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Abstract

Nucleophilic ring-opening reactions of activated cyclo

propanes are surveyed. This class of reactions is briefly 

rationalised by considering the bonding descriptions of the 

three-membered ring. The scope of such reactions is examined 

and reference is made to their use in organic synthesis. The 

involvement of this type of process in the biological action of 

the antitumour agent CC-1065 is also discussed.

The thermolysis of vinyl azides to give 2-unsubstituted 

indoles is applied to the preparation of a pyrrolo[3,2-e]indole 

system and ultimately to the synthesis of the left-hand unit of 

CC-1065. Two complementary methods for the preparation of the 

requisite vinyl azides are described.

This synthesis of the left-hand unit of CC-1065 completes a 

formal total synthesis of the antitumour agent. The remaining 

discussion is an account of attempts to develop a high yielding 

procedure for coupling the left-hand ‘A* unit to the combined 

central and right-hand 'B-C' unit of the drug.
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Abbreviations

A X, Angstrom units

Bn Benzyl

Boc tert-Butoxycarbonyl

DABCO 1,4-Diazabicyclo[2.2.2]octane

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

DMAP 4-Dimethylaminopyridine

DME 1,2-Dimethoxyethane

DHF N ,N-Dimethylformamide

DHSO Dimethyl sulphoxide

EDC 1 -(3-Dimethylaminopropyl)-3-ethylcarbodiimide 

hydrochloride

HMPA Hexamethylphosphoramide (hexamethylphosphoric triamide)

LDA Lithium diisopropylamide

Red-Al Sodium bis(2-methoxyethoxy)aluminium hydride 

(Red-Al is a registered trademark of the Aldrich 

Chemical Co., Inc.)

RT room temperature

SEM 2- (Trimethylsilyl)ethoxymethyl

TBDHS tert-Butvldimethvlsi1yl

TFA Trifluoroacetic acid

THF Tetrahydrofuran

TMS Trimethylsilyl

TsOH p-Toluenesulphonic acid (tosic acid)
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CHAPTER 1

NUCLEOPHILIC RING-OPENING REACTIONS OF CYCLOPROPANES
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1.1 Introduction

The nucleophilic ring-opening of a cyclopropane is strongly 

implicated in the biological mode of action of the antitumour 

agent CC-1 065 (1 ) .

(1)

It is of some interest, therefore, to survey the scope of such

reactions and highlight some applications in synthesis. A

rationalisation of this class of reaction, in terms of an

electronic interaction between the cyclopropyl moiety and an

adjacent p- or tt- system, will also be presented.
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1.2 Background

The similarity between the properties of cyclopropyl rings 

attached to carbonyl groups, and those of a , {3-unsaturated 

carbonyl compounds, was noted by Conant and Kohler as early as 

1917.^ The peculiar sensitivity of cyclopropyl ketones and acid 

derivatives towards 'nascent hydrogen', halogen acids, and 

nucleophiles - reagents to which a , p-unsaturated carbonyl 

compounds also show sensitivity - was cited as evidence for this 

a s sertion.

The reactions of substrates of general structure (2) with a 

variety of reagents were studied.

P h ^ ______ .  COPh
V  3/

RO2C CO2R

(2)
Alkoxides, for example, cleaved the bond between carbons 1 and 2

(Scheme 1). The proposed mechanism was similar to that

operative in the reaction between benzalmalonic ester U ) and

ethoxide.
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(2a)

C(C02Me)
PhC H =<^

COPh

(3)

Scheme 1
Direct nucleophilic attack by methoxide on carbon 2 of dimethyl 

ester (2a), is followed by elimination of methanol to give the 

unsaturated diester anion (3).

C02Et
PhCH=< + NaOEt — ...... ► PhCH(0Et)C(C02Et)2 Na+

CC^Et

(4)

The diacid (2b) gave two products, (5) and (6 ), on 

reaction with hydrobromic acid. Both result from the 

nucleophilic attack of bromide ion on a cyclopropyl ring 

activated by protonation of the carbonyl substituent.

COPh
P h C H ^  +  PhCH

CH2C02H

(2b)

9

(5)



Compound (5) results from attack at the 2-position and cleavage 

of the C1-C2 bond followed by decarboxylation and loss of 

hydrogen bromide (Scheme 2).

(5)

HBr
(2b) ------

(6)

Scheme 2

Lactone (6 ) also results from attack on the 2-position but in 

this case the C2-C3 bond must be cleaved giving, after 

cyclisation, the lactone (7) which can lose carbon dioxide and

hydrogen bromide. The open form of lactone (7) is analogous to 

the product of a ,0-unsaturated ketones.
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The reactivity of cyclopropanes bearing activating 

substituents such as C=0 groups, or more generally CX multiple 

bonds, or carbocation centres can be rationalised by considering 

the bonding in the cyclopropane ring. The two most common

descriptions are the molecular orbital (MO) model due to

2, 3 4 , 5Walsh, and the valence bond (VB) model.

In the first model it is assumed that the C-H bonds are 

localised but that the MOs of the C-C framework, formed by the 

overlap of atomic orbitals (AOs) of similar symmetry on each 

carbon atom, are non-localised.

1.3 Bonding descriptions

a

Figure 1



Each CH2 unit contributes two orbitals towards C-C bonding,

namely a hybrid sp2-A0 and a 2p-A0. Thus, there are three

possible MOs from sp2-orbitals and three from the p-orbitals,

and these six MOs will be split into three bonding and three

antibonding combinations. The lowest lying bonding MO (o) is a

2
linear combination of the three sp -orbitals oriented in the 

plane of the ring. The other two (e^ and e^ - denoting doubly 

degenerate, e, antisymmetric, A, and symmetric, S) are de

generate combinations of the three p-AOs differing only in their 

symmetry properties (Figure 1).

The VB model describes the C-C bond by the overlap of two 

5
sp -hybrid orbitals from each carbon atom. The orbitals do not 

overlap along the bond direction but just off the C-C line 

(Figure 2 ).

Both models, therefore, predict that the density of bonding 

electrons is greatest off the C-C connecting line. This is 

found to be the case experimentally. The involvement of sp -

hybrid orbitals in cyclopropyl C-H bonding is also a feature of 

both descriptions. The shorter C-H bonds^ in cyclopropanes and

calculations based on C-H n.m.r. coupling constants^ support 

this proposal. The latter method indicates ca. 32Z s character 

in C-H bonding and ca_̂  171 s character in C-C' bonding. ® The HCH
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obviously tendingbond angle is found to be close to 118

2 otowards the ideal sp angle of 12.0 .

o 2

The interaction of a cyclopropyl group with a neighbouring 

ir or p centre is dependent on the conformation of the 

conjugating system. The p-orbital axis of the neighbouring 

group must be aligned parallel to the plane of the three- 

membered ring. This is the so-called bisected conformation 

(Figure 3).

(a) vinyl cyclopropane

H

(b) cyclopropyl methyl 
carbenium cation

Figure 3 The antiperipianar (bisected)
conformation
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For vinylcyclopropane the bisected (antiperiplanar) conformation

(Figure 3a) is 4.6 kJ mol  ̂ more stable than the synclinal 

3(gauche) form, and in cyclopropylmethyl cation the energy

difference between the bisected

least favourable perpendicular

-1 9
as much as 70 kJ mol

0  0

conformation (Figure 3b) and the 

conformation (Figure 4) could be

H

Figure 4 The perpendicular conformation

The stabilisation of adjacent positive charge by cyclopropanes 

may be greater than vinyl or phenyl groups.^ As a consequence, 

shortening of the C2-C3 bond and lengthening of the C1-C2 bond 

is predicted by the Walsh model.^ This has been shown for 

cyclopropanecarbonitrile, where C1-C2 is 1.528 A and C2-C3 is 

1.500 A, compared with 1.510 A in cyclopropane itself.^

(8)
o-

(8a)
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In spiro[2.5]octa-4,7-dien-6-one (8 ), conjugation of the

cyclopropane ring into the cyclohexadienone ring lends some

aromatic character to the latter. Evidence from 1H n.m.r. and

u.v. suggests a major contribution from the zwitterionic

1 2canonical form (8a). It is worth noting, however, that

although partial delocalisation of the cyclopropane bond

electrons in spiro[2.4]hepta-4,6-diene (9) has been deduced from

the downfield positions of the n.m.r. signals of the cyclopropyl 

13protons, the bond lengths do not support the assumption of

1 4some contribution from structure (9a).

& f T “ 7  5+ \ /\ /

(9) (9a)

Polar ir-acceptor substituents are therefore essential for 

effective electron donation by cyclopropane.

In such activated systems then, the predicted result of 

conjugation is a weakening of the two C-C bonds adjacent to the 

substituent, and the development of partial positive charge at 

the two carbons remote from the substituent. These factors thus 

account for the susceptibility of these systems to nucleophilic

attack and predict that one of the bonds adjacent to the 

substituent will be cleaved.
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1.4 Reactions and applications

For the purposes of this review the nucleophilic ring- 

cleavage reactions of cyclopropanes will be divided into three 

classes.

1. Those reactions which involve the obvious assistance of an 

electrophile, for example, a proton or a Lewis acid, prior to 

ring cleavage.

2. Those reactions which involve direct attack on the ring 

without prior activation.

3. Those reactions in which the ring-cleavage results directly 

in the formation of an aromatic ring.

Type 1

1 5This class of reactions include Julia s olefin synthesis. 

The original procedure involved the treatment of a 

cyclopropylmethanol (10) with 48 l hydrobromic acid. Secondary 

alcohols (10a) gave olefins of ^-configuration (11a) and 

tertiary alcohols (10b) gave E-olefins (11b) in excellent yield 

(Scheme 3).

HBr, H20  
*— —-------- Br/^ / V Rl

R2

(10a) R1= alkyl, r 2= h (11) 90-95%

(10b) R1= alkyl, r 2= c h 3 + 5-10% Z -isom er

Scheme 3
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Johnson's modification gave trisubstituted E-olefins 

stereoselectively by treating the secondary cyclopropylmethyl 

bromides with zinc bromide in ether.

The two possible geometrical isomers arise from two 

different conformations of the molecule in the transition state 

(Figure 5 ) . 17 Thus either (12) or (13) permits participation of 

the cyclopropane ring during ionisation i .e . with leaving group 

and cleaved bond in an antiperiplanar relationship.

1 6

Br' B r‘

R"

Figure 5

1 o
Since R is alkyl it has greater steric demand than R which is

hydrogen. Conformation (12), therefore, predominates and the 

product is the E-isomer (11).

Nucleophilic attack with assistance of the trimethylsilyl 

cation as electrophile has been reported . 18 When the 

cyclopropyl ketones (14) and (16) were treated with

17



trimethylsilyl iodide in dichloromethane at. 0 C, the ring-opened 

iodides, (15) and (17) respectively, were obtained in high yield

(85-90Z) (Scheme 4).

(16) (17)
Scheme 4

It will be noticed that in the case of (14) the nucleophile 

attacks the least substituted carbon. As will be shown later 

attack is usually expected to take place at the most substituted 

carbon. However the case of (14) is special in that the 

cyclopropane is fused to another ring. In such situations it is 

normal for the carbon which is not common to both rings to be 

attacked.

Acetylmethanesulphonate (AcOMs) with nucleophiles such as

Br , Cl and OMs opens cyclopropylketones with stereo

selectivity compatible only with an S^2-type opening (Scheme 

1 9
5). When (18) was treated with AcOMs in the absence of any 

additional nucleophile, (19) was the sole product in 805! yield. 

Since in this case no subsequent inversion at the 8-position is

18



possible, a stereoselective and hence an S^2 mechanism is 

implied. The product which would result from attack at the 1- 

position was not observed. A possible explanation for this is 

that there is a build up of steric repulsion in the transition 

state between the 4-methyl and the hydrogen at the 1-position,

again implying a S 2  mechanism. N

o

-H

AcOMs, Me4+X"

CH3CN

OAc

+ 4:1
OAc

H-A VH
0
II OAc

Me^ A AcOMs
Me.

\A
H- -H \  /U H

-OMs

(18)

Scheme 5

(19)

Lewis acid catalysts facilitate the reactions of

electrophilic cyclopropanes with olefins, a Friedel-Crafts type

reaction. If the trans-cvclopropylketnne (20) was treated with

stannic chloride in aqueous benzene the two isomeric products 

(2 1 ) and (2 2) were obtained, in approximately 5:1 ratio and

19



^ v o c h 3

+

Scheme 6

20
about 80Z yield (Scheme 6 ). The cis-cvclopropylketone (23)

gave only (24) and (25) under similar conditions. Since the 

trans-cyclopropylketone (2 0) gave only trans products and the

cjLs-cyclopropylketone (23) gave only cis products, the 

cyclisation must accompany ring opening. An intermolecular

20



version of this has been , reported. Reaction of diethyl

cyclopropane-1.1-dicarboxylate (26) with methylenecyclohexane 

and two equivalents of diethylaluminium chloride in 1,2- 

dichloroethane gave diethyl spiro[4.5]decane-1,1-dicarboxylate 

(27) in 987. yield. This could, therefore, prove to be a 

synthetically useful reaction.

? 1

Et2AICI

C02Et
C02Et

(27)

Primary and secondary amines attack activated cyclopropanes

in the presence of Et^AlCl; a reaction which can be troublesome

otherwise, especially in the case of primary aliphatic amines in

which acylation becomes competitive under the severe conditions

employed (câ . 100°C, 24 h). Heating the diester (28) to 110°C

in toluene, with two equivalents of a 1:1 mixture of E^AI CI and

ethylamine gave the ring opened secondary amine (29) in 727 

2 2yield.

