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SUMMARY

The work described in this thesis was carried out at the 

University of Bath between October 1981 and August 1984, 

and is concerned with the preparation of "dimeric" deriv

atives of 6H-pyrido-5,11-diraethyl[4,3-b]carbazole (ellip- 

ticine) (1).

9-Hydroxyellipticine (4) was prepared and esterified with 

adipic acid. 6-Hydroxy-l,4-dimethylcarbazole was synthe

sised as a model compound, and the alkylation of this 

material was studied.

A synthesis of 1-butylellipticine from 1, 4-dimethylcarbazole 

was attempted, but resulted in the formation of a "dimeric" 

carbazole derivative.

The synthesis of ellipticines bearing various substit

uents at position 3- was attempted starting from

1,4-dimethylcarbazoles.

The final section describes attempts to prepare ellip

ticines with various 5-substituents starting from 

3-{l-[3 ' - ( 4-cyanopyr idyl )] ethylj indole . Two 5-alkenyl- 

ellipticines were prepared by this route, and the reactivity 

of the alkenyl side chains was studied.
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INTRODUCTION

A number of 6H - pyrido , 3-bJcarbazoles such as ellipticine 

(6H-pyr id 0-5,11,dimethyl [̂ 4-,3-bj carbazole) (1) , 9-methoxy- 

ellipticine (2) and olivacine (6H-pyrido-l,5-dimethyl 

[l, 3-bJ carbazole )( 3) occur as alkaloids in plants of 

the Aspidosperma, Ochrosia and Tabernaemontane genera of 

Apocyanaceae family^. Ellipticine itself was first
2isolated by Goodwin in 1959 from Ochrosia ellipticia ,

a plant found in New Caledonia, Florida, Australia and the

Mascarene Islands.
R

10
118

(1) (R=H) (3)
(2) (R=0CH2) 

(4) (R=OH)

The synthesis of these compounds and their variously 

substituted analogues has been the subject of continuous 

research over the last twenty five years, and remains an 

active topic to the present day. The first section of 

this introduction provides a critical summary of the 

various syntheses of the alkaloid and its analogues 

published between 1959 and mid-1984.

The major stimulus for this research has been the desire 

to obtain new derivatives for pharmacological evaluation. 

Ellipticine and 9-methoxyellipticine exhibit pronounced 

anti-neoplastic activity, especially against human



3myeloblastic leukaemia^, and the hope has been that an 

ellipticine analogue may become a useful anti-cancer drug. 

The most promising compound to date is 9-hydroxyellipticine 

(l) which is presently in clinical trials in Europe ^ .

The biological activity of ellipticine is, at least 

partially, due to intercalation of the planar molecule 

into DNA^. There are a large number of compounds which 

bind to DNA in this way^ and in a number of cases a 

dramatic increase in DNA binding affinity has been 

demonstrated for "dimeric" compounds in which two 

drug molecules are linked via a "spacer" unit of 

around 10^ length.^ A diagraraatic representation of 
this situation is presented in figure 1.

Figure 1

linking chain

drug drug

shromophore chromophore

This increase in DNA binding affinity is due to bis-
n

intercalation of the "dimer" into DNA. The aim of the 

research described in this thesis was to devise routes 

to "dimers" of ellipticine in which the ellipticine 

residues are joined at various positions by "spacer" 

units of various length and composition.



The second section of this introduction provides a 

brief account of the intercalation hypothesis, and of 

the known bifunctional intercalators.

Nomenclature

For the sake of clarity and of brevity, throughout 

this thesis 6H-pyrido [l,3-b] carbazoles will be 

named as derivatives of ellipticine (l), using the 

standard numbering system indicated above.

The term "dimer" will be used to describe the type of 

compound represented by figure 1, although, clearly, 

these compounds are not dimers in the strict sense 

of the term.



THE SYNTHESIS OF ELLIPTICINE AND ITS DERIVATIVES 

Since the isolation and structural elucidation of the 

6H-pyr ido , 3-bJ  carbazole alkaloids, much synthetic 

effort has been directed towards the synthesis of the 

alkaloids and their derivatives for biological screening, 

and numerous syntheses have appeared in the literature. 

However, in spite of this effort, the range of analogues 

so far produced is relatively small, and no really high 

yielding and versatile synthesis has emerged.

The syntheses appearing between 1959 and 1976 were
g

thoroughly reviewed by Sainsbury in 1977 , and the 

literature until the end of 1982 has been surveyed in
9an article by Shannon et a l .

The synthetic routes to ellipticines have been classified

according to which ring of the tetracyclic system is 
9formed last , B, C, or D, and it is convenient to use 

this system throughout this introduction. To date there 

are no examples in which ring A is the last to be 

cyclised.

B Type Synthesis

In an early synthesis of 6H-pyrido ĵ ., 3-bj carbazoles due 

to Woodward^^ the phenylhydrazone ( 5 ) was prepared in 

three steps from 1-methyl-A-piperidone. Fischer 

indolisation gave the octahydroellipticine (6), and 

subsequent dehydrogenation of this product with palladium 

on carbon as catalyst gave ellipticine in a very poor 

overall yield. (Scheme 1)
/*



Scheme 1

RCH2CCH=CHCH2

NCR

3 steps
■> NCR

-N-N

R

RCl

V

Pd/C

220°-295°
NCR

R(1)

This approach was used more recently in a synthesis of 

some 11-des-methyl analogues of ellipticine^^ but as a 

general route it lacks promise because of the inherent 

problems associated with the synthesis of octahydro- 

isoquinolinones.

An alternative B type synthesis utilised the oxidative 

ring closure of the diarylamine ( 7 with palladium 
acetate.

(7)

Pd(OAc)^/

10%CF2C02R/CR2C02H 
15% - 25%

(1)



The yield for this reaction is disappointingly low 

(15-25%), and it proved impossible to make the reaction 

catalytic with respect to palladium.

The authors of this work have recently described a 

solution to this problem, in which the B-ring is formed 

by pyrolysis of a benzotriazole precursor. (Scheme 2)^^

Scheme 2

B

( 8 )

\

■>

<■

The desired benzotriazoles ( 8 ) were prepared in a 

th ree step sequence from o-nitroaniline and



6-bromo-5,8-dimethylisoquinoline , the synthesis of the 

latter having been previously described by the same 

a u t h o r s . T h e  yield of this intermediate is ca. 70%, 

which is a great improvement upon that normally quoted 

for the octahydroquinolone precursors required in the 

first route. Pyrolysis of the benzotriazoles (R=H) and 

(R=CH^) at 500°C gave the ellipticines in 69% and 62% 

yields respectively, and hence an overall yield of 

30-35% from 6-bromo-5,8-dimethylisoquinoline .

The above synthesis is analogous to an earlier synthesis 

of aza analogues of ellipticine in which the ellipticine 

A-ring was substituted by a pyridine unit. (Scheme 3)^^

Scheme 3

■>
29%

Hg/Pd/C
9Li

\/

330°-350° 
Ul%



The same strategy also gave aza ellipticine derivatives

substituted at position 1 by dialkylamino alkyl amino

g r o u p s . T h e s e  compounds showed much greater activity

against cancer cells in vitro than the corresponding
1 7unsubstituted compounds.

C Type Synthesis

Here ring C is the last formed, and W oodward’s original 

synthesis of the alkaloid is an example of this type.

This approach is outlined in scheme 4.18

Scheme 4-

(9)

P - indole

f-indole

Unfortunately, this short and simple route is of no 

practical value, because the yield of ellipticine is 

minute. The reaction between indole and 3-acetylpyridine 
invariably gives the 2:1 adduct (9 ), and this bulky 

molecule is a poor substrate for the second, reductive



acétylation stage, and in the final step severe pyrolytic 

conditions are needed to remove the extra indolyl unit.

In 1972, Sainsbury described a new approach to ellipticine

(Scheme5)^9

Scheme $

(10) (11) (12)

\/

OCH
R

(13)

<-

(14)

R

Condensation of 1-acetyl-3-acetyloxyindole (lO) with

4 -acetyl-3(1-methoxyethyl)pyridine (ll) gave the E- and 

Z^2-ethylideneindolin-3-ones (12). Reduction with 

sodium borohydride, and subsequent dehydration gave the



indole (13), which cyclised to the dihydroellipticine (14) 

with 40% HBr. Oxidation to ellipticine itself occurred 

spontaneously when (14) was chromatographed on silica, 

in 21% yield overall.

Unfortunately, the procedure was not applicable to the 

synthesis of certain 9-substituted ellipticines, as when 

R is a good leaving group, the cyclisation of (13) is 

accompanied by oxidative elimination of R-H.

The development of the above synthesis led to an efficient
20method for the preparation of 4-acetylpyridines , which 

is superior to the reductive acétylation method used in 

the original Woodward synthesis. Also it was found 

that reaction of 3-(1-chloroethyl)pyridine with indolyl 

magnesium bromide led to a modest yield of the "1:1 product" 
(15), scheme 6.

Conversion of this key compound into ellipticine was 

achieved in 63% overall yield, and under very mild 

conditions. Thus, N-amination with 0-mesitylene sulphonyl 

hydroxylamine (MSH), followed by acétylation with acetic 

anhydride and méthylation with methyl iodide gave the 

iodide salt (16 ) . Reaction of this compound with 

sodium cyanide yielded the nitrile (17), which on 

treatment with methyl lithium and subsequent mild hydroysis 

with dilute acetic acid afforded ellipticine in very 

good yield.



Cl

(17)

i) CH jLI

ii) AcOH/HjO

Ellipticine

NaCN

H
(15)

\/

i) M.S.H. 

ii) Ac^O 

iii) CH^I

Ac
(16)

Scheme 6

NAc

I"

Substitution of methyl lithium by other alkylating 

species provi 

ellipticines !

species provides access to novel 5-substituted 
21

An alternative synthesis of the nitrile (17) was
22published in 1977 , and is based on the Diels Alder

reaction of the oxazole (18) with acrylonitrile.

1 1



K
NC

(18) (17)

However, the yield for this step was only 16%, and 

preparation of the oxazole (18) from rramine was via a 
tedious six stage procedure.

An alternative synthesis of the key intermediate ( 15) in 
the original synthesis was described by Sainsbury in 

1981^^. (Scheme 7)

Scheme 7

b (i)
C02Et

(ii)> CO-Et

\k
(iii)

R

(15)

HNH 2
CHO

(19)

(i) NaH/(EtO) P(0)CH2C02Et; (ii) H^/Pd/C; (iii) DIBAl-H;
(iv) HCl/MeOH

12



The indole is formed in a Fischer reaction between the 

aldehyde (19) and an appropriately substituted phenyl- 

hydrazine, and this approach thus gives access to a 

variety of A-ring substituted ellipticines. However, 

where the hydrazone bears a substituent at C-3 cyclisation 

may occur to give either 1- or 7-substituted indoles, 

eventually leading to 7- or 10-substituted ellipticines.

The aldehyde is prepared in high yield from 3-acetylpyridine 

via a Wadsworth-Emmons reaction with triethylphosphono- 
acetate to give the unsaturated ester (20). Hydrogenation 

of the double bond and partial reduction of the ester 

with diisobutylaluDiinium hydride affords the desired 

aldehyde (19).

A very short and efficient synthesis of ellipticine was
2 /published by Bergman and Carlson in 1977 . The basic

strategy is similar to that of the original Woodward 

synthesis. (Scheme 8).

Acid catalysed condensation of 2-ethylindole (2l) with 

3-acetylpyridine (22) gives the 3-vinylindole (23) in 

90% yield. Quaternisation of (23) with n-butyl bromide 

gives the salt (24) which, without purification, is 

simply thermolysed to afford ellipticine in 72% yield.



Scheme 8

N / ^ E t

(21) (22)

(1) (X=N, Y=CH) 
(28) (X=CH, Y=N)

(23)

(24)

\/
nBuBr

In similar thermal cyclisations, the 2-vinylindoles (25), 
prepared from the ketones (26), produced ellipticine (l), 

and 11-demethylellipticine (27) in 50^ and 60% yields 

respectively. (Scheme 9)

Unfortunately, the temperatures required for these 

thermal cyclisations are very high (ca. 500°C), and 

aryl substituted derivatives of the starting materials 

tend to charr under these conditions. Moreover, in the 

Bergman and Carlson route, there is no control of 

regioselectivity, and the desired ellipticine product is 
contaminated with the isomer (28).



Scheme 9

SO.Ph

(26)

■>

(25)

\/

(1) (R=CHj) 
(27) (R=H)

In an analogous approach, Kano has recently described 

the synthesis of ellipticine and olivacine via the 

intramolecular cyclisation of pyridine-3,^-quinodimethane 

intermediates, formed situ by the thermolysis of 

2- ^-alkyl-#-(4-pyridyl)vinyl]indoles (29)^^. (Scheme 10)

15



Scheme 10

Li
I

(30)

+

COCH
(31)

SOgPh

\/

(1) (p1 = h , r ^ = c h ^)
(3) (R^=CHj, R^=H) 

(32) (R^=R^=H)

«■

(29) (a, R^=R^=H)
1(b, R-"=CH,, 

R =H)
(c, R^=H, 

R^ = CH 3)

The vinylindoles (29) were prepared in lU-3^% yield by 

condensation of 2-lithio-l-benzenesulphonylindole (30) 

with appropriately substituted 4--acetylpyridines ( 31) . 

Thermolysis of ( 29a) or (29b) proceeded in $7% yield to 

give 11-demethylellipticine (32) or olivacine (3 ).

However, thermolysis of (29c) led to a mixture of 

ellipticine (1 ), (30%), and 11-demethylellipticine (32),

(4-3%). Thus this route is of little value for the synthesis 

of ellipticine as the overall yield is only 7%, and 

separation is necessary in the final stage.

16



Very recently, Weller and Ford have published a synthesis

in which the bond construction sequence is that of the

Bergman and Carlson route described above, but the final

cyclisation is achieved by intramolecular attack of an
2 7ester enolate on a pyridine salt. (Scheme 11). This

sequence leads directly to 2-methyl-6H-pyrido^,3,-bj 

carbazolium salts (33) which are themselves potent anti 

tumour agents. Preparation of ellipticine itself from 

the salt (33) was readily accomplished via déméthylation 
with sodium thiophenoxide and dimethylsulphoxide.

C -Type Synthesis via Quinones
Watanabe and S n (€ ckus prepared the quinones (34) by

reaction of 3-formylindole derivatives (35) with lithiated
2 BN,N-diethylisonicitinamide (36) . (Scheme 12). Treatment

of these intermediates with excess methyl lithium followed 

by 47% hydrogen iodide in methanol, and then t i n (II)chloride 

gave the ellipticines (l), (37) and (38) in the overall
yields indicated.

Joule prepared ellipticine quinone (34) from the

pyridolactone (39a) and 2-lithiobenzenesulphonylindole

(30) via a high yielding cyclisation of the ketone (40a),
29as shown in scheme 13 . Treatment of (34) with three

molar equivalents of methyl lithium, followed by reduction 

with sodium borohydride gave ellipticine (l).

This procedure proved useful for the synthesis of 

ellipticine analogues with variable 5- and 11- substituents^^

17



Scheme 11

0_Me

M/

+  CH

CH

COgMe
(33)



Scheme 12

(35)

CHO Li
+

0

Bi^ i.

(36)

OLi

NEt

OLi

\/

\ /

i) CH^Li
ii) HI

ill) SnCl 2

(1) (R=H: A0%)

(37) (R=CH^: 62%)

(38) (R=CH2Ph: A0%)



Thus, treatment of (3l) with only two molar equivalents 

of methyl lithium gave 11-demethylellipticine (32), 

whilst treatment of (32) with two molar equivalents of 

n-butyl lithium followed by one of methyl lithium led to
5-n-butylellipticine (21).

Ellipticine and 11-demethylellipticine were also prepared 

from the ketones (20), via the alkenes (22)^^. (Scheme 13)

A conceptually similar approach to ellipticine has
31recently been described by Gribble . (Scheme 12)

This synthesis utilises condensation between 2-lithio-l- 

benzenesulphonylindole (30) and 3,3-pyridinedicarboxylic 

anhydride (23), and does not require the inaccessible 

pyridolactone (39) used in Joule's approach. The resulting 

mixture of keto acids (22) and (25) are formed in a ratio 
of 92:8, and are readily separated by fractional 

crystalisation. Deprotection of (2f) gives the keto acid 

(26) which cannot be converted to ellipticine quinone (32) 

under Friedel Crafts conditions. However, heating (26) in 

acetic anhydride effects a very high yielding cyclisation 

to the keto lactam (27). Treatment of (27) with two 

equivalents of methyl lithium followed by reduction of 

the resulting diol with sodium borohydride gave ellipticine 

in an overall yield of 52% from indole. By adding different 

alkyl lithium reagents sequentially the synthesis could be 

extended to yield ellipticine derivatives with varying 5- 

and 11- substituents. The first molecular equivalent of 

alkyl lithium reagent determined the 5- substituent and the 

second equivalent determined the 11- substituent of the 

final product.
20



s c h e rn e l 'J

OH

SO-Ph

(40)

(42)

>

(39) (a, R=H)
(b, R=CH^)

0

Nk

<■

i) HCl

ii)ii) [ o j

(34)

(1) (R=CH^) 
(3Z) (R=H)

i) R^Li (2 mol)
ii) R^Li (1 mol)

iii) NaBH,4

2]

(1) (R^=R^=CH^)
(32) (R^=CHj, R^=H) 
(41) (R^=C^Hg, R^-CH )



Scheme 14

(30)

N" 'Li
SOgPh

+ 0.

(43)

■>

CO_HSOjPh 0

(44) (4-pyridyl)
(45) (3-pyridyl)

(46)
0 COgH

, 2 ^

(47)

0
(34)

\/

i) R^Li 

ii) R^Li
iii) NaBH

22



D Type Synthesis

In this approach rings A, B and C are pre-synthesised as 

a carbazole derivative, and the D ring is constructed in 
the final stages of the sequence.

Probably the most versatile syntheses in this class are 

those based upon the route due to Cranwell and Saxton^^ 

(Scheme 15)

Scheme 15

\/

OR
OR

(50)

OR
OR

(51)

CHO

(52)

Ellipticine

23



In the original synthesis published in 1962, condensation 

of indole with hexan-2 ,5-dione gave the dimethylcarbazole 

(A8 ) which was formylated under Vilsmeier Haack conditions 

to the aldehyde (A9). Condensation of (-49) with 2,2- 

diethoxyethylamine then afforded the anil (50). This 

compound could not be cyclised with hydrogen chloride, but 
the dihydro derivative (51) was cyclised to the dihydro- 

ellipticine (52) under these conditions, and dehydrogenation 

of (52) to ellipticine was achieved by heating with 

palladium on charcoal.

3 3This synthesis was later modified by Dalton et al , who 

suoceeded in cyclising the anil (50) directly to ellipticine 

with polyphosphoric acid. A number of A ring substituted 

derivatives were prepared via this approach, but the 

strong acid conditions employed precluded its use with 

sensitive substituents, such as methylenedioxy groups, 
in the non-methylated aromatic ring.

A second variation allows cyclisation of ring D under much 

milder conditions'^. (Scheme l6 )

In this approach tosyl derivatives of the dihydroazomethines 

(53) cyclise with elimination of ^-toluenesulphinic acid 

on treatment with hydrogen chloride in aqueous dioxan.

2/4



Scheme 16

H TsCl

OEt
OEt

(51) (53)
OEt

(1)

HCl/H_0/dioxan

An alternative approach to the preparation of the 

dimethylcarbazoles (18) utilises Borsche Dreschel 

cyclisation of appropriately substituted cyclohexanones^^ . 

(Scheme 17)

In subsequent w o r k ^ ^ , formation of the unwanted indolenine 

by-products ( 51) was avoided by use of the dimethylphenyl- 

hydrazine (55) and appropriate cyclohexanones, although 

this led to a lower overall yield of the carbazoles ( is) • 
(Scheme 18)

24



s c h e rn e 17

R

H-NH

HCl/EtOH
70° ^R.

R

(48)

Scheme 18

+

chloranil/
<■ reflux

R

N-NH2

HCl/EtOH CH 0

reflux

(55)

chloranil/THF
reflux

1
CH 3

26



The D ring has also been constructed from the formyl 

carbazoles (Scheme 19)

Scheme 19

HO

i) CH2N O 2
\yii) LiAlH

R=GH

i) HCOOH 

ii) POCl?
CH^COCl

‘NH

Pd/C
\/

i) h " 
'4^^) pd/c

(1) (3)

2^



The carbazole (56) was first synthesised by Govindachari,^'^ 

but the large number of steps involved in this route 

precludes its use as a general method. This strategy was 

employed in the first synthesis of olivacine^^^ and later 

modifications allowed for the preparation of the alkaloid 

in sufficient quantities for biological screen in

1-Alkylamino alkylamino derivatives of ellipticine (57) 

have been prepared by a similar route . (Scheme 20)

Knoevenagel condensation gave the unsaturated acid ( 58) 

which led, via thermal cyclisation of the azide ( 59), to 

pyridocarbazol-l-ones ( 60) . These intermediates were 
converted to the desired products by reaction with 

phosphorusoxychloride and combination of the corresponding 
1-chloro compounds with 3-(N ,N-diethylamino)propanamine.

1 -substituted ellipticine derivatives have also been 

prepared via the Reissert compounds (61) , which were 

obtained in 8? ‘a yield from ellipticine^. (Scheme 21)
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Scheme 2Ü

1R

HO

MnO
reflux ■>

; d,50%a,70%; b,73%; c.

1R
CON

H
(59)

3<- CO.H

(58) H 
a,90%; b,89%; c,66%; d,75%.

(60) H 
a,47%; b,72%; c,59%; d,30%

i) POCl 3
ii) H2N_(CH2)2-N(C2H^)2

\i/

10.

(57)
a,17%; b,68%; c,12%; d,35%.

a R^=CH?,R2=H 
b Rl=CH2C^H^,R2=H

c R^cR^cCHj
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Scheme 21

NCOPh

(61) (Rl=H)

R =CH2Ph 

i) R^X/NaH/DNF 

ii) KOH/Ethanol

\/

PhCH

Conclusion

One can only conclude from this pletheora of routes that 

no one generally applicable synthesis of ellipticine 
derivatives has yet emerged, although two constructions, 

namely the Cranwell-Saxton approach (pp 23-25), and that 

of Sainsbury and Schinazi (pp 10-13) have been used to 

make most of the derivatives bearing substituents in the 

A-ring. Part of the problem lies in the nature of the 

compounds which are often difficult to purify due to poor 

solubility. They may also be unstable and are sometimes 

difficult to characterise, but worst of all, most of the 

intermediates, indoles, carbazoles or pyridines, require 

different syntheses when the substituents they bear are 

varied.
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THh STRUCTURE OF DNA 

AND ITS INTERACTION WITH DRUG SUBSTANCES 

In the early 1950's a combination of X-ray diffraction 

analysis of oriented DNA fibres, and molecular model 

building established the structure of DNA to consist of 

two polynucleotide chains linked by hydrogen bonding 

between specific base-pairs (as shown in figure 2 ), 
which in turn gives rise to a double-helical array^^.

Figure 2 : Part structure of a single strand of DNA

R = nitrogen base; 

adenine, guanine.
HO—P—O—C H 2   Jl cytosine or thymin*

The DNA Base Pairs

H 3
N— H

AdenineThymine

H— N

H— N
Cytosine Guan in e

3J



Much has been written about this discovery and its 

implications in the biosynthesis of proteins and in cell 

division. So much so, in fact, that almost every under

graduate text book in Organic Chemistry now contains at 

least a cursory account. For this reason, a detailed 

description of DNA structure is not given here, but 

instead, attention is focussed upon the way in which 

"small" molecules interact with DNA to alter the 

replication process in living cells.

