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ABSTRACT

The synthesis of [2,3]-fused indoles from an existing indole unit 

is reviewed.

Several alkyl 2-azido-3-(indol-3-yl)azidopropenoates with various 

substituents were prepared,and their thermolyses in refluxing hydro

carbon and other solvents were investigated. It was shown that 

depending on the indole-2-substituent, pyrrolo[2,3-b]indoles, pyrido- 

[3,4-b]indoles (e-carbolines) or azepino[4,5-b]indoles could be obtained 

from these reactions. A mechanistically revealing intermediate in the 

formation of azepino[4,5-b]indoles was isolated. Some of the chemistry 

of these fused indoles was also investigated.

Numerous unsuccessful attempts to develop an alternative route to 

the azidopropenoates are described, some of which gave unexpected 

products.



To  C a r o l ,  a n d  my p a r e n t s  i n  

g r a t i t u d e  f o r  t h e i r  p a t ie n c e



4

ACKNOWLEDGEMENTS

The work described herein was carried out in the Hofmann Labora

tory, Imperial College, between October 1980 and July 1983. No part 

of this work is being submitted for any other degree.

My thanks are due to my supervisor, Dr. Christopher J. Moody for 

his continuing enthusiasm and guidance throughout the three years of my 

Ph.D. project. His encouragement was particularly appreciated during 

those inevitable periods of stagnation when every reaction fails. I 

would also like to thank Professor Charles W. Rees, F.R.S., with whose 

group I worked in close association.

I offer my thanks to my Hofmann Laboratory colleagues, past and 

present, for making the "Hofmann" a laboratory of which I am proud to 

have been a member, and which in many ways I am sorry to leave.

Mr. Peter Sulsh has my thanks for his friendly and efficient 

services as Hofmann Laboratory Technician, and for his sense of humour.

I am also obliged to the following for the provision of excellent 

analytical, n.m.r., mass spectroscopic and X-ray crystallographic 

services: Mr. K.I. Jones (microanalysis); Mr. Richard Sheppard,

Dr. David Neuhaus and Mr. Richard Young (250 MHz p.m.r. and 13C c.m.r.); 

Mr. John Bilton, Mr. Nick Davies and Mrs. J. Challis (mass spectroscopy); 

and Dr. David Williams (X-ray crystallography).

Finally, I would like to thank Mrs. Betty Pinn for typing this 

thesis so accurately and efficiently, and Mr. Rod Mackenzie for proof

reading it.



CONTENTS
5

Page

ABBREVIATIONS 7

PART 1 : INTRODUCTION 8

1. Synthesis of [2,3]-fused indoles from an existing

indole unit 8

1.1 Introduction 9

1.2 Formal electrophilic attack at the indolex

position 10

1.3 Electrophilic attack at the indole-3-position 22

1.4 Nucleophilic attack at the 2-position following

initial electrophilic attack at the 3-position 26

1.5 Cycloadditions 30

1.6 Interactions between two side-chains 40

1.7 Miscellaneous 45

1.8 Conclusion 48

PART 2 : RESULTS AND DISCUSSION 49

2. Preparation, formylation and 1-alkylation of indoles,

and preparation of the derived azidopropenoates 49

2.1 Introduction 50

2.2 Synthesis of starting indoles 52

2.3 Condensations of indole-3-carbaldehydes with

alkyl azidoacetates 56

2.4 Other attempted syntheses of vinyl azides 61

2.5 Conclusion 84

3. Thermolyses of azidopropenoates unsubstituted in the

indole-2-position, and chemistry of the resulting 

pyrroloindoles 85



6

Page

3. continued

3.1 Thermolyses of azidopropenoates unsubstituted

in the indole-2-position 86

3.2 Simple chemistry of the pyrroloindoles 89

3.3 Thermolyses of azidoalkenes not having an

alkoxycarbonyl group 96

3.4 Short literature survey of pyrrolo[2,3-b]indoles 98

3.5 Further chemistry of the pyrroloindoles 108

4. Thermolyses of 2-indolyl substituted azidopropenoates 130

4.1 Introduction 131

4.2 Thermolyses of 2-methylindolyl azidopropenoates 133

4.3 Thermolyses of 2-ethyl and 2-n-propylindolyl

azidopropenoates 135

4.4 Thermolyses of 2-cyclohexyl and 2-isopropylindolyl

azidopropenoates 147

4.5 Thermolysis of the 2-phenylindolyl azido-

propenoate 150

4.6 Conclusion 152

PART 3 : EXPERIMENTAL 153

General Experimental Procedures 154

Experimental for Chapter 2 156

Experimental for Chapter 3 198

Experimental for Chapter 4 234

APPENDICES 259

REFERENCES 267



7

LIST OF ABBREVIATIONS

DBU 1,8-Diazabicyclo[5.4.0]undec-7-ene

DDQ 2,3-Di chioro-5,6-dicyano-1,4-benzoquinone

DMAD Dimethyl acetylenedicarboxyl ate

DME 1,2-Dimethoxyethane

DMF y,W-Dimethylformamide

DMSO Dimethyl sulphoxide

HMPA Hexamethylphosphorami de

i .r. Infrared

LAH Lithium aluminium hydride

NBS y-Bromosuccinimide

n.m.r. Nuclear magnetic resonance

p.l.c. Preparative layer chromatography

THF Tetrahydrofuran

t.l.c. Thin layer chromatography

u.v. Ultra violet



8

PART 1 : INTRODUCTION

Chapter 1

Synthesis of [2,3]-fused indoles 

from an existing indole unit



9

1.1 Introduction

[2,3]-Fused indoles are frequently found in Nature. Examples 

range from the relatively simple 3-carboline alkaloids such as 

harmine (1) and the reduced pyrrolo[2,3-b] indole system found in, 

for example physostigmine (2), to more complex systems exemplified 

by catharanthine (3) and vindoline (4).

Since numerous examples of other systems could be cited, it is obvious 

that routes to [2,3]-fused indoles will be of importance to the synthetic 

alkaloid chemist, and many of the examples in this review come from the 

field of alkaloid synthesis.
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Only reactions in which a new ring is fused to an existing 

indole moiety will be considered in this review, and these will be 

categorized according to reaction mechanism thus:

Section 1.2: 

Section 1.3: 

Section 1.4:

Section 1.5: 

Section 1.6: 

Section 1.7:

Formal electrophilic attack at the indole 2-position.

Electrophilic attack at the indole 3-position.

Nucleophilic attack at the 2-position following an 

initial electrophilic attack at the 3-position.

Cycloadditions.

Interactions between two side-chains.

Miscellaneous.

The literature in this area is so voluminous that it would require far 

more space than is available, for the review to be comprehensive. The 

intention is rather, to systematize and exemplify the kinds of reac

tion which appear to be the most useful routes into these important 

compounds.

1.2 Formal electrophilic substitution at the indole 2-position

Formal electrophilic substitution of the indole 2-position is in 

many cases the result of initial attack at the 3-position followed by 

rearrangement of the resulting indolenine or indoleninium cation, such 

as in the case of the 3-indolyl butanol (5). The roughly equal dis

tribution of the tritium label in the products suggests the inter

mediacy and subsequent migration of the indolenine (6)J
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T

H

(5)

T

OH

BF3-Et20

N  \
H T

Many examples of cyclizations of this nature are encountered in

alkaloid synthesis. The isoquinuclidine tosylate (7) for example,

gave the indolenine (8) upon base treatment. Dilute acid treatment

of (8) then effected rearrangement to the ibogamine lactam (9).

Alternatively (9) is available from (7) by treatment with aluminium
2

chloride or bromide. The author suggests that the Lewis acid 

catalysed cyclizations are likely to proceed via a different pathway, 

since it is probable that treatment of (7) with protic acids gives a 

carbonium ion, and in such reactions no trace of (9) could be observed. 

An alternative (non-carbonium ion) mechanism for the Lewis acid cata

lysed reactions must therefore be sought. One possible rationale 

would be to assume initial cyclization at the indole 3-position, 

giving (10), followed by rearrangement as shown:
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(10) (9)

A Lewis acid catalysed cyclization of the Friedel Crafts type 

has been described by Japanese workers, whereby 3-indolyl alkanoic
3

acids were treated with PPA, to give cycloalkan[b]indolones. This 

method has been employed in the synthesis of the alkaloid model 

HD . 4

Many examples of cyclizations in both the 2- and 3-positions 

involve electrophilic attack by an imine or iminium species (normally 

generated i n  s i t u ) ,  on an indole. A simple example is the cycliza-
5

tion in acid, of the product of hydrogenation of (12), v i a  (13).



(£1)

(ZL)

(LL)

£L
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The authors make no mention of obtaining any of the product (14) 

which would be obtained by a similar cyclization of the other possible 

hydrogenation product (15).

c
Huffman has reported a similar sequence, in which the isoquino

li ni urn salt (16) was cyclized by treatment with LAH, followed by 

acid. The intermediate dihydroisoquinoline (17) was isolated and 

shown to give the same cyclized product (18) upon acid treatment. The 

dihydroisoquinoline is thought to give the iminium species by protona

tion. As in the previous example cyclization follows, presumably via 

the pathway shown.

Oxidative methods may also be used to furnish the tetrahydro- 

pyridinium species necessary for such cyclizations. The oxidative 

cyclization of piperidine (19) with mercuric acetate has been reported^ 

to give mixtures of both epimers of (20) and (21) after work-up with 

hydrogen sulphide and acid. Since mercuric acetate is known to 

oxidize W-alkyl piperidines to tetrahydropyridine species, the assumed 

intermediate is again an iminium cation such as (13). This method has 

been used in the synthesis of ajmalicine, and other heteroyohimbine 

alkaloids.^



15



16

More recently, a method of producing such iminium species by

catalytic treatment of tf-oxides such as (22) with ferrous salts, has 
9

been reported.

products

In the elegant cyclization of (23) to the pentacycle (24) under 

the influence of acid, the intermediate species (25) is in this instance 

produced by hydrolytic cleavage (assisted by the nitrogen lone pair) of 

a cyclic hemiacetal unit.^

(24)
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The well-known cyclization of tryptophans and tryptamines, when

12 13condensed with aldehydes or ketones may be exemplified by the 

reaction of (26) with acetaldehyde in water, to give tetrahydro-3- 

carboline (27),^ v i a  an intermediate imine.

14This reaction has received some attention recently. Grigg e t  a l  

have shown that the reaction does not proceed in aprotic solvents 

even at elevated temperatures in the absence of acids, and moreover 

that the rate of cyclization is directly related to the pK of the
a

15acid catalyst. This is contrary to the assertion of Cook e t  a l

who describe such cyclizations taking place without any acid catalyst. 

14Grigg concludes that cyclization under Cook’s conditions must have 

been catalysed by adventitious acidic impurities. He also speculates, 

without reaching any apparent conclusion, as to whether the cycliza

tion goes v i a  spiro imine (29) implying a disfavoured 5- e n d o  t r i g  

process or directly, v i z  (28) (30), a geometrically favoured 6- e n d o

t r i g  process.
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(29)

/17-Acyl tryptamines may be cyclized to 3,4-dihydro-3-carbol ines by

treatment with phosphorus oxychloride, under the conditions of the

12Bischler-Napieralski reaction. However, the cyclization of amide

(31) with phosphorus trichloride, phosphorus oxychloride or trifluoro-

16
acetic anhydride gave contrasting results. The phosphorus tri

chloride and phosphorus oxychloride mediated reactions both gave 

moderate yields of (32) as well as traces of 3-carboline products and 

of the hydroperoxide (33).

The overall sequence seemingly involves formation of the spirocyclic 

indolenine intermediate (34) which further cyclizes by intramolecular 

attack of the nucleophilic dimethoxyphenyl residue. Jackson asserts 

that air autoxidation of the species (35) thus produced, affords (33) 

which subsequently gives (32) by loss of water. The trifluoroacetic 

anhydride mediated reaction gave a quantitative yield of (36).
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A photochemical cyclization applicable to introduction of bonds 

at either c-2 or C-3 of an indole nucleus involves preparation and 

photolysis of amides (37) or (38) to give cyclized derivatives (39) and 

(40) respectively.^ The authors propose that double bond character in 

the amide C-N bond furnishes some stilbene-type properties in the 

substrate, facilitating photocyclization. Dehydrogenation occurs 

spontaneously, but unfortunately the overall yields are somewhat low.
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hv

-2H

O

The inline (41) resulting from condensation of 4,7-dimethylindole-3- 

carbaldehyde with the aminoacetal (42), may be cyclized in high yield

18(ca90%)by treatment with phosphoric acid, to give the y~carboline (43).

Me Me

(43)
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A very attractive application of the Pummerer rearrangement has

19been reported by Japanese workers, who cyclized sulphoxides such as

(44) by treatment with trifluoroacetic anhydride in benzene, to give

(45) evidently via ylid (46) and subsequently, sulphenium ion (47).

Me
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Palladium induced cyclizations have received some attention of

late. An example of such is Trost's use of (MeCN)2PdCl2/AgBFi+ to

produce the ibogamine ring system (49) from substrate (48).

Deuteration studies provided strong evidence of the involvement of a

202-metallated indole species in the reaction pathway.

1.3 Electrophilic attack on the indole-3-position

Reactions involving electrophilic attack at the 3-position domi

nate indole chemistry, and hence only representative examples of this 

type of cyclization will be given. As already discussed in Section 

1.2, formal electrophilic attack in the 2-position by an iminium 

cation on an indole is a very common and useful ring forming reaction, 

and many cyclizations in the 3-position likewise involve attack by such 

species. Electrophiles such as carbonyl groups, may also be induced 

to attack the 3-position intramolecularly.

An example of the former type is the acid catalysed ring closure

21
of (50), the hydrogenation product of (51).

Oxidative routes to iminium species suitable for cyclization at 

the indole-3-position have been applied to alkaloid synthesis. For 

instance,cyclization of the hydroxymethyl amide (52), to (53) proceeds
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via (54) which is produced by a platinum catalysed oxidation. 22

(54)
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An example of an intramolecular Mannich reaction used to furnish

a [2,3]-fused indole arises in the work of Joule et al on the ring
23skeleton of the alkaloid apparicine. The ketal (55), upon treat

ment with formaldehyde in acetic acid, followed by dilute hydrochloric 

acid gave (56), as a result of attack at the indole-3-position by the 

intermediate Mannich base (.57).

(57)

The electrophilic attack of a carbonyl group in the indole-3-

24position has been employed by Joule in the last step of a synthesis 

of ellipticine. Acid catalysed cyclization of (58) followed by loss 

of water, gave ellipticine (59).

(58)
(59)
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A photochemical cyclization of chloroacetamides at the indole-3-
oc

position has recently been applied to alkaloid synthesis by Sundberg 

et al , in the preparation of desethyl catharanthine derivative (60). 

The chloroacetamide (61) was photocyclized in methanol, evidently via 

homolytic cleavage of the C-Cl bond and subsequent cyclization of the 

resulting free radical.

CICHoOC

H C 0 2Me

(61) (60)

Numerous cyclizations of indoles with 1,4-diketones were reported

27 28
in the 1950's by Robinson et at. 9 Indole itself condensed with

acetonylacetone to give 1,4-dimethylcarbazole, while 1,3-dimethyl-

indole was found to give (62). It is reasonable to suppose that a

conventional series of electrophilic attacks on indole is involved.

Another reaction in a similar vein is that between mesityl oxide and

1,3-dimethylindole. Again, the author suggests that initial attack

is at the indole 3-position, followed by cyclization via the enolized
29side chain to give (63).

(63)
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1.4 Nucleophilic attack at the indole-2-position, following an initial

electrophilic attack at the 3-position.

Another large and useful category of cyclizations are those

involving initial electrophilic attack at the 3-position to form an

indolenine, followed by intramolecular nucleophilic attack at the 2-

position, and thus resulting in ring formation. One such reaction

has already been mentioned in Section 1.2, because of its contrast

to the normal course of reaction of /7-acyl tryptamines with phosphorus

halides. Some other examples will now be given.

The cyclization of (64) by acid treatment to give (65) is thought

30to proceed via the pathway shown,presumably through the enol (66).

(65)



Systems having the general structure (67) are widely found in 

Nature especially where n = 1 and X = N — R3. Numerous methods 

for their synthesis are to be found in the literature, many being 

variations on the idea described in the introduction to this section. 

The necessary indolenine intermediates for cyclization have been 

generated oxidatively, by alkylation and by halogenation, and the most 

common intramolecular nucleophiles are alcohols, amines and amides.

27

a) oxidatively^



28
b) by alkylation,33,34,35

NO 2

39%
29%



29

c) by halogenation, 36

*
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1.5 Cycloadditions

Numerous cycloadditions leading to [2,3]-fused indoles are described 

in the literature, these may be divided into three basic categories:

a) direct cycloaddition to an indole 2,3-double bond.

b) cycloaddition to a 2- or 3-vinyl indole or its 

derivatives.

c) cycloaddition to indole-2,3-quinonoid systems.

An example of the first category is the [2tt + 2tt] photochemical

cycloaddition of dimethyl acetylenedicarboxyl ate to indoles. This

constitutes a useful synthetic route to compounds of the type (68),

37thermal ring opening of which, affords benzazepines (69).

The cycloaddition of 1,3-dipoles to indoles has also been 

38
reported. Adducts such as (70) were obtained by what is claimed 

to be a concerted process, although the authors offer very little 

evidence for this assertion.
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COR

R4 R

Ph-N-N=C-C0R

(70)

Gilchrist has recently reported the addition of activated nitroso-

3-position, oximes such as (71) were obtained. However, when 3- 

methylindole was used as a substrate, the dihydro-oxazine (72) was the 

product. It is not yet possible to deduce whether the cycloadducts 

are formed via a genuine cycloaddition, or via a 3-alkylation followed 

by a ring closure at the 2-position,in the manner of the reactions 

discussed in Section 1.4.

alkenes to indoles. 39 In the case of indoles unsubstituted in the

HH

(71)

H H
(72)
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Both 2- and 3-vinyl indoles undergo [4+2] cycloadditions with

40 41
dienophiles, exemplified by the reactions shown below. *

Heterosubstituted double bonds can also take part in such cyclo

additions, as in the case of the addition of dimethyl acetylenedicar- 
42

boxy!ate to (73).
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It is interesting to compare the thermal reaction between indole 

and dimethyl acetylenedicarboxyl ate with the corresponding photo

chemical reaction discussed above. The former has been examined

43numerous times, and Acheson, operating on a large scale, obtained 

fourteen products after chromatography of the complex reaction mix

ture. One of the chief constituents of the reaction mixture was 

found to be the carbazole (74). Reaction of dimethyl acetylene- 

dicarboxyl ate with indole in various solvents (rather than neat, as 

above) gave mixtures containing (75) and/or (76) as chief constituents. 

It is thought that (74) is produced by cycloaddition of further 

dimethyl acetylenedicarboxyl ate to (75) or (76) and subsequent dehydro

genation, presumably by air oxidation.

The reaction is however a great deal more complex than reported 

by other workers, and constitutes something of a curiosity, rather 

than a viable synthetic method of preparing [2,3]-fused indoles.

An example of a formal intramolecular (4+2) cycloaddition applied 

to alkaloid synthesis is the elegant construction of (77) from (78) via 

the spiroammonium salt (79), which ring opens to give (80). The 

closure of this species is probably not concerted, but proceeds via
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initial attack of the enamine into the conjugated 2-vinyl group,

44followed by intramolecular trapping of the resultant iminium species.

45There has been great interest in c-quinonoid systems recently. 

Indole-2,3-quinonoids may undergo cycloaddition reactions to give [2,3]- 

fused indoles, and although this type of reaction has been known for 

some time, it has only received much attention in the last few years.

46
The system (81) added to the enamine (82) as shown, however 

with /7-alkyl, (rather than /7-acyl) 2-oxoindolin-3-ylidene derivatives, 

such as (83), a 1,2-cycloadduct was generated viz (84). This is 

rationalized by assuming that in the /7-acyl compounds, the lone pair 

is preferentially delocalized into the acyl group, and does not perturb 

the 1,4-ring closure which follows initial attack of the enamine into 

the a,B-unsaturated system. In contrast, when the lone pair is free,
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as in the /l/-alkyl compounds, it causes the 3-position in the oxindole

ring to be the position of greater electron density, and hence 1,2- 

47closure results.

(82) Me

The cycloaddition of indole-2,3-quinodimethanes is potentially a

very elegant way of constructing [2,3]-fused indoles. Some twenty years

ago, German workers reported the preparation of (85) by Lewis acid

48catalysed reaction of indoleacetic acid with anhydrides. This com

pound may react in a number of ways with dienophiles. For instance, 

with tf-phenylmaleimide, a first molecule cycloadds, with concomitant 

loss of carbon dioxide, reforming a quinodimethane system which adds to 

a further molecule of W-phenylmaleimide to give a bis adduct (86).

With dimethyl acetylenedicarboxyl ate, the carbazole (87) was formed.

The system (85) may also be reduced by hydrogenation to (88). Heating 

of this compound with dienophiles gave cycloadducts such as (89), 

resulting from trapping of the o-quinodimethane intermediate generated 

by extrusion of carbon dioxide.



zz

(89)
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More recently, a similar intermolecular cycloaddition of an indole-

492,3-quinodimethane has been reported. In this case however, the 

reactive intermediate quinodimethane was prepared by treatment of the 

trimethyl silylammonium salt (90) with tetrabutylammonium fluoride. 

Reaction with iV-phenylmaleimide in acetonitrile gave the cycloadduct 

(91). In the presence of one equivalent of methyl acrylate, the 

quinodimethane dimerised to give (93) in preference to reaction with 

the added dienophile. Use of excess acrylate (40 equivalents) 

resulted in the isolation of a 3:1 mixture of (92a) and (92b) along 

with a minor amount of the dimer (93).

(92)

a) R1 = C02Me, R2 = H

b) R1 = H, R2 = C02Me

(NPH = ff-phenyl maleimide) 

(t-BOC = t-Bu0C0-)
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Recent reports from Magnus et al describe work directed at 

effecting intramolecular cycloadditions to indole-2,3-quinodimethanes. 

Initially Magnus attempts to utilize the strategy described above, 

having as an initial synthetic target the model trimethyl silylimine 

(94). This compound was not easily prepared, and amongst other 

attempts at its synthesis, the imine (95) was treated with n-butyl- 

lithium/HMPA and CF3S03CH2SiMe3. N.m.r. indicated that the required 

product was formed in low yield, but that extensive desilylation had 

occurred, and the only isolable product was the indole-3-carbaldehyde 

(96). This extensive protodesilylation suggests that the methyl tri

methyl si lyl group is highly labile, and that a logical extension might 

be the exclusion of the trimethyl silyl group, and formation of the 

quinodimethane by a pathway involving deprotonation, rather than 

desilylation. Before this extension was investigated, however, the 

compound (97) was synthesised from the imine (98). Treatment with 

caesium fluoride in glyme did not however give any of the required 

cyclized product, and only the desilylated imine (99) could be isola

ted from the reaction mixture. It is suggested that the required 

quinodimethane is formed, but at the temperature of refluxing glyme (70°C) 

it does not undergo [4+2] cycloaddition. Since the'related species dis

cussed earlier are reactive enough to undergo intermolecular cycloaddi

tions in refluxing acetonitrile (82°G).,. it is perhaps surprising that this 

quinodimethane does not react intramolecularly at the temperature described.

50

N^-Bu N£-Bu

(94) (95) (96)
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I
A r 0 2S

(98)

A r 0 2S

(99)

It was therefore decided to exclude the trimethyl silyl group, and 

it was found that treatment of imine (99) with boiling acetic anhydride 

(140°C) or boiling ethyl chloroformate (93°C) cleanly gave cyclizea 

products (100a) and (100b) respectively via (101).

This method has since been applied to the synthesis of aspido- 

51sperma alkaloids.



o

R = EtO, Me

X = Cl , o c o c h3

►

40

o

ArOzS

( 101)

o

( 100)

a) R = Me

b) R = OEt

1.6 Interactions between two side-chains

The formation of [2,3]-fused indoles by interaction of two side 

chains (normally involving interactions with 2-alkylindole substituents, 

the a protons of which are somewhat acidic) constitute another exten

sive group of reactions, and again, only a representative selection 

will be discussed.

The indole-33-methacrylate derivative (102) can be cyclized by

refluxing with sodium hydride in diphenyl ether. Similarly (103) may

52be cyclized under these conditions.
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(102)

Me

These cyclizations which proceed via the exocyclic tautomer (104) were

developed as a part of an independent synthesis of (105) the minor

53product in the pyrolysis of (106) to give ellipticine (59).

Me

+  (59)
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Another example of a cyclization demonstrating the reactivity of

2-alkyl indole substituents is the interaction of the hydroxymethylene 

ketone (107) with 1,2-dimethyl indole, and subsequent dehydration to 

afford the carbazole (108).^

HO

(107) (108)

This kind of reactivity is again evident in the step (109) (111) via
55(110) which is part of a synthesis of the alkaloid vindoline.

(E = COzEt)
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The conversion of (112) to (113) using the Polonovski reaction

56appears to proceed via a 3-exomethylene species.

(113)

The well-known nucleophilic substitution of gramines may be carried 

out in an intramolecular fashion, as in the cyclization of (114) to 

(115).57

The dehydrative cyclization of (116) to (117) upon heating has been 

58reported by Clemo.

The interaction between the two side chains in tryptamines having

59a 2-acyl substituent on the indole ring, to form 6-carbolines, is in 

effect an intramolecular version of the condensation between carbonyl 

compounds and tryptamines (or tryptophans) discussed in Section 1.2.
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1 1

NaCNBH-

+

(116) (117)
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1.7 Miscellaneous

It has long been known that indoles react with aldehydes and

ketones to give rather complex condensation products. Noland e t  a l y

in the 19601s examined many of these reactions, proposing structures

for numerous products. For instance, indole reacts with acetone under

60various conditions, giving (the authors claim), compound (118), and

60with acetophenone to give (119). Reaction of 2-methyl indole with 

mesityl oxide, phorone, or acetone gives (120). Compounds (118) 

and (119) are thought to be formed by the action of further acetone or 

acetophenone on the initially formed alkylidene bis indoles (121).

Rh

(118)

Ph
(119)

H
H

H H

( 1 2 0 ) (121)

The anodic cyclization of (122) has been reported,62 whereby the 

fused indolenine (123) is produced.
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f

A putative nucleophilic attack on the indole 3-position has been

claimed. Compounds such as (124) and (125) are cyclized to pyrido- or

benzo-oxepinoindoles respectively, by briefly boiling in ethanolic 

63sodium hydroxide.

(125)

The presence of the carbonyl group was shown to be essential, as (126) 

does not cyclize and only hydrolysis of the benzenesulphony1 group
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occurs when this compound is treated under the aforementioned con

ditions. Whether the mechanism is synchronous or goes via a conjugate 

addition (through enolate (127)), the carbonyl group would still be 

necessary. Obviously, for the S^Ar type mechanism the carbonyl 

group would be intrinsically so, but the synchronous mechanism would 

also be aided by the reduction of electron density at the indolex

position which would be effected by this group.

(126)

(127)
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1.8 Conclusion

In conclusion to this survey of indole-2,3-cyclizations it must 

again be said that the literature on the subject, being so copious 

necessitates selectivity in reviewing it. However, certain trends do 

emerge. The electrophilic attack of imines, iminium cations and 

other electrophiles is still by far the most commonly encountered mode 

of cyclization both in the 2- and 3-positions, finding employment in 

many alkaloid syntheses. The intramolecular nucleophilic attacks on 

indolenines described in Section 1.4 have received much attention in 

the literature recently not primarily from a synthetic viewpoint, but 

in connection with biologically orientated studies on the oxidation of 

tryptophans and tryptamines. Finally, the advent of several new 

cycloadditions, especially the Magnus quinodimethane route adds some 

important tools to the indole chemist's workshop. These methods are 

to be welcomed because of their elegance and potential for stereo

chemical control.
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PART 2 : RESULTS AND DISCUSSION

Chapter 2

Preparation, formylation and ^-alkylation of indoles, 

and preparation of the derived azidopropenoates
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2.1 Introduction

The preparation of alkyl 2-azido-3-aryl propenoates by condensa

tion of alkyl azidoacetates with aromatic aldehydes in an alcoholic 

solution of the appropriate sodium alkoxide has been described by 

Hemetsberger,^5̂  and further investigations of the scope of this
fifi fi7

reaction have recently been carried out. ' * Thermal or photo

chemical decompositions of these vinyl azides often constitute useful 

preparative routes to fused heterocyclic systems. The thermal route

outlined in Scheme 1 allows preparation of indoles, from benzaldehydes

31
with at least one free ortho position, and also isoquinolines from

fifi
2,6-dialkylbenzaldehydes. If other aromatic aldehydes (e.g. thio

phene or naphthalene carbaldehydes) are employed, the corresponding

65 66
pyrrole- or pyrido-fused systems may be obtained. * Photochemical

CJ
decompositions yield entirely different products and will not be 

discussed further.

Scheme 1

Ar-CHO
N3CH2C02R

R0"/R0H

X 0 2R 
Ar-CH =<T

-It

Ar
N:

COoR R02C

Ar— ^-N

products.

The purpose of this investigation is to ascertain if the reactions 

delineated above may be applied when Ar-CHO is an indole-3-carbalde- 

hyde, and to examine some of the chemistry of the systems thus produced.
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Scheme 2 shows a conjectural outline of the possible modes of 

collapse of the nitrene (128) which is the expected intermediate if a 

generalized 1-azido-2-(3-indolyl)ethene is thermolysed.

Scheme 2

This report will describe how pyrroloindoles and pyridoindoles 

were in fact obtained by this route, and although no products corres

ponding to the insertion at C-4 were obtained, another new reaction of 

vinyl azides was observed.
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2.2 Synthesis of starting indoles

Two of the starting indoles (indole itself, and 2-methyl indole)

were commercially available, and the remainder were synthesised by the 

69Made!ung route, (Scheme 3). The requisite o-toluidides were pre

pared by standard methods from o-toluidine and the appropriate acid

chloride or anhydride.

Scheme 3

|^M e  RCOX
^ 1

1) NaNH2

Y M e 0  ( 230 - 80°C)

^ n h 2 2) H20 

H

One notable anomaly was observed in the attempted synthesis of 2-phen- 

ethylindole. The product obtained from treatment of amide (129) with 

sodamide at 230°C for Ih showed none of the expected characteristics 

of the indole (130). It was finally identified as l-phenyl-1- 

(2-methylphenyl)ethane (131), m.p. 37-8°C (lit., 40-l°C). The only 

other isol able product was o-toluidine, formed by cleavage of the 

amide (129).

It must be assumed that the protons a to the phenyl group in the 

phenethyl side-chain are more acidic than those of the aryl methyl 

group. The anion formed under the conditions of the Madelung reaction 

is thus (132), and a Smiles-type process followed by extrusion of cyanate 

may then be invoked to rationalize the formation of (131).

3-Formylation of the indoles was efficiently carried out by the 

Vilsmeier-Haack reaction,^ which gave yields varying from 75-97%,

(Table 1). The crude material obtained from such reactions was
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(130)

Ph

ONa

(131)
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generally clean enough for immediate use, without further purification.

In the early experiments methyl or benzyl groups were used to

protect the indole nitrogen, as it was ascertained that condensation

with ethyl azidoacetate did not take place with tf-unsubstituted indole-

3-carbaldehydes. These groups could be introduced by refluxing the

required indole-3-carbaldehyde with methyl iodide or benzyl bromide in

72acetone, over anhydrous potassium carbonate. (Table 2).

Use of iV-methyl protected substrates however, limited the scope 

of the reaction, since the indole nitrogen could not be subsequently 

deprotected. 1-Benzylindole-3-carbaldehydes also proved to be 

unsatisfactory because of the difficulty of effecting deprotection of 

the ^-benzylated products.

The use of the /iMnethoxymethyl group (-CH20CH3) for the N-

protection of indole-3-carbaldehydes has been described in the litera- 

73ture, and this group is very easily introduced by treatment of the 

appropriate carbaldehyde with sodium hydride in DMF at room temperature, 

and subsequently quenching with chloromethyl methyl ether. Protection 

with this group afforded crystalline compounds, which were easily 

purified. It was also found that the final products derived from 

these aldehydes, could be deprotected in aqueous acid, and hence, this 

group was adopted as the protecting group of choice for the remainder 

of the work, (Table 1).



TABLE 1: Indoles, Indole-3-carbaldehydes and iV-methoxymethylindole-3-carbaldehydes

nr- ■
H

CHO
r .

V ✓ CHO

— ► \ — <
s n > r

f

^ O M e

R Yield(%) ra.p.(°C) Yi eld(%) m.p.(°C) Yi eld(%) m.p.(°C)

H * - 93 193-5 (lit.,71 194-6) 86 77-8

Me * - 96 199-202 (lit.,79 202-3) 78 87-90

Et 45 44-6 (lit.,74 44-5) 70 167-71 82 72-4

nPr 63 30-1 (lit.,75 33-4) 75 154-55 73 49-51

V 58 65-72 (lit.,76 73-5) 88 179-80 75 104-7

cHexyl 84 105-8 (lit.,77 103-5) 79 202-5 72 77-80

Ph 82+ 188-92 (lit.,78 187-8) 97 256-85 (lit.,80 250-5) 90 109.5-10

* Commercially available
. y g
Prepared by Fischer indole synthesis
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TABLE 2: A/-Methyl and iV-benzylindole-3-carbaldehydes

yCHO

•R2N;
R1

R1 R2 Yield(%) m.p.(°C)

Me H 65 65-8 (lit.,72 68-9)

CH2Ph H 79 107-10

CH2Ph Me 76 135

2.3 Condensations of indole-3-carbaldehydes with alkyl azidoacetates

Indole-3-carbaldehydes are known to be considerably less reactive

than for instance, benzaldehydes. The vinylogous amide character of

the carbonyl group, shown in resonance structure (133b) is responsible

for its low electrophilicity. A physical indication of this effect

is given by the low frequency of the i.r. absorption corresponding to

the C=0 stretch in indole-3-carbaldehydes (1630-1650 cm"1). Benzalde-
99

hydes in comparison exhibit a C=0 stretching signal at 1680-1710 cm"1.

It was envisaged therefore, that the condensation of these alde

hydes with azidoacetates would be problematic, and this was indeed the 

case. Attempted condensation of the /v-unsubstituted indole-3-
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carbaldehyde under the standard conditions (cf. experimental) at -10°C 

resulted only in the aldehyde crystallizing out of solution.

Initial attempts to condense ^-protected indoles with ethyl 

azidoacetate, using 1-methylindole-3-carbaldehyde, were carried out at 

-20 C in accordance with literature methods. ’ This temperature 

was however too low for reaction to occur, and the reaction had to be 

warmed to -10--5°C before product formation was observed (t.l.c.). 

Because of this, a much enhanced rate of base induced decomposition of 

the azidoacetate had to be tolerated.

Very concentrated solutions of the aldehyde were found to be 

desirable, and it was preferable to dissolve the aldehyde in neat 

ethyl (or methyl) azidoacetate and add this to the alkoxide solution. 

This was not always possible however, since some of the aldehydes 

employed, notably the ^-benzyl compounds, required relatively large 

amounts of co-solvents (ethanol or THF) to effect solution. These 

rather dilute solutions frequently afforded little or no product.

The problem of solubility was effectively solved by employing the 

tf-methoxymethyl protecting group, and under optimum conditions, 

acceptable yields (60-80%) of vinyl azides could be obtained from the 

condensation of 1-methoxymethylindole-3-carbaldehyde with ethyl (or 

methyl) azidoacetate. The introduction of 2-alkyl substituents into 

the indole-3-carbaldehydes caused dramatic lowering of yields in the 

condensation. The optimum yield in the condensation of 1-methoxy

methyl -2-methyl indole-3-carbaldehyde with ethylazidoacetate was 36%

(47% based on recovery of starting material). The regularly decreasing 

yields obtained, as the bulk of the 2-substituent increases seems to 

indicate that these low yields are an inherent problem, and caused by 

steric hindrance of the carbonyl centre.
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In none of the cases could the reaction be driven to completion, 

but separation of the azides from unreacted starting material was 

easily effected by silica gel chromatography. Table 3 lists all the 

azides prepared in this investigation.

Some of the azides could be crystallized to analytical purity, and 

gave acceptable microanalyses (marked t in the table), the remainder 

however, gave microanalyses which were consistently low in nitrogen. 

These azides also darkened rapidly to an orange colour (whereas when 

freshly chromatographed they were pale yellow), and it is assumed that 

some decomposition, with loss of nitrogen occurred in these cases.

These azides could be stored without extensive decomposition, for weeks 

if necessary, in a refrigerator.

The stereochemistry about the vinyl bond in these compounds has 

not been investigated, but is assumed to be Z, the thermodynamically 

more stable isomer, and will be drawn as such in the remainder of this 

v/ork.

This is based on analogy with a-azidovinyl ketones which have the

Z configuration and also on consideration of the instability of certain

vinyl azides which have two bulky groups (e.g. phenyl and ester) cis to 

82one another.

Two simple strategies to increase the reactivity of the indole-3- 

carbaldehydes were cursorily examined. Initially, it was hoped that 

W-acetylation of the indole-3-carbaldehyde would result in decreasing 

the electron release to the aldehyde carbonyl group, this would be

expected on the basis of contribution from resonance structure (134b). 83
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TABLE 3: Condensations of indole-3-carbaldehydes with alkyl azido-

acetates

Yield based on
Optimum recovery of starting

R1 r2 R3 yield(%) material. (%) m.p.( C)

Me H Et 50-70 oa. 80 100-2 dec.

CH2Ph H Et 25-30 ca. 80 85-9 dec.

CH20Me H Et 81 - 90-2.5 dec.

CH20Me H Me 55-60 83 113.5-16 dec.+

CH2Ph Me Et 20-30 oa. 45 90-2 dec.

CH20Me Me Et 36 47 90 dec.+

CH20Me Et Et 24 40 _*

CH20Me nPr Et 25 - _*

CH20Me nPr Et 6 - _*

CH20Me cHexyl Et 4 28 _ *

CH20Me Ph Et 1 4 _*

oil, did not crystallize

t microanalysis obtained
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It was thought that because of the low temperature of the condensa

tion reaction, cleavage of the /V-acetyl group would be suppressed.

This was not the case, and only indole-3-carbaldehyde could be isolated 

from the reaction mixture.

It was then envisaged that the normal mode of electron release in 

indole-3-carbaldehydes might be diverted to some extent if a 5-nitro 

substituent were to be introduced into the indole 6-ring, by virtue of 

resonance structure (135b).

Accordi ngly, 1-benzyl -2-methyl-5-ni troi ndole-3-carbaldehyde was 

prepared. This however proved to be so insoluble in virtually all cold 

organic solvents (except DMF or DMSO), that this strategy was 

abandoned.
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2.4 Other attempted syntheses of vinyl azides

In the absence of a strategy for improving the yields of the azido- 

acetate condensations, it was decided to seek an alternative route to 

the azidopropenoates.

The first effort to develop an alternative synthesis of these 

vinyl azides involved an attempted addition-elimination to a 3-indolyl- 

bromopropenoate.

Russian workers have described the preparation of 1,2-dibromide

84(136) by bromination of propenoate ester (137).

(137) (136)

This dibromide underwent base catalysed elimination of HBr, and con-

85comitant deacetylation when treated with methanolic methoxide.

With piperidine at room temperature, compounds (138) - (140) were

formed, whereas in boiling piperidine only (138) could be isolated,

although (139) could be detected in the reaction mixture by t.l.c.

Furthermore, the 2-bromopropenoate (140) gave the same products as the
8fi

dibromide (136) when refluxed in excess piperidine, (Scheme 4).

This precedent for nucleophilic addition-elimination type reactions

with 2-bromopropenoates such as (140), coupled with the knowledge that

vinyl bromides such as (141a) and (141b) may be converted into vinyl

87azides (142a) and (142b) by treatment with sodium azide in DMF, 

seemed to suggest that treatment of bromopropenoates such as (143a) or



Scheme 4

62

+

(139) : trace

+

(138)
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(143b) with sodium azide in polar solvents might lead to the formation 

of vinyl azides of the required type.

R 'NBr

(141)

a) R = H

b) R = Me

►

(142)

a) R = H

b) R = Me

C 0 2Et 

R

(143)

a) R = -CH20Me, R1 = H

b) R = -CH20Me, R1 = Me

A convenient preparation of (143a) employs the Wadsworth-Emmons

reaction. Bromophosphonate (144) was reacted with 1-methoxymethyl-

88indole-3-carbaldehyde under standard conditions. The reaction did 

not go to completion, and some starting aldehyde could be recovered.

The bromopropenoate (143a) thus obtained was assumed to have the 

geometry shown, v i z .  the two largest groups being t r a n s  to one another, 

which is the expected geometry for olefins formed thus. A small amount 

of the other isomer was detected by n.m.r. of the oily material obtained 

by chromatography of the crude reaction product. Crystallization from 

petrol afforded the pure major isomer (m.p. 77-9°C).
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(48%)

An attempt to effect the analogous formation of (143b) from

1-methoxymethyl-2-methylindole-3-carbaldehyde was unsuccessful, and 

even after refluxing the reaction mixture, only starting material could 

be detected by n.m.r.

Initial attempts to carry out an addition elimination reaction 

with azide resulted only in recovery of the starting bromopropenoate,

or formation of intractable materials. These abortive attempts are

outlined in Table 4.

TABLE 4:

C 0 2Eto1 u  \
NaN3

U Br
srsr

1

Solvent

MeO')

Amount of 
NaN3 Solvent

Reaction
Temp

Reaction
Time Result

1.1 eq. DMSO Ambient 20 hr No Reaction

1.1 eq. DMSO 60°C 24 hr No Reaction

1.1 eq. DMSO 120°C 48 hr Complex mixture*

3 eq. 60% aqueous 
acetone

Reflux 18 hr No Reaction

3 eq. HMPA Ambient 18 hr No Reaction

★
Probably due to oxidation of the system by hot DMSO.
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Treatment with 3 equivalents of sodium azide in HMPA at 65°C for 48 hr, 

or with 1 equivalent of sodium azide in the same solvent at 120°C for

2.5 hr, resulted in the formation of two new compounds which were 

separated by chromatography on silica gel. The less polar compound, 

obtained in 10% yield from the reaction at 65°C, was an oil which could 

not be obtained analytically pure either by chromatography or by short- 

path distillation, the presence of minor impurities being indicated 

by n.m.r.. The n.m.r. spectrum consists of only the methyl and 

methylene singlets corresponding to the tf-methoxymethyl group, and five 

aromatic protons, one of which is a singlet (6 7.44). The i.r. spec

trum exhibits peaks at 3290, 2110 and 1535 cm"1. No useful information 

could be obtained from the mass spectrum. It was not found possible to 

propose a structure on the basis of these data and the compound was not 

investigated further.

The more polar compound, obtained in 16% yield, is a crystalline 

solid (m.p. 106-8.5°C). The n.m.r. spectrum contains signals corres

ponding to an ethyl ester group, an /V-methoxymethyl group, and five 

aromatic protons, one of which is a singlet at 6 8.47. Signals are

observed at 3140 and 1720 cm"1 in the i.r., and in the mass spectrum at 

300 (100%) and 272 (8%). These data appear to be consistent with the 

structure (145).