C02tBu
C02tBu

EtNH2, EtgAICI

(28)
MeO

EtNH C02tBu

V  v  C02tBu

(29)

21



Superficially the pallad.ium( 11 ) induced ring-opening of 

the vinyl cyclopropane (30) may seem to fit into this category 

(Scheme 7).

However, the mechanism may be complicated by direct activation 

of a cyclopropane C-C bond by palladium, to lead to the two 

different products (31) and (32).

22



This is analogous to the edge' activation or corner*

activation mechanisms proposed for the reaction of cyclopropanes

24
with transition metals (Scheme 8 ).

Scheme 8

Another mechanism, involving a rearrangement, which cannot be 

ruled out is shown in Scheme 9.

(30) (32)

(31)

Scheme 9



E l e c t r o p h i l e - a s s i s t e d  c y c l o p r o p a n e  r i n g - o p e n i n g  r e a c t i o n s

h a v e  been  u s e d  i n  t h e  d e s i g n  o f  some s y n t h e t i c  enzy me

. . 25inhibitors.

The phenylalanine derivative (33) and the proline derivative 

(34) are irreversible inhibitors of carboxypeptidase A (CPA). 

The crystal structure of CPA with glycyl-L-tyrosine, a 

dipeptide, bound to its active site has been determined.

Glu-270

24



From this basis, the probable conformation and mode of action of 

inhibition by (33) and (34) were deduced by molecular graphics

(Figure 6 ). The carbonyl group is believed to be co-ordinated 

to a zinc ion and this provides the activating 'puli' for the 

cyclopropyl moiety. The carboxylate group of the glutamate-270 

residue was shown to be ideally placed to act as a nucleophile.

Most nucleophilic ring-openings without electrophilic

assistance have involved two geminally situated activating

groups, and most commonly these have been esters.

Such compounds have been shown to undergo ring cleavage

with mercaptans, enamines, cuprates, secondary aromatic amines

2 6and malonate carbanion. When the doubly-activated

cyclopropanes are unsymmetrically substituted with alkyl groups,

the ring is attacked preferentially at the most substituted

27centre, with inversion of configuration.

The diester (35), on reaction with pyrrolidine, gave a 2.5:1 

ratio of products (36) and (37) respectively, while the dialkyl- 

substituted ester (38) gave (39) exclusively.^ This seems to 

be due to the extra stabilisation of the positive charge which 

develops, in the transition state, at the attacked carbon.

Type 2

(35)
(36) (37)

25



(39)

An exception to this generalisation has been reported for the

reaction between the diactivated cyclopropane (40) and the

2 8enamine (41) in xylene at reflux. The explanation given was

that in this case, unlike the other cases known, the solvent is

a non-polar, aprotic hydrocarbon and this discourages

development of a charged zwitterionic species. Attack is,

therefore, controlled by steric hindrance and the product (42)

is the result of attack at the least hindered position.

An important improvement to the diester activation was the

use of the spiroacylal group. Reactions proceed under milder

conditions with greater selectivity toward attack at the more

substituted carbon. Thus, spiroacylal-activated cyclopropane

(43) reacted with pyrrolidine or aniline, at room temperature,

2 6exclusively at the more substituted carbon.

26



The spiroacylal carbonyl groups are held in a conformation which 

maximises stabilisation of an adjacent developing negative 

charge, and they therefore confer greater charge separation on 

the transition state.

When one of the activating substituents is a

triphenylphosphonium group, ring-opening by carbanions can be

29
followed by intramolecular Wittig reaction (Scheme 10). This

type of reaction has been utilised in a number of syntheses of

natural products containing five-membered rings. One such

30example is the synthesis of 0-vetivone (44)(Scheme 11).

Scheme 10
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o

The nucleophilic ring opening of doubly-activated

cyclopropanes, sometimes referred to as the homologous Michael

reaction, has in fact become a well established method in

2 8natural product synthesis. One example is Danishefsky’s

31synthesis of trachelanthamidine (49)(Scheme 12).

The Z.-diazomalonate (45) was converted into the

cyclopropane (46) by thermolysis under copper catalysis. The 

product (46) was treated with an excess of hydrazine to 

deprotect the primary amine function. This resulted in attack 

on the cyclopropane ring, followed by lactone cleavage and 

intramolecular attack by the newly-formed pyrrolidine on the 

methyl ester, resulting in the -y-lactam (47). The acyl 

hydrazide moiety was removed by treatment with hot hydrochloric 

acid.

28



Reduction of the lactam (48) with lithium aluminium hydride

afforded trachelanthamidine (49).

o

(45) . (46)

Pht= phthalimide
protecting group

(49)

Scheme 12
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Type 3

When there is the possibility of the formation of an 

aromatic ring as a direct result of cyclopropane ring-cleavage 

this will, of course, provide an extra driving force for the 

reaction. This is the case for nucleophilic ring-opening of

spiro[2.4]hepta-4,6-diene (9). The immediate product of ring- 

cleavage will be a 6iT-cyclopentadiene anion. One interesting 

nucleophile which has been used to open the cyclopropane moiety

of compound (9) and its simple methylated derivatives is sodium

5 3 1 .
[dicarbonyl(n -cyclopentadienyl)ferrate] (50). This compound

reacts with the cyclopropane (9) in THF at room temperature to

give, after quenching, a tautomeric mixture of metal alkyl

substituted cyclopentadienes (52) in over 90Z yield, presumably

via the cyclopentadienyl anion (51).

The spiro[2.5]octa-4,7-dien-6-ones, for example (8), are a 

particularly interesting class of diactivated cyclopropanes 

because attack by a nucleophilic species, X , resulting in ring 

cleavage will produce an benzenoid product (53). As mentioned 

earlier, the behaviour of these compounds will be influenced by 

the contribution of zwitterionic canonical formulae such as 

(8a) .
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§ + < q >

(9)

N a+"Fe(CO)2

(50)

Na+ l
s S + m  m m a  ■ •Xs \

Fe(CO)2

(51)
—
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r e a c t i o n s  b o t h  w i t h  and w i t h o u t  p r i o r  a c t i v a t i o n  by r e a c t i o n

1 2
with an electrophile at the carbonyl oxygen (Scheme 13).

Compound (8) undergoes a number of nucleophilic cleavage

o

0 "  Na+

CH2CH2Br

h2o

,r
OH

CH2CH2Br

Scheme 13

The 1-vinyl substituted spiroC2.5]octadien-6-ones (54) were

3 3polymerised with sodium cyanide initiation. This can be seen 

as the attack of one phenoxide ion on the cyclopropane ring of 

another molecule of starting material (Figure 7).

32



Figure 7

The existence of the spiro[2.5]octadienyl cation species

(56) as a stable, long-lived ion has been demonstrated in the

solvolysis of 2-phenylethyl chloride (55) in SbCl^-SO^ClF 

34 35solution. It had been suggested that the species might

actually exist as a pair of rapidly equilibrating open-chain

carbonium ions (57). These could possibly be stabilised by

delocalisation of positive charge, across space, into the t t -

electron cloud of the aromatic ring. However, evidence,

including kinetic and stereochemical data36 and both 1H and 13C 

34
n.m.r. data, has caused acceptance of the structure (56).
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c h 2ch2ci

(55)

These n.m.r. data show that the charge in this stucture 

resembles that in the closely related secondary 

cyclopropylmethyl cations (58) and the cyclohexadienyl ring 

portion has similar charge distribution to that in the analogous 

arenium ions (protonated arenes)(59).

These data also show that in the tertiary-tertiary systems, such 

as that obtained by the solvolysis of 2-chloro-2 ,3-dimethyl-3- 

(4-X-phenyl5-butane (60), the major species are the 

spiro[2.5]octadieny1 cations (61). These can re-open, however,

34



to the relatively stable ions (62), which are themselves in 

equilibrium with the benzyl cation (63).

A spiro[2.5]octa-4,7-dien-6-one system is largely

responsible for the remarkable biological activity of the

antitumour antibiotic CC-1065 (1). Antitumour activity has been

3 7observed, in vivo, against a variety of mouse tumours.
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Strong evidence suggests that DNA is the cellular target of the

compound and that the structurally similar central and right

hand (B and C) units are responsible for its binding non-

38
intercalatively to the minor groove of the DNA. It is

believed that this is followed by nucleophilic attack, by the N-

3 of an adenine residue, on the cyclopropyl ring of the A

39subunit (Figure 8 ).

Thermal treatment of a CC-1065-DNA adduct resulted in a modified

CC-1065 chromophore which could be recovered by butanol

3
extraction. By using H labelled DNA bases, it was established 

that the adduct was linked via adenine and it was shown, by 13C 

and H n.m.r., that the initial adduct must have the structure 

shown in Scheme 14.
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£
o

Thermal treatment

H
OH

O '

"0 -f f= 0
O

Scheme 14
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The regiospecificity of this ring-cleavage is in keeping with

that found for the simpler system (14), described above 

this type of fused system the least hindered, non-fused 

is usually attacked.

In

carbon

38



1.5 Conclusion

The ring-cleavage of activated cyclopropanes has been shown 

to be a general reaction which occurs with a wide variety of 

nucleophiles. It has been used with some success in organic 

synthesis and in the design of some biologically active 

molecules. The reactivity of the group has been rationalised by 

the bonding descriptions of the cyclopropane ring and by the way 

in which it interacts electronically with neighbouring p- or tt- 

centres.
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CHAPTER 2

SYNTHESIS OF THE ANTITUMOUR ANTIBIOTIC CC-1065

40



2.1 Introduction

The antitumour agent CC-1065 was first isolated from

Streptomvces zelensis during a programme of random screening of

soil cultures for agents exhibiting cytotoxicity against L 1210

AO
cells in. vitro and P308 leukemia in vivo. It was subsequently

37
shown to be one of the most potent antitumour agents known.

The B' and *C' units contain the same 1 ,2-dihydro-3JH- 

pyrrolo [ 3,2-.e] indole skeleton found in the two 3 ’,5'-cAMP 

phosphodiesterase inhibitors PDE-I (64) and PDE-II (65).42

As previously stated, the cellular target of the drug is 

believed to be DNA. The molecule is thought to bind non



and

molecular models show that the shape and charge density of the
43

molecule are particularly well suited to this. If the

molecule adopts the overall shape indicated by the X.-**ay 

structure, that is a crescent shape with a slight right hand 

twist, it can mimic the pitch of the helical DNA (Figure 9).

intercalatively to tho minor groove in A-T rich regions,

n h 2

> 0

The polar hydrogen-bond acceptors and donors can be seen to be

situated on the outer periphery while the molecule presents a

lipophilic face on its inner surface. Alkylation by the

spiro[2 .5]octa-4,7-dien-6-one system of the left-hand unit then

39provides irreversible covalent binding to the DNA, which is 

thus prevented from replicating.

Unfortunately the drug has associated with it an unusual 

delayed form of hepatotoxicity and this has thus ruled it out 

from any therapeutic applications.^ A number of analogues of 

CC-1065 have been prepared which retain the alkylating left-hand 

unit but with simplified substitutes for the PDE-I dimer

42



portion. ' Some of these compounds have been shown to retain 

the potent activity of CC-1065 but with reduced liver toxicity, 

for example 11,7 1- 184 ( 66 ).
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2 .2 Synthesis of the left-hand unit (A) of CC-1065

Owing to the importance of the molecule, CC-1065 (1) has

47 4 8
attracted a great deal of synthetic attention. ' Successful

syntheses of both PDE-I (64) and PDE-II (65) and the combined

•  ̂ . 48a, 49
PDE-I dimer have been achieved in these laboratories.

Scheme 15

The method used to form the heterocyclic rings in these systems

was the azidoacrylate thermolysis also developed in these

50laboratories (Scheme 15). This method gives rise to an

indole-2-carboxylate. The removal of this 2-substituent, should 

it be necessary, can however be quite troublesome and in fact in 

the synthesis of (64) and (65), summarised in Scheme 16, it was 

necessary to convert the ester substituent, by a two step 

reduction-reoxidation procedure, to the aldehyde function and 

decarbonylate this using a rhodium catalyst.

For the synthesis of the left-hand unit (67), we sought a 

method which would give 3-substituted-2-unsubstituted indoles 
directly.
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Br Br

Scheme 16

To this end we wished to develop a vinyl azide thermolysis

procedure which would be complementary to the azidoacrylate

route described above. There was literature precedent for this

type of . 51 procedure.

Me/ Me Merri — .
- ft"S + 1I ^ V ^ C N

N3 -N
H

(6 8 ) (69) (70)
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The azidostyrene (68). for example, undergoes thermal

decomposition to give 3-methylindole (69) and the propionitrile 

(70) in a 9:1 mixture and 89Z overall yield. The nitrile (70) 

probably arises from the intermediate azirine (71) by a ready 

1,2-hydride shift (Scheme 17).

Me

(70) (69)

Scheme 17

This process competes with the ring opening to the vinyl nitrene

52(72) which gives rise to the indole (69). In our

retrosynthetic analysis (Scheme 18) we envisaged both

heterocyclic rings in compound (67) arising from this sort of 

process.

The first disconnection involves cleaving the cyclopropane 

ring and leads back to the phenol (73). The forward reaction, a 

base induced intramolecular alkylation, is known in this system 

where the leaving group X [X for OH in (73)] is a
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methanesulphonate group 

47c
hydroxyl group.

45b,53 bromine<54 iodine , 46 and

(67) (73)

Et02C

PhS02, CH

(74)

Me Br

< h \r s' JN
f'T

PhS02 OBn

(76)

Et02C

V

Scheme 18

In the last case the three-membered ring is formed under

and diethyl

azodicarboxylate,"w and the primary alcohol function is 

converted into the triphenylphosphine oxide leaving group. The

Mitsunobu conditions with triphenylphosphine 

55

intention was to use this method of closure and to obtain phenol 

(73) from the pyrroloindole (74) by a published procedure.4^c 

The immediate target then was the pyrroloindole (74). This was

disconnected to the vinyl azide (75) and eventually to the 

bromoindole (76), the bromine substituent being present to



facilitate the elaboration of the top heterocycle. The first

indole was seen as arising from a vinyl azide in the manner

described above for 3-methylindole (69). The azide would

ultimately come from the acetophenone (77) .