A large number of drugs, carcinogens and mutagens interact 

directly with nuclear DNA, and, in doing so, impair the 

ability of DNA to act as a template for nucleic acid 

expression and synthesis, thus leading to diminution or 

cessation of cell growth, and even eventual cell death ^ . 

Many of these compounds are thought to bind covalently 

to DNA, whilst others bind via various types of non-bonded 

forces. In this latter category one mode of complex 

formation - intercalation - dominates to the extent that 

an intercalated complex has been proposed for almost all 

drugs known to bind to DNA^^.

The ellipticine alkaloids have been shown to bind to DNA 

in an intercalâtive manner, and it seems certain that this 

is largely responsible for their pronounced biological 

activity ^ . However, it seems likely that intercalation 

alone is not sufficient to fully explain the activity of 

these compounds. Recent work suggests that the compounds 

are oxidised in vivo, and that the oxidised species then 

act as pseudo alkylating agents^^. It is likely that this
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mechanism explains the particularly high biological activity 

of 9-hydroxyellipticine.

The Intercalation Model

The first description of intercalation was due to Lerman,

and was based on observations with the proflavine-DNA 
12complex . Thus, X-ray diffraction patterns of the 

complex showed loss of regularity of the helical structure 

compared to DNA alone, but indicated retention of the 

regular stacking of the base-pairs perpendicular to the 

helical axis. Also, an increase in viscosity and a 

decrease in sedimentation rate coefficient were associated 

with proflavine binding to the macro-molecule, and it was 

assumed that these changes could be due to lengthening of 

the DNA molecules, caused by the drug binding, such that 

they now behaved as stiffen, more slender rods.

Thus, Lerman proposed that the planar aromatic ring

system of proflavine becomes inserted (intercalated)

between adjacent base pairs of the double helix^^ . (Figure 3 )

It can be seen that the DNA base-pairs remain perpendicular 

to the helical axis, but are moved apart by 3 .4-S to 

accommodate the acridine unit which occupies the same 

space as an extra base-pair. In order to admit the drug 

molecule the helix has to unwind locally, and this destroys 

the long range regularity of the helix, thus accounting 

for the X-ray diffraction results noted above .
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Figure 3 • The Intercalation M o d e l ; the secondary structure 
of normal DNA (left) and DNA containing intercalated 
proflavine molecules.

A refined intercalation model, based on results with
/ Qethidium, was built by Fuller and Waring . This shares 

most of the features of Lerman's model, and in addition, 

proposes hydrogen bonding between the amino groups of the 

drug and the phosphate functions of both nucleotide chains 

The evidence which has been accumulated since these ideas 

were proposed supports them, and the application of 

sophisticated physical and chemical techniques have served 

to refine and strengthen the original concept^^.
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B i l'un c t iunai intercalation

rht phenannanon üf bifunctionaj ( bis ) - in ter ca J a t, ion was
J Soriginally discovered with the antibiotic echinomycin^ , 

and has served as the focus of great deal of activity on 

the part of medicinal chemists^^. The motivation behind 

these efforts has been twofold. Firstly, to take 

advantage of the much greater binding affinity expected 

for bis-intercalation of drugs to DNA compared with that 

for mono-intercalation, and secondly, to exploit the 

potential for recognition of specific nucleotide sequences.

Initial research has focussed on dimeric analogues of the

"classical" intercalating drugs. Le Pecq et al have

synthesised "dimers" of 2-methoxy-6-chloro-9-aminoacridine

linked by spermine or spermidine chains, and have shown
/ nthat these compounds can bis-intercalate into DNA

Similar bifunctional behaviour has since been demonstrated
L 8for "dimeric" derivatives of 9-aminoacridine , substituted

acridines and quinolines^^, ethidium bromide^^and its 

methyl analogu 

ellipticine^^ .

methyl analogue^^, and some pyridocarbazoles related to

The ability of a particular "dimer" to bis - intercalate 

must clearly be related to the nature and length of the 

linker unit between the individual monomeric species. A 

series of diacridines joined by flexible linking chains 

has been studied^^. By varying the chain length it is 

possible to measure the minimum distance between

chromophores which is necessary for bis-intercalation.
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HN NH

(62)
(63) R=(CH2)^NH(CH2)^

In compounds of type (62 ) , having two 9-aminoacridine 

moieties linked by a simple aliphatic chain, (CH^)^, the 

transition to bis-intercalâtive behaviour was observed 

with certainty when n=6. When n=l only mono-intercalation 

took place and when n=5 anomalous behaviour of an 

intermediate nature was observed^® .

This result is at variance with the generally accepted 

"neighbour exclusion principle" which states that 

intercalation may occur at any site on a DNA strand except 

those adjacent to an already occupied site ^ . Thus in 

the case of bifunctional intercalation, binding of type 

A (figure l) is disallowed by the neighbour exclusion 

principle, whilst binding of type B (figure 1) is allowed. 

A fully extended (CH^)^ chain is 8.8% long, but for type 

B bis - intercalation a chain of at least 10.1% is required. 

Thus (6 2 )(n=6) must bind in a type A manner.



Figure 4 : BifunctionaJ in ter cala t i or: ir.to a DNA double

helix. The drug chromophores are shown in solid outline,

and are linked together by a chain of atoms outside the 

helix. In (a) the chromophores are sufficiently far

apart to sandwich two base pairs (neighbour exclusion).

(a)

i t
10.2%

6.^8% , Id I

(b)

By contrast, however, a series of acridines of type ( 63) 

linked through the 9-amino groups by (C H ^ )^ N H (C H ^ )^ chains 

show that a minimum separation of 10.2% between chromo

phores is required for bis-intercalation, a result which

would appear to support the neighbour exclusion principle17

It has subsequently been demonstrated^^^that acridine 

chains bearing substituents at positions 2, 3 or 6 only 

act as bis-intercalators if they are capable of spanning 

two base pairs. However, unsubstituted and 1-substitu ted 

derivatives exhibit bis - in tercalation when linked with
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mu I'.!, u.hnrt'-r chains. Those results a r < rationa I i sen by 

postulating that intercalation is reiati\«ley insensitive 

to substituents which are positioned near the minor axis 

of the acridine nucleus, and the dimension of the long 

axis of the acridine chromophore determines the length of 

linker chain needed to permit bis-intercalation.

Since the long axis of ellip^ticine is larger than that of 

acridine, the above results would suggest that a bis- 

ellipticine would need to be capable of spanning at least 

two base pairs if it was to act as a bis - intercalator.

Thus the synthesis of ellipticine "dimers" linked by 

chains of at least 10.1% is indicated.
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RESULTS AND DISCUSSION



THE SYNTHESIS OF 

9-HYDROXYELLIPTICINE (j)

Our initial objective was to prepare 9-bydroxyellipticine 

in sufficient quantities to permit the preparation of 

"dimers" linked via the ellipticine 9-position by either 

ester or ether groupings.

The 0 -déméthylation of 9-methoxyellipticine is reported

to be accomplished in high yield by fusion with pyridine
hydrochloride^^, so that the first task was to prepare

this compound. A synthesis of 9-methoxyellipticine had
2 3recently been accomplished at Bath by Weerasinghe (see 

introduction pp 10 - IB). Therefore, we set about 

repeating this work on an increased scale.

The key intermediate in this synthesis is 3 -(3’-pyridyl) 

butanal (19) originally prepared in three steps from 
3-acetylpyridine (Scheme 22)

'COCH 3

Scheme 22 CHO

(19)

>

(64)(20)
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Thus 3-acetylpyridine was reacted with the sodium salt of 

triethylphosphonoacetate in THF to afford, after aqueous 

work up, ethyl 3-(3'-pyridyl)but-2-enoate in 88% yield.
The NMR spectrum of this material suggested that 

it consisted of a mixture of E and Z isomers present in a 

ratio of 1:1. TLC analysis also suggested a mixture of 

isomers; however, since the next step is a reduction of 

the double bond no attempt was made to separate the 

mixture.

The unsaturated esters (20) were hydrogenated in the 

presence of 10% palladium on carbon catalyst to afford 

ethyl 3 - ( 3 ’-pyridyl)butanoate (6l) in a yield of 70%, 

after distillation. This hydrogenation can be performed 

satisfactorily both at atmospheric and at a medium pressure 

(50 - 75 psi) of hydrogen, whichever is the more 

convenient. In the original synthesis 3 - ( 3 '-pyridyl)- 

butanoate (6l) was reduced directly to the aldehyde (19) 

with 1.5 molecular equivalents of diisobutylaluminium- 

hydride (DIBAl-H) at -78°C. However, in our hands these 

conditions gave only a 10% yield of the aldehyde (19) 

which then had to be separated from unchanged ester (61) 

by column chromatography. Use of a greater excess of 

DIBAl-H only led to over reduction, giving mixtures of 

unchanged starting material, the desired aldehyde (19) 

and the corresponding alcohol, 3-(3'-pyridyl)butan-l-ol

( 65) •
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CHO

(19)

i) DHSO/(COCl)g 

li)_________ 2 5 3 ^
1 ill) HgO

90%

We found that the alcohol (65) was readily separated by

column chromatography from the other compounds, and Swern 
oxidation^^ of it with DMSO and oxalyl chloride gave the 

aldehyde (19) in excellent yield. Therefore, we 

abandoned the use of DIBAl-H for the preparation of the 

aldehyde (19). Reduction of the saturated ester (6l) 
with lithium aluminium hydride gave the alcohol (65) in 

very high yield. Thus, although an extra step is required, 
the overall yield of the aldehyde (19) is comparable 

with the reported yield for the direct reduction of the 

ester (61) with DIBAl-H. Moreover, our method obviates 

the necessity to employ DIBAl-H which is an expensive 
reagent.

Reduction of the unsaturated ester (20) with lithium 

aluminium hydride also gave 3-(3 '-pyridyl)-butan-l-ol (65) 

but only in a 23% yield which was far inferior to the 

combined yield for the two stage reduction.

The remainder of the synthesis proceeded essentially as
23previously reported . Thus the aldehyde (19) was reacted 

with 1-methoxyphenylhydrazine hydrochloride in boiling 

ethanolic hydrogen chloride to give 5-methoxy-3-[l-(3 '- 
pyridyl) ethylj indole ( 66) in 39% yield, and acétylation of
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the indole nitrogen with acetic anhydride and triethyl- 

amine produced the acetate (67) in 70% yield. N-A^ination 

of the acetate (67) with MSH was followed by acétylation 

and méthylation of the intermediate to afford a good 

yield of the u, iodide salt (68). This material was 

treated with an aqueous solution of sodium cyanide, and 

the resulting oil was irradiated with UV light to give 

1-acetyl -5-me thoxy-3 - 1̂ 1- ̂ 3'-( 7. - cyan o pyridyl )j ethylj -indole
(&9) in an overall yield of 21% from the indole (6 6 ).

(66) (R=H)
(67) (R=Ac)

(68)

(69)

Treatment of the nitrile (69) with excess methyl lithium, 

followed by hydrolysis of the intermediate imine with 20% 
aqueous acetic acid, afforded 9-methoxyellipticine (2 ) in 

a yield of 83%. This compound was mixed with an approx

imately equal weight of dry pyridine hydrochloride, and 

the mixture heated to 20$°C to afford 9-hydroxyellipticine 

(4-) in 60% yield.
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Unfortunately, the yields we obtained in this synthesis
23were all slightly inferior to those previously quoted 

and as a result the quantity of 9-hydroxyellipticine 
which we were able to prepare was only O.fg. Therefore, 

in order to conserve this valuable product, we decided 

to carry out our trial "coupling” reactions on a "model” 

system. To this end we prepared 6-hydroxy-l,l-dimethyl- 
carbazole (70), and examined the alkylation and estér

ification reactions of this compound.

Synthesis and Reactions of 6-Hydroxy-l,1-dimethylcarbazole

6-Hydroxy-l,l-diraethylcarbazole (70) was prepared in 

two steps from 5-benzyloxyindole (71), scheme 23.

PhCH
4-

(71)

Scheme 23

(70)

Thus, condensation of 5-benzyloxyindole with hexan-2,5- 

dione gave 6-benzyloxy-l,l-dimethylcarbazole (72) in
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yield. Hydrogenolys is of this compound gave the 6-hydroxy- 
carbazole (7 0 ) in high yield.

6-Hydroxy-l,1-dimethylcarbazole ( 70) was chosen as the 

model for these reactions because, in addition to being 

an analogue of 9-hydroxyellipticine (l), 1 , l-dimethyl- 

carbazoles are themselves the starting materials of the 

Cranwell-Saxton synthesis of ellipticines (see introduction
pp 23-26).

Initially we studied the preparation of the diester of 

adipic acid and the hydroxycarbazole (73).

Treatment of two molecular equivalents of the hydroxy- 

carbazole (70) with one of adipoyl chloride in boiling 

acetone containing potassium carbonate gave virtually 

no reaction, although a second product could be detected 

by TLC, but was not isolated. A similar result was 

obtained when the reaction was performed in dichloro- 

methane containing dimethylaminopyridine. However, a 

good yield of the diester (73) was obtained from the 

hydroxycarbazole ( 70) and adipic acid on treatment with 

dicyclohexylcarbodiimide and a catalytic amount of 
dimethylaminopyridine in dichloromethane55.



Having established conditions for the linking process we 

now applied them to the pyridocarbazole series. Thus, 

treatment of 9-hydroxyellipticine with the above reagent 

combination in a mixture of dichloromethane and N,N- 

dimethylformamide gave the desired diester (71). However, 

the best yield obtained for this reaction was only 13^.

9-hydroxy

ellipticine
■>

CHgCO

(74)

A small sample (c a . lOmg) of the diester (y^) was submitted 

for preliminary biological screening at Glaxo Group 

Research Ltd. The in vitro activity of the compound 

against L1210 leukaemia was measured, and compared with 

that of 9-hydroxyellipticine. The concentration causing 

death of 50% of the tumour cells was similar for both 

compounds, at around 2ĵ \. This result may imply that 

the ester linkage is hydrolysed under the conditions of 

the test.

lie next turned our attention to the preparation of 

9-hydroxyellipticine ethers. We were particularly inter

ested in linking units containing amino groups, and with 

this in mind we attempted to alkylate the hydroxycarbazole 

(70) with 2-bromoethylphthalirnide (75):



(70)

0
(7$)

V

G

However, no reaction occurred when the carbazole (70) was 
treated with 1.1 molecular equivalents of bromoethyl- 

phthalimide in boiling acetone containing sodium carb

onate, or boiling ethanol containing sodium hydroxide.

On the other hand, the use of sodium hydride in DMF 

resulted in the elimination of hydrogen bromide from the 

alkylating agent to give N-vinylphthalimide (76).

0
(76)

9-n-Butoxyellipticine has been described in the liter- 

ature^^^, and was prepared from 9-hydroxyellipticine in



butan-i-ol in the presence ef‘ th d ineopun by 1 acetaJ of 

DMF. However, an attempt, to alkylate our model compound

(70) with 2-(2-benzyloxy)ethoxyethanol (77) under these 

conditions was unsuccessful, and gave only recovered 

starting materials.

HO

(70)

PhCH20CH2CH20CH2CH20H

(77)

\/

DMF-dineopentyl 

acetal

At this stage of our research Paoletti et al . published 

results on the oxidation and subsequent alkylation of 

9-hydroxyellipticine^^^. They suggest that in vivo 

oxidation of the drug may explain its high biological 

activity. In view of these results we decided to concen

trate on the synthesis of ellipticine derivatives with 

substituents at positions 1-, 3- and 5-.
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ATTEMPTED SYNTHESIS OF 

1-SUBSTITUTED ELLIPTICINE DERIVATIVES 

A synthesis of ellipticine derivatives substituted at the 

1-position of the pyridocarbazole skeleton was proposed 

which was based on Shannon’s synthesis of the alkaloid, 

(see scheme 16, pp 21-25)^^ (Scheme 2k)

Scheme 24-

(50)

(79)

Nu

<
HCl

Nu

N.H

OR
OR(78)

TsCl

The novel step in this route involves the addition of a

suitable nucleophile to the imine ( 50) to give the amine

(78). It was anticipated that the acidic carbazole N-H

group would deprotonate under the conditions of this

reaction. However, by adding one molar equivalent of a

strong base the carbazole conjugate base could be

generated, and this species could then be reacted with

the nucleophile. Alternatively, protection of the

carbazole N-H group may be necessary.
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It was anticipated that the amine (78) could be converted 

to the corresponding 1-substituted ellipticine (79) when 

subjected to the usual tosylation and subsequent acid
3 kcatalysed cyclisation procedure . Bis-ellipticines 

could be prepared by this method if a bifunctional 

nucleophilic reagent were to be used, or if the side 

chain introduced at the 1-position contained functionality 

which would allow subsequent intramolecular coupling of 
the 1-substituted ellipticine (79) itself.

A supply of 6-methoxy-l,4-dimethylcarbazole (80) was 

available, and a Vilsmeyer-Haack formylation of this 

compound with N-methylformanilide and phosphoryl chloride 

gave a 59^ yield of the 3-formylcarbazole (81). 

Condensation of this aldehyde with 1 -amino-2,2-dimethoxy- 
ethane gave the imine (82) in 82% yield.

CH.O

OCH
OCH

(82)
(81) (R=CHO)

As a preliminary model study it was decided to investigate 

the reaction of the imine (82) with n-butyl lithium, and 

to attempt to synthesise 1-n-butylellipticine (83). Thus, 
addition of 2.2 molar equivalents of n-butyl lithium 

solution to a solution of the imine (82) in dry THF at -78°C
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afforded, after aqueous work-up, a 53% yield of the 

desired amine (84. )•

NR

OCH
OCH

(85) (R=Ts)

N-Tosylation of (84.) with £ - toluenesulphonyl chloride and
sodium carbonate in aqueous THF proceeded very slowly, at a

rate comparable with the hydrolysis of _p-toluenesulphonyl

chloride. However, by adding extra portions of _p-toluene-

sulphonyl chloride and sodium carbonate as necessary, a 78%

yield of the sulphonamide (85) was ultimately obtained

after 3 days. N-Tosylation of the corresponding des-butyl
compound under the same reaction conditions is reported to

53be complete in under 2 hours . The very slow reaction 

rate in our case may be attributed to steric interference 

by the n-butyl side chain. In an effort to overcome this 

problem the amine (84.) was treated with p-toluenesulphonyl 

chloride in dry pyridine containing k-dimethylaminopyridine 

However, although the starting material was consumed 

within 5 hours, the isolated yield of the sulphonamide (85) 

was only 16% .

Treatment of the sulphonamide (85) with 5M hydrochloric 

acid in l,4--dioxan, did not lead to the expected 

1-n-butylellipticine (83). Instead a colourless solid was
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produced, which appeared to be a single component by TLC 

analysis on silica gel plates eluted with various sol

vent mixtures. The UV spectrum of this material exhibited 

the usual pattern associated with the carbazole chrorao- 

p hore. However the ^H NMR spectrum (reproduced below) 

was very complex, and appeared to indicate a mixture of 

products. The aromatic region of the spectrum (7-8ppm) 

showed three multiplets with relative integrals of 2:1:1. 

The signal of an aromatic methoxy group appeared at the 

expected position of 3.97ppm with a relative integral of 

3, but this signal consisted of at least three closely 

spaced singlets. Three singlets between 3-0 and 2.8ppm 

had a total relative integral of 3, and four peaks 

between 2.3 and 2.0 ppm also had a relative integral of 
3 overall. These peaks were assumed to be due to the 

resonances of various aromatic methyl groups. The peaks 

which were assigned to the signals of the n-butyl group 

consisted of a broad multiplet between 1.88 and l.Okppm 

which had an overall relative integral of 6. Also, at 

least three triplets between 0.97 and 0.76ppm had a 

relative integral of 3, and were presumably due to the 

resonance of the terminal methyl group.

There was no evidence in this spectrum for the presence 

of the 2 -toluenesulphonyl moiety. Also, the distinctive 

ABX pattern present in the starting material at 5.A and 

3.A-3.25ppm due to the NCH^CH(O C H ^ )^ moiety was absent.

The mass spectrum of this material run under 70eV 

electron impact ionisation showed a molecular ion at
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m / z - $86, and a strong fragment ion at m/z = $29, which 

could correspond to the loss of an n-butyl radical from 

the molecular ion.

Whilst it is not possible to be certain of the identity 

of this material, the most plausible possibility for the 

major component is the "dimer" (86).

CH^O

OCH

(86)

The empirical formula of the compound, and also of the 

major fragment ion, have been confirmed by high resolution 

mass spectrometry.

The apparent complexity of the NMR spectrum may be 
partially explained by the fact that the above structure 

may exist in one of two configurations, with the n-butyl 

groups either cis- or trans- to one another as represented 

b elow.
Bu H

H Bu 

trans-form cis-form

$3



Furthermore it is possible for the central cyclohexadiene 

ring to "flip" between two pseudo-boat conformations.

The planar transition state for this process is strained
3due to the necessity to increase the bond angle of the sp 

hybridised carbons to 120°. Thus it is reasonable to 

expect this process to be slow on the NMR time scale, and 

for distinct signals due to each conformation to be 

observed, rather than a time averaged signal.

In the case of the trans- form of the molecule, the two 

conformations are, in fact, a pair of enantiomers, and 

will therefore appear identical in the NMR spectrum. 

However, in the cis- form , one conformation has the two 

n- butyl groups both in pseudo axial positions and in the 

other both are in pseudo equatorial positions. It is 

difficult to predict which of these conformations would be 

preferred, since, in the di-pseudo equatorial conformer, 

molecular models suggest that there would be considerable 

steric interaction between the n-butyl groups and the 

carbazole methyl groups. However, in the other case, 

there would be steric repulsion between the di-pseudo 

axial n-butyl groups. Diagramatic representations of 

these conformations are presented below.

At higher temperatures interconversion between these two 

conformations will proceed more rapidly. Hence, recording 

the NMR spectrum at higher temperatures would be 

expected to produce a simplification of the spectrum.
This study is currently in hand.
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' ' i H r a !i: s r * - s*;;i r. lîi tiu ; uj, t’oi'iiia t i ou s - f  ̂h ' Moji- 

aromatic rin% of the cis-forn of (86). In (a) the butyl

groups are pseudo-equatorial, and in (b) the butyl group; 

are pseudo-axial. The carbazole chromophores have been 
omitted for clarity.

C9 H

(a) ( b)

A possible mechanism for the formation of (86) is outlined 
in scheme 25

Scheme 2 5

0
(85)

f. (90)

Ar

3^7

(88)

-H + H

+ RNH30„C,H,CH, 2 6 4 3

(87)

(89)
Ar

OCH
(88)

\/
(86)
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We postulate that acid catalysed elimination of the 

sulphonamide (87) from the parent substrate (85) affords 

the conjugated olefin (88). Under the acid conditions 

employed in this reaction (88) would exist in equilibrium 

with the stabilised carbocation (89). This species is then 

attacked by a second carbazole nucleus to afford the inter

mediate dimer (90), which is then able to cyclise to give (86)

In an attempt to overcome this problem, the reaction of 

the dilithium salt of hexa-1,5-diyne with the imine (82) 

was examined. This reaction would lead directly to a 

dimeric species, and inhibit the mechanism discussed above. 

Unfortunately, however, when two molar equivalents of the 
anion of (82) were treated with one molar equivalent of 

the dilithium salt of hexadiyne in THF, no reaction 

occurred, and unchanged (82) was recovered.

