protected indole complexes
and the subsequent reaction with electrophiles has been shown to be
a general, expedient and high yielding route tec 4- and 7- substituted

indoles.

The advantages and draubacks common to both the approaches to
4= agnd V- substituted indoles will be discussed before more specific

‘remarks concerning each approach are made,

(1) General comments

The main advantage of this general strategy is that it affords
a concise and high yielding route to 4- or 7- substituted indoles
depending on the N-protection used, This strategy is an example of
the direct substitution of indole (see review), and as such, is a
route to a wider ranpe of substituted indoles than those mentioned
previously since the key step is a regioselective lithiation., Once
this is realised, the subsequent reactions are, as {ar as can be
determinea by this initial investigation, typical of the wide range

of reactions of organolithium Compoundszg.

The drawbacks are for the most part, those that result from
the properties of the chromium hexacarbonyl that is used to form

the complexes. It is an expensive reagent (£89.60 per 1DUg)30

It reguires elevated réaction temperatures (Eg,1500) for complexation,
although the use of more active Cr(CG)3 transferring species such as
trisacetonitriletricarbonylchromium or trisammoniatricarbonylchromium
could enable milder reaction conditions ta be used. Optimum yields
of indole complexes are obtained through the use of rigorously oxygen~—

free conditions and a Strohmeier apparatus (psge 87 ). Even then, it

is not possible to complex all indelaes due to either the severe
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conditions or tp the fact that other functional groups on some indoles

can interfere with the T ~complexation,

These properties of chromium hexacarbonyl could feasibly
restrict the use of indole Cr(CO)3 complexes to the synthesis of
the more elaborate and otherwise inaccessible substituted indoles,
as with those based on natural products since the more simple indoles
are more gconomically prepared by elther a range of ring syntheses
(see review) or by the elaboration of simple already-substituted

indoles,

Although the chromatographic separation of simple 4~ or 7-
substituted indole complexes, as with those prepared in this study,
was not always realised, it is envisaged that the chrematographic
soparation of indoles substituted with more elabgrate substituents

would be more practicable.

As was mentioned previously {(page §5), this lithiation-quench
procedure has several distinct advantages over the nucleophilic addition
of carbanions to indole complexes, The main advantage is that the
products are obtained as their Cr(CO)3 complexes enabling further
Cr(EO)3 mediated reactions to be performed, whereas in the nucleophilic
addition approach the products are cbtained via an oxidation, thereby
cleaving the complex and discarding the valuable Cr(CO)3 moiety. In
particular, a further Cr(CO)3 mediated reaction that could be envisaged
is the nucleophilic addition to a complexed double bond species (as
Scheme 16), This would be directed exo to the Cr(CO)ggroup and thus
provides a potential route for the asymmetric synthesis of substithted

indoles based on the grgot alkaloids,
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N a,b
Y bk ’ \
(conscr’ Sii-pr)z  {CO13Cr Sifi-Pr)3

Xy Y = any other atom or group

(a) A" (b) H'W

(scheme 10)

2. Approaches to 7= substituted indoles

Using this strategy it is possible to prepare 7- substituted
N~protected indoles in good overall yields from indole; for example
7—(3',3,—dimethylallyl)m1—methoxymethylindole {37) was prepared in
34% overall yield, As a route to 7- substituted indoles, the appreach
from 1-methoxymethylindole complex is on the wholas more efficient than
that from 1-methylindole complex as it does not involve the protection

and deprotection of the 2-position.

At present, it is not possible to prepare 7- substituted indoles
without any Neprotection, although the use of a more readily removable
mathylene—-oxy N-protecting group like the (3 -trimethylsilylethoxymethyl

group (63)31 should make this objective feasible.
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(37 (63)

3. Approaches to 4= substituted indoles

This strategy has led to the concise synthesis of 4- substituted
indoles in good overall yield from indole. For example, 4—ethoxy=

carbonylindole (54) was prepared in 43% overall yield from indole.
C0,Et Li

N A\
N N
\ \
H (CON3Cr Sili-Pr)3

{(54) (64)

The greatest potential of this strategy is in the synthesis of

the more elaborate ergot-type structures and it is possible to envisage

the construction of the skeleton of some ergot alkaloids via a rapid

and convergent synthesis (see page 129).

In order to extend the scope of this strategy an area that reguires

initial investigation is the modaration of the reactivity of the
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urganolifhium intermediate (64) to enable reaction with a wider
range of electrophiles to take place. 0Ope of the ways of accomplishing
this is via a trans-metallation reaction, for example the formation of

an organocopper species from an organolithium.

Cuprates are generally less basic than the cerresponding organo-

lithiume and their range of reactions complements those of organolithiums32

5ince it is desirable to react all the valusble complex anion (65) with
an electrophile, a mixed cuprate which is compatible with the reaction
conditions required for the lithiation step would have to be used. One
of the few mixed cuprates that is compatible with THF solvent and gives

good yields of products is the mixed homocuprate (66)33.

\ [R'S0,CHoCuR]™ Li*
N

\ R'=Me, Ph;
(CO)3Cr Sili-Pr)3

R = transferable group.

(65) (66)

Gther trans-metallation reactions to give, for example organozinc
and crganomagnesium compounds are also feasible and might further add

to the range of reactions possible for the complex anion (65).

An example of the potential envisaged for the organocopper
compound (68) is the convergent synthesis of the skeleton of the ergoline
ring system (67) (Scheme 11). The mixed cuprate (68) would react via

a 1,4-addition to the unsaturated ketone of the reduced pyridine
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equivalent (69) to give, after work-up, the 4—substituted indole

B\
N

\

H
(67)

complex (70). Treatment of this complex (70) with fluoride could
alsc lead to concomitant closure of the 'C' ring via an iptra-
molecular nucleophilic displacement to give the complexed ergoline

skeleton (71), obtained in 3 steps from the protected indole complex

(41).
R'Culi
0
e e
AN ab AN\ .
N\ N\ l;l
(CON3Cr Sii-Priy  {CONCr Sifi-Pri3 v
“ (41) | (68) (69)
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d,C \

\ N\

(CO)3Cr Sili-Prl3 (COl3Cr H
{70) . (71}

R' = non-transferable ligand of the mixed homocuprate;
X = a leaving group; -

Y = a group to stabilise the reduced pyridine equivalent

{(a) n~Buli, THF, TMEDA, -78°; (b) R'Cu; (c) H,0; (d) FT

(S5cheme 11)
ARs this scheme is so attractive by virtue of the ease with which
the ergoline ring system can be constructed, a considerable time and
effort expended in the search for a suitable snone (69) can be justi-

fied.

With this approach to the ergot-type compounds, the major problem
is no longer the 4-substitution of indole, described in the following
manner in a review by,KozikouskiSd, "the direct introduction of a
carbon unit as an electrophile into the 4-pesition of indole is, of
course, difficult to achieve", but rather the preparation of suitable

electrophiles with which the 4-anionic species (65) can react.

The ahility to regioselectively lithiate the 4~position of
indole, together with the normal electran-rich character of the
J-position, which could possibly be enbanced via desilylation of a’

protected complex, suggests that the 1-tri-isopropylsilylindole
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complex could act as a 3,4-dianion equivalent (as 72), thus providing
a new methodology for the construction of tha "C" ring of the ergoline
ring system which could prove to be a powerful synthstic taool in

subsequent syntheses of ergot-type compounds.

(CO)3CF
(72)
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EXPERIMENTAL
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Nelﬁing points were determined on é Kofler hot—stage apparatus
and are uncorrected. Infrared spectra wsre recorded on a Perkin~Elmar
2898 grating spectrometer. T4 nmr were routinely recorded at 60 MHz on
Varian T-60 or EM=360A spectrometers or at 250 MHz on a Brucker MH—QSD
FT spectrometer with tetramethylsilane as an internal standard.
Apparent J values and multiplicities are quoted, and the following
abbreviations are used; s (singlet), d (doublet), t (triplet),

q (quartet), h (heptet), m (ultiplet) and b (broad).

Solvents were purified as foellows: petroleum ether-redistilled,
dried if necessary by distillation from phosphorous pentoxide and
stored over sodium wirej dichloromethane—distilled; acetonitrile-
distilled, dried if necessary by distillation from calcium hydride or
phosphorous pentoxide; di-p-hutylether—distilled from sodium; disthyl-
ether and THF -« dried if necessary by distillation from sodium-potassium-
benzophenone ketyl; ethanol, methanol, pyridine and carbon tetrachloride-
AnalaR reagents; TMEDA - stored over sodium wire. Petrol refers to the

petroleum ether fraction of bp 40-60° unless otherwise stated.

Silica gel type 60H was used for liquid chromatography, analytical
tle was performed on precoated GF-254 silica plates and preparative tlc
(prep. tlc) was carried out on plates coated with silica GF-254 unless

otherwise stated.

Reactions involving chromium tricarbonyl complexes or alkyllithiums

were carried out under an atmosphere of dry, oxygen-free nitrogen.