(78) (79) (77)

Commercially available 3-hydroxyacetophenone (78) was

treated with benzyl chloride and potassium carbonate in DMF to

5 6 57
give the known compound 3-benzyloxyacetophenone (79) ' as a

viscous oil in 96% yield after chromatography. Bromine-acetic 

acid selectively brominated the 2-position as expected, giving 

5-benzyloxy-2-bromoacetophenone (77), again as an oil, in 862 

yield after chromatography. Distillation of either of these 

compounds at reduced pressure resulted in appreciable loss by 

decomposition.

Reaction of the acetophenone (77) with a sulphur ylide

(obtained by the reaction of trimethylsulphoxonium iodide with

5 8
sodium hydride-DMSO ) gave the epoxide (80) in a surprisingly 

good yield (942). This was the first crystalline intermediate

and in a scale-up situation it was found possible to take all 

material from the 3-hydroxyacetophenone (78) through to the 

epoxide (80) without intermediate purification, and then 

recrystallise at this stage. In this way 100 g batches of the 

epoxide (80) could be prepared without the need for very costly

48



and time-consuming chromatography of large amounts of material. 

The overall yield of the epoxide (80) by this scale-up method 

was 45Z from 3-hydroxyacetophenone (78).

OBn OBn

(77) (80)

It was hoped that reaction of the epoxide (80) with sodium

azide would give the azidoalcohol (81). The analogous reaction

of 2-methyl-2-phenyloxirane was reported to be successful using

51sodium azide in methanol. Repeating this procedure with the 

substituted epoxide (80), however, resulted only in the recovery 

of starting material. A considerable amount of effort was then 

expended in searching for a high yielding procedure for this 

step.

Some of these attempts involved increasing the 

concentration of the azide anion in the reaction mixture. To 

this end, changing the solvent to DMF and heating the reaction 

still gave only unreacted starting material. A similar result 

was obtained when the reaction was run in aqueous dioxane.
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Solid-liquid phase transfer catalysis, using tetra-n-

o
butylammonium iodide and sodium azide in benzene at 70 C, also 

gave only recovered starting material.

An alternative approach was to use a different counter ion. 

It was believed that by using caesium as a counter ion the azide 

anion would be left more 'naked'. Indeed, heating the epoxide 

(80) to 80°C in DMF with sodium azide and caesium carbonate gave 

a 17l yield of the desired azidoalcohol (81) accompanied by 47Z 

of the starting material. The best results were obtained, 

however, by moving in the opposite direction in the Group I 

metals. Eventually it was found that lithium azide, most 

conveniently formed .in situ from lithium chloride and sodium 

azide in DMF, reacted with the epoxide (80) at 60°C in DMF to 

give an acceptable 72Z yield of the azidoalcohol (81). The 

success with lithium azide was attributed to two factors. Most 

obvious was the enhanced solubility of this salt. Secondly, it 

is possible that the lithium cation interacts with a lone-pair 

of the epoxide oxygen and activates the ring to nucleophilic 

attack.

This procedure now gave access to large quantities (~100 g) 

of the azidoalcohol (81), a stable colourless oil which 

solidified on prolonged storage at -10°C to give a white 

microcrystalline solid, m.p. 55-55.5°C.

In our next step we hoped to dehydrate this alcohol (81) to 

give the vinyl azide (82), which we had anticipated would be

quite unstable. A literature procedure^ using methanesulphonyl 

chloride and s_ym-collidine (2,4,6-trimethylpyridine) in DMF 

containing dissolved S02 , had been applied to the dehydration of
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1-azido-2-phenylpropan-2-ol. When we applied this procedure

to the substituted alcohol (81), the vinyl azide (82) was 

obtained, after purification, in only 51Z yield.

51

(81) (82)
In fact, in our hands this procedure gave only 37Z yield when

applied to 1-azido-2-phenylpropan-2-ol. Although this was

better than the reported 25Z it was, of course, not

preparatively useful.

Table 1. Attempts to dehydrate alcohol (81)

Reagents Temperature Product

MeS02CI-Et3N-CH2CI2 0°C-RT (82) 13%

MeSC^CI-DBU-Etp RT (82) 14% 
(81) 73%

MeS02CI-collidine-DMF 10°C-RT no reaction

MeS02CI-S02-collidine-
DMF

0°C-RT (82) 51%

MeS02CI-S02-collidine-
DMAP-DMF

5°C-RT (82) 29%

TsOH-4 A seives-CH2CI2 RT (81) 55%

SOCI2-pyridine 0°C (82) 73%
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Other methods of dehydration were tried, for the most part using

relatively mild methods, and these are summarised in Table 1.

The difficulties encountered in this dehydration are probably

attributable to the steric hindrance of the hydroxyl group which

would retard the formation of a mesylate. The most successful

method was eventually found to be the standard method using

60
thionyl chloride in pyridine. These reagents gave a

reproducible 73Z yield of the vinyl azide (82). Due to this 

compound's obvious instability it was quickly purified on a very 

short chromatography column and used immediately.

Refluxing the azide (82) in mesitylene (b.p. 162-164°C) for 

1 h followed by removal of the solvent at reduced pressure gave 

a brown oil. If isolation and purification of the indole (83) 

was attempted very low yields were obtained and the product was 

found to be unstable. Because of this it was decided to protect 

the indole (83) before isolation and the chosen protecting group

for this purpose was the phenylsulphonyl unit. This group was 

used by Magnus and co-workers in their synthesis of the left 

hand unit of CC-1065 (67),47c the last stages of which we hoped 

to use in our synthesis. In fact the variety of conditions in 

our synthesis to which the protecting group would have to be
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inert severely limit the choice.

The crude oil obtained after the removal of solvent was

6 1
added in THF to a suspension of sodium hydride in THF. After

allowing the anion to form, benzenesulphonyl chloride was added. 

The N-protected indole (76) was obtained, after purification, in 

up to 53 l overall yield for the two steps. It was a stable 

crystalline solid. No other major component could be obtained 

from this two step procedure but, of course, if any of the 

corresponding nitrile (84) was formed in the thermolysis it 

could have been subsequently destroyed in the following 

protection step.

Having formed the first heterocyclic ring it was now 

necessary to investigate methods for the formation of the second 

one. Initially an analogous route to that used for the 

formation of the first ring was considered (Scheme 19). The 

methyl group would have to be replaced by a one carbon unit at a 

different oxidation level so that this pyrrole ring could be 

selectively reduced and the one carbon unit elaborated to become 

the cyclopropane methylene unit in the target 

cyclopropapyrroloindole (67).
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Et02Cs / ° '
Me C0C02Et Me T

/"Tl
PhS02 OBn PhS02 OBn

PhS02 OBn

NH

Scheme 19

It is known that some carboxylic acid derivatives can themselves

6
undergo reaction with the sulphur ylides used to make epoxides, 

and it was anticipated that reaction of a sulphur ylide such as 

dimethylsulphoxonium methylide with the ketone function in, for 

example, methyl phenylglyoxylate (85a) may be complicated by the

presence of the adjacent ester function. Indeed when the 

reaction was carried out a complex mixture was obtained. This 

was not a great set-back, however, since an alternative method 

for the elaboration of the second ring had been conceived.
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o o

| ^ y ^ C 0 2Me (CH3)2SOCH2
C02Me

(85a)

It has been reported that 3-chloro-2,3-unsaturated ketones, 

for example (8 6 ), can react with sodium azide to give the 3-
g3a

azido compound (87). It was hoped that this could be

extended to 2.3-unsaturated esters. At the time there were no

reports in the literature of this transformation. However,

since then the reaction has indeed been extended to unsaturated 

63b
esters.

Ethyl phenylglyoxylate (85b) was used in a model study for 

the process. The ylide formed from (chloromethyl)

triphenylphosphonium chloride was reacted with (85b) to give the 

vinyl chloride (8 8 ) in 151 yield as a 2.75:1 mixture of E. and Z 

isomers as determined by n.m.r.. The chloride (8 8) was

converted into the azide (89), in 61Z yield, by stirring with

6 3sodium azide in DMF.
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When this compound was thermolysed in refluxing mesitylene for 

1 h two compounds were formed.

These were separated by chromatography giving the desired indole 

(90), a known compound, in 39Z yield and an equal amount of a 

less polar oil which was not characterised. The i.r. of this 

compound did, however, show a weak absorption at 2250 cm 1 

suggesting that it may have been the nitrile (91).

In order to show that this method could be used as an 

alternative to the epoxide-azidoalcohol route for the formation 

of the first ring, the indole-3-carboxylate (90) was treated 

with lithium aluminium hydride. This gave 3-methylindole 

(skatole) (69) in high yield.
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Although the yield of the indole in this route had been 

disappointingly low, it was, of course, only a model system and 

would not necessarily be the same in our substituted system. 

For this reason it was decided to apply the route to the real 

system.

Me Br Me COCC^Et

-  t' A
N' N

PhS02 OBn PhS02 OBn

(76) (93)

It would first be necessary to introduce the two-carbon 

glyoxylate function into the 4-position of the indole (76). Many 

different methods were tried for this transformation. All 

attempts to form the Grignard of (76) with magnesium failed, 

even in the presence of various promoters such as dibromoethane 

or iodine. It was thought that if the organocopper derivative

of (76) could be formed, then it could be quenched with ethyl 

oxalyl chloride to give the desired glyoxylate (93). Efforts to 

this end were frustrated by the presence of hydrogen chloride in 

the acid chloride. This compound is particularly prone to 

hydrolysis and after extensive purification it was still not
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completely free of the hydrogen chloride. The first success, 

albeit modest, was achieved when the organolithium of the 

bromoindole (76) (formed with n-butyllithium in THF) was added 

to an excess of diethyl oxalate in THF. The desired glyoxylate 

(93) was formed in low and irreproducible yields. Simply 

changing the solvent to 1,2-dimethoxyethane (DME) increased the 

yield to a reliable 67-79Z.

HO C02Et

PhS02 OBn PhS02 OH PhS02 OH

(93) (94) (95)

Me C0C02Et

PhS02 OTBDMS 

(96)

The benzyl ether of (93) was converted in two steps to the 

TBDMS ether function in order to test the viability of carrying 

out the subsequent steps with a different protecting group. 

Thus the benzyl ether was cleaved by hydrogenolysis to give the 

phenol (94). The ketone function was also found to be quite 

susceptible to hydrogenation, and significant amounts of the 

alcohol (95) were also obtained. The phenol (94) was then 

converted to the TBDMS ether (96). This study was not, however,

taken to its conclusion since the main synthetic thrust was 

showing some promise.
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Introduction of tho chloromethylene unit was achieved, in 

81Z yield, by reaction of the glyoxylate (93) with the Wittig 

reagent. This reaction was found to be cleaner and more 

reliable when the base used for phosphorane formation was 

phenyllithium rather than n-butyllithium. Metal-halogen 

exchange is known to be less likely with the former reagent than 

with the latter and this may have been part of the reason for 

the better results. The resulting vinyl chloride (97), an 

unstable oil, was purified by chromatography and was determined 

by n.m.r. to be a 1.6:1 mixture of £ and 2 isomers.

(75)

When the vinyl chloride (97) was stirred with sodium azide 

in aqueous DMF, the chloride was rapidly displaced by azide in a
r  a

few hours at ambient temperature. The inorganic salts could 

be precipitated with ether and removed by filtration. 

Evaporation gave an oil which was purified by chromatography to 

give the vinyl azide (75) as a pale yellow glass.
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The ratio of geometrical isomers was determined to be the same

as in the vinyl chloride (97)

PhS02 OBn 

(75)

PhS02 OBn 

(98)
PhS02 OBn 

(99)

The thermolysis of vinyl azide (75) at various temperatures 

(refluxing toluene, xylene, mesitylene and .o-dichlorobenzene) 

was studied by carrying out the reaction on a 10 mg scale and 

analysing the crude mixture, after the removal of solvent, by 

high field n.m.r.. In this way it was determined that no indole 

(98) was formed in refluxing toluene. The ratio of the indole 

to other products increased in changing from xylene to

mesitylene and then decreased again in going to o-

dichlorobenzene. The n.m.r. method and t.l.c. were then used to 

determine the optimum duration of heating. The azide (75) was 

dissolved in redistilled mesitylene and refluxed for 15 min and 

the solvent was then removed _in vacuo. Thus the desired 

pyrrolo[3,2-e]indole (98) was obtained in 42 l yield. The low 

yield was due to the formation of the corresponding nitrile (9 9 ) 

in approximately 54Z yield. Despite this disappointing last

step it was decided to persevere with the route since removal of 

the benzyl protecting group would give a compound (7 4 ) which has

been converted, by other workers, into the left-hand unit of CC-

, 47c 1 065.
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Et02C Et02C

NH NH

N'
PhS02 OBn 

(98)

PhS02 OH 

(74)

Hydrogenation at elevated pressure (140 p.s.i.) over

palladium-on-carbon proceeded very slowly but cleanly to give 

the 5-hydroxypyrroloindole (74). The sluggishness of this 

reaction was unlikely to be due to catalyst poisoning by 

impurities in the substrate since the rate did not increase when 

the substrate was repeatedly recrystallised from distilled 

solvents. The proximity of the bulky phenylsulphonyl group to 

the reacting centre may have had an inhibiting effect on the 

approach of this centre to the catalyst surface. Modest 

increases in the rate of removal of the benzyl group could be 

achieved by increasing the amount of catalyst and subjecting the 

reaction mixture to ultrasound prior to hydrogenation.