CUUO

2 n-BuLi

OCH
■>

OCHr

hi-— - ( ̂ H q ) 2  -bi

\/

In view of these results, we abandoned this approach to 

1-substituted ellipticines at this point.
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APPROACHES TO DiE SYNTHESIS

OF 3-SUBSTITUTED ELLIPTICINES

56

To date the only examples of ellipticines with 

substituents at the 3-position are the two 3-methyl 

ellipticines (9l) which were synthesised by Dalton 

via cyclisation of the azomethines (92) with ortho- 

phosphoric acid. Thus 3- substituted ellipticine 

’’monomers” would be of interest for pharmacological 

evaluation, and would provide further models for the 

analysis by X-ray diffraction and computer graphics of 

the mode of intercalation of ellipticine into D N A .

OEt

(92) (a, R=H)
(b, R=CH^)

(91) (a, R=H)
(b, R=CHj)

We proposed to prepare 3-substituted ellipticines from

3-formyl-l,X-dimethyl carbazoles via a synthesis based 

upon the Cranwell and Saxton route (see pp 23-26). We 

required a substituent at the ellipticine 3-position 

which would allow subsequent coupling to produce "dimers” 

linked via various spacing units of differing chain lengths.

A synthesis of 3-carboxy-9-methoxyellipticine (93) was 

proposed starting from the carbazole (80) and commercially
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available O-bt.-nzyl serine (91) as outlined in scheme y6.

S c h 0 Î ?, e 26
H2Ü (91)

R HO^C
'0CH2Ph

>
CO,H

(80) (R=H)
(81) (R=CHO)

(95) OCK^Ph

NaBH,I ^
V

M eO

CO.H

(93)

NR

(96) (R=H)
(98) (R=Ts)

It was hoped that condensation of 0-benzyl serine (9l) and 

the formyl carbazole (8I) and reduction of the imine (95) 
would lead to the amine (96). Conversion of (96) to the 

ellipticine (93) would involve N-tosylation, followed by 

0 -debenzylation, and subsequent oxidation of the resulting 

alcohol to the corresponding aldehyde. This compound 

would be expected to cyclise to the ellipticine ( 93) under 

the conditions employed by Shannon et a l _^4

In practice the aldehyde ( 8I) and 0-benzyl serine (91) 
were heated under reflux in toluene solution for 21 hours 

to give an unstable orange oil which was treated with 

sodium borohydridt in methanol to afford, after work-up



with acid, a hygroscopic foam. TLC analysis of this 

material showed a mixture of unchanged aldehyde (81 ) and 

a second spot which could not be moved from the base

line in any commonly used solvent system. Therefore, 

purification and characterisation of this material was not 

possible, and the mixture was treated p^toluenesulphonyl- 

chloride in aqueous THF containing sodium carbonate to 

give, after chromatographic separation, a overall

yield of the sulphonamide ( 97), rather than the expected 
sulphonamide (98 ).

NTs

(97)

Interestingly, the H NMR spectrum of this compound run 

in deuteriochloroform at 250MHz shows a sharp singlet at 
ĉ 3-23 ppm which integrates for 1 protons, and is assigned 

to the -N-CH^-CH^-O- moiety of the compound. The 

remainder of the NMR spectrum and the infra red and 

mass spectra are consistent with the above structure.

Formation of this compound probably arises from decarboxy

lation of the imine (95), which is able to proceed via a 

6-membered cyclic transition state as indicated below, 

followed by reduction of the resultant imine and N-sulph- 

onylation.
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Af^'^N NH TsCl
^  II  ^  I  >

Ar NTs

To overcome this problem the sequence was repeated with the 

methyl ester of 0-benzyl serine, which was prepared from 

0-benzyl serine in ^2% yield using thionyl chloride in 

methanol. Condensation of this compound with the formyl 

carbazole (81) in boiling toluene gave a yellow oil which

was shown by NMR spectroscopy to consist of a 
mixture of the desired imine (99) and unchanged starting
material (81). This mixture was treated with sodium

borohydride in methanol to afford, after chromatographic

separation, a slightly impure sample of the expected amine

(lo o) in an overall yield of 35^ from the formyl carbazole
(81).

(99)

NH

(100)
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At this stage we discovered, from a search of the chemical 

literature, that methyl-3,3-dimethoxy-2-aminopropanoate

(101)was a known compound which was readily obtainable
from methyl aminoacetate57 (Scheme 27 )

S cheme 27 
NH_

(103)

HNCHO

(102)

i) NaOMe/HCOMe 

 >
%2%

'COgCH^ 11) HCl/MeOH
CHjO

CHjO
° 2 ™ 3

(101)

The use of this intermediate (lOl) in Shannon's synthesis
3 /

of ellipticine should lead directly to pyridocarbazoles 

substituted at the 3-position by a CO^CH^ group (scheme 28) 

Furthermore, since in this case, the formation of the 

pyridocarbazoles system employs an established cyclisation 

reaction, we anticipated few problems with this procedure. 

By contrast, however, conversion of (lOO)to the 

corresponding ellipticine derivative requires the 

development of novel chemistry, which could prove trouble

some. This factor, together with the disappointing yield 

for the formation of 0-00} , prompted us to study the 

synthesis outlined in scheme 28 in preference to the 

approach starting from 0-benzyl serine.

Methyl N-formylaminoacetate(102) was obtained in 35% 

yield from the hydrochloride salt of methyl aminoacetate 

(103) by treatment with a mixture of sodium formate, formic 

acid and acetic anhydride. The sodium salt of (102),
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" j'.'j T.rij  ̂i 1,1. !Ti » ’ t h o X i d , was corunai sc-'d wit, a rnattiyi

formata in di'y ether, and the intermediate aldehyde was 

treated directly with methanolic hydrogen chloride to 

afford 0-01) in 6% yield after distillation. This very 

poor yield, whilst inconvenient, was not particularly 

important since the starting materials for this process 

are all cheap, and the reaction could easily be performed 

on a large scale.

(81) + (101)
03

CH
OCH

Scheme 28
\/

\/

(108)

CO^CH^
<■ NTs

OCH
OCH

(107)
Condensation of methyl-3,3-dimethoxy-2-aminopropanoate 

0-01) with the formyl carbazole (81) in boiling toluene 

gave the imine (101) in 73% yield. Reduction of (LOI) 

with sodium borohydride afforded two products which were 

readily separated by column chromatography. The major 

product, obtained in 73% yield, was the desired amine (105). 

The second product, obtained in l6% yield, was identified

02



by NMR s pnc Iron copy as brir - u n sa tu ra t (3(1 at:iirio estur

(106), which was assumed to have been tormed by base 

catalysed elimination of methanol from (105).

CH.O

(105)

CCU^H^
-CH^OH

O2CH2
(106) OCH 3

N-Tosylation of (105) with toluenesulphonyl chloride in 
aqueous THF containing sodium carbonate^^^ proceeded cleanly 

to give the sulphonamide (107), but at a very slow rate, 

and it was necessary to add additional portions of 

£ - toluenesulphonyl chloride and sodium carbonate, as the 

_p-toluenesulphonyl chloride was consumed by hydrolysis.

After 3 days the sulphonamide (107) was isolated in 30% 

yield, accompanied by a 63% recovery of unaltered starting 

material (105)•

Unfortunately, all of our attempts to effect the 

transformation of the sulphonamide (107) into the 3-subs- 

tituted ellipticine (108) proved unsuccessful.

CH-O. CH^O

CUCH

(107) OCH (108)

CO^CH^



When the sulphonamide (107) was treated with 6M hydrochloric 

acid in 1,4-dioxan at room temperature the starting 

material remained largely unchanged. However, when the 

mixture was heated under reflux, the starting material was 

consumed and a complex mixture of products was formed, 

from which it was not possible to isolate a single pure 

component. An attempt to separate the mixture by chroma

tography on silica gel eluted with mixtures of dichloro- 

methane and methanol gave a small quantity (<10%) of a 

yellow solid. The remainder of the material was not 

eluted from the column, even when it was washed with pure 

methanol, but if ammonia was added to the eluant then a 

dark coloured resinous product was obtained.

TLC analysis of the yellow solid revealed several very

closely spaced spots, all of which fluoresced strongly

under UV light. The UV spectrum of this mixture had an

absorbance with A 297 nm, which is an absorbancemax
characteristic of the ellipticine chromophore. However, 

a much stronger absorbance was observed at about 200 nm. 

Furthermore, the mass spectrum of this solid had no ion 

with m/z = 334-, which is required for the structure (109)

Since it was not possible to isolate any discrete products 

from this reaction we have no clear idea of why the 

reaction failed to proceed as expected. However, it is 

not unreasonable to expect that, under acid conditions 

the subs trate(107) may eliminate methanol to give the 

04,^-unsaturated ester (109).
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CH
NTs

OCH
OCH

(107)

(109)

-H

CH NTs

OCH

CH
NTs

OCH
HOCH

The ,^-unsaturated ester (109) may then react further by 

any of a number of possible mechanisms, such as attack 

of the carbazole nucleus onto the un saturated ester moiety 

in either the 1,4- or 1,2 sense.
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Furthermore, the acetal (107) may be able to cyclise under 

the reaction conditions by attack of the carbazole nucleus 

onto the ester group.

CH.O

(-0 OCH^

CH.O

CH.O

HO

Hence, we postulated that the difficulties encountered in 

the cyclisation of the ester (107) were due to the presence 

of an electron withdrawing and electrophilic functional 

group ^ - to the dimethyl acetal group. These problems 

could be overcome by altering the nature of the ^ - 

functionality, or by preparing a homologue of (107) in 

which the ester group is separated from the methine group 

of (107) by at least one extra carbon.

We chose to modify the nature of the functional group, 

thus reduction of the ester (107) with lithium aluminium 

hydride afforded the primary alcohol (110) in 60^ yield.
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together with 21% recovery of unchanged starting material. 

CH
NTs

(107)

OCH
OCH

NTs

OCH
(110) OCH

/\

CH^O
NH

CH^OH
OCH

(111) OCH
LiAlH

(105)

NH
< . ^ 0 _ C H g
r^^CH ^ ^
OCH^

A superior route to the alcohol (110) involved a reduction 

of the amino ester (105) with lithium aluminium hydride to 

give the amino alcohol (111) in 91% yield. A reaction of 

this product (111) with £ - toluenesulphonyl chloride in 

aqueous THF containing sodium carbonate was complete after 

stirring overnight at room temperature, and afforded a 

84-% yield of the N-tosyl compound (110), with no evidence 

for either the 0-tosyl or the dl-0,N-tosyl analogues
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Treatment of the alcohol(llO) with 6M hydrochloric acid 

in boiling 1,1-dioxan gave a mixture of products, several 

of which were strongly fluorescent when viewed under UV 

light. Chromatographic separation of the reaction mixture 

gave a low yield of a red solid which was homogeneous by 

TLC analysis. The mass spectrum of this material showed 

a very strong molecular ion at m/z = 306, which is the 

correct value for the expected 3-hydroxymethyl ellipticine 

(112). The UV spectrum exhibited the pattern usually 

associated with the ellipticine chromophore, and the 

100 MHz NMR spectrum was perfectly consistent with this 

structure.

(110) HCl/
>dioxan •OH

(112)

Unfortunately, however, the yield for this reaction was 

distressingly low, and it was only possible to prepare a 

few milligrams of the compound. Furthermore, the material 

obtained appeared to be impure since it was a reddish 

brown colour, and pure ellipticines are usually bright 
yellow. Also the melting points of the two samples which 

we prepared (180°C & 213^0) were not reproducible and were 

rather low compared with other ellipticine derivatives.



At this stage our supply of the amine (105) had become 

exhausted. Since 5-methoxyindole, the starting material 

for this compound, is very expensive, we chose to 

prepare 3-f ormyl-1, yi-dimethylcarbazole (113) via the same 

procedure used for the methoxy analogue (81) as outlined 

in scheme 29-

Condensation of (113) with ethyl-2-amino-3,3-diethoxypropan 

oate (114-) afforded the imino ester (115), and reduction 

of (115) with lithium aluminium hydride gave the amino 

alcohol (ll6). Tosylation of this compound again gave 

only the N-tosyl compound (117) which was used as the 

starting material for our further studies.

Méthylation of (117) with sodium hydroxide and iodomethane 

in DMSO gave a good yield of the dimethyl derivative (118). 

It was hoped that the absence of the free -OH group in 

this compound would improve the cyclisation reaction. 

However, treatment of (118) with 6M hydrochloric acid in 

dioxan gave a mixture from which no product could be 

isolated.

NTs

OEtCH OEt
(118)
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H

TsOH/EtOH,
>

Scheme 29
PhfCH^jNCHO/
POCl■3
37^

NH,

O^Et
>

EtO

OEt

CHO

(114) (113)

Toluene/

reflux

59%

LiAlH

OEt
OEt

OEt
OEt

(116) (115)
TsCl,

(from (115))

NTs

OEt
(117)
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Next, we attempted the prépara tier, et the aldceiyde (119), 

in the hope that this substrate would cyclise under acid 

conditions to afford 3-formylellipticine. However, the 

compound which was isolated from the Swerri oxidation^^ of 

(117) with DMSO and oxalyl choride was the ^ -unsaturated 

aldehyde (120) formed by elimination of ethanol from (121) 

With hindsight, this result was not surprising since we 

have previously found that the ester (105) eliminates 

methanol under basic conditions, and triethylamine is 

employed in the final stage of the Swern oxidation.

NTs

CH^OH
Et

OEt
(117)

NTs
CHO

OEt
OEt

(119)

7J



Attempts to cyclise the unsaturated aldehyde (120) with 

hydrochloric acid in dioxan or trifluoroacetic acid in 

dichloromethane were unsuccessful, and resulted in the 

formation of complex mixtures of products.

In the light of these rather disappointing results we 

decided to abandon this approach to 3-substituted 

ellipticines, and to use our remaining time to examine 

the synthesis of some 5-substituted ellipticines.

This decision was, in part, due to the results of some 

X-ray diffraction and computer graphics studies on the 

structure of the ellipticine and 7-methylellipticine - DNA 

complexes which were described whilst this work was in 

progress^^. These studies suggest that substituents at 

the 2, 5_, 6, 8, 9> 10 and 11 positions of the pyrido- 

carbazole have little effect on the intercalation of the 

chromophore between the base pairs. However, the 

introduction of substituents at the other skeletal 

positions (1, _3, 4- and 7) produces severe steric inter

actions between the substituent and the DNA.
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THK SYNTHESIS OF SOMF

5-SUBSTITUTFD FLLIFTICINES

Next, our attention turned to studies directed towards

the synthesis of bis-ellipticines linked via the 5-position

of the pyridocarbazole skeleton. The preparation of
23ellipticines developed at Bath is well suited to the 

formation of ellipticine analogues bearing various 5-sub- 

tituents, and is accomplished by the use of different 

nucleophiles in reactions with the nitrile (17). This 

process is exemplified by the preparation of 5-n-butyl- 

ellipticine^^ (121):

>
ii) AcOHNC.

1R 2R

(122) COCH 3 (121) %
1 .(17) R^=H

We proposed to use this process to synthesise 5-substituted 

ellipticines in which the substituent at position 5 

possessed the correct functionality to allow subsequent 

"dimérisation” of the compound. The construction of 

"dimers" in which the linking chain contained amino groups 

was considered to be particularly desirable, since the 

amino groups might hydrogen bond to the phosphate back

bone of the DNA molecule, and hence increase the binding 

affinity of the drug to it.

73



The nitrile (122) was prepared in the usual way from

3 - ( 3 ’-pyridyl)butanal (19) and phenylhydrazine . (Scheme30)

CHO
HCl

*NHHH 2

(19) i ) Ac^O
ii) MSH
iii) Ac^O
iv) Mel 

\|/v) NaCN

(15)

Scheme 30

NC

(122)
The Fischer indolisation reaction between phenylhydrazine 

and 3-(3'-pyridyl)butanal (19) was unsuccessful when it 
was performed in methanol solution saturated with dry 

hydrogen chloride, and resulted only in the formation of 

an intractible red oil. However, when ethanol was 

employed as solvent a modest yield of the pyridylethyl- 

indole (15) was obtained. Conversion of (15) to the 

desired nitrile (122) was accomplished as previously 

described for the preparation of the corresponding 

5-methoxyindole (69) (pp 4-1 - 4-2) in an overall yield of 
around 60%.

Initially we chose to examine the reaction of the nitrile

(122) with the anion of nitromethane, with the hope of 

obtaining 5-nitromethylellipticine(123) which could then 
be reduced to 5-aminomethylellipticine (121).
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(123) R=NO
(124) R=NH

2
2

R

However, when (122) was treated with three molecular 

equivalents of the sodium salt of nitromethane in methanol 

the N-acetyl group was removed, but no reaction occurred 

at the nitrile function, and the indole (17) was obtained 

in high yield.

We next attempted the synthesis of an ellipticine bearing 

a formylpropyl side chain ,-(C H ^ )^CHO , at the 5-position. 

Grignard reagents prepared from the diethyl acetal of

4-bromobutanal(125) have previously found use in organic 
synthesis and, therefore, it was expected that we could 

employ these reagents or the corresponding alkyl lithium 

species to introduce the appropriate group into the 

ellipticine "monomer". In order to investigate this route

4-bromobutanal diethyl acetal (125) was obtained from THF 

by a known procedure^^. (Scheme 3l)

Ring opening of tetrahydrofuran with 48% hydrobromic acid
gave a low yield of 4-bromobutan-l-ol which was isolated 

by fractional distillation. Oxidation of this compound
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with pyridinium chlorochromate (PCC) afforded a 70% yield

of 4-bromobutanal, which was converted into its diethyl- 

acetal (125) with triethylorthoformate in 58% yield.

^ 0 ^
+

HBr 

Scheiiie 31

■>
PCC

70%

\/

CHO

(125) OEt

Treatment of the nitrile (122) with 3-5 molar equivalents 

of the Grignard reagent o f (125) resulted only in deacetyl- 
ation of the indole, with no reaction at the nitrile 

group. This result was not entirely unexpected since it 

has previously been noted that the acetylated nitrile 

(122) fails to react with methyl magnesium bromide^^. The 

reason for this is unclear, but may be attributed to the 

lack of reactivity of Grignard reagents compared with the 

corresponding alkyl lithiums.

The lithium alkyl from (l25)has not been reported in the

literature . However, we found that a solution of the

bromide(125) iu dry ether reacted smoothly with lithium

shot to afford, after removal of the precipitated solids,

a pale yellow solution. Titration of this solution
6 2against diphenyl acetic acid showed a clear end point 

which is observed when the solution becomes yellow, and
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is due to the formation of the coloured dianion of 

diphenylacetic acid. This species is only generated by a 

strong base, and thus the observation of a distinct end 

point is good evidence for the formation of the alkyl 

lithium reagent.

Treatment of the nitrile (122) with a large excess of the 

alkyl lithium solution again resulted in deacetylation of 

the indole, but no reaction of the nitrile group. The 

failure of this reaction may be due to chelation of the 

alkyl lithium species by the acetal function, which thus 

reduces its reactivity. Whatever the cause it was a major 

setback in our work, which now had to be diverted to 

approaches to a rather less reactive "monomeric" species.

Et

R — Li
'«•/O'

Et

The alkenyl bromides 4-bromobut-l-ene and 5-bromopent-1- 

ene are commercially available, and the corresponding 

alkyl lithium^^ and Grignard^^ reagents are k nown. 

Furthermore, the chemistry of the olefinic bond is both 

broad and well established, and therefore we decided to 

attempt the synthesis of the 5-alkenyl ellipticines (126) 
and (127) in the hope that subsequent manipulation of the 

terminal double bond would facilitate the preparation of 

the required "dimers".
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(126) (n=2)
(127) (n=3)

CH =  CH

The nitrile (122) was deacetylated to (17) in high yield

by reaction with one molar equivalent of potassium 

hydroxide in ethanol. This material was used for all the 

following studies because it avoided the necessity to use 

one extra equivalent of alkyl lithium of Grignard reagent 

merely to effect removal of the N-acetyl protecting group.

However, the n i t r i l e (17 ) failed to react with two molar 

equivalents of the Grignard reagent from 4--bromobut-l-ene 

in dry THF. Of course, this result was not surprising in 

view of our previous experience with the use of Grignard 

reagents in this type of reaction, but it confirmed our 

decision to use alkyl lithium reagents in all future 

studies .

Attempts to prepare 4-lithiobut-l-ene by direct lithiation 

of 1-bromobut-l-ene in THF were unsuccessful. The lithium 

metal was consumed in this reaction, but the resulting 

solution failed to give an end point when titrated against 

diphenylacetic acid^^, and showed no obvious sign of
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reaction when added to water. We assume that this 

result was due to competitive elimination of hydrogen 

bromide from ^--bromobu t-1-ene, to give 1,1-butadiene.

The preparation of /i-lithiobut-l-ene is described in the 

literature^^^and proceeds via the dialkyl mercury compound

(128); this was isolated and purified before the trans- 

metallation reaction with lithium shot in hexane. (Scheme 

32)

Scheme 32

Mg/
THF

BrM, HgCl,
H

\/
Li

The authors of this work required halide free butenyl 

lithium in order to study its physical and spectroscopic 

properties. However, since we did not require such a 

high degree of purity in our sample, we chose to repeat 

this sequence without isolation of the intermediate.

Thus /^-bromobut-l-ene was reacted with magnesium turnings 

to give a solution of the Grignard reagent. A solution 

of 0.5 molar equivalents of mercury(I I )chloride in THF 

was then added, and this caused an exothermic reaction 

and the precipitation of magnesium chloride. However,
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the dialkyl mercury thus obtained reacted smoothly with 

lithium shot in THF to afford a colourless solution and 

precipitated mercury. A clear end point was observed when 

this solution was titrated against diphenyl acetic acid, 

and we were able to calculate that 10% yield of 1-lithio- 

but-l-ene had been produced.

Treatment of the nitrile ( 17) with an excess of the 

alkenyl lithium reagent at -78°C gave a new product which, 

without isolation, was hydrolysed with 20% acetic acid 

solution to give the expected 5-butenylellipticine (126) 
in an isolated yield of 28%. Since TLC analysis of the 
reaction mixture showed only one fluorescent spot, this 

isolated yield was disappointingly low. This probably 

stems from difficulties encountered during the isolation 

and purification procedure, due to the very poor solubility 

of this material, rather than from a low conversion rate 

in the reaction itself.

In contrast to l-bromobut-l-ene, 5-bromopent-l-ene 

underwent direct metal-halogen exchange when reacted with 

lithium giving a high yield of the corresponding pentenyl 

lithium. The nitrile (17) was then reacted with an excess 

of this reagent, followed by the usual mild hydrolysis 

with dilute acetic acid, to give 5-pentenylellipticine

(127)in an isolated yield of 10%.

Having successfully prepared the 5-substituted ellipticines
(126) and (127) we now turned our attention to the
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modification of the aikenyJ side chains. The cleavage

of olefinic bonds with sodium periodate catalysed by

osmium tetroxide to afford aldehydes is a well known 
6 5process

NalO./OsO 
R-CH^CHp ------------  R-CK-0

Moreover, this reaction has been performed in acetic acid 

solution, in which the ellipticines (126) and (127) are very 

soluble, and the conditions employed are extremely mild.

We were, therefore, confident that this reaction could be 

successfully applied to the alkenyl ellipticines (126) and
(127) to give the aldehydes (129) and (130) respectively.

(129) n=2
(130) n=3

CHO

The very broad chemistry of aldehydes means that these 

compounds could be converted into a wide variety of 

precursors containing different functional groups. In 

particular we were interested in the possiblity of 

preparing amines from (I29)or(130) by reductive amination.