N
H
/

MeO

(145)
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This is not altogether surprising, since olefins with a strongly elec

tron withdrawing group are known to react with azide ion to give 

triazoles. One possible mechanism involves conjugate addition of

azide to the double bond, cyclization of the resulting anion and

89aromatization, (Scheme 5).

Scheme 5

i f

Ind
v \ in

N

MeO
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It seemed unlikely in the light of the above observations, that 

vinyl azides could be formed by this methodology.

By consideration of the Russian work previously described, it 

appeared worthwhile to attempt the preparation of dibromide (146). It 

was felt that in analogy with the formation of (138) from (136), as 

shown in Scheme 4, a vinyl azide might be obtained upon treatment of 

(146) with azide ion.

(146)

It was decided to prepare this dibromide by bromination of indolyl-

843-propenoate (147c). A selection of these propenoates was synthesised, 

since they were also required for other purposes.

(147)

a) R = H, R 1 = H

b) R = H, R' = Me

c) R = CH20Me, R' = Me

d) R = CH20Me, R' = Et

Heating indole-3-carbaldehyde or 2-methylindole-3-carbaldehyde with

excess monoethyl malonate in pyridine with a trace of piperidine, gave

the propenoates (147a) and (147b) respectively, in 50-70% yield. 90
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When preparing the ^-protected propenoates (147c) and (147d) from the 

corresponding ^-protected aldehydes, it was found that the reaction 

could not be driven to completion, even by employing large excesses of 

monoethyl malonate and long periods of refluxing. The propenoates 

could, however, be separated easily from unreacted starting material by 

chromatography on silica gel.

The bromination attempts were carried out on (147c) in the hope 

that a fully substituted indole 5-ring would minimize the chance of 

attack by bromine on the indole nucleus. Addition of a solution of 

bromine in carbon tetrachloride to a solution of the propenoate in the 

same solvent, at room temperature, until a faint orange colour persisted, 

resulted in the formation of a complex mixture as evidenced by t.l.c. 

and n.m.r. Chromatography of the mixture gave only unidentifiable 

gums. It would appear that (146) was never formed, since, in view of 

the stability claimed for compound (136) by the Russian group, it would 

almost certainly not decompose under the conditions described. Evidently, 

electrophilic attack by bromine on the indole 5-ring is implicated, not

withstanding the attemot made to block this ring to such attack.

Despite the failure to prepare (146), synthesis of 2-azidopro- 

penoates via the propenoates (147) still seemed viable, and an alterna

tive route was sought to effect this transformation.

91Shin et al have described a sequence whereby propenoates were 

treated with NBS in aqueous THF to give bromohydrins, which could be 

converted to azidohydrins and subsequently to vinyl azides, (Scheme 6).
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Scheme 6

R —  CH=/
/ C02Et NBS/THF/H20

R = He, Et, nPr
NaN3/DHF

Pr, Ph.

R —  CH = /  \

C02Et MsCl/Et3N

(Ms = CH3S02-)

Initially, propenoates (147a) and (147b) were treated with NBS in 

aqueous THF for varying time periods, but even short exposure to these 

conditions gave highly coloured gums, which appeared to consist only of 

intractable materials.

Treatment of the iV-protected propenoate (147c) with NBS in aqueous 

THF at 0°C for 8 minutes, followed by quenching in a large excess of 

ice-water, gave crude material which exhibited a doublet at 6 4.8 and 

what appeared to be another, partially hidden doublet at ca. 6 5.5 the 

coupling between which was approximately 9 Hz. This seemed to point 

to the formation of the required bromohydrin (148).

Me O'

(148)

Also observed were doublets corresponding to traces of unreacted pro

penoate, and a small sharp singlet at 6 8.5.
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The crude material was treated with sodium azide in DMF at 76°C

for 1.5h, followed by an aqueous work-up. The two doublets previously 

alluded to, were absent in the n.m.r. of the material resulting from 

this treatment, the compound responsible for the sharp singlet at 6 8.5 

having become the major component. A part of this material was in 

turn treated with methanesulphonyl chloride and triethyl amine in 

dichloromethane. The crude material from this reaction possessed an

n.m.r. spectrum identical with that of the material prior to such 

treatment. Chromatography of this mixture resulted in the isolation 

of a small amount of a substance having a complex n.m.r. spectrum, and 

exhibiting an i.r. signal at 2104 cm"1, which was discarded, along with 

a trace of propenoate (147c). The major component was isolated in 29% 

yield (from propenoate (147c)) as an oil, which subsequently solidified 

(m.p. 90-3°C). This was the material responsible for the 6 8.5 singlet 

in the n.m.r., along with which, resonances corresponding to ethyl ester, 

tf-methoxymethyl, 2-methyl indole and aromatic protons are observed. The

i.r. spectrum shows no evidence of the compound being an azide, and the 

mass spectrum shows it to be a monobromo compound. These data point 

to the structure (143b).

This compound could also be isolated in comparable yield from the remain

der of the crude material resulting from the sodium azide/DMF reaction, 

which had not been submitted to methanesulphonyl chloride/triethylamine

C 02Et

MeO

(143b)

treatment.
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It appears that dehydration of the bromohydrin (148) is so facile, 

due to the acidity of the proton a to the ethyl ester group, and to 

the driving force of conjugation of the ester group and the indole 

nucleus, that in the preferred mode of reaction, the role of azide is 

that of a base rather than a nucleophile. The ease with which this 

dehydration takes place, is apparent from the presence of traces of 

(143b) in the reaction mixture from the treatment with NBS in aqueous 

THF, prior to treatment with sodium azide.

The failure of the bromohydrin route to indolyl-3-(2-azidopro- 

penoates) prompted a brief investigation of alternative uses for this 

sequence of reactions. It was thought that by using 3,3-disubstituted 

propenoates, as starting materials, the 2-azidopropenoates formally 

derived from condensation of ethyl azidoacetate with ketones might be 

accessible. This would be useful, since the condensation with ketones 

does not proceed, (Scheme 7).

Scheme 7

The propenoate (149) was employed as a model system to investigate 

this idea. This was easily prepared by the Wadsworth-Emmons reaction 

of acetophenone with phosphonate (150), and was obtained isomerically

1) NBS/H20/THF

2) NaN3/DMF

pure in 54% yield after distillation. 88

Me O
II

0 + (Et0)2 PCH2C02Et

Ph
(150) (149)
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Treatment of (149) with NBS in aqueous THF gave a mixture of the 

two diastereomers (151a) and (151b) in 73% overall yield, in a 9:2 

ratio after chromatography.

Ph

Me1

Br

OH C 0 2Et

(151a)

Me. Br
t

OH C 0 2Et

(151b)

Presumably some epimerization occurs because of the large degree of 

carbonium ion character in the bromonium intermediate (152a). This is 

due to the high stability of carbonium ion (152b), and has the effect 

of lowering the energy required for rotation about the central bond.

C 02Et

(152b)

When this diastereomeric mixture was treated with sodium azide in 

DMF at 64°C for 18 hr a mixture of two diastereomeric products was 

obtained, in a 9:2 ratio. The major isomer could be obtained pure by 

chromatography on silica gel. The later fractions contained a mixture 

of the two isomers. After further purification by short-path distilla

tion, spectroscopic analysis showed that these diastereomers were not 

azides, the only significant i.r. absorption being at 1735 cm"1. The 

n.m.r. spectrum (major isomer) shows the presence of ethyl ester,
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methyl, and aromatic protons, and also, a one proton singlet at 6 3.46. 

The structures (153a) and (153b) were thus proposed for these diastereo- 

mers. This assignment was confirmed by treatment of the epimeric

mixture (151a and b) with sodium hydride in dry ether, whereby the same 

epimeric mixture of epoxides (153a and b), as that formed by the azide 

treatment was obtained. The epoxide mixtures formed from both reac

tions were identical spectroscopically and chromatographically.

It is still unclear why sodium azide should apparently behave as a 

base rather than as a nucleophile in this reaction. This behaviour 

being in sharp contrast to the report of Shin, as regards the closely 

related systems (154) - (155).^

(153a) (153b)

(154) (155)

One possible explanation is that in the sterically more crowded systems 

(151a and b) conformational locking in an anti peri planar conformation 

operates, this being the favoured conformation for the intramolecular



74

nucleophilic displacement leading to the epoxides. In the less steric- 

ally congested (154), one of the conformations in which hydroxyl and 

bromo substituents are not anti peri planar may be preferred. Inter- 

molecular nucleophilic displacement by azide ion would then be far 

more favourable.

Treatment of the mixture of epoxides (153a and b) with sodium 

ethoxide in ethanol resulted in the formation of acetophenone, via a 

ring opening and retro-aldol sequence. Catalytic pTSA in dichloro- 

methane, or acetic anhydride containing catalytic sulphuric acid gave 

(156a) or (156b) respectively.

(156)

a) R = H

b) R = Ac

A route was also sought, whereby azides such as (157), without the 

alkoxycarbonyl group, might be prepared.

a) R = H

b) R = Me
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The conversion of phenacyl bromide to 2-azidostyrene via formation

of an a-azidoketone, reduction to an azidohydrin and elimination, has 

92been reported. This suggested that the chloroketone (158a) would be 

an appropriate starting material.

a) R = H , X = Cl, R' = H

b) R = H , X = n 3, R' = H

c) R = Me, X = n 3, R' = H

d) R = Me, X = n 3, R' = Me

This compound was accordingly prepared by treatment of indole with

93chloroacetyl chloride in toluene containing 1 equivalent of pyridine. 

Treatment of (158a) with sodium azide in refluxing aqueous acetone 

afforded the azidoketone (158b) quantitatively. This was reduced to 

the azidohydrin (159a) by treatment with sodium borohydride in ethanol 

containing a trace of acetic acid. Finally, treatment with methane- 

sulphonyl chloride and triethyl amine in dichloromethane gave the vinyl 

azide (157a) as an approximately 50:50 mixture of double bond isomers. 

The n.m.r. spectrum of the trans isomer exhibits an AB quartet centred 

at 6 6.55 (J 14 Hz) and the cis at 6 6.12 (J 7.4 Hz).

n3

R
(159)

a) R = H

b) R = Me
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The /7-methyl azide (157b) was prepared in an exactly similar 

manner, from the /7-methylazidoketone (158c), obtained by treating (158b) 

with methyl iodide and potassium carbonate in refluxing acetone. The 

o is / t r c c n s  isomer ratio of (157b) obtained by dehydration of (159b), was 

estimated by n.m.r. as being approximately 70:30, assuming again, that 

the AB quartet with the larger J  value corresponds to the t r a n s  

isomer.

The success of the above route initiated renewed efforts to prepare 

the 2-azidopropenoates already described, by a similar methodology. An 

initial attempt was made to form the enolate anion of (158d), (prepared 

from 2-methyl indole by a sequence exactly analogous to the preparation 

of (158c)), with sodium hydride in DMF. Reaction of this with ethyl 

chloroformate, it was hoped, would give azidoketoester (160f). The 

crude material from this reaction, however, appeared to be complex by 

n.m.r., and furthermore showed no azide signal in the i.r.

It was then decided that the bromoketoester (160e) would be 

required as the key intermediate. It was hoped that treatment of this 

with sodium azide would give azidoketoester (160f). Reduction of this 

with borohydride was expected to give azidohydrin (161). The apparent 

ease of dehydration of the analogous bromohydrin already described, was 

expected to be a favourable effect in this case, and to lead to facile 

formation of the required 2-azidopropenoate. It was decided to work 

with the 2-methyl indole derivatives, since it was in the indole-2-sub- 

stituted series of azidopropenoates that improvement in yields was most 

desirable. For the sake of simplicity, an /7-methyl protecting group 

was employed. The original strategy for the preparation of (160e) 

involved bromination of the enolate anion of (160c), the preparation of 

which was thus undertaken.
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Initially, the ketoester (160a) was prepared in 35% yield by

treatment of 2-methyl indole with ethylmalonyl chloride in toluene con-

93taining 1 equivalent of pyridine. Attempts to /(/-methylate this 

compound using excess methyl iodide and potassium carbonate in refluxing 

acetone, led to dimethylation, giving compound (160d), a colourless 

solid (m.p. 105.5-7°C). Treatment of (160a) with 1 equivalent of 

sodium hydride in DMF, followed by quenching with methyl iodide gave a 

mixture of (160b) and(160c) in a 75:25 ratio, as estimated by n.m.r.

Treatment of 1,2-dimethyl indole with ethylmalonyl chloride under 

the aforementioned conditions gave a mixture of starting material and 

(160c) which was easily separable by chromatography on silica gel. A 

30% yield of (160c) was obtained, along with 55% recovery of 1,2- 

dimethyl indole.

COo Et

(161)

a) R = H , X = H

b) R = H , X = Me

c) R = Me, X = H

d) R = Me, X = Me

e) R = Me, X = Br

f) R = Me, X = n 3

Due to the rather low yields of (160c) obtained by this method, an 

alternative preparation was sought. It is known that the Vilsmeier- 

Haack reaction of indole with amide (162), gives chloroketone (163).^

A modified version of this reaction could be envisaged, in which 

Vilsmeier reaction of amide (164) with 1,2-dimethyl indole would give 

(160c). Amide (164) was easily prepared by treatment of ethyl malonyl
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I,
O

(162)

P0C13 
-------►

(163)

chloride with 2 equivalents of diethyl amine in dry ether at 0°C. The 

Vilsmeier reaction was carried out as normal, using (164) as reaction 

solvent as well as reagent. The product of this Vilsmeier reaction, 

a pale yellow solid (m.p. 117-9.5°C) was not however, (160c). In 

the n.m.r. spectrum, along with ethyl ester, /V-methyl, 2-methyl and 

aromatic signals were multiplets 6 0.8 - 1.5 (6H) and 6 3.0 - 3.5 (4H), 

as well as a sharp singlet 5.05 (1H). These data are consistent 

with the structure (165). Its formation is easily rationalised by 

consideration of the intermediate (166), formed by attack of 1,2- 

dimethyl indole on the Vilsmeier reagent (167). The normal course of 

the reaction, viz displacement of chloride ion by the nitrogen lone 

pair, subsequent nucleophilic attack by hydroxide ion and elimina

tion of diethyl amine, is not followed due to the acidity of the a 

protons (marked with an asterisk in (166)). Instead, elimination of 

HC1 results in formation of the enamine (165) , which v/as 

formed isomerically pure, and is assumed to have the geometry shown. 

Although the enamine (165) could be hydrolysed with dilute sulphuric 

acid in ethanol to the ketoester (160c), another possibility
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(165)

was considered, viz direct bromination of enamine (165). Accordingly, 

this enamine was treated with bromine in dry ether at -78°C. Treatment 

of the resultant buff precipitate of the iminium bromide with water, 

and isolation of the product by chromatography, gave a yellow gum in 

69% yield. Spectroscopic examination showed this to consist of an 

approximately 40:60 mixture of double bond isomers of the bromoenamine 

(168).

(168)
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The yield of this reaction was somewhat variable in subsequent runs. 

Bromoenamine (168) could be hydrolysed with dilute sulphuric acid in 

ethanol, giving the required bromoketone (160e) in 83% yield.

The first attempt at nucleophilic substitution of (160e) with 

azide, involved heating with 2 equivalents of sodium azide in 60% 

aqueous acetone. The resulting gum, after chromatography, appeared 

to consist of two compounds. One of this pair of compounds was an 

ethyl ester, but no more could be concluded about it with certainty, 

as it appeared to transform to the other compound during chromatography 

The other compound was obtained as a yellow crystalline solid (m.p. 

144-6°C), in low yield, by crystallization of the mixture from ethanol/ 

petrol. The n.m.r. spectrum of this compound is simple, consisting of 

aromatic protons, ^-methyl and 2-methyl indole resonances, and one other 

singlet at 5 1.78 (6H). This six proton singlet points to the incor

poration of acetone, while it is also obvious that the loss of the 

ester group has occurred. Consideration of these data, as well as i.r 

and mass spectral information leads to the structure (169).

One possible structure for the other compound alluded to above would 

be that of alcohol precursor (170), although there is no firm evidence 

for this assertion. The mode of formation of (169) is thought to 

involve initial nucleophilic displacement of bromine, followed by loss 

of nitrogen as shown. Incorporation of one molecule of acetone, and 

cyclization then gives (169), (Scheme 8).

O

Me

(169)
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(170)

Scheme 8
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Oxazolones such as (169) are known in the literature, where they have

been prepared for instance by treatment of amidoesters such as (171)

95with oxalyl chloride and triethyl amine.

The thermal extrusion of carbon dioxide from these oxazolones to

96 97give nitrile ylids has been extensively studied. ’

In an attempt to assess the generality of this reaction, bromo-

98ketoester (172) was treated with sodium azide in aqueous acetone.

Instead of an oxazolone analogous to (169) however, a 2.(v - dihydrooxazole 

(173) was obtained.

Consideration of the relative reactivities of the keto groups in 

(160e) and (172) affords a rationale for this difference in behaviour 

When Ar in species (174) is a 3-indolyl group, the vinylogous amide
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character of the keto function causes it to be of lower reactivity 

than the ester carbonyl, ring closure into the ester group results. 

If Ar is a phenyl group however, there is no electron release into 

the keto group, and in this instance it is more reactive than the 

ester carbonyl, resulting in the opposite mode of ring closure.

Ar = Ph Ar = 3-indolyl

w

Nucleophilic substitution of (160e) was then attempted in other 

solvents. Treatment of (160e) with one equivalent of sodium azide in 

DMF, DMSO or HMPA at room temperature, gave after work-up, crude mix

tures which were identical by i.r. and t.l.c. The combined mixtures 

were chromatographed, resulting in the isolation in low yield of a 

crystalline solid (m.p. 138.5 - 142°C). The other fractions appeared 

to contain several compounds, one of which was an ethyl ester. Attempts 

to isolate this ester were unsuccessful, and further chromatography only
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led to decomposition. Examination of the crystalline material showed 

it to be an azide, with the characteristic i.r. band at 2110 cm-1.

In the n.m.r. spectrum are aromatic, /V-methyl and 2-methyl signals, as 

well as a singlet corresponding to 2 protons at 6 4.54. Consideration 

of this and the other spectral data leads to the structure (158d), and 

this assignment was confirmed by comparison with an authentic sample 

of (158d) prepared as described earlier.

The mode of hydrolysis and decarboxylation is assumed to involve 

neighbouring group assistance from the azide function.

It was also shown that (160e) may be reductively dehalogenated by 

treatment with sodium borohydride or DIBAL, to give ketoester (160c).

Evidently, there are some subtle effects in operation, which pre

clude the simple nucleophilic substitution of (160e) with azide ion.

2.5 Conclusion

Although the yields of the azidoacetate condensations were not 

satisfactory in some cases, an alternative route to the 2-azidopropen- 

oates was not found, and thus it was decided that these low yields 

would have to be tolerated in order to investigate the thermolyses of 

these azides. The next chapters describe these thermolyses, and the 

chemistry of the resulting products.

N
Me

(158d)



Chapter 3

Thermolyses of azidopropenoates unsubstituted in the 

indole-2-position, and chemistry of the resulting 

pyrroloindoles
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3.1 Thermolyses of azidopropenoates unsubstituted in the indolex

position

In Chapter 2 some conjectures were made as to the fate of 2-azido- 

3-(indol-3-yl)propenoates on thermolysis. Herein it is intended to 

describe studies on the thermolyses of the simplest type of these 

compounds, that is those bearing no 2-substituent in the indole ring, 

and some simple chemistry of the products thus obtained.

When the azides (175a-d) were thermolysed as ca. 0.5% solutions in 
67 81

refluxing toluene, * under a nitrogen atmosphere for approximately

1.5 hr, the formation of one new compound was in each case detectable by 

t.l.c.. These could be isolated and purified, by evaporation of the sol

vent, and recrystallization from toluene, ethanol or methanol. Yields 

of 70-90% could be obtained. The compounds may be shown to have struc

tures (176a-d), the i.r. spectra having characteristic bands for W-H and 

aromatic ester groups, and the n.m.r. showing the presence of five aro

matic protons, one being a singlet. The resonance due to the indole-2- 

proton, observed in the starting azide, is now absent. Mass spectros

copic and microanalytical data are in all cases consistent with the 

proposed structures.

(175)

a) R = Me R1 = Et

b) R = CH2Ph R1 = Et

c) R = CH20Me R1 = Et

d) R = CH20Me R1 = Me
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(176)

a) R = Me R1 = Et

b) R = CH2Ph R1 = Et

c) R = CH20Me R1 = Et

d) R = CH20Me R1 = Me

These [2,3-b] pyrroloindoles are thought to be formed as the result 

of a 6tt electrocyclic ring closure of the intermediate nitrene (178b), 

to give an 8aH-pyrroloindole (177), and subsequent [1,5] prototropic

c o2r1

(178a) (178b)
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Because of the intermediacy of the azirine (178a) the double bond 

stereochemistry of the starting azide is immaterial, since such stereo

differentiation between c i s  and t r a n s  groups is destroyed upon forma

tion of the azirine. Thus if the azirine ring opens to give the 

nitrene in which the indole nucleus and the ester group are t r a n s ,  ring 

closure will result, if not re-formation of the azirine may be expected 

until all of the azirine-nitrene equilibrium system has gone to product 

v i a  the nitrene of required stereochemistry.

Neither the azirine (178a) which is supposed to be in equilibrium 

with nitrene (178b), nor the 8aH-pyrroloindole intermediate were ever 

detected in the thermolysis reaction mixtures. In the latter case this 

is not in the least surprising, since the 8aH-pyrroloindole species may 

be imagined to be highly unstable, aromatizing rapidly. In the case 

of the azirines however, it was thought that detection might be possible, 

since such species have been detected in and indeed isolated from reac- 

tion mixtures of thermolyses of other 2-azidopropenoates. It may be 

supposed that electron release from the indole nitrogen weakens the C-N 

single bond in the azirine, making this a very transient species,

(Scheme 9).

Scheme <

N
R



89

3.2 Simple chemistry of the pyrroloindoles

The debenzylation of (176b) was attempted, using excess sodium in 

liquid ammonia. This resulted only in the isolation of a very small 

amount of decomposed material, and since later attempts to effect a 

dissolving metal reduction, using sodium in liquid ammonia on a rela

ted compound, resulted in similar decomposition, it was assumed that 

the pyrroloindole system is unstable to such conditions. Attempted 

debenzylation by hydrogenolysis also failed. Later, when the N- 

methoxymethyl compounds (176c) and (176d) had been obtained, it was 

found possible to effect deprotection by treatment, for fairly extended 

periods (2-4 weeks) with cold dilute aqueous HC1 in ethanol or methanol. 

Attempts to use harsher acid conditions or higher temperatures in order

to accelerate the deprotection rate, resulted only in decomposition.

36
The compound (179) thus formed has been described by Witkop et ah 

although only melting point and u.v. data are given. These correspond 

closely with the data recorded on samples of (179) prepared as outlined 

above.

/^-Alkylation of the unsubstituted nitrogen atom in the systems (176) 

may be efficiently carried out. Treatment with sodium hydride in DMF 

at room temperature, followed by quenching with an alkylating agent such 

as methyl iodide, leads to N,N'-disubstituted compounds. Pyrroloindoles 

such as (180a) and (180b) were generated in this manner.
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Removal of the /V-methoxymethyl group from system (180b) may be effected 

as before, by treatment with aqueous HC1 in methanol, to give (181). 

Curiously, the period of time necessary for complete deprotection of 

(180b) under identical conditions to those employed in the deprotection 

of (176d), was only 3-5 days as opposed to 4 weeks in the latter case. 

The reason for this difference is unclear, it may be related to the 

capacity for hydrogen bonding which exists in (176d) but not in (180b). 

The implication being that electron density is released from the oxygen 

atom in the formation of the hydrogen bond, making protonation on 

oxygen (the first step in the deprotection mechanism) less facile.

Me

(176d)

The system (181) may also be alkylated by NaH/DMF treatment and 

subsequent quenching with e . g .  ally! bromide to afford compound (182).

(182)
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In a rather speculative attempt to oxidize the compound (179) to 

the benzodiazapentalene (183), a solution of DDQ in THF was added to a 

solution of (179) in the same solvent at room temperature. Only highly 

coloured decomposition products were formed.

Treatment of (180b) with LAH in THF at room temperature was expected 

to give the 2-hydroxymethyl pyrroloindole. Separation of the resulting 

crude material by p.l.c. resulted in the isolation of one slow running

compound. No -OH or carbonyl signals are observed in the i.r. spectrum, 

and the n.m.r. shows aromatic, tf-methoxymethyl and //-methyl signals, and 

also two other one proton singlets. The molecular ion is at 440 mass 

units. On the basis of these data structure (184) is proposed. Its 

mode of formation is not certain. The reduction of simple 2-carbonyl

(183)

band, a solid (m.p. 220-5°C) which was shown not to be the expected

(184)

pyrroles with LAH has been well studied, and it is known that reduction 

of pyrrole-2-carboxylic acids and esters gives 2-methyl pyrroles when 

large excesses of LAH are used. With equimolar amounts of LAH.
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dipyrromethanes and polymers are also obtained due to the facile poly

merization of the intermediate hydroxymethylpyrrole (or rather the 

aluminium alkoxide derivative) Reduction of 1 -methylpyrrole-2-

carbaldehyde or 1-methylpyrrole-2-carboxylic acid even with large 

excesses of LAH gives only the 2-hydroxymethyl-1 -methylpyrroleJ^a 

This is seen to be a reflection of the fact that while base catalyzed 

elimination in the N-H compounds can give a 1-azafulvene intermediate 

which is subsequently reduced to a 2-methyl pyrrole, the analogous e x o 

methylene species is not formed from the N-Me c o m p o u n d , S c h e m e  10.

Scheme 10

The LAH reduction of (180b) provides something of a contrast, since 

although an excess of LAH was used, only dark blue polymers and the 

isolated compound (184) were observed. The formation of (184) must 

involve displacement of an 0-A1 leaving group from the putative inter-
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mediate (185a) by a nucleophilic pyrroloindole species, possibly another 

molecule of (185a) itself, followed by loss of a one-carbon fragment 

with concomitant rearomatization. The possibility of intermediacy of 

exomethylene species (185b) seems remote since this would surely be 

reduced by hydride to the 2-methyl compound.

The base catalyzed hydrolysis of the ester group in (180b) was 

effected by heating with 5.6 equivalents of sodium hydroxide in water/ 

methanol at reflux, for 2.5 hr. Acidification and work-up gave a pale 

blue oily solid which was shown to consist of two compounds by t.l.c.. 

Washing with hot petrol removed one of the compounds, leaving a pale 

blue powder which could be recrystallized from methanol/nitromethane 

(m.p. 124-6°C). This was characterized as the acid (186), having i.r. 

signals at 2560-3120 and 1665 cm"1, and showing only two methyl resonances 

in the n.m.r. spectrum. The other compound was obtained as a colourless 

oil (becoming blue-green on exposure to the atmosphere at room tempera

ture) by silica gel chromatography. In its i.r. are no carbonyl or 0-H 

absorptions, and its n.m.r. displays aromatic, tf-methoxymethyl and N- 

methyl resonances, as well as an AB quartet (6 6.45). Consideration

(185a) (185b)
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of the full data* indicates strongly that this compound is the decar

boxyl ated pyrroloindole (187).

In another experiment, the pyrroloindole (180b) was heated in 

methanol/water at reflux with 30 equivalents of sodium hydroxide for 

24 hr. On this occasion the decarboxylated compound was isolated in 

37% yield, but none of the acid was detected. However, a compound was 

obtained in low yield, the m.p., n.m.r., and t.l.c. of which, indicated 

it to be identical with (184).

The pyrroloindole (187) could be formylated by the Vilsmeier-Haack 

reaction. The product being tentatively identified as the 3-aldehyde (188) by 

nuclear Overhauser difference spectroscopy* The nOe difference spectra 

and normal lH spectrum are reproduced in Appendix 1 (Figure 1), the bottom 

trace being the normal spectrum. Irradiation of the formyl proton 

(middle trace) causes a large enhancement of the signal corresponding

*The AB quartet (6 6.45) is observed when the spectrum is run in CDC13. 

When d6-acetone is employed, the chemical shifts are sufficiently 

different to resolve this into a simple AX system. The 250 MHz 

spectrum of (187) was run in d6-acetone, and this is the one which 

will be reported in the experimental section.
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to the lone proton in the 5-ring but virtually no other enhancements. If 

the compound were the 2-formyl isomer (189) an enhancement of the 

//-methyl signal would also be expected. Irradiation of the o-methyl 

protons of the methoxymethyl group gives the expected modest enhance

ments which may be observed in the figure. The formation of the 3- 

formyl compound is in some contrast with results to be discussed later, 

which suggest that the terminal 5-ring of these pyrroloindoles behaves 

like an isolated pyrrole ring. This would, of course, lead one to 

expect 2-formylation.

CHO

(188) (189)
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3.3 Thermolyses of l-azido-2-(indol-3-yl)a1kenes

The preparation of the vinyl azides (157) was discussed in Chapter 2. 

These rather unstable compounds darkened rapidly at room temperature, 

but could be stored at -18°C for periods of months.

Thermolysis of (157a) in toluene for 5 min resulted in rapid and 

dramatic darkening. Analysis of the resulting tarry material by n.m.r. 

showed it to consist only of complex decomposition products.

(157)

a) R = H

b) R = Me

Similar thermolysis of the w-methyl compound (157b) gave a dark 

purple oil, and amongst other signals in the crude n.m.r. of this 

material (in deuterochloroform), a distinct AB quartet was observed, 

having an almost identical chemical shift and J value to the AB 

quartet of compound (187). This was taken as strong evidence of the 

formation of pyrroloindole (190).

(190)
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Attempted isolation by p.l.c. resulted in complete decomposition, and 

only dark tarry gums could be obtained.

It must be assumed that the pyrroloindoles not having an electron

withdrawing 2-substituent are only tolerably stable when both nitrogen

atoms are alkylated. It is interesting to compare the relative stabili-

102ties of the azides (175) and (157). Whereas 2-azidostyrene and ethyl 
fid

2-azidocinnamate are both of comparable stability the azides (157) 

are very much less stable than their alkoxycarbonyl counterparts (175). 

This effect is presumably attributable to electron release from the

indole nitrogen, which weakens the N —  N2 bond in the azide group, 

assisting loss of nitrogen as shown below. In the azides (175) much

of this electron release would be diverted into the alkoxycarbonyl group.

Another relevant comparison to be drawn between 2-azidostyrene and ethyl

2-azidocinnamate is that of product distribution upon thermolysis. This

reveals another important effect of the alkoxycarbonyl group on the

reactivity of these vinyl azides. 2-Azidostyrene when thermolysed at

290°C gave in mediocre yield, a mixture of indole and phenyl acetonitrile.^

At the far lower temperature of 140°C ethyl 2-azidocinnamate gave very

81
high yields of 2-ethoxycarbonylindole. The thermolysis reaction 

mixture of (157b) contained numerous minor products, although it was not 

determined if any of these was a nitrile, while the reaction mixtures 

resulting from thermolysis of azides (175) generally were very clean.

+

- rv .

N
R
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Thus the alkoxycarbonyl group exerts a strong influence on the product

distribution, but the nature of this effect is not quite clear. An

observation which may be relevant in rationalizing this, is that the

intermediate azirine in the thermolysis of 2-azidostyrene is unstable

and could only be detected by spectroscopic means or by reduction to 

103the aziridine, while the analogous azirine in the thermolysis of

o 81ethyl 2-azidocinnamate is reasonably stable up to ca. 100UC. This 

stabilization of the azirine by the ester group might be expected to 

lead to increased selectivity in its mode of reaction. This effect 

may also be assumed to operate in the azirines derived from vinyl 

azides (175), although for reasons stated earlier, the azirines derived 

from the azides (175) are not expected to be as stable as that derived 

from ethyl 2-azidocinnamate

3.4 Brief survey of the literature on pyrrolo[2,3-b]indoles

There are very few references in the literature to pyrrolo[2,3-b]

indoles in the same high oxidation level as the compounds described in

36the previous section. The preparation of (179) by Witkop et al has

already been cited, and Russian workers claim to have prepared the 3-

104
cyanopyrroloindole (191).

(191)
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The compound (192) may be prepared by borohydride reduction of the 

oxime (193) at -10°C. If the reaction is carried out at higher 

temperatures, mixtures containing (192) as well as (194) and (195) 

result.^
Me

Me

This ring system is well known however, in the reduced form, and as 

such is found in many natural products. Physostigmine (196) is a well 

known example. Recently, structurally related brominated compounds
1 nc

such as (197) and (198) have been isolated from marine sources.
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o
II

(196)

(197)

Aszonalenin ( 1 9 9 ) ^  and roquefortine ( 2 0 0 ) ^  are other examples 

of recently isolated natural products containing the pyrrolo[2,3-b] 

indole skeleton. The stereochemistry was not reported in either case.

(199)
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These may be envisaged as arising from enzymic alkylation of a trypto

phan or tryptamine and subsequent nucleophilic ring closure, as 

described in Chapter 1. Various syntheses of pyrrolo[2,3-b]indoles 

also depend on this principle, some of which have already been discussed,

and amongst the most important of which are oxidations, photochemical or

31 109otherwise of tryptophans and tryptamines. ’

Stable cyclic tautomers of tryptophans obtained by treatment of the 

tryptophan with 85% phosphoric acid have been described by Taniguchi 

et al.^® A simple example of this is the acid induced cyclization of 

(201).

( 201)

(E=C 02 Me)

The diketopiperazine (202) may be cyclized in a similar manner. Ill

(202)
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Classical syntheses of this system frequently employ, as the key 

intermediate, a 3-cyanomethyl indole, oxindole or indolenine, as in the 

examples below, (Scheme 11) ^2,113,114

Scheme 11

More recently, the photolysis of Reissert compound (203) to give a cyclo 

prop[ b ]  indole, followed by base treatment, has been used to generate 3- 

cyanomethyl indolenine (204). This hydrolyses i n  s i t u  to give carboxyl 

ate (205). Cyclization gives lactone (206) which may be converted to
11 c iif:

(±)esermethole (207) by the steps summarized below. ’

Fischer indolization has also been used to synthesise this ring 

system, (Scheme 1 2 ) J ^
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Me 

R

I
COzEt

(203)

(207)
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Scheme 12

OH

Harley-Mason et dl have obtained the physostigmine precursor (208),
118by oxidative cyclization of the diamine (209).
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More recent synthetic routes which have been used to obtain this

ring system include treatment of the hydrazone (210) with oxalyl

chloride to afford the cyclized product (211), which upon thermolysis

in decal in gives the dioxopyrrolo[2,3-b]indole (212). This presumably

comes about via a [3,3] sigmatropic shift, rearomatization and nucleo

li 9phi lie attack, as shown, (Scheme 13).

Scheme 13

( 2 1 2 )
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Wijnberg et at describe the synthesis of (±)desoxyeseroline

(216), as an application of their previously reported regiospecific

120reduction of substituted succinimides with borohydride. The com

pound (213) was thus prepared, and catalytic reduction of the nitro 

group afforded amino compound (214). This may be cyclized to the 

amide (215), and standard steps (as described above) were used to con

vert this to (216).^

(216)
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Possibly the most elegant synthesis of the physostigmine ring

system to be found in the literature is the recently reported cycliza-

tion of trisubstituted benzene (217). This was treated with methyl

trifluoromethanesulphonate followed by TBAF, giving the dipolar ylid

(218). This subsequently closes via an intramolecular (4+2) cyclo- 
122

addition.

Me

^ ^ ^ N ^ '^ N '^ S i M e
Me

(217)

Me

(218)

EtC
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3.5 Further chemistry of the pyrrolo[2,3-b]indole systems

Having studied some simple chemistry of the pyrrolo[2,3-b]indoles 

as described earlier, it was hoped that these systems might be used as 

a starting point for approaches to natural products. It was decided 

to investigate reactions which could lead from a pyrrolo[2,3-b]indole 

to the aszonalenin ring system (199).

Three considerations had to be borne in mind:

(i) The formation of the 7-membered cyclic diamide (219b). Two modes 

of effecting this goal could be envisaged viz

a) Formation of a 1-anthranoyl pyrrolo[2,3-b]indole such as 

(219a), and cyclization via nucleophilic attack of the amine upon the

2-carboxymethyl group.

b) Initial formation of an amide such as (220), and cyclization 

by attack of the pyrrolic nitrogen upon the anthranilate carboxymethyl 

group.

(220) ( 2 1 9 b )
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(ii) Reduction of the 2,3-double bond of the pyrrolo[2,3-b]indole 

system.

(iii) Introduction of a substituent at the bridgehead of the two 5- 

membered rings, as shown schematically below, (Scheme 14).

Scheme 14

(i) Attempts directed at the construction of the 7-membered cyclic 

diamide (219b) where R = -CH20Me

In the first attempt to construct the cyclic diamide (219b), methyl

anthranilate was heated with the pyrroloindole (176d) and sodium

123methoxide, in refluxing benzene. Only starting materials could be 

obtained from this reaction mixture. Likewise, treatment of a DMF 

solution of (176d) with sodium hydride followed by methyl anthranilate, 

afforded only starting material on work-up, as evidenced by t.l.c. and 

n.m.r.. Several simple experiments were then carried out to assess 

the likelihood of formation of an amide by nucleophilic attack of an 

amine on the carboxymethyl group of the pyrroloindole systems (176d) or 

(180b). Treatment of (176d) with excess aqueous ammonia in refluxing 

methanol, or (180b) with excess hydrazine hydrate under the same con

ditions resulted only in the recovery of the respective starting 

materials. Heating of (176d) in neat aniline gave the deprotected
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compound (179) in 46% yield as the only product. Presumably this 

deprotection comes about via nucleophilic attack by aniline at the 

methylene centre of the methoxymethyl group.

Since the ester group in methyl anthranilate appeared to be

insufficiently electrophilic, an alternative anthranoylating agent was

1 I PS
sought. One such reagent in common use is isatoic anhydride (221). ’

H

The pyrroloindole (176d) was heated with (221) in refluxing pyridine

for 8 h . ^  No compounds other than (176d) and (221) could be detected

in the reaction mixture after this time. Likewise, treatment of (176d)

with sodium hydride in DMF or THF/HMPA, followed by a solution of (221)

in the appropriate solvent, did not result in anthranoylation. The

/V-anthranoylated compound (222) was eventually prepared, albeit in low

yield, by treatment of (176d) with sodium hydride in THF followed by

o-m trobenzoyl chloride to give (223) in 65% yield, and subsequent

reduction of the nitro compound. It was recognised that the o-nitro-

benzoyl group is used as a protecting group for alcohols since it

126may be easily removed by reductive cleavage, the intermediate 

hydroxylamine species (224) assisting such cleavage as shown, (Scheme 15). 

Thus it was expected that some cleavage would occur during hydrogenation 

of (223), and indeed this was the case. When this nitro compound was 

hydrogenated in methanol over palladium-charcoal, yields of the amine 

(222) varying between 9 and 27% were obtained as well as the cleaved 

product (176d).
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Scheme 15

O
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Attempts to reduce the nitro compound by catalytic transfer hydrogena

tion with palladium on charcoal and cyclohexa-1,4-diene were unsuccess- 

127ful. Reduction of (223) with sodium dithionite in aqueous THF gave

1
a ca. 50:50 mixture of (222) and (176d) as estimated by n.m.r.

It was hoped that intramolecular nucleophilic attack by the amine

group in (222) would be more facile than the corresponding intermolecu-

lar reaction. Heating of (222) in xylene for 20h or in toluene with a

123catalytic amount of sodium methoxide did not however effect

125cyclization. Acid catalysed cyclization of (222) was also attempted 

on a very small scale due to lack of material, but n.m.r. appeared to 

indicate that only cleavage of the 1-methoxymethyl group had occurred.

In a somewhat speculative attempt to produce a species such as 

(220), the azidoamide (225) and 1 -methoxymethylindole-3-carbaldehyde 

were added as a methanol solution to a cooled solution of sodium 

methoxide under the conditions of the azidoacetate condensation. It 

was hoped that vinyl azide (226) would be formed, which on thermolysis 

would afford (227). Numerous products were formed in the reaction, 

and separation was effected by silica gel chromatography. These com

pounds were all shown by n.m.r. to be anthranilate derivatives, and 

since none of the required compound was obtained these were not 

investigated further.
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(227)

(ii) Attempts to reduce the 2,3-double bond

Attempts to effect the transformation summarised in Scheme 16

commenced with treatment of the pyrroloindole (176d) with borane-

129trimethylamine complex and aqueous hydrochloric acid in dioxan.

A compound was isolated which appeared by its i.r. and n.m.r. to be 

the ^-methyl compound (228), the methoxy group presumably having been 

reductively replaced by hydrogen.

Scheme 16
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C 0 2Me

Similar reactivity was observed when (180b) was treated with excess 

sodium cyanoborohydride in glacial acetic a c i d ^  at 60-70°C for 2h, the 

N,^'-dimethyl compound (229) being isolated in good yield, as the only 

product.

C 0 2Me

(229)

131An attempt to reduce (180b) with zinc and phosphoric acid resulted 

only in cleavage of the /l/-methoxymethyl group, giving (181). High 

pressure catalytic hydrogenation of (176d) in methanol over palladium- 

charcoal at 50 p.s.i. also failed and starting material was recovered. 

Treatment of (180b) with excess sodium in liquid ammonia gave, after 

work-up, a gum having a complex n.m.r. spectrum indicating complete 

conversion to intractable material which was not investigated further. 

The failure of hydride transfer, or nucleophilic reducing agents to 

reduce the pyrroloindole system under acidic conditions led to the 

question as to whether this ring system is indeed protonated in acidic
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media. This protonation is a necessary condition for such reductions, 

and if the system were not being protonated this would explain the lack 

of reactivity under such conditions. Thus the u.v. spectrum of pyrrolo- 

indole (180a) was recorded in methanol and subsequently in methanol con

taining sulphuric acid. No appreciable changes in Amax or e values 

were observed, indicating that in fact no significant degree of proto

nation had taken place.

Reduction of (180b) with the "cuprous hydride" reagent described 

132by Paquette et at gave a three component mixture. Separation by 

silica gel chromatography afforded starting material (17% recovery) 

as well as a rather impure rear band, appearing by its n.m.r. spectrum 

to consist chiefly of the bis(pyrrolo[2,3-b]indolyl)methane (184) already 

described. The front band, isolated in 17% yield was identified as the

2-methyl pyrroloindole (230) on the basis of its n.m.r. spectrum which 

exhibited the expected aromatic, ^-methyl and //-methoxymethyl signals 

as well as a 1 proton quartet at 5 6.20 and a 3 proton doublet at 62.39 

(J ca. 1.0 Hz).

MeO

(230)

The reduction of the 2-methoxycarbonyl group to a methyl group 

runs contrary to the known mode of LAH reduction of 1-methyl-2-carbonyl

pyrroles as discussed earlier, as in these cases no 2-methyl compound

, . . . . 101a, 101bmay be obtained. Whether the exomethylene species (185b)
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is actually formed in this instance or whether displacement of an O-Cu 

leaving group by a nucleophilic hydride species is involved, cannot be 

said for certain. Presumably (184) is formed via a similar pathway 

to that discussed earlier, only in this case an O-Cu species is dis

placed as leaving group.