The compound obtained in 96Z yield was a fawn solid, m.p.

156-158°C (lit.,^C m.p. 160-162°C) and was identified, by

comparison of its high-field n.m.r. with the published

t 47c
spectrum, as the unprotected phenol (74). This material was 

then converted into the left-hand unit (67) of CC-1065 by the 

published procedures.

Thus the ester-bearing pyrrole ring was selectively reduced 

with triethylsilane-trifluoroacetic acid and the resulting

indoline (100) immediately acylated. The literature procedure 

for the first step involved dissolving the substrate (7 4 ) in
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cold trifluoroacetic acid (TFA) and adding the triethylsilane to

it, but in our hands this was found to give quite complex

mixtures. Much cleaner products were obtained when the

substrate was suspended in the triethylsilane and the TFA added

to it. It was not found necessary to free the indoline (1 0 0)

from its trifluoroacetate salt after reduction as was done in

the literature method. Simply stirring the crude evaporated

product in acetic anhydride gave the N-acetylindoline (101) in 

47c
66Z yield (lit., 6 6Z). If the reaction was carried out at 

reflux the di-acetylated compound (102) was obtained in 62Z 

yield.

EtOpC

NH

PhS02 OH

(74) Ac20, RT,

Et02C

N
PhS02 CH 

( 100 )
ACoO, A

PhS02 OH PhS02 OAc

(101) (102)

Since we had experienced difficulties in removing the 

benzyl group of pyrroloindole (98), it was of some interest to 

see if the benzyl group could be removed during this pyrrole 

reduction step. Thus, when (98) was treated with TFA-
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triethylsilane followed by acetic anhydride in the manner 

described for the free phenol (74), the result was a complex 

mixture. This may be due in part to migrations of the benzyl 

cation.

NAc

PhS02 o  

(104)

Reduction of the ester M O D  with lithium aluminium 

hydride was performed several times by the published procedure 

but the yield never reached the 85Z quoted and a more typical 

yield was 63Z . Dehydrative cyclisation of the resulting alcohol 

(103) was achieved with triphenylphosphine and diethyl 

azodicarboxylate in either THF or dichloromethane.

As has been said, other possible methods of closure of the 

cyclopropane moiety have been reported. These include the

A 5 to 5 3 c i
formation of the mesylate ' or bromide and treatment with

base. Magnus reports that treatment of the alcohol (103) with 

triphenylphosphine and carbon tetrabromide in acetonitrile gave
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a complex mixture making the latter method unsuitable for this

substrate.470 The first method, using the mesylate, has been

successfully used with a very similar analogue of (103) where

53 T.
the acetyl is replaced by another phenylsulphonyl group. It

is quite possible, then, that this would also work with the 

alcohol (103) itself.

NH

(105)

NH

(67)

Having obtained the desired skeleton it now only remained

to remove the two protecting groups in (104), which Magnus

achieved in 751 overall yield with sodium methoxide in

47c
methanol. By using only slightly different work-up and

purification conditions we found that a significant improvement 

could be made on this yield. Thus the target molecule (67) was 

obtained pure in 93Z yield. As expected the mono-protected 

compound (105) could be obtained by using shorter reaction 

times, and for this the yield was quantitative.

The unprotected cyclopropapyrroloindole (67) was identified 

by comparison of its high field n.m.r. and u.v. spectra with the
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literature values. *  *** The mass spectrum of the compound also 

gave the correct M+ under standard electron-impact conditions. 

This unprotected material (67) was found to decompose slowly at 

room temperature, and therefore it was best stored at the di- 

protected stage (104).
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2.3 Studies towards the coupling of the left-hand unit .(Aj with 

PDE-I dimer unit (B-C)

Having obtained the left-hand unit (67) of CC-1065 it was 

now necessary to examine procedures for its coupling to a 

suitably derivatised form of the B-C or PDE-I dimer unit (106).

(106)

It was known that a direct coupling procedure, using

carbodiimide methodology, with the unprotected material (67)

itself would be unlikely to succeed since the pyrrole nitrogen,

;7c
N-5, is the more nucleophilic nitrogen of the two.

8a 1

(67)

This is probably due to the indoline nitrogen lone pair being 

involved in conjugation with the a,0-unsaturated ketone in a

vinylogous amide type system. Various methods of increasing the 

nucleophilicity of N-2 relative to N-5 were envisaged. Firstly 

the required amide bond between the left-hand and central 

fragments could be made before the closure of the cyclopropane 

ring. Secondly the anion of compound (67) could be formed, and
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since it would be expected that the indoline NH would be the 

first to be deprotonated, quenching with a carboxylic acid 

derivative such as an acid chloride or an activated ester would 

lead to amide formation at the correct site.

S OH

(107)

OH

(109)

5 steps

(66 )

Scheme 20
The first strategy has been used for the preparation of 

synthetic analogues of CC- 1 065 for biological testing / 5 , 46 For 

example, indoline (107) was coupled with a PDE-I dimer model

(108) in a carbodiimide mediated reaction. The amide obtained

(109) was converted in five steps into the CC-1065 analogue
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U ,71 - 1 84 ( 66 ) (Scheme 20). When the carboxylic acid component 

was PDE-I dimer (106) (obtained by the hydrolysis of natural CC- 

1065 (1)) this route could be used to prepare semi-synthetic CC- 

1065 .

EtOpC

NAc

PhS02 OH 

( 101 )

EtOpC

NH

PhS02 OH 

(103)

It was hoped that direct access to derivatives suitable for

coupling by the first method could be obtained by simple N-

deprotection of compounds such as (101) and (103). To test the

viability of using such substrates with unprotected phenolic

hydroxyls, the compound (100) was used in a model coupling.

Repeating the trifluoroacetic acid-triethylsilane

47creduction gave the indoline (100) in 317 yield. This low 

yield is probably due to losses in work-up and purification 

rather than in the reaction itself, since if the compound (100) 

is acetylated before purification, the fully ^-protected 

compound (101) is obtained in 66Z yield. The isolation 

procedure was not, however, optimised since the reaction was 

only performed once. When the indoline (100) was stirred with

indole-2-carboxylic acid and the coupling agent 1-(3- 

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) in

DMF, the amide (110) was formed, albeit slowly.
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Et02C

+ H02C

EDO

( 110 )

It was now known that this type of coupling procedure would 

tolerate a free phenolic hydroxyl as well as a free indole 

nitrogen and it seemed that compound (111) would be a suitable 

synthon for the left-hand unit (67). Unfortunately the 

phenylsulphonyl group of (100) was not removed under the 

standard conditions with methoxide, and prolonged reaction times 

and more concentrated methoxide led to much decomposition. The 

only significant products isolated were the methyl and ethyl 

esters of the unsaturated pyrrolo[3,2-e]indole-1-carboxylic acid

(112a and b). There were indications L fi
in the literature that

compounds such as (111), where the two nitrogens and the
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phenolic function are all unprotected, would be likely to be 

relatively unstable species and this result was not then too

surprising.

( 112)
(a) R= Me
(b) R= Et

It was reasoned that that if the phenolic function could 

remain protected until after the removal of the phenylsulphonyl 

group, then the resulting cyclic system would be less electron- 

rich and perhaps a little more stable and easy to handle. Our 

immediate target, then, was of the general structure (113).

NH

H OR

( 1 1 3 )
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The first choice of protecting group was the tert- 

butyldimethylsilyl (TBDMS) group. The obvious advantages of 

this group would be the mildness of removal and the possibility 

that, with a suitable derivative, this would proceed with 

concomitant cyclopropyl ring closure. The projected route is 

shown in Scheme 21.

X= leaving group

Scheme 21

Protection of the phenol (101) was found to proceed very 

slowly, probably owing to the proximity of the bulky 

phenylsulphonyl group to the reaction site. This is certainly
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in keeping with the sluggishness observed in the hydrogenation

of compound (98). The fact that the incoming TBDMS-chloride is

itself rather bulky would be expected to amplify the effect

somewhat. Three silylation methods were tried: TBDMS-chloride

6 5and imidazole in DMF, TBDMS-trifluoromethanesulphonate and

66
2 ,6-lutidine in dichloromethane, and (the most successful) 

TBDMS-chloride and diisopropylethylamine (HCinig's base) in

PhS02 OH 

( 101)

OH

Me 1 . NAc

> ii
N " ^

PhS02 OTBDMS

(115)

EtOpC

NAc

PhS02 OTBDMS 

(114)

OH

NAc

(103)
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Using the last system a 51Z yield of the protected compound 

(114) could be obtained in 5 days. However, based on recovered 

starting material, the true yield was nearer 85Z. Reduction of 

the ester group with lithium aluminium hydride at -15-0 C gave 

the alcohol (115). It was important to be very careful to

maintain the low temperature in this reaction to prevent

reduction of the acetyl group, this was not found to be such a

problem with the phenol (101) This observation will be

referred to later in this discussion.

When an attempt was made to remove the nitrogen protecting 

groups of compound (115) under the methanolysis conditions used 

earlier it became apparent that the most sensitive function was 

the silyloxy group. It is interesting to note that even after

62 h with 1 M sodium methoxide in methanol at room temperature 

the nitrogen protecting groups were not removed to any

significant extent. The obvious lack of reactivity of the 

nitrogen protecting groups indicated that a less solvolytically 

sensitive oxygen protecting group was called for.

( 101 ) ( 116 )

The next choice for phenolic oxygen protection was the 

benzyl ether function. The planned route would then eventually 

coincide with that used by the Upjohn group in their preparation 

of semi-synthetic CC-1065 and its analogues, which has already
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, , AD,46
been referred to (Scheme 20).

Protection of the phenolic function of (101) was again

found to proceed slowly but it was possible to obtain enough of

the benzyl ether (116) to proceed with the route. Reduction of

the ester group of (116) was attempted but this time the

reduction of the N-acetyl function became a significant

o
reaction. Thus when the reducing agent was added at -10 C and 

allowed to come slowly to 0°C the N-ethyl compound (117) was 

obtained in 47Z yield. The susceptibility of this acetyl group

to reduction is thus quite dependent on the substituent on the 

phenolic oxygen.

PhS02 OBn

NEt

(116) (117)

The pattern can be satifactorily explained by considering 

the amount of lone-pair electron donation into the aromatic ring 

system by the phenolic oxygen. In the presence of lithium 

aluminium hydride, the oxygen of the unprotected substrate (1 0 1) 

will be in the form of an oxyanion and the electron donation

will be at its maximum. This may have the effect of reducing 

the amount of electron-donation by the acetanilide nitrogen into

the ring. The nitrogen lone-pair will be more available for 

involvement in resonance stabilisation of the amide, by way of

an increased contribution from the canonical formula (118).
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Et02C Et02CMe 1 N Me /
/t y r , _ / A

0 O'
PhS02 OR PhS02 OR

(116) R= Bn (118)
(114) R= TBDMS

The increased resonance stabilisation will reduce the 

susceptibility of the carbonyl group to reduction. The benzyl 

substituent of (116) will reduce the electron donation by the 

oxygen into the aromatic system resulting in more donation from 

the amide nitrogen into the ring. Canonical formula (118) will 

become less important, there will be less resonance 

stabilisation and the acetamide will be more easily reduced. 

Silicon is less electronegative than carbon and so the silyloxy 

oxygen will have greater negative charge than in the benzyloxy 

group and the reactivity of the acetyl group in (114) would be 

expected to be intermediate between that of (101) and (116).

NAc NAc

( 1 0 3 )

PhS02 OBn 

(119)

A solution to our synthetic problem was to protect the 

phenolic function after reduction of the ester. Thus the
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a l c o h o l  ( 1 0 3 )  was p r o t e c t e d  i n  62Z y i e l d  w i t h  b e n z y l  c h l o r i d e

and potassium carbonate. It was now simply a case of removing

the nitrogen protecting groups of (119). Removal of these

groups was not, however, as trivial a step as was expected.

Even refluxing compound (119) in a 2 M methanol solution of

sodium methoxide gave no apparent reaction as judged by t.l.c..

Sodium bis(2-methoxyethoxy)aluminium hydride (Red-Al) has been

6 8used for the removal of N-phenylsulphonyl groups, although the 

conditions necessitate refluxing in benzene. This procedure was 

applied to compound (119) and the reaction followed by t.l.c. 

analysis of quenched aliquots of the reaction mixture. This 

revealed that the starting material was being slowly consumed 

but no new compounds were appearing, suggesting that even if any 

deprotection was occurring the product was not stable to the 

conditions.

The problem of removing phenylsulphonyl groups from

nitrogen in electron-rich heterocyclic systems has been reported 

69
elsewhere. Unfortunately an alternative protecting group,

which would withstand all of the earlier steps in the synthesis,

was not obvious. Not only would the group have to be stable to

strongly nucleophilic reagents, high temperatures,

hydrogenation, and strong acids but it would also have to be

sufficiently electron withdrawing to facilitate the selective

reduction of the other pyrrole ring with trifluoroacetic acid- 

triethylsilane. Of course, the knowledge that the

phenylsulphonyl group had been used for this purpose in an

earlier synthesis of (67),^^C had also influenced our initial

decision to use this group. Since we were more or less
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committed to this group it was now necessary to devise routes 

which involved deprotection at the cyclopropapyrroloindolone 

stage, where the heterocyclic system is a less electron-rich 2- 

acylpyrrole.

( 1 0 4 )  ( 1 2 0 )

The fully protected cyclopropapyrroloindolone (104) is

known to undergo cyclopropane ring-opening reactions with

nucleophiles with the aid of protonation of the carbonyl group.