Organic solutions were routinely dried over anhydrous magnesium
sulphate and solutions that contained an appreciable amount of THF
were predried by shaking with saturated brine. Solvents were routinely

1t
removed at reduced pressure on a Buchi rotary evaporator.

Microanalyses and mass spectra were carried out by the respective

laboratories at Imperizl College.
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General Procedure for the thermal complexation of indoles

A mixture of the indole (1.1 equiﬁalents) and chromium hexa-
carbanyl {1.0 equivalent) in a mixture of di-n-butylether (80ml) and
THE® (5m1) was thoroughly deoxygenated and was heated under reflux in
a Strohmeier apparatus7 for 15 hours. After cooling, the resulting
orange solution was filtered through celite with THF and was concen-
trated to ca. 10ml. On stapding, a first crop of complex crystallised
out of this solution and a second crop was obtained by the addition of
petrol, The complex was filtered off and was thoroughlf washed with
natrel, The complexes produced by this method were dried in_ vacuo

and were used without further purification.

Goneral Procedure for the photolytic cleauaqe8 of the indole complexes

A dilute solution of the complex in THF or acetonitrile (gca. 300mg
per 150ml) was irradiated with a 300W tungsten lamp in air until tle
indicated that the reacticn had gone to completion. Removal of the

solvent and chromatography gave the free indole,

Procedure for the decomplexation of indole complexes via the action

——

of refluxing_pyridineg

A solution of complex in pyridine (ca. 100mg per ml) was deoxy-
genated and was heated under reflux, under a nitrogen atmosphere, for
2 hours. Removal of the excess pyridine and chromatography gave the

free indole and (pyridine)3Cr(COl;5.

1-Methylind01935

Potassium (13.0g, 0.33mol) was added to liquid ammonia (500m1)
which contained a trace of anhydrous ferric chloride and the mixture
was left to react under a nitrogen atmosphere (1 hour). Indole
(35.19,0.3mol) in THF (100ml) was added and was allowed to react for
1 hour before an excess of methyliodide (55g) in THF (SOml) was added.

After 30 minutes, the reaction was cautiously quenched with wet THF
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(20m1) before water {(200m1) was added. The ammonia was allowsd to

evaporate overnight and the reaction mixture was extracted with
dichloromethane (3x100ml), The organic layers were combined and

acidified (pH:S) with dilute hydrochloric acid and wers washed with

water (3x50ml). The agueocus phases wers neutralised and were extracted

with dichloromethane (2x50ml) and the combined organic phases were

combined, dried and concentrated. Distillation from calcium hydride'affnrded
1=methylindole (36,79, 93%) as a clear ail, bp 78-80° @ 2 mmHg (Lit.,36

78-9° @ 2 mmHg ).

Tricarbonyl-{NP=1-methylindele Jehromium (0) (1)

The complexation of 1-methylindole (2.16g, 16.5 mmol) and chromium
hexacarbonyl (3.36g, 15 mmol) was carried out as previously described
to give the title copmpound (1) (3.54g, 88%) as yellow needles, mp

131-2° (dec.) (From ether~THF-petrol); Yoax (CH013) 1955, 1865, 1555,

1

1455, 1300, 1130 and 630cm 3 O (coc13) 3,65 (3 Hy s, N—Fe), 5.05

(1 H, t, J=6Hz), 5.35 (1 H, t, X=6Hz), 6,0 (1 H, d, I=6Hz, Ha), 6e2~6.4

(2 Hy m, Hy and H,) and 7.05 (1 H, d, 3=3hz, H,); n/e 267(m*y, 211, 183

and 131(100%) (Found: C, 54.07; H, 3.35; N, 5.26, C 2HquND requires

1 3

€, 53.94; H, 3.39; N, 5.24%).

Lithiation of 1-methylindole complex (1) and reaction with

gthylchloroformate

Te a selution of 1-methylindole complex (534 mg, 2 mmol) in THF
(60 ml) and TMEDA (2m1) at -78° was added n-butyllithium (2 mmal).
After 1 hour, an excess of ethylchloroformate (2 ml) in THF (10 ml)
was added and was allowed to react at -78° (1 hour) before being allowed
to warm to room temperature. Dilute hydrochloric acid (10 ml of 1M soln, )
was added aﬁd the organic layer was washed with water (2x25ml). The
agueous layers were extracted with ether (2x25ml) and the combined
organic phases were dried and &oncentrated toc give a red oil, Chroma-

tography (petrol-ether j; 50:50) gave a red oil which was crystallised
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with petrol to give tricarbonyl-(ﬂ6-2+ethoxycarbogg;-1—methylindole)—

chromium(0) (2) (Sﬁﬁ mg, 78%) as red crystals, mp 124" (from petrol-
ether or petrol-di-isopropylether); Y max (DDClS) 1960, 1885, 1710
and 11a5cm-1; & (CDc13) 1.4 (3 H, t, =THz, 002CH2Cﬁ5), 3.9 (3 H, s,
N-Me), 4.35 (2 H, g, J=7Hz, BDQCEQCHS), 5,15 (1 Hy t, I=THz, HS),
5,55 (1 H, t, J=7Hz, HG), 6.0 (1 H, dy I=THz, Ha),a.ss (1 H, d,
3=THz, H,) and 7.2 (1 H, s, Hy); m/fe 339(n*), 255(100%) and 203
(Found: C, 52.89; H, 3.89; N, 4,06, C15H13CrND5 requires C, 53.10;
M, 3.8635 N, 4,13%), |

2—Ethoxycarbonyl-1-methylindole (4)

Photodhemical decomplexation of the complex (2) (530 mg, 1.56 mmol)
in acetonitrile in the manner described previously, gave the title
compound (4) (295 mg, 93%) as a clear oil which solidified on standing.
frep. tlc (developing solvent, petrol(30-40)-ether; 70:30) and
crystallisation from petrol(30-40) at -78° gave analytically pure

material as white crystals, mp 51—61.50; Ymax (CDClE) 2980, 1705,

1520, 1400, 1245, 1230, 1170, 1150, 1135 and 10850m_1; & (cocl,) 1.4

(3 Hy, t, =THz, CUZCHZCEG), 4,05 (3 Hy s, N=le), 4.4 (2 H, g, I=7Hz,

+
CDZCﬂQCHS) and 7.0-7.8 (5 H, m, H3—H7); m/e 203(M", 100%), 188, 175 and

158 (Found: C, 70.70; H, 6.45; N, 6.75. 812H13N02 requires C, 70.92;

H, 6.45; N, 6.,89%),

Lithiation of 1-methylindole complex and reaction with

chlorobrimethylsilane

The complex (1) (534 mg, 2 mmol) was lithiated as before, and
chlorotrimethylsilane (228 mgy 2.1 mmol) in THF (5 ml) was added and
allowed to react at -78° (1 hour) before being warmed to room temper-—
ature. UWork-up as before, and chromatography (petrol-ether; 80:20
to 60:40) gave an orange oil (563 mg, 83%) which was crystallised

with petrol-gther to give triCarhonyl-(1]6-1-methyl—2-trimethylsilyl—

indole)=chromium{8) (7) (410 mg, 60%) as bright orange prisms, mp 105°
g
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(fFrom petrol-ether); Y max (00313) 1950, 1860, 1455, 1255, 1210, 1120,
1070, 835 and 625 cm '3 b (CDCL,) 0.35 (9 H, s, SiMe,), 3.7 (3 H, s,
NeMe), 5.0 (1 H, t, I=6Hz, HS), 5.45 (1 H, t, J=6Hz, HS), 5.95

(1 H, d, I=6Hz, H4L 6.35 (1 H, d, I=6Hz, HT) and 6.5 {1 H, s, HS);
n/e 339(m+), 269, 255(100%), 203 and 188 (Found: C, 53.33; H, 5.02;

N, 4.13. C CrMO,Si requires C, 53.083 H, 5.05; N, 4.13%).

15H17 3

1Methyl-2~trimethylsilylindole (9)

A solution of 1-methylindole (3.28g, 25 mmol) in ether {(5GC ml)
was added to n-butyllithium (30 mmol) in ether (50 ml) and the mixture
was heated under ref‘lux12 for 8 bours, After cooling to DD, a solution
of chlorotrimeth?lsilane (3.26g, 30 mmol) in ether (25 ml) was slouwly
added and allowed to react at OO (30 minutes) before water (10 ml) was
added. The organic layer was washed with water (2x50 ml) and the
aqueous phases were extracted with ether (2x25 ml). The combined
organic phases were dried and concentrated to give an orange oil,
distillation of which gave the title compound (9) (3.61g, 71%) as a
clear 1iq9id, bp 80-5" @ 0,06 mmHg ; Ymax (film) 2960, 1350, 1250,
1070, 840, 750 and 625 cm_1; 4] (c51a) 0.35 (9 H, s, Sim93), 3.7 (3 R,
s, N-Fe), 6.55 (1 H, s, H,) and 6.8-7.6 (4 K, m, H,~H,); n/e 203(n")
and 188(100%) (Found: C, 70,72; H, B,67; N, 6,94, C,.H,,NSi requires

1217
c, 70.88; H, 8,433 N, 6,89%).