(iii) Attempts to introduce a bridgehead substituent

Considering the direction of electron release in the central

double bond of these pyrroloindole systems, it might be supposed that

the 3a-position would be activated to electrophilic attack. Indolic

Grignard reagents formed by treatment of tf-H indoles with alkyl magnesium

133halides can be alkylated in the 3-position, and 3-substituted indoles 

treated thus, afford indolenines. It was hoped that the W-Grignard 

reagents of either (176a) or (181) could be alkylated in this manner at 

the 3a-position. The system (181) seemed more likely to behave so, as 

it appeared to approximate more closely to the simple indoles which are 

known to undergo this reaction. It was suspected that the terminal

5-membered ring in (176a) would behave more like an isolated pyrrole.

In the event, both (176a) and (181) were treated with ethyl- 

magnesium bromide in THF, and although a red colouration developed in 

both cases, no reaction was observed by t.l.c. when methyl iodide was 

added. Both reactions gave only recovered starting material on work-up. 

Repeating the above treatment with (176d) but using ally! bromide instead 

of methyl iodide also resulted in recovery of starting material. It is 

not certain if the required tf-Grignard reagents were formed. The red 

colouration imparted to the reaction mixture by addition of ethyl- 

magnesium bromide was not discharged when water was added, and was 

therefore possibly due not to the required Grignard, but to a trace 

impurity or to a small amount of polymerization. The failure of these
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model systems to react in the required fashion led to the abandonment 

of this approach.

Another approach to the introduction of a bridgehead substituent 

was based on the known migrations of allyl and related groups from 

nitrogen to carbon in indoles. Thus w-allylindole gives 3-allylindole

upon F.V.P. at 500°C, or by refluxing in benzene with aluminium chi or-

134 135 136 137ide. ’ Photolytic rearrangements are also known, Scheme 17. 5

Scheme 17

It was thought that the tf-allyl compound (182) would be a suitable model 

substrate, but refluxing in o-dichlorobenzene for 24h or photolysis at 

300 or 254 nm left this compound unchanged. Treatment with aluminium 

chloride in refluxing benzene resulted in complete decomposition.

(182)
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Another known reaction related to those mentioned above, is the

138migration of the allyl group in the compound (231). If the pyrrolo-

indole system is regarded as an indole with a heteroatom substituent in 

the 2-position, then it might be envisaged that the system (232) would 

undergo a similar rearrangement.

(231)

This compound was prepared in a similar fashion to (182), by treatment 

of (176d) with sodium hydride and subsequent quenching with allyl bromide. 

A yield of 71% was obtained, along with a minor amount of another com

pound, appearing as an intensely fluorescent, slower running spot on 

t.l.c.. Thermolysis of (232) in decal in left this compound unchanged, 

but photolysis at 300 nm in cyclohexane for 40 minutes resulted in almost 

complete consumption of the starting material, and formation of two new 

products, the major product being identical by t.l.c. and spectroscopi

cally with the minor compound from the allylation reaction described 

above. The minor photolysis product was shown to be (176d), presumably 

the result of photolytic cleavage, and was obtained in 11% yield, while 

the yield of the major product was 62%. The major photolysis product
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has a molecular ion of the same mass as (232) viz 298, and is therefore 

isomeric with (232). The presence in its n.m.r. spectrum of a two- 

proton multi piet at 6 2.93, corresponding to the methylene protons of 

the ally! group, was taken as evidence that N to C migration had 

indeed taken place. In the starting compound (232) these protons

resonate at 6 5.40. The methylene protons of the /iMnethoxymethyl

group appear as an AB quartet in the n.m.r. of the rearranged compound, 

and this points to the formation of a chiral centre, which is also fully 

consistent with N to C migration. Further evidence for this migra

tion is obtainable from the 13C n.m.r. spectrum of this material, in 

which a high field quaternary resonance at 6 92.95 indicates the presence 

of an sp3 quaternary centre. The data so far described could be 

equally consistent with either of structures (233a) or (233b). The i.r.

spectrum of the rearrangement product seems to provide some slight evi

dence in favour of structure (233a) since the ester carbonyl signal comes 

at 1730 cm"1 while that of the starting compound (232) is at 1690 cm"1. 

The higher frequency of the ester carbonyl signal in the photolysis pro

duct could be seen as an indication that the methoxycarbonyl group is 

now attached to an sp3 centre as in structure (233a), rather than to an 

sp2 centre which would be the case in structure (233b). This could not 

be taken as conclusive evidence however, and comparison of the u.v. 

spectrum of (232) with that of the rearranged product, although revealing

(233a) (233b)
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considerable differences, did not afford any further means of distin

guishing which of the two possible structures was correct. Nuclear 

Overhauser difference spectroscopy showed only the expected enhancements 

for each centre irradiated, and did not lead to any concrete assignment 

of structure. The structure was finally elucidated by X-ray crystallo

graphy, the crystal data being as follows:

For C1 7HigN2 0 3, triclinic, £  = 8.175 (3), b = 9.732 (3), £  = 

10.863 (4) A; a = 115.62 (2), $ = 92.56 (3), y = 93.88 (3)°; u =

775 A3; space group pT; Z = 2; D = 1.28 g era"3. Data were collec-

ted on a Nicolet R3m diffractometer with Cu-K radiation. The struc-a
ture was solved by direct methods and refined anisotropically to give 

R = 0.054 for 1321 independent observations. The structure was thus 

determined to be (233a) as shown in the computer generated drawing repro

duced in Appendix 2 (Figure 2). A full list of bond angles and lengths 

is also included in Appendix 2.

This result is not altogether surprising in the light of work by 

139 140Patterson et at. , ’ who have investigated the photolyses at 254 nm,

of simple tf-alkyl and tf-allylpyrroles, and have obtained 2H-pyrroles as 

the major components, along with 3-substituted pyrroles, and /I/-H pyrroles 

which are the result of photocleavage. Comparison with these literature 

results suggests that the terminal 5-ring of the pyrroloindole system 

behaves at least to some extent as if it were an isolated pyrrole ring. 

The analogy with Patterson's work is not complete, since no products of 

migration to the 3-position were obtained.

Photolysis of the ^-methyl compound (180b) at 300 nm for 2h left 

this compound unchanged.

It is also known from the literature that treatment of pyrrylmagnes-

ium halides with alkylating agents frequently results in the formation of 

1402H-pyrroles, although pyrroles bearing an ester group cannot be
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alkylated in this fashion^ (this is also true of the pyrroloindoles, 

and unsuccessful attempts to alkylate the pyrroloindoles bearing alkoxy- 

carbonyl groups via the tf-Grignard compounds have been described earlier). 

It has been seen however that treatment of the w-sodium salt of (176d) 

with allyl bromide gives a minor amount of the 2H-pyrroloindole (233a).

Treatment of the N-sodium salt of (176d) with prenyl bromide results 

in the formation of the analogous 2H-pyrroloindole (234) as the major 

product, in 60% yield. In this instance only a 6% yield of the N- 

alkylated compound (235) could be isolated. The structure (234) was 

assigned by comparison of its i.r., u.v. and n.m.r. spectra with those 

of (233a). The reason for this great difference in the ratio of N to 

C alkylation when compared with the ratio for alkylation with ally! 

bromide is not clear.

Photolysis of (235) in cyclohexane at 254 nm gave a compound having 

an identical n.m.r. spectrum to (234), indicating that these rearrange

ments take place without inversion of the allylic group, although there 

is no evidence to suggest that a direct migration to the 2 -position takes 

place, and a series of sigmatropic shifts may be responsible for the 

gross result.

The w-potassium salt of (176d) was also treated with prenyl bromide

and in this case the 2H-pyrroloindole (234) was obtained in 56% yield,

while the yield of the tf-prenyl compound was 18%. This rise in the

yield of the ^-alkylation product is in accord with the known reactivity

of tf-potassium and ^-sodium salts of simple pyrroles, since the N-potas-
142

sium species are known to have a higher tendency towards ^-alkylation.



122

(234) (235)

Treatment of the w-sodium salt of (176d) with 3-chloro-2-methylprop-

1-ene gave the expected ^-alkylated compound (237) in 72% yield as well 

as a minor amount (11%) of the corresponding 2H-pyrroloindole (236). 

Photolysis of (237) in cyclohexane gave a 50% yield of (236) as well as 

15% of the photocleaved product (176d).

Reaction of the secondary halide 3-chlorobut-l-ene with the ^-sodium 

salt of (176d) gave a small amount of an apparently tf-alkylated compound 

which was not the expected w-alkylation product. The major fraction 

was the product of C-alkylation, and appeared to be chromatographically 

homogeneous, but examination by n.m.r. showed this band to consist of 

three compounds. These were tentatively assigned the structures (240 a, 

b and c) by analogy with the report by Patterson^^ of treatment of the 

pyrrylmagnesium halide (238) with this same alkylating agent to afford

(236) (237)



(239 a, b and c), and also by comparison of the n.m.r. spectra of the 

2H-pyrroloindoles already prepared with the n.m.r. spectrum of the 

mixture.

123

Treatment of the tf-sodium salt of (176d) with the acetylenic bromide 

143
(241) gave a mixture of four compounds which were separated by silica 

gel chromatography.
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Me
Me

Br

(241)

The two front running bands were crystalline, although the faster 

of the two appeared to be a mixture by n.m.r. (even though it was 

chromatographically homogeneous). Both bands exhibited molecular ions 

at 324, but neither seemed to be the expected ^/-alkylated compound (242), 

or the allene (243) which would result from the alternative mode of 

nucleophilic attack upon (241). Fully consistent structures for these 

compounds were not easily proposed, and they were not examined any 

further. The two other bands were both shown to be 2H-pyrroloindoles 

by comparison of their u.v., i.r. and n.m.r. spectra with those of 

authentic 2H-pyrroloindoles. The faster running band which was obtained 

in low yield (2%) was identified as the compound (244), having i.r. sig

nals at 3310 and 2120 (very weak) cm- 1 and the expected pattern of 

aromatic protons as well as a one-proton singlet at 6 2 . 2 0  in its n.m.r.. 

Its u.v. spectrum was characteristic for a 2H-pyrroloindole. The slower 

running band was tentatively identified as the allene (245).

(242) (243)
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(244) (245)

Clearly, these 2H-pyrroloindoles are examples of indole-2,3-quinone

methide imines. Species containing the o-quinone methide imine func-

144tionality are known in the literature, and some of these are rela

tively stable, such as the benzoisoxazole (246). Others, exemplified

by (247) are highly reactive intermediates which rapidly dimerize via 

[4+2] cycloaddition. Intramolecular trapping of the o-quinonoid sys

tem may be effected in such cases, as shown below (248) (249). Even

the relatively stable benzoisoxazole (246) rapidly undergoes [4+2] cyclo

additions with dienophiles. Analogous cycloaddition reactions of 

indole-2 ,3-quinonoid species have already been described in chapter 1 , 

and in the light of these considerations it was decided to investigate 

briefly the behaviour of the 2H-pyrroloindole system with dienophiles. 

Heating of the 2H-pyrroloindole (236) with DMAD in toluene for 2h gave a 

material which appeared to consist of one major and one minor product. 

Examination of the crude n.m.r. indicated that the major product was a 

1:1 adduct, there being 4x3H, s, and signals at 6 4.81 (2H, m, possibly 

CH2-C(Me) = CH2 ) and 6.40 (1H, s, possibly the bridgehead proton), i n t e r  

alia. The structure (250) was tentatively assigned on the basis of 

these data, but lack of time precluded a more thorough investigation.
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(e = CO 2 Me)

(250)

(246)

(248) (249)

The thermal rearrangement of these 2H-pyrroloindoles was also

145examined rather briefly. Literature precedent, and in particular 

68
the work of Tsoi seemed to indicate that substituent migration should 

take place in these compounds. Tsoi thermolysed the azide (251) and 

obtained the thienopyrrole (252) presumably via the intermediate (253), 

and a seemingly related thermal rearrangement is also implicated as the



127

A
■>-

(E = C 0 2Et)

H

A [1,5] e 
----------

(E = C 0 2Et)
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final step in the formation of the thienopyrrole (255) by photolysis of 

the cyclic sulphimide (254).

Thermolysis of the 2H-pyrroloindole (233a) in toluene at reflux for 

1 2h gave a mixture of two compounds in unequal proportion, which could 

not be chromatographically separated. The crude n.m.r. contained 

broad singlets at 6 8.91 and 9.76 the higher field signal corresponding 

to the major product. These peaks were presumed to represent NH 

protons. The crude u.v. spectrum was considerably different from those 

of both the starting 2H-pyrroloindole and the W-allyl compound (232). 

Structure (256) was tentatively assigned to the major product, while it 

was thought possible that the minor component could be the alternative 

migration product (257). Again, however, time did not allow a fuller 

investigation.

(256) (257)

Although these reactions were considered interesting enough in their 

own right to be worth examining, they were unfruitful as regards the 

initial aim of introduction of a bridgehead substituent at the 3a- 

position of the pyrroloindole system, and seem rather to reflect the 

inclination of the terminal 5-ring to react as an isolated pyrrole which 

has already been remarked on.

It may be speculated that if the dihydro compound (258) were avail

able, the analogy with compound (231) might be closer, and indeed suffi

ciently close for the desired rearrangement to take place.
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H H

(258)



Chapter 4

Thermolyses of 2-indolyl substituted azidopropenoates
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4.1 Introduction

At the beginning of chapter 2, some possible modes of collapse of 

nitrenes derived from 2 -indolyl substituted azides were considered.

The synthesis of these azides has been described in chapter 2 and their 

thermolyses are now to be discussed.

It is known in the literature that the 2,4,6 -trimethyl phenyl azido- 

propenoate (259) may be thermally decomposed in boiling toluene or 

xylene open to the atmosphere, to give the isoquinoline (261), presumably 

via the dihydroisoquinoline (260), which is dehydrogenated either by air
cc

oxidation or possibly by more nitrene.

Such dihydroisoquinolines have indeed been isolated, for example,

67
in the thermolysis of the 2 -benzylazidocinnamate (262).

Enamines such as (263) have also been isolated and are thought to

be the result of hydrogen abstraction from dihydroisoquinolines by the 

67
nitrene precursor. In some cases, the intermediate azirines may also 

67
be isolated.

Me
C 0 2Et

(263)

It was initially hoped that thermolysis of 2-indolyl substituted 

vinyl azides would afford pyrido[3,4-b]indoles ($-carbolines) in an 

analogous manner to the formation of isoquinolines briefly described

above.



132

Me
CO,Et

(259)

Toluene 
or Xylene

.CO,Et

CO,Et‘

M e ^ x / sMe N;

(262)
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4.2 Thermolyses of 2 -methylindolyl azidopropenoates

The vinyl azide (264a) was initially thermolysed on a small scale 

under a variety of conditions. Depending on these conditions, products 

could be obtained which were spectroscopically identified as the expec

ted B-carboline (266a) and the dihydro-B-carboline (265). The results 

of these experiments are summarized in Table 5.

Table 5

(264) ------------------------ ► (266a) +  (265)

Experimental 
Condi tions

Time
h

Refluxing
Solvent Result (from n.m.r.)

1 ) Open to 
atmosphere 4.5 Benzene Only (266a) detected, 

plus decomposition 
products.

2 ) It 2.5 Toluene (266a) plus a somewhat 
smaller amount of 
decomposition products.

3 ) il 1.5 Xylene high yield of (266a)

4 ) II 0.75 Bromobenzene high yield of (266a)

5 ) Under N2 1.5 Xylene approximately 40:60 
ratio of (265) and (266a)

6 ) With added I2 1.5 Xylene only complex decomposi
tion products

(264)

a) R = CH20Me

b) R = CH2Ph
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C 0 2 Et C 0 2Et

N
2

R R

a) R = CH2OMe

b) R = CH2Ph

c) R = H

(266) (267)

a) R = CH2OMe

b) R = CH2Ph

In preparative scale experiments, thermolysis of (264a) in xylene 

for 1.5h open to the atmosphere, gave a 59% isolated yield of the $- 

carboline (266a), along with trace amounts of 1-methoxymethyl-2-methyl- 

indole-3-carbaldehyde and another faster running compound having spectral 

data consistent with the structure (267a). Thermolysis of (264a) in 

degassed xylene under nitrogen, gave a ca. 55:45 mixture of (265) and 

(266a), (265) being identified by n.m.r. signals at 6 5.0 (2H, s), 5.38 

(2H, s) and 6.73 (1H, s). Attempted isolation of (265) by silica gel 

chromatography resulted in its complete dehydrogenation, and only (266a) 

could be isolated, in 85% yield.

The w-benzyl vinyl azide (264b) was also thermolysed, and yields of 

up to 76% of the 3-carboline (266b) were obtained. Traces of a compound 

tentatively assigned the structure (267b) were also obtained. Attempted 

debenzylations of (266b) were not successful, but (266a) could be depro- 

tected by treatment with hot 90% formic acid, giving (266c) in 75% yield. 

Comparison of the (266c) so prepared, with an authentic sample con

firmed its identity.

Considerable interest in compound (266c) has been evinced in the 

biochemical literature recently, since it has been shown to have a high
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146 147affinity for benzodiazepine-binding brain proteins. ’

4.3 Thermolyses of 2-ethyl and 2-n-propylindolyl azidopropenoates

The 2-ethyl substituted vinyl azide (268) was initially thermolysed 

in xylene, at reflux for 2h, open to the atmosphere. At this stage the 

crude n.m.r. indicated the presence of three compounds. The material 

was thermolysed under identical conditions for a further 2 2 h, after 

which time only two compounds were present. These were separated by 

silica gel chromatography. The slow running band, isolated in 35% 

yield was spectroscopically identified as the expected 3-carboline (269a), 

which exhibited the characteristic intense violet fluorescence on t.l.c. 

when observed under the u.v. lamp. The other compound isolated in 24% 

yield, was assigned the structure (270a) on the basis of its spectral 

properties, having i.r. signals at 3380 and 1690 cm" 1 and in the n.m.r., 

resonances at 6 3.29 (2H, t, J 5.1 Hz), 3.48 (2H, t, J 5.1 Hz) and 6.93 

(1H, s). The isolation of this surprising product led to further 

investigations to ascertain its mode of formation. A somewhat sugges

tive observation was made when (268) was thermolysed for 3h in benzene, 

without the exclusion of air. One new compound was formed as indicated 

by n.m.r., which was neither (269a) nor (270a). It was eventually 

identified as the enamine (271), having i.r. signals at 3480 and 3380 

cm"1, characteristic of an NH2 group, and n.m.r. signals characteristic 

of a monosubstituted ethene as well as a sharp singlet corresponding to 

one olefinic proton. Enamine (271) was thermolysed (without further 

purification) in xylene for 20h, giving a mixture containing (269a) and 

(270a) in very similar proportions to that obtained when the azide (268) 

was thermolysed under those conditions.
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(268)

COoEt

a) R = CH20Me

b) R = H

(270)

a) R = CH20Me

b) R = H

Further small scale thermolyses which were carried out to investi

gate this reaction are described in Table 6 . Thermolysis of (271) under 

the conditions described in the Table gave very similar results in all

cases.



(268) (269a) , (270a) , (27l) and■fr

Experimental 
Condi tions

Time
h

Refluxing
Solvent Result (from n.m.r.)

1 ) Open to 
atmosphere 2 Xylene approximately 60:35:5 

ratio of (270a), (271) and 
(269a).

2 ) n 24 Xylene approximately 70:30 ratio 
of (270a) and (269a) plus 
decomposition products.

3) II 4 Bromobenzene (269a) plus decomposition 
products.

4) II 1.5 o-dichloro
benzene

(269a) plus decomposition 
products.

5) II 3 DMF high yield of (270a).

6 ) Under N2 3 Xylene approximately 10:35:20:35 
ratio of (269a), (270a), 
(272) and (271).*

In preparative scale experiments, thermolysis of (268) in DMF gave

a 60% isolated yield of (270a) Thermolysis in o-dichlorobenzene result-

ee! in the isolation of (269a) in 43% yield.

Attempted purification of enamine (271) by silica gel chromatography 

resulted in ring closure, and only (270a) could be isolated, in 54% 

yield {ex starting azide). Likewise, stirring of an ethereal solution 

of (271) over silica gel for 17h, was found to effect complete and clean 

ring closure.

The reaction mixture was left open to the air overnight after which time 

n.m.r. showed an approximately 30:40:30 ratio of (269a), (270a) and 

(271).
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1 n o
In rationalising these observations, the work of Taniguchi e t  a t .  

was considered. These workers obtained azirines (274) by photo

lysis of azides (273). Thermolysis of (274) under the conditions

indicated in Scheme 18 gave a variety of products as shown. The path-

148way proposed by Taniguchi to accommodate these results would also 

accommodate the observations described earlier, even though no benzo- 

furoazepines were isolated by Taniguchi.

Considering a generalised azide (276) which upon thermolysis ini

tially gives azirine (277a) in equilibrium with nitrene (277b), it may 

be seen that a [1 ,6 ] hydrogen shift in this nitrene could lead to a con

jugated imine intermediate such as (278). In the simplest case, when 

Rj = R2 = H, electrocyclic ring closure gives dihydro-8-carboline 

(279a). If Ri = Me and R2 = H another possibility arises, namely, 

a further [1,7] hydrogen shift to give the enamine (280a). Since this 

process occurs at low temperature (280a) may be assumed to be a kineti- 

cally controlled product. At higher temperatures the imine-enamine 

equilibrium system* may either give the electrocyclic ring closure pro

duct (279b), or the azepinoindole (281) v i a  conjugate attack by the -NH2 

of the enamine on the terminal carbon of the vinyl group, Scheme 19.

The polarization of the 3-substituted indole system promotes such reac

tivity owing to contributions from resonance structures such as (280b). 

The possibility of dipolar character in the transition state which leads 

to the azepinoindole is suggested by its almost exclusive formation when 

azide (268) or enamine (271) are thermolysed in DMF. The conjugate 

addition mechanism is also suggested by the fact that mild acid cataly

sis (silica gel) promotes ring closure even at room temperature.

•k
Evidence that this is an equilibrium system has been provided by 

148
Taniguchi, who thermolysed w-deuterated enamine (275a) in benzene. 

This treatment resulted in the deuteration of the terminal carbon of 

the vinyl group.



Scheme 18 139

2

COzEt

b) R = Me

-2H if R = H



Scheme 19 140

(280b)
(281)
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As in the case of 3-carboline (266a), treatment of (269a) with hot 

90% formic acid afforded the deprotected compound (269b) which was iso

lated in 95% yield.

The 2-n-propylindolylazidopropenoate (282) was thermolysed under a 

variety of conditions. The expected products viz enamine (283), (the 

trans geometry of the disubstituted vinylic system shown, being implied 

by the coupling constant Jab which is 16 Hz), azepinoindole (284a) and

3-carboline (285) were obtained as shown in Table 7. The 3-carboline 

was never obtained in more than trace amounts, and was never isolated.

a) R = CH20Me

b) R = H

(285)
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Table 7

To ft (283 ),(284a ) +  (285)

Experimental
Conditions

Time
h

Refluxing
Solvent

Result (from n.m.r. unless 
indicated)

i) Open to 
atmosphere 2 Benzene (283) in 65% isolated yield.

2 ) Open to 
atmosphere 2 Xylene (283) and (284a) in an appro

ximately 80:20 ratio.

3) Open to 
atmosphere 24 Xylene high yield of (284a) plus 

trace of (285)

4) Open to 
atmosphere 5 DMF (284a) isolated in 51% yield.

The enamine (283) v/as also thermolysed under the conditions indica

ted in the table, giving on each occasion, very similar results to those 

observed when the azide (282) was thermolysed. When an ethereal solu

tion of enamine (283) was stirred at room temperature over silica gel 

for 20h, a mixture estimated by n.m.r. to contain (283) and (284a) in 

75:25 ratio was the result. It was thus found possible to purify (283) 

by flash chromatography on silica gel. The slower rate of ring closure 

of the enamine (283) in comparison with (271), may be due to steric hindrance 

of the site of conjugate attack in (283) by the terminal methyl group.

It would also appear that some effect is in operation which dis

courages the formation of the dihydro-B-carboline from which (285) is 

derived, explaining the miniscule yields of this compound which are

observed. A credible rationalization for this may be derived from the

148work of Taniguchi. Considering the two possible stereoisomers of 

the intermediate imine (286a) or (286b), it seems likely that (286a)
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would be formed preferentially, due to steric repulsion between the 

ethyl group and the methoxymethyl group. The disinclination to form 

the dihydro-3-carboline may then be seen as a reflection of the 

unfavourability of a 6 tt disrotatory ring closure of (286a), due to 

steric hindrance and possibly to partial destruction of the coplanarity 

of the 6tt conjugated system by the ethyl group.

(286a) (286b)

Owing to the smaller steric bulk of a methyl group, this effect is 

not so pronounced in the imine precursor of (272).

Both of the azepinoindoles (270a) and (284a) may be deprotected, 

giving (270b) and (284b) respectively, by treatment with aqueous hydro

chloric acid in ethanol. The enamine functionality in these compounds 

is apparently totally stable to these mild acid conditions.

The enamines (271) and (283) were characterized as the /7-acetyl 

158compounds, obtained by treatment with acetic anhydride in pyridine.

The /7-acetyl compounds when pure were pale yellow crystalline solids 

giving correct mass spectral and microanalytical results. Some of 

their other physical properties were however curious. Their melting

points for instance, were not sharp, and melting ranges of up to 11°C 

were recorded on analytically pure samples. Their n.m.r. spectra 

exhibited sharp signals for all the protons excepting the /7-acetyl methyl 

group and the vinyl proton of the enamine system, which were considerably 

broadened. Although restricted rotation effects were considered, no
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really satisfactory explanation for these phenomena could be advanced.

Attempts to reduce the azepinoindole (270a) with sodium borohydride 

in ethanol containing acetic acid were unsuccessful. This compound 

could be dehydrogenated giving (287), by treatment with t-butyl hypo

chlorite in methylene chloride at -22°C followed by DBU.

In an attempt to discover the generality of this azepine formation,

it was decided to prepare and thermolyse the azide (288), in order to

ascertain if benzazepines could be thus obtained. The required 2,6-

149diethylbenzaldehyde was prepared from 2 ,6 -diethylbromobenzene by a 

standard approach summarized in Scheme 20.

Scheme 20

Br

Et

(288)
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The condensation of this aldehyde with ethyl azidoacetate did not go to 

completion, and separation of the vinyl azide (288) from the unreacted 

aldehyde proved to be very difficult. Therefore, samples of the azide 

contaminated with ca. 1 0% of the aldehyde had to be employed in the 

thermolyses. The aldehyde could be recovered from the products after 

thermolysis, by chromatography on silica gel, and its presence did not 

appear to affect the results of these reactions.

An initial thermolysis of (288) was carried out in xylene for 2h, 

after which time the n.m.r. of the crude material showed the presence of 

isoquinoline (289) as well as appreciable quantities of dihydroisoquino

line (290). Separation by p.l.c. was attempted, but gradual air oxi

dation always caused samples of (290) to be contaminated with the 

aromatized compound. A small amount of another compound, assigned the 

structure (291) was also obtained. The rate of oxidation of the dihydro- 

isoquinoline (290) appeared to be considerably slower than that of the 

dihydro-8-carbolines already described. Thermolyses under other con

ditions, some using external oxidants, were carried out, and these are 

summarized in Table 8 .

(291)



(288) (2 8 9 ),(2 9 0 ) +  (291)

Experimental Conditions
Time
h

Refluxing
Solvent Result (isolated)

Thermolysed open to at
mosphere, cooled and 
iodine (one molar equiv.) 
added.

2 Xylene (289); 35%

Under N2 2 Toluene (290) ; 75%

(291) ; 25% 

(by n.m.r.)

Reaction mixture ex (2) 
above is dissolved in 
toluene and air drawn 
through for 48h, and then 
refluxed in toluene with 
sulphur overnight

(289); 27% 

(291); 13%

Thermolysed open to at
mosphere, cooled, and 
reaction mixture exposed 
to air for 7 days at 3°C.

2.5 DMF (289); 26%

(291); 5%

plus a trace of
another
compound.*

The spectral data of this compound suggest the structure (292). Its 

mode of formation is not known.
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In no case was there any indication of azepine formation, and this 

is further evidence that formation of azepines is peculiarly favoured 

in the indole systems, due to the particular type of bond polarization 

found in these molecules.

The generation of azepines from vinyl azides in the manner described

is previously unreported, although its scope for use in other systems

may be limited. Azepino[4,5-b]indoles in the higher oxidation states

are sparsely represented in the literature, although there are numerous 

44 150-156references ’ to compounds with the same ring skeleton in reduced

states.

The reaction described above is thus a useful mode of entry into 

systems which are unknown in the literature. It was decided therefore, 

to ascertain if this method could be used to prepare some siigh tly more 

complex azepinoindoles.

4.4 Thermolyses of 2-cyclohexyl and 2-isopropyl azidooropenoates

It was hoped that thermolysis of the 2-cyclohexylindolyl azidopro- 

penoate (293) would lead to azepinoindole (295) via the expected enamine 

(294). The reason for interest in (295) being its close relationship 

to the ring skeleton of the catharanthine alkaloids.

The azide (293) was thermolysed in refluxing xylene, and n.m.r. 

spectra were recorded after 1.5, 4.5 and 17h. The enamine (294), which 

had apparently formed after refluxing for 1.5h, proved to be thermally 

stable, and was still unchanged after 17h. Refluxing the crude material 

for a further 2 h in o-dichlorobenzene, caused some decomposition, but the 

only detectable compound present after this treatment was the enamine 

(294).

Refluxing for 2h in DMF gave a complex crude mixture which was not 

investigated further.
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(295)

A sample of the enamine (294) prepared by heating the azide (293) 

in refluxing benzene for 3h was /7-acetyl ated as described previously.

The solid /v-acetyl compound gave as expected, fully consistent micro- 

analytical and mass spectral data, but as before the melting point range 

was large (11°C), and the n.m.r. peak broadening effects already alluded 

to in section 4.3 were again observed.

Thermolysis of the 2-isopropyl azide (296) in benzene for 5h gave 

the enamine (297) which could be /7-acetylated as before. The /7-acetyl 

compound had similar physical properties to the /7-acetyl enamines pre

viously described.

Thermolysis of the azide (296) in refluxing xylene resulted in the 

gradual formation of a compound which was assigned the dihydro-B-carbo-

1-ine structure (298).
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CO,Et

MeO

(298)

This structure was postulated on the basis of n.m.r. spectroscopy,

although the compound could never be obtained completely pure. The

spectrum consisted of, i n t e r  a l i a , a singlet at 6 1.61 (6 H) and a singlet

at 6 6 . 8  (1H). Prolonged heating of this compound in bromobenzene

resulted in the formation of the e-carboline (269a), identical with an

authentic sample, although the mode of demethylation is not known.

C 0 2Et

(269a)

Storage of the impure sample of (298) in a refrigerator in contact 

with air, for 10 weeks, resulted in its clean conversion to another com

pound having in its n.m.r. a singlet at <5 1.8 (6H) as well as ethyl
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ester, /l/-methoxymethyl and four aromatic protons. There was however, 

no low field one proton singlet. Consideration of this and the other 

spectral data led to the postulation of structure (299), formed pre

sumably by the same mode of oxidation by which hydroxy compound (292) 

is formed from (290). No azepinoindole was ever detected or isolated

It is not easy to rationalise the difference in behaviour between 

the 2-ethyl and 2-rc-propyl azides and their derived enamines on one 

hand, and the corresponding 2-cyclohexyl and 2-isopropyl compounds on 

the other, in the matter of azepinoindole formation. It is impossible 

to argue simple steric hindrance at the site of conjugate attack since 

this site in the 2-isopropenyl enamine (297) is surely considerably 

less hindered than the corresponding site in the 2 -n-prop-2-enyl enamine 

(283), and yet no azepinoindole is formed by thermolysis of (282). 

Presumably some more subtle effect is in operation, but it has not 

proved possible to advance an explanation of the nature of this effect.

4.5 Thermolysis of the 2-phenylindolyl azidopropenoate

The azide (300) was thermolysed in refluxing xylene for lh. This 

treatment resulted in the formation of one compound, which was obtained 

after chromatography and crystallization from ethanol/petrol as yellow 

prisms. It proved somewhat difficult to assign a structure based on 

spectroscopic data, and recourse was made to X-ray crystallography. 

Crystal data were obtained as follows: for C2 1H2 1N2O3 , triclinic,
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a = 8.371 (1), b = 10.274 (1), c = 11.948 (2)A, a = 114.47 (1),

n 0
6 = 104.09 (1), y = 90.38 (1) , u = 900 A3, space group Pi,

1-2, Dc = 1.29 g cm"3. Data were collected on a Nicolet R3m 

diffractometer with Cu-tf radiation. The structure was solved bya
direct methods and refined anisotropically to give R = 0.050 for 

1725 independently observed reflections. The structure was thus deter

mined to be (301) as shown in the computer generated drawing (Figure 3) 

reproduced in Appendix 3. A full list of bond angles and lengths is 

also included in Appendix 3.

(300) (301)

This was in fact the product expected from thermolysis of (300)

157both intuitively and by analogy with the literature. The difficulty 

in assigning its structure by spectroscopic means was due to the fact 

that in the n.m.r. spectrum of (301) no signal is observed corresponding 

to the two protons indicated. A two proton singlet had been expected, 

by analogy with compound (287). The reason for this somewhat strange

effect is obscure.
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4.6 Conclusion

The interesting and unexpected formation of azepino[4,5-b]indoles 

as well as the formation of the expected g-carbolines may be rational

ized in the manner described in the foregoing chapter. The formation 

of azepino[4,5-b]indoles however is not general for all 2-alkyl indoles 

as has been demonstrated. The synthetic utility of this reaction is 

somewhat diminished by low yields in the preparation of the azidopro- 

penoates, but since this is the only route to these compounds, as yet 

reported, comparison with other preparations is impossible.



PART 3 EXPERIMENTAL
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GENERAL EXPERIMENTAL PROCEDURES

Petrol refers to the light petroleum fraction boiling in the range 

40-60°C, and was redistilled prior to use. Ether was dried by distil

lation from sodium or calcium hydride; THF and DME were dried by 

distillation from potassium-benzophenone; DMF, DMSO and HMPA were 

dried by distillation from calcium hydride, and methylene chloride was 

dried by distillation from phosphorus pentoxide. Benzene, toluene, 

xylene, o-dichlorobenzene and bromobenzene which were used as thermo

lysis solvents, were distilled prior to use. Pyridine, diethyl amine 

and triethyl amine were distilled from calcium hydride. Dried solvents 

were stored in septum-sealed vessels under nitrogen.

Chromatography was carried out at medium pressure on Merck 

60H silica gel using hand-bellows to apply the pressure to the column- 

head. Samples were normally applied as a dry, pre-adsorbed mixture 

with a small amount of adsorbent. Reactions were monitored by t.l.c. 

using Merck Kieselgel 60 F254 aluminium backed silica gel plates cut 

to the appropriate size. Plates were visualised under u.v. light at 

254 or 306 nm. P.l.c. employed glass backed plates (20 x 20 or 

20 x 40 cm) coated to a thickness of 2 mm with Merck Kieselgel Type 

60 GF25l+.

I.r. spectra were recorded in the range 4000 - 600 cm"1 using a 

Perkin Elmer 257 grating spectrophotometer. Solid samples were run as 

Nujol mulls. Liquids and gums were run either as thin films or in 

chloroform solution. U.v. spectra were recorded on a Pye-Unicam SP 800 

recording spectrophotometer in the range 200 - 450 nm, and points of 

inflexion are abbreviated (sh). Proton n.m.r. spectra were recorded 

using Varian EM 360 (60 MHz), Perkin Elmer R 32 (90 MHz) or Bruker WM 

250 (250 MHz) instruments. All spectra included tetramethylsi lane
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(TMS) as an internal standard; most of those recorded at 90 MHz 

employed a heteronuclear lock (TMS), while all of those run at 250 MHz 

employed a homonuclear lock (deuterium of the solvent). Signals are 

described as singlets (s), doublets (d), triplets (t), multiplets (m), 

broad (br), double doublets (dd), etc.

Broad band decoupled 13C n.m.r. spectra were recorded using a 

Bruker WM 250 spectrometer operating at 62.9 MHz. Mass spectra were 

recorded at low resolution using A.E.I. MS 12 and VG Micromass 7070B 

instruments, the latter being used also for high resolution determina

tions. Samples were mostly recorded at 70 eV using a direct insertion 

probe.

Photolyses were carried out in a Rayonet photochemical reactor 

using lamps of 254 or 300 nm. Solutions were contained in quartz 

vessels and a thin stream of nitrogen was passed through the solutions 

for the duration of the photolyses.

Melting points were determined on a Kofler hot stage apparatus and 

are uncorrected.



EXPERIMENTAL FOR CHAPTER TWO
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1. Synthesis of the indoles

(i) This was carried out by a standard literature procedure, see 

Table 1.

(ii) Attempted synthesis of 2-phenethylindole

/V-Hydrocinnamoyl-o-toluidine (5g, 20.92 mmol) and sodamide (3g,

76.92 mmol, 3.68 equiv.) were mixed together intimately as a paste with 

ether. The ether was distilled off using gentle heating, and then the 

mixture was heated to 230°C on a fusible metal bath and maintained there

for 1h , with occasional stirring using a long metal spatula. After

cooling, aqueous ethanol was added and the resulting slurry was poured 

into water (200 ml) and extracted with ether. The combined dried 

(MgSOt*) ethereal extracts were evaporated to give a dark oil which was 

distilled under reduced pressure. The early fractions contained o- 

toluidine, and were discarded. The later fractions contained one com

pound which was further purified by short path distillation and crystal

lization from petrol, giving as large colourless prisms, 1-(2-methyl - 

phenyl)-l-phenylethane (131) (l.lg, 27%), m.p. 37-8°C (lit., 40-l°C);

vmax 2830 - 3100 cm"1 (CH) cm"1;

SH (250 MHz; CDC13): 1.54 (3H, d, J 7.3 Hz, CHCtf3), 2.14 (3H, s, Ar-tfe),

4.23 (1H, q, J 7.3 Hz, CtfCH3), 7.0 - 7.25 (9H, m,

Ar-H);

613c (62.9 MHz; CDC13): 19.58 (45%), 22.00 (59), 41.05 (55), 125.74 (51),

126.07 (71), 126.65 (50), 127.60 (88), 128.24

(100), 130.42 (41), 135.86 (17), 143.80 (12),

146.18 (20);

m/z: 196 (M+ , 44%). 181 (100), 166 (19), 165 (18).

69
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2. Formylation of the indoles

This was carried out by the method of James and Snyder/^ and the 

following compounds were prepared:

(i) Indole-3-carbaldehyde (93%), m.p. 193-5°C (lit.,^ 194-6°C).

(ii) 2-Methylindole-3-carbaldehyde (96%), m.p. 199-202°C (lit.,^ 

202-3°C).

(iii) 2-Ethylindole-Z-carbatdehyde (70%), m.p. 167-71°C. (Found:

C, 76.47; H, 6.43; N, 8.10. Cn Hn N0 requires C, 76.28; H, 6.40;

N, 8.09%);

vmaY (nujol): 3185 (NH), 1639, 1633 and 1590 cm-1;lllGl A

6^(90 MHz; d6-DMS0): 1.28 (3H, t, J 8 Hz, CH2Cff3), 3.02 (2H, q, J 8 Hz,

Cfl2CH3), 7.10 (2H, m, 5-H and 6-H), 7.33 (1H, m,

4-H or 7-H), 7.98 (1H, m, 7-H or 4-H), 10.02 (1H, 

s, CH0), NH not observed;

m/z: 173 (M+ , 100%), 158 (35), 144 (35), 130 (13), 77 (10).

(iv) Z-n-pvopylindole-3-oarbaldehyde (75%), m.p. 154-55.5°C. (Found:

C, 76.71; H, 6.98; N, 7.44. C12H13N0 requires C, 76.97; H, 7.00;

N, 7.48%);

vm,„ (nujol): 3180 (NH), 1620, 1580 cm-1;
iTiaX

«H (90 MHz; d 6-DMS0): 1.0 (3H, t, J 7.5 Hz, CH2CH2Cff3), 1.83 (2H,

sextet, J 7.5 Hz, CH2CH2CH3), 3.10 (2H, t, J 7.5 

Hz, Cff2CH2CH3), 7.20 (2H, m, 5-H and 6-H), 7.46 

(1H, m, 4-H or 7-H), 8.13 (1H, m, 7-H or 4-H), 

10.14 (1H, s, CH0), NH not observed;

m/z: 187 (M+ , 100%), 172 (91), 158 (51), 144 (26), 130 (26).
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(v) Z -iso p rop y lin d o lc-S-oav b ald eh y d e (88%), m.p. 179-80°C. (Found:

C, 76.78; H, 6.97; N, 7.46. C12H13N0 requires C, 76.97; H, 7.00;

N, 7.48%);

vmax (nuJ'ol): 3200 (NH)> 1634 and 1590 cm'1;

6h (90 MHz; d6-DMS0/CDCl3): 1.44 (6H, d, J 7 Hz, CH(C»3)2), 3.77 (1H,

septet, J 7 Hz, Cy(CH3)2), 7.25 (2H, m, 5-H, 

and 6-H), 7.44 (1H, ra, 4-H or 7-H), 8.26 

(1H, m, 7-H or 4-H), 10.27 (1H, s, CHO),

11.33 (1H, br s, NH);

(vi) 2-eyclohexytindole-3-aarbaldehyde (79%), m.p. 202-5°C. (Found:

C, 79.23; H, 7.54; N, 6.19. C15H17N0 requires C, 79.26; H, 7.54;

N, 6.16%);

vmax (nujQl): 3180 (NH)> 1622 and 1582 a""1;

6h (90 MHz; d6-DMS0): 1.2 - 2.1 (10H, br m, -(CH2)5-), 7.18 (2H, m, 5-H

and 6-H), 7.43 (1H, m, 4-H or 7-H), 8.08 (1H, m, 

7-H or 4-H), 10.18 (1H, s, CHO), 11.83 (1H, br s, 

NH);

m/z: 227 (M+ , 100%), 210 (27).

(vii) 2-phenylindole-3-carbaldehyde (97%), m.p. 256 - 58.5°C (lit.,^

250 - 55°C).

(vi i i) 2-m eth yl-5-n 'itro 'indo le-3-carbaldeh yde

This compound was prepared by Vilsmeier formylation of 2-methyl-5- 

nitroindole (98%), m.p. 306-11°C dec. (Found: C, 58.77; H, 3.87;

N, 13.70. C10H8N203 requires C, 58.82; H, 3.95; N, 1'3.72%);

vmax (nujol): 3110 (NH), 1631, 1587, 1340 cm-1;
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6„ (90 MHz; d6-DMS0): 2.71 (3H, s, 2-Me), 7.46 (1H, d, J 9 Hz, 7-H),

7.97 (1H, dd, J 9 and 3 Hz, 6-H), 8.75 (1H, d,

J 3 Hz, 4-H), 10.18 (1H, s, CHO), NH not 

observed;

ro/z: 204 (M+ , 100%), 158 (39), 157 (43), 103 (48).

3. /^-protection of the indole-3-carbaldehydes

(i) 1-methyl and benzylindole-3-carbaldehydes.