Treatment of a solution of 5-butenylellipticine (126) in 

80% acetic acid with 2.7 molecular equivalents of osmium 

tetroxide, afforded a single product which was isolated 

in 50% yield. However, this compound did not form a 

2,1-dinitrophenylhydrazone, and its infra red spectrum had



no absorbance between I6OÜ and 2U00crn  ̂, showing that the 

compound was not an aldehyde. The mass spectrum showed 

a strong molecular ion at m/z = 288, which is the correct 

value for the predicted product (129). However, a strong 

fragment ion at m/z = 270 was also observed which corres

ponds to a loss of H^O from the parent molecule - a process 

which would not be predicted for the aldehyde (129). On 

the basis of these observations we concluded that the 

isolated product was not the aldehyde (129), but the 

derivative carbinolaraine (131), formed by intramolecular 

cyclisation.

(131)HO

The UV spectrum of this material is similar to that of 

ellipticine confirming that the pyridocarbazole chromo

phore is still present. The^H NMR spectrum is consistent 

with the above structure. Thus there are no signals at 

the usual chemical shift positions for the aldehyde 

methine or ellipticine N-H protons. A doublet at &6.96ppm 

may be assigned to the resonance of the 0-H proton, and 

a multiplet at S6.63ppm to that of the adjacent methine 

proton (CH-OH). These assignments are confirmed by 

deuterium exchange which results in the disappearance of 

the doublet, and simplification of the multiplet which 

becomes a triplet.



The c'lbovt; reaction was repeated on 5-pentenyl ellipticine 

in the hope that cyclisation of the aldehydf (130) would 

be less favoured due to the formation of a seven membered 

ring. However, an inseparable mixture of products was 

in fact obtained, with a 50% recovery of material. The 

infra red spectrum of this mixture had no absorbance at 

the stretching frequency expected for a carbonyl group, 

and there was no signal in the NMR spectrum which 

could be assigned to resonance of the proton of an alde

hyde group. The mass spectrum contained a molecular ion 

at m/z = 302, and a strong fragment ion at m/z = 284, 

corresponding to loss of water from the parent ion. Thus 

since there is no evidence for the existence of the alde

hyde (130), a major component of the mixture would appear 

to be the seven membered carbinolamine (132).

(132)

We speculated that the carbinolamine (131) would exist 

in equilibrium with a low concentration of the aldehyde 

(129), and hence it may still be possible to exploit the 

reactivity of the aldehyde group. Therefore we decided 

to examine the reactivity of the carbinolamine (131) 

with diethylamine under the conditions usually employed 

for the reductive amination of aldehydes. The results



of these r c t i on s are summarised in table 1. (p 85)

HO- OHC.
(129)

(131)
/i) HN(Et)-
4i) [h]

No reaction occurred after 2 days when the carbinolamine 

(131)was treated with excess diethylamine under hydrog

enation conditions (entry 1). However, this result may 

be due to the poor solubility of (131) in ethanol

Sodium cyanoborohydride has found widespread use as a 

reducing agent in the reductive amination reaction^^, and 

this reagent may be used under acid conditions in which 

ellipticines are soluble. When (131) was treated with 

diethylamine and sodium cyanoborohydride under neutral 

or slightly acidic conditions (entry 2a), the starting 

m a t e r i a l (131) was re-precipitated, and no reaction occurred



Table 1

Reaction conditions Results

Excess HN(Et)_/EtOH/Pd/H No reaction
At room temperature.

Excess HN(Et)_ + NaCNBH- in
methanolic HCl.

Neutral conditions No reaction
Acid conditions Formation of : -

(133)

Excess HNCEt)^ /HOAc
a) Room temperature

b) Reflux
No reaction

Decomposition

Excess HN(Et)g/CHClg/reflux. No reaction



However, when the precipitate was redissolved by addition 

of excess methanolic hydrogen chloride (entry 2b) a new 

product was formed which we believe from mass spectral and 

NMR data to be the methyl ether (133). A possible 
mechanism for the formation of this product involves 

initial protonation and dehydration of the carbinolamine 

(131) to give the intermediate ( 134-) which is attacked by 

a molecule of methanol to afford (133). (Scheme 33)

■>

(131)

NH

Scheme 33

CH

If this mechanism is correct, substitution of methanol 

by other nucleophiles would lead to different substitution 

on the non-aromatic ring. With this in mind, we studied 

the reaction of the carbinolamine(131) with diethylamine 

in acetic acid, in the hope that the cyclic amine (135) 

would be formed (entry 3).



However, at. room temperature no reaction occurred, and 

at reflux temperature the starting material decomposed to 

give a complex mixture. The failure of this reaction 

was not surprising as the low acid strength of acetic 

acid would mean that the formation of the proposed 

intermediate (134-) would be slow. Also, in acetic acid 

solution the equilibrium concentration of free diethylamine 

would be low.

In the light of the results discussed above, it is clear 

that protection of the ellipticine N-H group is necessary 

to prevent the aldehydes from cyclising. Thus 5-butenyl

ellipticine (126) was treated with sodium hydride followed 

by benzyl bromide in DM F to give a 4-1^ yield of the N-benzyl 
ellipticine (136). This product was subjected to the usual 

oxidative cleavage conditions of sodium periodate and 

osmium tetroxide to afford the aldehyde (137) in 20^ yield,

( Scheme 34-) .

>

PhCH(126)

NalO./OsO

PhCH CHO
1



Unfortunately, the disappointing yields for these reactions 

meant that we were only able to prepare lOmg of the 

aldehyde (137), and this was insufficient material with 

which to study the chemistry of this compound. Shortage 

of time meant that we were unable to prepare any more of 

this material.

Future research, which is presently in hand, will involve 

the synthesis of sufficient material to study the reactivity 

of this product. It should be possible to increase the 

overall yield for the process by introducing the benzyl 

protecting group at an intermediate stage, as outlined in 

scheme 35.

H
(15)

Scheme 35

>

B z

\/

\/

(136)
B z



A range of different reactions of olefins were attempted 

using 5-butenylellipticine (126) as the substrate. The 

reaction conditions and results are summarised in table 

2 (p 90 ).

Initially, we attempted the oxidative cleavage of the 

double bond with sodium periodate and a catalytic amount 

of potassium permanganate (entry 1). This reagent 

combination acts in a similar way to sodium periodate and 

osmium tetroxide, but results in the formation of carboxylic 

acids^^. However, when the reaction was attempted with 

(126), no reaction occurred and unchanged starting material 

was recovered. This was probably the result of the 

insolubility of 5-butenylellipticine in butan-l-ol which 
was employed as solvent in this reaction.

Ozonolysis of olefins, followed by reduction of the ozonide
68with sodium borohydride gives primary alcohols :

i) 0-
R-CH^CHg _____  ^  R-CH^-OH

ii) NaBH.4

Unfortunately, however, ozonolysis of (126) at -78°C in a 

mixture of methanol and dichloromethane, followed by 

treatment with sodium borohydride at -78°C (entry 2) gave 

a highly complex mixture of products and ten components 

could be detected by TLC analysis.
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Table 2

Reaction conditions Results

1 NaIO.(l eq) + KMnO.(cat) 4 4
in aqueous butan-l-ol

No reaction

2 i) Ozonolysis at -78°C 

il) NaBH^
Decomposition

3 a) i) NaBH^/BFj etherate 

il) HjN-OSOjH

b) i) BHj
ii) NH.OH 4

No reaction

Starting material recovered 
+ unidentified product - 

probably primary alcohol

k i) HgfNOgjg/CH^GH

ii) NaBH,4

No reaction

5 AcOH + di-t-butyl- 

peroxide/reflux
No reaction

6 a) HBr/AcOH/reflux

b) As above + 

di-t-butylperoxide

Markownikoff addition of HBr 

As above

7 Ritter reaction - 

H^/CH^CN
See table 3
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It has been reported that organoboranes - produced by

hydro boration of olefins - react with hydroxylamine to
é) 9form the corresponding amines . Thus we reacted 5- 

butenyl ellipticine with boron trifluoride etherate and 

sodium borohydride, followed by treatment with amino 

sulphonic acid (entry 3a). However, only unchanged start

ing material was recovered. Treatment of the butenyl- 

ellipticine(126) with diborane, followed by dilute 

ammonia solution (entry 3b), also gave mainly recovered 

starting material. However, a very small amount of a 

second product was isolated, and mass spectral data of this 

compound suggests that it is the primary alcohol (138).

(138)

The solvomercuration of olefins with mercuric nitrate in

the presence of acetonitrile, followed by demercuration
70with sodium borohydride is known to yield acetamides 

However, 5-butenylellipticine(125) failed to react under 
these conditions (entry l) , and again this is probably due 

to the low solubility of the ellipticine in acetonitrile.

It has been reported that, in the presence of free 

radical initiators such as peroxides, acetic acid adds to 

terminal olefins to give straight chain carboxylic acids



CH.)CO H 
^ *

However this reaction failed when applied to 5-butenyl

ellipticine (entry 5), despite the fact that 5-butenyl

ellipticine is soluble in acetic acid.

On the credit side, addition of hydrogen bromide to 

5-butenylellipticine in acetic acid gave a good yield of 

the Markownikoff addition product (139) (entry 6).

Br

(139)

We would have preferred the primary alkyl bromide 

which would result from free radical addition of hydro

gen bromide to 5-butenylellipticine. However, the addi

tion of a free radical initiator to the reaction mixture 

(entry 6a) did not affect the outcome of the reaction.

It would appear that this lack of success is due to 

the fact that it is necessary to perform the reaction in 

polar solvents in which ionic addition is favoured over 

the radical process.

Unfortunately, attempts to react the bromide (139) with 

diethylamine were unsuccessful. In DMSO as solvent a



complex mixture of products was formed, whilst use of a 

mixture of methanol and dichloromethane gave no reaction

HN(Et)
(139)

2

Undoubtedly other solvents such as N ,N-diraethylformamide 

could be tried under more forcing conditions, but 

shortage of both time and material curtailed further 
studies on this compound.

Finally we turned our attention to a study of the Ritter

reaction of 5-butenylellipticine ( 1 2 6 ) (entry 7). In this

process protonation of an olefin by a strong acid, often

sulphuric acid, gives a carbocation which is attacked by

a nitrile - usually acetonitrile or hydrogen cyanide -

to afford an intermediate (I4.O), which is subsequently
72hydrolysed to the corresponding amide

R-CH=CH 2
Ht

R-CH-CH- /K 3
R '

CH 3
R-CH-NH-C-R'I I0

tautomerism

CH.
I

R-CH-NsC-R' 
© P

(1^0) koH

\1/CH.I 3
R-CH-N=C-R'I

OH



The results of these studies are summarised in table 3.

Initially (entry 1) a slight excess of acetonitrile was 

added to a solution of 5-butenylellipticine in 90$ 

sulphuric acid. On work-up (basification and extraction) 

no material was extracted into the organic phase. Evap
oration of the aqueous phase gave a yellow solid. 

Characterisation of this material is still to be completed 

and is made more troublesome by the nature of the product 
which is very hygroscopic and water soluble, and hence 

difficult to purify. However, the UV spectrum of this 

material is indistinguishable from that of 5-butenyl

ellipticine, thus allowing us to infer that reaction has 

occurred at the side chain rather than at the ellipticine 

nucleus. We believe this product to be the sulphate 

e s t e r (1^1) formed by addition of sulphuric acid to 5-but

enylellipticine:

In efforts to minimise the formation of (14-1) the reaction 

was performed with the minimum amount of sulphuric acid 

(entries 2 - 5 ) .  Thus, dropwise addition of 90$ sulphuric 

acid to a suspension of the ellipticine in acetonitrile
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Table 3

Acid Conditions Results

1 90$ H^SO^ CHgCN added to solution 3
of (126) in excess acid

Water soluble 

product formed

2 90$ H^SO^ Minimum amount of acid 

added to suspension of 

(126) in CH^CN

35$ Yield of (142)

3 90$ H 2SO Suspension of (126) in 

CH^CN added to excess 

acid

8$ Yield of (142)

k 90$ HgSO^ Acetic acid used as 

co-solvent
No reaction - 86$ 
recovery of (126)

5 Gone. H^SO^ As procedure 2:

a) room temperature

b) reflux temperature

No reaction

Water soluble 

product formed

6 BF3 As procedure 2 No reaction

7 88$ HjPO^ As procedure 2 No reaction

8 CH-C/H,SO_H 3 0 A 3 As procedure 2 No reaction

9 CF^COOH As procedure 2 No reaction
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was continued until solubility was effected (entry 2 ). 
Eventually, this led to a 35^ yield of the desired 

acetamide (14-2). The bulk of the material remained with 

the aqueous phase, and was assumed to be the sulphate (14-1 )

(142)

In an alternative approach described in entry 3, a 

suspension of 5-butenylellipticine in acetonitrile was 

added to eight molecular equivalents of 90% sulphuric acid. 
This led only to a disappointing 8% yield of the acetamide

Addition of acetic acid as co-solvent (entry 4-) resulted 

in no reaction, and a good recovery of unchanged starting 

material. Use of concentrated sulphuric acid, in place 

of 90% sulphuric acid, in the procedure of entry 2 ,
(entry 4-) gave no reaction at room temperature, and, 

presumably, formation of the sulphate ( I4.I) on heating.

Ritter reactions have been described in which sulphuric
7 3acid is replaced by; boron trifluoride , orthophosphoric

74 75acid , _p-toluenesulphonic acid or trifluoroacetic

acid . However, no reactions occurred when 5-butenyl-
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ellipticine in acetonitrile was treated with any of these 

acids (entries 6 - 9 ) .

Thus our best yield of the acetamide (14-2) was 35^ which 

did not encourage us to prepare enough of the compound for 

further reactions bearing in mind the number of steps 

required to obtain the starting material and also the steps 

remaining en route to our targets.
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EXPERIMENTAL



EXPERIMENTAL

General

Melting points were recorded on an Electrothermal Mk. II 

apparatus and are uncorrected. Infra-red spectra were 

recorded on Perkin-EImer 197 or 1310 grating spectro

photometers. Ultra-violet spectra were recorded on 

Perkin-Elraer 4-02 and Lambda 3 instruments in ethanol 
solution. NMR Spectra were run at 60 MHz on

Perkin-Elmer R24-B and Varian EM360 spectrometers; at 

100 MHz on a JEOL PS 100 spectrometer; at 250 MHZ on a 

Bruker instrument using the facility at Glaxo Group 

Research Ltd; and at 4-00 MHz using the SERC facility at 

Warwick University. Mass spectra and high resolution 

accurate mass measurments were determined on a VG7070E 

instrument with VG2000 data system.

TLG analysis was performed on Merck DC-Alufolien plates 

coated with Kieselgel 60 Unless otherwise stated

column chromatography was performed in short path columns 

packed with Merck 774-7 silica gel, and the solvent was 

eluted under pressure provided by hand bellows. The term 

"flash column chromatgraphy" refers to the technique 

described by W . Clark-Still Ethyl acetate and light

petroleum used for chromatography were distilled prior to 

use. The term "light petroleum" refers to the fraction 

boiling at 60 - 80°C.

THE was dried by distillation from sodium/benzophenone 

ketyl. Diethyl ether was dried by standing over sodium



wire for at least 24 hours. Dichloromethane was dried 

by distillation from calcium hydride, and DMSO was dried 

by standing over 4^ molecular selves which had been 

activated by heating to 150°C overnight under reduced 

pressure.

Unless otherwise stated, all other solvents and reagents 

were used as supplied.
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Ethyl 3-(3 -pyridyl)but-2-enoate (20)

Triethylphosphonoacetate (82g, 0.37mol) was added dropwise 

to a stirred suspension of sodium hydride (50% dispersion 

in oil) (l8g, 0.37mol) in anhydrous THE (120cm^) under 

an atmosphere of dry nitrogen. The temperature was 

maintained below 10°C throughout the addition, which 

required 90 minutes. 3-Acetyl pyridine (30g, 0.25mol) 

was added dropwise at 5 - 10°C, and the mixture was left 

to stir for one hour. The resulting dark red solution
q

was poured into ice water (1500cm ) , and extracted with 

dichloromethane (5 x 150cm ). The combined, dried (Na^SO^) 

extracts were evaporated to give an amber oil (39g, 88%) 

which was used without further purification.

TLG(SiO^/ethyl acetate); Rf = 0.75(minor component),

0.77(major component).

1715, 1630, 1585

^15, 258
NMRfCDCl^j.fy/ppm; 8.80 (IH, d, J=2.4Hz, H-2), 8.67 (IH, 

dd, J^=5Hz, J2=1.5Hz, H-4), 7.85 (IH, m, H-6), 7.35 (IH, 

m , H-5), 6.16 (0.8H, q , J=lHz, C=CH, E-isomer), 6.05 

(0.2H, q , J=lHz, C=CH, Z-isomer), 4.25 (2H, m , J=7Hz, 

CH^-CH^), 2.65 (3H, d, J=lHz, CH^-C=C), 1.32 (3H, t,

J=7Hz, CH^-CH^).
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Ethyl 3-(3 *-pyridyl)butanoate (64 )
A suspension of ethyl 3 -(3’-pyridyl)but-2-enoate (39g) 

in 95% ethanol (600cm ) was hydrogenated at ambient 

pressure and temperature in the presence of 10% Pd/C 

catalyst for two days. The mixture was filtered through 

"Celite" and evaporated to afford a yellow oil, which was 

distilled under reduced pressure to give a clear, colour- 

less oil (27.6g, 70%) (bp 95 - 98°C/0.8mmHg).

TLCfSiOg/ethyl acetate): Rf = 0.65

(smear)/cm"l; 1738, 1590, 1580 

^Q^^/nm; 215, 258, 264, 271

NMR(CDClj), 8.8-8.4 (2H, m, H-2, H-6), 7.7 (IH, dt,

J^=8Hz, J2=2Hz, H-4), 7.22 (IH, dd, J^-8Hz, J^^^Hz, H-5), 

4.05 (2H, q, J=7Hz, CH^-CH^), 3.3 (IH, m, CH^-CH-CH2 ), 
2.55 (2H, d, J=7Hz, CH-CH^), 1.3 (3H, t, J=7Hz, CH^-CH2 ).

DIBAl-H Reduction of ethyl 3-(3'-pyridyl)butanoate (6 4 )
A 25% solution of DIBAl-H in toluene (9c m ^ , 1. 5mol eq)

was added dropwise to a solution of the ester (64) (1.8g,

Imol eq) in dry toluene (20cm^) at -78°C under a dry

nitrogen atmosphere. The mixture was stirred at -78°C for
q

two hours, then water (20cm ) was added dropwise. The

phases were separated, and the aqueous phase extracted
q

with ethyl acetate (50cm ). The combined, washed (brine) 

and dried (Na^SO^) organic layers were evaporated under 

reduced pressure to afford a yellow oil (l.5g, 93%) which 

was a mixture of starting material and the aldehyde (19). 

Chromatographic separation on silica gel, eluted with ethyl
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acetate, gave the aldehyde (19) as a pale yellow oil 

(0.52g, 43%), which was identical to the material 

obtained by Swern oxidation of the alcohol (65).

3 - ( 3 '-pyridyl)-butan-l-ol (65)

A solution of ethyl-3-(3'-pyridyl)butanoate (9-lg, 0.05mol)

in dry ether (80cm^) and dry THF (30cm^) was added

dropwise to a stirred suspension of lithium aluminium

hydride (2.0g, 0.05mol) in dry ether (100cm ) under dry

nitrogen. The mixture was stirred at room temperature for

thirty minutes, then cooled in ice. A 33% aqueous
q

solution of potassium sodium tartrate (lOOcm ) was added 

cautiously with vigorous stirring. The mixture was stirred 

at room temperature for ten minutes, then the phases were 

separated, and the aqueous phase extracted with ethyl
q

acetate (3 x 75cm ). The combined organic layers were 

washed (brine), dried (MgSO^) and evaporated under reduced 

pressure to afford a clear, colourless oil (6.75g, 90%) 

which was sufficiently pure for use in the next stage.

TLC(Si02/ethyl acetate); Rf = 0.15

3275(0H)

m/z = 152 (M+)

NMR(CDCl^), fjj/ppm: 8.34 (2H, m, H-2, H-6), 7.51 (IH, dt, 

J^=8Hz, J2=5H z , H-5), 3.96 (IH, s, exchanges with D^O,

0-H), 3.52 (2H, td, J^^:6Hz, J2 = 2HZ, CH2-CH2-OH), 3.00 (IH, 

m, CH_-CH-CH2 ), 1.84 (2H, m, CH2 -CH2-OH), 1.25 (3H, d, J= 
7Hz, CH^-CH).
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3 -(3'-Pyridyl)butanal (19)

A stirred solution of freshly distilled oxalyl chloride
3 3(4.0cm ) in dry dichloromethane (150cm ) was cooled to

-60°C under a nitrogen atmosphere. A solution of dry DMSO
O O

(7.3cm ) in dry dichloromethane (30cm ) was added dropwise, 

maintaining the temperature of the solution below -50°C.

The solution was kept at -60°C for 10 minutes, then a 

solution of 3-(3'-pyridyl)butan-l-ol (6.3g) in dry 

dichloromethane (25cm ) was added dropwise at temperatures 

below -50°C, and the resulting solution kept at -60°C for
q

a further 30 minutes. Dry triethylamine (31cm ) was added 

at -60°C, and the resulting brown suspension allowed to
q

warm to room temperature over one hour. Water (lOOcm )

was added, and the mixture was thoroughly stirred. The

phases were separated, and the aqueous phase estracted
q

with dichloromethane (lOOcm ). The combined, dried (MgSO^) 
organic layers were evaporated, and the residue was 

chromatographed on silica gel (lOOg) eluted with ethyl 

acetate to give the product as a brown oil, which was 

sufficiently pure for use in the next stage.

T L C (SiO^/ethyl acetate); Rf = 0.35 

^max(smear)/cm"^; 2720, 1720. 1590. 1570 

NMRiCDClj) , 9.75 (IH, t, J=lHz, CH^-CHO),

8.45-8.3 (2H, m,H-2, H-6), 7.5 (IH, dt, J^=8Hz, J2=2Hz, 

H-4), 7.25 (IH, dd, J^=8Hz, J2=5Hz, H-5), 3.35 (IH, m, 

CH^-CH-CHg), 2.65 (2H, dd, jq=7Hz, Jg^lHz, CH-CH^-CHO), 

1.25 (3H, d, J=7Hz, CH^-GH).
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5-Methoxy-3-[l-(3'-pyridyl)ethyl] indole (66)

A mixture of 3 - ( 3 ’-pyridyl)butanal (19) (6.8g), 4-methoxy- 

phenylhydrazine hydrochloride (8.0g) and saturated 

methanolic hydrogen chloride (I70cra ) was heated under 

reflux for three hours. The mixture was poured into water
Q

(I75cm ), and made basic by the addition of solid sodium 

carbonate. The resulting precipitate was collected by 

filtration, washed with water, and then ethyl acetate, and 

crystallised from ethyl acetate to give the product as 

off-white needles (4.4g, 39%), mp 138 - 139°C (lit.^^

136 - 1 37°C).