Photochemical cleavage of 1-methyl-2—trimethysilylindole complex (7)

Photochemical decomplexation of the complex (7) (264 mg, 0,78 mmol)
in acetonitrile in the usual manner afforded 1-methyl-2—trimethylsilyl-
indole (9) (150 mg, 95%) as a clear oil which was identical (%tle, ir,

4 nmr and mass spectrum) to the authentic material prepared above,.

Lithiation of 1-methylindole complex under different conditions

The lithiation of 1-methylindole complex (534 mg, 2 mmol) was

carried out in the manner previously described and under the conditions
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outlined in Tabie 1 (Page 91), The reaction was quenched with
chlorotrimethysilane and the usual work-up and chromatography (petrol-
ether) gave the mixture of trimethylsilylated complexes (7 and 8).
Phntochemicai decomplexation of these compounds gave a mixture of the
free indoles, the composition of which was determined by integration

of the relevant signals in the Y nme.

General Procedure for the preparation of 7-substituted 1-meihyl~-2-

trimethylsilylindole complexes (11)

To a solution of 1-methylindole complex {801 mg, 3 mmol) in THF
(100 m1} and THMEDA (2 ml) at =78° was added n~butyllithium (3 mmol).
After 1 hour, chlorotrimethylsilane (358 mg,3.3 mmol) was added and
allowed to react at —78° (1 hour) before p-butyllithium (3,5 mmol) was
added, After 1 hour at -780, a solution of the dry, redistilled
electrophile in THF (10 ml) was added and was allowed to react at -78°
(30 minutes) before warming to room temperature., Dilute hydrochloric
acid (10 ml of 1M soln.) was added and the organic layer was washed
with water (3x50 ml), The aquesous layers were extracted with esther
(3x25mt) and the crganic phases were combined, dried and concentrated,
Chromatography (eluant was a gradient of petrol-ether) gave the

products described belouw.

Tricarbonyl—(nﬁ—?—ethoxvcarhonyl-1—methyl—2—trimath9511ylindole)

chromium(d) (10)

The reaction was performad, as described above, with ethylchloro-

formate (400 mg, 3.7 mmol)}. Chromatography (petrol-ether; 100:0 to
B5:15) gave a recd 0il which was crystallised with petrol to give the
title complex (10) (825 mg, 67%) as red crystals, Recrystallisation
from di-isopropylether-petrol gave analytically pure, X—Ray crystallo=
graphic material as red nesdles, mp 107°; Y., (cocl,) 1960, 1885, 1710,

1245, 1190, 1130, 1100, 635 and 615 o '; 6 (COCL;) 0.35 (9 H, s, SiMe,),
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1.45 (3 H, t, Jx7Hz, CO CHZCﬁa), 3.85 (3 H, s, N-Me), 4,45 (2 H, q,

2
I=7Hz, CUZEEQCHS), 4,95 (1 H, t, IJ=6GHz, HS), 6.05 (1 H, d, I=6Hz),

6.5 (1 H, dy J=6Hz) and 6.55 (1 H, s, H3); m/e 411 (mh), 355, 327(100%),

312, 275, 255, 230 and 214 (Found: C, 52.763 H, 5.16; N, 3.42, CigMan
CrNO.Si requires C, 52,545 H, 5.14; N, 3.40%). Crystal data: Crystals

of (10) C1BC21CrNDSSi are orthorhombic, a = 23.694(6), b = 17.616(5},

[~} Q
¢ = 9.683(2) A, U, = 4042 A3; spacegroup Pben, Z = 8, Of the 2080

independent reflections ( e=ssu°) measured on a diffractometer using
Cufﬁ(l radiation, 560 were classified as unobserved, The structure
was solved by the heavy atom method and refined anisotropically to

give a current R = 0,051,

7—Ethoxycarbonyl=1=-methyl=-2-~trimethylsilylindole (13,R=C02Et)

Photolytic cleavage of the complex (10) (800 mg, 1.95 mmol) gave
the title compound (13, R:CDzEt) (482 mo, 90%) as a clear oil, prep.
tlc of which (petrol (30-40)-ether; 50:50) gave amalytically pura

material; Y__  (CHCl,) 2950, 1700, 1440, 1360, 1340, 1300, 1200, 1100,

1070, 875 and 680 cm_1; 6 (coc13) 0.4 {9 H, s, SiNBS), 1.4 (3 H, t,

2 CH, Cly o CHyCH ),

6475 (1 Hy sy Hy)y 7.05 (1 Hy t, 3=7Hz, H) and 7.5-7.8 (2 H, m, H

J=7Hz, CO.CH.CH.), 3.9 (3 H, s, t=Fe), 4.4 (2 H, q, X=7Hz, CO
4
and HG); m/e 275 (m*, 100%), 260, 230 and 214 (Found: C, 65.483 H, 7.77;

Ny, 5,05, C NO,5i requires C, 65.41; H, 7.68; N, 5.09%),

15M21

1,7~Dimethyl-2—trimethylsilylindale (13,R=Ma)

The general procedure was carried out with an excess of methyl
iodide (3.0g). The usual work-up and chromatography (petrol-ether;
90:10 to 70:30) gave, by 'H nmr, a mixture of 7- and 4~ methylated
products in the ratio of ca. 5:1. Photochemical decomplexation of
this mixture and careful chromatography (petrol-ether; 100:0 to 95:5)

gave a sample of pure 1,7-dimethyl-2-trimethylsilylindole (13, R=Me)

as fine white needles, mp 109-110° (from petrol at -780), prep. tlc of
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which (petrol (80-40)-ether; 95:5) gave analytically pure material;
Yrax (CH513) 2950, 1450, 1305, 1110, B65, 835 and 660 cmﬂq; 6 (CDC13)
0.4 (9 H, s, Siﬂea), 2,75 (3 H, s, Me), 4.1 (3 H, 5, N=-Me), 6.6

(1 Hy 5, H,) and 6.8-7.5 (3 H, m, H,~H.); m/e 217 (M") and 202(100%)

(Found: C, 71.74; H, 8.85; N, 6.40. NSi requires C, 71.83;

Cisthg
Hy 84815 N, Go44%).

Tricarbonyl={M81-methyl-7=(phenylhydroxymethyl)=2—trimethylsilylindale )=

chromiym(@) (11, R=CHOHPh)

The usual procedure was carried cut with benzaldehyde (400 mg,

3.77 mmol). The usual work-up and chromatography (petrol-sther; B85:15
to 70:30) gave the title complex (840 mg, 63%) as orange prisms, mp
149°(dec. ) {from petrol-ether); Y max (c0013) 3580, 1950, 1860, 1445,
1240, 1100, 1065, 830 and 620 cm'1; 4] (CDC13) 0.4 (9 H, d, Simes), 3.55

and 3.75 (1 H, d, J=4Hz, disappears on addition of D.0, OH)}, 3.8 and

2

4,1 (3 Hy sy N=Fe), 4.8~5.8 (2 H, m, and Hﬁ), 6e2-6.7 (3 Hy, m,

Fg
5 5y H, and CHOHPh) and 7.2-7.6 (5 H, m,

Ph); m/e 445 (m*), 429, 361, 345, 309 and 293(100%) (Found: C, 59,223

simplifies on addition of 0,0, H

Hy 54173 N, 3.14. C CrNG,Si requires C, 59.315 H, 5.20; N, 3.14%).

22H23

1=Methyl=7—(phenylhydroxymethyl)}=2-trimethylsilylindole (13, R=CHOHPh).

Photolytic cleavage of the complex {11, R=CHOHPh) (300 mg, 0.67
mmol) in THF gave the title compound (185 mg, 89%) as white crystals,
mp 110° (from petrol at -78%), prep, tlc (petrol (30-40)-sther; 90:10)

of which gave analytically pure materialj Y nax (CDClS) 3500, 2950,

1445, 1310, 1250, 1075, 810 and 645 Cm—1; ) (c0013) 0.35 (9 H, s, Simez),

2.6 (1 Hy d, 3=5Hz, OH}, 3.9 (3 H, s, N=-Fe), 6.4 (1 H, d, I=SHz,

CHOHPh), 6,65 (1 H, s, HS) and 6.8,7.6 (8 Hy, m H,~H, and Ph); n/e

4

309{M", 100%) and 292 (Found: C, 73.50; H, 7.53; N, 4.37. C,.H_.NOSi

1923
requires C, 73.743 H, 7.49; N, 4.53%),
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Tricarbonylw(ﬂsv-T—(1'—hydroxypropn2'—enyl)-1—methyl—Z—trimethylsily1—

indole)chromium{0) (11, R:CHDHCH:CHZ).

The general proceﬁure, described previously, wasﬁperfnrmed with
acralein (207 mg, 3.7 mmol), Chromatography {(petrol-ether; 85:15 to
60:40) and crystallisation with petrol afforded tAe title complex
(11, R=CHOHCH=CH,) (710 mg, 60%) as orange crystals, mp 155° (dec.)