General Procedure

The indole-3-carbaldehyde was refluxed for 17-24h in acetone (250 ml 

per 5g) with anhydrous potassium carbonate (10 equiv.) and either methyl 

iodide (5-10 equiv.) or benzyl bromide (1.1 equiv.). Filtration and 

evaporation gave the required /y-alkylated compounds, which were recrystal

lized from ethanol.

a) 1-methylindole-3-carbaldehyde (65%), m.p. 65-8°C (lit.,^ 68-9°C).

b) l-b en zy lin d o le -3 -ca rb a ld e h y d e (79%), m.p. 108-9°C.

vmax (nuJol): 1664 (c = °) cm_1»

6h (90 MHz; CDC13): 5.22 (2H, s, Ctf2Ph), 7.0 - 7.35 (8H, m, 5-H, 6-H,

4-H or 7-H and Ph), 7.56 (1H, s, 2-H), 8.28 (1H, m, 

7-H or 4-H), 9.84 (1H, s, CHO);

m/z: 235 (M+ , 49), 91 (100).

c) l-ben zy l-2-m eth y l-in do le-3-carbaldeh yde (76%), m.p. 135°C. (Found:

C, 82.00; H, 6.22; N, 5.68. C17H15N0 requires C, 81.90; H, 6.06;

N, 5.62%);

vmax (nuJ‘ol): 1645 (c = °)> 1585 cm"1;
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6„ (60 MHz; CDC13): 2.63 (3H, s, 2-Me), 5.33 (2H, s, C//2Ph), 6.83 - 7.5

(8H, m, 5-H, 6-H, 7-H and Ph), 8.40 (1H, m, 7-H),

10.25 (1H, s, CHO);

m/z: 249 (M+), 91.

d) l-benzyZ-2-methyZ-5-n-itro'indoZe-3-cavbaZdehyde (61%), ni.p. 182-4°C. 

(Found; C, 69.33; H, 4.74; N, 9.56. Ci7H m N 203 requires C, 69.38;

H, 4.79; N, 9.52%);

vm,„ (nujol): 1655 (C = 0), 1580, 1505, 1415, 1395, 1332, 1300 cm'1;
IllaX

«„ (90 MHz; d6-DMS0): 2.77 (3H, s, 2-Me), 5.65 (2H, s, C0 2Ph), 7-02 -

7.41 (5H, m, Ph), 7.74 (1H, d, J  9 Hz, 7-H), 8.09 

(1H, dd, J  9 and 3 Hz, 6-H), 8.93 (1H, d, 7 3 Hz,

4-H), 10.26 (1H, s, CHO);

m/z: 294 (M+ , 100%), 278 (4), 264 (8), 248 (4).

(ii) 1-acetylindole-3-carbaldehyde

This compound was prepared by a literature procedure, m.p. 165-66°C 

(lit.,83 161-64°C).

73(iii) 1-methoxymethylindolyl-3-carbaldehydes 

General Procedure

The indole-3-carbaldehyde (5-50 mmol) was added as a solution in DMF, 

to a suspension of sodium hydride ( 1 . 5 - 2  equiv.) in DMF, at room tem

perature. After stirring for ca. 0.5h, chloromethyl methyl ether (1.1 -

I. 3 equiv.) was added, and stirring continued for 4-20h. The solution 

was then poured into water and extracted three times with ether or ethyl 

acetate. The combined organic layers were washed three times with water, 

dried (MgSOiJ and evaporated. The resulting crude tf-methoxymethyl com

pounds were recrystal 1ized from ethanol or ether/petrol. The following 

compounds were prepared:
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a) l-methoxymethyl'indole-3-carbaldehyde (86%), m.p. 77-8°C. (Found:

C, 69.81; H, 5.86; N, 7.38. Cu H n N 0 2 requires C, 69.82; H, 5.86;

N, 7.40%);

vmax (nujQl): 1640 (c = °) and 1527 cm'1;

6r (90 MHz; CDC13): 3.27 (3H, s, CH20Me), 5.48 (2H, s, Cff20Me), 7.25 -

7.6 (3H, m, 5-H, 6-H and 4-H or 7-H), 7.79 (1H, s,

2-H), 8.31 (1H, m, 7-H or 4-H), 10.00 (1H, s, CHO);

m/z: 189 (M+ , 100%), 158 (52).

b) l-nt&thoxymethyZ-2-methylindole-3-carbaldehyde (78%), m.p. 87-90°C.

(Found: C, 70.98; H, 6.41; N, 6.86. C12H13N02 requires C, 70.92;

H, 6.45; N, 6.89%);

vmax (nudol): 1640 (c = °)> 1426 cm'1;

6h (90 MHz; CDC13): 2.64 (3H, s, 2-Me), 3.27 (3H, s, CH20Me), 5.40 (2H,

s, Cfl20Me), 7.20 - 7.50 (3H, m, 5-H, 6-H and 4-H or 

7-H), 8.25 (1H, m, 7-H or 4-H), 10.10 (1H, s, CHO);

m/z: 203 (M+ , 100%), 172 (50).

c) 2-ethyl-l-methoxymethylindole-3-carbaldehyde (82%), m.p. 72-4°C.

(Found: C, 71.96; H, 7.01; N, 6.44. Ci3H15N02 requires C, 71.87;

H, 6.96; N, 6.45%);

vmax (nuj°l): (C = 0), 1605, 1425 cm'1;

6h (90 MHz; CDC13): 1.34 (3H, t, J 7.5 Hz, CH2Cff3), 3.17 (2H, q, J 7.5

Hz, Ctf2CH3), 3.32 (3H, s, CH20We), 5.50 (2H, s 

Cff20Me), 7.25 - 7.55 (3H, m, 5-H, 6-H and 4-H or 

7-H), 8.30 (1H, m, 7-H or 4-H), 10.24 (1H, s, CHO);

m/z: 217 (M+ , 100%), 202 (38), 186 (46).
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d) l-methoxymethyl~2-n-propylindole-3-carbaldehyde (73%), m.p. 49-51°C.

(Found: C, 72.46; H, 7.37; N, 5.99. C m H 17N02 requires C, 72.70;

H, 7.41; N, 6.06%);

vmax (nU3ol): 1646 (C = 0), 1530 cm-1;

SH (90 MHz, CDC13): 1.0 (3H, t, J 7.5 Hz, CH2CH2Cfl3), 1.72 (2H, sextet,

J 7.5 Hz, CH2Cfl2CH3), 3.08 (3H, t, J 7.5 Hz, Cff2 

CH2CH3), 3.28 (3H, s, CH20Me), 5.42 (2H, s, Cff20Me),

7.20 - 7.50 (3H, m, 5-H, 6-H and 4-H or 7-H), 8.23 

(1H, m, 7-H or 4-H), 10.20 (1H, s, CHO).

ra/z; 231 (M+ , 100%), 216 (62), 200 (38).

e) 2-isopvopyb-l~methoxymethyt'indote-3-carbaldehyde (75%), m.p. 104-7°C.

(Found: C, 72.69; H, 7.49; N, 6.02. C ^ H 17N02 requires C, 72.70;

H, 7.41; N, 6.06%);

\>m, y (nujol): 1639 (C = 0), 1606 cm"1;
11 Id A

6h (90 MHz, CDC13): 1.54 (6H, d, J 7 Hz, CH(Cff3)2), 3.32 (3H, s, CH20Me),

3.63 (1H, septet, J 7 Hz, Cff(CH3)2), 5.56 (2H, s, 

Cff20Me), 7.2 - 7.55 (3H, m, 5-H, 6-H and 4-H or 

7-H), 8.39 (1H, m, 7-H or 4-H), 10.53 (1H, s, CHO);

m/z: 231 (M+ , 100%), 216 (70), 200 (45), 186 (23).

f) 2-oyclohexyl-l-methoxymethy'l-indole-3-cavbaldehyde (72%), m.p.

77-80°C. (Found: C, 75.43; H, 7.85; N, 5.24. C17H2iN02 requires

C, 75.24; H, 7.80; N, 5.16%);

vmax (nuJ*ol): 1640 (c = °)> 1515 cm-1;

SH (90 MHz; CDC13): 1.20 - 1.60 and 1.60 - 2.10 (10H, br m, -(CH2)5-),

3.20 (1H, br m, Ctf(CH2)5), 3.29 (3H, s, CH20Afe),

5.54 (2H, s, Ctf20Me), 7.20 - 7.55 (3H, m, 5-H, 6-H 

and 4-H or  7-H), 8.40 (1H, m, 7-H or 4-H), 10.53 

(1H, s, CHO);
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m/z: 271 (M+ , 100%), 256 (36).

g) l-m ethoxym ethyl-2-phenyZ'indo'le-3-carbaldeh.yde (68%), m.p. 109.5 - 
110°C. (Found: C, 76.82; H, 5.72; N, 5.25. C17H15N02 requires

C, 76.96; H, 5.70; N, 5.28%);

'’max (nuj°l): 1647 (C = 0), 1480 cm"1;

6„ (90 MHz; CDC13): 3.21 (3H, s, CH20Me), 5.33 (2H, s, Ctf20Me), 7.20 -

7.60 (8H, m, 5-H, 6-H, 4-H or 7-H and 2-Ph), 8.40 

(1H, m, 7-H or 4-H), 9.70 (1H, s, CHO);

m/z: 265 (M+ , 100%), 165 (53).

4. Condensation of indole-3-carbaldehydes with alkyl azidoacetates 

General Procedure^

The aldehyde was dissolved in ethyl or methyl azidoacetate, using 

the least amount of THF necessary to effect complete solution. This 

was then added over oa. Ih to a solution of sodium ethoxide or methoxide 

made by dissolving sodium metal (4 equiv.) in ethanol or methanol, (300 

mg/10 ml). During the addition, the mixture was kept at between -15 

and -5°C, and after the completion of addition it was maintained there 

for ea. 6h, after which time it was stirred at 3°C for a further 10-15h. 

The reaction mixture was then warmed to room temperature over 1h, t.l.c. 

at this juncture normally showing the presence of starting material (as 

a slower running spot) and product (as a faster running yellow spot).

The viscous reddish reaction mixture was then poured into saturated 

ammonium chloride solution and extracted thoroughly with ether. The 

ethereal extracts were washed with water, dried (MgS04) and evaporated. 

The crude mixtures were then separated by column chromatography on 

silica gel. Normally, gradient elution was employed commencing with 

light petrol, and increasing the polarity with ether as required to



165

effect clean separation. The following reactions were carried out:

(i) Attempted condensation of 2-methylindole-3-carbaldehyde with ethyl 

azidoacetate

The aldehyde (lg, 6.28 mmol) was dissolved in ethyl azidoacetate 

(3.24g, 25.16 mmol, 4 equiv.) and THF (15 ml), and this solution added 

to a solution of sodium (0.58g, 25.16 mmol, 4 equiv.) in ethanol (12 ml) 

as described above. The aldehyde appeared to crystallize out of solu

tion, and only starting material could be detected by t.l.c. and n.m.r. 

of the crude reaction product after work-up.

(ii) Condensation of 1-methylindole-3-carbaldehyde with ethyl 

azidoacetate

The aldehyde (Ig, 6.28 mmol) was dissolved in ethyl azidoacetate 

(3.24g, 25.16 mmol, 4 equiv.) and added to a solution of sodium (0.58g,

25.16 mmol, 4 equiv.) in ethanol (12 ml). The reaction was carried out 

as described above, the temperature of addition being -15°C. Work-up 

and chromatography gave e th y l 2 -az 'id o-3-(l-m eth y l-in d o l-Z -y l)p rop en oate  

(175a) (1.162g, 68%), m.p. 100-102°C (from ether/petrol);

vmax (nuJ’ol): 2110 and 1990 (Na)’ 1693 (c = 0) and 1611 (c = c) cm_1’

6|_l (90 MHz; CDC13): 1.39 (3H, t, J 7 Hz, C02CH2Ctf3), 3.82 (3H, s, N-Me),

4.39 (2H, q, J 7 Hz, C02Ctf2CH3), 7.33 (4H, m, 5-H,

6-H, 4-H or 7-H and Ctf=C(N3)e), 7.78 (1H, m, 7-H

or 4-H), 8.04 (1H, s, 2-H);

m/z: 270 (M+ , 100%), 242 (6), 196 (8).

(iii) Condensation of 1-benzylindole-3-carbaldehyde with ethyl 

azidoacetate

The aldehyde (Ig, 4.26 mmol) was dissolved in ethyl azidoacetate 

(2.20g, 17.02 mmol, 4 equiv.) and THF (3 ml), and added at -15°C to a
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solution of sodium (0.391g, 17.02 mmol, 4 equiv.) in ethanol (10 ml).

The remainder of the process was as described above, chromatography of 

the crude product giving e th y l 2 -az% do-3-(l-ben zy lvn do l-3-y l)pvopen oate  

(175b) (0.455g, 31%), m.p. 85-9°C dec. (from ether/petrol);

v (nujol): 2110 cm"1 (N3), 1691 (C = 0), 1650 and 1615 (C = C) cm"1;
llla A

6h (90 MHz; CDC13): 1.39 (3H, t, J  7 Hz, C02CH2Cfl3), 4.40 (2H, q, J  7

Hz, C02Cff2CH3}, 5.40 (2H, s, Ctf2Ph), 7.30 (9H, m,

5-H, 6-H, 4-H or 7-H, Cff = C(N3)e and Ph), 7.83 

(1H, m, 7-H or 4-H), 8.18 (1H, s, 2-H);

m/z: 346 (M+ , 3%), 318 (22), 272 (15), 245 (28), 91 (100).

(iv) Condensation of 1-benzyl-2-methylindole-3-carbaldehyde with ethyl 

azidoacetate

The aldehyde (Ig, 4.02 mmol) was dissolved in ethyl azidoacetate 

(5.18g, 40.20 mmol, 10 equiv.) and THF (7 ml). This solution was added 

to a solution of sodium (0.40g, 16.08 mmol, 4 equiv.) in ethanol (11 ml). 

The reaction was carried out as described previously, chromatography of 

the crude reaction product giving e th y l 2 -az id o -3 -(l-b en zy l-2 -m eth y l- in d o l-

3 -y l)p ro p en o ate (264b), which was recrystallized from ether/petrol (0.222g, 

15%), m.p. 90-92°C dec.;

v (nujol): 2104 (N3), 1702 (C = 0) and 1615 (C = C) cm"1;l i la A

6h (90 MHz; CDC13): 1.39 (3H, t, J  7 Hz, C02CH2Ctf3), 2.41 (3H, s, 2-Me),

4.40 (2H, q, J  7 Hz, C02Ctf2CH3), 5.37 (2H, s, Cff2Ph),

6.95 - 7.30 (9H, m, 5-H, 6-H, 4-H or 7-H, Ch = C(N3)e 

and Ph), 8.05 (1H, m, 7-H or 4-H);

m/z: 334 (M+ - 26, 50%), 330 (M+ - 30, 18), 258 (45), 249 (30), 243 (17),

234 (9), 169 (17), 91 (100).
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(v) Condensation of l-methoxymethylindole-3-carbaldehyde with ethyl 

azidoacetate

The aldehyde (Ig, 5.29 mmol) was dissolved in ethyl azidoacetate 

(2.73g, 21.16 mmol, 4 equiv.), and added to a solution of sodium (0.49g,

21.16 mmol, 4 equiv.) in ethanol (14 ml) at -20--15°C. The crude

product was chromatographed yielding e th y l 2 -azid o-3-(l-m eth oxym eth y l-  

in d o l-3 -y l)p ro p e n o a te (175c) (1.29g, 81%), m.p. 90-2.5°C dec. (from 

ether/petrol);

vmaY (nujol): 2120 (N3), 1690 (C = 0) and 1611 (C = C) cm-1;IllQ A

6„ (90 MHz; CDC13): 1.40 (3H, t, J 7 Hz, C02 CH2Cfl3), 3.27 (3H, s, CH20We),

4.40 (2H, q, J 7 Hz, C02Cff2CH3), 5.51 (2H, s, Cff20Me),

7.25 - 7.40 (2H, m, 5-H and 6 -H), 7.32 (1H, s,

Cff = C{N 3 )e), 7.55 (1H, m, 4-H or 7-H), 7.79 (1H, m,

7-H or 4-H), 8.16 (1H, s, 2-H);

m/z: 300 (M+ , 0.1”/), 272 (M+-28, 100), 241 (10), 227 (29), 199 (26),

196 (21), 195 (40), 181 (16), 168 (43), 153 (16), 140 (16), 127 (18).

(vi) Condensation of 1-methoxymethyl-2-methylindole-3-carbaldehyde with 

ethyl azidoacetate

The aldehyde (4.49g, 22.11 mmol) was dissolved in ethyl azidoacetate 

(11.41g , 88.44 mmol, 4 equiv.), and added to a solution of sodium (2.035g, 

88.44 mmol, 4 equiv.) in ethanol (50 ml) at between -12 and -5°C. 

Chromatography of the crude product gave e th y l 2 -az id o -3 -(l-m e th o x y -  

m eth y l-2 -m eth y lin do l-3 -y l)p rop en o ate (264a) (2.52g, 36%), m.p. 90°C dec.; 

(Found: C, 61.21; H, 5.77; N, 17.69. C1 6H1 8Ni+03 requires C, 61.13;

H, 5.77; N, 17.82%);

vmaY (nujol): 2110 (N3), 1700 (C = 0) and 1616 (C = C) cm'1;
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6„ (90 MHz; CDC13); 1.40 (3H, t, J 7 Hz, C02CH2Cff3), 2.49 (3H, s, 2-Me), 

3.21 (3H, s, CH20Me), 4.33 (2H, q, J  7 Hz, C02Cff2CH3), 

5.37 (2H, s, C7/20Me), 7.07 - 7.40 (3H, m, 5-H, 5-H and 

4-H or 7-H), 7.17 (1H, s, Cff = C(N3 )e), 7.30 (1H, m,

7-H or 4-H).

(vii) Condensation of 2-ethyl-l-methoxymethylindole-3-carbaldehyde with 

ethyl azidoacetate

The aldehyde (5.1g, 23.50 mmol) was dissolved in ethyl azidoacetate 

(12.2g, 94.66 mmol, 4 equiv.) and added to a cooled solution of sodium 

(2.16g, 94.66 mmol, 4 equiv.) in ethanol (72 ml). Chromatography of

the crude product gave e th y l 2 -az 'id o-3 -(2 -eth y l-l-m eth o xy m eth y lin d o l-3 -  

y D p ro p en o ate (268) (1.87g, 24%) as a yellow oil;

vmax (thin film): 2 1 0 5 (n 3)’ 1 7 0 0 (c = °) and 1 6 1 5 (c = c) cm-1;

6h (90 MHz, CDC13): l. 26 (3H, t, J  7.7 Hz, 2-CH20ff3), 1.40 (3H, t, J  7 

Hz, C02 CH2Cff3), 2.96 (2H, q, J  7.7 Hz, 2 - % C H 3),

3.30 (3H, s, CH20Me), 4.42 (2H, q, J  7 Hz, C02 Cff2 CH3), 

5.50 (2H, s, Cff20Me), 7.20 - 7.50 (3H, m, 5-H, 5-H 

and 4-H or 7-H), 7.28 (1H , s, Cfl = C(N3 )e), 8.02 (1H,

m, 7-H or 4-H).

(viii) Condensation of l-methoxymethyl-2-rc-propylindole-3-carbaldehyde 

with ethyl azidoacetate

The aldehyde (2.34g, 10.13 mmol) was dissolved in ethyl azidoacetate 

(5.23g, 40.54 mmol, 4 equiv.) and added to a cooled solution of sodium 

(0.93g, 40.54 mmol, 4 equiv.) in ethanol (30 ml). Chromatography of 

the crude product gave e th y l 2 -az id o-3-(l-m eth ox y m eth y l-2^n -p ro p y lin d o l-

3 -y l)p ro p e n o ate (282) (900 mg, 26%) as a yellow oil;

vmax (thin 2 1 0 6 3) 5 1 7 0 2 (c = °) and 1 6 1 3 (c = c) cm-1;



169

6h (90 MHz; CDC13): 0.99 (3H, t, J  7.5 Hz, CH2CH2CW3), 1.40 (3H, t,

J  7 Hz, C02CH2Ctf3), 1.66 (2H, sextet, J  7.5 Hz, 

CH2Cff2CH3), 2.90 (2H, t, J  7.5 Hz, Ctf2CH2CH3),

3.28 (3H, s, CH20Me), 4.42 (2H, q, J 7 Hz, C02Ctf2CH3), 

5.47 (2H, s, Ctf20Me), 7.20 - 7.50 (3H, m, 5-H, 6 -H 

and 4-H or 7-H), 7.30 (1H, s, Cff=C(N3 )e), 8.04 

(1H, m, 7-H or 4-H).

(ix) Condensation of 2-isopropyl-l-methoxymethylindole-3-carbaldehyde 

with ethyl azidoacetate

The aldehyde (5g, 21.64 mmol) was dissolved in ethyl azidoacetate 

(11.17g, 86.58 mmol, 4 equiv.) and added to a cooled solution of sodium 

(2.0g, 86.58 mmol, 4 equiv.) in ethanol (60 ml). Chromatography of the 

crude product yielded e th y l 2 -az id o-3 -(2 -d so p rop y l-l-m eth ox y m eth y lin d o l-  

3 -y l)p ro p e n o ate (296) (0.43g, 6%) as an oil;

vmax 2120 cm-1 (N3), 1710 (C = 0) and 1615 (C = C) cm-1;

SH (90 MHz, CDC13): 1.39 (3H, t, J 7 Hz, C02CH2Ctf3), 1.43 (6H, d, J 7 Hz,

CH(Ctf3)2), 3.28 (3H, s, CH20M e), 3.41 (1H, septet,

J  7 Hz, C#(CH3)2), 4.41 (2H, q, J  7 Hz, C02 Ctf2 CH3), 

5.52 (2H, s, Ctf20Me), 7.20 - 7.55 (3H, m, 5-H, 6 -H 

and 4-H or 7-H), 7.46 (1H, s, Cff=C(N3)e), 7.79 (1H, 

m, 7-H or 4-H).

(x) Condensation of l-methoxymethyl-2-cyclohexylindole-3-carbaldehyde 

with ethyl azidoacetate

The aldehyde (2.56g, 9.44 mmol) was dissolved in ethyl azidoacetate 

(4.87g, 37.75 mmol, 4 equiv.) and added to a cooled solution of sodium 

(0.87g, 37.75 mmol, 4 equiv.). Chromatography of the crude product 

yielded e th y l 2 -az id o-3-(2 -cy o loh exy l-l-m eth oxy m eth y l-in d o l-3 -y l)p rop en oate  

(293) (0.146g, 4%) as an oil;
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\>max (CHC13): 2105 (N3), 1697 (C = 0), 1605 (C = C) cm"1;

6h (250 MHz; CDC13): 1.43 (3H, t, J 7 Hz, C02CH2Ctf3), 1.7 - 2.0 (10H,

br m, -(CH2)5-)» 3.0 (1H, br m, Ctf(CH2)5), 3.29 

(3H, s, CH20Me), 4.41 (2H, q, J 7 Hz, C02Ctf2CH3),

5.50 (2H, s, C#20Me), 7.22 (2H, m, 5-H and 6 -H),

7.42 (1H, m, 4-H or 7-H), 7.48 (1H, s, Ctf = C(N3 )e),

7.74 (1H, m, 7-H or 4-H).

(xi) Condensation of 1-methoxymethyl-2-phenylindole-3-carbaldehyde with 

ethyl azidoacetate

The aldehyde (1.3g, 4.91 mmol) was dissolved in ethyl azidoacetate 

(2.53g, 19.61 mmol, 4 equiv.) and added to a cooled solution of sodium 

(0.45g, 19.61 mmol, 4 equiv.). The crude product was washed with petrol 

which dissolved the azide leaving unreacted starting material (0.947g,

73% recovery). Chromatography of the petrol washings gave ethyl 2-az'ido-

3-(l-methoxymethyl-2-phenylindol-'3-yl)propenoate (300) (0.022g, 1.2%) as 

yellow prisms;

vmav (nujol): 2100 (N3), 1700 (C = 0), 1617 (C = C) cm"1;
iTlaX

6h (90 MHz; CDC13): 1.26 (3H, t, J 7 Hz, C02CH2Ctf3), 3.18 (3H, s, CH20Me),

4.23 (2H, q, J 7 Hz, C02Ctf2CH3), 5.30 (2H, s, C#20Me),

6.96 (1H, s, CH = C (N 3) e), 7.16 - 7.54 (8 H, m, 5-H,

6 -H, 4-H or 7-H and Ph), 8.04 (1H, m, 7-H or 4-H).

(xii) Condensation of l-methoxymethylindole-3-carbaldehyde with methyl 

azidoacetate

The aldehyde (6.08g, 32.17 mmol) was dissolved in methyl azidoacetate 

(14.80g, 128.7 mmol, 4 equiv.) and added to a cooled solution of sodium 

(2.96g, 128.7 mmol, 4 equiv.) in methanol (100 ml). Chromatography of 

the crude product gave methyl 2-az'ido-3-(l-methoxymethyl-indol-3-yl)
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propenoate (175d) (5.5g, 60%) yellow needles from methanol, m.p.

113.5 - 6°C. (Found: C, 58.54; H, 4.86; N, 19.46. C1i+Hlt+Ni+0 3 requires 

C, 58.74; H, 4.93; N, 19.57%);

v (nujol): 2140 (N3), 1697 (C = 0), 1618 (C = C), 1609 cm"1;lilQ A

6h (90 MHz, CDC13): 3.30 (3H, s, CH20Me), 3.92 (3H, s, C02Me), 5.48 (2H,

2, Cff20Me), 7.2 - 7.35 (2H, m, 5-H and 6 -H), 7.27 

(1H, s, Off = C(N3 )e), 7.48 (1H, m, 4-H or 7-H), 7.73 

(1H, m, 7-H or 4-H), 8.10 (1H, s, 2-H);

m/z: 286 (M+ , 2%), 258 (100), 226 (27), 196 (28), 195 (55), 181 (55),

168 (24).

5. Attempted alternative azidopropenoate syntheses

(i) Wadsworth-Emmons reaction of triethylbromophosphonate with 1-methoxy-

88methylindole-3-carbaldehyde

Triethyl bromophosphonate (4.33g, 14.29 mmol, 1.32 equiv.) was added 

dropwise over 10 min. to a DME suspension of sodium hydride (50% suspen

sion in paraffin oil, 1.02g, 21.25 mmol, 1.96 equiv.) at room temperature. 

The sodium hydride was de-oiled prior to suspension in DME, by washing 

with petrol. 1-Methoxymethylindole-3-carbaldehyde (2.05g, 10.85 mmol), 

in DME solution was added, and the mixture was stirred at room tempera

ture under a nitrogen atmosphere for 20h. T.l.c. after this time showed 

the formation of a product running considerably faster than the aldehyde, 

and also some unreacted starting material. Work-up was effected by pour

ing into water, extraction with ether (3 times), washing and drying 

(MgSOiJ of the combined ethereal layers and evaporation. Silica gel 

chromatography of the resulting brown gum, gave an almost colourless gum 

(1.74g, 47%) consisting chiefly of the expected (z)-isomer and a minor 

amount of the (E)-isomer (c a . 20% by n.m.r.). Crystallization from
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petrol gave the pure (Z )-e th y l 2-brom o-Z-(l-m eth oxym eth y lin dol-3-y l)  

propenoate (143a) as colourless prisms, m.p. 79-80°C. (Found: C, 53.17; 

H, 4.76; N, 4.07; Br, 23.60. C 1 5H 16BrN03 requires C, 53.27; H,

4.77; N, 4.14; Br, 23.63%);

\>max (nujol): 1700 (C = 0), 1610 sh, 1600, 1510, 730 cm'1;

6h (90 MHz, CDC13): 1.37 (3H, t, J  7.5 Hz, C02CH2Cff3), 3.26 (3H, s,

CH20Me), 4.32 (2H, q, J 7.5 Hz, C02Cff2 CH3), 5.48 

(2H, s, Cff20Me), 7.24 (2H, m, 5-H and 6 -H), 7.49 

(1H, m, 4-H or 7-H), 7.71 (1H, m, 7-H or 4-H), 8.38 

(1H, s, Off = C(Br)e), 8.49 (1H, s, 2-H);

m/z: 339 and 337 (M+ , 100%), 308 and 306 (21).

The other fraction from chromatography consisted of recovered 1- 

methoxymethylindole-3-carbaldehyde (0.77g, 38% recovery).

(ii) Attempted Wadsworth-Emmons reaction of triethyl bromophosphonate

88wi th 1-methoxymethyl-2-methyli ndole-3-carbaldehyde

Triethyl bromophosphonate (0.746g, 2.46 mmol) was added dropwise 

over 10 minutes to a DME suspension of sodium hydride (50% suspension in 

paraffin oil, 0.125g, 2.60 mmol, 1.06 equiv.) at room temperature. The 

sodium hydride was de-oiled as described previously. 1-Methoxymethyl-

2-methylindole-3-carbaldehyde (0.50g, 2.46 mmol) was added as a DME solu

tion. The mixture was stirred at room temperature under an atmosphere 

of nitrogen for 3h, after which time no reaction was indicated by t.l.c.. 

The mixture was refluxed for 0.5h, but t.l.c. still did not show any 

product formation. The mixture was partitioned between water and ether 

and the ethereal layer was washed, dried (MgSOiJ and evaporated. N.m.r. 

of the resulting gum showed it to consist essentially of 1-methoxymethyl-

2-methylindole-3-carbaldehyde.
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(iii) Attempts to react the bromopropenoate (143a) with sodium azide

a) The bromopropenoate (143a) (0.50g, 1.48 mmol) was stirred in DMSO 

(3 ml) with sodium azide (0.128g, 1.97 mmol, 1.33 equiv.) for 24h at 

room temperature. After this time no reaction was indicated by i.r. 

examination of a small aliquot which was removed from the reaction 

mixture and worked up. The mixture was then heated to 60°C for a 

further 24h and a similar examination after this period still did not 

show the presence of any new compound. Thus the mixture was heated to 

120°C for 48h. Spectroscopic examination of the crude mixture at this 

juncture showed only complex decomposition products, and the material 

was discarded.

b) The bromopropenoate (143a) (0.215g, 0.64 mmol) was treated with 

sodium azide (0.124g, 1.91 mmol, 3 equiv.) in refluxing 6 6% aqueous 

acetone (15 ml), for 20h. Concentration of the solution followed by 

ethereal extraction etc. gave a light yellow gum which was shown, 

spectroscopically, to be starting material.

c) The bromopropenoate (143a) (0.22g, 0.65 mmol) was stirred with 

sodium azide (0.126g, 1.94 mmol, 3 equiv.) in HMPA (3 ml) at room tem

perature for 72h under an atmosphere of nitrogen. The solution was 

then poured into water and extracted with ether. The combined ethereal 

layers were washed with water and dried (MgSOtJ. Evaporation gave a 

yellow gum, which was shown to consist of starting material, by 

spectroscopic methods.

d) The bromopropenoate (143a) (0.218g, 0.645 mmol) was stirred with 

sodium azide (0.126g, 1.94 mmol, 3 equiv.) in HMPA (5 ml) for 48h at 

60°C. The solution was then poured into water and extracted with ether. 

The combined ethereal layers were washed with water and dried (MgSOiJ. 

Evaporation gave a gum, spectroscopic and t.l.c. examination of which, 

showed the formation of two new compounds. Chromatography on silica
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gel resulted in the isolation of two bands. The rear band was the 

triazole (145) (0.031g, 16%), m.p. 106 - 8.5°C (from petrol). (Found:

M+ = 300.1219. C1 5H 1 6N„03 requires M+ = 300.1222);

vm=v (nujol): 3140 (NH), 1720 (C = 0) cm'1;ITlaX

6h (90 MHz; CDC13): 1.41 (3H, t, J 7 Hz, C02CH2Cff3), 3.32 (3H, s, CH2

0Me), 4.50 (2H, q, j 7 Hz, C02Cff2CH3), 5.57 (2H, s, 

Cfl20Me), 7.31 (2H, m, 5-H and 6 -H), 7.55 (1H, m,

4-H or 7-H), 8.25 (1H, m, 7-H or 4-H), 8.47 (1H, s, 

2-H);

ra/z: 300 (M+ , 100%), 272 (8 ), 269 (55).

The front band was an oil which could not be completely freed from impuri

ties by chromatography or short path distillation, and was not identified 

(0.016g);

vmax (thin 3290’ 2 8 1 0 " 3000> 2110> 1535’ 1465> 1090’ 7 4 5 cm"1;

6j_| (250 MHz; CDC13): 3.25 (3H, s), 5.47 (2H, s), 7.28 (2H, m), 7.44

(1H, s), 7.50 (1H, m), 7.76 (1H, m);

m/z: 267 (3%), 265 (3), 236 (3), 234'(3), 215 (4), 185 (100).

e) The bromopropenoate (143a) (0.203g, 0.60 mmol) was stirred with 

sodium azide (0.043g, 0.66 mmol, 1.1 equiv.) in HMPA (5 ml) for 3h at 

120°C. Work-up of the cooled solution as described above gave a three 

component mixture which was separated by chromatography on silica gel.

The front band consisted of the same unidentified oil already described 

(0.03g), the middle band was unreacted starting material (0.029g, 14%) 

and the rear band contained the triazole (145) (0.052g, 29%).
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(iv) Preparation of the indol-3-yl propenoates (147)

a) Indole-3-carbaldehyde (2 .0 g, 13.8 mmol) and monoethyl malonate 

(2.5g, 18.9 mmol, 1.37 equiv.) were heated in a refluxing mixture of 

pyridine (15 ml) and piperidine (1 ml) for 16h. The cooled solution 

was then poured into cold water and the precipitate collected. Recrys

tallization from benzene (charcoal) gave two crops of buff crystals of 

(E )-e th y l 3 -(i.n d o l-3 -y l)p ro p en o a te (147a) (2.12g, 72%), m.p. 11 9-2 10C

(lit. , 9 0 1 2 2°C);

v.,„ (nujol): 3280 (NH), 1665 (C = 0), 1616 cm'1;
ITlaX

6h (90 MHz, CDC13/d6-DMS0): 1.33 (3H, t, J 7 Hz, C02CH2Ctf3), 4.26 (2H,

q, J 7 Hz, C02Ctf2CH3), 6.42 (1H, d, J 16 Hz, 

CH = C#e), 7.23 (2H, m, 5-H and 6 -H), 7.53 

(2H, m, 2-H and 4-H or 7-H), 7.86 (1H, m,

7-H or 4-H), 7.92 (1H, d, J  16 Hz, Ctf = CHe), 
11.24 (1H, br s, NH);

b) 2-methylindole-3-carbaldehyde (4.0g, 25.15 mmol) and monoethyl 

malonate (3.32g, 25.15 mmol, 1 equiv.) were heated in a refluxing mixture 

of pyridine (40 ml) and piperidine (2 ml). After 20h the n.m.r. spec

trum of a small sample worked up for examination, showed that there was 

still roughly 50% of unreacted starting material present. More mono

ethyl malonate (4 ml) was added and refluxing continued for a further 30h, 

after which time the reaction was found to have gone to completion. The 

cooled solution was poured into water and the precipitate collected and 

recrystallized from ethanol giving (E )-e th y l 3 - (2 -m e th y lin d o l-3 -y l) 

propenoate (147b) (2.71g , 47%), m.p. 180-3°C;

Vmax

90

(nujol): 3390 (NH), 1683 (C = 0), 1605 cm"1;
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6h (90 MHz; CDC13/d6-DMS0); 1.32 (3H, t, 7 Hz, C02CH2Cff3), 2.56 (3H,

s, 2-Me), 4.24 (2H, q, 7 7 Hz, C02Cff2CH3),

6.33 (2H, d, J  16 Hz, CH = Cffe), 7.17 (2H, 

m, 5-H and 6 -H), 7.37 (1H, m, 4-H or 7-H),

7.81 (1H, ra, 7-H or 4-H), 7.94 (1H, d, J 

16 Hz, Cff = CHe), 11.13 (1H, br s, NH).

c) 1-raethoxymethyl-2-methylindole-3-carbaldehyde (3.43g, 16.9 mmol) 

and monoethyl malonate (13.4g, 101.51 mmol, 6 equiv.) were heated in a 

refluxing mixture of pyridine (40 ml) and piperidine (10 ml) for 24h.

The resulting solution, once cool, was poured into IN hydrochloric acid 

(400 ml) and extracted with ether. The combined ethereal layers were 

washed with sodium bicarbonate solution, dried (Na2S09) and evaporated, 

to give a brownish gum, t.l.c. examination of which indicated the pre

sence of unreacted starting material. Chromatography on silica gel, 

eluting with petrol-ether, gave (E )-e th y l 3-(l-m ethoxym etkyl-2-m ethyl-  

in d o i-3 -y l)p ro p e n o a te (147c) as a gum (1.49g, 32%) which was distilled 
(Kugelrohr) and crystallized from petrol, m.p. 52.5 - 5°C. (Found;

C, 70.18; H, 7.04; N, 5.05. C 1 6H1 9N03 requires C, 70.31; H, 7.01;

N, 5.12%);

vmax (ntJjol); 1 6 9 7 (c = °)> 1 6 1 0 cm'1;

«H (90 MHz, CDC13): 1.34 (3H, t, <7 7 Hz, C02CH2Cff3), 2.60 (3H, s, 2-Me),

3.28 (3H, s, CH20Me), 4.31 (2H, q, J  7 Hz, C02Cff2CH3),

5.51 (2H, s, Cff20Me), 6.52 (1H, d, J  16 Hz, CH = Cffs), 

7.35 (3H, m, 5-H, 6 -H and 4-H or 7-H), 7.91 (1H, m,

7-H or 4-H), 8.01 (1H, d, J  16 Hz, Cff = CHe);

m/z: 273 (M+ , 100%), 242 (43), 228 (25), 168 (36), 154 (25).
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d) 2-ethyl-1-methoxymethylindole-3-carbaldehyde (0.73g, 3.36 mmol) and 

monoethyl malonate (1.78g, 13.48 mmol, 4 equiv.) were heated in a reflux

ing mixture of pyridine (15 ml) and piperidine (1 ml) for 24h. T.l.c. 

after this time showed the presence of a considerable amount of starting 

material. Monoethyl malonate (0.89g, 6.74 mmol, 2 equiv.) was added 

and refluxing continued for a further 48h. Even though t.l.c. still 

showed the presence of starting material, the reaction mixture was worked 

up as described above, yielding a yellow gum from which was isolated by 

column chromatography, (E )-e th y l Z -(2-eth y l-l-m eth oxym eth y lin d o l-Z -y l)  

propenoate (147d) as a colourless gum (0.503g, 52%) and starting aldehyde 

(0.126g, 17%). The product was distilled (Kugelrohr) and crystallized 

from petrol, m.p. 81-3°C. (Found: C, 70.84; H, 7.37; N, 4.90.

C1 7H2 1NO3 requires C, 71.06; H, 7.37; N, 4.87%);

vmax (nuJ'ol): 1 6 9 5 (c = °)> 1 6 1 7 cm"1;

H (90 MHz; CDC1 ): 1.29 (3H, t, J  7.7 Hz, 2-CH2Ctf3), 1.36 (3H, t, J  7
Hz, C02 CH2Ctf3), 3.03 (2H, q, J  7.7 Hz, 2-Ctf2 CH3),

3.31 (3H, s, CH20Me), 4.31 (2H, q, J  7 Hz, C02Cff2CH3),

5.51 (2H, s, Ctf2 0Me), 6.53 (1H, d, J 16 Hz, CH = Ctfe:), 

7.35 (3H, m, 5-H, 6 -H and 4-H or 7-H), 7.92 (1H, m,

7-H or 4-H), 8.00 (1H, d, J 16 Hz, Ctf =CHe);

m/z: 287 (M+ , 100%), 256 (43), 242 (21), 182 (96), 168 (21).

84
(v) Attempted formation of the dibromo compound (146)

The indolyl propenoate (147c) (0.455g, 1.67 mmol) was dissolved in 

carbon tetrachloride (5 ml). Bromine (85 yl, 1 . 6 6  mmol, 1 equiv.) in 

carbon tetrachloride (3 ml) was added at room temperature over 10 minutes.

A slight orange colouration persisted in the solution when the last few 

drops were added, and at this time t.l.c. examination showed the presence 

of two compounds. The crude n.m.r. showed that starting material had
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been completely consumed. Attempted chromatographic separation of the 

mixture gave three fractions which were gums, and had complex and unin

formative n.m.r. spectra. These v/ere thus discarded.

(vi) Reactions of the indolyl propenoates (147) with NBS in aqueous 

THF91

a) The indolyl propenoate (147a) (l.Og, 4.65 mmol) was dissolved in 

aqueous THF (13:17 by volume, 30 ml). NBS (l.Og, 5.62 mmol, 1.2 equiv.) 

was added to the solution, which had been cooled to 0°C. The resulting 

mixture was stirred at 0°C for 12h and then at 20°C for 24h. The whole 

mixture was then extracted with ether and the extracts combined and 

washed with water, dried (MgSO^) and evaporated, yielding a dark red gum 

(1.22g). The n.m.r. and t.l.c. showed this to consist of a complex 

intractable mixture and it was not investigated further.

b) The indolyl propenoate (147b) (0.20g, 0.87 mmol) was dissolved in 

aqueous THF (1:1 by volume, 20 ml) and allowed to react with NBS (0.187g,

1.05 mmol, 1.2 equiv.) at 0°C for a period of 2 minutes. Quenching 

with a large excess of ice followed by extraction with ether, drying 

(MgSOiJ and evaporation, gave a brown gum. This was in turn treated 

with sodium azide (0.143g, 2.2 mmol, 2.5 equiv.) in DMF (10 ml) at 60°C 

for 20h. Aqueous work-up and extraction etc. gave a dark gum which 

appeared to consist of two major compounds by t.l.c. Attempted separa

tion by chromatography gave only complex tarry materials which were dis

carded.

c) The indolyl propenoate (147c) (0.315g, 1.15 mmol) was dissolved in 

aqueous THF (5:8 by volume, 13 ml),and NBS (0.246g, 1.38 mmol, 1.2 equiv.) 

was added to the solution, which had been cooled to 0°C. After 8 minutes 

a large excess of ice was added, and the whole mixture was extracted with 

ether. The combined extracts were dried (MgSOiJ and evaporated giving a
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brownish gum (0.445g), the n.m.r. of which exhibited a doublet at 6 4.8 

and a partially hidden doublet at ca . 6 5.5, J  - 9 Hz. This material, 

without further purification, was dissolved in DMF (20 ml) and treated 

with sodium azide (0.595g, 9.15 mmol) for 1.5h at 76°C. After this time 

t.l.c. showed 3 bands. The mixture was poured into water, and extracted 

with ether. The combined ethereal extracts were washed with water, 

dried (MgSO^) and evaporated to give a gum. Part of this material 

(0.126g), was dissolved in methylene chloride (20 ml) and treated with 

methanesulphony! chloride (35 yl, 0.45 mmol) at 0°C. Subsequently tri

ethyl amine (158 yl, 1.13 mmol, 2.5 equiv.) was added, and stirring at 

0°C was continued for 0.75h. The solution was then washed with 3N 

hydrochloric acid, and subsequently with water. Drying (MgSOt+J and 

evaporation gave a gum which had crude i.r. and n.m.r. spectra almost 

identical to those of the crude material prior to treatment with methane- 

sulphonyl chloride and triethyl amine. Chromatographic separation of the 

mixture yielded 3 bands, the front running band (8 mg) was a buff gummy 

material; vmax (thin film) 2104, 1730, 1720, 1460, 740 cm"1; the n.m.r. 

was complex and uninformative, and mass spectroscopy suggested strongly 

that this was not the required azide, and thus it was discarded. The 

middle band was e th y l 2-brom o-3-(l-m ethoxym ethyl-2-m ethyH ndol-3-yl) 

propenoate (143b) (0.033g, 29% from (147c)) which was crystallized from 

petrol, m.p. 90-3°C. (Found: C, 54.78; H, 5.18; N, 3.97; Br, 22.97.