Thus when it was stirred with p-toluenesulphonic acid the ring-

470opened tosylate (120) was obtained. The process was found to

be reversible and treatment of (120) with 1 ,8-

diazabicyclo[5.4.0)undec-7-ene (DBU) gave recovery of the ring

closed compound (104). This type of reaction is thought to be

central to the interaction between CC-1065 (1) itself with

39
DNA. In the antibiotic the pyrrole nitrogen is unprotected

and it seemed interesting to see if the fully unprotected

compound (67) would also undergo this type of reaction. If

successful this transformation would yield a suitable derivative 

for a coupling reaction.

Stirring the left hand unit (67) with an excess of p- 

toluenesulphonic acid in THF gave a yellow colouration which 

intensified to a green colour upon warming to room temperature.
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Aqueous work-up resulted in the loss of colour and starting 

material was recovered in quantitative yield.

It was thought that the colour may indicate that the 

substrate was being protonated, but perhaps the tosylate anion 

was not nucleophilic enough to open the activated cyclopropane. 

For this reason the reaction was run again with added sodium 

iodide, in the hope that the iodide would attack the activated 

three-membered ring. Adding the sodium iodide resulted in the 

loss of colour, but on work-up starting material (67) was 

obtained in 39Z yield as the only significant component of a 

complex mixture.

Since the possibilities for this particular approach now 

seemed limited it was decided to investigate methods of 

improving the nucleophilicity of the indoline nitrogen of (67) 

by anion formation. It had been reported that the anion of 

cyclopropapyrroloindolone (67) could be formed with sodium 

hydride in THF and quenched with indole-2-carbonyl chloride to 

give a low yield (10Z) of the amide (121). The low solubility 

of PDE-I dimer (106) in THF prompted us to attempt this same 

reaction in DMF, a solvent that was likely to be a better choice 

for reactions of PDE-I dimer derivatives. Treating the left- 

hand unit (67) with sodium hydride in DMF and adding indole-2- 

carbonyl chloride gave no discrete compounds and other
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variations met the same fate. Other workers have attempted such 

reactions with the cyclopropapyrroloindolone (67) under a 

variety of conditions. It was found that the only successful 

conditions involved treating the substrate with the base lithium 

diisopropylamine (LDA) in THF containing hexamethylphosphoramide 

(HMPA) at -78°C. The resulting anion was quenched with a number 

of acid chlorides and the corresponding amides were obtained in 

reasonable yields (40-60Z).

“ 1
CC-1065 (1)

Scheme 22

When the quench was the activated ester formed from PDE-I dimer 

(106) (obtained by hydrolysis of the natural product) and 1- 

hydroxybenzotriazole, CC-1065 was obtained but only in 5Z yield
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(Scheme 22). This procedure, taken with the synthesis of the

left-hand unit (67) described above, and the synthesis of PDE-I

49
dimer (106) achieved in these laboratories, constitutes a 

formal total synthesis of the antitumour agent CC-1065 (1).

(123)

It did seem likely that by using a protected pyrrole 

nitrogen the anion formed would be more stable and the yield in 

this type of coupling would be improved. To test this 

hypothesis, the mono-protected compound (105) was treated with 

sodium hydride in DMF and the anion was quenched with p-tert- 

butylbenzoyl chloride. This gave a 47Z yield of the amide 

(122). If an excess of the acid chloride were used, a complex 

mixture resulted, the major component of which was the ring 

opened compound (123). Treating the amide (122) with sodium 

methoxide gave, as expected, methanolysis of the newly-formed
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amide bond with recovery of the mono-protected compound (105). 

This confirmed our belief that the phenylsulphonyl group would 

be too unreactive and difficult to remove to be used as the 

pyrrole protecting group in this strategy. However, it was 

encouraging to see that the coupling was successful, and in DMF. 

It seemed that if a sensible substitute could be found for the 

phenylsulphonyl group then it would be possible to develop a 

useful coupling procedure.

C*04) (105)

(124)

Scheme 23

Our choice for pyrrole protection was the tert- 

butoxycarbonyl (Boc) function. This has the advantages of being
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an electron withdrawing group and being easy to remove under 

relatively mild conditions.^  To substitute the t -  

butoxycarbonyl group for the phenylsulphonyl unit we planned to 

avoid the fully unprotected compound (67) since ourselves and 

others have only experienced poor results when using this as a 

substrate. Of course, it would be very difficult to selectively 

remove the phenylsulphonyl group of (104) without cleaving the 

acetamide. It was necessary, therefore, to exchange the acetyl 

for another group which would be inert to methoxide over a 

number of hours. The proposed route to (124) was that shown in 

Scheme 23.

The choice of replacements for the acetyl was severely 

limited. The function, as well as being stable to methoxide, 

also had to be easily removed under mild conditions to which the 

t.-butoxycarbonyl would be inert. The first choice was the allyl 

group which would certainly be expected to be stable to 

methoxide and which, it was hoped, could be removed using 

transition metal chemistry.^

The di-protected compound (104) was deacetylated as before 

and the mono-protected compound (105) was treated directly with 

sodium hydride in THF followed by allyl bromide. This gave the 

N-allyl compound (125) in 731 overall yield for the two steps. 

The phenylsulphonyl group was removed and the product (126) was

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

a c e t o n i t r i l e  w i t h  4 - d i m e t h y l a m i n o p y r i d i n e  (DMAP) a s  c a t a l y s t .  ^

The yield of compound (127) was 66Z overall for the two steps 

from (125).
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The removal of allyl groups usually consists of two steps.

Firstly, the double bond is isomerised to give the enamine. The

usual reagent for this transformation is tris(triphenyl-

phosphine )rhodium(I) chloride , 71 better known as Wilkinson's

catalyst, although a number of other rhodium species have been 

73used. Usually half an equivalent of the hindered base 1,4-

diazabicyclo[2.2.2]octane (DABCO) is added. This helps suppress 

the premature hydrolysis of the enamine and the formation of 

propionaldehyde. If the propionaldehyde were to form then it 

would react with the Wilkinson's catalyst to give a less 

reactive species R h C K P P h ^ ) ̂ CO. Once formed, the enamine can 

either be hydrolysed, usually with acid catalysis, or oxidised 

usually with permanganate to a dihydroxy species which 

eventually leads to the free amine (Scheme 24).
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R'R"N R'R"N

Scheme 24
When the di-protected compound (127) was stirred in aqueous 

ethanol containing Wilkinson's catalyst and DABCO the only 

reaction was the slow hydrolysis of the t-butoxycarbonyl and the 

mono-protected compound (126) was obtained in 89Z yield.

(127)
The hydrolysis must have been accelerated by the presence of the 

DABCO. Of course, if a slight excess of Wilkinson's catalyst 

were used it would not matter that propionaldehyde might form 

and so there would be no need for the DABCO. To see if the 

allyl group could be isomerised using this base-free system, the 

N-phenylsulphonyl-N-allyl protected compound (125) was stirred 

with an excess of the catalyst in aqueous ethanol. The only 

change observed in this system was the appearance of what turned 

out to be triphenylphosphine oxide. When the reaction was run
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at reflux the triphenylphosphine oxide still formed, but also 

the starting material gradually disappeared. Unfortunately this 

did not coincide with the appearance of any other species. It

was concluded that the allyl group was not suitable for 

protection in this system due to the difficulty of its removal 

and an alternative was sought.

The trimethylsilylethoxymethyl CSEM) group has been used to

75
protect heterocyclic nitrogen. The standard method of removal 

entails treatment with tetrabutylammonium fluoride. The process 

probably occurring is shown in Figure 10.

I ^ “>

Figure 10

The mono-protected compound 

hydride in THF followed by 

chloride (SEM chloride). This 

protected compound (128).

(105) was treated with sodium 

2-(trimethylsilyl)ethoxymethyl 

gave a low yield of the SEM
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This was probably due to the lower reactivity of the SEM

chloride compared with the other more successful quenches, 

is known that DMF is a good solvent for SEM protection react: 

and this may have given better results and there do seem to 

possibilities for optimising this step.

The low yield of compound (128) effectively brought 

synthetic effort to a close due to the lack of material, 

time required to carry out the multi-stage synthesis 

prohibitively long and it was not possible to conclude 

synthesis using this novel coupling strategy.

It

.ons

be

the

The

was

the
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2.4 Conclusion

The left-hand unit (67) of the antitumour agent CC-1065

(1), which is also present in some potent analogues of this

compound, has been synthesised using the vinyl azide

methodology. Since this method gives 3-substituted indoles it

is complementary to the azidocinnamate method used for the

4 9
synthesis of the PDE-I dimer unit (106), which gives rise to

2-substituted indoles. Two different methods were used to

obtain the requisite vinyl azides and thus the substitution at

the indole 3-position could be varied.

The synthesis of the left-hand unit (67) described here,

taken with the synthesis of the PDE-I dimer unit (106), also

achieved in these laboratories, and the coupling method

46described by a group of workers at the Upjohn company,

constitutes the first formal total synthesis of CC-1065 (1).

Several alternative strategies for coupling the two

fragments have been investigated. One of these methods, which

involves a protected anionic coupling, holds some promise and,

if further developed could provide a useful alternative to

procedures presently used for the preparation of analogues of 

45CC-1065.
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CHAPTER 3

EXPERIMENTAL SECTION
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3.1 General Information 

Solvents and Reagents

Light petroleum refers to that fraction boiling in the 

range 40-60°C unless otherwise stated. Ether refers to diethyl 

ether. Ethyl acetate and light petroleum were distilled

through a 36 cm Vigreux column before use. If anhydrous 

dichloromethane was required it was distilled from phosphorus 

pentoxide. Methanol was dried by distillation from magnesium 

methoxide and was stored over 4A sieves. DME and THF, and ether 

if it was required anhydrous, were distilled from potassium- 

benzophenone ketyl before use. Acetonitrile was pre-dried by 

distillation from calcium hydride and dried further by 

distillation from phosphorus pentoxide. Mesitylene was

distilled from sodium. DMSO and DMF were stirred over barium 

oxide, decanted, distilled at reduced pressure and stored over 

4A sieves.

Trifluoroacetic acid was purified by distillation from 

concentrated sulphuric acid. p-Toluenesulphonic acid was

obtained dry by standing an ethereal solution over sodium 

sulphate, filtering and evaporating the ether. Pyridine was 

distilled from and stored over potassium hydroxide pellets. 

Triethylamine, diisopropylamine and diisopropylethylamine were 

distilled and stored over potassium hydroxide.

Chromatography

Analytical t.l.c. was carried out using Merck Kieselgel 60 

GF254 aluminium-backed plates and the plates were visualised 

using u.v. light at 254 and 350 nm and/or iodine vapour. Column

chromatography was performed on Merck Kieselgel 60 H silica
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using hand bellows or an aquarium pump to apply pressure at the 

head of the column. Dry flash chromatography was carried out on 

the same silica using a water aspirator to apply the suction. 

Spectral and other data

Ultraviolet spectra were recorded in the range 450-200 nm 

using a Pye Unicam SP 1800 instrument and were calibrated 

externally against holmium oxide (360.8 nm). Infrared spectra 

were recorded either on a Perkin-Elmer 298 grating 

spectrophotometer calibrated against polystyrene (1602 cm *) or 

on a Perkin-Elmer 1710 Fourier Transform instrument. Samples 

were either in the form of Nujol mulls or thin films on sodium 

chloride plates or as solution in the solvent indicated. Proton 

n.m.r. spectra were recorded on Varian EH 360 (60 MHz), Perkin- 

Elmer R 32 (90 MHz), Bruker WM 250 (250 MHz), or Bruker AM 500 

(500 MHz) machines. On the 60 and 90 MHz machines signals are 

quoted relative to tetramethylsilane at 0.00 ppm as an internal 

reference. On the high-field instruments signals are quoted 

relative to the protons of the residual undeuterated solvent 

(7.26 ppm for CHC13 in CDC13 ).

Mass spectra were recorded on A.E.I. MS 12 and VG Micromass 

7070B instruments, high resolution mass measurements were made 

on the latter machine. Spectra were usually recorded at 70 eV 

and the source temperature is specified.

Melting points were determined on a Reichert Kofler hot 

stage apparatus and are uncorrected.
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3.2 Experimental for Section 2 .2

,  ̂ w ,,ft.06,573-BenzvloxvacetoDhenone (79)

3-Hydroxyacetophenone (78) (957, 12.2 g, 85 mmol) was dissolved

in dry DMF (7.7 ml) under nitrogen. Potassium carbonate (14.5

g, 104 mmol), benzyl chloride (9.9 ml, 85 mmol) and sodium

iodide (0.5 g, 4 molZ) were added and the mixture was heated,

with stirring, to 80°C. After 6.5 h at this temperature the

mixture was a solid mass. Water was added and the aqueous

mixture extracted with ether. The combined ethereal layers were

washed with potassium hydroxide solution (57) and water and

dried over sodium sulphate. Evaporation yielded a brown oil

which was purified by flash chromatography on silica (light

petroleum) to yield the title compound (79) (18.4 g, 967), b.p.

220°C, 15 mmHg (Kugelrohr)(lit.,^  b.p. 180°C, 3 mmHg);

v (film) 3066, 3033, 1685s, 1581, 1497, 1484, 1439, 1357,max.

1271, 1208, and 1026 cm"1; 6U (60 MHz; CC1, ) 2.35 (3 H, s,
rl h

C0CH3 ) , 4.90 (2 H, s. PhC^O), and 6.85-7.60 (9 H, m, ArH).