(from petrol-ether)s Y (c0013) 3580, 2970, 1950, 1860, 1445,

1405, 1380, 1295, 1250, 1100, 1070, 980, B30 and 620 cm '3 6 (coc,)

max

0,35 (2 H, s, 51m93), 2.2-2,3 (1 H, m, disappears on addition of
D,0, OH), 3.85 and 4,05 (3 H, s, N~Me), 4,8~6,5 (7 H, m, H,~He and
QﬂDHCﬁ;EﬂQ) and 6.45 (1 H, s, HS); m/e 395(m+), 389, 339, 323, 311
(100%), 285, 259 and 243 (Found: C, 54.50; H, 5.29; N, 3.52.

C,gH,4CrN0,Si requires C, 54.67; H, 5,35; N, 3.54%),

7—{1'=hwdroxyprop-2 '—enyl )=1—methyl-2-trimethylsilylindole

(13, R=CHUHCH=CH2)
Photolytic cleavage of the complex (11, R=EHDHDH=CH2) (200 mg,
0,5 mmol) in THF gave the title compound as a clear unstable oil, {120mg, 92 %),

prep. tlc {petrol-ether; 90:10) of which gave analytically pure materialj;

Y, (COCly) 3590, 2960, 1445, 1400, 1300, 1060, 980, 810 and 660 em 3

) (00013) 0.4 {9 H, s, SiﬂeS), 2,05 (1 H, d, =64z, OH), 4.15 (3 H, s,

4=g
n/e 2569 (") (Found: C, 69.763 W, B.35; N, 5.24,

NeMie )y Sa2-7.6 (7 Hy m, H,=H. and CﬂpHCﬁ;Cﬂg) and 6,65 (1 H, s, H3);
C15H21N051 requires
C, 69.45; H, B,16; N, 5.40%).

Banzenesulphenyl chloride

Benzenesulphenyl chloride was prepared according to the method of
Lecher and Holschneider37, bp 72° @ g mmHg (Lit.37, 735" {corr.) @

9 mmHg ).
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Tricarboﬁyl—(Tﬁi—1—methyl~7—phenylthio-?-trimethylsilylindole)

chromium(0) (11, R=5Ph)

The general procedure was performed with benzenesulphenyl

chloride (520 mg, 3.6 mmol), Chromatography (petrol-ether; 50:10 to
70:30) gave the title complex (11, R=5Ph) (680 mg, 51%) as golden-yellow
crys£als, mp 135-40° {dec.,) (from petrol-ether); Y ax (CDClS) 1950,
1880, 1250, 1090, 830 and 615 cm'; 6 (coc1,) 0.35 (9 4, s, SiMeS),'
4.0 (3 Hy, s, N-Me}, 5.05 (1 H, m, H5), 5.5 {1 Hy m, HG), 6.4 (1 H, m,
Hd), 6.5 (1 H, s, HS) and 7.1-7.4 (5 H, bs, Ph); m/e 447 (m+), 363

and 311 (100%) (Found: C, 56.27; H, 4.65; N, 3.08; S, 7.50. Cy1Hoq
CrNO,SSi requires €, 564363 H, 4.73; Ny 3.13; S, 7.16%).

Jemethyl~7-phenylthio~2-trimethylsilylindale (13, R=5Ph)

Photochemical decomplexatien of the complex (11, R=SPR) (320 mg,
0,72 mmol) in THF gave the title compound (190 mg, 85%) as a clear oil
which was crystallised from petrol (30-40) at ~78° to give white crystals,
hp 104,5-6", prep. tle (petrol(30-40)~ether; 90:10) of which qave
analytically pure material; Y _ (CDC13) 3060, 2950, 1580, 1440,
1305, 1105, 1070, 830, 805 and 635 cm-1; ) (coc13) 0.35 (9 H, s,
51m93), 4.1 (3 H, s, N=Me), 6,7 (1 H, s, H3) and 6.8-7.8 (8 H, m
Hy=Hg and Ph); m/g 311 (m*, 1065%) and 296 (Found: C, 69,473

Hy, 7.083 N, 4,33, NS51 requires C, 69.40; H, 6.79;3 N,

C1aM21
4,50%).

3=ilethylbut—-2—enyl bromide (3,3~dimethyallyl bromide)

The title compound was prepared by the method of Staudinger

£ 138. A solution of hydrogen bromide in glacial acetic acid

8t as
(32.4 ml of 45% w/v soln,, 0.18 mol) was added dropuwise to isoprene
(20 ml, 0,2 mel) cooled to DO. After the addition was complete, the

reaction mixture was stirred for 30 minutes and was then poured into

cold sodium hydroxide solution (300 ml of 2M soln.) The product
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settled out as a lower layer and this, and dichloromethane extracts
of the aqueous phase (3x25 ml) were washed with water (2x25 ml),

dried and concentrated to give an orange oil (21.0g). Distillation
gave 3-methylbut-2-enyl bromide {1B.4g, 69%) as a clear liquid, bp

8

52-5° @ 45 mmHg (Lit.°0, 26-33° @ 12 mm¥g).

Tricarbonyl—{ N® ~1—methy1-7=(3 '—methylbut—2 '~anyl )=2=

trimethylsilylindole)chromium(0) (11, H:CHQCH=CNe2)

The general procedure was carrvied out with 3-methylbut-2-enyl
bromide (1.19g, 8 mmol), Chromatography (petrol-sther; 90:10 to
70:30) gave the title gomplex (11, R:CHZCH=CM92) {530 mg, 43%) as
bright orange crystals, mp 119—200, (from petrol-ether); Y

(coc13) 1940, 1850, 1440, 1250, 1100, 830 and 620 cm—1; ) (EDEIS)

max

G.35 (9 H, s, SiMe3), 1.8 (6 H, bs, CH CH=Cﬂ92), 3.,5-3.8 (2 H, m,

2

CﬁQCHztmez), 3.9 (3 Hy sy N-Me), 5,0-5.5 (3 H, m, Hey He

Qﬁ:CNez),6.15 (1 #, dd, 3=6,2 Hz, H,) and 6.4 (1 H, s, H3); n/e

and CH2~

407 ("), 351, 328, 323 (100%) and 271 (Found: C, 59.07; H, 6.25;

N, 3.38. CrNO,5i requires C, 58.95; H, 6.18; N, 3.44%).

. CaghpsteNos

1-Methyl-7=(3'-methylbut-2'=enyl}2-trimethylsilylindole

(13, R:CHZCH=CMBZ)

Photolytic cleavage of the complex (11, -R=CH

]
ZCH=CP92)

(200 mg, 0.49 mmol) in THF gave the title compound (102 mg, 77%)
as a white crystalline solid, mp 106.5-107° (from petrol (30-40)
at -78°), prep. tlc (petrol (3D-40)-ether; 95:5) of which gave

analytically pure material; ¥

1070, 870, B40 and 660 Cm-1; ) (c0013) 0,35 (9 H, s, Simes), 1.7 (6 H,

ax (CHCIS) 2960, 2920, 1440, 1305, 1110,

_.2
MN-Me), 5.3 (1 H, bs, CHZCE;CMBZ), 6.55 (1 H, s, H3) and 6,8=7.6

bs, CHZCFECWEQ), 3,75 (2 H, d, I=7Hz, CH CH=CMe2), 4,05 (3 H, s,

(3 H, m, H4—H6);ﬂ/g 274 (M+, 100%), 256, 216 snd 198 (Found: C, 74.95;

Hy, 9.05; N, 5,12, C17H25N5i requires C, 75.213; H, 9.28; N, 5,16%).
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Desilylation of‘1—methy1~2—trimethylsi1ylindo1e (9)

To a solution of 1-methyl-2-trimethylsilylindele (1,40 g, 6.9 mmol)
in carbon tetrachloride (10 ml) at 0° was added a mixture (also at UG)
of trifluoroacetic acid (4,0 g) and water (8.0 g) and the resulting
2—phase mixture was stirred vigorously., The reaction was followed by
Ty nmr and was judged to be complete after 2,5 hours. Water (10 ml)
was added and the reaction mixture was neutralised with sodium
bicarbonate, The agueous layer was extracted with dichloromethane
(2x10 m1) and the combined organic phases were washed with sodium
bicarbonate solution (10 ml of 5% w/v soln.,) and water (10 ml)
before being dried and concentrated to an orange oil, Filtration
through silica (type 60H) with petrol gave 1-methylindole (724 mg,
80%) as a clear oil which was identical {tlc, "M nmr and ir) with

the authentic material previously prepared,

Desilylation of 7-ethoxycarbonyl—-1-methyl-2-trimethylsilylindele

(13,R=E02Et)

To a_solution of 7-ethoxycarbonyl-l-methyl-2-trimethylsilylindole
{623 mg, 2.27 mmol) in carbon tetrachloride (10 ml) at room temperature
was added trifluoroacetic acid (3.0 g) and water (1.5 g) and the
resulting 2-phase system was stirred vigorously., The reaction was
followed by "H nmr and was stopped after 2 hours. A similar work-up
to befare and chromatography (petrol-ether; 100:0 ta B85:15) gave 2
fractions:

(a) 7-ethoxycarbonyl-1-methylindole (23) (244 mg, S3%) as a

clear oil, prep. tle (petrol (30-40)-ether; 50:50) of which

gave analytically pure materialj ymax(CDEly 1700, 1320, 1260, 1220,
1200, 1135 and 1105 cm‘1; ) (coc13) 1.4 (3 H, t, 3=7Hz,
CDZCHZCEG), 3.85 (3 H, s, N-Me), 4.4 (2 H, q, I=7Hz, CO
6,55 (1 H, d, 2=3Hz, H3), 7.0 (1 H, d, 3=3Hz, H2), 741

2CHzCHy )y

(1 H, t, IJ=7Hz, He) and 7.6-7.9 (2 H, m, H, and H.); mn/e
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203 (m*, 100%), 175, 174, 158 and 156 (Found: C, 70.63;

Hy 6.475 N, 6.70. C12H13NU2 requires C, 70.92; H, 6,45

Ny 6.89%).