T L C (SiO^/ethyl acetate); Rf = 0.44

3180, 3160, I6OO, 1580, 1570 

220, 270, 295, 307 
NMR(GDClj/DMSO) , cfjj/ppm; 9-4 (IH, bs, N-H) , 8.6-8.3,

(2H, m, H-2', H-6'), 7.6 (IH, m, H-4'), 7.4-7.2 (3H, la, 

H-4,-6 &-7), 6.9-6.7 (2H, m, H-5', H-2), 4.38 (IH, q, 

J=7Hz, CH^-GH), 3.73 (3H, s, CH^O), 1.7 (3 H , d, J=7Hz, 

CHj-CH).

l-Acetyl-5-methoxy-3-Cl-(3'-pyridyl)ethyl]indole (67)

A solution of 5-methoxy-3- 1-(3'-pyridyl)ethyl indole (66)
q

(2.2g) in a mixture of acetic anhydride (20cm ) and
q

triethylamine (5cm ) was heated under reflux for 90

minutes. The solution was concentrated in v a c u o , and the
q

residue dissolved in chloroform (20cm ), and washed with
q

saturated sodium carbonate solution (2 x 10cm ). The 

dried (MgSO^) organic phase was evaporated to afford a
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yellow oil which slowly crystallised on standing. Recrys 

tallisation from methanol gave white microcrystals (l.4g, 

54?) , mpll2° - 114°C

T L G (SiO^/ethyl acetate); Rf = 0.30 

1730 - 1700 (0=0)

NMR(CDCl^) , (Tjj/ppm; 2.5 ( 3 H , s, COCH^) (The remainder 

of the spectrum was similar to that of the starting 

material).

Preparation of the N-methylacetamidopyridinium iodide of
(67).(68)

A solution of l-acetyl-3-methoxy-3-[1-(3'-pyridyl)ethyl] 

indole (67) (5.4-g) in dry dichloromethane (4-Ocm^) was 

cooled to -5°- 0°C. An ice cold solution of freshly 

prepared MSH^^ (4.4-g) in dry dichloromethane (20cm^) was 

added and the mixture was stirred at 0°C for 45 minutes. 

The resulting orange solution was poured into dry ether 

(250cm^), and the solvent was decanted from the resulting 

white gum, which was then reacted immediately in the next 

stage.

The above gum was dissolved in ethanol (250cm ), and the 

solution was cooled in ice. Ice-cold acetic anhydride
O

(lOOcm ) was added in four portions, and the mixture was 

kept at 0°C for fifteen minutes. The solution was caut

iously added to a cold saturated aqueous solution of
q

potassium carbonate (60Gcm ), and the mixture was stirred 

at 0°C for thirty minutes to destroy excess acetic anhy
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dride, and then rapidly filtered to remove the precipitated 

potassium acetate. The filtrate was extracted with ice- 

cold dichloromethane (3 x 250cm ), and the combined, dried 

(MgSO.) extracts were evaporated under high vacuum without 

the application of heat, to afford an unstable yellow oil 

which was reacted immediately.

The above oil was dissolved in a mixture of acetone (250
q q

cm ) and iodomethane (50cm ), and heated under reflux for 

20 minutes. The resulting orange suspension was evapor

ated to dryness to afford a bright yellow solid which was 

washed with acetone, and collected by filtration (6.6g, 

71%). This salt was not characterised, and was used 

directly for the preparation of the nitrile (6 9 ).

l -Acetyl-3- 1-[3-( 4-cyanopyridyl) ethyl] -5-methoxyindole

(69 ) 
q

A solution of potassium cyanide (2.6g) in water (35cm ) 

was added to a stirred suspension of the methiodide salt

(68) (6.6g) in water (70cm^) and ethanol (20cm^) cont

aining ammonium chloride (3.0g). The mixture was stirred 

at room temperature for two hours, and then extracted with 

dichloromethane (3 x 50cm ). The combined extracts were
q

thoroughly washed with water (4 x 60cm ), dried (Na^SO^), 

and evaporated under reduced pressure to afford a yellow 

oil. The oil was dissolved in ethanol (150cm ), and the 

solution irradiated with long wavelength UV light for one 

hour. Evaporation gave a yellow oil which was purified 

by column chromatography on silica gel (50g) eluted with
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ether to afford a colourless solid product (2.33g,55%), 

mp 93 - 95°C 95 - 96°C)

; 2225 (CM). 1700 (CO)

NMR(DMSO). (^/ppra; 8.65 (IH. s. H-2'). 8.6 (IH. d. J=6Hz. 

H-6'). 8.28 (IH. d. J=10Hz. H - 7 ) . 7.5 (IH. d, J=6H z . H-5'),

7.4 (IH. s. H-2). 6.9 (IH, dd, J^=10Hz, Jg=2Hz, H-6),

6.65 (IH, d. J=2Hz, H-4), 4.65 (IH. q, J=7Hz, CH^CH),

3.8 (3H, s, GHjO), 2.64 (3H. s, CH^CG). 1.9 (3 H , d, J=7Hz, 
CHjCH) .

9-Methoxv-5,Il-dlmethvl-6H-pvrldo[4,3-b]carbazole.

(9-Methoxyellipticine). (3).

A solution of l-acetyl-3-[l-[3-( 4--cyanopyridyl )]ethyl ]-5-
methoxyindole (6 9 ) in dry THF was added dropwise to a

solution of methyl lithium (1.115M, 27cm^) in dry THF

(50cm^) at -78°C. The solution was allowed to warm to

room temperature over a period of two hours, then poured

into ice-cold 20% aqueous acetic acid (250cm ). The

resulting yellow solution was heated under reflux for one

hour, then cooled to room temperature. Saturated sodium

carbonate solution and solid sodium carbonate were added

cautiously until the mixture was basic. The mixture was
q

extracted with dichloromethane (3 x 200cm ), and the 

combined, dried (Na^SO^) extracts were evaporated under 

reduced pressure to afford a yellow solid which was 

recrystallised from methanol to give bright yellow needles 

(l.38g. 68?). mp 267 - 269°C ( l i f ^  270°).
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^raax^"” 245 (21 400), 275 (36 100), 290 (42 500).
305 (26 200), 335 (5 300). 355 (2 800).

NMR(DMSO), cfj,/ppm: 11.9 (IH. b r s . NH) , 9.65 (IH. s. H-1).

8.42 (IH, brd. J = 6Hz. H-3) , 7.85 (IH. b r d . J = 6Hz. H-4).

7.8 (IH. brd. J=2Hz, H-10) . 7.5 (IH. d. J=10Hz, H-7). 7.2 

(IH. dd. J^=10Hz. J2=2H z . H-8). 3.95 (3 H . s, CH^O), 3.20 

(3H, s. C-ll-GH^). 2.75 (3H. s. C-5-CHj).

Pyridine hydrochloride

Dry hydrogen chloride gas was passed through a solution 

of dry pyridine (I5cm^) in dry ether (60cm^) at 0°C until 

precipitation of pyridine hydrochloride appeared complete. 

The solvent was decanted from the precipitate which was 

then washed with dry ether (3 x 75cm ), dried in vacuo, 

and stored in a vacuum dessicator until required (7g).

9-Hydroxy-5 , ll-dimethyl-oH-pyrido [4,3-b] carbazole.

(9-Hydroxyellipticine) (4).

9-Methoxyellipticine (0.62g) was mixed with freshly

prepared pyridine hydrochloride (7g), and heated in a

nitrogen atmosphere to 205°C for 45 minutes, then cooled

to room temperature, and diluted with saturated brine

(60cm ). The resulting precipitate was collected,
q

dissolved in hot water (50cm ) and filtered whilst hot.

The solution was poured into 8% sodium bicarbonate
q

solution (25cm ), and the precipitate was collected, 

dried in vacuo over phosphorous pentoxide, and extracted
q

into THF (75cm ) via a soxhlet. The resulting yellow 

solution was cooled to room temperature, concentrated to
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3c a . 30cm , and the yellow precipitate was collected, 

washed with a little THF and dried in vacuo (0.35g,ô0%), 

mp 305 - 312°C (dec.) ( lit 307 - 310°C)

(&); 211 (24 800), 245 (24 900), 280 (42 400),

295 (53 000), 340 (5 600), 355 (3 000).

NMR(DMSO) cfjj/ppm: 9.67 (IH, s, N-R) , 9.09 (IK, s, H-1),

8.41 (IH, d, J=6Hz, H-4), 7.88 (IH, d, J=6Hz, H-3), 7.81, 

(IH, d, J=2Hz, H-10), 7.43 (IH, d, J=10Hz, H-7), 7.07 

(IH, dd, J^=10Hz, J2=2Hz. H-8), 3.24 (3H. s, C-ll-CH^),
2.77 (3H, s, C-5-CH^).

6-Benzyloxy-1,4-dimethylcarbazole (72)

A mixture of 5-benzyloxyindole (22.3g, O.lmol), hexan-
2,5-dione (11.4g, O.lmol) and p-toluenesulphonic acid 

(lOg) in 95% ethanol (50cm ) w-as heated under reflux for 

30 minutes, then cooled to room temperature, and evap
orated under reduced pressure. The resulting oil was

3
dissolved in ethyl acetate (I50cm ), washed with water

3
(3 X 50cm ), dried (Na„SO.) and evaporated under reduced(L 4
pressure. Flash column chromatography (85% hexane, 15% 

ethyl acetate) gave a white solid which crystallised from 

ethyl acetate and hexane as white needles (10.5g, 34%), 

mp 127 - 128°C.

'^max(Nujol)/cm-^; 3420, 730, 699 

" (CHBrj)/cr.'^; 3465, 735 

MMR(CDClj) , cfjj/ppir., 7.8 (IH, bs, i'!-H), 7,76 (IH, d, J = 2Hz, 

H-5), 7.6 - 7.3, (6H, lii, & H-8), 7.13 (IH, dd, J^ = 9Hz,
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J 2 = 2Hz, H-7), 7.1 (IH, d, J = 8Hz, H-2), 6.9 (IH, d, J=8Hz, 

H-3), 5.18 (2H, s, C^H^-CH2 ), 2.8 (3H, s, C-4-CH^),
2.5 (3H, 8, C-l-CH^).

C21H 19NO requires; C, 83.69%, H , 6.35%, N , 4 .65%.
Found; C, 83.07%, H, 6.38%, N, 4.51%

5.8-Dimethylcarbazol-3-ol (70)

A suspension of 6-benzyloxy-l,4-dimethylcarbazole (72)

(10.3g) in absolute ethanol (200cm^) was hydrogenated at 

atmospheric pressure in the presence of 5% palladium 

oxide on charcoal (l.5g) for 2è hours. The catalyst was 

removed by filtration through "Celite", and the solvent 

was evaporated under reduced pressure to afford an off- 

white solid which was recrystallised from ethyl acetate 

and hexane to give fine white needles (4.5g, 60%), 

mp138°C

NMR(CDC1^/DMS0) , </jj/ppm; 9.28 (IH, b s , N-H), 8.22 (IH, s, 

OH), 7.6 (IH, d, J=2Hz, H-5), 7.3 (IH, d, J=9Hz, H-8),

7.0, 6.8 (2H, 2 X  d, J=8Hz, H-2, H-3), 6.92 (IH, dd, 

J^=9Hz, J2=2Hz, H-7), 2.75 (3H, s, C-4-CH^), 2.48 

(3H, s, C-l-CHj).
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Attempted estérification of 5 . S-diniethvlcarbazol - 3-n1 
(70) with adipoyl chloride

i) A mixture of adipoyl chloride (0.09g, O.fmmol), the 

hydroxycarbazole (70) (0.21g, l.Ommol) and potassium

carbonate (l.lg) in acetone (I5cm ) was stirred at room 

temperature overnight. Aqueous "work-up" and flash 

chromatography afforded recovered starting material 

(0.17g, 81%).

ii) The above procedure was repeated with finely ground 

potassium carbonate and the mixture was heated under 

reflux for 24 hours. TLG analysis (30% ethyl acetate,
70% hexane) showed starting material to be the major 

component of the mixture, and a second, more polar com

ponent was also present.

iii) Adipoyl chloride (0.04&g, 0.25mmol) was added to a 

solution of the carbazole (0.106g, 0.5mmol) and 4-dimethyl
q

aminopyridine (0 .06lg) in dry dichloromethane (8.5cm ), 

and the mixture was stirred at room temperature for one 

hour. TLG showed a similar mixture to that obtained in
q

procedure (ii). Dry pyridine (2cm ) was added, and the 

mixture was kept at room temperature for four days, but 

without further change by TLG analysis.
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Estérification of (70) with adipic acid

Dicyclohexylcarbodiimide (2.47g) was added to a stirred 

mixture of the hydroxycarbazole (70) (1 .22g), adipic acid

(0.89g) and 4 -dimethylaminopyridine (0.14g) in dry dichlor- 

omethane (85cm ) in an atmosphere of nitrogen. The mixture 

was stirred at room temperature for two hours, then filt

ered and evaporated under reduced pressure to afford a 

grey solid which was purified by flash chromatography 

(40% ethyl acetate, 60% hexane) and recrystallisation 

from ethyl acetate and hexane to give white microcrystals 

(0.82g, 53%), mp 197 - 198°C.

"^^la^fNujolï/cm"^; 3420 (N-H), 1768 (0=0).

NMR(CDC1^/DMS0) , <^^/ppm; 10.0 (IH, bs, N-H), 7.85 (IH,

d, J=2Hz, H-5), 7.50 (IH, d, J=9Hz, H -8 ), 7.10 (2H, m,

H-2 & H-7), 6.86 (IH, d, J=8Hz), 7.25 (2H, m, C0 -CH^-CH2 ),
8.3 - 8.0 (2H, m, CO-CH2-CH2 ).

(C^lT^lë^Op^p requires; 0, 76.67%, H, 6.06%, N, 5.26%.
found; C, 76.56%, H, 5.88%, N, 5.01%.

Estérification of 9-hydroxyellipticine with adipic acid 

Dicyclohexylcarbodiimide (0.206g) was added to a stirred 

mixture of adipic acid (0.074g) and 4-dimethylamino-
3

pyridine (0.02g) in dichloromethane (lOcm ) at room 

temperature. A solution of 9-hydroxyellipticine ( 4 ) 
(0 .13g) in dry dimethylformamide (2cm ) was added after 

one hour. The solution was kept at room temperature for 

a further two hours, then the solvent was evaporated under 

reduced pressure, and the orange residue was purified by
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flash chromatography (90% CH2CI2 ' 9% CH^OH, 1% triethyl-
amine) to afford a bright yellow powder (0.02g, 13%), 

rap was not observed (compound decomposed above 310°C).

X  /nm (£): 249 (24 950), 278 (39 500), 290 (48 500),

299 (51 050), 333 (5 450), 394 (3 100), 403 (2 900). 

NMR(DMSO), 11.44 (IH, bs, N-H), 9.65 (IH, s,

H-1), 8.45 (IH, d, J=6Hz, H-3), 8.1 (IH, d, J=2Hz, H-10), 

7.92 (IH, d, J=6Hz, H-4), 7.6 (IH, d, J=10Hz, H-7), 7.36 

(IH, dd, jy=10Hz, J2=2Hz, H-8), 3.16 (3H, s, C-ll-CH^), 

2.75 (3H, s, C-5-CHj), 2.82 (2H, m, CO-CHg-CHg), 1.92, 

(2H, m, CO-CH2-CH2 ).

Attempted alkylation of 3,8-dimethylcarbazol-3-ol (yn) 
with N-bromoethylphthalimide

i) Potassium carbonate in acetone N -(2-Bromoethyl)- 

phthalimide (0 .14g, 5.5 x 10 ^mol) was added to a solution 

of the carbazole (70) (0.105g, 5 x 10 ^mol) in acetone
3

(5cm ) containing finely ground potassium carbonate (0.3g) 

The stirred mixture was heated under reflux for two hours. 

Potassium iodide (0.8g, 5 x 10 ^mol) was added, and the 

reflux was continued overnight. TLG analysis revealed 

that only starting materials were present.
ii) Sodium hydroxide in ethanol N -(2-Bromoethyl)- 

phthalimide (0.14g, 5.5 x 10 ^mol) was added to a solution 

of the carbazole (70) (0.105g, 5 x 10 ^mol) in absolute
3

ethanol (5cm ) containing 2M sodium hydroxide solution 
3 -I(0.25cm , 5 X 10 mol). The solution was heated under 

reflux overnight. TLG analysis showed only starting
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materials were present.

iii) Sodium hydride in DMF The carbazole (70' (O.lOg,

5 X 10 ^mol) was added to a stirred suspension of sodium 

hydride (50% dispersion in oil, 0.024-g, 5 x 1 0 ”^mol) in 

dry DMF (2cm ) under a dry nitrogen atmosphere. The 

mixture was stirred at room temperature until gas evolution 

had ceased, then N -(2-bromoethyl)phthalimide (0.13g, 5 x 

10 ^mol) was added. The mixture was heated to 50°C for 

three hours, cooled, poured into water (50cm ) and 

extracted with ethyl acetate (3 x 15cm ). The combined, 

dried (Na^SO^) extracts were evaporated to afford a brown 

oil. Flash chromatography (30% ethyl acetate, 70% hexane) 

yielded recovered 5,8-dimethylcarbazol-3-ol (0.04-2g, 4-0%) 

and N-vinylphthalimide (0.015g, 17%).

NMR (CDCl^), ^%/ppm; 7.9 (2H, m, H-2, H-5), 7.6 (2H, m,
H-3, H-4), 6.88 (IH, dd, J.=10Hz, J^^15Hz, N-CH=CH_),1 1 —  >c

6.07 (IH, d, J=15Hz, N ), 5.06 (I H , d, J=10Hz, 

N-CH=CH . ).— CI S

Attempted alkylation of 5>8-dimethylcarbazol-3-ol with

2-(2-benzyloxy)ethoxyethene

DMF-Dineopentylacetal (0.125cm ) was added to a solution 

of 5,8-dimethylcarbazol-3-ol (0.106g, 5 x 10 ^mol) in

2-(2'-benzyloxy)ethoxyethane (l.5cm ). The mixture was 

stirred at 80°C overnight, then diluted with 1,2-dichloro-
o

ethane (5cm ), and heated under reflux for six hours. TLC 

Analysis of the reaction mixture showed only unchanged 

starting materials to be present.
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3-Formyl-l,4-diDethyl-6-n8thoxycarbazole ( 8l)

A mixture of 6-methoxy-l,l-dimethylcarbazole (8.0g, 0.036 

mol), N-methylformanilide (6.4g, 0.047mol), and phosphoryl 

chloride (6.4-g, 0.042mol), in 1,2-dichlorobenzene (20cm^) 

was heated on a steam bath for 4$ minutes. A solution of 

sodium acetate (12g) in water (70cm ) was added, and the 

mixture was extracted with ethyl acetate (6 x 75cm ).

The combined, dried (Na^SO^) extracts were evaporated in 

the presence of silica gel (40g), and the product obtained 

by flash chromatography (30% ethyl acetate, 70% hexane) 

as a pale yellow solid (4.9g, 59%), mp 203 - 205°C (lit^^ 

206°C).

3360 (N-H), 2730, 1680 (0=0), 1260,

1040 (O-CH^).
NMR (GDCl^/DMSO), cf^/ppm; 11.1 (IH, b s , N-H), 10.4 (IH, 

s, OHO), 7.67 (Ih, d, J=2Hz, H-5), 7.60 (IH, s, H-2), 

7.49 (IH, d, J=9Hz, H - 8), 7.07 (IH, dd, J^=9Hz, J^^ZHz, 

H-7), 3.9 (3H, s, C-4-CH2 ), 2,5 (3H, s, C-l-CH^J.

3-(2,2-Dimethoxyethyliminomethyl)-6-methoxy-1,4-dimethyl' 

carbazole (82 )

Arainoacetaldehyde dimethylacetal (l.lcm ) was added to a 

stirred suspension of 3-f ormyl-1,4-diniethyl-6-methoxy- 

carbazole (2.53g) in toluene (25cm ). The mixture was 

heated under reflux in a Dean-Stark apparatus for three 

hours, then cooled to room temperature whereupon the 

product crystallised as cream coloured microcrystals 

(2.8g, 82?) , r,'.p 105 - 106°C
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\) (CHBr,)/cm‘^ ; 3460 (N-H), 2830 (0-CH,), 1630 (C=N)^ iïlâX j5 J

NMR (CDCl^), J^/ppm; 8.74 (IH, s, Ar- CH=N), 8.32 (IH, 

bs, N-H), 7.80 (IH, s, H-2), 7.64 (IH, d, J=2Hz, H-5), 

7^)6 (]^U d, J = 9Hz, H-8), 7.06 (IH, dd, J^^=9Hz, J2=2Hz, 

H-7), 4.80 (IH, t, J=6Hz, CH2-0H/0CH2)2), 3-92 (3H, s,
0-CH^), 3.86 (2H, d, J=6Hz, N-CH^-CH), 3.50 (6H, s, 

(0CH2)2), 2.72 (3H, s, C-4-CH^), 2.40 (3H, s, C-l-CH^).

Addition of n-butyl lithium to the imine ( 82)
o

A 1.55M solution of n-butyl lithium in hexane (4.26cm , 

6.6ramol) was added dropwise to a solution of 3-(2,2- 

dimethoxyethyliminomethyl)-6-methoxy-1,4-dimethylcarbazole 

(82) (l.02g, 3mmol) in dry THF (20cm^) at -78°C in an 

atmosphere of dry nitrogen. The mixture was kept at -78°C 

for 40 minutes, then allowed to warm to 0°C. Saturated 

ammonium chloride solution (60cm ) was added, and the 

mixture thoroughly stirred for 10 minutes. The phases 

were separated, and the aqueous phase was extracted with 

ethyl acetate (3 x 30cm^). The combined, dried (Na^SO.) 

organic layers were evaporated under reduced pressure, 

and the resulting orange oil was purified by flash column 

chromatography (ethyl acetate) to afford the product (84) as 

a pale yellow hygroscopic foam (0.63g, 53%).

236 (41 300), 246 (36 800), 268 (16 300),

299 (19 000), 340 (4 650), 353 (4 600).

3460, 2830.

NMR (GDOl^) , y^j/ppin; 7.92 (IH, bs, N-H), 7.76 (IH, d,

J=2Hz, H-5), 7.38 (IH, d, J=9Hz, H-8), 7.28 (IH, s, H-2),
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7.06 (IH, dd, J^=9Hz, J =2Hz, H-7), 4.45 (IH, t, J =6Hz, 
CH2-CHX0CH2 )2), 4.18 (IH, t, J=7Hz, CH2-CH-NH), 3.92 (3H, 
8, Ar-O-CH^), 3.34, 3.26 (2 x 3H, 2 x s, (0 -CH^)2 ), 2.82 

(3H, s, C-4-CH2), 2.7 - 2.5 (2H, m, CH2 -CH(0CH2)2 ), 2.5 
(3H, s, C-l-CH^^, 1.9 - 1.7 (3H, m, N-H & CH2-CH^-CH-NH),
1.4 - 1.2 (4H, m, CH^-CH^-CH^-CH), 0.82 (3H, t, J = 8Hz, 
CEyCR^) .

N-Tosylation of the amine (84)

A mixture of p-toluenesulphonyl chloride (0.21g, l.Ommol), 

the secondary amine (84) (0.30g, 0.8mmol), sodium carb

onate (0.12g, l.Ommol), water (9cm^) and THF (45cm^) was 

stirred overnight at room temperature. Additional portions 

of _p-toluenesulphonyl chloride (0 .21g & 0.31g) and sodium 

carbonate (0 .12g & 18g) were added after I 6 and 24 hours, 
and stirring was continued for 48 hours after the final 

addition. 2M Sodium hydroxide solution (2cm ) was added 

and the mixture was stirred for 15 minutes. Hater (45cm ) 

was added, and the mixture was extracted with ethyl acetate
o

(3 X 15cm ). The combined, dried (Na^SO^) extracts were 

evaporated under reduced pressure to afford an orange oil 

which was purified by flash column chromatography (30% 

ethyl acetate, 70% hexane) to afford a white foam (0.4g, 78%)

Alternative procedure. A solution of p-toluenesulphonyl 

chloride (54mg), the secondary amine (llOrag) and 4-di- 

methylaminopyridine (34mg) in dry pyridine (3.0cm ) was 

warmed to 50°C under nitrogen for five hours. Evapor

ation of the solvent afforded a red gum which was puri-
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fied by flash column chromatography (30% ethyl acetate,

70% hexane) to yield a white foam (25mg, 16%) which was 

identical to the material prepared by the method described 

a b o v e .