5-Benzvloxv-2-bromoacetoohenone (77)

A solution of 3-benzyloxyacetophenone (79) (2.60 g, 11.6 mmol) 

in glacial acetic acid (8 . 0 ml) with sodium acetate (1.37 g,

16.7 mmol) was cooled to 0°C and bromine (0.84 ml, 16.4 mmol) 

was added slowly with stirring. A calcium chloride guard tube

was fitted and the mixture was stirred in the dark, at room 

temperature, for 24 h. The resulting slurry was diluted with 

chloroform and washed with sodium thiosulphate solution, 

potassium carbonate solution and water. After drying the 

solution over sodium sulphate the solvent was removed at reduced
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pressure leaving a brown oil. This was purified by dry-column

flash chromatography (ether-light petroleum) giving the title

compound (77 ) (3.03 g, 86 3!) as a light yellow oil, b.p. 150°C(

0.6 mmHg (Kugelrohr) (Found: C, 59.3; H, 4.4. C i5 -̂|3®r °2

requires C, 59.0; H, 4.3%); v (film) 3066, 3033, 1703 (C=0),

1591, 1567, 1497, 1463, 1393, 1355, 1311, 1289, 1241, 1208,

1 095, 1 009, 873, 813, 739, 697, and 653 cm 1; 6^  250 MHz; CDC13 )

2.06 (3 H, s, C0CH3 ), 5.04 (2 H. s, CH^h), 6.89 (1 H, d d , 3 ^ s

3 Hz, J, „ 8.5 Hz, 4 — H ), 7.06 (1 H, d, J 3 Hz, 6-H), 7.29-
■"4,3 o . *

7.41 (5 H, m, Ph), and 7.46 (1 H, d, i 8.5 Hz, 3-H); mLz.

(180°C) 307/305 (M+ , 53Z), 226 (8 ), 169 (20), 92 (99 ). 91 (99 ),

82/80 ( 100), and 81/79 (41 ) .

2-(5' -Benzvloxv-2 '-bromophenvl)-2-methvloxirane (80)

Sodium hydride (60/ dispersion; 2.44 g, 61 mmol) was washed, 

under nitrogen, with dry light petroleum and decanted dry, 

repeating the procedure twice. Solid trimethylsulphoxonium 

iodide (13.4 g, 61 mmol) was added followed by dry DMSO (61 ml). 

A vigorous evolution of hydrogen ensued. After 40 min the 

reaction had subsided leaving a milky-white mixture. A solution 

of 5-benzyloxy-2-bromoacetophenone (77) (13.4 g, 44 mmol) in dry 

DMSO (33 ml) was added over 10 min, with stirring. The mixture 

was heated to 55°C for 3 h. Water was cautiously added and the 

mixture extracted with ether. The combined organic layers were 

washed repeatedly with brine and dried over sodium sulphate. 

Evaporation yielded a yellow solid, which was recrystallised 

from ethanol giving the title compound (80) (13.2 g, 94/) as
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cream crysta lline solid, m. p. 78.5 -79 .5°C (Found: C, 60. 5; H,

4.9; Br, 25 . 1 .  c ,
6 H 1 5 B r °

? requ ires c , 6 0 . 2 ; H, 4.7 1 Br, 25 . 0Z );

V (Nujol) 3040, 1590 , 1410, 1305, 1 230, and 1010 -1 x cm ; 6h (250
max.

MHz; c d c i 3 ) 1 .65 (3 H, s. CH
3 » -  2

.85 (1 H, d, 2 5 .5 Hz, 3-H) ,

3.02 (1 H, d, J 5.5 Hz, 3-H) , 5.04 (2 H, s , CH2Ph ), 6.78 (1 H,

d d , -4 1,6 *
3 Hz, “ 4 ’,3‘

8.5 Hz , 4 ‘ -H) , 7 .12 (1 H, d ‘ -6,4
3 Hz,

6 ’ -H), and 7.29-7 .45 (6 H . m, 3 * -H and Ph) ; m/z. (FAB) 320/318

(m ", 46), 229/227 (11), and 91 (100).

2-(5'-Benzvloxv-2 *-bromoohenvl)-2-methvloxirane (80) (Scale-up) 

To a solution of 3-hydroxyacetophenone (78) (97Z, 103 g, 0.73

mol) in acetone (70 ml) was added potassium carbonate (121 g, 

0.88 mol). followed' by benzyl chloride (93 ml, 0.80 mol) and 

sodium iodide (4.5 g, 5 molZ). The mixture was heated under 

reflux for 40 h and then allowed to cool to ambient temperature. 

Ether was added and the inorganic salts filtered off with 

suction. The clear solution was washed with potassium carbonate 

solution and dried over sodium sulphate. The ether was removed 

on a rotary evaporator connected to a water aspirator. There 

was still a slight smell of benzyl chloride so evaporation was 

continued at ca. 0.5 mmHg to give crude 3-benzyloxyacetophenone 

(79) (175 g) as a brown oil whose n.m.r. spectrum matched that 

shown above and showed it to be >85Z pure. Due the 

decomposition observed on distilling this material at reduced 

pressure it was used directly in the next stage without 

purification.

Crude 3-benzyloxyacetophenone (7 9 ) (ca^ 85Z, 175 g, 0.66 mol)



was dissolved in glacial acetic acid (540 ml) and sodium acetate 

(85 g, 1.04 mol) was added. Bromine (50 ml, 0.98 mol) was added 

slowly with stirring, whilst cooling the vessel with a cold 

water bath. A calcium chloride guard tube was fitted and the 

mixture was stirred in the dark overnight. The solids were then 

filtered off at the pump and the solution was diluted with water 

resulting in the formation of an oil. The aqueous mixture was 

decanted from the oil and extracted with chloroform. The oil 

was combined with the chloroform layers and was washed with 

sodium thiosulphate solution (x2 ) and potassium carbonate 

solution and dried over sodium sulphate. Evaporation yielded a 

brown oil (221 g) identified as 5-benzyloxy-2-bromoacetophenone 

(77) by n.m.r..

Sodium hydride (60l dispersion; 40.3 g, 1.0 mol) was washed 

three times, under nitrogen, with dry light petroleum and 

decanted dry. Trimethylsulphoxonium iodide (222 g, 1.0 mol) was 

added followed by dry DMSO (500 ml). Vigorous evolution of 

hydrogen ensued which subsided after 2.5 h leaving a milky-white 

reaction mixture. A solution of crude 5-benzyloxy-2- 

bromoacetophenone (77) (ca. 85Z, 221 g, 0.61 mol), prepared as 

above, in dry DMSO (200 ml), was added and the mixture was 

stirred at 55°C for 3 h. After cooling to ambient temperature 

water was slowly added with vigorous stirring. This resulted in 

the formation of a dark brown precipitate which was collected 

and washed with cold water and transferred to a liquid-liquid 

continuous extraction apparatus. Warm light petroleum (b.p. 60-
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800C ) was added giving a brown oil which was continuously 

extracted overnight. On cooling the extract solidified. 

Boiling light petroleum (60-80°C) redissolved the solid leaving 

behind some dark oil. The hot solution was decanted from the 

oil, cooled and the solid crystallised out. The crystals were 

collected and washed with cold light petrol giving pure 2-(5 * - 

Benzyloxy-2'-bromophenyl)-2-methyloxirane (80) (105 g, 45 l from 

3-hydroxyacetophenone (78)) whose spectral and t.l.c. properties 

were identical to those of an authentic sample.

Attempted preparation of 1-azido-2-(5'-benzvloxv-2 * -

bromoDhenvl)Drooan-2-ol (81)

i. Jwith sodium azide in methanol.

The epoxide (80) (95 mg, 0.29 mmol) in methanol (0.5 ml) was

treated with sodium azide at room temperature. No reaction 

could be observed so the mixture was heated to reflux. No new 

compounds could be observed by t.l.c.. After 24 h the reaction 

mixture was partitioned between water and ether. The organic 

layer was dried over sodium sulphate and evaporated to dryness 

giving a quantitative recovery of starting material (80).

ii. )with sodium azide in DMF.

The epoxide (80) (50 mg. 0.16 mmol) in dry DMF (0.3 ml) with

sodium azide (65 mg, 1.0 mmol) was heated to 60-70°C for 6 h.

Analysis of the reaction mixture by t.l.c. showed only the

starting epoxide (80).
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1-Azido-2-(5‘-benzvloxv-2‘-bromophenvl)propan-2-ol (81)

Epoxide (80) (100 mg, 0.3 mmol), sodium azide (120 mg, 1.8 mmol)

o
and caesium carbonate (98 mg, 0.3 mmol) were heated to 80 C in

dry DMF (2 ml). After 24 h water was added and the mixture

extracted with ether. The combined ether layers were washed

several times with water to remove any DMF. Drying over sodium

sulphate and evaporation yielded a solid (98 mg) shown by t.l.c.

to be a mixture of the starting material (80) and one other

compound. Dry-column flash chromatography (ether-light

petroleum) gave starting material (45 mg, 47Z ) as the first

fraction followed by the title compound (81) (18.7 mg, 17Z) as a

stable colourless oil which solidified on prolonged storage at -

10°C, m.p. 55-55.5°C (Found: C, 53.2; H, 4.4; N, 11.5; M+

361.0430. C H BrN 0 requires C, 53.1; H, 4.45; N, 11.6 Z ; M 
1 5 1 6  3 2

361.0426); v (film) 3460br, 3040, 3020, 2990, 2940, 2110vs,
max.

1590, 1570, 1450, 1380, 1310, 1290, 1230, and 1010 cm”1; 6U (250H
MHz; CDC13 ) 1.73 (3 H, s. CH^. 2.80 (1 H, br s, OH), 3.70 (1 H,

d , 2 12.5 Hz, CH2N3 ) , 4.17 (1 H, d. 2  12 .5 Hz. CH2N3 ), 5.06 (2

H, s, CH2Ph), 6.76 (1 H. dd,
~4 ' , 6' 3 H2' 3 ,. 8.5 Hz, “ 4 .3 , 4*-H),

and 7.3-7.48 (7 H, m. ArH) ; m/z (120°C) 363/361 (M+ , 0 . 1 Z ) ,

307/305 (6.5), 292/290 (0.7), 227 (1.1), and 91 (100).

In an improved procedure, epoxide (80) (55.3 g, 173 mmol) was 

dissolved in dry DMF (135 ml) and lithium chloride (72.0 g, 1.69 

mol) and sodium azide (48.0 g, 0.74 mol) were added. The

mixture was stirred with a mechanically driven paddle and heated 

to 60 C for 18 h. After cooling to ambient temperature water 

was added to the mixture. The mixture was extracted with

96



chloroform and the organic layers washed with water, dried over 

sodium sulphate and evaporated at reduced pressure to give a 

yellow oil. This was chromatographed in four batches (ether- 

light petroleum) to give the title compound (81) (44.8 g, 72Z) 

as a colourless oil whose t.l.c. and n.m.r. properties were 

identical to those described above.

Dehydration of the azidoalcohol (81) 

i.) with MeS02Cl-S02-collidine.

Azidoalcohol (81) (1.26 g, 3.5 mmol) was taken up in sym-

collidine (2.9 ml, 22 mmol)) and dry DMF (8 ml) and cooled to

0°C under nitrogen. Methanesulphonyl chloride (0.88 ml, 11.4

mmol) was slowly added followed by a DMF solution of S02 (11.4

mM; 1.75 ml, 20.0 mmol). The reaction was allowed to come to

room temperature. After 5 min a red precipitate had formed.

Water was added dropwise with cooling and this caused the

precipitate to redissolve. The reaction mixture was then poured

into an excess of water and extracted with ether. The extracts

were washed with cold dilute sulphuric acid, cold dilute sodium

bicarbonate and water. Drying over sodium sulphate and

evaporation gave a yellow oil which was purified by flash

chromatography on silica (light petroleum) to yield a light

yellow, unstable oil (0.62 g, 51Z) which was assigned the

structure 1-azido-2- (5‘-benzyloxy-2 '-bromophenyl)propene (82) on

the basis of its n.m.r. and i.r. spectra; v (film) 2110 (N )
max. 3 '

and 1645 cm"1; 6H (90 MHz; CDC13 ) 1.97 (3 H, s, CH ), 5.04 (2 H. 

s. CH2Ph), 6.20 (1 H, br s. 1-H), 6.70-6.95 (3 H, m, ArH), and
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7.20-7.55 (5 H, m, ArH). The compound darkened rapidly in the 

presence of air at room temperature and was not characterised 

further but rather used directly in the next stage, 

ii.) with thionyl chloride and pyridine.

Azidoalcohol (81) (200 mg, 0.55 mol) was dissolved in dry

redistilled pyridine (3.7 ml) and cooled to 0°C. Thionyl 

chloride (0.12 ml, 1.65 mmol) was slowly added and the reaction 

stirred at 0°C for 10 min. The reaction mixture was poured onto 

crushed ice. When the ice had melted the aqueous mixture was 

extracted with ether, which was then washed with cold dilute 

hydrochloric acid, sodium bicarbonate solution, brine and then 

dried with sodium sulphate. After evaporation at reduced 

pressure, a small amount of light petroleum was added and the 

solution was loaded onto the top of a very short column (5:1, 

silica gel/product) which was eluted with light petroleum. The 

first component was vinyl azide ( 82 ) ( 139 mg, 73Z ) which was a 

colourless oil with identical spectroscopic properties to those 

described above.

7-Benzvloxv-4-bromo-3-methvl - 1 -(phenvlsulohonvl)-1H-indole (76) 

The vinyl azide (82) (50 mg, 0.145 mmol) was dissolved in dry 

redistilled mesitylene (2.0 ml) under nitrogen. A reflux 

condenser was fitted and the flask was lowered into a hot

(>200°C) Wood's metal bath. After refluxing for 1 h the solvent 

was removed at reduced pressure to give a brown oil, which 

darkened rapidly in air and was used directly in the next stage.
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A suspension of sodium hydride (60Z dispersion; 7.5 mg, 0.188 

mmol) in dry THF (0.1 ml) was cooled to 0°C under nitrogen. A 

solution of the crude product from the above thermolysis, in THF 

(0.30 ml) was added. Some effervescence was observed and after 

5 min at this temperature the cooling bath was removed. 