(b} 7-ethoxycarbonyl—2—-(7'—ethoxycarbonyl~1'—methylindolyl )}

~1-methyl-?,3~dihydroindole (25) (43 mg, 9%) as an orangs oil,

Y max 1700, 1450, 1365, 1200, 1130 and 1095 cm-1; 6 (cocl3)

1.4 (6 Hy gd, 2 overlapping CDZCHZCﬂG), 2.8 (3 H, s, saturated |
N-Me )}, 3.0~3.6 (2 H, m, CﬂQCP#Ind.), 3.85 (3 H, s, Indolic N-Me),
4.4 (4 Hy, m, 2 overlapping CO,CH,CHs), 6.7 (1 H, t, I=7Hz,
CHZCﬂrInd.) and 7.0-8.0 (7 H, m, Indolic H2 and Ar.); m/e

406 (M) and 404 (100%) (Found: M° = 406.1881.

. +
Co4Haghy0, requires M = 406,1892),

1-Methoxymethylindole

1-~Methoxymethylindole was prepared in 85% yield by the method

of Sundberg st 8113 to give a colourless oil, bp 88-93" @ 0.5 mmHg

13

(Lit. °, 69-71° @ 0.1 nmHg); Vnax {(film) 2920, 1605, 1505, 1455,

1385, 1305, 1225, 1180, 1095, 910 and 740 em]

;& (cocl;) 3.15
(3 Hy sy OMe), 5.3 (2 H, s, CH,~0Me}, 6.5 (1 H, d, I3=3Hz, HS) and

7.0-7.8 (5 H, m, H, and Ha—H?); m/e 161 (M*) and 130 (100%).

2

Tricarbonyl-{16 ~1-nethoxymethylindole Jehromium(0) (27)

Complexation of 1~-methoxymethylindole (403 mg, 2.5 mmol) with
cehromium hexacarbonyl (500 mg, 2.27 mmol) in the usual manner
afforded the title complex (27} (610 mg, 90% yield) as yellow prisms,
mp 153-5° (dec,) (from THF-ether-petrol) which were almost complstely
insoluble in any of the common nmr sclvents; Yiax (CHClg) 1955,
1870, 1440, 1295, 1120, 1095, 660 and 625 cm_q; m/e 297 (m*y, 266,
241, 213, 183, 161 and 130 (1005} (Found: C, 52.633 H, 3.69; N, 4.74.

C13H11CrND4 requires C, 52,535 H, 3,733 N, 4,71%).
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Tricarbonyl—(%68v2,7~di (trimethylsilyl )=1—methaxymethylindole )

chromium(0) (28)

n-Butyllithium (8 mmol) was added to a solution of 1-methoxy—

methylindole complex (1.188 g, 4 mmol) in THF (150 ml) and TMEDA

(2 m1) at -78°. After 1.5 hours, chlorotrimethylsilane (1.09 g,

10 mmol) in THF (10 ml) was added and was allowed to react at -78°

(30 minutes) before being warmed to room temperature. Ether (100 ml)'
was added and the reaction mixture was washed with dilute hydrochloric
acid (20 ml of 1 M solp.) and water (3x100 ml). The aqueous layers
were exiracted with ether (2x50 ml) and the combined organic phases
were dried and concentrated. Chromatography (petrol-ether; 90:10 to
70:30) gave the title complex (1.447 g, 82%) as orange crystals, mp

136=9° (from THF-ether—petrol); (coc13) 1950, 1870, 1375, 1250,

1200, 1160, 1110, 1080, B30 and 625 Cm—1; ) (c0013) 0.35 (9 H, s,

Ymax

CZ—SiMBs), 0.6 (9 H, s, C,

J=6Hz, H.), 5.4 (2 H, g, 3=11 Hz, CH,0Me), 5.55 (1 H, d, 3=6Hz, H),

—Siﬂes), 3.2 (3 Hy s, OMe), 4,85 (1 H, t,

6.5 (1 M, d, 3=6Hz, H,) and 6.6 (1 H, s, H.); n/fe 441 ("), 385, 357,

342 and 327 (100%) (Found: C, 51.53; H, 6.15; N, 3.17. €, H, . CrNO,Si

19 27 2

requires C, 51.68; H, 6.163 N, 3.175).

2,7=Di(trimethylsilyl)=1-methoxymethylindale (30)

Photochemical cleavage of the complex (28) (370 mg, 0.84 mmol) in
acetonitrile gave the title compound (245 mg, 96%) as white crystals,
mp 57-8° (from petrol (30-40) at ~78%), prep. tlc of which gave
analytically pure materialj; Yiax (CDClS) 2940, 2900, 1380, 1290, 1250,
1200, 1160, 1085, 1045, 825 and 640 cm"1; 6 (250 WMHz, CDElg) 0.38
7-sim93), 3.04 (3 H, s, OMe), 5.60
(2 Hy s, CﬁQDﬂe), 6,87 (1 H, s, HS), 7.07 (1 H, £, J=7Hz, H5), 7442

(9 H, s, c2-51m93), 0.46 (9 Hy s, C

(1 H, ddy I=11, 1.5 Hz, H6) and 7,62 (1 H, dd, =11, 1.5 Hz, Hd);
m/e 305 (m+, 100%), 275, 260, 230, 215, 200 and 185 (Found: C, 63.11;

Hy B.99; N, 4.68, C,_H_ ,NOSi

16"7 , Tequires C, 62,89; H, 8.9%; N, 4,58%)
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Tricarboﬁyl—(nﬁ-1—mathoxymethyl—7~triﬁethylsilylindole)chromium(D) (29)

E—Butyllithium (2 mmol) was added to a solution of 1-methoxy-
methylindole complex (594 mg, 2 mmol) in THF (80 ml) at -98° over a
period of 5§ minutes and was allowed to react at —980. After 1.25 hﬁurs,
a solution of freshly distilled chlorotrimethylsilane (543 mg, 5 mmol)
in THF (10 ml) was added and was allowed to react at ~ag° (15 minutes)
before being warmed to room temparature. Dilute hydrochloric acid |
(5 ml of 1M soln.) was added and the organic layer was washed with
water (3x50 ml). The agueous layers were extracted with ether
(2x50 ml) and the organic phases were combined, dried and concentrated.
Chromatography (petrol-ether; ©90:10 to 60:40) gave a mixture of the
2— (26} and 7- (29) trimethysilylated complexes (722 mg, 98%).
Crystallisation of this mixture mith'THF—ether-petrol gave the title
camplex (487 mgq, 66% overall yield) as orange crystals, mp 121-2°
(from THF—ether-petrol); Y nax (CHC13) 1955, 1875, 1135, 1110, 1040,
840, 660 and 625 cm_q; & (CDCl3) 0.45 (9 H, s, SiNES), 3.25 (3 H, s,
CMe), 4.5 {1 H, t, J=6Hz, HS), 5.35 (2 H, q, J=12Hz, CﬂQDMe), 5.45
(1 Hy, dy I=6Hz, HG), 6.35 (1 #, d, I=3Hz, HS), 6.45 (1 H, d, J=6Hz,

H,) and 7.15 (1 H, d, 3=3Hz, 1,); m/e 369 (m*), 338, 313, 285, 270
and 255 (100%) (Found: C, 51.973 H, 5.153 N, 3,77. C,.H CeNO,S1

1619
requires C, 52,023 H, 5.18; N, 3.79%).