Ci6Hi8BrN03 requires C, 54.56; H, 5.15; N, 3.98; Br, 22.69%);

vm3V (nujol): 1699 (C = 0), 1602, 1230, 1044, 754 cm"1;
ITIaX

SH (90 MHz; CDC13): 1.40 (3H, t, J  7 Hz, C02CH2Cff3), 2.50 (3H, s, 2-Me),
3.30 (3H, s, CH20Me), 4.40 (2H, q, J 7 Hz, C02Q?2CH3),

5.51 (2H, s, Cfl20Me), 7.15 - 7.55 (3H, m, 5-H, 6-H 

and 4-H or 7-H), 7.66 (1H, m, 7-H or 4-H), 8.50 

(1H, s, C/7 = C(Br)e);
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m/z: 353 and 351 (M+ , 100%), 322 and 320 (30), 272 (32), 218 (41),

205 (40).

The third band (13 mg) consisted of the starting indolylpropenoate 

(147c). Chromatography of the remaining material from the sodium 

azide in DMF reaction also gave the bromopropenoate (143b) and starting 

indolylpropenoate (147c).

(vii) Wadsworth-Emmons reaction of triethylphosphonoacetate with

88acetophenone

Triethylphosphonoacetate (10.27g, 45.8 mmol) was added to a suspen

sion in DME (30 ml) of sodium hydride (50% suspension in paraffin oil, 

2.45g, 51.0 mmol, 1.11 equiv.) the sodium hydride had been previously 

de-oiled by washing with petrol. The mixture was stirred at room tem

perature for 0.25h after which, acetophenone (5.0g, 41.67 mmol) was added, 

and the resulting mixture was stirred overnight. The mixture was then 

poured into water and extracted three times with ether. The combined 

organic layers were washed with water, dried (MgSO^) and evaporated 

yielding a yellow oil. Short path distillation gave the required (e )- 

ethyl 3-phenylbut-2-enoate (149) (4.24g, 54%);

vmax (thin film): 1710 (c = 0)> 1630 (c = c) cm"1;

SH (90 MHz; CDC13): 1.30 (3H, t, J 7 Hz, C02CH2Cff3), 2.59 (3H, d, J 1.3

Hz, C#3C(Ph)), 4.23 (2H, q, J 7 Hz, C02Ctf2CH3),

6.18 (1H, q, J 1.3 Hz, C(Me)=Cffe), 7.30 - 7.60 (5H, 

m, Ph).

91(viii) Reaction of butenoate (149) with NBS in aqueous THF

The butenoate (149) (2.Og, 10.52 mmol) was dissolved in aqueous THF 

(1:4 by volume, 25 ml) and cooled to 3°C. NBS (3.75g, 21.06 mmol,

2 equiv.) was added and the mixture was stirred at 3°C for 36h. Some 

starting material was still present after this time, as evidenced by
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t.l.c., and thus NBS (1.88g, 10.56 mmol, 1 equiv.) was added, and stir

ring continued at room temperature for 48h. The mixture was then

evaporated in  vacuo to remove most of the THF and the resulting emulsion 

was extracted with ether. The ethereal extracts were washed with water, 

dried (MgSOi+J and evaporated to give an orange oil (3.17g). Column 

chromatography gave the required e th y l 2-brom o-3-hydroxy-3-phenylbut- 

an o ate s (151a) and (151b) as a 9:2 mixture (2.595g, 86%).

vmax lthin film); 3500 (0H)> 2850 " 3100> 1720 (c = °)> 763 and 700 cm"1; 

Su (90 MHz, CDC13; major isomer): 0.97 (3H, t, J  7 Hz, C02CH2C#3), 1.67

(3H, s, PhC(OH)Me), 3.96 (2H, q, J  7 

Hz, C02Ch 2CH3), 4.32 (1H, br s, OH), 

4.68 (1H, s, BrCffe), 7.20 - 7.60 (5H, 

m, Ph);

6„ (90 MHz, CDC13; minor isomer): 1.23 (3H, t, J  7 Hz, C02CH20ff3), 1.80

(3H, s, PhC(OH)Me), 4.21 (2H, q, ,r 7 

Hz, C02Cff2CH3), 4.32 (1H, br s, OH), 

4.57 (1H, s, BrCffe), 7.20 - 7.60 (5H, 

m, Ph);

m/z: 288 and 286 (M+ , 0.14%), 273 and 271 (0.48), 190 (12), 145 (19),

121 (100), 105 (38), 77 (24).

(ix) Reaction of bromobutanoates (151) with sodium azide

The mixture of bromobutanoates (151a) and (151b) (2.0g, 7.0 mmol) 

was dissolved in DMF (50 ml), and sodium azide (1.13g, 17.38 mmol, 2.5 

equiv.) was added. The mixture was stirred at 63°C for 14h. The solu

tion was then poured into water and extracted with ether. The combined 

ethereal layers were washed with water, dried (MgSOiJ and evaporated 

leaving a yellow oil (1.44g, 83%) which was a 9:2 mixture of the e th y l  

Z -m eth yl-Z -ph en y loxiran e-2-cavboxylates (153a) and (153b). Column
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chromatography of the mixture resulted in the isolation of the almost 

pure major isomer (153a) and another fraction containing both isomers. 

This was distilled (Kugelrohr) giving a colourless oil;

vmax (thin 2830 ‘ 3100> 1735 (c = °) cm*1;

6m (90 MHz; CDC13; major isomer): 6 1.33 (3H, t, J 7 Hz, C02CH2C#3),

1.78 (3H, s, PhCMe), 3.46 (1H, s, ffCe),

4.31 (2H, q, J 7 Hz, C02Cff2CH3),

7.2 - 7.5 (5H, m, Ph);

6m (90 MHz; CDC13; minor isomer): 0.90 (3H, t, J 7 Hz, C02CH2Cff3),

1.74 (3H, s, PhCMe), 3.67 (1H, s, ffCc), 

3.91 (2H, q, J = 7 Hz, C02Cff2CH3), 7.2 

- 7.5 (5H, m, Ph);

m/z: 206 (M+ , 6.5%), 205 (9), 190 (5), 178 (4), 160 (16), 149 (19), 132

(100).

(x) Independent synthesis of the oxiranes (153)

The mixture of bromobutanoates (151a) and (151b) (0.250g, 0.87 mmol) 

was added as an ethereal solution to a suspension of sodium hydride (50% 

suspension in paraffin oil, 0.139g, 2.90 mmol, 3.3 equiv.) in ether. The 

mixture was stirred at room temperature for 2h, after which the mixture 

was poured into water and the ethereal layer separated, dried (MgS04) 

and evaporated. The crude n.m.r. of the resulting material showed this 

to be a mixture of the two isomers (153a) and (153b) in an almost iden

tical ratio as that obtained by sodium azide treatment of bromobutan

oates (151). Column chromatography gave two fractions. The front 

band being the almost pure major isomer (153a) and the rear band being a 

mixture of the two isomers, (total yield 0.147g, 82%).
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(xi) Reactions of the oxiranes (153)

a) The mixture of oxiranes (153) (0.052g, 0.25 mmol) was added as an 

ethanolic solution to a solution of sodium (O.Olg, 0.43 mmol, 1.74 equiv.) 

in ethanol (2 ml). The mixture was stirred at room temperature for 2h, 

after which time a brown colouration had developed. More sodium metal 

(O.Olg) in ethanol (2 ml) was added, and the mixture was stirred for 18h 

at room temperature. The mixture was then poured into water and 

extracted with ether. The combined ethereal layers were washed with 

water, dried and evaporated, leaving almost pure acetophenone, which was 

identified by spectroscopic comparison with an authentic sample.

b) The mixture of oxiranes (153) (0.156g, 0.76 mmol) was dissolved in 

methylene chloride (25 ml), and pTSA (10 mg) was added. Stirring at 

room temperature for 48h resulted in the formation of one new compound 

as evidenced by t.l.c. The solution was then washed with saturated 

sodium bicarbonate solution, dried (MgSO^) and evaporated. Purification 

was effected by p.l.c. and short path distillation giving e th y l 2-hydroxy- 

Z-phenylbut-Z-enoate (156a) (141 mg, 90%) as a colourless oil;

vmax (thin 3490 (°H)> 1730 (c = °) cm-1;

6h (250 MHz; CDC13): 1.11 (3H, t, J  7 Hz, C02CH2Ctf3), 3.29 (1H, d, J  6 Hz,

OH), 4.16 (2H, ABqq, j 11, 7 Hz, C02Ctf2CH3), 5.04 

(1H, d, J  6 Hz with some fine splitting, Ctf(0H)C02Et),
5.45 (1H, finely split m, one of PhC = C#2), 5.49 (1H, 

d, J c a . 0.8 Hz, one of PhC = C#2), 7.34 (5H, m, Ph).

Irradiation of the 6 3.29 doublet resulted in collapse of the 6 5.04 doublet 

(with fine splitting) to a fine doublet, J  e a . 0.8 Hz and collapse of the 
6 5.45 multiplet to a fine doublet, J  c a . 0.6 Hz. Irradiation of the 

6 5.04 doublet resulted in the collapse of the 6 3.29 doublet to a singlet 

and collapse of the 6 5.45 multiplet to a fine doublet, J  c a . 0.6 Hz;
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m/z: 206 (M+ , 22%), 189 (22), 160 (24), 133 (100), 105 (80).

c) The mixture of oxiranes (153) (0.059g, 0.29 mmol) was dissolved in 

acetic anhydride (15 drops), and cone, sulphuric acid (1 drop) was added. 

The solution was brought to 50°C and kept at that temperature for 1.5h. 

The mixture was then poured into saturated sodium bicarbonate solution, 

and extracted with ether/benzene (50:50). The organic layer was washed 

twice with saturated sodium bicarbonate solution, once with water and 

then dried (MgSO^). Evaporation gave an oil which was separated into 

two components by p.l.c. The front band (0.005g, 10%) was shown to be 

the butenoate (149) by n.m.r. spectroscopy. The rear band was shown to 

be e t h y l  2 - a c e t o x y - Z - p h e n y l b u t - Z - e n o a t e  (156b) (0.019g, 27%);

vmax (thin film): 1 7 1 0  " 1 7 7 0 br (c = 0) cm-1;

6h (250 MHz; CDC13): 1.13 (3H, t, J 7 Hz, C02CH2Ctf3), 2.18 (3H, s, OAc),

4.15 (2H, ABqq, <7 11,7 Hz, C02C#2CH3), 5.53 (1H, s, 

slightly broadened, one of PhC = C#2), 5.63 (1H, s, 

one of PhC = C#2), 5.94 (1H, d, J  c a .  0.8 Hz, 

Ctf(0Ac)C02Et), 7.30 - 7.50 (5H, m, Ph);

m/z: 248 (M+ , 2), 230 (1), 206 (8 ), 189 (100), 175 (7), 161 (29), 160

(27), 133 (27).

(xii) Preparation of the ketone (158a)

A solution of indole (2.26g, 19.3 mmol) in toluene (50 ml) contain

ing pyridine (1.62 ml, 19.3 mmol) was heated to 60°C, and to this was 

added chloroacetyl chloride (1 . 6  ml, c a .  20 mmol) over a period of'lh.

The resulting cloudy solution was heated at 60°C for a further Ih, with 

stirring, and then poured into water (60 ml) and allowed to stand at 3°C 

for 0.5h. The yellow solid found to have been deposited after this time 

was collected by filtration, dried and recrystal 1 ized from methanol, 

giving crystalline Z - c h l o r o a c e t y l  i n d o l e  (158a) (1.77g, 51%), m.p.



220 - 30°C dec. (Found: C, 62.37; H, 4.20; N, 7.21. CI0H8C1N0 

requires C, 62.03; H, 4.16; N, 7.23%);
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vm=v (nujol): 3190 (NH), 1635 (C = 0) cm-1;ITiaX

6h (90 MHz; CDCl3/d6-DMS0): 4.59 (2H, s, C0Cfl2Cl), 7.04 (2H, m, 5-H and

6-H), 7.26 (1H, m, 4-H or 7-H), 7.98 (2H, m, 

2-H and 7-H or 4-H), 11.87 (1H, br s, NH);

ra/z: 195 (M+ , 9%) and 193 (M+ , 24), 144 (100).

(xiii) Treatment of (158a) with sodium azide

Chloroketone (158a) (0.30g, 1.55 mmol) and sodium azide (0.202g,

3.1 mmol, 2 equiv.) were refluxed overnight in a mixture of acetone (20 

ml) and water (10 ml). The resulting solution was poured into water 

(200 ml) and extracted with methylene chloride. Drying and evaporation 

of the combined organic layers gave a pale yellow solid in quantitative 

yield which was recrystallized from methanol giving fine needles of 3- 
a z i d o a c e t y l  i n d o l e  (158b), m.p. 172.5 - 5°C. (Found: C, 59.82; H, 4.01;

N, 27.73. C1 0H8iy) requires C, 60.00; H, 4.03; N, 27.99%);

v (nujol): 3320 (NH), 2103 (N3), 1637 (C=0) cm"1;
i fid  A

6h (90 MHz; CDCl3/d6-DMS0): 4.39 (2H, s, C0Cff2N3), 7.12 (2H, m, 5-H and

6-H), 7.35 (1H, m, 4-H or 7-H), 7.89 (1H, d, 

J 2 Hz, 2-H), 8.12 (1H, m, 7-H or 4-H),

11.78 (1H, br s, NH);

m/z: 200 (M+ , 8%), 172 (4), 144 (100), 106 (19), 89 (19).

(xiv) Borohydride reduction of (158b)

The azidoketone (158b) (0.20g, 1.0 mmol) was dissolved in ethanol 

(40 ml) and treated with excess sodium borohydride,and glacial acetic acid 

(10 drops) at room temperature. After c a .  2h,t.l.c. indicated complete 

consumption of starting material, and the mixture was poured into brine
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and extracted with ethyl acetate. The combined extracts were dried 

(Na2S01+) and evaporated, yielding as a yellow gum, 2-azido-l-(indol-3- 
yDethanol (159a) (0.18g, 89%);

vmax (thin 3 5 1 0 sh’ 3 4 1 0 (0H and NH)> 2 1 0 2 (n 3 ) cm"1;

6h (90 MHz; CDC13): 2.9 (1H, br s, OH), 3.44 (2H, m, CH(0H)Ctf2N3), 4.96

(1H, dd, J 7.5, 5 Hz, Ctf(0H)CH2N3), 6.81 (1H, d, J 
2 Hz, 2-H), 7.07 (3H, m, 5-H, 6-H and 4-H or 7-H), 

7.50 (1H, m, 7-H or 4-H), 8.23 (1H, br s, NH);

(xv) Elimination of water from the alcohol (159a)

The azidoalcohol (0.18g, 0.89 mmol) was dissolved in methylene 

chloride (20 ml) and cooled to 0°C under a nitrogen atmosphere. Methane- 

sulphonyl chloride (90 yl, 1.16 mmol, 1.3 equiv.) was added and after 5 

minutes, triethyl amine (0.39 ml, 2.8 mmol, 3.1 equiv.) was introduced 

into the reaction. The mixture was stirred under nitrogen for Ih,after 

which it was poured onto ice, and when the ice had melted ethereal 

extraction was carried out. The combined extracts were dried (Na2S0l+) 

and evaporated, giving a brown gum which was rapidly chromatographed on 

alumina, eluting with petrol/ether, to yield a rather unstable oily 

yellow crystalline material which rapidly darkened at room temperature 

in contact with air and light. This was a mixture (in approximately 

50:50 proportion) of the ( z ) -  a n d  ( E ) - l - a z ' i d o - 2 - ( ' i n d o l - 3 - y l ) e t h e n e s  (157a) 

(0.082g, 50%);

v (thin film): 3400 (NH), 2110 (N3), 1630 (C = C) cm"1;Hid A

5|_| (90 MHz; CDC13): 6.12 (2H, ABq, J  7.4 Hz, Ctf = CtfN3 in (Z)-isomer),

6.56 (2H, ABq, J  14 Hz, Ctf=C#N3 in (£)-isomer),

7.0 - 7.4 (m, Ar-H), 7.45 - 7.65 (m, Ar-H), 7.9 

(br s, NH).
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(xvi) /7-methylation of (158b)

The azidoketone (158b) (0.892g, 4.46 mmol) and methyl iodide (2.78 

yl, 44.6 mmol, 10 equiv.) were heated together in acetone at reflux, over 

potassium carbonate (3.0g, 21.7 mmol, 4.9 equiv.) for 16h. Filtration 

of the resulting mixture to remove the potassium carbonate, followed by 

evaporation of the solvent in vacuo gave a reddish gum which was puri

fied by filtration through a pad of silica gel, eluting with ether. 

Evaporation of the resulting ethereal solution gave a yellow gum which 

solidified upon storage at 3°C for 24h. Recrystallization from ethanol/ 

petrol gave fine beige needles of Z-azidoacetyl-l-methylindole (158c) 

(0.787g, 82%), ra.p. 77-8.5°C. (Found: C, 61.73; H, 4.64; N, 26.14. 

C h HiqNijO requires C, 61.67; H, 4.71; N, 26.15%);

vmax (nuJ'ol): 2 1 0 0 (n 3)> 1660 (C = 0) crn'i;

«H (90 MHz; CDC13): 3.76 (3H, s, NMe), 4.21 (2H, s, C0Cfl2N3), 7.30 (3H,

m, 5-H, 6-H and 4-H or 7-H), 7.53 (1H, s, 2-H), 8.26 

(1H, m, 7-H or 4-H);

m/z: 214 (M+ , 2%),186 (18), 158 (100).

(xvii) Reduction of azidoketone (158c)

The azidoketone (158c) (0.30g, 1.4 mmol) was dissolved in methanol 

containing 5 drops of glacial acetic acid, and the resulting solution was 

treated with excess sodium borohydride over a period of 1.5h at room 

temperature. When t.l.c. indicated complete consumption of starting 

material, the solution was partitioned between saturated aqueous sodium 

hydrogen carbonate and ether. The combined ethereal layers were washed 

with water, dried (MgSOiJ and evaporated, yielding as a yellow gum, 2- 
azido-l-(1-methyUndo 1-3-yl)ethanol (159b) (0.29g, 96%);

v (thin film): 3410 (OH), 2100 (N3) cm"1;
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SH (90 MHz; CDC13): 2.70 (1H, br s, OH), 3.50 - 3.70 (2H, m, AB part

of ABX system, CH(0H)C//2N3), 5.09 (1H, dd, J  7.5,

5 Hz, Ctf(0H)CH2N3), 6.97 (1H, s, 2-H), 7.0 - 7.30 

(3H, m, 5-H, 6-H and 4-H or 7-H), 7.60 (1H, m, 7-H 

or 4-H).

(xviii) Elimination of water from azidoalcohol (159b)

The azidoalcohol (159b) (0.29g, 1.34 mmol) was dissolved in methyl

ene chloride (5 ml) and cooled to 0°C under a nitrogen atmosphere. 

Methanesulphonyl chloride (125 yl, 1.62 mmol, 1.2 equiv.) was added, 

and after 5 minutes,triethyl amine (0.559 ml, 4.02 mmol, 3 equiv.) was 

introduced into the reaction. The resulting mixture was stirred at 

0°C for 20 minutes and was then allowed to warm to room temperature over 

a further 40 minutes. A similar work-up procedure to that employed in 

experiment (xv) was used, and as before, rapid chromatography of the 

crude product on alumina, eluting with petrol/ether, gave the expected 

(Z)- and (E)-l-az-ido-2-(l-methyl'indot-o-yt)ethenes (157b) as a yellow oil, 

rapidly darkening.

v (thin film): 3060 - 2900 (OH), 2110 (N3), 1631 (C = C) cm"1;
l liQ  A

(90 MHz; CDC13, (Z)-isomer (major product)): 3.63 (3H, s, NMe), 6.02

(2H, ABq, J 8 Hz, Ctf = C#N3), 7.0 - 7.25 (m, 

Ar-H), 7.45 - 7.70 (m, Ar-H);

((£)-isomer, (minor product)): 3.54 (3H, s, NMe), 6.44 (2H, ABq, J  15

Hz, Ctf=C#N3), 7.0 - 7.25 (m, Ar-H),

7.45 - 7.70 (m, Ar-H).

(xix) Preparation of 3-chloroacetyl-l,2-dimethyl indole

This was prepared in an exactly similar fashion to (158a) by treat

ing 1,2-dimethyl indole (4.83g, 33.3 mmol) with 1 equivalent of chloroacetyl
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chloride in toluene,containing 1 equivalent of pyridine at 60°C. The 

required 3 - c h l o r o a c e t y l - l 3 2 - d ' i m e t h y l ' L n d o l e  was recrystallized from 

ethanol (4.01g, 54*), m.p. 138-40°C. (Found: C, 64.35; H, 5.50; N, 

6.13; Cl, 16.35. C 1 2H 1 2C1N0 requires C, 65.01, H, 5.45; N, 6.32;

Cl, 15.99%);

\> (nujol): 1660 (C = 0), 1510, 1400 cm"1;
i l i a  A

SH (90 MHz; CDC13): 2.72 (3H, s, 2-Me), 3.62 (3H, s, NMe), 4.56 (2H, s,

C0Cff2Cl), 7.22 (3H, m, 5-H, 6-H and 4-H or 7-H),

7.74 (1H, m, 7-H or 4-H);

ra/z: 223 (M+ , 11*), 221 (M+ , 22), 172 (100).

(xx) Reaction of 3-chloroacetyl-l,2-dimethyl indole with sodium azide

The chloroketone (l.Og, 4.51 mmol) and sodium azide (0.35g, 5.38 

mmol, 1 . 2  equiv.) were heated together in refluxing 60% aqueous acetone 

for 24h. The reaction was worked up exactly as in experiment (xii) 

giving a solid which was recrystallized from ether to give fluffy pale

yellow needles of Z - a z i d o a o e t y l - l 3 2 - d i m e t h y l i n d o l e  (158d) (0.70g, 68%),

m.p. 139-41°C. (Found: C, 63.40; H, 5.30; N, 24.32. C 1 2 H 1 2 NM0

requires C, 63.14; H, 5.30; N, 24.55%);

vmax (nuJ'ol): 2 1 1 0  (n3)> 1 6 4 5 ( C - 0 ) cm"1;

6 h (250 MHz; CDC13 ): 2.81 (3H, s, 2-Me), 3.73 (3H, s, NMe), 4.50 (2H,

s, C0Cff2N3), 7.28 (2H, m, 5-H and 6-H), 7.35 (1H,

m, 4-H or 7-H), 7.69 (1H, m, 7-H or 4-H);

m/z: 228 (M+ , 8%), 200 (11), 172 (100).

(xxi) Attempted formation of the enolate anion of (158d) and subsequent 

quenching with ethyl chloroformate

The azidoketone (158d) (0.10g, 0.44 mmol) was added as a solution 

in DMF (4 ml) to a suspension of sodium hydride (1 equivalent) in DMF



190

(5 ml) at -12°C. A deep red colouration developed instantly, and after 

1 0 minutes ethyl chloroformate (1 equivalent) was added, and the red 

colour was discharged. Aqueous work-up and extraction etc. gave a 

brown gum. The i.r. showed no azide signal, and the n.m.r. revealed 

the material to be a complex mixture. It was thus discarded.

(xxii) Treatment of 2-methyl indole with ethylmalonyl chloride

2-Methyl indole (2.0g, 15.3 mmol) was dissolved in toluene (40 ml) 

containing pyridine (1.30 ml, 16.1 mmol, 1.05 equiv.). The resulting 

solution was heated with stirring to 50°C, at which temperature ethyl 

malonyl chloride (1.90 ml, 14.8 mmol, 0.97 equiv.) was added over a 

period of Ih. When addition was complete, the solution was heated at 

50-60°C for a further 1.5h. Water (40 ml) was then added and the 

mixture was extracted with ether. The combined organic layers were 

washed with sodium carbonate solution, dried (MgSO^) and evaporated to 

give a brown gum which solidified upon standing overnight at 3°C. This 

material was triturated twice with petrol/ether and then recrystallized 

from methylene chloride giving fine crystals of e t h y l  3 - ( 2 - m e t h y l i n d o l -

3 - y l ) - 3 - o x o p r o p a n o a t e  (160a) (1.32g, 35%), m.p. 90-1.5°C. (Found: C, 

68.82; H, 6.30; N, 5.77.. C ^ Hi s! ^ requires C, 68.57; H, 6.12;

N, 5.71%);

vma (nujol): 3360, 3266 (NH), 1741 , 1730 (C = 0), 1629, 1605 (C = 0) cm" 1max

6h (90 MHz; CDC13): 1.26 (3H, t, J 7 Hz, C02CH2Cff3), 2.67 (3H, s, 2-Me),

4.06 (2H, s, C0Ctf2C02Et), 4.26 (2H, q, J 7 Hz, 

C02Cff2CH3), 7.1 - 7.5 (3H, m, 5-H, 6-H and 4-H or 

7-H), 7.95 (IH, m, 7-H or 4-H), 9.67 (1H, br s, NH);

m/z: 245 (M+ , 20%), 199 (16), 1 58 (100).
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(xxiii) Attempted /i/-methylation of (160a)

The ketoester (160a) (0.50g, 2.16 mmol) and methyl iodide (0.5 ml,

8.03 mmol, 3.7 equiv.) were heated together in refluxing acetone (20 ml), 

over potassium carbonate (0.34g, 2.46 mmol, 1.14 equiv.) for 20h. The 

mixture was then filtered to remove the potassium carbonate and the 

resulting solution was evaporated leaving a yellow gum, which was 

chromatographed on silica gel to give e t h y l  Z - ( l 3 2 - d i m e t h y l i n d o l - Z - y D -  

2 - m e t h y l - 3 - o x o p r o p a n o a t e  (160d) (0.287g, 52%) white prisms from petrol/ 

ether, m.p. 105.5 - 7°C. (Found: C, 70.29; H, 7.05; N, 5.16.

Ci6Hi9N03 requires C, 70.31; H, 7.01; N, 5.12%);

vmax (nuJ°T): 1745 (C = 0, ester), 1631 (C = 0, ketone) cm"1;

6h (90 MHz; CDC13): 1.20 (3H, t, J  7 Hz, C02CH2Ctf3), 1.54 (3H, d, J  8

Hz, C0CH(Me)C02Et), 2.8 (3H, s, 2-Me), 3.72 (3H, s, 

NMe), 4.22 (2H, q, J  7 Hz, C02Ctf2CH3), 4.47 (1H, q,

J 8 Hz, COCtf(Me)C02Et), 7.20 - 7.50 (3H, m, 5-H,

6-H and 4-H or 7-H), 7.95 (1H, m, 7-H or 4-H);

m/z: 273 (M+ , 19%), 172 (100).

(xxiv) Attempted methylation of (160a)

The ketoester (160a) (0.50g, 2.16 mmol) in DMF solution was treated 

with sodium hydride (50% suspension in paraffin oil, 0.095g, 1.98 mmol, 

0.92 equiv.) which was added portionwise over 5 minutes. After stirring 

for a further 15 minutes at room temperature, methyl iodide (0.35 ml,

5.62 mmol, 2.6 equiv.) was added, and the mixture was stirred at room 

temperature for Ih. Aqueous work-up and extraction with ether etc. gave 

a gum, which by n.m.r. was shown to be essentially a mixture of (160b) 

and (160c) in a 75:25 ratio. The mixture was discarded.
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(xxv) Treatment of 1,2-dimethyl indole with ethyl malonyl chloride

1,2-dimethylindole (2.0g, 13.8 mmol) was treated with ethyl malonyl 

chloride (1.77 ml, 13.8 mmol, 1 equiv.) in toluene (50 ml) containing 

pyridine (1.11 ml, 13.7 mmol, 1 equiv.) in the same manner as described 

in experiment (xxii). A similar aqueous work-up and ethereal extraction 

gave a brown gum which was chromatographed on silica gel,eluting with 

petrol/ether. Two bands were isolated, the faster, running in neat 

petrol, proved to be recovered starting material (1.09g, 55% recovery).

The rear band was the required e t h y l  Z - ( l 3 2 - d i m e t h y l i n d o l - Z - y l ) - Z - o x o -  

p r o p a n o a t e  (160c) (1.05g, 30%) which gave fine needles upon recrystal

lization from ethanol/petrol, m.p. 133-5°C. (Found: C, 69.82; H, 6.57;

N, 5.41. C 1 5 H 1 7 N03 requires C, 69.48; H, 6.61; N, 5.40%);

vmax (nu'i°l): 1732 (C = 0, ester), 1624 (C = 0, ketone) cm"1;

SH (90 MHz; CDC13): 1.29 (3H, t, j 7 Hz, C02CH2Ctf3), 2.76 (3H, s, 2-Me),

3.70 (3H, s, NMe), 4.06 (2H, s, C0Ctf2C02Et), 4.28 

(2H, q, J  7 Hz, C02C#2CH3), 7.20 - 7.50 (3H, m, 5-H, 

6-H and 4-H or 7-H), 7.90 (1H, m, 7-H or 4-H);

ra/z: 259 (M+ , 19), 213 (12), 172 (100).

(xxvi) Preparation of ethoxycarbonyl-7/,/v-diethyl acetamide (164)

A solution of diethylamine (6.90 ml, 66.4 mmol, 2 equiv.) in ether 

(40 ml) was cooled to 0°C. Ethyl malonyl chloride (5.0g, 33.21 mmol) 

was added dropwise. A thick white precipitate of diethyl ammonium chlor

ide was formed, and upon the completion of addition, this was filtered 

off. The filtrate was evaporated and the resulting yellowish liquid was 

distilled (b.p. 94°C at 1.2 mm Hg) yielding, as a slightly viscous colour

less liquid, ethoxycarbonyl-w,//-diethyl acetamide (164) (2.84g, 46%);
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SH (60 MHz; CDC13): 1.0 - 1.5 (9H, m, C02CH2Ctf3 and C0N(CH2Ctf3)2),

3.1 - 3.6 (4H, 2 q, J 7 Hz, C0N(Ctf2CH3)2), 3.42 

(2H, s, Et2NC0Ctf2C02Et), 4.20 (2H, q, J 7 Hz, 

C02Ctf2CH3).

94(xxvii) Vilsmeier reaction of (164) with 1,2-dimethyl indole

Phosphorus oxychloride (0.38 ml, 4.15 mmol, 1.42 equiv.) was added 

to the N,N-diethyl amide (164) (1.5g, 8 mmol) at 0°C. The resulting 

bright yellow solution was stirred for 1.5h at 0°C, after which time 

1,2-dimethyl indole (0.423g, 2.9 mmol) as a solution in the N, /^-diethyl

amide (164) (1.0 ml) was added. The solution was allowed to warm to 

room temperature,and after stirring for 4h, when the solution had become 

deep red and somewhat viscous, it was treated with excess saturated 

sodium carbonate solution for 0.5h. Extraction with ether, washing 

and drying (MgSO^) of the combined organic layers and evaporation, gave 

a yellow-orange solid which was recrystallized from ether/petrol giving 

pale yellow prisms of ethyl Z-(N3N-d'tethylamtno)-Z-(l32-dimethyltndol-Z- 
yDpropenoate (165) (0.776g, 83%) only one stereoisomer was obtained, but 

the stereochemistry was not investigated, m.p. 117 - 9.5°C. (Found: C, 

72.57; H, 8.28; N, 8.92. Ci9H2 6N202 requires C, 72.58; H, 8.33;

N, 8.91%);

vmax (nuJol): 16 96 (c = °)’ 1 5 5 4 cm"1;

<$H (90 MHz; CDC13): 1.0 (3H, t, J 7 Hz, C02CH2Ctf3), 0.8 - 1.5 (6H, m,

N(CH2Ctf3)2), 2.33 (3H, s, 2-Me), 3.0 - 3.5 (4H, m, 

N(C#2CH3)2), 3.72 (3H, s, NMe), 3.87 (2H, q, J 7 Hz, 

C02 Ctf2CH3), 5.05 (1H, s, Et2N-C=Ctfe), 7.0 - 7.50 

(4H, m, H-4, H-5, H- 6  and H-7);

ra/z: 314 (M+ , 100%), 299 (80).
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(xxviii) Hydrolysis of the enamine (165)

The enamine (165) (0.402g, 1.28 mmol) was dissolved in ethanol 

(30 ml) and 3N sulphuric acid (5 ml). The resulting solution was 

stirred at room temperature for 48h, when t.l.c. indicated complete 

consumption of starting material. The acid was then neutralized with 

solid sodium hydrogen carbonate,and the mixture was partitioned between 

ether and brine. The organic layer was dried and evaporated 

yielding a solid which was recrystallized from ethanol, giving fine 

needles, m.p. 132 - 5°C, which had an identical i.r. spectrum to the 

ketoester (160c) (0.132g, 40?4).

(xxix) Bromination of the enamine (165)

The enamine (165) (0.222g, 0.71 mmol) was dissolved in ether (10 ml) 

and the resulting solution was cooled to -78°C. Bromine (37 yl, 0.71 

mmol, 1 equiv.) was then added as a solution in ether (5 ml). A buff 

coloured precipitate was rapidly formed, and stirring at -78°C was 

continued for 0.5h. The mixture was then allowed to warm to room tem

perature, and water (10 ml) was added. Extraction with ether, washing, 

drying (MgS04) and evaporation of the combined extracts, gave a red 

material which was chromatographed on silica gel to give as a yellow gum, 

e t h y l  2 - b r o m o - 3 - ( N , N - d ' i e t h y l a m ' i n o ) - 3 - (  1 3 2 - d ' i m e t h y l - i n d o l - 3 - y l ) p r o p e n o a t e  

(168) (0.19g, 69%) in an approximately 60:40 ratio of double bond isomers.

vmax 1670 (C = 0) cm"1;

5h (90 MHz; CDC13, major isomer): 1.12 (6H, t, J  8 Hz, N(CH2Ctf3)2) , 1.33

(3H, t, J  7 Hz, C02CH2Ctf3), 2.46 (3H, 

s, 2-Me), 3.23 (4H, q, J  8 Hz, 

N(Cff2CH3)2), 3.70 (3H, s, NMe), 4.26 

(2H, q, J 7 Hz, C02Ctf2CH3), 7.10 - 7.30 

(3H, m, 5-H, 6-H and 4-H or 7-H),

8.45 - 8.65 (1H, m, 7-H or 4-H);
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6„ (90 MHz; CDC13, minor isomer): 0.58 (3H, t, J 7 Hz, C02CH2Cff3), 1-13

(6H, t, J 8 Hz, N(CH2Cff3)2), 2.37 

(3H, s, 2-Me), 3.33 (4H, q, J 8 Hz, 

N(Cfl2CH3)2), 3.40 (2H, q, J 7 Hz, 

C02CH2CH3), 3.56 (3H, s, NMe), 7.10 - 

7.30 (3H, m, 5-H, 6-H and 4-H or 7-H),

8.45 - 8.65 (1H, m, 7-H or 4-H);

m/z: 394 (M+ , 7%); 392 (M+ , 7), 313 (28), 242 (100).

(xxx) Hydrolysis of the bromoenamines (168)

The bromoenamine mixture (168) (0.19g, 0.48 mmol) was dissolved in 

THF (15 ml), 3N sulphuric acid (6 ml) and water (2 ml). The resulting 

solution was stirred at room temperature for 48h, when t.l.c. indicated 

complete consumption of starting material. The acid was neutralized 

with solid sodium hydrogen carbonate and the THF was removed by evapora

tion i n  v a c u o .  The resulting emulsion was extracted with ether and the 

combined extracts were dried (MgS04) and evaporated, yielding a brownish 

gum which was chromatographed on silica gel. The resulting e t h y l  2 -  

b r o m o - 3 - ( l J 2 - d i m e t h y l i n d o l - 3 - y l ) - 3 - o x o p r o p a n o a t e  (160e) (0.136g, 83%) 

was obtained as an almost colourless gum which solidified on storage at 

3°C for some time. Recrystallization from ethanol/petrol gave colour

less prisms, m.p. 124.5- 6 .5°C. (Found: C, 53.40; H, 4.79; N, 4.09;

Br, 23.36. C 1 5 H1 6BrN03 requires C, 53.27; H, 4.77; N, 4.14; Br,

23.63%);

vm_v (nujol): 1766 (C = 0, ester), 1645 (C = 0, ketone) cm-1;max

6„ (250 MHz; CDC13): 1.30 (3H, t, J 7 Hz, C02CH2Cff3), 2.82 (3H, s, 2-Me),

3.75 (3H, s, NMe), 4.32 (2H, q, J 7 Hz, C02Cfl2CH3), 

5.74 (1H, s, C0CflBrC02Et), 7.33 (3H, m, 5-H, 6-H 

and 4-H or 7-H), 7.87 (1H, m, 7-H or 4-H);
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m/z: 339 (M+ , 5%), 337 (M+ , 5), 259 (6 ), 213 (6 ), 172 (100).

(xxxi) Treatment of bromoketoester (160e) with sodium azide

a) The bromoketoester (160e) (0.136g, 0.40 mmol) and sodium azide 

(0.052g, 0.80 mmol, 2 equiv.) were heated together in refluxing 60% 

aqueous acetone for 15h. The acetone was then removed by evaporation 

i n  v a c u o , and the resulting emulsion was extracted with ether. Drying 

(MgSOiJ and evaporation of the combined ethereal layers gave a gum 

which had a somewhat complex n.m.r. spectrum, and appeared to be a mix

ture. Attempted separation by p.l.c. resulted in the isolation of a 

band apparently containing two compounds, one of which appeared to be an 

ethyl ester, 6^ (90 MHz; CDC13): 1.18 (3H, t, J 7 Hz, C02CH2Cfl3) and

4.22 (2H, q, J  7 Hz, C02C#2CH3), i n t e r  a l i a .  The other compound appeared 

to be without an ester group. Attempted isolation of the ethoxycarbonyl 

compound by further p.l.c. always led to samples which were contaminated 

with the other material. Crystallization of the combined crude gums 

from ethanol, and recrystallization from the same solvent gave yellow 

needles of the o x a z o l o n e  (169) (O.Olg, 9%), m.p. 144 - 6°C. (Found: M+ = 

284.1154. C 1 6H 1 6N203 requires M+ = 284.1161);

v (nujol): 1775 (C = 0, oxazolone), 1604 (C = 0, ketone), 1582 cm-1;
I l ia  A

«H (250 MHz; CDC13); 1.78 (6H, s, CMez), 2.74 (3H, s, 2-Me), 3.76 (3H, s,

NMe), 7.30 (3H, m, 5-H, 6-H and 4-H or 7-H), 7.75 

(1H, m, 7-H or 4-H);

m/z: 284 (M+ , 13%), 172 (100).

b) Solutions of the bromoketoester (160e) (in each case 0.08g, 0.24 mmol)

were made in DMF (4 ml) DMS0 (4 ml) and HMPA (4 ml). To each solution

was added sodium azide (0.016g, 0.24 mmol, 1 equiv.). The resulting solu

tions were stirred at room temperature for 40h. Standard aqueous work-up 

and extraction with ether etc. gave gums having identical t.l.c. and i.r.
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spectral properties. Chromatography of the combined crude gums gave 

in the early fractions, a small amount of a gum which could be crystal

lized from ethanol, giving fine white needles, m.p. 138.5 - 42°C and 

having identical spectral properties to the azidoketone (158d) (O.Olg, 

19%). In subsequent fractions and also in the mother liquors from the 

crystallization, a compound presumed to be an ethyl ester was shown by

n.m.r. to be present (90 MHz; CDC13): 1.28 (3H, t, J  n a .  7 Hz), 2.58

(3H, s), 3.66 (3H, s), 4.40 (2H, q, J o a .  1 Hz), i n t e r  a l i a .  The i.r. 

showed signals at 1720 and 1615 cm" 1 but no azide peak. Attempts to 

purify this material by further chromatography only resulted in its 

further decomposition, and thus the crude mixture was discarded.

(xxxii) Treatment of the bromoketone (160e) with reducing agents

a) The bromoketone (160e) (0.058g, 0.17 mmol) was dissolved in ethanol 

(15 ml) and over a period of 3h excess sodium borohydride and glacial 

acetic acid (15 drops) were added, the reaction being all the time at 

0°C, and consumption of starting material being followed by t.l.c..

The mixture was then poured into ice-water and treated with solid sodium 

hydrogen carbonate. Extraction with ether etc. gave a solid (0.048g, 

1 0 0%) which was recrystallized from ethanol/petrol giving fine needles,

m.p. 127-32°C, having identical i.r. and n.m.r. spectra to ketoester 

(160c).

b) The bromoketone (160e) (0.085g, 0.25 mmol) was dissolved in toluene

and cooled to 0°C. DIBAL (1M solution in hexane, 0.26 ml, 0.26 mmol,

1.04 equiv.) was added and the mixture stirred at 0-5°C for 80 minutes. 

The mixture was then warmed to room temperature and methanol (1 ml) was 

added, followed by water (1 ml). Filtration through celite, washing 

the filter cake with hot methanol, gave a cloudy solution which was 

evaporated to dryness. The crude n.m.r. of the resulting semi-solid

material showed this to consist essentially of the ketoester (160c).



EXPERIMENTAL FOR CHAPTER THREE
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l. Thermolysis of azidopropenoates (175).^*^

(i) Thermolysis of azidopropenoate (175a)

The azidopropenoate (175a) (1.174g, 4.35 mmol) was dissolved in 

toluene (235 ml), and the resulting solution was added dropwise, over 

lh to refluxing toluene (235 ml) under an atmosphere of nitrogen. The 

solution was allowed to reflux for an additional 10 minutes after 

addition was complete, and then it was allowed to cool. The toluene 

was then evaporated and the resulting brown material was purified by 

filtration through a thin pad of silica gel, eluting with petrol/ether. 

Evaporation of the filtrate gave off-white microcrystals of e t h y l  l s 8 -  

( H h y d r o - 8 - m e t h y l p y r r o l o [ 2 j 3 - b \ i n d o l e - 2 - c a r h o o c y l a t e  (176a) (0.987g, 94%) 

which was recrystallized from toluene/petrol/ethyl acetate (70:20:10)

m. p. 234-9°C (Found: C, 69.25; H, 5.85; N, 11.32. CluH m N 202 

requires C, 69.41; H, 5.82; N, 11.56%);

« „ (nujol): 3240 (NH), 1665 (C = 0), 1625 cm-1;ITlaX
(EtOH): 336 (log e 4.55), 279 ran (4.35);fflaX

6h (90 MHz ; d6-DMS0): 1.31 (3H, t, J 7 Hz, C02CH2Ch 3), 3.81 (3H, s,

N-Me), 4.30 (2H, q, J 7 Hz, C02Cff2CH3), 7.15 

(2H, m, 5-H and 6-H), 7.17 (1H, s, 3-H), 7.40 

(1H, m, 4-H or 7-H), 7.65 (1H, m, 7-H or 4-H), 

(NH not observed);

m/z: 242 (M+ , 73%), 196 (100), 168 (66), 127 (23).