Stirring was continued at room temperature for 1 h and at reflux 

for 15 min. After cooling benzenesulphonyl chloride (30 pi, 

0.235 mmol) was added and the mixture stirred at room 

temperature for 30 min. After quenching with water (CARE! 

vigorous evolution of hydrogen) the mixture was extracted with 

ethyl acetate. The organic layers were washed with brine and 

dried over sodium sulphate. Evaporation and chromatography 

(ether and light petroleum) gave a yellow crystalline solid 

which was recrystallised from ethanol to give the title compound 

(76) (35 mg, 53Z from vinyl azide (82); in other experiments

yields ranged from 37-53%) as pale yellow crystals, m. p .

153°C (Found: C, 57.6; H. 3.8; Br, 17.5; N, 3 .0 ;

C22H 18BrNV requires C, 57.9; H, 4.0; Br, 17.5; N, 3

7.0ZI: vmax.(Nujol) 2960, 1 570, 1480, 1470, 1450, 1355,

129 0 , 1 265, 1230, 1170, 1150. 1125, 1045, 1020, 995, 925, and

910 cm 1 ,
1! 6h (250 MHz; CDCl^I 2 .54 (3 H, d, 2 - 1  Hz, CH3 ), 4.94

(2 H, s ,, c h 2Ph). 6 .46 (1 H, d, 2 8.3 Hz , 6-H), 7.16 (1 H. d, J

8.3 Hz, 5-H) , 7.18- 7.59 (10 H. m, 2xPh) , and 7.66 (1 H , -q , 2-

H) ; m/ 457/4 55 (M+ , 8.5Z) , 366/364 (4. 0 ), 316/314 (11.3), 141

(7.9), and 91 (100).
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Ethvl 3-chloro-2-DhenvlDropenoate (8 8 )

(Chloromethyl)triphenylphosphonium chloride (1.17 g, 3.4 mmol)

was suspended in dry THF, under nitrogen, and cooled to -78°C.

n-Butyllithium in hexane (1.5 M; 2.0 ml, 3.0 mmol) was added

slowly and the mixture stirred at -78°C for 5 min and then

allowed to warm to 0°C. The dark red solution was then cooled

to -78°C again and ethyl phenylglyoxylate (85b) (500 mg, 2.8

o
mmol) in THF (2 ml) was added over 10 min. After 1 h at -78 C

the reaction was brought to room temperature over 0.5 h and

quenched by pouring into ice/water. The mixture was extracted

with ether and the ethereal layers washed with water, dried over

sodium sulphate and evaporated. The resulting yellow oil was

purified by dry-column flash chromatography (ether-light

petroleum) giving a colourless oil which went yellow on

continued exposure to air. This was identified as an

approximately 2.75:1 mixture of £ and 2 isomers of ethvl 3-

chloro-2-phenvlpropenoate (88 ) ( 44 1 mg, 75Z) , b.p. 58°C, 0.5

mmHg (Kugelrohr) (Found: M+ 210.0451. C H CIO requires

210.04475); v (film) 2985, 1720s, 1590, 1500, 1445, 1370,max.

1330, 1240, 1205, 1180, 1040, 1025, 750, and 700 cm”1; 6 (250
H

MHz; CDC13 ) 1.28 (3 H, t, J 7.0 Hz, £ .Ct^CH^) , 1.35 (3 H, t. J 

7.0 Hz, Z CH3CH2 ), 4.25 (2 H, q, J 7.0Hz, £ CH3£H2 ), 4.36 (2 H, 

q. 2  7.0 Hz, Z CH3£ H 2 ), 6.60 (1 H. s, Z C1CH=C), 7.27-7.50 (5 H, 

m, £  and Z ArH), and 7.58 (1 H, s, £ C1CH=C); m/z 212 (M+ , 3?C1, 

15Z), 210 (M+ , 35C1, 42Z), 175 (100), 167 (5.8), 165 (15.7), 147 

(27), 139 (16.2), 137 (47), 120 (22.5), and 103 (5.8).
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Ethvi 3-azido-2-phenvlpropenoate (89)

A suspension of sodium azide (120 mg, 1.84 mmol) in DMF (0.4 ml)

was cooled to 0°C and the vinyl chloride (8 8) (194 mg, 0.92

mmol) was added in DMF (0.2 ml). After stirring overnight at

room temperature the reaction was quenched by pouring into

water. After extraction with chloroform the organic layers were

washed several times with brine and dried over sodium sulphate.

Evaporation and chromatography (ether-light petroleum) gave the

title compound (89) (an approximately 1.8:1 mixture of E and 2

isomers ) (121 mg, 61Z) as an unstable oil identified by its

spectroscopic properties alone; v (film) 2995, 2110vs, 1710s,

1610, 1495, 1445, 1370, 1290, 1240, 1190, 1030, 755, and 700 cm"

1; 5 (90 MHz; CDC1_) 1.15-1.60 (3 H, m, E and Z CH.CH.), 4.15- H 3 3 c

4.50 (2 H, m, E and Z CH3CH? ), 6.82 (1 H, s, Z N3CH=C), 7.20- 

7.60 (5 H, m, Ph), and 7.71 (1 H, s, E N3CH=C).

Ethvi 1H-indole-3-carboxvlate (90)

Vinyl azide (89) (121 mg, 0.56 mmol) was taken up in dry

mesitylene (2 ml) and slowly added down the condenser into 

refluxing mesitylene (2 ml) under nitrogen. After refluxing the 

solution for 1 h the solvent was removed by distillation at 

reduced pressure (Kugelrohr). The resultant yellow oil was 

shown, by t.l.c., to be a mixture of two compounds which were 

separated by dry-column flash chromatography (dichloromethane- 

ether-light petroleum). This gave ethyl indole-3-carboxylate 

(90) (41 mg, 39Z) as a white crystalline solid, m.p. 123-125°C

(lit. , 76 1 22- 124°C); v
max.(Nujol) 3260 cm 1; 5U (90 MHz; CDC1 )

H 33
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1.45 (3 H, t, J 7.0 Hz. CH CH ) , 4.45 (2 H. q. J 7.0 Hz.

CH CH ). 7.20-7.55 (3 H. m, ArH), 7.90 (1 H. d. J 3.0 Hz. 2-H). 
3— 2

8.10-0.35 (1 H. m. ArH), and 9.15 (1 H, br s, NH). and another

less polar compound (41 mg) as an unidentified oil, v (film)max.

2250w and 1740 cm 1, which was discarded.

3-Methvl-1H-indole (69) (Skatole)

To a lithium aluminium hydride (80 mg, 0.21 mmol) suspension in

ether (2 ml) at 0°C was added ethyl indole-3-carboxylate (90)

(41 mg, 0.22 mmol) in dry ether (2 ml). The mixture was

stirred, under nitrogen, at room temperature for 1 h and then at

reflux for a further 2 h. Water was cautiously added and after

acidification the mixture was extracted with ether. The organic

layers were washed with water and brine, dried over sodium

sulphate and evaporated to dryness. This gave

chromatographically homogeneous 3-methyl-1H-indole (69) (26 mg,

95Z) as a fawn solid with the characteristic pungent odour of

skatole; v (Nujol) 77 3400, 1345, 1335, 1300 and 1075 cm’1; 6 max. H

(90 MHz; CDC13 ) 78 2.35 (3 H. s, 3-CH3 ), and 6.80-8.00 (6 H, m, 

ArH and NH).
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Ethyl [7-benzvloxy-3-methyl-1-(phenvlsulohonvl)-1H-indol-4-

vllalvoxvlate (93)

The bromoindole (76) (1.0 g, 2.19 mmol) was dissolved in dry

o
dimethoxyethane (20 ml), under nitrogen, and cooled to -78 C. 

n-Butyllithium in hexane (1.6 M; 1.8 ml, 2.86 mmol) was slowly 

added. The mixture was kept at this temperature for 10 min 

during which time the mixture turned bright yellow. It was then 

slowly transferred through a double-ended needle into a flask 

containing a vigorously stirred solution of diethyl oxalate (3.5 

ml, 21.9 mmol) in dimethoxyethane (3.5 ml) maintained at 

approximately -55°C. After complete transferral of the 

material, the mixture was left at -55°C for 1 h and then it was 

allowed to come slowly to room temperature. Saturated ammonium 

chloride solution was added and the resulting slurry was 

extracted with dichloromethane. The organic extracts were 

washed with water, dried and the solvent removed at reduced 

pressure. The resultant yellow solid was triturated with light 

petroleum containing a few drops of ether to give pure title 

compound (93) (830 mg, 79Z; in other experiments yields ranged 

from 67-79Z) as pale yellow crystalline solid, m.p. 1 53-154.5°C 

(from dichloromethane-ether)(Found: C, 65.7; H, 4.8; N, 2.9; S,

6.9. C26H23N06S requireS C. 65 .4; H. 4.85; N, 2.9; S, 6 • 7 X ) ;

V max.(Nujol) 1740, 1 680, 1 600 , 1550 , 1300 , 1270, 1245 , 1 205,

1170, 1145, and 1015 cm 6h (250 MHz;; CDC1 3 ) 1.39 (3 H, t, 2

7.1 Hz, CH2CH3 ), 2 .40 (3 H, d, 2 1.1 Hz, 3-CH3 ). 4.40 (2 H, q. 1
7.1 Hz, OCH^CH^) , 5.04 (2 H, s, CH^h), 6.62 (1 H, d, J. 8 .6 Hz,

/ J.2C, -  7.37 C5H, m, Ph),
6 — H ), 7.13-7.22 (2 H, m, ArH), h .45-7.60 (3 H, m, ArH), 7.50 (1
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H, d, J 8 .6 Hz, 5-H) , and 7.81 (1 H, q, 1  1.1 Hz, 2-H); m Iz.  

{180°C) 477 (M+ , 18 Z ) , 404 (32 ), 376 ( 8 ), 337 ( 1 2 ), 264 ( 10), 

263 ( 1 2) , 1 35 ( 1 1 ), and 91 (100) .

Ethvl f7-(tert-butvldimethvlsilvloxy)-3-methvl-1-(phenvl-

sulphonvl)-1H-indol-4-vl3glvoxvlate (96)

The glyoxylate (93) (206 mg, 0.43 mmol) was dissolved in ethyl

acetate-acetic acid (2:1; 15 ml) and palladium-on-carbon (102;

40 mg) and concentrated hydrochloric acid (4 drops) were added.

The mixture was stirred under an atmosphere of hydrogen and the

reaction was followed by t.l.c.. After 3 days the mixture was

filtered and the solution evaporated to dryness to yield a

yellow solid. The catalyst was extracted with boiling

chloroform and the extracts combined with the first batch of

product. The combined crude product was chromatographed on

silica (chloroform) to give two fractions. The first was a

yellow solid (122 mg, 732), m.p. 136°C(decomp.), which turned

brown rapidly on exposure to air and was assigned the structure

ethyl [7-hydroxy-3-methyl-1 -(phenylsulphonyl)-1H-indol-4-

yl]glyoxylate (94) on the basis of its spectroscopic properties,

(Found: M+ 387.0777. C,oH<,N0cS requires 387.0777); v (Nujol)19 17 6 max.

3316, 1724, 1693, 1599, 1576, 1358, 1250, 1206, 1167, 1125,

1 085, and 1017 cm 1; m/z (180°C) 387 (H+ , 112), 314 (100), 173

(39), 145 (28), and 117 (12), followed by ethvl 2-hvdroxv-2-r7-

hydrqxy-3-methyl-1-phenvlsulphonvl-1H-indol-4-vl1acetate (9 5 )

(35 mg, 212) as a fawn solid, m.p. 129-130.5°C (Found: C, 58.6;

H, 4.9; N, 3.6. c 19H igN06S requires C, 58.6; H, 4.9; N, 3.62);

Vmax.(Nu30l) 3353br' 1730s, 158S, 1505, and H 7 9  cm"1; 8 (90
H
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MHz; d6-acetone) 1.10 (3 H, t, 2 7 Hz, C H ^ H ^ ) .  2.49 (3 H, br 

s, 3 ‘-CH3 ). 4.08 (2 H, q, J 7 Hz, CH3CH20), 5.70 (1 H, s,

ArCH(0H)C02Et), 6.75 (1 H, d, 2  8 Hz, 6 *-H), 7.10 (1 H, d, 2 8

Hz, 5'-H), and 7.40-8.00 ( 6 H, m. Ph and 2 * -H ); m/ z (180°C) 389

(M + , 187), 31 6 ( 100 ), 175 ( 25 ), 174 ( 23), 1 46 ( 1 4 ), 1 4 1 ( 1 2 ),

and 118 (19).

The phenol (94) decomposed rapidly and was used directly in the

next stage. Thus a sample of (94) (104 mg, 0.27 mmol) was

dissolved in dry DMF (2 ml) and imidazole (40 mg, 0.61 mmol) and

TBDMS chloride (45 mg, 0.30 mmol) were added. After stirring

overnight at room temperature the mixture was poured into water

and extracted with ethyl acetate. The organic layers were

washed with water and dried over sodium sulphate. Evaporation

gave an off-white solid which was chromatographed (ether) to

give to components. The first was the title compound (96) (105

mg, 787 conversion, 887 based on recovered starting material),

m.p. 134-136°C (from ether-light petroleum), as an off-white

solid which darkened in air, (Found: C, 60.2; H, 6.2; N, 2.9.