1=Methoxymethyl—7—trimethyvlsilylindole (31}

Photolytic decomplexation of the complex (25) (4060 mg, 1.08 mmol)
in acetonitrile gave the title compound (225 mg, 89%) as a clear oil,
prep. tlc (petrol-ether; B85:15) of which gave analytically pure material;
Y, (CDCL.) 2940, 2900, 1520, 1410, 1375, 1300, 1250, 1210, 1185, 1090,
B30 and 640 cm_1; 6 (250 MHz, CDC13) D46 {9 H, s, Siﬂea), 3.16 (3 H, s,
OMe), 5.57 (2 H, s, CEQUNE), 6.6 (1 H, d, I=3Hz, H3), 7.12 {1 H, t,
J=GHz, HE), 7.2 (1 H, d, 3=3Hz, Hz), 7.44 (1 H, dd, 3=10, 1.5 Hz, HS)

and 7.66 (1 H, dd, J=10, 1.5 Hz, Ha); m/e 233 (m*), 218, 203, 188 and
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144 (100%) (Found: C, 66.71; H, 8.27; N, 5,88, C,4HqgNOSL requires

C, 66.90; H, 8.21; N, 6.00%),

Lithiaticn of 1-methoxymeihylindole comolex undar different conditions

The lithiation of 1-methoxymethylindole complex (27) with ons
equivalent of n~butyllithium was performed as described previously
and under the conditions outlined in Table 3 (Page 109). The reaction
was guenched with chlorotrimethylsilane, and the usual work-up and
chromatography {petrol-sther) gave the mixture of the 2- {26) and
7- (29) trimethylsilylated complexes. Photochemical decomplexation
of these complexes gava a mixture of the free indoles, the composition
of which was determined by the integration of the relevant signals in

the 1H 3THY

Tricarbonyl—(ﬂQ—1—methoxymethyl—?—(§‘umethylbut—2'—enyl)indglg

chromium(0} (36)

To a solution of 1-methoxymethylindole complex {1.188 g, 4 mmol)

in THF (150 ml) at -78° was added n-butyllithium (4 mmol). After 1

hour, a solution of 3-methylbut-—2~enyl bromide (894 mg, 6 mmol) in

THF (10 ml) was added and was allowed to react at —780(30 minutes) before
being warmed to room temperature. UWater (10 ml) and ether (50 ml) were
added and the organic layer was washed with water {2x50 ml). The
aqueous - layers were extracted with ether {2x50ml) and the organic

layers were combined, dried and concentrated. Chromatography (petrol-
ether; 95:5 to 60:40) gave the title camplex (36) (720 mg, 49%) as

bright yellow crystals, mp 102.5-103° {from THF-ether-petrol); Ymax
(CDc13) 2910, 1945, 1860, 1290, 1180, 1110 and 615 cm_1; ) (coc13)

1,75 (58 H, s, CH CH:Cﬂpz), 3.25 (3 H, s, OMe), 3.7 and 3,95 (2 H, d,

2

J=7Hz, CﬂQCH=CN92), 5,0-5,7 (5 H, m, Hey Hes 5

6.1 (1 H, dd, 3=6,1 Hz, H,), 6.35 (1 H, d, J=3Hz, H,) and 7.15 (1 H,

CH,Ch=CMe, and CH,0Me),

d, J=3Hz, HZ); m/e 365 (m*), 309, 281 and 249 (100%) (Found: C, 59,32;
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Hy 5.,25; N, 3.95, CigH19CTNG, requires C, 59.18; H, 5.24; N,

3,83%).

1-Methoxymethyl=7=(3'-methylbut—2'=enyl )indole (37)

Photochemical deceomplexation of the complex (36) (440 mg,
1.2 mmol) in acetonitrile gave the title compound (37) (251 mg, 91%)
as a clear oil, prap. tlc (petrol-ether; 55;45) of which gave

analytically pure material; (coci,) 2930, 1440, 1420, 1370, 1300,
Ymax 3

1210, 1180, 1115, 1085 and 635 cm-1; ) (c0c13) 1.75 (6 H, s, CH, Ch=

qmi), 3.2 {3 Hy s, OMe), 3.8 (2 H, d, I=6Hz, CﬂQCHzﬁmez), 5.35 (1 H, t,

J=5Hz, CHZCﬂ;cmBz), 5.45 (2 H, s, CﬂQDMe), 6.5 (1 H, d, I=3Hz, H3) and

7.0=7.7 (4 Hy my H, and H,~H); p/e 229 (%), 197, 182 (100%) and 154

2

(Found: C, 78,333 H, 8.30; N, 6,10, NO requires C, 78,563

CisM1g
He 8.35; N, 6.11%).

Tricarbonyl—(nﬁ—indole)chromium(0)22 (38)

The cemplexation of indole (2.16 g, 18,5 mmol) with chromium
hexacarbonyl (3.70 g, 16.8 mmol) under the usual conditions gave the
title compound (38) (3.61 g, 85%) as yellow crystals which did not have

a clear melting point, but which darkened at ca, 95°,

Tricarbonyl—(N%1—t-butyldimethylsilylindole Jehromium{0) (39)

s

To a suspension of potassium hydride (440 mg, 11 mmol) (washed
free of o0il with dry petrol (3x25 ml) ) in THF (40 ml) was added a
solution of indole complex (38) (2.0 g, 7.9 mmol) in THF (60 ml).
After the evolution of hydrogen had ceased (Eg. 15 minutes), a solution
of t-butyldimethylsilylchloride {1.21 g, 8 mmal) in THF (10 ml) was
added. Tlec {(dichloromsthane) indicated that the reaction was complste
within 5 wminutes and the excess potassium hydride was quenched with a
mixture of agueous pH=7 buffer solution and THF (20:&0,25 ml}. The
organic layer was washed with buffer solution (25 ml) and water

(3x25 ml), The aqueous layers were extracted with ether (2x25 ml)
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and tha organiciphases were combined, dried and concentrated to
ca, 10 ml, Crystallisation with the aid of petrol afforded the
title complex (39) (2.41 g, 83%%) as bright yellow crystals, mp 143°

(dec.) (from ether-petrol}; Y ax (ether) 1945, 1870, 1020, 665 and

625 cm-1; ) (CDCl3) 0.55 (3 H, s, Siﬂgﬂeaut), 0.75 (3 H, s, SiMemgput),

0,95 (9 H, s, SiMe ggf), 449-5.4 (2 H, m, H_ and HE), 6.0-6.3 (2 H, m,

2 5

H, and H7), 6.35 (1 H, d, I=tHz, HS) and 7.15 (1 H, d, J=4Hz, Hz);

m/e 367 (m*), 311, 283 (100%), 231 and 227 (Found: C, 55.53; H, 5.75;
— b}

N, 3.80. C,.H,CrNO.Si requires C,.55.57; H, 5.76; N, 3.81%).

Tri—isoprnpylsilylchloride24

Tri-isopropylsilane, preparsd in 70% yield by the method of
Mamektin gﬁ_gi?g, (85.5 g, 0,54 mol) and anhydrous copper{II) chlaride
(16041 g, 1.19 mol) were heated at reflux in dry acetonitrile for 16
hours, After cooling, the reaction mixture was extracted with dry petrol
(4x15C ml), Concentration and distillation gave tri-isopropylsilylchlor-
ide (83,97 g,81%) as a clear liquid, bp 68-70° @ 7 mmtg (Lit., 88=-92°

@ 18 mmHg>"s 82-5° @ 15 mmHg L),

Preparation of tricarbonyl-(Nbi-tri-~isopraoylsilylindale )echromium(0)

(41) via the indole complex (38)

rirra———

Using a similar procedure to that described for the preparétion of
complex (39), indole complex (38) (2.10 g,8.3 mmol) was reacted with
potassium hydride (530 mg, 13.3 mmol) and tri-isopropylsilylchloride
(193 gy 10 mmel). A similar work-up to before and crystallisation

with the aid of petrol gave tricarbonyl~{Mf-1—tri-isopropylsilylindole)

chromium(0) (41) (3.05 g, 90%) as bright yellow cystals, mp 138-40°
(From di-isopropylether-ether~petrol); yﬁax(CHClj) 2950, 2870, 1955,
1860, 1430, 1270, 114D, 1105, 880 and 630 cm?1 d (250 MHz, CDC13) 1.2
(18 H, d, Si(CHﬂpZ)S Y, 1.7 (3 H, m,'51(0ﬂm92)3 )y 5.15 {1 H, t, I=6Hz),

5.3 (1 Hy t, J=6Hz), 6,25 (2 H, d, I=6Hz, H, and H7), 6.45 (1 H, d,
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| 3=4Hz, HS) and %,3 (1 H, d, J=4Hz, HE);'E/E 409 (%), 325, 273
and 230 (100%) (Found: C, 58,.85; H, 6.69; N, 3.43. C, gHo7CrNO,Si

requires C, 58.65; H, 6.65; N, 3.42%).