3460 (N-H), 2830 (O-CH^) .

NMR (CDClj/DMSG) , jj/ppn; 9.37 (IH, bs, N-H), 7.67 (IH, 

d, J = 2Hz, H-5), 7.52 (2H, èAA'BB', J = 9 H z , fcOgC^H^), 7.4 

(IH, d, J = 9Hz, H-8), 7.13 - 7.0 (4H, ir. & èAA'BB', H-7, H-2,

& èSOgC^H^), 5.4 (IH, E, (CH30)2CH-CH2 ) , 3.91 (4H, n & s, 

Ar-OGHj & N-CH^CHg), 3.41 - 3.26 (2H, m, (CH^O)gCH-CH^),

3.17 & 3.09 (2 X 3H, 2 X s, (0GH^)2), 2.71 (3H, s, C-4-GH^), 

2.24 (3H, s, SOgC^H^-GH^), 2.07 - 1.97 (2H, s, N-CH-CH^), 

1.36 - 1.05 (4H, m, GH^-GH^-GHg-GHg), 0.82 (3H, t, J=8Hz, 
CH^-GHg) .

A ttempted preparation of 1-n-butylellipticine by cyclisation 

of the sulphonamide (85)

A solution of the sulphonamide (85) (86mg) in a mixture
3 3of 1,4-dioxan (4cm ) and 5M hydrochloric acid (2cm ) was

stirred at room temperature oyernight. The resulting 

green solution was diluted with water (10cm ), made basic 

by addition of 2M sodium carbonate solution, and extracted 

with ethyl acetate (3 x 15cm ). The combined, dried 

(Na^SO^) extracts were evaporated under reduced pressure, 

and the residue was purified by flash column chromatog

raphy to afford a colourless solid (3 5mg), mp 279 - 281°C.

233, 245, 269, 298, 339, 352.
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NMR (CDCl^), 6%/ppm; 7.9 - 7.7 (2H, a, N-H & H-5), 7.39 -
7.27 (IH, m, H-8), 7.11 - 7.00 (IH, ra, H-7), 3.97 (3 H , 3s,

OCH^), 3.00, 2.88, 2.82 (3H, 3s, Ar-CH^), 2.30, 2.12,

2.09, 2.03 (3H, 4s, Ar-CH,), 1.88 - 1.04 (6H, 3, CH^-GH„-3 3 — 2
CH^-CHj), 0.97, 0.88, 0.76 (3H, 3t, GH^-GH^). (This

spectrum is reproduced on p 52).
Mass spec. 70eV, m/z = 586 (8%), 529 (8%).

lleV, m/z = 586 (65%), 125 (100%), 120 (70%).

Acc. mass M^+ 1, *^^o^4.6^2^2 acquires 587.3592
found 587.3594 

m "*̂, *̂ 4.o^ 46^2*^2 requires 586.3559
found 586.3553 

requires 529.2854 
found 529.2820

Attempted addition of hexa-1,5-diyne to the imine (82)
A 1.55M solution of n-butyl lithium in hexane (0.71cm , 

l.lmmol) was added to a solution of 1,5-hexadiyne (0.039g, 

0.5mmol) in dry THF (2cm^) at -78°C in an atmosphere of 

dry nitrogen. The resulting lithium acetylide solution 

was kept at -78°C until required for use.

q
A portion of the n-butyl lithium solution (0.75cm , 

l.l6mmol) was added to a solution of the imine (82)

(0.37g, l.lmmol) in dry THF (5.0cm^) at -78°C under an 

atmosphere of nitrogen. The mixture was stirred at -78°C 

for five minutes, then the lithium acetylide solution was 

added. The mixture was stirred at -78°C for 80 minutes, 

then allowed to warm to room temperature overnight. TLC
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analysis of the resulting mixture showed only one compon

ent which corresponded to 3-formyl-6-methoxy-l,4-dimethyl- 

carbazole (81), formed by decomposition of the imine (82) 

on the silica gel TLC plate.

Condensation of 3-f ormyl-6-methoxy-l, 4--dimethylcarbazole 

with 0 -benzylserine

A mixture of 3-formyl-6-methoxy-l,4-dimethylcarbazole 

(0.12g, 4.7 X ICr^mol), 0-benzylserine (O.lOg, 5.1 x 10'^
q

mol) and toluene (1.5cm ) was heated under reflux for 24 

hours. Evaporation of the solvent under reduced pressure 

afforded an orange oil, which was dissolved in methanol
q

(4cm ), and treated with sodium borohydride (C.C2g,

5 X 1C ^mol) at room temperature for 3C minutes. The 

solvent was evaporated under reduced pressure, and the
q

residue was dissolved in ethyl acetate (I5cm ), washed
3 3with 2M hydrochloric acid (5cm ) and brine (iCcm ), dried

(Na^SO^) and evaporated to afford a brown foam (C.13g).
qThis was dissolved in a mixture of THE and water (2 + 4cm )

containing sodium carbonate (C.15g). p-Toluenesulphonyl-

chloride (C.lCg, 5.2 x 1C ^mol) was added, and the mixture

was stirred at room temperature for three hours, then
q

diluted with water (25cm ), and extracted with ethyl
q

acetate (3 x 15cm ). The combined, dried (Na„SO.)4
extracts were evaporated, and the residue was purified 

by flash column chromatography (3C% ethyl acetate, 7C% 
hexane) to afford a mixture of product and starting 

material (C.C6lg), and the pure product as a white solid 

(C.C36g, 17%).
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NMR (CDCl)^,, J^/ppn; 7.88(1H, bs, N-H), 7.78 (2H, d, 

J=8Hz, AA'BB' &S02C^H^CHj), 7.72 (IH, d, J=2Hz, H-5),

7.41 (IH, d, J=9Hz, H-8), 7.30 (2H, d, J=8Hz, &S02C^H^CH^)

7.2 - 7.0 (7 H , m , other aromatic protons), 4.35 (2H, s ,

O-CH^-Ph), 4.16 (2H, 8, Ar-CH^-NO, 3.91 (3H, s, OCH^),

3.23 (4H, s, N-CH^-CH^-O), 2.79 (3H, s, Ar-CH.^), 2.44 &
2.41 (6H, 2 X s, 2 x Ar-CH^).

0-Benzylserine methyl ester
q

Thionyl chloride (1.62cm , 0.023mol) was added dropwise 

to a stirred suspension of 0-benzylserine (3.88g, 0.02mol) 

in methanol (I5cm^) at -5°C under an atmosphere of nitrogen, 

and the resulting solution was warmed to 40°C for four 

hours, then kept at room temperature for four days. The 

solvent was evaporated under reduced pressure to afford 

the white hydrochloride salt, which was dissolved in
q

dichloromethane (40cm ), washed with 8% sodium bicarbonate
q

solution (2 x 20cm ), dried (Na^SO,) and evaporated to 

afford a pale yellow oil (3.83g, 92%).

NMR (CDClj), <̂ jj/ppiri; 7.32 ( 5 H , ai, CH^-C^Hj), 4.52 (2H, s,

3.8 - 3.6 (6 H , e & s, COgCH^ & O-CH^-CH), 1.8 

(2H, bs, N H g ) .

Condensation of 0-benzylserine methyl ester with 3-formyl- 

6-methoxy-1,4-dimethylcarbazole (81)

A stirred solution of 3-formyl-6-methoxy-l,4-dimethyl- 

carbazole (81) (0.17g, 6.7 x 10 "^mol) and the methyl ester 

of 0-benzylserine (0.14g, 7 x 10 ^mol) in toluene (lOcm^)
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was heated under reflux overnight. The solvent was evap

orated under reduced pressure to afford a partially solid 

yellow oil which was dissolved in ethyl acetate (ifcm ), 

filtered to remove the precipitated solid, and evaporated 

under reduced pressure to afford a viscous yellow oil 

(0.24g), which was used in the next stage without further 

purification or characterisation.

Reduction with borohydride. The crude imine was dissolved
q

in methanol (lOcra ), and treated with sodium borohydride
_ q

(0.05g, 1.4 X 10 mol). The solution was stirred at room 

temperature for ten minutes, then evaporated under reduced 

pressure. The residue was treated with 2M hydrochloric
q

acid, (10cm ), then made basic with 2M sodium carbonate
q

solution, and extracted with ethyl acetate (3 x 10cm ).

The combined, dried (Na„S0.) extracts were evaporated to
d 4

a yellow oil. Flash chromatography (50% ethyl acetate,

50% hexane) gave a viscous yellow oil (0.102g, 35% overall)

V  (smear)/crn ^ ; 3360, 1745, 2830max
NMRfCDCl^), ^y/ppm; 7.88 (IH, bs, N-H), 7.69 (IH, d, J=2Hz,

H-5), 7 .36-7.16 (6H, m, C^H^, H-8), 7.1 (IH, s, H-2),7.02

(IH, dd, J^=9Hz, J2=2Hz, H-7), 4.47 (2H, s, 0-CH2,-Ph),

4.06-3.54 (IIH, R, ArOCH-, ArCH.NH, CH-CH_J, 2.81— 3 2 — 3 — 2 —  — 2
(3H, s, Cl-CHj), 2.42 (3H, s, C4-CH^).
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Methyl N-formylaminoacetate
q

A solution of sodium formate (75g) in formic acid (100cm )

was added slowly to a stirred suspension of methylamino-
q

acetate hydrochloride in formic acid (l2$cm ). Acetic
q

anhydride (225cm ) was added cautiously, and the mixture

heated on a steam bath for 45 minutes. The mixture was

cooled, filtered and evaporated under vacuum at 40°C. 
q

Ether (400cm ) was added, and the mixture filtered, 

evaporated and distilled in vacuo to a viscous colourless 

oil (bp 100-105°C/liamHg) (39g. 34?).

NMR(GDCl^), S^/ppm; 8.3 (IH, s, GHO), 6.9-6.3 (IH, br, 

N-H), 4.1 (2H, d, J=6Hz, CH^-NH), 3.75 (3 H , s, GOgCH^).

Methyl-3,3-dimethoxy-2-aminopropanoate

A suspension of sodium methoxide (ll.3g, 0.21mol) in dry 
q

ether (200cm ) was added to a stirred solution of methyl 

N-formylaminoacetate (25g, 0.21mol) in methyl formate 

(25cm^) and dry ether (50cm^) at 5°C under nitrogen. The 

mixture was kept at 0°C for four hours, then the solvent 

was decanted off. The yellow precipitate was dissolved
q

in methanol (200cm ), saturated methanolic hydrogen 
q

chloride (lOOcm ) was added, and the mixture stirred at

room temperature overnight. The mixture was evaporated,
q

and the residue dissolved in chloroform (250cm ), washed
q

with 8% sodium bicarbonate solution (200cm ) and filtered

through "Celite ” to separate the resulting emulsion. The
q

aqueous phase was washed with chloroform (lOOcm ), and the 

combined organic phases dried (Na^SO^) and evaporated to
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a black tar. Bulb to bulb distillation gave a colourless 

oil (oven temperature 100 - 120°C at 5-6mbar) (2.2g, 6.3%).

NMR (CDClj) , ifj/ppai; i.U (IH, d, (CRqOj^CHj, 3.7 (3H, s, 

COjCHj), 3.6 (IH, d, HlXNHgjCOgMe), 3.4 ( 6H , s, (OCH^^g),
1.6 (2H, s, N H g ) .

Ethyl-3,3-diethoxy-2-aminoprooanoate

Ethylaminoacetate hydrochloride was converted into ethyl- 

3, 3-diethoxy-2-aminopropanoate in two steps as described 

above for methyl-3,3-dimethoxy-2-aminopropanoate. Ethanol 

was substituted for methanol, and ethyl formate for methyl 

formate. An overall yield of 12% was obtained.

NMR (CDCl^), ^y/ppm; U.52 (IH, d, J=7Hz, (EtOj^CH), 4.2 

(2H, q, J=6Hz, COg-CHg-CH^), 3.5 ( 4H , ra, ( O-CHg-CH^ ) g ) ,
1.6 (2H, s, NHg), 1.4 - 0.9 (9H, n, 3 x CH^).
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Condensation of methyl-3,3-dimethoxy-2-aminopropanoate 

with 3-formyl-6-methoxy-l,4-dimethylcarbazole (81)

A stirred suspension of 3-formyl-l,4-diraethyl-6-methoxy- 

carbazole (3.1g, 0.012mol) and the amino acetal(lOl) (2.0g,
q

0.012mol) in toluene (40cm ) was heated under reflux 

overnight in a Dean Stark apparatus. The resulting orange 

solution was cooled to room temperature whereupon the 

product (104) crystallised as an off-white solid (3.55g, 73%)

3320, 1740, 1630.

NMR (CDGlj) 5jj/ppm; 8.79 (IH, s, GH=N), 8.3 (IH, bs, N H ) ,

7.9 (IH, s, H-2), 7.67 (IH, d, J=2Hz, H-5), 7.39 (IH, d, 

J=9Hz, H-8), 7.09 (IH, dd, J^=9Hz, Jg=2Hz, H-7), 4.98 (IH, 

d, J=7Hz, (GHy)gGH), 4.24 (IH, d, J=7Hz, HG-GOgMe), 3.95, 

3.83 (6H, 2 X s, GOgCH^ + OGH^), 3.5 (6H, 2 x s , (OGHj)^).

Reduction of the imine (104) with sodium borohydride 

Sodium borohydride (0.3g, S.lmmol) was added to a stirred 

suspension of the imine (104) (3.5g, 8.8mmol) in methanol
q

(40cm ), and then stirred at room temperature for 30 

minutes. The resulting orange solution was evaporated to
q

dryness, treated with 2M hydrochloric acid (20cm ), 

neutralised with sodium bicarbonate and extracted with
q

ethyl acetate (3 x 20cm ). The dried (Na„S0.) extracts2 4
were evaporated, and separated by flash chromatography 

(49% ethyl acetate, 49% hexane, 2% triethylamine) to 

give two products, both of which were off-white foams:

a) The olefin ( 1 0 6 ) (0.57g, 16.3%):

NMR (CDCl^), c^^/ppm; 7.86 (IH, b s , carbazole N-H), 7.74
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(IH, d, J=2Hz, H-5), 7.34 (IH, d, J=9Hz, H-8), 7.16 (IH, 

s, H-2), 7.05 (IH, dd, J^=9Hz, J2=2Hz, H-5), 6.80 (IH, s, 

C=CH-0CH2), 4.32 (2H, s, Ar-CH^-NH), 3.94, 3.81, 3.72 (3 x 

3H, 3 X s, Ar-OCH^, CH^0-CH=C-C02CH^), 2.88 (3H, s, C-l-CH^)

b) The acetal(l05) (2.6g, 73%).

NMR (CDCl^), ^y/ppm; 8.1 (IH, bs, carbazole N-H^, 7.73 

(IH, d, J=2Hz, H-5), 7.35 (IH, d, J=9Hz, H-8), 7.16 (IH,

8, H-2), 7.05 (IH, dd, J^=9Hz, J2=2Hz, H-7), 4.52 (IH, d, 

J=7Hz, (CH2 )2CH), 3.95, 3.83 (8H, 2 x s + AB, Ar-OCH^,

COzCH^ & Ar-CH^-NH), 3.58 (IH, d, J=7Hz, CH-CO2CH2),
2 .79, 2.46 (2 X 3H, 2 x s, 2 X Ar-CH^).

N-Tosylation of the amine (l05)

£-Toluenesulphonyl chloride (l.9g, O.Olmol) was added to 

a solution of the amine (105) (2.57g, 6.4mmol) and sodium 
carbonate (l.Og) in THF (40cm^) and water (80cm^). The 

solution was stirred at room temperature, and extra p-tol

uenesulphonyl chloride (l.9g) and sodium carbonate (l.Og) 

were added after 15 hours, and again after 23 hours, and 

stirring was continued for a further 17 hours. 0.2M
q

Sodium hydroxide solution (180cm ) was added, and the

mixture was left for 20 minutes, then extracted with ethyl
q

acetate (3 x 100cm ). The extracts were washed with 8%
q

sodium bicarbonate solution (2 x 100cm ) and brine (2 x
q

50cm ), dried (Na^SO^) and evaporated to afford a yellow 

oil. Flash chromatography (40% ethyl acetate, 60% hexane) 

gave the product as a viscous yellow oil (l.08g, 30%; 82% 

based on recovered starting material), and recovered
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starting material as a yellow gum (1.6g, 63%).

NMR (CDClj), J^/ppm; 7.88 (IH, bs, N-H), 7.7 (3H, in, H-5,

H-2' & H-6'), 7.37 (IH, d, J=9Hz, H-8), 7.23 (2 H , d, J=8Hz,

H-3' 5 H-5'), 7.19 (IH, s, H-2), 7.06 (IH, dd, J^=9Hz,

Jg=2Hz, H-7), 4.77 (2H, s, CHg-N), 4.62, 4.46 (2H, m, CH-CH),

3.93, 3.65, 3.30, 3.16 (4 x 3H, 4 x s, Ar-OCH^, COgCH^ & 

CH(0CH2)g), 2.76 (3H, s, SOg-C^H^-CHj) , 2.43, 2.34 (2 x 3H,
2 X s , 2 X Ar-CH^).

Attempted cyclisation of the sulphonamide (107)

A suspension of the p-toluenesulphonamide(107) (0.14g,
—  / Q2.5 X 10 mol) in a mixture of 1,4-dioxan (6cm ) and 

6M hydrochloric acid (3cm ) was stirred at room temperature 

for two days. TLC Analysis (Si02/30% ethyl acetate, 70% 

light petroleum) showed unreacted starting material (Rf= 

0.15), plus a minor spot (Rf=0.10) and base-line material.

The mixture was heated under reflux overnight, and TLC 

analysis of the resulting yellow solution revealed a 

complex mixture of products. The solution was poured
q

into 2M sodium bicarbonate solution (20cm ), and extracted
q

with dichloromethane (4 x 5cm ). The combined, dried, 

(Na^SO^) extracts were evaporated, and the residue was 

subjected to column chromatography (10% methanol, 90% 

dichloromethane) to afford a yellow solid (c a . lOmg) 

which was a mixture of fluorescent spots by TLC analysis.
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Preparation of the primary alcohol (llO)

l) By reduction of the methyl ester (107) A suspension of

the methyl e s t e r (107) (0.26g) in dry ether (25cm ) was

added to a stirred suspension of lithium aluminium hydride

(0.08g) in dry ether (lOcm^) at 0°C in an atmosphere of

dry nitrogen. The mixture was stirred at 0°C for one hour,

then allowed to warm to room temperature over 90 minutes.

30% Sodium ammonium tartrate solution (50cm ) was added

cautiously, and the mixture was thoroughly stirred for 30
q

minutes. The phases were washed with brine (2 x 15cm ), 

dried (Na^SO^), and evaporated under reduced pressure to 

afford a viscous, colourless oil (0.22g). Column chromat

ography (40% ethyl acetate, 60% light petroleum) gave 

unchanged starting material (0.07g, 27%), and the product 

as a white foam (0.15g, 60%).

NMR (CDClj), d^/ppm; 8.2 (IH, bs, N-H), 7.8 - 7.6 (3H, m, 

H-5, H-2' & H-6'), 7.36 (IH, d, J=9Hz, H-8), 7.25 - 7.2 

(3H, m, H-2, H-3' & H-5'), 7.1 (IH, dd, J^=9Hz, J^^ZHz, 

H-7), 4.65 (2H, bs, Ar-CH^-N), 4.1 - 3.6 (7 H , s & m, 

Ar-OCH^, CH-CH-CH^), 3.2 (6H, 2 x s, (OCH^)^), 2.65 (3H, 

8 , SO^-C^H -CH^), 2.35 (6H, bs, 2 x Ar-CH^).

2) By reduction and N-tosylation of the amino ester (105)

A solution of the amino ester (105) (0.4g) in dry ether
q

(I5cm ) was added dropwise to a stirred suspension of
q

lithium aluminium hydride (0.2g) in dry ether (15cm ) 

under nitrogen. The mixture was stirred at room temper

ature for 5 minutes, then a 30% solution of sodium ammonium
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q
tartrate (50cm ) was added cautiously. The phases were 

separated, and the aqueous phase was extracted with ethyl 

acetate (2 x 30cm ). The combined, dried (Na^SO^) organic 

phase was evaporated under reduced pressure to afford a 

viscous colourless oil (0.34g, 91%) which was not charac

terised, and was used directly for the next stage without 

purification .

p-Toluenesulphonyl chloride (0.60g) was added to a stirred 

solution of the amino alcohol (111) (0.34g) in a mixture
q  q

of THF (15cm ) and water (25cm ) containing sodium 

carbonate (0.34-g). The mixture was stirred at room
q

temperature overnight, then diluted with water (80cm ),
q

and extracted with ethyl acetate (3 x 40cm ). The com-
q

bined extracts were washed with brine (2 x 40cm ), dried 
(Na^SO^) and evaporated under reduced pressure to afford 

a white foam (0 .41g, 84%), which was identical with the 

material prepared by the reduction of (107) as described in 

procedure (1) above.

9-Methoxy-3-hydroxymethylellipticine (112)
A solution of the acetal (110) (0,12g, 2.3 x 10"^mol) in a

q
mixture of 1,4-dioxan (10cm ) and 6M hydrochloric acid

q
(0.3cm ) was heated under reflux in a nitrogen atmosphere 

for 90 minutes. The resulting orange solution was
q

diluted with water (10cm ), and neutralised with 2M sodium

carbonate solution. Extraction with ethyl acetate (3 x 
q

15cm ), followed by pressure column chromatography (94% 

dichloromethane, 5% methanol, 1% triethylamine) gave a
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red solid (9mg, 12%). mp 180°C (dec). (Another sample 

had mp 213°C (dec).)

X /nm; 244, 274, 296, 340, 353.

NMR (DMSG), (^jj/ppm; 11.16 (IH, bs, N-H), 9.51 (IH, s, 

H-1), 7.91 (IH, s, H-4), 7.85 (IH, d, J=2Hz, H -10), 7.48 

(IH, d, J=9Hz, H-7), 7.18 (IH, dd, J^=9Hz, Jg=2Hz, H-8),

4.77 (2H, d, J=5Hz, Ar-CHg-OH), 3.89 (3H, s, Ar-OCH^), 

3.24, 2.75 (2 X 3H, 2 X s, 2 X Ar-CH^), 1.14 (IH, bs, 0-H) 
m/z (70eV El); 306 (100?, M+).

1, 4-Dimethylcarbazole

A mixture of indole (23.4g, 0.2mol), hexan-2,5-dione 

(22.8g, 0.2mol) and p-toluenesulphonic acid (20g) in 95% 

ethanol (lOOcm ) was heated under reflux for 24 hours, 

then cooled to room temperature. The solvent was evapor

ated under reduced pressure, and the resulting dark oil
q

was dissolved in ethyl acetate (250cm ), washed with water 
q

(3 X 75cm ), dried (Na^SO^) and evaporated under reduced 

pressure. Column chromatography (10% ethyl acetate, 90% 

light petroleum) gave a white solid (22.3g, 54%). 

mp 96 - 98°C (111^^97 - 98°C).