(ii) Thermolysis of azidopropenoate (175b)

The azidopropenoate (175b) (0.50g, 1.45 mmol) was dissolved in 

toluene (100 ml) and the resulting solution added dropwise to refluxing 

toluene (100 ml) under an atmosphere of nitrogen. Upon completion of 

addition the solution was allowed to reflux for a further 10 minutes
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and then allowed to cool. The toluene was then evaporated leaving a 

brown solid which was triturated with petrol/ether (4:1). The result

ing yellowish powder was collected by filtration. This was e t h y l  

8 - b e n z y l - l ,  8 - d i h y d r o p y r r o l o [ 2 , 3 - b ] ' i n d o l e - 2 - e a r b o x y l a t e  (T76b) (0.419g, 

91%) which was recrystal 1ized from ether/ethyl acetate, m.p. 217-8°C 

(Found: C, 75.27; H, 5.78; N, 8.68. 0 2 0^ 1 3 ^2^2 requires: C, 75.46;

H, 5.70; N, 8.80%);

vmax (nuJ’ol): 3275 (NH)> 1663 (c = °)> 1630, 1598 cm"1.

Sj_| (CDC13/d6-DMS0): 1.33 (3H, t, J 7 Hz, C02CH2Ctf3), 4.30 (2H, q, J

7 Hz, C02Ctf2CH3), 5.48 (2H, s, Ctf2Ph), 7.20 (9H, 

m, 3-H, 5-H, 6-H, Ph and 4-H or 7-H), 7.67 (1H, 

m, 7-H or 4-H), (NH not observed);

ro/z: 318 (M+ , 99%), 272 (84), 91 (100).

(iii) Thermolysis of azidopropenoate (175c)

The azidopropenoate (175c) (1.144g, 3.81 mmol) was dissolved in 

toluene (230 ml) and added dropwise over 80 minutes to refluxing toluene 

(230 ml) under a nitrogen atmosphere. The procedure described above 

was followed except that after evaporation of the toluene the crude 

material was recrystallized from ethanol, giving needles of e t h y l  1 , 8 -  

d i h y d r o - 8 - m e t h o x y m e t h y l p y v v o l o [ 2 , 3 - b 1[ v n d o l e - 2 - c a v b o x y l a t e  (T76c) (0.828g, 

80%), m.p. 173-80°C (Found: C, 66.19; H, 5.96; N, 10.30. Ci5H16N203

requires C, 66.15; H, 5.92; N, 10.29%);

vmax (nujQl): 3250 (NH)> 1650 (C = 0), 1615, 1579 cm"1.

6h (90 MHz; d6-DMS0): 1.32 (3H, t, J 7 Hz, C02CH2Cfl3), 3.23 (3H, s,

CH20Me), 4.32 (2H, q, J 7 Hz, C02Cff2CH3), 5.72 

(2H, s, Cff20Me), 7.10 - 7.30 (2H, m, 5-H and 6-H),

7.21 (1H, s, 3-H), 7.55 (1H, m, 4-H or 7-H), 7.71 

(1H, m, 7-H or 4-H), 12.20 (1H, br s, NH);
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m/z: 272 (M+ , 100%), 226 (33), 195 (37), 168 (33).

(iv) Thermolysis of the azidopropenoate (175d)

The azidopropenoate (175d) (7.50g, 26.22 mmol) was dissolved in 

toluene (500 ml) and added dropwise to refluxing toluene (500 ml) over 

Ih. The solution was refluxed for an additional 0.5h after addition 

was complete. The solution was then reduced in volume to c a .  100 ml 

and cooled to 3°C. The deposited solid was collected and recrystallized 

from methanol, giving white needles of m e th y l .  l 3 8 - d i h y d r o - 8 - m e t h o x y -  

m e t h y l p y r r o l o [ 2 3 3 - b ] ' i n d o ' l e - 2 - e a r b o x y l a t e  (176d) (4.72g, 70%), m.p. 214-8°C 

dec. (Found: C, 64.87; H, 5.43; N, 10.77. Clt+H 1 i+N203 requires 

C, 65.11; H, 5.46; N, 10.85%);

vmav (nujol): 3300, 3290 sh, 3260 (NH), 1662 (C = 0), 1620, 1588 cm-1.
ITlaX

<$H (250 MHz; CDC13): 3.32 (3H, s, CH20Me), 3.94 (3H, s, CO 2M e ), 5.60

(2H, s, Cff20Me), 7.23 (2H, m, 5-H and 6-H), 7.26 

(IH, s, 3-H), 7.41 (1H, m, 4-H or 7-H), 7.73 (IH, 

m, 7-H or 4-H), 9.87 (IH, br s, NH);

m/z: 258 (M+ , 100%), 227 (23), 195 (25), 168 (33).

2. Simple chemistry of the pyrrolo[2,3-b]indole systems (176)

(i) Attempted debenzylations of (176b).

a) The pyrroloindole (176b) (0.05g, 0.16 mmol) was dissolved in THF 

(3 ml) and added to anhydrous liquid ammonia (8 ml). Small pieces of 

sodium were added until the blue-black colouration became permanent. 

Treatment of this solution with solid ammonium chloride and aqueous 

hydrochloric acid gave a pale yellow solution from which the liquid 

ammonia was allowed to evaporate. The remaining liquid was extracted 

with chloroform, and the dark chloroform extracts were combined dried 

(MgS04) and evaporated to give a dark tarry material. The n.m.r.
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showed this to be a complex mixture of decomposition or polymerization 

products and it was discarded. The aqueous layer was then evaporated 

and the resulting solid was extracted with boiling ethyl acetate. No 

organic material could however be obtained.

b) The pyrroloindole (176b) (0.062g, 0.19 mmol) was dissolved in 

ethanol (2 0 ml) and the solution was hydrogenated over (1 0 %) palladium- 

charcoal (0.02g) for 20h. Filtration through celite and evaporation 

gave a solid which was shown to be starting material by n.m.r. and 

t.l.c.

(ii) Deprotection of pyrroloindole (176d)

The pyrroloindole (176d) (0.10g, 0.39 mmol) was dissolved in a 

mixture of methanol (40 ml), water (6 ml) and 2.4M hydrochloric acid 

(4 ml). The solution was kept at room temperature for 7 days. After 

this time t.l.c. showed the presence of a new compound as well as a con

siderable amount of unreacted starting material. Water (6 ml) and 2.4M 

hydrochloric acid (4 ml) were added, and after 24h more 2.4M hydrochloric 

acid (8 ml) was added. The solution was stirred at room temperature for 

a further 7 days, after which t.l.c. indicated almost complete reaction. 

The reddish solution was neutralised with solid sodium hydrogen carbonate 

and most of the methanol evaporated in vacuo. The aqueous suspension 

was then extracted with ethyl acetate. The combined extracts were 

dried (MgSO^) and evaporated, and the resulting reddish material was 

chromatographed on silica gel, eluting with petrol/ether. Two bands 

were obtained, the faster band (4 mg, 4%) proved to be unreacted starting 

material. The slower band was the deprotected compound: methyl ls8- 
dihydropyrrolo[2y3-b]indole-2-carboxylate (179) (33 mg, 40%) which was 

recrystallized from methanol/nitromethane giving small prisms, m.p. 230- 

6°C (lit. , 36 229 - 31°C) (Found: C, 67.10; H, 4.73; N, 12.92.

Ci2HioN2 02 requires: C, 67.28; H, 4.71; N, 13.08%);
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\> (nujol): 3370 (NH), 3280 (NH), 1655 (C = 0), 1626, 1597 cm'1;iTIaX

6h (250 MHz; d6-DMS0): 3.78 (3H, s, CO2We), 7.06 (2H, m, 5-H and 6-H),

7.13 (1H, s, 3-H), 7.33 (1H, m, 4-H or 7-H),

7.62 (1H, m, 7-H or 4-H), 11.11 (1H, br s, NH), 

11.90 (1H, br s, NH);

m/z: 214 (M+ , 82), 182 (100), 154 (69), 127 (44).

(iii) ^-methylation of pyrroloindole (176a)

Sodium hydride (50% suspension in paraffin oil, 0.026g, 0.54 mmol,

1.3 equiv.) was de-oiled by washing with petrol and suspended in DMF 

(2 ml). The pyrroloindole (176a) (0.10g, 0.41 mmol) was added at room 

temperature as a solution in DMF (1 ml), and the mixture was stirred at 

room temperature under a nitrogen atmosphere for 10 minutes. Methyl 

iodide (0.43g, 190 yl, 7.2 equiv.) was added, and stirring was continued 

at room temperature for 4h. The mixture was then poured into water and 

extracted with ether. The combined ethereal extracts were washed with 

water, dried (MgSOy) and evaporated, and the resulting oily solid was 

recrystallized from ether giving needles of ethyl l38-dihydro-l38- 
d'imethylpyrrolo[233-b]'indole-2-carboxylate (180a) (0.093g, 82%), m.p. 

134.5-6°C (Found: C, 70.60; H, 6.29; N, 11.11. C 1 5 H 1 6N2 02 requires

C, 70.29; H, 6.29; N, 10.93%);

vmav (nujol): 1697 (C = 0), 1624, 1585, 1573 cm’1.
IllCLX

<5h (90 MHz, CDC13): 1.32 (3H, t, J 7.4 Hz, C02CH2Cff3); 3.77 (3H, s,

NMe), 4.14 (3H, s, NMe), 4.28 (2H, q, J 7.4 Hz,

C02Cff2CH3), 7.18 (3H, m, 5-H, 6-H and 4-H or 7-H),

7.29 (1H, s, 3-H), 7.66 (1H, m, 7-H or 4-H);

m/z: 256 (M+ , 100%), 228 (84), 184 (52).
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(iv) w-methylation of pyrroloindole (176d)

The pyrroloindole (176d) (l.Og, 3.88 mmol) was added as a solu

tion in DMF (10 ml) to a suspension of sodium hydride (50% suspension 

in paraffin oil, 0.466g, 9.71 mmol, 2.5 equiv.) in DMF (5 ml). The 

mixture was warmed to 70°C and stirred for 2h. After this time, 

methyl iodide (0.91g, 0.40 ml, 1.66 equiv.) was added, and the mixture 

was stirred for a further 0.5h, after which it was poured into water 

and extracted with ether. The combined ethereal extracts were dried 

(MgS04) and evaporated and the resulting off-white gum was triturated 

with petrol, giving as a solid, methyl l38-dihydvo-8-methoxymethyl-l- 

methylpyrrolo[2,3-b]indole-2-carboxylate (180b) (0.882g, 84%) which was 

recrystallized from methanol giving prisms, m.p. 106-7.5°C (Found:

C, 66.13; H, 5.90; N, 10.28. C 1 5 H 1 6N203 requires C, 66.16; H, 5.92;

N, 10.29%);

vmax (nuJol): 1 7 0 4 (c = 0)> 1615> 1580, 1 5 7 5 sh cm”1;

SH (250 MHz, CDC13): 3.30 (3H, s, CH20Me), 3.84 (3H, s, NMe), 4.23

(3H, s, CO2Me), 5.56 (2H, s, Ctf20Me), 7.20 (2H, 

m, 5-H and 6-H), 7.29 (1H, s, 3-H), 7.37 (1H, m,

4-H or 7-H), 7.67 (1H, m, 7-H or 4-H);

6C (62.9 MHz; CDC13): 32.95 (69%), 50.68 (78), 55.79 (65), 74.39 (92),

108.87 (8 6), 109.20 (100), 109.32 (28), 119.41 

(79), 120.79 (95), 121.56 (19), 121.75 (26),

122.15 (77), 142.72 (27), 143.83 (17), 162.23 (17);

m/z: 272 (M+ , 91%), 241 (29), 227 (100).

(v) Deprotection of the pyrroloindole (180b)

The pyrroloindole (180b) (0.75g, 2.76 mmol) was dissolved in a 

mixture of methanol (225 ml), water (75 ml) and 2.4M hydrochloric acid 

(30 ml). The solution was stirred at room temperature for 5 days, when
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t.l.c. showed complete consumption of all starting material. The solu

tion was neutralized with solid sodium hydrogen carbonate and concentra

ted in vacuo. The resulting suspension was extracted with ethyl acetate, 

and the combined extracts were dried (MgSOtJ and evaporated. The result

ing brownish solid was purified by filtration through a thin pad of 

silica gel, eluting with ether. Evaporation of the ethereal solution 

gave as a buff powder methyl lJ8-dihydro-l-methylpyrrolo[2^3-b\indole-2- 
carboxylate (181) (0.575g, 91%) which was recrystallized from methanol, 

m.p. 185-90°C dec. (Found: C, 6 8.1 1 ; H, 5.32; N, 12.09. C 1 3H 1 2 N202

requires C, 68.41; H, 5.30; N, 12.27%);

v (nujol): 3230, 3190 sh (NH), 1645 (C = 0 ), 1623, 1602 cm-1.
l l la A

6m (250 MHz, de-DMS0): 3.74 (3H, s, NMe), 3.96 (3H, s, CO2Me), 7.09

(2H, ra, 5-H and 6-H), 7.21 (1 H, s, 3-H), 7.36 

(1H, ra, 4-H or 7-H), 7.64 (1H, m, 7-H or 4-H),

11.41 (1H, br s, NH);

m/z: 228 (M+ , 100%), 197 (32), 170 (35).

(vi) tf-allylation of pyrroloindole (181)

The pyrroloindole (181) (0.250g, 1.38 mmol) was dissolved in DMF 

(5 ml) and added at room temperature to a suspension of sodium hydride 

(50% suspension in paraffin oil, 0.158g, 3.29 mmol, 2.4 equiv.) in DMF 

(5 ml). Upon completion of addition, the suspension was stirred for lh, 

and then ally! bromide (180 pi, 2.07 mmol, 1.5 equiv.) was added.

Further stirring for Ih was followed by aqueous work-up, extraction with 

ether, drying (MgSOtJ, and evaporation of the ether. The resulting gum 

was purified by filtration through a pad of silica gel, eluting with 

petrol/ether. Evaporation of the resulting solution gave a light 

yellow gum (0.284g, 97%) which was distilled (Kugelrohr) and crystallized 

from petrol giving colourless plates of methyl 8-allyl-l38-dihydvo-l-
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methylpyrrolo[2,3-b]'indole-2-cax*boxylate (182), m.p. 85-7°C (Found:

C, 71.78; H, 6.08; N, 10.43. C 1 6H 1 6N202 requires C, 71.62; H,

6.01; N, 10.44%);

(nujol): 1703 (C = 0), 1624, 1586, 1578 cm-1;max

<$H (250 MHz; CDC13): 3.83 (3H, s, NMe), 4.16 (3H, s, C02Me), 4.89

(2H, m, Cff2-CH=CH2), 4.97 (1H, d, J 17 Hz with 

some fine splitting, irons proton of CH2-CH=Cff2),

5.20 (1H, d, J 10.5 Hz with some fine splitting, 

cis proton of CH2-CH=Cfl2), 6.04 (1H, ddt, J 17, 

10.5, 4.2 Hz, CH2-CH=CH2), 7.17 (3H, m, 5-H, 6-H 

and 4-H or 7-H), 7.31 (1H, s, 3-H), 7.69 (1H, m,

7-H or 4-H);

m/z: 268 (M+ , 87%), 227 (100).

(vii) Attempted dehydrogenation of (179) with DDQ

The pyrroloindole (179) (0.025g, 0.12 mmol) was dissolved in THF 

(15 ml), and to this solution at room temperature was added a solution 

of DDQ (0.026g, 0.11 mmol, 1 equiv.) in THF (5 ml). The mixture was 

stirred at room temperature for 1 0 minutes during which time it became 

very dark. Examination of the material produced, by t.l.c. and n.m.r., 

showed the presence of highly complex polymeric materials only.

(viii) Reduction of pyrroloindole (180b) with LAH

A solution of pyrroloindole (180b) (0.228g, 0.84 mmol) in THF (7 ml) 

was added to a suspension of LAH (0.064g, 1.68 mmol, 2 equiv.) in THF.

The resulting mixture was stirred overnight under an atmosphere of nitro

gen, at room temperature. Careful addition of water destroyed any 

excess LAH. Extraction with ethyl acetate, drying of the organic 

solution (MgSOiJ and evaporation gave a semi-sol id material which was
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chromatographed on silica yielding one major band, a solid (0.081g, 44%). 

This was recrystallized from methanol/nitromethane, to give small plates 

of bis (13 8-dihydvo-8-methoxymethyl-l-methy'lpyvvoto [23 3-b] indol-2-yl) 
me theme (184), m.p. 220-5°C dec. (Found: C, 73.56; H, 6.33; N, 12.80. 

^27^28^1*02 requires C, 73.61; H, 6.41; N, 12.72%);

v v (nujol): 1610w, 1573, 1561 sh, 1557, 1513, 1291, 1104, 1065, 1045maX

cm-1.

6h (250 MHz, CDC13/d6-DMS0): 3.26 (6H, s, CH20Me), 3.86 (6H, s, NMe),

4.18 (2H, s, -CH2-), 5.67 (4H, s, Ctf20Me), 

6.12 (2H, s, 3-H), 7.05 (4H, m, 5-K and 

6-H), 7.48 (4H, m, 4-H and 7-H);

ra/z: 440 (M+ , 100%), 395 (25).

(ix) Base hydrolyses of pyrroloindole (180b)

a) The pyrroloindole (180b) (0.392g, 1.44 mmol) was dissolved in 

methanol (50 ml), 1M sodium hydroxide solution (8 ml) and water (17 ml). 

The mixture was heated on an oil bath at 100°C for 2.5h, after which 

careful acidification to ca. pH 6 caused the solution to become cloudy. 

Extraction with ethyl acetate, drying (MgSOtJ of the organic solution 

and evaporation gave a pale blue oily solid. Washing of this material 

with hot petrol left a pale blue powder (0.166g, 45%) which could be 

recrystallized from methanol/nitromethane, affording tiny crystals of 

lj8-dihydro-8-methoxymethyl-l-methylpyrrolo[233-b]indole-2-carboxylic 
acid (186), m.p. 124-6°C (Found: M+ = 258.1010. C 1 i+H 1 i+N203 requires

M+ = 258.1004);

v (nujol mull): 2560-3120 (OH), 1665 (C = 0), 1620, 1584, 1577 cm-1;m  a a

«H (90 MHz; dg-DMSO): 3.21 (3H, s, CH20Me), 4.16 (3H, s, NMe), 5.71

(2H, s, Ctf20Me), 7.16 (2H, m, 5-H and 6-H), 7.19 

(1H, s, 3-H), 7.60 (2H, m, 4-H and 7-H);
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m/z: 258 (M+ , 35%), 214 (62), 169 (100).

The petrol washings were chromatographed on silica and yielded, as a 

colourless oi1 138-dihydro-8-methoxymethyl-l-methylpyvrolo[233-b]indole 
(187) (0.075g, 24%) (Found: M+ = 214.1110. C1 3 H 11(N20 requires:

M+ = 214.1106);

vmax (CHC1 3 )• 1608w, 1561, 1449, 1106 cm"1;

«H (250 MHz; (CD3 )2C0): 3.23 (3H, s, CH20Me), 3.91 (3H, s, NMe), 5.69

(2H, s, Cff20Me), 6.31 (1H, d, J 3.1 Hz, 3-H), 

6.54 (1H, d, j 3.1 Hz, 2-H), 7.06 (2H, m,

5-H and 6-H), 7.54 (2H, m, 4-H and 7-H).

b) The pyrroloindole (180b) (0.10g, 0.37 mmol) was dissolved in 

methanol (24 ml) and 1M sodium hydroxide solution (11 ml, 30 equiv.).

The resulting solution was refluxed for 24h, after which it was 

allowed to stand at room temperature for 24h. Acidification and 

extraction with ethyl acetate gave a dark blue organic solution which 

was dried (MgSOiJ and evaporated, giving a dark blue semi-solid. This 

material did not seem to be very stable on analytical silica gel t.l.c. 

plates, but rapid p.l.c. of this material, eluting with petrol/ether 

led to the isolation of two bands. The faster band proved to be the 

decarboxylated pyrroloindole (187) (0.029g, 37%), while the other band 

was the bis(pyrrolo[2,3-b]indolyl) methane (184) (0.006g, 7%).

(x) Formyl ation of (187)

To phosphorus oxychloride (0.056g, 0.36 mmol), was added DMF

(0.3 ml) and the solution stirred,with cooling in an ice bath, for Ih. 

The pyrroloindole (187) (0.075g, 0.35 mmol) in DMF (0.5 ml) was then 

added, and the mixture was allowed to warm to room temperature, and then 

heated at 40°C for 0.5h. Sodium hydroxide solution (10%, 3 ml) was
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then added, and the mixture heated to 70°C and kept at that temperature 

for 0.5h. Pouring into water, ethereal extraction, washing and 

drying (MgSO^) of the organic layers gave the crude l38-dihydro-8- 
methoxymethyl-l-methylpyrrolo[2J3-b]yindole-3-oarbaldehyde (188) as an 

oil which was crystallized from ethanol/petrol, m.p. 104.5 - 106.5°C. 

(Found: C, 69.12; H, 5.81; N, 11.50. C 1 i+HlttN202 requires C, 69.41; 

H, 5.82; N, 11.56%).

vmay (nujol): 1645 (C = 0), 1619, 1584 cm"1;
i l ia  A

6h (250 MHz; CDC13): 3.33 (3H, s, CH20ffe), 4.30 (3H, s, NMe), 5.59

(2H, s, Cff20Me), 7.14 (1H, s, 2-H), 7.26 (2H, m,

5-H and 6-H), 7.40 (1H, m, 4-H or 7-H), 7.72 (1H, 

m, 7-H or 4-H), 9.47 (1H, s, CH0);

m/z: 242 (M+ , 1007,), 211 (24), 197 (33), 169 (19), 168 (14).
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3. Thermolysis of 1-azido-2(indol-3-yl)alkenes (157)

(i) Thermolysis of 1-azido-2(indol-3-yl)ethene (157a)

The l-azido-2(indol-3-yl)ethene (157a) (0.082g, 0.45 mmol) was 

heated in refluxing toluene (16 ml). Over a period of 5 minutes the 

solution darkened dramatically to a deep violet. Evaporation of the 

toluene left a dark gummy residue. Analysis by n.m.r. and t.l.c. 

showed this to be a complex, presumably polymeric material, and it was 

discarded.

(ii) Thermolysis of 1-azido-2(/7-methylindol-3-yl)ethene (157b)

The l-azido-2(1-methylindol-3-yl)ethene (157b) (0.05g, 0.25 mmol) 

was heated in refluxing toluene (10 ml). Over a period of 5 minutes 

darkening to a violet colour occurred. Evaporation of the toluene left 

a gum. The n.m.r. showed this to consist of one major compound having 

6 (90 MHz; CDC13) 3.49 (s, NMe) and 6.44 (2H, ABq, J * 3 Hz) intev dl'ia. 
Attempted purification of this material by p.l.c. on silica gel resulted 

in its complete decomposition.

4. Attempts to construct the cyclic diamide (219b)

(i) Using methyl anthranilate

a) The pyrroloindole (176d) (0.05g, 0.19 mmol) and methyl anthranilate

(0.046g, 0.30 mmol, 1.6 equiv.) were heated in refluxing benzene (10 ml)

123containing sodium methoxide (0.014g, 0.26 mmol, 1.5 equiv.), under a 

Dean-Stark trap, the limb of which was filled with calcium chloride.

After 6h, examination by t.l.c. showed only the presence of starting 

materials.

b) To a suspension of sodium hydride (50% suspension in paraffin oil, 

0.023g, 0.48 mmol, 1.2 equiv.) in DMF (5 ml), was added a solution in
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DMF (5 ml) of the pyrroloindole (176d) (0.10g, 0.39 mmol), after heat

ing at 70°C for 2h, methyl anthranilate (0.064g, 0.42 mmol, 1.1 equiv.) 

was added, and the mixture was heated at 70-90°C overnight. Aqueous 

work-up and ethereal extraction etc. gave a material which proved to 

contain only starting materials when examined by n.m.r.

(ii) Attempted reaction of amines with pyrroloindoles (176d) and (180b)

a) pyrroloindole (176d) (0.10g, 0.39 mmol) was suspended in methanol 

(15 ml) and treated with excess concentrated aqueous ammonia. The 

resulting mixture was heated at reflux for 20h. When it was allowed to 

cool a solid precipitated, and this was collected by filtration, and 

dried. It was shown to be the starting pyrroloindole by n.m.r.

b) Pyrroloindole (180b) (0.03g, 0.11 mmol) was suspended in methanol 

(10 ml) and treated with excess hydrazine hydrate. The mixture was 

heated at reflux for 3h, after which time t.l.c. showed no new compound.

c) The pyrroloindole (176d) (0.10g, 0.39 mmol) was heated at 120°C in 

aniline (15 ml) overnight under a nitrogen atmosphere, and then for a 

further 7h at 180°C. The solution was poured into 3M hydrochloric acid 

and extracted with ether. The combined ethereal layers were washed 

twice with 3N hydrochloric acid and then three times with water.

Drying (MgSOtJ and evaporation gave a dark solid which was chromatographed 

on a silica gel p.l.c. plate eluting with petrol/ether. One band was 

isolated, and was shown by n.m.r. and mass spectroscopy to be the pyrrolo

indole (179) (0.038g, 46%).

124 125(iii) Using isatoic anhydride ’

a) Isatoic anhydride (221) (0.114g, 0.70 mmol, 1 equiv.) and the 

pyrroloindole (176d) (0.181g , 0.70 mmol) were heated in refluxing pyridine 

(10 ml) for 8h. Work-up was effected by pouring into aqueous hydro

chloric acid, extraction with ethyl acetate etc. Examination of the
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resulting solid by t.l.c. and n.m.r. indicated that only the starting 

pyrroloindole was present.

b) A solution of pyrroloindole (176d) (0.25g, 0.97 mmol) in DMF (10 

ml) was added to a suspension of sodium hydride (50% suspension in 

paraffin oil, 0.06g, 1.26 mmol, 1.3 equiv.) in DMF (5 ml). The mix

ture was stirred for Ih, and then a solution of isatoic anhydride 

(0.158g, 0.97 mmol, 1 equiv.) in DMF (5 ml) was added. This mixture 

was heated at 80°C for 4h, after which it was poured into water and 

extracted with ethyl acetate. Drying (MgSO^) and evaporation of the 

combined organic extracts gave a solid. Examination of this by n.m.r. 

and t.l.c. showed that only starting material was present.

c) A solution of pyrroloindole (176d) (0.20g, 0.78 mmol) in THF

(10 ml) was added to a suspension of sodium hydride (50% suspension in 

paraffin oil, 0.041g, 0.85 mmol, 1.1 equiv.) in THF (7 ml) and HMPA 

(2 ml). After stirring at room temperature for 0.5h, a solution of 

isatoic anhydride (0.127g, 0.78 mmol, 1 equiv.) in a mixture of THF 

(3 ml) and HMPA (1 ml) was added. The mixture was stirred at room 

temperature for Ih and then at reflux for 4h. Examination by t.l.c. 

showed only the presence of starting material after this time.

(iv) Using 2-nitrobenzoyl chloride

a) The pyrroloindole (176d) (0.954g, 3.70 mmol) was dissolved in THF 

( 1 2 ml) and the solution was added to a suspension of sodium hydride 

(50% suspension in paraffin oil, 0.53g, 11.10 mmol, 3 equiv.) in THF 

(5 ml). The mixture was refluxed for Ih and then 2-nitrobenzoyl 

chloride (0.824g, 4.44 mmol, 1.2 equiv.) was added. After stirring at 

room temperature for 5h, t.l.c. showed the presence of a new yellow 

compound as well as unreacted starting material. More 2-nitrobenzoyl 

chloride (0.21g , 1.11 mmol, 0.3 equiv.) was added, and stirring continued
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overnight. The mixture was then poured into water and extracted with 

ether. The combined ethereal extracts were washed with water, dried 

(MgSOiJ and evaporated, giving a brownish solid. Chromatography on 

silica gel gave the intensely yellow methyl l}8-dihyd?o-8-methoxymethyl- 
l-(2-mdtrobenzoyl)pyrrolo[2J3-b]'indole-2-carboxylate (223) (0.955g, 65%). 

This compound darkened on storage at room temperature in contact with 

air and light, and thus necessary precautions had to be taken. It was 

used without further purification.

vmax (nuJ’ol): 1 7 2 7 (C = 0 ), 1715 (C = 0) cm'1;

6h (60 MHz; CDC13): 3.22 (3H, s, CH20 Me), 3.42 (3H, s, CO2Me), 5.90

(C#20Me), 7.15 - 8.10 (8H, m, Ar-H), 7.42 (1H, s,

3-H);

m/z: 407 (M+ , 2%), 391 (2), 362 (3), 361 (2), 300 (3), 258 (14),

257 (12), 140 (100).

b) The l-(2-nitrobenzoyl)pyrroloindole (223) (0.10g, 0.25 nmol) was 

dissolved in methanol, and hydrogenated over 1 0% palladium-charcoal 

(0.05g) at atmospheric pressure for 3.5h. After this time t.l.c. (on 

alumina) indicated the presence of the cleaved pyrroloindole (176d) 

and a new compound running significantly faster. Isolation was effected 

by repeated p.l.c. on silica gel and crystallization from methanol, 

whereby yellow prisms could be obtained of m e t h y l  l - ( 2 - a m i n o b e n z o y l ) - l 3 8 -  

d i h y d r o - 8 - m e t h o x y m e t h y l p y v Y o l o \ _ 2  3 3 - b ] l n d o l e - 2 - c a r b o x y l a t e  (222) (0.022g, 

24%), m.p. 185-7°C (Found: C, 66.64; H, 4.98; N, 11.09. C2 1 H 1 9 N30^

requires: C, 66.83; H, 5.07; N, 11.13%);

« „ (nujol): 3470, 3330 (NH2), 1690 (C = 0 ), 1673 (C = 0), 1624, 1562,iTlaX
1555 cm"1;
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(2H, br s, Cff20Me), 6.11 (2H, br s, NH2), 6.45 

(1H, ddd, J. 7.9, 6.9, 0.9 Hz, 5-H of benzoyl 

ring), 6.71 (1H, d, J 8.3 Hz, 3-H of benzoyl 

ring), 6.83 (1H, dd, J 7.9, 1.7 Hz, 6-H of 

benzoyl ring), 7.26 (3H, m, 4-H of benzoyl ring,

5-H and 6-H), 7.41 (1H, m, 4-H or 7-H), 7.41 

(1H, s, 3-H), 7.77 (1H, m, 7-H or 4-H);

m/z; 377 (M+ , 29%), 258 (100).

c) The 1-(2-nitrobenzoyl)pyrroloindole (223) was dissolved in aqueous

THF (3:7 by volume, 10 ml) and treated with excess sodium dithionite

128(oa 6 equiv.) for 2h. The whole mixture was extracted with ether, 

and the ethereal extracts dried (MgSO^) and evaporated. The n.m.r. of 

the crude product showed an approximately 1:1 ratio of (222) and 176d).

(v) Attempts to ring close the amine (222)

a) The 1-(2-aminobenzoyl)pyrroloindole (222) (O.Ollg, 0.03 mmol) was 

heated in refluxing toluene ( 1 0 ml) with a catalytic amount of sodium 

methoxide for 18h. Aqueous work-up, drying of the organic layer and 

evaporation gave a gum. The n.m.r. spectrum gave no useful information 

and the material was discarded.

b) The 1-(2-aminobenzoyl)pyrroloindole (222) (0.015g, 0.04 mmol) was 

heated in refluxing xylene (5 ml) for 18h. After this time t.l.c. 

examination showed only the presence of starting material.

c) The 1-(2-aminobenzoyl)pyrroloindole (222) (0.007g, 0.019 mmol) was 

dissolved in water (2 ml) and THF (2 ml)) to which 1M hydrochloric acid
.  T O C

(10 drops) had been added. The mixture was stirred at 70°C for 18h.

One new slower running compound was observed on t.l.c. This was 

isolated after basic work-up, by p.l.c. (0.003g). Its n.m.r., though

S (250 MHz, CDC13): 2.98 (3H, s , CH20Me), 3.67 (3H, s , C02Me), 5.38
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weak, appeared to indicate simple cleavage of the methoxymethyl group.

(vi) Synthesis of azidoamide (225)

To an ice-cooled solution of methyl anthranilate (3.41g, 22.6 mmol) 

and triethyl amine (3.147 ml, 22.6 mmol, 1 equiv.) in ether (50 ml), was 

added chloroacetyl chloride (1.80 ml, 22.6 mmol, 1 equiv.) over 5 minutes, 

with constant stirring. The resulting slurry was allowed to warm to 

room temperature, and the triethyl ammonium chloride was collected by 

filtration. The ethereal solution was evaporated, and the residue 

crystallized from methanol/petrol, giving needles of methyl 2-ehloro- 
acetcmridohenzoate.

vmaY (nujol): 3200 (NH), 1703 (C = 0), 1680 (C = 0), 1610, 1600, 774 cm-1;
illd/N

«H (60 MHz, CDC13): 3.97 (3H, s, C02Me), 4.20 (2H, s, C0Cfl2C1), 7.13

(1H, ddd, J 8 , 7, 1.5 Hz, 5-H), 7.60 (1H, ddd, -J 
8 , 7, 1.5 Hz, 4-H), 8.10 (1H, dd, J 8 , 1.5 Hz,

3-H), 8.75 (1H, dd, J 8 , 1.5 Hz, 6-H), 11.93 (1H, 

br s, NH).

The chloroamide just described (2.0g, 8 . 8  mmol) and sodium azide 

(0.86g, 13.2 mmol, 1.5 equiv.) were heated overnight in refluxing 60% 

aqueous acetone (200 ml). After cooling, the acetone was removed by 

evaporation, and the resulting suspension was extracted with ether.

Drying (MgSOi,) and evaporation of the combined ethereal layers gave white 

crystalline methyl 2-azidoaeetamidobenzoate (225) (2.20g, 98%);

vmav (nujol): 3260 (NH), 2130 (N3), 1704 (C = 0), 1688 (C = 0), 1610,
Ilia  A

1595 cm'1;

6m (90 MHz, CDC13): 3.98 (3H, s, C02Me), 4.14 (2H, s, C0Cff2N3), 7.13

(1H, ddd, J 8 , 7, 1.5 Hz, 5-H), 7.56 (1H, ddd, J 
8 , 7, 1.5 Hz, 4-H), 8.03 (1H, dd, J 8 , 1.5 Hz, 3-H), 

8.67 (1H, dd, J 8 , 1.5 Hz, 6-H), 11.63 (1H, br s, NH).
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(vii) Attempted condensation of azidoamide (225) with 1-methoxymethyl- 

i ndole-3-carbaldehyde

The azidoamide (225) (1.50g, 6.41 mmol, 4 equiv.) and 1-methoxy

methyl i ndol e-3-carbal dehyde (0.302g, 1.60 mmol) were dissolved in meth

anol and added over ca. 0.5h to a solution of sodium (0.147g, 6.40 mmol, 

4 equiv.) in methanol (5 ml) which had been cooled to -5°C. The mix

ture was stirred at 0°C for 4h after which time there was no indication 

of reaction by t.l.c.. The mixture was then allowed to warm to room 

temperature and stirred for 18h. The t.l.c. still showed no product 

formation, so the mixture was heated at 50-60°C for 8 h. The crude 

t.l.c. then showed five spots. The mixture was worked up as in the 

case of the azidoacetate condensations, and the crude brown gum produced 

was chromatographed on silica gel. Along with 1-methoxymethylindole- 

3-carbaldehyde (quantitative recovery), four compounds were isolated.

The n.m.r. spectra of these showed them to be anthranilate derived 

materials, and they were not investigated further.

5. Attempts to reduce the 2,3-double bond in the pyrroloindole 

systems.

1 ?g
(i) With borane-trimethyl amine complex.

To a solution of (176d) (0.10g, 0.39 mmol) and borane-trimethyl- 

amine complex (0.113g, 1.55 mmol, 4 equiv.) in dioxan (10 ml), was added 

concentrated hydrochloric acid (10 drops). The mixture initially became 

green, the colour changing to violet on warming. Refluxing for 0.5h and 

cooling was followed by addition of 6M hydrochloric acid ( 2 0 drops) 

and further refluxing for 0.25h. The dioxan was then evaporated, and 

the aqueous suspension was treated with solid sodium bicarbonate,and 

extracted with ether. The ethereal layer was dried (MgSOtJ and 

evaporated giving a dark semi-solid. Chromatography on a silica gel



217

p.l.c. plate gave a solid which was crystallized from methanol/nitro- 

methane. Comparison of its spectra with the ethoxycarbonyl compound 

(176a) strongly suggested that this compound was methyl l,8-dihydro-8- 
methylpyrrolo[23 3-b]i.ndole-2-carboxylate (228) (0.028g, 32%);

v (nujol): 3280 (NH), 1652 (C = 0), 1630, 1594 cm"1;
IIICl A

(250 MHz, CDC13/d6-DMS0): 3.80,(3H, s, NMe), 3.81 (3H, s, C02Me),

7.13 (2H, m, 5-H and 6 -H), 7.15 (1H, s,

3-H), 7.39 (1H, m, 4-H or 7-H), 7.66 (1H, 

m, 7-H or 4-H), 10.81 (1H, br s, NH);

ra/z: 228 (M+ , 98%), 196 (100), 168 (96).

130(ii) With sodium cyanoborohydride in glacial acetic acid

To a solution of pyrroloindole (180b) (0.10g, 0.37 mmol) in glacial 

acetic acid ( 1 0 ml) was added excess sodium cyanoborohydride (ca. 1 0  

equiv.). After stirring at room temperature for Ih, the t.l.c. showed 

no product formation, and thus the reaction mixture was heated to 60-70°C 

and stirred at that temperature for 2h. The t.l.c. then showed two 

spots, a product and unreacted starting material. An additional quan

tity of sodium cyanoborohydride {ca. 5 equiv.) was added and heating 

continued for a further 2h. At this time, t.l.c. showed complete con

sumption of starting material, and the solution was then poured into 

water. Treatment with excess solid sodium bicarbonate, extraction with 

ether, washing, drying (MgSO^) and evaporation of the ethereal layers 

gave as an off-white solid methyl l38-d'ihydro-l38-dimethylpyrrolo[233-b] 

indole-2-carboxylate (229) (0.078g, 8 8 %) which gave colourless prisms 

from methanol, m.p. 133.5-6°C (Found: C, 69.40; H, 5.81; N, 11.52. 

C m H 1itN202 requires: C, 69.40; H, 5.82; N, 11.56%);

vmax (nujol): 1690 (C = 0), 1620, 1584 cm’1;
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(3H, m, 5-H, 6 -H and 4-H or 7-H), 7.30 (1H, s,

3-H), 7.67 (1H, ra, 7-H or 4-H);

m/z: 242 (M+).

131(iii) With zinc dust in phosphoric acid

The pyrroloindole (180b) (0.10g, 0.37 mmol) was added as a solid 

to a suspension of zinc dust (0.072g, 1.10 mmol, 3 equiv.) in 85% phos

phoric acid (2 ml) which had previously been warmed to 80°C. The 

orange-brown solution was stirred at this temperature for Ih, after 

which time the t.l.c. showed complete consumption of the starting mater

ial and formation of a new slower running compound. The mixture was 

poured into water and treated with solid sodium bicarbonate.

Extraction with ethyl acetate, drying of the resultant organic layer 

(MgSOtJ and evaporation,gave a greenish gum from which one compound, a 

solid, was isolated by silica gel p.l.c.. Comparison of its spectra 

showed this to be the pyrroloindole (181) (O.Ollg, 13%).

(iv) Attempted catalytic hydrogenation

The pyrroloindole (176d) (0.10g, 0.39 mmol) was dissolved in 

methanol (40 ml) and 10% palladium on charcoal (O.Olg) was added. The 

mixture was hydrogenated at 50 atm. for 48h. Subsequently the solution 

was filtered through Celite, and evaporated, giving a buff solid which 

was shown by n.m.r. and t.l.c. to be the starting pyrroloindole (176d).

(v) Attempted dissolving metal reduction

The pyrroloindole (180b) (0.10g, 0.37 mmol) was dissolved in THF 

(5 ml) and added to liquid ammonia (ca. 10 ml). Small pieces of sodium 

were added until the blue colour persisted. Then, solid ammonium 

chloride was added, giving a yellow solution from which excess ammonia

SH (90 MHz, CDC13) : 3.88 ( 6 H, s, 2 x NMe), 4.23 (3H, s, C02We), 7.25
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was allowed to evaporate. Water was added and the whole mixture was 

extracted with ether. The combined ethereal extracts were dried and 

evaporated yielding a brown gum. The n.m.r. spectrum of this material 

showed it to be a complex mixture of unknown nature and it was discarded.

(vi) Reduction of (180b) with Paquette's "cuprous hydride".

To a suspension of cuprous bromide (0.832g, 5.8 mmol, 10.5 equiv.) 

in anhydrous THF (10 ml) at 0°C under an atmosphere of nitrogen, was 

added Red-Al solution (a 3.5M solution of sodium bis(2-methoxyethoxy) 

aluminium hydride in toluene, 3.4 ml, 11.9 mmol, 21.6 equiv.). The 

resulting solution was stirred at 0°C for 0.5h and then brought to -78°C. 

Cautious introduction of 2-butanol (1.0 ml, 10.9 mmol, 19.85 equiv.) fol

lowed by a solution of pyrroloindole (180b) (0.150g, 0.55 mmol) in THF 

(5 ml) was then effected. The dark mixture was stirred at -78°C for

2h and then allowed to warm to room temperature. Stirring was con

tinued for a further 4h and then saturated ammonium chloride solution 

was added. Normal aqueous work-up and ethereal extraction, drying 

(MgSOiJ and evaporation gave a dark gum which by its crude n.m.r. and 

t.l.c. appeared to consist of three compounds. Column chromatography 

on silica gel eluting with petrol/ether gave three fractions. The rear 

band was shown by n.m.r. to consist of rather impure (184) (0.02g, 16%), 

the middle band was recovered starting material (180b) (0.026g, 17%).

The front running material was l,8-dihydro-l,2-dimethyl-8-methoxymethyl- 
pyvvolo[233-b]'Lndole (230) (0.022g, 17%) which could be crystallized 

from petrol giving needles; (Found: M+ = 228.1263.

Ch *H1 6N20 requires: M+ = 228.1263);

vmav (nujol): 1609m, 1572, 1560, 1518, 1460, 1380, 1110, 1070, 913,max

739 cm'1;
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CHz0Me), 3.78 (3H, s, NMe), 5.57 (2H, s, Cff20Me),

6.20 (1H, q, J aa. 1.0 Hz, 3-H), 7.16 (2H, m, 5-H

and 6 -H), 7.35 (1H, m, 4-H or 7-H), 7.59 (1H, m,

7-H or 4-H);

m/z: 228 (M+ , 53%), 197 (22), 183 (100).