1=Tri~isopropylsilylindole (42)

n=8utyllithium (30 mmol) was added to a solution of indole
(2,93 g, 25 mmol) in THF (70 m1) at =20, After 1 hour, a solution
of tri~isopropylsilylchloride (5.78 g, 30 mmol) in THF (20 ml) was
added and was allowed to react at —20° {1 bour) before being warmed
to room temperature., The solution was concentrated to ca, 30 ml and
was washed with water (2x50 ml)., The aqueous layers were extracted
with ether {2x25 ml)} and the organic phases wers combined, dried and
concentrated. Distillation of this compound (bp 140° @ 0.2 mmHg )
led to an excessive loss of product (S54% yield), Traces of solvent
and other volatile impurities were removed from the crude product by
heating (EQ. 600) under vacuum for 15 hours to give the title compound
(6.85 g, 100%), identical (ir and 'H nmr) %o the distilled material,
as a red oil, prep. tlc {(petrol (30-40)-cther; 95:5) of which gave
analytically pure materialj Ymax (CHCl3) 2940, 2870, 1520, 1458, 1270,
1140, 1015, 885, 740, 690 and 660 cm—q; ) (coc13) 1.1 {18 H, d, I=BHz,
Si(CHﬂpz)a), 1,4=2,0 (3 H, m, Si(Qﬂﬁez)S), 7.55 (1 H, d, J=3Hz, H3)

and 6.,95~7,7 (5 H, my, H, and H )s m/e 273 (m+), 230 {100%), 202,

2 Pl

188, 174 and 160 (Found: C, 74.363 H, 10,05; N, 5,15, Cy oH,oNSL

requires C, 74.663 H, 9,953 N, 5.12%).

Complexation of 1-tri-isopropylsilylindole

The reaction of distilled 1-tri-isopropylsilylindole {(42)
(683 mg, 2,5 mmol) and chromium hexacarbonyl (500 ma, 2.27 mmol)
under the usual conditions afforded 1-tri-isopropylsilylindole complex
(41) (809 mg, 87%) and reaction of the crude 1-tri-isopropylsilylindole

(1.49 g, 5.46 mmol) with chromium hexacarbonyl (1.0 g, 4,55 mmol) gave
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the same complex (41) (1.58 g, 85%) as bright yellow crystals, mp
137-9° (dec.) (from ether-petrel), with the same spectral properties
as those reported previously (Found: C, 58,91; H, 6.623 N, 3,40, Calc,

for C, H, CoNO,Si C, 58.65;H, 6.65; N, 3.42%).

General procedure for the preparstion of 4-substituted

1-tri-isopropylsilylindole complexes {57)

n—Butyllithium (4 mmol) was added to a solution of 1-tri-
isopropylsilylindole complex (41) (818 mg, 2 mmol) in THF (70 ml)
and TMEDA (1 ml) at -78°, After 3 hours, a soluticn of dry, redistilled
electrophile in THF {10 ml) was added and was allowed to react at -78°
(15 minutes) before being warmed to room temperature. Agueous ammonium
chloride solution (10 ml of 15% w/v soln.) was added and the organic
layer was washed with water {3x25 ml). The aqueous layers were extracted
with ether (2x25 ml) and the erganic phases were combined, dried and
concentrated. Chromatography (eluant was a gradient of petrol-dichloro-
methane) gave the crude isomeric mixture of products, Crystallisation

of this mixture with petrol gave the 4-substituted complex (57),

Tricarbonyl—(nﬁ-d—ethoxycarbunyl—1—tri—isopropylsilylindole)

chromium{0) (44)

Complex {(41) (409 mg, 1 mmol) was lithiated as described above

and was reacted with an excess of ethylchlorofcrmater(2 ml)s The
usual work-up and chromatography (petrol-dichlereomethane; 80:20 to
50:50) and crystsllisation gave the title complex (289 mg, 60%) as
orange-red crystals, mp 134-G° (from THF-ether—petrol); Y ., (€0CL,)
2950, 2870, 1960, 1880, 1705, 1280, 1150, 1090 and 1010 cm-1; 6
(CDE13) 1.0-2.6 (21 H, m, 51(;rpr%), 1.5 (3 H, t, 3=7Hz, C02CH2Cﬂ5),
4,4 (2 Hy q, I=7Hz, CUZC5QCH3), 5.05 (1 H, t, J=GHz, HG), 5,95

(1 H, d, J=6Hz, HS), 6.4 (1 H, d, I=6Hz, H7), 7.0 (1 H, d, F=3Hz, Hé)

and 7.35 {1 H, d, J=3Hz, H2); m/e 481 (m+), 397 (100%), 345, 326 and
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302 (Found: C, 57,415 H, 6,495 N, 2,89, [, H,,CrNO-Si requires

Cy 57.363 H, 6,495 N, 2,91%).

4-Ethoxycarbonyl-l=tri~isopropylsilylindole {53)

Photolytic cleavags of the complex (44) (250 mg, 0,52 mmol) in

THF gave the title compound (150 mg, 84%) as a clear oil, prep. tlc
(petrul(3D—40)—ether; 50:50) of which gave analytically pure materialj
Yoax (ch13) 2940, 2870, 1690, 1440, 1280, 1150, 1095 and 1015 cm_1;
§ (250 MHz, c0c13) 1.15 (18 H, d, I=7Hz, Si(CHﬂgz)S), 1,47 (3 H, t,
X=7Hz, CDQCHZCﬂﬁ), 1.72 (3 H, h, Si(c5me2)3), 4,46 (2 H, q, J=THz,
C02C§2CH3), 7.2 (1 H, t, I=6Hz, He)s 7433 (1 H, dd, 3=3, 0.8 Hz, Hy)s
7.4 (1 H, dy, I=3Hz, H2), 7.7 (1 H, dt, 3=7, 0,8 Hz, H7) and 7,93

(1 H, dd, 3=7,0.8 Hz, H5); n/e 345 (m*), 302 (100%), 274 and 256

(Found: C, 69,473 H, 9.04; N, 4.24, NG,51 requires C, 69.52;

Cootan
H, 9.045 N, 4.05%).

4—Ethoxycarbenylindole (54)

To a solution of 4-sthoxycarbonyl-1-—tri~isopropylsilylindole (53)
(110 mg, 0,32 mmol) in THF (5 ml) at 0° was added TBAF (0.7 ml of a
1 M soln., 0.7 mmol). Tlc indicated that reaction was complete
within 5 minutes, ©Oichloromethane {10 ml) was added and the reactiaon
mixture was washed with water (3x10 ml). The aqueous layers ware
extracted with dichloramethane (10 ml) and the organic phases were
combined, dried and concentrated. Chromatography (petrol-dichloromethane)
afforded 4-ethoxycarbonylindole (60 mg, 100%) as white crystals, mp

70-1° (from ethanol-petrol) (Lit."’

, 70-1°); Y. (COCL) 3480, 1700,
1340, 1270, 1180, 1145 and 1070 cm"1; 4] (00013) 1.45 (3 H, t, I=7Hz,

co CHZCEG), 4.4 (2 Hy, g, IX=7Hz, CC,CH CH3), 7.0-8.0 (5 H, m, Hy, H

2 27— 3
and H5~H?) and 8,2-8,8 (1 H, bs, NH); m/e 189 (w, 160%), 174, 161 and
144,
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Tricarbonyl={M®1—tri-isopropylsilyl-4=trimethysilylindols )

chromium(0) (45)

1=Tri-isopropylsilylindole complex (41) (818 mg, 2 mmol) was

lithiated using the usual procedure and was reacted with chloro-
trimethylsilane (500 mg, 4.6 mwol) to give, after work-up, chroma-
tography (petrol-dichloromethane; 90:10 to 70:30) and crystallisation,
the title complex (45) (540 mg, 56%) as orange crys£als, mp 145° |

(dec,) (From ether-petrol); Yinax (EHE13) 2950, 2870, 1950, 1B65,

1370, 1135, 840 and 625 cm_1; 5(50513) 0.45 (9 H, s, SiMeS), 1.0-2,0

(21 H, m, Si(irpr)s), 4.8-5,3 (2 Hy my H. and Hﬁ), 6.4 (2 H, m, H, and

5 3
H7) and 7.35 {1 H, d, I=4Hz, Hz); m/e 481 (m*), 425, 397, 345 (100%),

302 and 238 (Found: C, 57.633 M, 7.36; Ny 2.92. C,,H..CrNOSi, requires

Cy, 57.343 H, 7.32; N, 2.,91%).

1-Tri—isbpropy;si1y1—4—trimethylsilylindole (46)

Photochemical decomplexation of the complex (45) (260 mg, 0.54 mmol)
in THF gave the title cempound (48) (173 mg, 93%) as a colourlass oil,
prep, tlec ﬁpetrol {(30-40)-ether; 95:5) of which gave analytically pure
materialj; Y max (CDCla) 2920, 2870, 1395, 1275, 1145, 1020 and B30 cm_1;

8 (250 FMHz, c0813) 0.4 (9 H, s, SiﬂeS), 1.15 (18 H, d, 2=7Hz, 51(055?2)3),
1.7 (3 H, m, Si(CﬂNei)S), 6.75 (1 H, dd, 3=3,0.8 Hz, H3), 7.13 (1 H, t,
3=6Hz, HG), 7.25=7.3 (2 H, m, H, and H5) and 7.54 (1 Hy dt, 3=6,0,8 Hz,

H,)3 m/e 345 (M, 100%), 330 and 302 (Found: C, 69.21; H, 10,155 N,

3.89, C, H,-NSi, requires C, 69.49; H, 10.21; N, 4.05%).