3-Formyl-l,4-diraethylcarbazole (113)

A mixture of 1,4-dimethylcarbazole (9.75g, 0.05mol), 

N-methylform.anilide (8.1g, 0.06mol) and phosphoryl chloride 

(9.2g, 0.06mol) in 1,2-dichlorobenzene (50cm^) was heated 

on a steam bath for five hours, then cooled to room
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temperature. A solution of sodium acetate (I5g) in water

(lOOcm ) was added, and the mixture was extracted with

ethyl acetate (5 x lOOcm^). The combined, dried (Na^SO.)2 4
extracts were evaporated in the presence of silica gel ($0g) 

and the product obtained by chromatography on silica gel 

(200g), eluted with 20% ethyl acetate, 80% light petroleum, 

(4.1g, 37?). mp 213 - 215°c (lit^^pig - 217°C).

Dn,ax^Nujol)/cm'^; 3370. 1700.

Condensation of 3-formyl-1,4-dimethylcarbazole with 

ethyl-3, 3 -diethoxy-2-aminopropanoate

A mixture of 3-formyl-1,4-dimethylcarbazole (2.2g, 0.01 

mol), ethyl-3,3-diethoxy-2-arainopropanoate (2.1g, 0.01 

mol) and toluene (40cm ) was heated under reflux for 

three hours. The solvent was evaporated under reduced 

pressure, and the residue was recrystallised from toluene 

to give a white solid (2.43g, 59%). mp 134 - 136°C

•p^ax^ ujol)/cm-l; 3310, 1740, 1630.
NMR (CDCl^), djj/ppm; 8.52 ( 2 H , bs, N-H & HC=N), 7.92 (IH, 

dd, J^=7Hz, Jg=2Hz, H-5), 7.61 (IH, s, H-2), 7.4-7.0 (3H, 

m, H-6, H-7 & H-8), 4.95 (IH, d, J=7Hz, CH^OCgHgjg), 4.4-

4.2 (3H, m, CH-CO,-GH,-GH,) , 3.7-3.4 (4 H , m, (O-GH^-GHj)^),

1.3-1.0 (9H, m, (O-CHg-GH^)g & COg-CHg-GH^)
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R eduction of the imino e s t e r (115) with lithium aluminium 

hydride

A suspension of irnino ester (115) (3.45g) in dry ether
q

(l50cm ) was added to a stirred suspension of lithium
q

aluminium hydride (l.Og) in dry ether (200cm ) under a

dry nitrogen atmosphere. The resulting mixture was

stirred at 0°C for ten minutes, then allowed to warm to

room temperature overnight. A 30% solution of sodium
q

ammonium tartrate (200cm ) was cautiously added, and the 

mixture was thoroughly stirred for ten minutes. The 

phases were separated, and the aqueous phase was extracted
q

with ethyl acetate (2 x 50cm ). The combined, dried 

(Na^SO^) extracts were evaporated under reduced pressure 

to afford the amino a l c o h o l (116) as a yellow gum, which 

was not characterised, and was used in the next stage 

without purification.

N-Tosylation of the amino alcohol (116)

p-Toluenesulphonyl chloride (0.4g) was added to a stirred 

suspension of the amino a l c o h o l (116) (0.37g) in a mixture 

of THF (4-cm ) and water (8cm ) containing sodium carbonate 

(0.24g). The mixture was stirred overnight at room 

temperature, and then 0.5M sodium hydroxide solution
q

(lOcm ) was added to the resulting clear solution which

was then kept at room temperature for a further two hours.
q

The solution was extracted with ethyl acetate (2 x 20cm ), 

and the combined, dried (Na^SO.) extracts were evaporated 

to afford a gum. Column chromatography afforded a
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viscous oil (0.25g, 4-8%).

NMR (CDClj), <5jj/ppm; 8.75 (IH, bs, N-H), 8.0 (IH, dd, 

J^=7Hz, Jg=2Hz, H-5), 7.71 (2H, d, J=8Hz, H-2' & H-6'),

7.4-5-7.0 ( 6H , m, other aromatic protons), 5.75 ( 3 H , m, 

Ar-CH^-N & CH/0Et)2), 4.0-3.2 (7H, m, (0-GH2-CH2)2 & OH- 
CH^-OH), 2.72 (3H, s, S02-C^H^-C%2), 2.24 (&H, bs, 2 x 

AR-CH^), 1.2-0.95 (6H, m, (0-CH2-CH^)2).

D imethylation of the alcohol (117)
_ q

lodomethane (0.86g, 6 x 10 mol) was added to a stirred
_ 2

suspension of potassium hydroxide (0.67g, 1.2 x 10 mol) 

and the alcohol (0.78g, 1.5 x 10 ^mol) in DMSO (3.5cm^). 
The mixture was stirred overnight at room temperature,

q
then diluted with water (40cm ) and extracted with

q
dichloromethane (3 x 15cm ). The combined extracts were

q
washed with water (5 x 10cm ), dried (Na^SO ) and evap-

d 4
orated to a viscous colourless oil (0.6g). Pressure 

column chromatography (20% ethyl acetate, 80% light 

petroleum) gave a white amorphous powder (0.54g, 66%). 

mp 120 - 123°C.

NMR (CDCl^), ijj/ppra; 8.05 (IH, dd, J^ = 7Hz, Jg=2Hz, H-2),

7.6 - 6.9 (8 H , m, other aromatic protons), 4.75 - 4.6 

(3H, s & d, Ar-CHg-N & HC(OEt)g), 4.2 (IH, m, GH-CH-CHg),

4.0 (3H, s, N-GH^), 3.8 - 3.4 (6H, m, (0-CHg-CH2)g & 

GHg-OGHj), 3.1 (3H, s, 0-GH^), 2.8, 2.72 (6H, 2 x s, 2 x 

Ar-GHj), 2.25 (3H, s, Ar-CH^), 1.3 - 0.95 (6H, m, (0-GHg-

CH3)g).
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Attempted cyclisation of the methyl ether (118).

A solution of the a c e t a l (118)(0.0 6 g , 1.1 x 10 ^raol) in a 

mixture of 1,4-dioxan (4cm ) and 6M hydrochloric acid
q

(0.4cm ) was heated under reflux in a nitrogen atmosphere 

for 3 hours. TLC Analysis (SiO^/lO^ methanol, 90% 

dichloromethane) revealed a large number of highly UV 

fluorescent spots, and the reaction was therefore 

abandoned.

Swern oxidation of the alcohol (117)

A solution of dry DMSO (0.14g, 1.8ramol) in dry dichloro-
q

methane (2cm ) was added to a solution of oxalyl chloride 

(O.llg, 9 X 10 ^mol) in dry dichloromethane (l.5cm^) at 

-60°C under a nitrogen atmosphere. The solution was kept

at -60°C for 15 minutes. A solution of the alcohol (117)
— L q(0.2g, 3.8 X 10 mol) in dry dichloromethane (1cm ) was

added, and the mixture was kept at -60°C for 30 minutes.

Dry triethylamine (0.42g, 3.8mmol) was added, and the

mixture was allowed to warm to room temperature. Water 
q

(4cm ) was added, then the phases were separated, and the
q

aqueous phase extracted with dichloromethane (2 x 15cm ). 

The combined, dried (Na^SO^) extracts were evaporated, 

and the resulting gum was purified by column chromatog

raphy (50% ethyl acetate, 50% light petroleum) to give 

a gum (0.l l g , 60%).

\J (smear)/cm ^ ; l680max
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NMR (CDClj), 4^/ppm: 10.5 (IH, s, CHO), 8.8 (IH, bs, N-H),

8.05 (IH, dd, J^=7Hz, Jg=2Hz, H-5), 7.7 - 7.0 (8H, m, 

other aromatic protons), 6.89 (IH, s, CH=C-CHO), 4.76 

(2H, 8, Ar-CH^-N), 4.3 (2H, q, J=7Hz, CH^-CH^-O), 2.7 

(3H, 8, SO^-C^H^-CH^), 2.45, 2.30 (6H, 2 x s, 2 x Ar-CH^),

1.3 (3H, t, J=7Hz, CH^-CH^-O).

Attempted cyclisation of the unsaturated aldehyde (120)

1) Trifluoroacetic acid. Two drops of trifluoroacetic 

acid were added to a solution of the unsaturated aldehyde
q

(120) (80mg) in dry dichloromethane (3cm ) under nitrogen. 

After standing overnight at room temperature, TLC analysis 

of the resulting blue solution revealed a large number of 

spots. Evaporation of the solvent followed by column 

chromatography failed to yield any pure product.

2) Hydrochloric acid in dioxan. A solution of the 

unsaturated aldehyde(120) (O.lOg) in a mixture of 1,4-
q  q

dioxan (3cm ) and 6M hydrochloric acid (0.3cm ) was heated

under reflux in a nitrogen atmosphere for three hours.

The resulting dark coloured mixture was cooled to room
q

temperature, diluted with water (20cm ), made basic by 

addition of dilute ammonia solution, and extracted with
q

dichloromethane (3 x 10cm ). The combined, dried (Na^SO.)d 4
extracts were evaporated to afford a brown oil. TLC 

Analysis showed several components, and separation was 
not attempted.
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3- 1-(3'-Pyridyl)ethyl indole

i) Methanolic solution. A mixture of 3-(3'-pyridyl)- 

butanal (19) (0.3g), phenylhydrazine hydrochloride (0.3g)

and saturated methanolic hydrochloride (lOcm ) was heated 

under reflux for three hours. The mixture was cooled to
q

room temperature, poured into water (20cm ), and made 

basic by the addition of 2M ammonia solution. The 

resulting emulsion was extracted with ethyl acetate (3 x
q

lOcm ), and the dried (Na^SO^) extracts were evaporated 

to afford a red oil from which none of the desired product 

could be obtained by column chromatography.

ii) Ethanolic solution. A mixture of 3-(3'-pyridyl)- 

butanal (19) (11.4g) and phenylhydrazine hydrochloride
q

(11.4g) in absolute ethanol (lOOcm ) was stirred at room

temperature for 10 minutes under nitrogen. A saturated
q

solution of hydrogen chloride in ethanol (l$Ocm ) was 

added to the resulting solution, and the mixture was 

heated to reflux for 20 minutes, then allowed to cool to 

room temperature. The solvent was evaporated under redu

ced pressure, and the residue was dissolved in water (250 
q

cm ), and made basic by the addition of 2M ammonia

solution. The mixture was extracted with ethyl acetate 
q

(4 X lOOcm ), and the combined, dried (Na^SO^) extracts 

were evaporated to afford a partially solid red oil, 

which was washed with a little ethyl acetate to afford 

a white solid (6.1g, 37%), mp 170 - 173°C (lit23l72°C).

^max/cm 3140, 1600, 1590, 1580
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204, 219, 257, 292.

NMR (CDCl^), J^/ppm; 8.7 (IH, bs, N H ) , 8.6 - 8.3 (2H, m , 

H-2' & H-6'), 7.7 - 7.2 (8 H , m, other aromatic protons),

4.4 (IH, q, J=7Hz, CH^-CH), 1.7 (3H, d, J=7Hz, CH^-CH).

1'-Acetyl-3-[l-(3'-pyridyl)ethyl]indole

A solution of 3-[l-(3 '-pyridyl)ethyl]indole (15) (7.3g)
3 3in acetic anhydride (45cm ) and dry triethylamine (lOcm )

was heated under reflux for 30 minutes. The solution was

concentrated in v acuo, and the residue was dissolved in

dichloromethane (l50cm ) and washed with saturated sodium

bicarbonate solution (3 x 50cm ). The organic phase was
dried (Na^SO^) and evaporated to afford a partially solid

yellow oil. Column chromatography (lOOg SiO^, eluted with

50% light petroleum/50% ethyl acetate) gave a white

crystalline solid (6.2g, 71?), mp 120 - 124°C ( l i t ? ^ 1 2 3  -
124°C) .

y  /cm'l; 1730 - 1700 (C=0).

NMR (CDCLj) , cfjj/pprii; 8 .40 (IH, d, J=2Hz, H-2'), 8.35 -

8.1 (2 H , m, H-6' & H-7), 7.5 - 6.8 (6 H , m, other aromatic 

protons), 4.18 (IH, q, J = 7Hz, CH^-GH), 2.5 (3 H , s, GO-CH^), 

1.65 (3H, d, J=7Hz, GH--GH).

l -Acetyl-3-[l-[3' - ( 4- cyan o pyr idyl )]e thyl ] indole (l22)

l-Acetyl-3-[l-(3'-pyridyl)ethyljindole (5.8g) was 
converted into its N-methylacetamidopyridinium iodide 

salt (8.5g, 86%) via the procedure described for the 

corresponding 5-methoxyindole (67). A suspension of this
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q
salt (7.0g) in a mixture of water (90cm ) and ethanol 

q
(30cm ) containing ammonium chloride (3-2g) was treated 

with a solution of potassium cyanide (l.23g) in water
q

(40cm ). The mixture was stirred at room temperature for
q

two hours, them extracted with dichloromethane (5 x 30cm ). 

The combined extracts were thoroughly washed with water
O

(4 X 60cm ), dried (Na^SO^), and evaporated under reduced 

pressure to afford a viscous yellow oil. Column chroma

tography on silica gel (50g) eluted with 50% ethyl acetate/ 

50% light petroleum gave a viscous oil which slowly 

crystallised on standing (2.8g, 68%).

2975, 2220 ( CN ) , 1700 (0=0), l600, 1570.

NMR (CDCl^) , cffj/ppm; 8.75 (IH, s, H-2'), 8.4 - 8.1 (2H, 

m, H-6' & H-7), 7.4 - 6.9 (5 H , m, other aromatic protons), 

4.55 (IH, q, J=7Hz, CH^-CH), 2.58 (3H, s, COCH^), 1.78 
(3H, d, J=7Hz, CH^-CH).

Reaction of l-acetyl-3-[l-[3 ' - ( 4-cyanopyridyl )lethyl] 

indole (122) with nitromethane anion
q

A solution of nitromethane (63mg, Immol) in methanol (2cm ) 

was cooled in ice, and a solution of sodium (24mg Immol)
q

in methanol (0.5cm ) was added. The solution was left

at 0°C for 30 minutes, then a solution of the nitrile (l22)
-I q(lOOmg, 3.4 X 10 mol) in methanol (2cm ) was added, and

the solution was allowed to warm to room temperature
overnight. The solvent was evaporated under reduced

pressure, and the residue was dissolved in ethyl acetate

(lOcm^), and washed with water (2 x 2cm^). The combined,
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dried (Na„SO.) extracts were evaporated to afford a 
^ 4

white solid (0.07g, 82%), which was identified as

3 - [l- [3 ’ - ( 4--cyanopyridyl)]ethyl] indole (17) by TLC analysis

and IR and NMR spectroscopy.

l-Bromobutan-l-ol

4.8% Hydrobroraic acid (201cm^, 302g, 1.79mol) was added
o

dropwise to boiling THF (450cm ) over a two hour period. 

The mixture was heated under reflux for a two hour period, 

then cooled in ice, neutralised by cautious addition of
o

sodium hydrogen carbonate, and diluted with water (500cm ) 

The phases were separated, and the organic phase was dried 
(Na^SO^) and evaporated under reduced pressure. The 

residue was purified by bulb to bulb distillation under 

reduced pressure to afford a clear colourless oil (I4.5g, 
6% based on H B r ).

4-Bromobutanal

A solution of 4-bromobutan-l-ol (I4g, O.llraol) in dry 

dichloromethane (50cm ) was added in portions to a stirred 

suspension of pyridiniura chlorochromate (29.6g, O.llmol) 

in dry dichloromethane (150cm ) under an atmosphere of 

nitrogen. The mixture was stirred at room temperature for 

90 minutes, then 30°-40° petroleum spirit was added, and 

the solvent was decanted from the resulting black tar.

The tar was washed several times with 30°-40° petroleum 

spirit, and the combined washings were filtered through 

"Celite", and evaporated. The residue was filtered
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through a short plug of dry silica gel (15g) eluted with 

30°-i0° petroleum spirit, to afford a yellow oil (9.7g,

70%) .

\)^ax^ ’ 1730
NMR (CCl^), tfjj/ppra; 9.8 (IH, s, CHO) , 3.%5 (2H, t, J = 7Hz, 

CHg- Br ) , 2.65 ( 2 H , t, J = 7Hz, CHj-CHO) , 2.15 (2H, m, C-GH^-C)

1 ,1-Diethoxy-4-bromobutane

A mixture of 4-bromobutanal (9-lg» 0.06nol), triethyl- 

orthoformate (11.2g, 0.076mol) and ammonium chloride
o

(0.32g, 0.006mol) in absolute ethanol (100cm ) was heated 

under reflux for 3 hours. The solvent was evaporated

under reduced pressure, and the residue was dissolved in
3 3ethyl acetate (lOOcm ), washed with water (2 x 20crn ) ,

dried (MgSO^), and evaporated under reduced pressure to

afford an orange oil. Bulb to bulb distillation gave a

clear colourless oil (7.9g, 58%).

NMR (CDCl^), /jj/ppra; 5.3 (IH, t, J=7Hz, CH/OEt)^), 3.5 

(2H, t, J = 7Hz, Br-CHg), 3.15 (4H, o, J = 7 H z ,(O-CH2 - C H 2 ) ,
2.28 (2H, m, CH^-CH^-CH), 1.96 (2H. n, CHg-CH^-CHg),

1.35 (6H, t, J = 7Hz, (O-CHg-CH^jg).

4-Lithio-l,1-diethoxybutane

Lithium metal (O.lg, 0.017mol) was cut into small lumps 

and added to dry ether (8cm ) under a stream of dry 
nitrogen. The reaction flask was sealed with a rubber 

septum and kept under a positive pressure of nitrogen.
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A few drops of a solution of 4-bromo-l,1-diethoxybutane 

(l.2g, 5.3ramol) in dry ether (4cm ) were added, and the 

mixture was stirred vigorously at room temperature until 

the reaction had been initiated. The remainder of the 

solution was added dropwise at 0°C, and the mixture was 

then allowed to warm to room temperature overnight.

Titration of the resulting solution against diphenyl-
6 2acetic acid indicator indicated an alkyl lithium 

concentration of 0.25M (57%).

Reaction of l-acetyl-3-l^l-^3 ' - ( 4-cyanopyridyl )]ethyl lindole 

(122) with 4-lithio-l,1-diethoxybutane
3

The alkyl lithium solution described above (lOcm , 2.$mmol,
3.6 molar equivalents) was decanted from the precipitated 

solids, and cooled to -lO^C under a nitrogen atmosphere.
A solution of the nitrile (122) (0.20g, 6.9 x 10"^mol) in

dry THF (20cm ) was added dropwise, and the mixture was 

stirred at -10°C for 30 minutes, and then at room temper

ature for 1 hour. The resulting red solution was poured 

into 20% acetic acid (50cm ), heated under reflux for 1 

hour, and then cooled to room temperature and neutralised 

by cautious addition of saturated sodium hydrogen carbonate 

solution. The solution was extracted with ethyl acetate
o

(5 X 15cm ). Evaporation of the combined, dried (Na_SO,)2 4
extracts afforded a yellow oil. Column chromatography 

(ethyl acetate) afforded a viscous colourless oil which 

slowly crystallised on standing (0.12g, 70%).

The infra red, NMR and mass spectra of this material were 

indistinguishable from those of 3-[1-[3' (4-cyanopyridyl)]-
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ethyljindole (l7).

3-[l-[3' - ( 4--Cyanopyr idyl )]ethyl ] indole (l7 )

A solution of potassium hydroxide (0.26g, 4-*6mmol) in 

ethanol (lOcm ) was added to a suspension of 1-acetyl- 

3-[ 1 -[3 ’ - ( 4--cyanopyridyl )]ethyl Jindole (122 ) (1.28g, 4-.5mmol)
Q

in ethanol (4-Ocra ). The mixture was stirred at room

temperature for 5 minutes, and the resulting clear orange

solution was evaporated under reduced pressure. The
3

residue was dissolved in ethyl acetate (30cm ), washed
Q

with water (lOcra ), dried (MgSO^) and evaporated under 

reduced pressure to afford a cream coloured solid (1.06g,

), lap 116 - 118°C (lit^°118 - 119°C).

TLC (SiO^/^O^ ethyl acetate, 50% light petrolum), Rf = 0.34 

M c a x  (nujol)/cn'.‘^; 2220
NMR (CDClj) , cfjj/ppm; 9.05 (IH, bs, N-H) , 8.72 (IH, s, 

H-2'), 8.56 (IH, d, J=5Hz, H-6'). 7.5 - 6.9 (6H, c ,
other aromatic protons), 4.78 (IH, q, J=7Hz, CH^-GH),

1.80 (3H, d, J=7Hz, CH^-GH).

But-3-enyllithium

A few drops of a solution of 4-bromobut-l-ene (8.0g,
3

0.06mol) in dry THF (20cm ) was added to a vigorously 
stirred suspension of magnesium turnings (3.0g) in dry 

THF (10cm ) under an atmosphere of dry nitrogen. The 

mixture was warmed gently to initiate reaction, then the 

heat was removed, and the remainder of the solution was 

added dropwise at a rate which maintained a gentle reflux
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The mixture was heated under reflux for a further two 

hours, then cooled to room temperature. A solution of 

mercury(I I )chloride (8.14g, 0.03mol) in dry THF ($cm^) 

was added dropwise, and the mixture was then heated under 

reflux for two hours. After standing at room temperature 

overnight, the slightly yellow solution was decanted from 

the precipitate and unreacted magnesium with a syringe, 

and added to finely divided lithium (0.72g, 0.12mol) in 

dry THF (lOcm ). The mixture was vigorously stirred at 

room temperature for two hours, and allowed to settle.

The alkenyl lithium concentration was determined by
/ O

titration against diphenylacetic acid indicator , and 

was found to be 1.14-M (85%).

5-But-3-enyl-ll-methyl-6H-pyrido[4,3-b]carbazole (5-but- 

3-enylellipticine)(126)

A solution of 3-[1 -[3’(4-cyanopyridyl)^thylJindole (l7)
3

(l.Og, 3.8mmol) in dry THF (7cm ) was added to a solution 

of but-3-enyl lithium in THF (20cn2, 0.023mol) at -78°C 

under a nitrogen atmosphere, and the mixture was allowed 

to warm to room temperature over two hours. TLC Analysis 

(SiO^/ethyl acetate) revealed total absence of starting 

material, and a new component which appeared as an 

elongated spot at Rf = 0.25. The mixture was poured into
3

cold 20% aqueous acetic acid (200cm ), and warmed gently 

for 20 minutes. TLC Analysis revealed a single component 

which appeared as fluorescent yellow spot at Rf = 0.46.

The yellow solution was cooled to room temperature, and 

made basic by cautious addition of solid sodium carbonate,
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o
and extracted with dichloromethane (6 x 25cm ) and chloro- 

form (3 X 25cm ). The combined extracts were washed with
3

brine (50cm ), dried (MgSO.) and evaporated to afford a4
yellow solid which was washed with a little dichloromethane 

and recrystallised from methanol to give bright yellow 

microcrystals (0.3g, 28%), mp 281 - 284°C (dec.).

(&); 203 (17 200), 238 (19 200), 27% (%% 000),

286 (%6 700), 291 (%% 350), 332 (% 800).

NMR (DMSG), cfjj/ppm; 11.%8 (IH, s, N-H), 9.73 (IH, s, H-l),

8.%5 (IH, d, J = 6Hz, H-3), 8.%1 (2H, d, J=6H z , H-10) ,

7.95 (IH, d, J=6Hz, H-%), 7.6 - 7.5 (2H, m, H-8 & H-7),

7.29 (IH, td, J3 = 6Hz, Jg = 2Hz, H-9) , 6.15 - 5.95 (IH, n, 

CH^CHg), 5.15 - %.95 (2H, m, CH=CH^), 3.30 (3 H , s, Ar-CH^),

2.6 - 2.% (m, CHg-CHg + solvent peak).

ci/z (70eV El); 286 (2%%, M'*'), 2%5 (100%, M^-C^H^'), 1%9 

(18%).

m/z (Low eV El); 286 (100%), 2%5 (16%).