6 . Attempts to introduce a bridgehead substituent at the 3a-position

(i) Attempted formation of the tf-Grignard reagents

a) To magnesium turnings (0.05g, 2.08 mmol) was added ether (10 ml)

and ethyl bromide (0.225g, 0.154 pi, 2.06 mmol). A small crystal of

iodine was carefully introduced, and the mixture was stirred without

external heating under an atmosphere of nitrogen until all the magnesium 

had reacted. Then the pyrroloindole (176a) (0.50g, 2.07 mmol) was 

added as a solution in THF (ca. 15 ml). A deep red colouration 

developed in the solution upon addition of the pyrroloindole solution,

but this was not discharged by addition of excess methyl iodide. The

solution was stirred at room temperature for 4h and then refluxed for 4h. 

After this time the t.l.c. showed only the presence of starting material. 

Water was added but the red colouration was still not discharged. The 

mixture was then extracted with ethyl acetate, and the organic layer was 

dried (MgSOiJ and evaporated, giving only starting material.

b) Ethylmagnesium bromide was formed as above from magnesium (0.026g,

1.08 mmol) and ethyl bromide (82 pi, 1.07 mmol), and the pyrroloindole

(181) (0.250g, 1.17 mmol) was added as a THF solution. Similar treat

ment to that described above gave a reddish brown solution which was 

shown by t.l.c. to contain only starting material, and some highly polar 

material which did not run off the baseline. Work-up as described above 

gave a solid shown by n.m.r. to be starting material.

«H (90 MHz, CDC13) : 2.39 (3H, d, J aa. 1.0 Hz, 2-Me), 3.27 (3H, s,
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c) Ethylmagnesium bromide was formed from magnesium (0.024g, 1.0 mmol) 

and ethyl bromide (72 pi, 0.94 mmol). To this Grignard solution the 

pyrroloindole (176d) (0.250g, 0.97 mmol) was added as a THF solution. 

Similar treatment to that described above was employed except that 

instead of methyl iodide, allyl bromide (84 yl, 1.02 mmol) was added. 

Normal work-up gave a solid which was shown by n.m.r. to be the starting 

material.

7. Alkylations of (176d) with allylic halides, and rearrangement 

reactions of some of the resulting products

(i) Attempted rearrangements of model system (182)

a) The pyrroloindole (182) (ca. 0.05g) was heated in refluxing o- 

dichlorobenzene for 24h. Removal of the solvent under vacuum gave a 

gum which was shown by n.m.r. to consist essentially of the starting 

compound (182).

b) The pyrroloindole (182) (0.245g, 0.91 mmol) was dissolved in

spectroscopic grade cyclohexane ( 2 0 0  ml) and the resulting solution was 

irradiated at 300 nm for 0.5h while a current of nitrogen was bubbled 

through. After this time t.l.c. showed that no reaction had taken 

place, and the solution was then irradiated at 254 nm for a further 5h, 

maintaining the nitrogen current. Evaporation of the solvent left a

dark gum which was shown to consist essentially of the starting material 

(242), by n.m.r. and t.l.c.

c) The pyrroloindole (182) {ca. 0.05g) was heated with aluminium 

chloride (excess) in refluxing benzene for 0.5h, after which time the 

t.l.c. of the reaction mixture indicated complete conversion to dark 

highly polar materials, the mixture was therefore discarded.
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(ii) Treatment of the y-sodium salt of (176d) with allyl bromide.

The pyrroloindole (176d) (0.50g, 1.94 mmol) was added as a solu

tion in DMF (5 ml) to a suspension of sodium hydride (50% suspension in 

paraffin oil, 0.280g, 5.82 mmol, 3 equiv.) in DMF (5 ml), and allowed 

to stir for lh at room temperature. Allyl bromide (252 yl, 2.91 mmol,

1.5 equiv.) was then added, and stirring at room temperature was con

tinued for lh. The mixture was then poured into water and extracted 

with ether. The ethereal layers were washed with water, dried (MgS04) 

and evaporated, giving a gum which was chromatographed on silica gel, 

eluting with petrol/ether. Two bands were isolated, the front band 

was a pale yellow gum which was further purified by short path distil

lation, this was me thy 1 l-aVlyZ-l38-dihydro-8-methoxymethyl'pyrrolo 

[2J3-b]'indole-2-carboocylate (232) (0.41 g, 71%), m.p. (picrate) 87-90°C 

(Found: C, 52.64; H, 3.98; N, 13.25. C2 3 8 2 iN5 0 10 requires C, 52.37;

H, 4.01; N, 13.28%);

vmax (thin 1 6 9 2 (c = 0)> 1619’ 1 5 6 8 cm"1;

Xmax (Me0H): 3 2 7 > 321 sh’ 272> 2 3 1 - 5 m >

6 h (250 MHz; CDC13): 3.29 (3H, s, CH2QAfe), 3.84 (3H, s, C02Afe), 4.79

(1H , d, J 16.7 Hz with some fine splitting, trans 

proton of CH2CH = Ctf2)> 5.13 (1H, d, J 1 0 . 6  Hz 

with some fine splitting, ois proton of 

CH2CH = Ctf2), 5.40 (2H, m, Ctf2CH = CH2), 5.47 (2H, 

s, Ctf20Me), 6.14 (1H, ddt, J 16.7, 10.6, 4.2 Hz, 

CH2 Ctf=CH2), 7.22 (2H , m, H-5 and H-6 ), 7.38 

(1H, m, H-4 or H-7), 7.39 (1H, s, 3-H), 7.71 (1H, 

m, H-7 or H-4);
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109.20 (98), 109.37 (100), 115.14 (99), 119.43 

(95), 120.76 (99), 121.08 (33), 121.46 (25),

122.20 (83), 135.54 (71), 142.58 (38), 143.52 

(25), 161.88 (21), only 16 distinct resonances 

observed;

m/z: 298 (M+ , 100%), 253 (37).

The rear band was the 2H-pyrroloindole (233a) (0.075g, 13%) full 

data will be quoted in the experimental dealing with the photolysis of 

(232).

(iii) Attempted thermolytic rearrangement of (232)

The pyrroloindole (232) (ca. 0.04g) was refluxed in bromobenzene 

for 14h, and the solvent evaporated. Only starting material could be 

detected by n.m.r.. The material was then heated in refluxing decal in 

for 24h after which time no change could be detected by t.l.c. or

n.m.r..

S .  (62.9 MHz; CDC13 ): 47.56 ( 8 6 %), 50.73 (56), 55.79 (62 ), 74.36 (75),

(iv) Photolysis of (232)

The pyrroloindole (232) (0.31g, 1.04 mmol) was dissolved in 

spectroscopic grade cyclohexane (200 ml), and irradiated for 40 minutes 

at 300 nm, while a current of nitrogen was bubbled through the solution. 

After this time, t.l.c. showed almost complete consumption of starting 

material, and formation of two products. The mixture, after evapora

tion of the cyclohexane, was chromatographed on silica gel eluting with 

petrol/ether. Three bands were isolated, the front band was starting 

pyrroloindole (232) (0.02g, 6%), the middle band was shown by t.l.c., 

and spectroscopically, to be the cleaved compound (176d) (0.029g, 11%) 

and the rear band, obtained as a yellowish gum, was methyl 2-allyl-238- 

dihydpo-8-methoxymethyl-2H--pyrrolo \23 3-b]indole-2-carboxylate (233a)
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(0.192g, 62%) which was crystallized from petrol, m.p. 87-9°C (Found:

C, 68.50; H, 6.10; N, 9.30. C1 7H1 8N203 requires C, 68.44; H, 6.08;

N, 9.39%);

(nujol): 1730 (C = 0), 1670, 1614, 1576 cm"1;max

Xmax (Me0H): 2 8 9 - 5 (lo9e 3-39h  277.5 (3 -44), 253 (4.38), 248 sh

nm (4.34);

SH (250 MHz, CDC13): 2.93 (2H, m, Ctf2CH = CH2), 3.38 (3H, s, CH20Me),

3.70 (3H, s, CO2Me), 5.02 (1H, d, J 10 Hz with 

some fine splitting, cis proton of CH2CH = C#2),

5.12 (1H , d, J 16.9 Hz with some fine splitting

trans proton of CH2CH = C#2), 5.31 (2H, ABq, J
AB

11.5 Hz, Cff20Me), 5.68 (1H, ddt, J 16.9, 10, 7.5 

Hz, CH2Cfl = CH2), 7.08 (2H, m, Ar-H), 7.15 (1H, s, 

3-H), 7.35 (1H, m, Ar-H), 7.56 (1H, d, J 7.5 Hz 

with fine splitting, H-4 or H-7);

oc (62.9 MHz; CDC13): 39.66 (8 8%), 52.42 (65), 56.28 (60), 73.56 (84),

92.95 (29), 110.52 (100), 118.49 (90), 118.60 (22),

121.72 (80), 124.58 (80), 130.35 (85), 132.49 (8 6 ),

135.16 (26), 139.22 (89), 151.72 (27), 170.93 (24),

172.27 (20);

m/z: 298 (M+ , 100%), 257 (21), 253 (16), 239 (15), 227 (40), 207 (41).

(v) Treatment of the w-sodium salt of (176d) with prenyl bromide

The pyrroloindole (176d) (0.50g, 1.94 mmol) was added as a solution 

in DMF (5 ml) to a suspension of sodium hydride (50% suspension in paraf

fin oil, 0.097g, 2.02 mmol, 1.04 equiv.) in DMF (5 ml). After stirring

at room temperature under a nitrogen atmosphere for 40 minutes, prenyl 

bromide (230 yl, 2.33 mmol, 1.2 equiv.) was added and the mixture was 

stirred at room temperature for a further 2h. Work up was effected as
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in the allylation reaction (experiment (ii)), and silica gel chromato

graphy eluting with petrol/ether afforded four fractions. The front band 

was the AF-alkylated compound methyl 1,S-dthydroS-methoxymethyl-J-(3- 

methylbut-2-en-l-yl)pyrrolo[2,3-b]indole-2-carboxylate (235) (0.037g,

6%);

vmax (thin filnl): 1 6 9 5 (C = 0 ), 1618, 1 5 5 5 cm'1;

«H (250 MHz; CDC13): 1.70 (3H, d, j oa. 1.8 Hz, one of CH2CH = CMe2),

1.80 (3H, d, J oa. 1.2 Hz, one of CH2CH = CWe2),

3.29 (3H, s, CH20Me), 3.84 (3H, s, C02Me), 5.27

(1H, m, CH2 Cff=CMe2), 5.38 (2H, m, Ca2CH = CMe2),

5.51 (2H, s, CS20Me), 7.20 (2H, m, H-5 and H-6 ),

7.33 (1H, s, 3-H), 7.39 (1H, m, H-4 or H-7),

7.68 (1H, m, H-7 or H-4);

m/z: 326 (M+ , 100%), 258 (6 6 ).

The second fastest band consisted of unreacted starting material (176d) 

(0.064g, 13%), the third fraction was mixed, containing (176d) and 

(234) in an approximately 50:50 ratio, as estimated by n.m.r. The rear 

band consisted of pure methyl 238-dihydro-8-methoxymethyl-2-(Z-methylbut- 

2-en-l-yl)-2H-pyrrolo\2JZ-b]'Cndole-2-carboocylate (234) (0.26g, 41%), 

making a total yield of ca. 60% allowing for (234) contained in the mixed 

fraction. This material was obtained as a yellow gum (Found: M+ = 

326.1626. C 1 9H2 2N20 3 requires M+ = 326.1630);

vmax (thin 1 7 3 0 (C = 0), 1666> 1610> 1 5 7 5 cm'1;

Xmav (MeOH): 289.5 (loge 3.57), 275.5 (3.67), 252 (4.44), 247 shlllCl A

nm (4.41);

6^ (250 MHz; CDC1 3): 1.64 (6H, somewhat broadened s, CH=CH = CMe2) > 2.86

(2H, m, Ctf2CH = CMe2), 3.36 (3H, s, CH2 0Me), 3.69 

(3H, s, CO2Me) 9 5.06 (1H , br t, J 7.2 Hz with
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some fine splitting, CH2Ctf = CMe2), 5.30 (2H, ABq, 

j 11.2 Hz, Cfl20Me), 7.08 (2H, m, Ar-H), 7.17 

(1H, s, 3-H), 7.33 (1H, m, Ar-H), 7.61 (1H, d,

J 7.9 Hz with slight peak broadening, H-4 or 

H-7);

6C (62.9 MHz; CDC13): 17.80 (77%), 25.66 (94), 34.45 (100), 52.25 (62),

56.09 (89), 73.56 (99), 93.74 (37), 110.47 (89),

118.41 (92), 118.82 (31), 121.61 (100), 124.44 

(76), 130.18 (74), 134.75 (31), 134.89 (35),

139.63 (8 6 ), 151.72 (34), 171.19 (26), 172.04 

(15);

m/z: 326 (M+ , 36%), 295 (7), 258 (100), 227 (23), 226 (36).

(vi) Treatment of the tf-potassium salt of (176d) with prenyl bromide

The pyrroloindole (176d) (0.245g, 0.95 mmol) was added as a solu

tion in DMF (5 ml) to a suspension of potassium hydride (25% suspension 

in paraffin oil, 0.167g, 1.04 mmol, 1.1 equiv.) in DMF (7 ml). The 

experimental procedure described in experiment (v) was followed, and 

silica gel chromatography of the crude material from the reaction affor- • 

ded three fractions. The front band consisted of (235) (0.056g, 18%), 

the second fraction was mixed, (0.019g) and the slowest band consisted 

of (234) (0.175g, 56%).

(vii) Photolysis of (235)

The pyrroloindole (235) (O.Olg, 0.03 mmol) was dissolved in cyclo

hexane (20 ml) and the resulting solution was irradiated at 254 nm for 

15 minutes, after which time complete consumption of (235) was indicated 

by t.l.c.. The cyclohexane was evaporated and the resulting gum was 

chromatographed on a silica gel p.l.c. plate. Only one band was

6 |̂ (250 MHz; CDC13): continued
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observed, along with a slight baseline, and the material isolated was 

shown to have an n.m.r. spectrum (250 MHz; CDC13) identical with (234).

(viii) Treatment of the /7-sodium salt of (176d) with 3-chloro-2-methyl- 

prop-1-ene.

The pyrroloindole (176d) (0.50g, 1.94 mmol) was added as a solu

tion in DMF (10 ml) to a suspension of sodium hydride (50% suspension 

in paraffin oil, 0.140g, 2.91 mmol, 1.5 equiv.) in DMF (5 ml). After 

stirring at room temperature under a nitrogen atmosphere for 0.5h, 3- 

chloro-2-methylprop-1-ene (284 ul, 2.91 mmol, 1.5 equiv.) was added, 

and the resulting mixture stirred at room temperature for Ih. After 

this time t.l.c. indicated that no reaction had taken place, and the 

mixture was thus heated to oa. 70°C. After 3h at this temperature the 

reaction was still not complete, and an excess (568 yl, 5.82 mmol, 3 

equiv.) of 3-chloro-2-methylprop-1-ene was added, stirring at 70°C 

being continued for an additional 3h. Work-up as previously described 

gave a gum which was shown by t.l.c. to consist of three components, 

which were separated by silica gel chromatography. The front band, a 

yellow gum, was methyl lJ8-dihydro-8-methoxymethyl-l-(2-methylprop-2-en- 
l-yl)pyrrolo[2j 3-b]tndole-2-occrboocylate (237) (0.436g, 72%), m.p. 

(picrate) 78-80°C (Found: C, 53.53; H, 4.24; N, 12.93. C2ItH2 3N501()

requires C, 53.24; H, 4.28; N, 12.93%);

vm (thin film): 1690 (C = 0), 1613, 1564 cm'1;

6m (250 MHz; CDC13): 1.86 (3H, br s, CH2C(ffe) = CH2), 3.30 (3H, s,

CH20Me), 3.83 (3H, s, CO2Me), 4.20 (IH, br s, one 

of CH2C(Me)= Ctf2), 4.80 (1H, br s, one of 

CH2C(Me) = Cff2), 5.29 (2H, br s, C»2C(Me)= CH2), 

5.44 (2H, s, C/?20Me), 7.21 (2H, m, 5-H and 6 -H),

7.37 (1H, s, 3-H), 7.38 (IH, m, 4-H or 7-H), 7.71 

(1H , m, 7-H or 4-H);
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74.33 (56), 109.18 (100), 109.22 (85), 109.28 

(81), 119.43 (62), 120.70 (60), 121.15 (20),

121.41 (19), 122.17 (6 8 ), 142.55 (27), 143.42 

(34), 143.61 (18), 161.89 (21), only 17 distinct 

resonances observed;

m/z: 312 (M+ , 100%), 227 (20), 221 (21), 207 (16).

The middle band was shown to be unreacted starting pyrroloindole (176d) 

(0.054g, 11%), and the rear band was 2H-pyrroloindole (236) (0.064g, 11%) 

full data for which will be quoted under the next experiment.

(ix) Photolysis of (237)

The pyrroloindole (237) (0.20g, 0.64 mmol) was dissolved in spectro

scopic grade cyclohexane ( 2 0 0 ml) and the resulting solution was irradia

ted at 300 nm for 40 minutes. Evaporation of the solvent followed by 

chromatography gave three bands, the first, being unidentified material 

(0.03g), the second being the cleavage product (176d) (0.025g, 15%) and 

the third (rear) band being methyl 238-dihydro-8-methoxymethyl-2-(2- 
methylprop-2-en-l-yl)-2H-pyrrolo \23 3-b]'lndole-2-oarboxylate (236)

(0.099g, 50%) obtained as a yellow gum. (Found: M+ = 312.1478.

C1 8H2 0N203 requires M+ = 312.1474);

v (thin film): 1730 (C = 0), 1670, 1613, 1576 cm'1;

a (MeOH): 290, 275, 253, 248 sh nm;ITlaX
6„ (250 MHz; CDC13): 1.75 (3H, s, slightly broadened, CH2C(Me)= CH2),

2.89 (2H, s, some fine splitting, Cff2C(Me)= CH2),

3.38 (3H, s, CH20Me), 3.70 (3H, s, CO2Me), 4.70 - 

4.84 (2H, m, CH2C(Me) = CH2), 5.30 (2H, ABq, j 

11 Hz, Ctf20Me), 7.07 (2H, m, Ar-H), 7.18 (1H, s, 

3-H), 7.34 (1H, m, Ar-H), 7.56 (1H, d, ,7 7.4 Hz 

with some peak broadening, H-4 or H-7);

6C (52.9 MHz; CDC13): 19.75 (6 6 %), 50.39 (65), 50.70 (54 ), 55.74 (60),
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73.60 (79), 93.43 (29), 110.47 (89), 114.90 (81),

118.73 (28), 121.66 (84), 124.49 (100), 130.26 

(85), 134.60 (27), 139.61 (76), 140.79 (43),

151 .69 (29), 171 .15 (17), 171.92 (20);

m/z: 312 (M+ , 100%), 227 (35), 221 (55).

(x) Treatment of the /v-sodium salt of (176d) with 3-chlorobut-l-ene

The pyrroloindole (176d) (0.50g, 1.94 mmol) was added as.a solution 

in DMF (7 ml) to a suspension of sodium hydride (50% suspension in paraf

fin oil, 0.098g, 2.04 mmol, 1.05 equiv.) in DMF (5 ml) and stirred at 

room temperature for 0.75h. After this time 3-chlorobut-l-ene (205 y l , 
2.037 mmol, 1.05 equiv.) was added, and the mixture was heated to 70°C, 

at which temperature it was stirred for lh. The t.l.c. at this juncture 

showed very little product formation, and a further quantity of 3-chloro

but-l-ene (586 yl, 5.82 mmol, 3 equiv.) was added. Stirring at 70°C 

was continued for 3h and the reaction was then worked up as previously 

described. The crude product contained a considerable quantity of 

(176d), this could however be separated from the products by washing 

with petrol, in which it was almost insoluble. In this fashion 

(176d) (0.26g, 52% recovery) was collected by filtration. The gum which 

was obtained by evaporation of the petrol washings was chromatographed 

on silica gel, eluting with petrol/ether. The front band obtained, was 

an unidentified gum (0.034g) which appeared by n.m.r. to be a mixture, 

and was discarded. The second and third fractions contained (176d), in 

the third, apparently mixed with a C-alkylation oroduct (as evidenced by 

t.l.c.). The rear band appeared as a homogeneous, strongly fluorescent 

spot on t.l.c., this fluorescence and its Rp value being characteristic 

of a 2H-pyrroloindole. The n.m.r. (250 MHz; CDC13) showed this to be 

in fact, a mixture of three 2H-pyrroloindoles, presumably (240 a, b and

Sc (62.9 MHz; CDC13): 24.12 (62%), 43.35 ( 8 8 ) ,  52.40 (62 ), 56.19 ( 6 8 ) ,
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c), showing inter alia 2 . 8  - 3.0 (m, Ctf(Me)CH = CH2 and C#2CH = CHMe); 

ca. 3.37 (3x3H, s, C^OMe), ca. 3.69 (3x3H, s, CO2Me), 7.08 (m, Ar-H),

7.16 (s, 3-H), 7.35 (m, Ar-H), 7.56 (d, J 7.5 Hz, some peak broadening, 

4-H or 7-H).

(xi) Treatment of the /7-sodium salt of (176d) with 3-bromo-3-methylbut- 

1-yne (241).

The pyrroloindole (176d) (0.50g, 1.94 mmol) was added as a solution 

in DMF (5 ml) to a suspension of sodium hydride (50% suspension in paraf

fin oil, 0.098g, 2.04 mmol, 1.05 equiv.) in DMF (5 ml). After stirring 

for ca. Ih, at room temperature under a nitrogen atmosphere. 3-bromo-3- 

methylbut-l-yne (0.30g, 2.04 mmol, 1.05 equiv.) was added as a solution 

in DMF (5 ml). The reaction and work-up were carried out as in, for 

example, experiment (ii). The crude reaction product was washed with 

petrol and the insoluble unreacted starting material (176d) was filtered 

off (0.26g, 52% recovery). The gum resulting from evaporation of the 

petrol washings was chromatographed on silica gel giving five bands which 

will be described in order of increasing polarity. The first band 

(0.038g, 6%) was not identified, this material solidified and could be 

recrystallized from petrol, but it appeared to be a mixture of one major 

and one minor component by n.m.r. The data (n.m.r.) quoted below refer 

to the major component.

vmax (nuJ’ol): 1715> 1622> 1589> 1578 cm"1;

xmax (Me0H): 326’ 271» 236 nmi

6^ (250 MHz; CDC13): inter alia 1.86 and 1.87 (apparently 2x3H, s),

3.19 (3H, s, CH20Afe), 3.83 (3H, s, C02Afe), 5.74 

(2H, s, C#20Me), 7.23 (m, Ar-H). 7.36 (apparently 

IH, s), 7.42 (IH, m, Ar-H), 7.69 (1H, s, Ar-H);

m/z: 324 (100%), 309 (10), 293 (16).
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The second band (0.024g, 4%) could not be identified. It crystallized 

from petrol m.p. 79-81°C. (Found: C, 70.61; H, 6.26; N, 8.53.

C 1 9H2 0N2O3 requires C, 70.35; H, 6.21; N, 8.64%);

v (nujol): 1732, 1606 cm"1;

Xmax (Me0H): 350> 308> 255> 2 2 2 ™ ;

6h (250 MHz; CDC13): 1.76 (3H, d, j ca. 1.3 Hz), 1.98 (3H, d, J aa.

1.7 Hz), 3.34 (3H, s), 3.98 (3H, s), 5.91 (2H, s), 

6.67 (1H, br s), 7.33 (1H, m), 7.56 (1H, m), 7.64 

(1H, m), 8.07 (1H, m), 8.18 (1H, d, J ca. 0.8 Hz);

m/z: 324 (M+ , 38), 293 (30), 233 (100).

The third band consisted of starting material (176d) (0.058g, 12%).

The fourth band was identified as methyl 2,8-dihydro-8-methoxymethyl-2- 
(3,3-dimethylpropyn-3-yl)-2H-pyrrolo[2,3-b]lndole-2-aarhoxylate (244)

(0.013g, 2%), which was obtained as a yellow gum.

vmax (thin film): 3310 (eC-H), 2120 vw (C=C), 1740 (C = 0), 1670, 1615,

1580 cm-1;

xmax (Me0H); 291-5. 278, 254, 248 sh nm;

«H (250 MHz; CDC13): 1.32 (3H, s, one of C(Me)2CECH), 1.57 (3H, s, one

of C(M»)2CeCH), 2.20 (1H, s, C(Me)2CzCtf), 3.39 

(3H, s, CH20Me), 3.72 (3H, s, CO2Afe), 5.31 (2H,

ABq, JAB 11.3 Hz, Cfl20Me), 7.07 (2H, m, Ar-H),

7.33 (1H, s, 3-H), 7.35 (1H, m, Ar-H), 7.56 (1H, 

d with some peak broadening, 4-H or 7-H);

m/z: 324 (M+ , 100%), 277 (46), 258 (65), 257 (54), 227 (62).

The fifth band was tentatively identified as methyl 2J8-d'ihydro-8-methoxy- 
methyl-2-(Z3 Z-dimethyIpropadzen- 1-yl) -2H-pyrrolo [23 Z-b]indole-2-carboxy- 
late (245) (0.071g, 11%) obtained as a yellow gum.
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vmax (thin 1 9 6 5 vw> 1 7 3 0 (C = 0 ), 1662, 1608, 1 5 7 3 cm'1;

\ v (MeOH): 293 (loge 3.72), 279 (3.85), 250 (4.51), 247.5 sh nm111 O. A

(4.51);

6h (250 MHz; CDC13): 1.58 (3H, d, J oa. 2.2 Hz, one of CH = C = CMe2),

1.73 (3H, d, J ca. 2.8 Hz, one of CH = C = CWe2),

3.38 (3H, s, CH20Me), 3.71 (3H, s, COzMe),

5.30 (2H, ABq, 1 11.2 Hz, C/y20Me), 5.36 (1H, m,

C» = C = CMe2), 7.07 (2H, m, Ar-H), 7.20 (1H, s,

3-H), 7.33 (1H, m, Ar-H), 7.55 (1H, d, J 7.6 Hz 

with some peak broadening, 4-H or 7-H);

m/z: 324 (M+ , 100%), 309 (8 ), 292 (27), 277 (79), 261 (18), 260 (29),

233 (37), 219 (27).

(xii) Reaction of 2H-pyrroloindole (236) with DMAD

The pyrroloindole (236) (0.046g, 0.15 mmol) was heated with DMAD 

(excess) in toluene (10 ml) at reflux for 2h. Evaporation of the sol

vent gave a brown gum which was filtered through a thin pad of silica

gel, eluting with petrol/ether. The resulting material was obtained 

as a light brown gum;

Amax (Me0H): 288> 245> 2 3 7 sh nm>

SR (250 MHz; CDC13): 1.69 (3H, br s), 3.16 (3H, s), 3.57 (3H, s), 3.68

(3H, s), 3.97 (3H, s), 4.81 (2H, m), 5.40 (2H,

ABq, J ^  12 Hz), 6.40 (1H, s), inter alia.

(xiii) Thermolysis of 2H-pyrroloindole (233a)

The pyrroloindole (233a) (0.077g, 0.26 mmol) was dissolved in tolu

ene ( 2 0 ml) and the resulting solution refluxed in a nitrogen atmosphere 

for 12h. Evaporation of the solvent gave a gum which appeared by t.l.c. 

and n.m.r. to consist of two compounds, but these could not be separated



233

by p.l.c. on silica gel. The mixed bands were thus examined spectro

scopically;

Xmax (Me0H): 312’ 259> 254 sh, 234 nm;

6^ (250 MHz; CDC13): 8.91 (br s) and 9.76 (br s) in a ratio of

approximately 2 :1 , inter alia.



EXPERIMENTAL FOR CHAPTER FOUR
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(i) Small scale experiments

The azidopropenoate (264a) (0.05g, 0.16 mmol) was dissolved in the 

appropriate solvent ( 1 0 ml) and the resulting solution refluxed for 

0.75 - 4.5 h. The solvent was then evaporated, and the crude residue 

was analysed by n.m.r. spectroscopy, of Table 5. Full data of products 

will be quoted under the preparative scale experiments.

(ii) Thermolysis in xylene

The azidopropenoate (264a) (0.50g, 1.6 mmol) was dissolved in 

xylene ( 1 0 0 ml) and the resulting solution was heated at reflux for

1.5 h. The solvent was then evaporated and the residue chromatographed 

on silica gel. Three identifiable bands were isolated. The front 

running band was identified as ethyl 2-amino-3-(l-methoxymethyl-2- 
methyl'lndol-3-y7,)propenoate (267a) (0.022g, 5%) obtained as an oil;

vmax (thin film): 3460’ 3 3 7 0 (NH2 ), 1700 (C = 0 ) cm”1;

6|_l (60 MHz; CDC13 ): 1.40 (3H, t, J 7 Hz, C02CH2Cff3), 2.45 (3H, s, 2-Me),

3.28 (3H, s, CH20Me), 4.34 (2H, q, J 7 Hz, C02 C//2CH3),

5.43 (2H, s, Ctf20Me), 6.60 (1H, s, Ctf=C(NH2 )e),

7.0 - 7.8 (4H, m, 4-H, 5-H, 6-H and 7-H);

m/z: 288 (M+).

The second band was shown to be 1-methoxymethyl-2-methylindole-3- 

carbaldehyde (0.059g, 18%), and the third band, isolated as a pale yellow 

solid was ethyl 9-methoocymethylpyri-do[3J4-b]'lndole-3-carboxylate (266a) 

(0.266g, 59%) which was sublimed to give very pale yellow needles (0.20g, 

44%), m.p. 128.5 - 30.5°C from ethanol/petrol. (Found: C 67.67; H, 5.68;

N, 9.85. C1 6H 1 6N203 requires C, 67.59; H, 5.67; N, 9.86%);

vmax

1. Thermolysis o f  2-m ethy lindo ly l azidopropenoates

(nujol): 1707 (C = 0), 1620, 1582, 1558 cm’1;
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6h (90 MHz; CDC13): 1.48 (3H, t, J 7 Hz, C02CH2Ctf3), 3.28 (3H, s,

CH20Afe), 4.50 (2H, q, J 7 Hz, C02Ctf2CH3), 5.71 

(2H, s, Ctf20Me), 7.29 (1H, m, Ar-H), 7.54 (2H, m, 

Ar-H), 8.10 (1H, d, J 8 Hz with some fine splitting, 

Ar-H), 8.73 (1H, s, 1-H or 4-H), 8.96 (1H, s, 4-H 

or 1-H);

ra/z: 284 (M+ , 36%), 223 (18), 212 (100).

(iii) Thermolysis in de-gassed xylene under nitrogen

Xylene (50 ml) was refluxed under nitrogen for 1.5h to remove 

dissolved oxygen. The solvent was then allowed to cool, and introduced 

into a second flask containing the azidopropenoate (264a) (0.25g, 0.8 

mmol) by means of a long double-ended hypodermic needle, in order to 

maintain the whole system in a nitrogen atmosphere. The needle was 

removed and the resulting solution was brought to reflux and kept at 

that temperature for 1.5h. The solvent was then evaporated, and the 

crude n.m.r. spectrum recorded immediately. This showed the presence 

of two compounds, the 3-carboline (266a), and ethyl l32-dihydro-9- 

methoxymethylpyrido [3j 4-b]indole-3-carboxylate (265);

SH (90 MHz, CDC13): 1.37 (3H, t, J 7 Hz, C02CH2Ctf3), 3.24 (3H, s,

CH20M2), 4.34 (2H, q, J 7 Hz, C02Ctf2CH3), 5.0 (2H, 

s, C(1)H2), 5.38 (2H, s, C#20Me), 6.73 (1H, s,

4-H), 7.15 - 7.65 (4H, m, Ar-H).

The ratio of (265) to (266a) was determined to be approximately 55:45.

The mixture was chromatographed on silica gel using medium nitrogen 

pressure. Only 3-carboline (266a) (0.191g , 85%) was isolated from the 

column, the dihydro-3-carboline (265) having been oxidized during 

chromatography. Sublimation gave the 3-carboline as fine off-white 

needles (0.144g, 64%).
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The azidopropenoate (264b) (0.20g, 0.56 mmol) was dissolved in 

toluene (80 ml) and the resulting solution heated at reflux overnight.

The solvent was then evaporated and the residue chromatographed on 

silica gel. Fractions were obtained as follows: a front running

fraction, tentatively identified as ethyl 2-amino-Z-(l-benzyl-2-methyl- 
■indol-Z-yD'pro'penoate (267b) (O.Ollg, 6%);

v (thin film): 3480, 3340 (NH2), 1722 (C = 0), 1670, 1618 cm-1;
H id A

SH (90 MHz; C0C13): 1.37 (3H, t, «f 7 Hz, C02CH2Cff3), 2.33 (3H, s, 2-Me),

4.37 (2H, q, J 7 Hz, C02Cff2CH3), 5.38 (2H, s,

Cfl2Ph), 6.73 (1H, s, Cff = C(NH2)e ), 6.9 - 7.4 (9H, 

m, Ar-H);

ra/z: 334 (M+ , 3%), 187 (58), 142 (47), 115 (100), 114 (100), 86 (77).

The middle fractions, were found to consist of unidentifiable material, 

and the rear band was identified as ethyl 9-benzylpyrido[Z,4-b]indole- 
Z-carboxylate (266b) (0.14g, 76%) which gave fine yellowish needles 

(0.106g, 58%) after one recrystallization from ether/petrol, m.p. 120-1°C 

from aqueous ethanol. (Found: C, 76.20; H, 5.47; N, 8.42. C2iH18N202

requires C, 76.34; H, 5.49; N, 8.48%);

vmax (nujol): 1704 (c = 0) cm_1»

6h (90 MHz; CDC13) : 1.48 (3H, t, J 1 Hz, C02CH2Ctf3), 4.56 (2H, q, J 7

Hz, C02Ctf2CH3), 5.64 (2H, s, Ctf2Ph), 7.10 - 7.70 

(8H, m, Ar-H), 8.26 (1H, d, J 8 Hz with some fine 

splitting, Ar-H), 8.92 (2H, s, 1-H and 4-H)*;

m/z: 330 (M+ , 35%), 258 (100), 91 (60).

*
1-H and 4-H are not coincident if the spectrum is recorded in d6-DMS0, 

the shifts being 6 8.97 (1H , s) and 6 9.20 (1H, s).

( i v )  Thermolysis o f  the 1-benzyl azidopropenoate (264b)
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(v) Attempted debenzylation of (266b)

The 3-carboline (266b) (0.04g, 0.12 mmol) was added as a solution 

in THF (5 ml) to liquid ammonia, and sodium metal was added until a 

permanent blue colour had developed. The resulting solution was 

quenched with solid ammonium chloride, and the liquid ammonia was 

allowed to evaporate. The resulting solution was evaporated to dry

ness and the residue partitioned between water and methylene chloride. 

Separation, drying (MgSOiJ and evaporation of the organic layer gave a 

small amount of a gummy residue which proved to be complex by n.m.r. 

and was discarded.

(vi) Deprotection of (266a)

The 3-carboline (266a) (0.085g, 0.30 mmol) was heated in 90% formic 

acid (1.5 ml) and water (0.5 ml) at reflux for 12h. After this time, 

the whole solution was evaporated to dryness, and the residue chromato

graphed on silica gel eluting with petrol/ethyl acetate. One band was

153
obtained, which was identified as ethyl pyrido[3,4-b]indole-3-carboxylate 

(266c) (0.053g, 75%), m.p. 224 - 9.5°C from ethanol;

vmax (nuJ‘ol): 3255 (NH)> 1717 (c = °)> 1628 cm"1;

6h (250 MHz; d6-DMS0): 1.38 (3H, t, J 7 Hz, C02CH2Ctf3), 4.37 (2H, q, J

7 Hz, C02Ctf2CH3), 7.31 (1H, ddd, J 7.8, 6.8,

1.0 Hz, 6-H or 7-H), 7.58 (1H, ddd, J 8.3, 6.8,

1.4 Hz, 7-H or 6-H), 7.66 (1H, d, J 8.3 Hz with 

some peak broadening, 5-H or 8-H), 8.40 (1H, d,

J 7.8 Hz with fine splitting, 8-H or 5-H), 8.91 

(1H, s, 1-H or 4-H), 8.96 (1H, d, J 1.3 Hz, 4-H 

or 1-H), 12.07 (1H, br s, NH);

m/z: 240 (M+ , 27%), 168 (100), 140 (17).
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(i) Initial thermolysis in xylene

The azidopropenoate (268) (0.145g, 0.44 mmol) was dissolved in 

xylene (29 ml) and the resulting solution was heated at reflux for 20h. 

The solvent was then evaporated and the residue chromatographed on 

silica gel. Two bands were obtained, the rear band being the expected 

ethyl 9-methoxymethyl-l-methylpyv'ido [334-b]indole-3-carboxylate (269a) 

(0.046g, 35%) which was sublimed and then recrystallized from ethanol/ 

petrol, m.p. 105-6°C. (Found: C, 68.50; H, 5.97; N, 9.25.

Ci7Hi8N2 03 requires C, 68.44; H, 6.08; N, 9.39%);

vmax (nuJQl): 1704 (c = °) cm_1>

6h (250 MHz; CDC13): 1.51 (3H, t, J 7 Hz, C02CH2Ctf3), 3.15 (3H, s,

1-Me), 3.32 (3H, s, CH20Me), 4.54 (2H, q, J 7 Hz, 

C02Ctf2CH3), 5.87 (2H, s, C#20Me), 7.38 (1H, m, 

Ar-H), 7.64 (2H, m, Ar-H), 8.19 (1H, d, J 8 Hz 

with fine splitting, Ar-H), 8.76 (1H, s, 4-H);

m/z: 298 (M+), 267, 253, 226.

The front band was identified as ethyl 6-methoxymethyl-334,5,6-tetra- 

hydroazep'ino[435-b]indole-2-earboxylate (270a) (0.032g, 24%) obtained 

as a gum;

vmax (thin 3380 (NH)> 1690 (C = 0), 1625 cm-1;

SH (250 MHz; CDC13): 1.39 (3H, t, J 7 Hz, C02CH2Cfl3), 3.25 (3H, s,

CH20Me), 3.29 (2H, t, J 5.1 Hz, C(5)H2), 3.48 (2H, 

t, J 5.1 Hz, C(4)H2), 4.33 (2H, q, J 7 Hz, C02fe2 

CH3), 5.47 (2H, s, Cff20Me), 6.93 (1H, s, 1-H),

7.21 (2H, m, 8-H and 9-H), 7.38 (1H, m, 7-H or 

10-H), 7.73 (1H, m, 10-H or 7-H);

2. Thermolysis o f the 2 -e th y l in d o ly l  azidopropenoate
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m/z: 300 (M+ , 100%), 269 (15), 255 (43), 181 (53).

(ii) Thermolysis in benzene

The azidopropenoate (268) (0.384g, 1.17 mmol) was dissolved in 

benzene (80 ml) and the resulting solution was heated at reflux for 2h. 

Evaporation of the solvent left a brown gummy residue, the crude spectra 

of which, indicated it to consist essentially of one compound, identi

fied as ethyl 2-amLno-3-(l-methoxymethyl-2-v'Lnylindol-3-yl)propenoate 
(271);

v (thin film): 3480, 3380 (NH2), 1705 (C = 0), 1635, 1580 cm"1;Ilia A

SH (250 MHz; CDC13): 1.40 (3H, t, J 7 Hz, C02CH2Ctf3), 3.33 (3H, s,

CH20Me), 3.92 (2H, br s, D20 exch., NH2), 4.36 

(2H, q, J 7 Hz, C02Ctf2CH3), 5.51 (2H, s, C«20Me), 

5.65 (1H, dd, J 12, 1.3 Hz, cts proton of 

CH = C^ 2 ) » 5.72 (1H, dd, J 18, 1.3 Hz, trans 
proton of CH = Ctf2), 6.69 (1H, s, Ctf=C(NH2)e),

6.90 (1H, dd, J 18, 12 Hz, CH = CH2), 7.30 (3H, 

m, 5-H, 6-H and 4-H or 7-H), 7.67 (1H, m, 7-H or

4-H).

The crude enamine (271) was passed down a column of silica gel 

eluting with petrol/ether. Evaporation of the resulting eluates gave 

the azepinoindole (270a) (0.186g, 54%).

(iii) Small scale thermolyses of the azidopropenoate (268)

The azidopropenoate (268) (0.05g, 0.15 mmol) was dissolved in the 

appropriate solvent (10 ml), and the solution refluxed for 1.5 - 24h.

The solvent was then evaporated* and the crude residue analysed by n.m.r. 

pectroscopy_,_ef_Iable_6_1__________________

Except in the case of DMF thermolyses, when aqueous work-up, ethereal 

extraction etc. was employed as a means of solvent removal.
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(iv) Small scale thermolyses of the enamine (271)

In all cases, the azidopropenoate (268) (0.05g, 0.15 mmol) was 

heated in refluxing benzene (10 ml) for 2h. The solvent was then 

evaporated and the residue was re-dissolved in one of the solvents 

listed in Table 6, and the resulting solution refluxed for 1.5 - 24h.

The solvent was then evaporated* and the residue analysed by n.m.r. 

spectroscopy.

(v) Preparative scale thermolysis in DMF

The azidopropenoate (268) (0.55g, 1.68 mmol) was dissolved in DMF 

(110 ml) and the resulting solution heated at reflux for 2.5h. After 

cooling, the solution was poured into water and extracted with ether. 

Washing the combined ethereal layers with water, drying (MgSO^) and 

evaporation, gave a brown gum which was chromatographed on silica gel.

One product was obtained, the azepinoindole (270a) (0.30g, 60%).

(vi) Preparative scale thermolysis in o-dichlorobenzene

The azidopropenoate (268) (0.15g, 0.46 mmol) was dissolved in 

o-dichlorobenzene (30 ml). The resulting solution was heated at reflux 

for Ih. Evaporation of the solvent gave a brown residue which was 

purified by silica gel chromatography to give the $-carboline (269a) 

(0.057g, 43%).

(vii) Ring closure of enamine (271) by silica gel

The enamine (271) prepared as described above from azide (268) 

(0.05g, 0.15 mmol), was dissolved in ether and stirred at room tempera

ture with silica gel (type 60, 2.0g) overnight. Filtration and 

evaporation of the suspension gave a gum which was shown to consist of 

one compound by n.m.r., viz the azepinoindole (270a).

*See footnote on previous page
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(viii) Deprotection of (269a)

The B-carboline (269a) (0.037g, 0.12 mmol) was heated in 90% for

mic acid (2.5 ml) at reflux for 5h. The whole solution was then 

evaporated and the brown residue chromatographed on silica gel, eluting 

with petrol/ethyl acetate. One product was obtained, ethyl 1-methyl-

pyvido[334-b]indole-3-oarboxylate (269b) (0.03g, 95%), m.p. 219-23°C 

from aqueous ethanol.

vmax (nuJol): 3310 (NH)> 1700 (c = °)> 1618, 1590 cm-1;

6H (250 MHz; d6-DMS0): 1.38 (3H, t, J 7 Hz, C02CH2Ctf3), 2.83 (3H, s,

1-Me), 4.38 (2H, q, J 7 Hz, C02Ctf2CH3), 7.31

(1H, ddd, J 8, 6.7, 1.1 Hz, 6-H or 7-H), 7.60

(1H, ddd, J 8, 6.7, 1.3 Hz, 7-H or 6-H), 7.66

(1H, d, J 8 Hz with some fine splitting, 5-H

or 8-H), 8.36 (1H, d, J 8 Hz with some peak 

broadening, 8-H or 5-H), 8.76 (1H, s, 4-H),

12.04 (1H, br s, NH);

m/z: 254 (M+ , 29%), 238 (82), 209 (68), 182 (100).