4-Trimethylsilylindole (56)

To a solution of complex (45) (300 mg, D.62 mmol) in THF (5 ml)
at 0° was added TBAF (1.2 ml of a 1M saoln., 1.2 mmol), Tlc indicated
that reaction was compléte-within 10 minutes, Dichloromethane {20 ml)
was added and the reaction mixture was washed with water {3x10 ml).

The aqueous layers were extracted with dichloromethane (10 ml) and
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the organic phakes were combined, dried and concentrated, Decomplex—

ation with pyridine followed by chromatography (petrol-ether; 90:10 to
50:50) gave the title compound (56) (101 mg, 86%) as white crystals, mp
65~6" {from petrol) which was not depressed on mixing with a sample of
4=trimethylsilyl indole prepared via an alternative routeaz. Prep.

tle and crystallisation (from petrol{30-40) at ~78%) of this compound
afforded analytically pure material; Ymax (CDClS) 3490, 1395, 13&5,.1260,
1155, 1140, 1108, 835 and 640 cm_1; 6 (250 MHz, ch13) 0.4 (9 H, 3, SiNe3),

6,68 (1 H, bs, HS), 7.15-7.3 (3 H, m, H,, H. and Hﬁ), 7.4 (1 H, d, I=6Hz,

22 5
H,) and 8.1-8.2 (1 W, bs, WH); m/e 189 (#") and 174 (100%) (Found: C,

69.78; H, B.01; N, 7.36. C M, .N5i requires C, 69.783 H, 7.99; N, 7.40%).

Tricarbmgyl~(ﬂQﬂ~methoxycarbonyl-1—tri—isopropylsilylindole)

chromium{0) (57,R=C0,Ma)

Complex {41) was lithiated by the usual procedure and was reacted

with methychloroformate (500 mg, 5.3 mmol). The usual work~up and

chromatography (petrol-dichloromethane; 85:15 to 70:30) gave a red oil

(760 mg) which was crystallised with petrol~ether to give the title

complex (550 mg, 59%) as red crystals, mp 100-1° (from petrol-ether);
Y, (COC1,) 2940, 2870, 1960, 1880, 1710, 1420, 1285, 1190, 1150,

1095 and 1015 cm_1; ) (50513) 1,0-2,0 (21 H, m, Si(irpr)3), 4,0

(3 H, s, CDZMB), 5.1 {1 M, t, stéz, Hﬁ), 6.0 (1 H, d, J=6Hz, Hs),

6,5 (1 H, d, 2X=6Hz, H7), 7.1 (1 H, d, 3=3Hz) and 7.,45(1 H, d, I=3Hz);

n/e 467 (M7), 411, 383(100%),331 and 288 (Found: C, 56.74; H, 6.33;

N, 2.96. C,,H,oCrNO-S5i requires €, 56,5135 H, 6.25; N, 3.00%).

4~Methoxycarbonylindole (58,R=802Ne)

Desilylation of the complex (57,R=C02Me) (280 mg,0,6 mmol) in
THE (5 ml) with TBAF (1,2 ml of 1/ soln., 1.2 mmol) under the usual
conditions followed by decomplexation with refluxing pyridins and

chromatography (petrol-dichloromethane; 100:0 te G:100) afforded
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4-methaxycarbonylindale (58,R=802Me) (8BS mg, 81%) as white crystals,

41, 43, 640,

mp 68-9° (from methanol-petrol) (Lit. 67-97); Y

max

(cocl,) 3470, 1700, 1430, 1335, 1278, 1190, 1140 and 1070 e g

6 (c0013) 3.9 (3 H, s, cuzme), 7.0-8.0 (5 H, m, Hys H, and HS—H7)'
and 8.3-9.0 (1 H, bs, NH); m/e 175 ('), 144(100%) and 116.

4-Phenythioindols (58, R=SPh)

1=Tri~isopropylsilylindole complex (41} (1.636 g, 4 mmol) was

lithiated by the conditions described previously and was reacted with
benzenesulphenyl echloride (1,20 g, 8.3 mmol)., The usual work-up and
chromatography (petrol (60-80)-dichloromethane; 90:10 to 70:30) gave
an orange oil (1,55 g) which was unstable and could not be induced to
crystallise., Desilylation of this material in THF (15 ml) with TBAF
(5 m1 of 1 # soln., 5 mmol) followed by photochemical decamplexation
and chromatography {petrol-ether; 85:15 to 70:30) gave the title
compound {58,R=5Ph} (230 mg, 26%) as a yellow oil, prep. tlc {petrol

(30-40)=-ether; 50:50) of which gave analytically pure materialy vV (cocis)

max

3480, 1580, 1410, 1330, 1190, 1135, 1100, 1076, 1030, 850 and 640 cm '

gr Hgs Hg

and Ph), 7.35 (1 H, dt, =7, 0.BHz, H7) and B8.,1~8.3 (1 H, bs, NH);

6 (250 fHz, COCL;) 6454 (1 H, my Ho)y 7.1=7.3 (8 H, m, H

m/e 225 (m+, 100%) (Found: C, 74.523 H, 4.97; N, 6,18, Cpabqq NS

requires C, 74.63; H, 4.925 N, 6.22%).

Tricarbnnyl—(nﬁ—d—(S'-methylbut—2‘—enyl)-1—tri—iggpropylsilylindu1e)

chromium(0) (57,R=CH2CH=CM92)

1=Tri~-isopropylsilylindole complex (41) (1.636 g, 4 mmol) was

lithiated, as previously, and was reacted with 3~methylbuyt-—2-enyl
bromide {2.40 g, 16 mmol), The usual work-up, chromatography (petrol
(60-80 )=dichloromethane; 95:5 to 80:20) and crystallisation of the

first fractions gave the title complex (689 mg , 36%) as orange crystals,
mp 112-113.5° (from ether—petrol); Vyax (COCL:) 2930, 2880, 1945, 1860,

1445, 1420, 1270, 1145, 1105 and 1010 cm '3 & (CoCl,) 1.0-2.8 (21 H, m,

157



Si(irpr)g), 1.8+(6 H, s, CHZCH=cmg2), 3.6 (2 Hy bd, I=8Hz, CH, CH=
Cmez), 4,9-5.4 (3 H, m, Hgs He and CHzCﬁ;CMaz), 6.1 (1 H, d, J=6Kz,
H7), 6.45 (1 Hy, dy I=4Hz, HS) and 7.25 (1 H, d, 3=4Hz, Hz); n/e
477(M"Y), 461, 393 and 341(100%) (Found: C, 63.19; H, 7.443 N, 2,94,

C25H35CrN035i requires C, 62,87; H, 7.39; N, 2.93%).

4={3'~Methylbut—2'~enyl )indole (58, R = €H, CH=CMe,, )

The complex (57, R = CH CH:CMez) (240 mg, 0.5 mmol) was desilylated

2
of
with T8AF (0.8 ml/18 soln., 0,8 mmol) and the product was photochemically

decomplexed in acetonitrile to give, after purification by prep. tlc
(petrol(30-40)-ether; 70:30), the title compound (88 mg, 95%) as a
clear oil which had thé same spectral properties (1H nmr and ir)

as those reported by Plieninger g&hglﬁa; Y nax (CCla) 3490, 2980,

2910, 2880, 150G, 1430, 1405, 1335, 1145, 1100, 1G75, 900 and 715 cm“1;

6 (cc1a) 1.7 (6 Hy s, CH EH=cgg2), 3.55 (2 H, d, J=THz, CﬂQCH=CN92),

2

ZCE;CMBZ), 6.4 (1 H, m, H3),6.6-7.1 (4 H, m, H, and

HS-HT) and 7.,2-7.6 (1 H, bs, NH); m/e 185 (Y, 170, 155, 154, 143,

5,35 {1 Hy my, CH

130 and 117.

3—(Dimethylaminomethyl)indole {(gramine)

3={Dimethylaminomethyl )indole was prepared in 97% yield by the
method of Snyder et alaS and was dried in a vacuum oven at 60° to

give material with mp 126-8° (Lit.*° 127-8°).

3—(Dimethylaminomethyl )=1-tri~isopropylsilylindscle (61)

3—{Dimethylaminomethyllindole (871 mg, 5 mmol) was N—tri-~isopropyl-
silylated using the same procedure as that described for indole
(Page 152 ) to give the title comgound (61) (1.63 g, 99%) as an orange
0il, prep. tlc {(alumina F-254 (Type E); developing solvent, petrol-
ether; 50:50) of which gave analytiecally pure material; Y max (CDClS)

1

2930, 2870, 1445, 1305, 1135, 1015, 850 and 640 cm ' & (coc13)

1.0-2.0 {21 H, m, Si(irpr)3), 2.25 (6 H, s, NWGZ), 3.6 (2 H, s,
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‘ ‘ : +
CH,NMe,) and 7.8-7.8 (5 H, m, H, and H,~H,); m/e 330(1M") and

2

286{1056%) (Found: C, 72.46; H, 10.46; N, 8,62. C,.H

20 34N251 requires

Cy 72.66; H, 10.37; N, B.47%),
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