Pent-4-enyl lithium
3

A solution of 5-bromopent-l-ene (l.Ocm , 1.26g, 8.5mmol)
3

in dry ether (3cm ) was added dropwise to a vigorously 

stirred suspension of lithium shot (0.25g, 0.042mol) in 

dry ether (4cm^) at 0°C in an atmosphere of dry nitrogen. 

The mixture was stirred at 0°C for two hours. Titration 

of the resulting solution against diphenylacetic acid 

indicated an alkenyl lithium concentration of 1.15M (100%).
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3-Pent-4--enyl-ll-methyl-6H-pyrido[4f 3-b Jcarbazole (5-pent-

4.-enylellipticine) (127)

A solution of 3-[ 1-[3 '( 4-cyanopyridyl)Jethyl Jindole (17)
(0.12g, 4.86 X 10 ^mol) in dry THF (5cm^) was added to a

3
mixture of ethereal pent-4-enyl lithium solution (1.5cm , 

ca. 1.7mmol) and dry THF (3cm^) at -78°C under an atmos

phere of dry nitrogen. The mixture was stirred at -78°C 

for 30 minutes, then warmed to room temperature overnight.
3

A further portion of pent-4-enyl lithium solution (0.6cm , 

6.9 X 10 "^mol) was added, and the mixture was kept at room 

temperature for 1 hour, then poured into cold 20% aqueous
3

acetic acid solution (25cm ), and heated under reflux for

20 minutes. The solution was cooled, neutralised with

saturated sodium bicarbonate solution, and extracted with
3

ethyl acetate (4 x 10cm ). The combined,dried (Na^SO )2 4
extracts were evaporated to afford a partially solid 

orange gum. Column chromatography (ethyl acetate) afforded 

a bright yellow solid (0.06g, 40%), mp 248 - 253°C (dec).

202, 2%0, 275, 286, 292 , 335.

NMR (DMSG), 11.5 (IH, bs, N-H), 9.75 (IH, s, H-l),

8.5 - 8.% (2H, m, H-3 & H-10), 7.92 (IH, d, J=6Hz, H - % ) ,

7.6 - 7.5 (2H, ra, H-8 & H-7), 7.23 (IH, td, J^=6Hz, Jg= 

2Hz, H-9), 6.0 - 5.8 (IH, ra, CH^CH^), 5.1 - %.9 (2H, s, 

CH=CHg), 3.27 (3H, s, Ar-CH^), 2.1 (2H, ra, CHg-CH^-CHg) 

(other aliphatic peaks were assumed obscured by the 

large solvent peak at 2.5). 

m/z (70eV El); 300 (38%, M+), 245 ( 
m/z (Low eV El); 300 (100%)
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Cleavage of 5-but-3-enyIellipticine (126) with sodium 

periodate and osmium tetroxide

A solution of sodium periodate (0.2g, 9.3 x 10 ^mol) in 

water (l.5cm ) was added dropwise to a stirred solution 

of 5-but-3-enylellipticine (O.lg, 3*5 x 10 ^mol) and 

osmium tetroxide (1.5mg) in 80% acetic acid (5cm ) under 

an atmosphere of nitrogen. The solution was kept for two
3

hours at room temperature, then diluted with water (I5cm ), 

and neutralised by cautious addition of sodium bicarbonate. 

The precipitated solids were collected by filtration, and 

extracted with hot methanol (3 x 20cm ). The resulting 

yellow solution was evaporated under reduced pressure, 

and the residue was purified by column chromatography 

(10% methanol, 90% dichloromethane) to afford a yellow 

solid (0.05g, 50%) mp 302 - 305°C (dec).

X  /nm (6); 200 (17 600), 238 (17 800), 274 (35 700),

285 (50 500), 292 (42 700).

'V%ax(CHCl3)/cm"l; 3690, 3380, 1605.

NMR (DMSO), J^/ppm; 10.14 (IH, s, H-l), 8.88 (IH, d, 

J=6Hz, H-3), 8.84 (IH, d, J=8Hz, H-10), 8.35 (IH, d, 

J=6Hz, H-4), 8.16 (IH, d, J=8Hz, H-7), 8.01 (IH, td, 

J^=8Hz, J2=1H z , h -8), 7.74 (IH, td, J^=8Hz, J^^lHz, H-9), 

6.97 (IH, d, J=6H z , peak absent on addition of D^O, 0 - H ) , 

6.63 (IH, m, on addition of D^O becomes t, J=3Hz, CH-OH), 

3.70 (3 H , s, Ar-CH^), (it was assumed that the peaks due 

to the CH^-CH^ moiety were obscured by the large DMSO 

peak at 2.5).
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m/z (70eV El); 288 (2%%, M^). 270 (55%. M^-HgO),

269 (100%), 2%5 (20%).

m/z (Low eV E l ) ; 288 (51%), 270 (100%) , 268 (11%) .

Attempted cleavage of 3-pent-4-enylellipticine with 

osmium tetroxide and sodium periodate

A solution of sodium periodate (0.20g, 9 x 10 ^mol) in
Q

water (2.5cm ) was added to a solution of 5-pent-4-enyl- 

ellipticine (I27)(0.12g, 4 x 10 "^mol) and osmium tetroxide 

(Irag) in 80% acetic acid (5cm ). Glacial acetic acid
3

(4cm ) was added to redissolve the precipitated ellip-

ticine, and the mixture was stirred at room temperature

for 3 days, then neutralised with sodium bicarbonate,

and extracted with chloroform (5 x 20cm ). The combined,

dried (Na„SO.) extracts were evaporated under reduced 2 4
pressure, and the residue was purified by two short path 

pressure columns (5% methanol, 95% dichloromethane) to 

afford an orange glass (60mg, 50%), which by TLC analysis 

(10% methanol, 90% dichloromethane) was a mixture of three 

components at Rf = 0.42 (major component), 0.46 and 0.49.

X  /nm; 202, 239, 275. 285. 291, 3%0.
3700, 1600

NMR (DMSO), ijj/ppn;
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Attempted reductive amination of the carbinolamine (131) 

with diethylamine

1) Hydrogenation conditions. Diethylamine (70mg) was 

added to a suspension of the carbinolamine (I3l) (30rng) 

and 10% Pd on charcoal (5mg) in ethanol (3cm^). The 

mixture was stirred under an atmosphere of hydrogen for 

tŵ o days. TLC Analysis (SiÜ2/lO% methanol, 90% dichloro

methane) showed only unchanged starting materials to be 

present, and the reaction was therefore abandoned.

2 ) Using sodium cyanoborohydride. A saturated solution 

of hydrogen chloride in dry methanol was added dropwise
o

to a solution of diethylamine (O.lOg) in methanol (5cm ) 

until a neutral solution was obtained. A portion of the 

carbinolamine (I3l)(0.05g) was added, followed by sodium 
cyanoborohydride (O.Olg). The mixture was stirred over

night at room temperature, when a yellow solid had been 

precipitated. TLC Analysis showed only unchanged starting 

materials. Sufficient methanolic hydrogen chloride 

solution was added to redissolve the precipitate, and the 

mixture was kept at room temperature for four hours. The 

solvent was evaporated under reduced pressure, and the 

residue was dissolved in chloroform (5cm ), and washed
3

with saturated sodium bicarbonate solution (3 x 3cm ).

The dried (Na^SO.) organic phase was evaporated to afford 

a yellow solid which was purified by preparative TLC on 

silica gel eluted with 10% methanol in dichloromethane to 

afford recovered starting material (0.02g, 40%), and a
fraction consisting of a new product and some starting
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material (0.03g, 60%).

202, 239, 276, 284, 294.

NMR (CDClj) Ijj/ppra; 9.73 (IH, s, H-l), 8.6 - 8.3 (2H, m, 

H-3 & H-10), 7.9 - 7.25 (4H, m, other aromatic protons), 

5.78 (IH, t, J=3Hz, CH2-CH^, 3.47, 3.22 (2 x 3H, 2 x s, 

CH^-0 & Ar-CH^J 3.1 - 1.7 (4H, m, CH^-CH^). 

m/z (70eV El); 302, 271, 270, 269.

R eaction of the carbinolamine (131) with diethylamine

1 ) Acetic acid as solvent. Diethylamine (O.lOg) was 

added to a solution of the carbinolamine (131) (0.03g) in 

glacial acetic acid (3cm ). The resulting yellow solution 

was kept at room temperature for 24 hours. TLC Analysis 

revealed only starting materials. A second portion of 

diethylamine (O.lg) was added, and the mixture was heated 

under reflux for 90 minutes. The resulting dark green 
solution was neutralised by cautious addition of sodium 

bicarbonate solution, and extracted with dichloromethane 

(6 X 10cm ). The combined, dried (Na^SO^) extracts were 

evaporated under reduced pressure to afford a dark green 

glass. This residue was purified by preparative TLC on 

silica gel eluted with 10% methanol in dichloromethane, 

to afford a green solid (0.015g).

202
Mass spec. (70eV El) was highly complex.
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2) Chloroform as solvent. A solution of the carbinol

amine (131) (0.03g) and diethylamine (O.lOg) in chloroform 

(15cm ) was heated under reflux for three days. TLC 

Analysis of the resuting solution showed only unreacted 

starting material.

6-Benzyl-5-but-3-enylellipticine (136)

Sodium hydride (50% dispersion in oil) (0.07g, 1.5mmol) 

was added to a suspension of 5-but-3-enylellipticine (126) 
(O.lOg, 3.5 X 10 ^mol) in DMF (3cm^). The mixture was 

stirred at room temperature for 15 minutes to afford an 

orange solution. Benzyl bromide (O.o8g, 4.7 x 10 ^mol) 

was added, and the mixture was stirred overnight at room 

temperature. The resulting dark solution was poured into
3 3

water (10cm ) and extracted with dichloromethane (3 x 5cm ) 

The combined, dried (Na^SO.) extracts were evaporated, and 

the residue was purified by column chromatography (5% 

methanol, 95% dichloromethane) to afford a yellow solid 

(0.05%g, %1%) mp 28% - 290°c (dec).

20%, 275, 286, 293 

NMR (DMSO) , f  jj/ppm; 9.6 (IH, s, H-l), 8.25 (2H, ra, H-3 

& H-10), 7.7 (IH, d, J=6Hz, H-%), 7.% - 6.9 (8H, c, other

aromatic protons), 6.0 - 5.5, 5.6 (4 H , m & s, CH=CH 2
N-CH^-Ph), 5.1 - 4.7 (2H, m, CH^=CH), 3.5 - 3.2, 3.3 (5H, 

m & s, Ar-CH^-CH2 & Ar-CH^), 2.7 - 2.2 (2H, m, Ar-CH2-CH^). 
m/z (70eV El); 376 (18%, il), 335 (78%, M+-C^H^),

91 (100%, CgHy+).
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6-Benzyl-3 - ( 2-f ornylethyl) ellipticine (137.)

A solution of sodium periodate (0.06g, 2.8 x 10 ^mol) in 

water (0.5cm ) was added to a solution of the N-benzyl 

ellipticine(136) (0.05g, 1.33 x 10 ^mol) and a catalytic
3

amount of osmium tetroxide in 80% acetic acid (3cm ) under 

an atmosphere of nitrogen. The solution was kept at room
3

temperature for two days, then poured into water (10cm ), 

and neutralised by cautious addition of sodium bicarbonate 

The resulting suspension was extracted with chloroform 

(5 X 5cm ), and the combined, dried (Na^SO^) extracts were 

evaporated under reduced pressure to afford an orange 

glass. Column chromatography (5% methanol, 95% dichloro

methane) gave an orange glass (O.Olg, 20%).

X^^^/nm (6); 204 (31 000), 238 (21 800), 247 (21 000),

275 (36 700), 296 (49 800), 303 (50 500), 342 (4 800),

359 (2 500), 378 (3 700).

\),,aj,(CKCl^)/cr.r^! 1730, 1605
m/z (70eV SI); 378 (26%, îf ), 350 (%%, K + -GO), 3/9 (5%), 

335 (32%, tf-GHgCHO), 91 (100%, Gr^y+).

m/z (Lou eV El); 378 (100%)

Acc. mass; ^26^22^2^ requires 378.1732
found 378.1719
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A ttempted cleavage of 3-but-3-enylellipticine (126) with 

sodium periodate and potassium permanganate.

A solution of sodium periodate (0.08g, 3.8 x 10 "^mol), 

potassium permanganate (Irng) and potassium hydrogen carb- 

onate (O.Olg) in water (5cm ) was added to a stirred
suspension of 5-but-3-enylellipticine (126) (O.lg, 3.5 x

- L 310" mol) in butan-l-ol (10cm ). The mixture was stirred

at room temperature for three days. TLC Analysis of the

reaction mixture (10% methanol in dichloromethane) showed

only unchanged starting materials.

Ozonolysis of 5-but-3-enylellipticine.

A solution of 5-but-3-enylellipticine (20mg) in a mixture
3 3

of methanol (8cm ) and dichloromethane (2cm ) was cooled 

to -78°C, and a stream of 0^ containing 0^ was passed 

through the solution for 30 minutes. An excess of sodium 

borohydride was added, and the mixture was stirred at 

-78°C for ten minutes, then allowed to warm to room temp

erature oyernight. The solvent was evaporated under 

reduced pressure, and the residue was dissolved in dichloro
3

methane (15cm ) and extracted with 2M hydrochloric acid
3

(3 X 7cm ). The combined aqueous extracts were neutralised 

by addition of sodium bicarbonate, and extracted with
3

chloroform (3 x 5cm ). TLC Analysis of the extracts 

revealed a complex mixture of at least ten components.

A^ax/nm; 205, 240, 286, 293
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Attempted hydroboration of 5-but-3-enylellipticine

1) BE, Etherate and sodium borohydride. A solution of 

sodium borohydride (7mg, 1.8 x lO'^mol) in dry diglyme 

(2cm ) was added to a stirred suspension of 5-but-3-enyl- 

ellipticine (O.lg, 3.5 x 10 ^mol) in dry diglyme (8cm^).
BE^ Etherate (0.07cm^, 5.3 x 10 ^mol) was added to the 

resulting pink suspension to give a clear yellow solution. 

The mixture was allowed to warm to room temperature,

and kept at room temperature for 90 minutes. A solution 

of hydroxylamine-O-sulphonic acid (0.045g, 4 x lO'^mol) 
in. dry diglyme (5cm ) was added, and the mixture was 

heated to 80 - 100°C for four hours. The solution was 

made basic by addition of sodium hydroxide solution, and 

extracted with dichloromethane (5 x 10cm ). The combined, 

dried (Na^SO^) organic layers were evaporated under 

reduced pressure. Column chromatogtaphy (5% methanol,
95% dichloromethane) gave recovered starting material 

(0.06g, 60%) mp 274°C (previously 281 - 284°C).

2 ) Diborane solution. A IM solution of diborane in THE
3 3

(0.5cm ) was added to dry diglyme (4.5cm ). A portion of
g _ c

the resulting O.IM solution (0.6cm , 6 x 10" mol) was 

added to a stirred suspension of 5-but-3-enylellipticine 

(0.06g, 2.1 X 10 ^mol) in dry diglyme (8cm^) at room 

temperature to afford a clear yellow solution. The 

solution was kept at room temperature for four hours, 

then a further portion of the diborane solution (0.9cm ) 

was added, and the solution was kept overnight at room 

temperature. TLC Analysis showed only unchanged starting
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materials. A further portion of O.lM diborane solution
o _ y 3

(0.14cm , 1.4 X 10 cm ) was added, and the solution was

kept at room temperature for three days, then poured into
3

2M ammonia solution (20cn ), and extracted with ethyl
3

acetate (4 x 7cm ). The combined, dried, extracts were 

evaporated under reduced pressure, and the yellow residue 

was purified by column chromatography (5% methanol, 95% 

dichloromethane), to afford recovered starting material 

(O.Olg, 60%), and a second product which was obtained as 

a yellow solid (5mg, 8%).

'Y^a^XCHCljj/cm'l; 3460, 3380 - 3100, 2400, I6OO 
m/z (70eV El); 304, 303

Attempted solvomercuration of 5-but-3-enylellipticine 

with mercuric nitrate in acetonitrile.
A stirred mixture of 5-but-3-enylellipticine (22mg) and 

mercuric nitrate (27mg) in acetonitrile (10cm ) was kept 

overnight at room temperature, then heated under reflux 

for 3 hours. TLC Analysis showed only unchanged starting 

materials were present.

A ttempted free radical addition of acetic acid to

5-but-3-enylellipticine.

A solution of 5-but-3-enylellipticine (30mg) and di-t-

butyl peroxide (lOmg) in acetic acid (l.5cm ) was heated
under reflux for 25 hours. The solution was poured into

3saturated sodium bicarbonate solution (lOcm ), and
3extracted with ethyl acetate (4 x 10cm ). The combined.
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dried (Na^SO^) extracts were evaporated under reduced 

pressure to afford a yellow solid (23mg, 77%) mp 275°C 

(dec) (previously 281 - 284°C), which was identical to 

the starting material by TLC, UV and mass spec.

Addition of hydrogen bromide to 5-but-3-enylellipticine.

A suspension of 5-but-3-enylellipticine (O.lOg, 3.5 x
-  L 310 mol) in glacial acetic acid (5cm ) containing 45%

3 _ 3
hydrogen bromide in acetic acid (1cm , 5 x 10" mol. of 

HBr) was heated under reflux in a nitrogen atmosphere for 

two hours. The resulting orange solution was poured into 

chloroform (50cm ), washed with saturated sodium bicarbon-
g

ate solution (4 x 30cm ), dried (Na^SO^), and evaporated 

to a yellow solid (0.12g, 93%), mp 291° - 300°C (with 

charring above 275°C).

A,^ /nm; 203, 274, 286, 291.

NMR (DMSO),cS^/ppm; 11.42 (IH, s, N-H), 9.73(1H, s , H-l), 

8.46 (IH, d, J=6Hz, H-3), 8.40 (IH, d , J=8Hz, H-IO), 7.95 

(IH, d, J=6Hz, H-4), 7.60-7.53 (2H, m, H-8 &H-7), 7.28 

(IH, td, J^=8Hz, J2=1.3Hz, H-9), 4.55-4.50 (IH, m, CH-Br), 

3.52-3./ (a, partially obscured by H^O in DMSO, Ar-CHg- 
GHg), 3.28 (3H, s, Ar-GHj), 2.17-2.12 (2H, m, GH^-CHBr),

1.81 (3H, d, J=6.6Hz, GHj-CH-Br).

ngz (70eV El); 368 (9%), 366 (12%), 286 (18%,M-KBr), 2/5 
(100%, 286-C^H^), 185 (88%), 122 (//%).
m/z. (Low eV El); 368 (35%), 366 (/2%), 286 (63%), 2/5 (1 
185 (100%), 122 (20%).
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Ritter reaction of 5-but-3-enylellipticine
3

1) Acetonitrile (0.5cm ) was added to a solution of 5-but-

3-enylellipticine (70mg) in 90% sulphuric acid (icm^), 

and the mixture was kept at room temperature overnight.

The solution was diluted with water (5cm ), made basic by 

addition of dilute ammonia solution and extracted with 

ethyl acetate (6 x 5cm ). TLC analysis revealed that no 

material had been extracted into the organic phase.

2) 90% Sulphuric acid was added dropwise to a stirred 

suspension of 5-but-3-enylellipticine (70mg) in aceto- 

nitrile (2cm ) until a solution was obtained, and the 

solution was stirred at room temperature overnight, by 

which time a yellow solid had precipitated. The mixture
3

was poured into water (5cm ), made basic (2M ammonia
3

solution), and extracted with chloroform (4 x 5cm ). 

Evaporation of the dried (Na^SO^) extracts gave a yellow 

solid (30mg, 35%). mp 262 - 270°C (dec).

^^Lax^CHCl^j/cm'l; 3680, 3440, 1705, 1605 

X^ax/nm; 200, 274, 286, 292.

NMR (DMSO), j^/ppm; 11.42 (IH, s, N - E ) , 9.71 (IH, s, H-l), 

8.43 (IH, d, J=6Hz, H-3), 8.39 (IH, d, J=8Hz, H-10),

7.94 (IH, d, J=6Hz, H-4), 7.55 (2H, m, H-8 & H-7), 7.26 
(IH, rn, H-9), 4.05 (IH, m, AcNH-CH) , 3.3-3.2 (m, obscured 

by H 2O in DMSO, Ar-CH2 -CH2 ), 3.27 (3H, s, Ar-CH^), 1.9 

(3H, s, CH^-CONH), 1.89-1.69 (2H, m, CH2-CH^-CH), 1.13 

(3H, d, J=6.6Hz, CH^-CH).

m ^ ^ ( 7 0 e V  El); 345 (0.74%, M+), 286 (3.1%, M -CH^CONH^,),
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271 (1.2%), 59 (100%, CH^CONHg).
m/z (Isobutane Cl); 3/6 (65%, M + 1), 287 (23%), 21/ (100%)

3) 5-But-3-enylelliptiolne (O.lOg) was mixed with aceto

nitrile (0.5g), added to 90% sulphuric acid (0.30g) and

stirred at room temperature over the weekend. The mixture 

was diluted with water (10cm ), made basic with dilute 

sodium hydroxide solution, and extracted with chloroform
g

(4 X 5cm ) to give a yellow solid (lOmg, 8%) which, by 

TLC analysis, was identical to the material from procedure 

2.

4) Acetic acid co-solvent Concentrated sulphuric acid
3

(O.lg) in acetic acid (0.2cm ) was added to a solution of

5-but-3-enylellipticine (0.14g) in glacial acetic acid
3

(5cm ) causing precipitation of a bright orange solid.
3

Acetonitrile (0.5cm ) was added, and the suspension 

stirred overnight, then heated under reflux for eight hours 

giving a clear orange solution. The usual work-up procedure 

yielded unreacted starting material (0.12g, 86%) as the 

only isolable product; mp 276 - 280°C (dec) (previously 

281 - 284°C).

5) Procedure 2 above was repeated using concentrated 

sulphuric acid in place of 90% sulphuric acid. After 

stirring overnight at room temperature there had been no 

reaction, and the mixture was heated under reflux for 30 

minutes, whereupon a bright yellow solid was precipitated.

On basification (2M sodium hydroxide) and extraction
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(chloroform, dichloromethane and ethyl acetate) no product 

was taken into the organic phase. Evaporation of the 

aqueous layer afforded an orange oil which solidified to 

a hygroscopic yellow solid when triturated with 95% 

ethanol.

X /nm; 200, 275, 285, 292.l\13,X

6) BFt etherate as acid Procedure 2 was repeated using 

BF^ etherate in place of sulphuric acid. The reaction 

mixture was kept at room temperature overnight and then 

heated under reflux for seven hours. Starting material 

was the only compound detectable by TLC analysis.

7) Using 88% orthophosphoric acid Substitution of 

orthophosphoric acid and a few drops of acetic acid for 

the BF^ etherate of procedure h gave no reaction.

8) p-Toluenesulphonic acid Procedure é> was repeated with 

£-toluenesulphonic acid in place of BF^ etherate. No 

reaction occurred.

9) Trifluoroacetic acid Procedure é> was repeated with

trifluroacetic acid in place of BF^ etherate. No reaction 

occurred.
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