3. Thermolysis of the 2-rc-propylindolyl azidopropenoate

(i) Small scale thermolyses of the azidopropenoate (282)

These were carried out in exactly the same manner as was employed 

for small scale experiments with azide (268), of Table 7. Full data 

for the products will be quoted under the relevant preparative scale 

experiments.

(ii) Small scale thermolyses of the enamine (283)

These experiments were carried out in the same manner as the small 

scale thermolyses of the enamine (271).
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(iii) Preparative scale thermolysis of azidopropenoate (282) in 

benzene

The azidopropenoate (282) (0.10g, 0.29 mmol) was dissolved in 

benzene (20 ml) and the resulting solution was refluxed for 2h. The 

solvent was evaporated and the residue was rapidly chromatographed on 

a column of silica gel. One product was obtained, ethyl 2-amino-Z- 
(1-methoocy methyl-2-(prop-2-en-3-yl)-indo7,-3-yl)prppenoate (283) (0.06g, 

65%) as a gum;

SH (250 MHz; CDC13): 1.40 (3H, t, j 7 Hz, C02CH2C#3), 2.01 (3H, dd,

J 7, 1.7 Hz, CH = CHMe), 3.32 (3H, s, CH20Me),

3.89 (2H, br s, NH2), 4.35 (2H, q, J 1 Hz, 

C02Ctf2CH3), 5.50 (2H, s, Ctf20Me), 6.22 (1H, dq,

J 16, 7 Hz, CH = C//Me), 6.59 (1H, dq, J 16, 1.7 

Hz, CH = CHMe), 6.68 (1H, s, Ctf=C(NH2)e), 7.21 

(2H, m, 5-H and 6-H), 7.44 (1H, m, 4-H or 7-H), 

7.64 (1H, m, 7-H or 4-H).

(iv) Preparative scale thermolysis in DMF

The azidopropenoate (282) (0.20g, 0.58 mmol) was dissolved in DMF 

(40 ml) and the solution was heated at reflux for 5h. After cooling, 

the solution was poured into water, extracted with ether and the com

bined ethereal extracts washed with water, dried (MgSOiJ and evaporated 

to give a gum which was chromatographed on silica gel. One product 

was obtained, ethyl 6-methoxymethyl-4-methyl-3343536-tetvahydvoazepvno 
[435-b]indole-2-carboxylate (284a) (0.094g, 51%) as a gum.

vmax (thin 3370 (NH)> 1684 (C = 0) cm"1;

6h (250 MHz; CDC13): 1.39 (3H, t, J 7 Hz, C02CH2Cff3), 1.44 (3H, d, J

6.3 Hz, 4e-Me), 3.06 (1H, dd, J 16.8, 8.2 Hz, 

5b-H), 3.24 (3H, s, CH20Me), 3.26 (1H, dd,



244

6̂ | (250 MHz; CDC13): continued

J 16.8, 2.2 Hz, 5a-H), 3.44 (1H, ddq, J 8.2,

6.3, 2.2 Hz, 4a-H), 4.32 (2H, q, J 7 Hz, C02C#2CH3),

5.44 (2H, s, Ctf20Me), 6.94 (1H, s, 1-H), 7.21 (2H, 

m, 8-H and 9-H), 7.39 (1H, m, 7-H or 10-H), 7.73 

(1H, m, 10-H or 7-H);

Irradiation of the doublet at 6 1.39 resulted in the collapse of the 

signal at 6 3.44 to a dd, J 8.2, 2.2 Hz. Irradiation at 6 3.06 gave 

an inconclusive and uninformative result.

m/z: 314 (M+ , 100%), 283 (13), 269 (14), 195 (25).

(v) Attempted ring closure of (283) with silica gel

The enamine (283) (0.05g, 0.15 mmol) was dissolved in ether and 

the solution stirred overnight with silica gel (type H, 3.0g) at room 

temperature. Filtration and evaporation gave a gum which was deter

mined by n.m.r. spectroscopy to contain (283) and (284a) in a 75:25 

ratio.

4. Reactions of the azepinoindoles and enamines

(i) Deprotection of the azepinoindole (270a)

The azepinoindole (270a) (0.063g, 0.21 mmol) was dissolved in 

ethanol (4 ml) and 5N hydrochloric acid (4 ml), and the resulting 

solution stood at room temperature for 24h. The solution was 

neutralized with solid sodium hydrogen carbonate and extracted with 

ether. The ethereal layer was washed with water, dried (MgSOiJ and 

evaporated, leaving a brown residue. Chromatography on a silica gel 

p.l.c. plate followed by sublimation and recrystallization from ether/ 

cyclohexane, gave as fine pale yellow needles, ethyl 3,4,5,6-tetra- 
hydroazepi.no [4̂ 5-b~\indole-2-carboxy late (270b) (0.035g, 65%), m.p.
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152-4°C. (Found: C, 70.22; H, 6.29; N, 10.88. C15H16N202 requires

C, 70.29; H, 6.29; N, 10.937,);

« „ (nujol): 3380 (NH), 3360 (NH), 1683 (C = 0), 1630 cm'1;
illaX

6„ (250 MHz; CDC13/D20*): 1.38 (3H, t, J 7 Hz, C02CH2Cff3), 3.20 (2H,

t, J 4.4 Hz, C (5)H2), 3.42 (2H, t, J 4.4 Hz, 

C(4)H2), 4.32 (2H, q, J 7 Hz, C02Cff2CH3),

6.96 (1H, s, 1-H), 7.17 (2H, in, 8-H and 9-H),

7.26 (1H, in, 7-H or 10-H), 7.71 (1H, in,

10-H or 7-H);

m/z: 256 (M+ , 100%), 228 (12), 182 (59).

(ii) Deprotection of the azepinoindole (284a)

The azepinoindole (284a) (0.05g, 0.16 mmol) was dissolved in 

ethanol (4 ml), water (2 ml) and 5N hydrochloric acid (1 ml) and the 

solution allowed to stand at room temperature for 24h. Work-up and 

purification as in the previous experiment gave, as pale yellow needles, 

ethyl 4-methyl-d, 4y5j6-tetrahydroazeplno[435-b]indole-2-oarhoxylate 
(284b) (0.015g, 35%), m.p. 180-2°C from ether/cyclohexane. (Found:

C, 71.37; H, 6.86; N, 10.00. C16H18N202 requires C, 71.09; H,

6.71; N, 10.36%);

v (nujol): 3390 (NH), 3360 (NH), 1674 (C = 0), cm"1;
lllQ A

«H (250 MHz; CDC13/D20): 1.40 (3H, t, J 7 Hz, C02CH2Ctf3), 1.41 (3H, d,

J 7 Hz, 46-Me), 3.13 (2H, m, 5a and 5S-H),

3.45 (1H, m, 4<x-H), 4.32 (2H, q, J 7 Hz, 

C02C//2CH3), 6.95 (1H, s, 1-H), 7.15 (2H, m,

8-H and 9-H), 7.25 (1H, in, 7-H or 10-H),

★
The spectrum recorded without D20 consists of severely broadened peaks, 

which could not be reported with any accuracy.
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7.70 (IH, m, 10-H or 7-H);

m/z: 270 (M+ , 100%), 242 (6), 196 (15).

(ii'i) ff-acetylation of the enamine (271

The azidopropenoate (268) (0.10g, 0.3 mmol) was dissolved in ben

zene (20 ml) and the resulting solution refluxed for 2h. Evaporation 

of the solvent gave a crude gum which was dissolved in acetic anhydride 

and pyridine (5 drops), at 0°C. The mixture was allowed to warm to 

room temperature over Ih, with continual stirring. Water (1 ml) was 

added and the mixture was allowed to stand at room temperature for Ih, 

when a further quantity of water (5 ml) was added, and the mixture 

extracted with chloroform. The organic layer was washed with sodium 

hydrogen carbonate solution and then with water, dried (MgS0u) and 

evaporated to give a brown gum. Purification by p.l.c. followed by 

crystallization from chloroform/cyclohexane gave, as small yellow 

crystals, ethyl 2-acetamido-3-(l-methoxymethyl-2-vinyl'indol-3-yl) 
propenoate, m.p. 150 - 60°C dec. (Found: C, 66.76; H, 6.40; N, 8.14. 

C1 9H2 2N2O14 requires C, 66.65; H, 6.40; N, 8.18%);

vmaY (nujol): 3240, 3180 (NH), 1700 (C = 0), 1660 (C = 0), 1651 sh,
nid A

1630 on-1;

«H (250 MHz; CDC13): 1.37 (3H, t, J 7 Hz, C02CH2Cff3), 1.96 (3H, br s,

NHCOMe), 3.32 (3H, s, CH20Me), 4.35 (2H, q, 7 7 

Hz, C02C»2CH3), 5.50 (2H, s, Cff20Me), 5.75 (2H, 

m, CH = C.?2), 6.90 (1H, dd, J 18, 11.3 Hz,

Cff = CH2), 6.93 (1H, br s, Off = C(NHAc)e), 7.22 

(3H, m, 5-H, 6-H and 4-H or 7-H), 7.48 (2H, m,

7-H or 4-H and NH);

m/z: 342 (M+ , 45%), 283 (100), 252 (69).

6^ (250 MHz; CDC13/D20 ): continued
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(iv) /V-acetylation of the enamine (283)

The enamine (283) (0.06g, 0.19 mmol) was acetylated in acetic 

anhydride-pyridine as described in the previous experiment. Purifi

cation, also as described, gave pale yellow crystals of ethyl 2-acetamido 

-Z-(l-methoxymethy1-2-(prop-2-en-1-yl)inchl~Z-yl)provsnoate (0.033g, 

49%), m.p. 170-6°C from chloroform/cyclohexane. (Found: C, 67.30;

H, 6.82; N, 7.79. C2oH2i1N201) requires C 67.40; H, 6.79; N, 7.86%);

vmax (nujol): 3250> 3180 (NH)> 1700 (C = 0), 1659 (C = 0), 1651 sh,

1620 cm"1;

6h (250 MHz; CDC13): 1.37 (3H, t, J 7 Hz, C02CH2Cff3), 1.95 (3H, br s,

NHCOMe), 2.02 (3H, dd, J 6.7, 1.5 Hz, CH = CHMe),

3.32 (3H, s, CH20Me), 4.34 (2H, q, J 7 Hz, 

C02Cff2CH3), 5.48 (2H, s, Ctf20Me), 6.23 (1H, dq,

J 15, 6.7 Hz, CH = CHMe), 6.58 (1H, dq, J 15,

l. 5 Hz, Cff = CHMe), 6.92 (1H, br s, Cff= C(NHAc)s),

7.20 (3H, m, 5-H, 6-H and 4-H or 7-H), 7.43 (1H,

m, 7-H or 4-H), 7.47 (1H, br s, NH);

m/z: 356 (M+), 325, 297, 266, 251.

(v) Attempted borohydride reduction of azepinoindole (270a)

The azepinoindole (270a) (0.05g, 0.17 mmol) was dissolved in 

ethanol (6 ml) containing glacial acetic acid (0.5 ml), and treated over 

2.5h with excess sodium borohydride. Aqueous work-up with sodium 

hydrogen carbonate solution and ethereal extraction etc., gave a gum 

which was shown by n.m.r. to consist entirely of unchanged starting 

material.
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(vi) Dehydrogenation of azepinoindole (270a)

The azepinoindole (270a) (0.085g, 0.28 mmol) was dissolved in 

dichloromethane (10 ml) and the solution cooled to -22°C. t-Butyl 

hypochlorite (38.5 yl, 0.34 mmol, 1.2 equiv.) was added, and the mix

ture stirred for 1h, during which time it darkened considerably.

DBU (50.5 yl, 0.34 mmol, 1.2 equiv.) was then added, and the solution 

became orange. The solution was warmed to room temperature over 2h 

and was stirred at that temperature overnight. The organic solution 

was then washed with water, dried (MgS04) and evaporated, and the 

resulting dark gum chromatographed on a silica gel p.l.c. plate. One 

compound was obtained, as a bright yellow gum, which was identified as, 

e t h y l  d - d t h y d r o S - m e t h o x y m e t h y l a z e p i n o  [ 4 3 5 - b ] - i n d o l e - 2 - c a r b o x y l a t e

(287) (0.015g, 18%). (Found: M+ = 298.1321: C 1 7Hi8N2 0 3 requires

M+ = 298.1317);

vmax (c h c 1 3 )= 1715 (C = 0), 1600 cm'1;

<5h (90 MHz; CDC13): 1.34 (3H, t, J 7 Hz, C02CH2Ch 3), 3.27 (3H, s,

CH20flfe), 3.47 (2H, s, C(1)H2), 4.29 (2H, q, j 7 

Hz, CO2CH2 CH3 ), 5.51 (2H, s, Cff20Me), 6.90 (1H, d, 

J 8 Hz, 4-H or 5-H), 7.33 (3H, m, 8 -H, 9-H and 

7-H or 10-H), 7.75 (1H, d, J 8 Hz, 5-H or 4-H),

7.81 (1H, ra, 10-H or 7-H);

m/z: 298 (100%), 224 (74), 179 (65).

1495. Preparation and thermolyses of azidopropenoate (288)

(i) Preparation of 2,6 -diethyl benzoic acid

This was carried out by a standard literature method starting

149
with 2,6-diethylbromobenzene (2.593g, 12.17 mmol). The acid was 

obtained as small white crystals (1.39g, 64%), m.p. 89-91°C from petrol 

(lit. , 1 4 9 90-2°C).
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(ii) Reduction of 2,6-diethylbenzoic acid

The acid (1.03g, 5.79 mmol) was added as a DME solution to a sus

pension of lithium aluminium hydride (excess) in DME (30 ml) under 

nitrogen. The resulting mixture was refluxed overnight, after which 

ethyl acetate was added until no further effervescence was observed. 

Water was then added and the two-phase mixture filtered through celite. 

Separation of the layers, drying and evaporation of the organic layer, 

gave as a pale yellow oil, 2,6-diethyl benzyl alcohol (0.854g, 90%), 

which was distilled (Kugelrohr) to give a colourless oil, which solidi

fied upon standing at room temperature for 24h, m.p. 67-71°C;

vmax (nuJo1): 3210 br (°H)> 1462» 1005 > 1016 cm_1»

SH (90 MHz; CDC13): 1.30 (6H, t, J 9 Hz, 2 x CH2Ctf3), 2.79 (4H, q, j

8 Hz, 2 x Ctf2CH3), 2.85 (1H, br s, OH), 4.59 (2H, 

s, Ctf20H), 6.95 - 7.35 (3H, m, 3-H, 4-H and 5-H).

(iii) Oxidation of 2,6-diethyl benzyl alcohol

The alcohol (0.85g, 5.18 mmol) in acetone (5 ml) was treated with 

Jones reagent (1M solution in aqueous acetone, 7.8 ml, 1.5 eq.) and 

the resulting solution stirred at room temperature for 20 minutes. 

Aqueous work-up and ethereal extraction, washing the organic layer 

first with sodium thiosulphate solution and then with sodium hydrogen 

carbonate solution, drying (MgSOiJ and evaporation, gave an oil which 

was shown by n.m.r. to contain some of the starting alcohol. This was 

thus dissolved in acetone (5 ml) and treated with further Jones reagent 

(2.6 ml, 0.5 equiv.) and the solution stirred for Ih. The reaction 

was worked up as before, giving as an oil, 2 , 6 - d ' C e t h y l b e n z a l d e h y d e  

(0.68g, 81%), m.p. (2,4-dinitrophenylhydrazone) 192.5 - 201°C from 

methanol/nitromethane. (Found: C, 59.80; H, 5.22; N, 16.47. 

ci7Hi8N4°u requires C, 59.64; H, 5.30; N, 16.37%);
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v (thin film): 1688 (C=0) cm"1;max N v '

6h (90 MHz; CDC13): 1.27 (6H, t, J  8 Hz, 2 x CH2Ctf3), 2.99 (4H, q,

J  8 Hz, 2 x Ctf2CH3), 7.05 - 7.55 (3H, m, 3-H,

4-H and 5-H), 10.53 (1H, s, CHO);

m/z: 162 (M+ , 100%), 133 (71).

(iv) Condensation of 2,6-diethylbenzaldehyde with ethyl azidoacetate

A mixture of the aldehyde (0.50g, 3.09 mmol) and ethyl azidoacetate 

(1.59g, 12.3 mmol, 4 equiv.) was added to a solution of sodium (0.284g,

12.3 mmol, 4 equiv.) in ethanol (10 ml) at -10°C. The solution was 

stirred a t -10 to-5°C for 6h and then at 3°C overnight. Standard work

up as described in the Chapter 2 experimental section, gave a yellow oil 

which was shown by n.m.r. to contain unreacted aldehyde as well as the 

required azide. Repeated chromatography gave a material containing 

a a .  10% of the aldehyde and this material was used for the thermolysis 

experiments described below. This impure e t h y l  2 - a z i d c - Z - ( 2 J 6 - d i s t k y l -  

p h e n y D p r o p e n o a t e  (288) was obtained as a virtually colourless oil 

(0.585g, which was estimated to contain o a .  0.53g of the azide (288), 

63%).

vmaY (thin 2115 (N3), '•720 (C = 0), 1626 (C = C) cm"1;IIIOIa

<Sh (90 MHz; CDC13): 1.13 (6H, t, J  1 Hz, 2 x CH2Ctf3), 1.36 (3H, t, J

7 Hz, C02CH2Ctf3), 2.45 (4H, q, J  1 Hz, 2 x Ctf2CH3),

4.29 (2H, q, J  7 Hz, C02Cff2CH3), 6.95 - 7.25 (4H, 

m, 3-H, 4-H, 5-H and C# = C(N3 )e ).

(v) Trial thermolysis of the azide (288) in xylene

A solution of the contaminated azide (288) (0.07g) in xylene (14 ml) 

was refluxed for 2h. The crude n.m.r. spectrum of the residue after 

evaporation of the solvent showed the presence (as major product) of
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the dihydroisoquinoline (290) 6 6.50 (1H, s, 4-H) i n t e r  a l i a .  Attempted 

separation by p.l.c. on silica gel, resulted only in the isolation of a 

small amount of the isoquinoline (289) and mixed fractions thought to 

contain (289), (290) and traces of enamine (291).

(vi) Thermolysis in xylene, and subsequent dehydrogenation with iodine

The contaminated azide (288) (0.085g) was dissolved in xylene 

(16 ml) and the resulting solution heated at reflux for 2h. The solu

tion was cooled, and iodine (ca. 1 molar equiv.) was added. After 

stirring for 5 minutes the solution was washed with aqueous sodium thio

sulphate, dried (MgSO^) and evaporated. The residue was chromato

graphed on a silica gel p.l.c. plate, giving two bands. The rear band 

was identified as, e t h y l  5 - e t h y l - l - m e t h y l i s o q u i n o l i n e - Z - e a r b o x y l a t e  

(289) (0.028g, 35%), m.p. (picrate) 132-5°C from ethanol. (Found:

C, 53.65; H, 4.22; N, 11.91. C2 1H2 0M 9 requires C, 53.39; H,

4.27; N, 11.86%);

vmax 1718 (C = 0) cm"1;

6h (90 MHz; CDC13): 1.41 (3H, t, J 8 Hz, 5-CH2Ctf3), 1.51 (3H, t, J 7

Hz, C02CH2Ctf3), 3.06 (3H, s, 1-Me), 3.18 (2H, q,

J 8 Hz, 5-Ctf2CH3), 4.56 (2H, q, J 7 Hz, C02Ctf2CH3), 

7.61 (2H, m, Ar-H), 8.02 (1H, m, Ar-H), 8.61 (1H, 

s, 4-H);

m/z: 243 (M+ , 10%). 199 (4), 171 (100).

The front band was shown to consist of e t h y l  2 - a m i n o - 3 - ( 2 - e t h y 1 - 6 - v i n y l -  

p h e n y l  ) p r o p e n o a t e  (291) (0.015g, 19%) as a gum.

vmax (thin film): 3480, 3383 (NH2), 1710 (C = 0 ) cm-1;
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6h (90 MHz; CDC13): 1.18 (3H, t, J 8 Hz, 2-CH2CH3), 1.40 (3H, t, J 7

Hz, C02CH2CH3), 2.62 (2H, q, J 8 Hz, 2-Cff2CH3),

4.33 (2H, q, J 7 Hz, C02Ch 2CH3), 5.27 (1H, dd,

J 11, 1.5 Hz, cis proton of CH = C#2), 5.72 (1H, 

dd, J 17, 1.5 Hz, irons proton of CH = Cff2), 6.50 

(1H, s, Ctf = C(NH2 )e), 6 . 8 6  (1H, dd, J 17, 11 Hz,

CH = CH2), 7.15 - 7.50 (3H, m, 3-H, 4-H and 5-H);

m/z: 247 (M+ + 2, 23%), 245 (M+ , 27), 216 (18), 174 (100), 157 (34),

145 (50).

(vii) Thermolysis in degassed toluene, and subsequent dehydrogenation

Toluene (ca. 20 ml) was degassed by refluxing under nitrogen.

Once cool the solvent was added to the contaminated azide (288) (0.089g) 

by means of a double-ended hypodermic needle. The resulting solution 

was refluxed for 2h. After evaporation of the solvent, the crude

n.m.r. spectrum showed the presence of the enamine (291) and the dihy- 

droisoquinoline (290);

SH (90 MHz, CDC13): ca. 1.3 (9H, m, 5-CH2Ctf3, C02 CH2 C/73 and 1-Me),

2.82 (2H, q, J  8 Hz, 5-Ctf2CH3), 4.38 (2H, q, J  7 

Hz, C02Ctf2 CH3), 6.50 (1H, s, 4-H), 7.0 - 7.30 

(3H, m, 6 -H, 7-H and 8 -H), inter alia;

in a ca. 25:75 ratio. The crude material was dissolved in toluene 

and a current of air drawn through for 48h. An appreciable quantity 

of (290) was still indicated to be present by t.l.c. and n.m.r., and 

therefore the solution was heated at 90°C with sulphur (O.Olg) for 24h 

and then at reflux for a further 4h. Evaporation of the solvent and 

p.l.c. resulted in the isolation of two compounds, enamine (291)

(0.009g, 13%) and isoquinoline (289) (0.019g, 27%).
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(viii) Thermolysis in DMF

The contaminated azide (O.llg) was dissolved in DMF (22 ml) and 

the resulting solution heated at reflux for 2.5h. The solution was 

poured into water and extracted with ether. Washing, drying (MgSO^) 

and evaporation of the combined ethereal extracts gave a gum which was 

stored at 3°C for 7 days open to the air, and then separated by p.l.c. 

on silica gel. Three bands were isolated. The front band was a 

mixture of 2,6-diethylbenzaldehyde and (291) (0.017g total weight, 

estimated by n.m.r. to contain c a .  0.005g of (291), 5%), the rear band 

contained the expected isoquinoline (289) (0.023g, 26%). The middle 

band contained a new compound identified as e t h y l  5 - e t h y l - 4 - h y d r o x y - l -  

m e t h y l i s o q u i n o l ' i n e - Z - c a r b o x y l a t e  (292) (0.007g, 7%) obtained as an oil. 

(Found: M+ = 259.1202. C1 5H1 7N03 requires M+ = 259.1208);

t$H (250 MHz; (CD3 )2C0): 1.32 (3H, t, J 8 Hz, 5-CH2Cff3), 1.45 (3H, t,

J 7 Hz, C02 CH2Ctf3), 2.80 (3H, s, 1-Me), 3.42 

(2H, q, J 8 Hz, 5-Cff2CH3), 4.50 (2H, q, J 7 Hz, 

C0 2C^2 CH3), 7.63 (1H , d, J 6 Hz with fine 

splitting, 6 -H or 8 -H), 7.75 (1H, dd, J 8.5,

6 Hz with fine splitting, 7-H), 8.05 (1H, d,

J 8.5 Hz with fine splitting, 8 -H or 6 -H),

12.70 (1H, s, OH);

m/z: 259 (M+ , 65%), 230 (13), 213 (42), 212 (26), 185 (100).

(viii) ^-Acetylation of the enamine (291)

The enamine (291) (0.015g, 0.06 mmol) was acetylated by treatment 

with acetic anhydride/pyridine as described (Section 4 (iii )) above. 

Purification by p.l.c. and crystallization from ether/petrol gave white 

crystals of e t h y l - 2 - a e e t a n v i d o - Z - ( 2 - e t h y l - 6 - V ' i n y l p h e n y l ) p r o p e n o a t e , m.p. 

110-12°C. (Found: C, 70.87; H, 7.61; N, 4.81. C 1 7H2 1N03 requires

C, 71.06; H, 7.37; N, 4.87%);
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6 . Thermolyses of the 2-cyclohexyl and 2-isopropylindolyl azido- 

propenoates

(i) Thermolysis of azide (293)

a) The azide (293) (0.05g, 0.13 mmol) was dissolved in xylene (10 ml), 

and the resulting solution heated at reflux for 1.5h. The solvent was 

evaporated and the crude n.m.r. indicated that complete conversion to 

enamine (294) had taken place, the data for which will be quoted under

a later experiment. The material was heated for a further 15.5h in 

xylene, the crude n.m.r. being recorded again after a total of 4.5h 

heating, and finally when the full 17h was complete. These spectra 

showed only the presence of unchanged enamine (294). The material 

was thus dissolved in o-dichlorobenzene ( 1 0 ml) and the solution 

refluxed for 2h. The only identifiable compound present was the 

enamine (294), although some decomposition had evidently taken place.

b) The azide (293) (0.05g, 0.13 mmol) was dissolved in DMF (10 ml) 

and the solution was heated at reflux for 2h. Aqueous work-up, 

ethereal extraction etc. gave a gum which was shown to be complex by

n.m.r. and was discarded.

(ii) Preparation, purification and characterization of enamine (294)

The azide (293) (0.06g, 0.16 mmol) was dissolved in benzene (12 

ml) and the resulting solution refluxed for 3h. Evaporation of the 

solvent and flash chromatography on silica gel gave e t h y l  2 - a m i n o - Z -  

( 2 -  ( c y c l o h e x - l - e n - l - y l ) - l - m e t h o x y m e t h y l i n d o l - 3 - y l ) p r o p e n o a t e  (294);

SH (250 MHz, CDC13): 1.39 (3H, t, J 7 Hz, C02CH2Cfl3), 1.55 - 1.95 (4H,
I----------------- 1

br m, Ctf2 -CH2-C = CH-CH2-Ctf2), 2.15 - 2.40 (4H, 

br m, CH2-Cff2-C = CH-Cff2 -iH2), 3.27 (3H, s, CH20We),

3.97 (2H, br s, NH2), 4.32 (2H, q, J 7 Hz,
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5̂| (250 MHz, CDC13): continued

C02C/72CH3), 5.42 (2H, s, Ctf20Me), 5.99 (1H, m, 

CH2 -CH2-C = Ctf-CH2-CH2), 6.62 (1H, s, Cff = C(NH2 )e),

7.23 (2H, m, 5-H and 6 -H), 7.47 (1H, m, 4-H or 

7-H), 7.67 (1H, m, 7-H or 4-H).

The enamine was acetylated as described previously giving, after chroma

tography and crystallization from chloroform/petrol, pale yellow crystals 

of e t h y l  2 - a e e t a n r i d o - d -  ( 2 - ( c y e l o h e x - l - e n - l - y l ) - l - m e t h o x y m e t h y l ' l n d o l - Z -  

y D p r o p e n o a t e  (0.028g, 45% from the starting azide (293)), m.p. 140- 

51°C. (Found: C, 69.51; H, 7.14; N, 6.99. C2 3 H2 8N20i+ requires

C, 69.68; H, 7.12; N, 7.07%);

v (nujol): 3240 (NH), 1710 (C = 0), 1654 (C = 0), 1645 sh, 1632 cm"1;

6„ (250 MHz; CDC13); 1.36 (3H, t, 0 7 Hz, C02CH2Cff3), 1.65 - 1.85 (4H,

br m, Ch 2 -CH2-C = CH-CH2 -£ff2), 1.98 (3H, br s, 

NHCOMe), 2.20 - 2.35 (4H, br m,

CH2-Cff2-C = CH-Cfi2 -£H2), 3.29 (3H, s, CH20Me),

4.32 (2H, q, J 7 Hz, C02Cff2 CH3), 5.40 (2H, s, 

Cff20Me), 6.02 (1H, m, CH2-CH2-C = Cff-CH2 -CH2),

6.92 (1H, br s, Off= C(NHAc)e), 7.10 - 7.30 (3H, 

m, 5-H, 6 -H and 4-H or 7-H), 7.47 (1H, m, 7-H or

4-H), 7.52 (1H, br s, NH);

m/z: 396 (M+ , 32%), 365 (8 ), 350 (15), 337 (100), 305 (37), 291 (39).

(iii) Preparation and /7-acetylation of the enamine (297).

The azide (296) (0.10g, 0.29 mmol) was dissolved in benzene, and 

the resulting solution refluxed for 5h. Evaporation of the solvent 

gave as a gum the crude e t h y l  2 - a m - i n o - 3 - ( 2 - ' t s o p v o p e n y l - l - m e t h o x y m e t h y l -  

l n d o l - 3 - y l ) p v o p e n o a t e  (297);
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\> (thin film): 3485, 3380 (NH2), 1705 (C = 0), 1640, 1582 cm-1;

6h (90 MHz; CDC13): 1.36 (3H, t, J 7 Hz, C0 2CH2Ctf3), 2.10 (3H, d,

J  1.5 Hz, Ctf3-C = CH2), 3.27 (3H, s, CH20Me), 3.85 

(2H, br s, NH2), 4.34 (2H, q, J  7 Hz, C02Ctf2CH3),

5.29 (1H, m, one of CH3-C = Ctf2), 5.47 (2H, s, 

C//20Me), 5.62 (1H, m, one of CH3-C = Ctf2), 6 . 6 6  

(1H, s, CH = C(NH2 )e), 7.10 - 7.50 (3H, m, 5-H,

6 - H and 4-H or 7-H), 7.68 (1H , m, 7-H or 4-H).

The enamine was acylated as described previously, giving, after 

chromatography and recrystallization from chloroform/petrol, pale 

yellow crystals of e t h y l  2 - a c e t a m i d o - 3 - ( 2 ^ i s o p r o p e n y l - l - m e t h o x y m e t h y l -  

i n d o l - 3 - y l )p r o p e n o a t e  (0.05g, 48% from starting azide (296)), m.p.

130 - 7°C. (Found: C, 67.16; H, 6.78; N, 7.76. C2 0 H2t+N204 requires

C, 67.40; H, 6.79; N, 7.86%);

v (nujol): 3238, 3200 sh (NH), 1700 (C = 0), 1653, 1650 sh, 1630Ilia A

cm'1;

SH (250 MHz; CDC13): 1.36 (3H, t, j 7 Hz, C02CH2Cff3), 1.96 (3H, br s,

NHC0M e ) ,  2.14 (3H, br s, Cff3-C = CH2), 3.29 (3H, s, 

CH20Me), 4.32 (2H, q, J  7 Hz, C02Cff2CH3), 5.28 

(1H, br m, one of CH3-C = Cff2), 5.42 (2H, s, Cff20Me), 

5.65 (1H, br m, one of CH3-C= Cff2), 6.98 (1H, br s, 

C/?= C(NHAc)e), 7.10 - 7.55 (5H, m, 4-H, 5-H, 6 -H,

7- H and NH);

m/z: 356 (M+ , 28*), 310 (52), 297 (100), 266 (39), 251 (18), 239 (56).

(iv) Thermolysis of azide (296) in xylene

The azide (296) (0.10g, 0.29 mmol) was dissolved in xylene and the

solution refluxed for 7h. The solvent was evaporated and the residue 

was chromatographed on a silica gel p.l.c. plate. One band was
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isolated, showing strong pale blue fluorescence under the u.v. lamp. 

This was shown to be somewhat contaminated, by n.m.r., but further 

attempts to purify the compound were unsuccessful, and it was never 

obtained completely pure. The contaminant appeared to be one com

pound, to which the major component was gradually converting. The 

major component was identified as e t h y l  l 3 2 - d i h y d r o - l 3 l - d i m e t h y l - 9 -  

m e t h o x y m e t h y l p y r i d o [ 3 3 4 - b ] i n d o l e - 3 - e a r b o 3 n j l a t e  (298);

vmax (thin 3 3 8 0 (NH)’ 1 7 0 0 (c = °) cm"1;

6h (90 MHz; CDC13): 1.36 (3H, t, J 7 Hz, C02CH2Ctf3), 1.61 (6 H, s,

2 x 1-Me), 3.30 (3H, s, CH20Me), 4.33 (2H, q,

J 7 Hz, C02Ctf2CH3), 5.57 (2H, s, Ctf20Me), 6.80 

(1H, s, 4-H), 7.1 - 7.8 (4H, m, Ar-H).

The material was stored at o a .  3°C in contact with moist air for 70 

days after which time it was found to have been completely converted 

into a new compound, which was purified by p.l.c. and identified as

e t h y l  1 3 l - d i m e t h y l - 9 - m e t h o x y m e t h y l - 4 - o x o p y r ' i d o  [ 3 3 4 - b ] i n d o l e - 3 -  

c a r b o x y l a t e  (299). (Found: M+ = 328.1421. C1 8H2 0N2Ott requires 

M+ = 328.1423).

v (thin film): 1736 (C = 0), 1658 (C = 0), 1635 (C = N) cm'1;III& A

6h (90 MHz; CDC13): 1.44 (3H, t, J 7 Hz, C02CH2Cff3), 1.84 (6 H, s,

2 x 1-Me), 3.47 (3H, s, CH20Me), 4.49 (2H, q,

J 7 Hz, C02Cff2CH3), 5.71 (2H, s, Cff20Me),

7.25 - 7.60 (3H, m, 6 -H, 7-H and 5-H or 8 -H),

8.29 (1H, m, 8 -H or 5-H);

m/z: 328 (M+ , 49%), 297 (18), 255 (11), 229 (100), 214 (47), 184 (99).
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(v) Prolonged thermolysis of azide (296) in bromobenzene

The azide (296) (0.05g, 0.15 mmol) was dissolved in bromobenzene 

(10 ml) and the solution refluxed for 168h under nitrogen. Evapora

tion of the solvent and chromatography on silica gel gave one band 

which was spectroscopically identical with 8-carboline (269a) (0.005g, 

9%). The presence of dihydro-B-carboline (298) in the reaction mix

ture was monitored by t.l.c., until it had been completely consumed.

7. Thermolysis of the 2-phenylindolyl azidopropenoate (300)

The azidopropenoate (300) (0.02g, 0.05 mmol) was dissolved in 

xylene (10 ml) and the solution heated at reflux for Ih. Evaporation 

of the solvent and p.l.c. of the residue, gave after crystallization, 

yellow prisms of e t h y l  1 ^ 8 - d l h y d r o - 8 - m e t h o x y m e t h y l b e n z [ d ] a z e p ' l n o [ 4 :>5 - b ] 

'i n d o l e - 2 - c a r b o x y l a t e  (301) (O.Olg, 54%), m.p. 144 - 8°C from ethanol/ 

petrol. (Found: C, 72.09; H, 5.68; N, 8.02. C2 1 H2 0N2O 3 rec!uires

C, 72.40; H, 5.79; N, 8.04%);

vmax (nuJ‘ol): 1708 (c = 0)> 1625 cm'1;

6h (250 MHz; (CD3)2C0): 1.31 (3H, t, J 7 Hz, C02CH2Ctf3), 3.46 (3H, s,

CH20Me), 4.28 (2H, q, J  7 Hz, C02Ctf2CH3),

5.58 (2H, s, C#20Me), 7.29 (2H, m, Ar-H),

7.40 - 7.60 (3H, m, Ar-H), 7.70 (IH, m, Ar-H),

7.83 (IH, m, Ar-H), 8.21 (1H, m, Ar-H);

m/z: 348 (M+ , 100%), 303 (98), 229 (82).
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APPENDIX 2

Bond lengths and angles for compound (233a) as determined by 

X-ray crystallography.

11

14
Me

o
(i) Bond lengths (A)

N(l) - C(2) 1.477(4)

C(2) - C(3) 1.523(4)

C(2) - 0 (1 2 ) 1.510(7)

C(3a) - C(3b) 1.447(4)

C(3b) - C(4) 1.384(5)

C(4) - C(5) 1.385(5)

C(6 ) - C(7) 1.388(5)

C(7a) - N(8 ) 1.407(4)

N(8 ) - 0(15) 1.438(4)

C(10) - C(ll) 1.272(7)

0 (1 2 ) - 0(13) 1.343(5)

C(15) - 0(16) 1.394(6)

(ii) Bond angles (deg.)

103.6(3) 

110.0(3)

NO) - C(8 a) 1.280(4)

C(2) - 0(9) 1.539(5)

0(3) - C(3a) 1.336(5)

C(3a) - C(8 a) 1.462(5)

C(3b) - C(7a) 1.409(5)

0(5) - 0 (6 ) 1.382(7)

0(7) - C(7a) 1.380(5)

N(8 ) - C(8 a) 1.376(4)

0(9) - 0 (1 0 ) 1.470(7)

0 (1 2 ) - 0 (1 2 ) 1.193(5)

0(13) - 0(14) 1.426(8)

0(16) - 0(17) 1.406(6)

N(l) - C(2) - C(3) 106.4(3)

C(3) - C(2) - C(9) 112.9(3)

C (2) - N(l) - C(8 a)

N(l) - C(2) - C(9)
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(11) 1Bond angles (deg.)i (continued)

N(l) - C(2) - C(12) 110.6(3) 0(3) ■- 0(2) •■ 0(12) 107.6(3)

C (9) - C(2) - C (12) 109.3(3) 0(2) - 0(3) ■- C(3a) 107.6(3)

C(3) - C(3a) - C (3b) 148.9(3) 0(3) ■- C(3a) •- C(8a) 104.8(3)

C(3b) - C(3a) - C(8a) 106.3(3) C(3a) ■- C(3b) •- 0(4) 134.2(3)

C(3a) - C(3b) - C(7a) 106.1(3) 0(4) ■- C(3b) ■- C(7a) 119.7(3)

C(3b) - C(4) - C(5) 118.9(4) 0(4) - 0(5) ■- 0(6) 120.5(4)

C(5) - C(6) - C (7) 122.1(3) 0(6) - 0(7) •- C(7a) 117.1(4)

C(3b) - C(7a) - 0(7) 121.8(3) C(3b) - C(7a) ■- N(8) 110.7(3)

C (7) - C(7a) - N(8) 127.5(3) C(7a) - N(8) ■- C(8a) 107.9(3)

C(7a) - N(8) - 0(15) 125.7(3) C(8a) - N(8) ■- 0(15) 125.9(3)

N(l) - C(8a) - C(3a) 117.7(3) N(l) - C(8a) ■- N(8) 133.4(3)

C(3a) - C(8a) - N(8) 108.9(3) 0(2) - 0(9) ■- 0(10) 111.9(3)

C(9) - C (10) - 0(11) 126.8(4) 0(2) - 0(12) •■ 0(12) 125.0(4)

C(2) - C(12) - 0(13) 112.8(3) 0(12) ■- 0(12) •- 0(13) 122.0(5)

C(12) - 0(13) - 0(14) 116.9(3) N(8) ■- 0(15) •- 0(16) 113.1(4)

C (15) - 0(16) - 0(17) 113.8(3)
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APPENDIX 3

Bond lengths and angles for compound (301 ) as determined by X-ray 

crystallography.

13

0
(i) Bond lengths (A)

C(l) - C(2) 1 .501(4) C(l) - C(12b) 1.488(5)

C(2) - N(3) 1.274(3) C (2) - C (13) 1.497(4)

N(3) - C(3a) 1.404(3) C(3a) - C(4) 1.398(3)

C(3a) - C(7a) 1.408(4) C (4) - C(5) 1.360(4)

C(5) - C(6) 1.378(6) C(6) - C(7) 1.377(4)

C {7) - C(7a) 1.397(3) C(7a) - C(7b) 1.462(3)

C(7b) - M(8) 1.399(4) C(7b) - C(12b) 1.364(3)

N(8) - C (8a) 1.382(3) N(8) - C (17) 1.438(4)

C(8a) - C(9) 1.393(5) C(8a) - C(12a) 1.407(4)

C(9) - C(10) 1.366(4) C(10) - C(ll) 1.384(6)

C(ll) - C (12) 1.376(5) C (12) - C(12a) 1.396(3)

C(12a) - C(12b) 1.425(4) C(13) - 0(13) 1.186(4)

C (13) - 0(14) 1.291(4) 0(14) - 0(15) 1.458(5)

C (15) - C (16) 1.267(9) C (17) - 0(18) 1.394(3)

0(18) - C (19) 1.411(5)
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(ii) Bond angles (deg.)

0(2) - C(l) - C(12b) 106.3(2)

0 1 o no - C(13) 116.7(2)

C(2) - N(3) - C(3a) 121.5(2)

N(3) - C(3a) - C(7a) 125.6(2)

C(3a) - C (4) - C(5) 121.7(3)

C(5) - C(6) - C(7) 119.8(3)

C(3a) - C(7a) - C(7) 117.9(2)

C(7) - C(7a) - C(7b) 121.9(3)

C(7a) - C(7b) - C{12b) 124.4(3)

C(7b) - N(8) - C(8a) 107.6(2)

C(8a) - N(8) - C(17) 125.5(3)

N(8) - C(8a) - C(12a) 108.6(2)

C(8a) - C(9) - C(10) 117.5(3)

O1Oo

- C(12) 120.6(3)

C(8a) - C(12a) - C(12) 119.7(3)

C(12) - C(12a) - C(12b) 133.8(3)

C(l) - C(12b) - C(12a) 130.3(2)

C{2) - C(13) - 0(13) 121.3(3)

0(13) - C(13) - 0(14) 123.1(3)

0(14) - C(15) - 0(16) 115.8(3)

C(17) - 0(18) - 0(19) 114.8(2)

0(1) - 0(2) - N{3) 125.1(2)

N(3) - 0(2) - 0(13) 118.2(2)

N(3) - C(3a) - 0(4) 115.2(3)

0(4) - C(3a) - C(7a) 119.0(2)

0(4) - 0(5) - 0(6) 119.8(3)

0(6) - 0(7) - C(7a) 121.7(3)

C(3a) - C(7a) - C(7b) 120.1(2)

C(7a) - C(7b) - N(8) 126.2(2)

N (8) - C(7b) - C(12b) 109.3(2)

C(7b) - N(8) - 0(17) 126.2(2)

N(8) - C(8a) - 0(9) 130.4(3)

0(9) - C(8a) - C(12a) 121.0(2)

0(9) - 0(10) - 0(11) 122.5(3)

0(11) - 0(12) - C{12a) 118.7(3)

C(8a) - C(12a) - C(12b) 106.5(2)

C(D - C(12b) - C(7b) 121.7(2)

C(7b) - C(12b) - C(12a) 107.9(3)

0(2) - 0(13) - 0(14) 115.5(2)

0(13) - 0(14) - 0(15) 117.4(3)

N(8) - 0(17) - 0(18) 115.1(2)
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Figure 3
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