C J  NO sis requires C. 59.9; H, 6.2; N, 2.87); v (Nujol)

1725s, 1692, 1599, 1566, 1372, 1293, 1262, 1212, 1179, 1131,

1091, and 1021 cm”1; 6 ( 9 0  MHz; CDC1 ) 0.30 (6 H, s, (CH ) Si),
n j  3 2

0.87 (9 H, s, (CH ) C), 1.35 (3 H, t, ]  7 Hz, CH CH 0), 2.30 (3j j 3 2

H, s, 3-CH3 ), 4.35 (2 H, q, 2  7 Hz, CH3CH20), 6.65 (1 H, d, 2  8 

Hz), and 7.20-7.60 (7 H, m, ArH); m/z 501 (M+ , M ) , 486 (2), 444 

(100), 428 (19), 302 (27), 230 (45), 202 (32), and 135 (36).
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A finely ground powder of (chloromethyl)triphenylphosphonium

chloride (550 mg, 1.58 mmol) was suspended in dry THF (3.5 ml)

under nitrogen and cooled to -78°C. Phenyllithium in

cyclohexane-ether (70/30)(1.7 M; 0.86 ml, 1.46 mmol) was added

slowly and the solution gained a slight red colouration. After

4 . 75 h at this temperature the cloudy mixture had turned from

red to yellow. The mixture was then transferred through a wide

bore, double-ended needle into a flask containing a stirred

solution of the indolylglyoxylate (93) (500 mg, 1.05 mmol) in

oTHF (3.5 ml) maintained at -78 C. The reaction was stirred at -

78°C for 2 h and at 4°C overnight. After this time a few drops

of water was added and the THF was removed by evaporation at

reduced pressure. The residue was triturated with ether and the

solution was decanted from the solid triphenylphosphine oxide.

After washing the solution with water and drying it over sodium

sulphate the crude product was preadsorbed on silica and

chromatographed (ether-light petroleum 50:50). This yielded the

title compound (97) (431 mg, 81/), an approximately 1.6:1

mixture of JE and 2 isomers by high-field 1H n.m.r., as an

unstable pale green oil, (Found: H+ 509.1064. C„,H 35C1N0 S
27 2 4 5

Ethvl 2-[7-benzvloxv-3-methvl-1-(ohenvlsulphonvl)-1H-indol-4-

vll-3-chloroDrooenoate (97)

requires 509.1064); vmg>< (CHC13 ) 1715s, 1615, 1575, 1500, 1450,

1375, 1290, 1170, 1135, and 1095 cm'1; 6U (250 MHz; CDC1 ) 1 21
H 3

(3 H. t , 2  6 ,.75 Hz, Z CH 3CH 2 ) . 1 .27 (3 H, br t, 2 6 .75 Hz, E

” 3,CH2 ]l . 2.13 (3 H, d, J 1 . 1 Hz,, E 3-CH3 ), 2 .24 (3 H, d, 2  1.1

Hz, Z 3-CH3 )' 4 .,235 and 4 . 24 (2 H, 2xq, 2 6.75 Hz, E CH0CH0 
3— 2

coriformational isomerss) . 4 . 25 (2 H, q . 2  6 .75 Hz, Z CH 3ch2 ).
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4.97 (2 H, br s, CH^Ph), 6.55 (1 H, s, C1CH=C), 6.60 (1 H, d, 2 

8.25 Hz. Z indole 6-H). 6.69 (1 H. d. 2 8.25 Hz. E indole 6-H), 

6.82 (1 H. d. J 8.25 Hz, E indole 5-H), 6.90 (1 H. d. J 8.25 Hz. 

Z indole 5-H). 7.20-7.50 (7 H, m. 2xPh), 7.52-7.61 (3 H. m.

2xPh). 7.62 (1 H, q, J 1.1 Hz, E indole 2-H), 7.64 (1 H. q. 2

1.1 Hz, 1 indole 2-H), and 7.67 (1 H, s, £ C1CH=C); ml Z (150 C) 

511 (M+ . 3?C1, 32), 509 (M+ , 35C1, 62), 420 (1), 418 (3), 377

(14), 370 (4), 368 (10), 236 (27), and 91 (100).

Ethvl 2-[7-benzvloxv-3-methvl-1 - (phenvlsulphonvl)-1H-indol-4-

vll-3-azidoDropenoate (75)

The vinyl chloride (97) (431 mg, 0.85 mmol) was dissolved in 

DMF-water (94:6; 2.0 ml) and sodium azide (431 mg, 6.63 mmol)

was added. After stirring, in the dark, for 3 h at room 

temperature ether was added until the solution was clear and the 

inorganic salts completely precipitated. These were removed by 

filtration and the filtrate washed with brine (x3) and dried 

over sodium sulphate. After evaporation the resulting oil was 

purified by dry-flash column chromatography (ethyl acetate- 

ether-light petroleum) giving the title compound (7 5 ), in 

approximately 1.6:1 E/Z isomeric ratio, (392 mg, 892) as a pale 

yellow glass going dark in the light, (Found: M+-N2 488.1399.

C27H24N2°5S recluires 488.1 406 ); (Nujol) 2110s, 1700br,

1605, 1290, 1220, and 1020 cm'1; 6U (250 MHz; CDC1„) 1.21 (3 H.
n 3

t, 2  6.75 Hz, Z CH CH ), 1.24 (3 H, t, J 6.75 Hz, E CH„CH,J ,
j  c  —  3 2

2.17 (3 H, br s, E 3-CH3 ), 2.21 (3 H, br s. Z 3-CH^, 4.20 (2 H, 

q, 2 6.75 Hz, E CH3CH2 ), 4.21 (2 H, q, 2 6.75 Hz, Z CH3£ H 2 ),
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4.97 (2 H, br s. CH2Ph), 6.58 (1 H, d. 3 8.25 Hz, Z indole 6-H), 

6 . 66 (1 H, d, 2  8.25 Hz. JE indole 6-H), 6.74 (1 H, s, 2 N3CH=C),

6.78 (1 H, d, 2  8.25 Hz, E indole 5-H), 6.83 (1 H, d, 2  8.25 Hz,

Z indole 5-H), 7.21-7.63 (11 H, m, 2xPh and indole 2-H), and

7.73 (1 H, s, E. N^CH = C ); m/z (15□°C) 488 (M+-N2 « 8 Z ) , 348 ( 6 ),

347 (6 ), 275 (3), 185 (4), 142 (3), 141 (3), and 91 (100).

Ethvl 3.6-dihvdro-5-benzvloxv-8-methvl-6- (phenylsulphonyl)-

3 H .6H-pvrroloC3.2-el indole-1-carboxviate (98)

A solution containing the vinyl azide (75) (155 mg, 0.30 mmol) 

in dry mesitylene (36 ml) was rapidly brought to reflux, under 

nitrogen, using a Wood's metal bath. After 15 min the solution 

was allowed to cool and the solvent was removed at reduced 

pressure. The resulting viscous brown oil was chromatographed 

(ether-light petroleum) to give the title compound (98) (61 mg, 

42Z ; in other experiments yields were in the range 37-43Z ) as a 

stable white crystalline solid, m.p. 216-216.5°C (decomp.)(from 

ether-light petroleum b.p. 60-80°C) (Found: C, 66.3; H, 4.9; N, 

5.7. C H N O S  requires C, 66.4; H, 4.95; N, 5.7Z) ;
cl ch c D

v (Nujol) 3230br (NH), 1665, 1615, 1350, 1300, 1170, and 1030 max.

cm"1; 6 (250 MHz; CDC1_) 1.39 (3 H, t, 2  7.3 Hz, CH CHo0), 2.50n J 3 2

(3 H, d. 2  1 Hz, 2-CH3 ), 4.36 (2 H, q, 3 7.3 Hz, CH3CH20), 4.90

(2 H, s, CH Ph), 6.51 (1 H, s, 4-H), 7.08-7.18 (2 H, m, PhH),
7.22.- 7 36 C5H, m,
7.38-7.48 (( H,brS.<2-H), 7.54-7.63 (3 H, m, Ph), 7.73 (1 H, q. 3 

1 Hz, 7-H), and 8.49 (1 H, br s, NH); m/z ( 250°C) 488 (M+ , 1Z), 

398 (2), 397 (2), 347 (1), 295 (2), 257 (4), 255 (2), 235 (2),

233 (2), 225 (3), 211 (4), 149 (23), 141 (18), 101 (21), 91

(22), and 85 (100), together with ethvl 2-[7-benzvloxv-3-methvl-

108



54 i ) as a brown oil, which resisted further purification 

(Found: M+ 488.1409. C.,Ho/No0_S requires 488.1406); v (film) 

2930, 2260w, 1745, 1615, 1575, 1505, 1450, 1360, 1340, 1295, 

1 230, 1 1 70, 1 130, and 1030 cm 1; 6H (250 MHz; CDCl.^) 1.27 (3 H, 

t ,  J 7.5 Hz, CH3CH20), 2.50 (3 H , d. 2  1 Hz, 3-CH^, 4.24 (2 H, 

m, prochiral CH^n^O), 4.94 (1 H, d, 3. 12.5 Hz, CH^Ph), 4.99 (1 

H, d, J 12.5 Hz, CH^Ph) , 5.36 (1 H, s, ArCH ( CN) CO^Et) , 6 . 66 (1 

H, d ,2 8.4 Hz, indole 6-H), 7.19-7.60 (11 H, m, 2xPh and indole 

5 — H ), and 7.71 (1 H, q, 2  ' Hz, indole 2-H); m/z ( 260°C) 488 

(M+ , 7Z ), 462 ( 1 ), 347 (7 ), and 91 (100).

Ethvl 3.6-dihvdro-5-hvdroxv-8-methvl-6-(phenvlsulphonvl)-3H.6H- 

pvrrolo[3.2-e]indole-1-carboxviate (74)

The 5-benzyloxypyrroloindole (98) (842 mg, 1.73 mmol) was 

suspended in ethyl acetate-acetic acid (2:1; 75 ml) and

palladium-on-carbon (10Z ; 490 mg) and concentrated hydrochloric

acid (2 drops) were added. The mixture was subjected to 

ultrasound for 25 min and then stirred vigorously under an 

atmosphere of hydrogen (140 psi) for 7 days. The catalyst was 

removed by filtration and washed with chloroform. The catalyst 

was placed with the filter paper in a Soxhlet thimble and 

continuously extracted overnight with chloroform. The

chloroform washings and extract, and filtered reaction solution 

were combined and evaporated to give essentially pure title

compound (74) (660 mg. 96Z) as a fawn solid, m.p. 156-158°C 

(from dichloromethane-light petroleum) (lit.,47c 160-162°C), 6

1-tphpnvlsulphonvl)-1H-indol-4-vl]-2-cyanoacetate (99) (79 mg,
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( 250 MHz; CDC13 ) 1.35 (3 H. t,J 7 Hz, CJ^CH^), 2.37 (3 H, s, 8- 

CH3 ) . 4.31 (2 H, q. 3 7 Hz, (^CJ^O), 6.88 (1 H. s, 4-H), 7.27- 

7.50 (4 H, m, Ph), 7.61 (1 H , d , 3. 3 Hz. 2-H), 7.72-7.77 ( 2 H. 

m, Ph and 7-H), 8.54 (1 H, br s, NH), and 8.97 (1 H, s, OH).

Ethvl 3-acetvl- 1.2 .3 .6-tetrahvdro-5-hvdroxv-8-methvl-6- (phenyl-

sulphonvl)-3H.6H-pyrroloC3.2-el indole- 1-carboxylate (101)

The pyrroloindole (74) (247 mg. 0.62 mmol) was suspended in

distilled triethylsilane (2 . 0 ml) under nitrogen.

Trifluoroacetic acid (2.0 ml) was added and the mixture stirred

overnight at room temperature. The excess reagents were removed

in vacuo and acetic anhydride (2 ml) added. After 3 h the

excess acetic anhydride was evaporated off and the resultant oil

chromatographed (methanol-ether) yielding the title compound

47c(101) (181 mg, 66Z, lit., 66Z ) as a grey microcrystalline

solid, m.p. 205-208°C (from ethyl acetate-dichloromethane)

(lit.,47c 206-208°C) , v (CHC10 ) 3379br, 3007, 1734, 1653,

1616, 1586, 1499, 1448, 1407, 1374, 1360, 1313, 1187, 1169,

1142, and 1090 cm"1; 6U (250 MHz; CDC10 ) 1.04 (3 H. t, J 7 Hz,H 3

CH3CH20), 2.23 (6 H, s, NAc and 8-CH3 ), 3.98-4.40 (5 H, m. 1-H

and 2-Hs), 7.17 (1 H, br s, 7-H) . 7.37-7.57 (3 H, m. Ph), 7.72-

7.79 (2 H, m, Ph), 7.94 (1 H, br s, 4-H), and 8.86 (1 H, s, OH);

m/z (220°C) 442 (M+ , 46Z). 384 (5), 369 (48), 327 (21), 301

(38), 259 (6 ), 243 (12), 229 (21), 215 (28), 201 (13), and 187 

( 1 0 0 ) .

Pyrroloindole (74) (38 mg, 0.095 mmol) was reduced as described 

above and the crude evaporated mixture was dissolved in acetic 

anhydride (1 ml) and heated to reflux for 2 h. Evaporation of
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the excess anhydride gave a brown solid which was

chromatographed (ether) to give a brown solid (43 mg). This was

taken up in dichloromethane and filtered. The filtrate was

concentrated by evaporation and when light petroleum (b.p. 60-

80°C) was added crystallisation occurred. The fawn crystals

were collected and the mother liquors were chromatographed to

give a brown solid which was found to be identical to the

crystals by t.l.c.. The materials were combined and

recrytallised from ethanol to give ethyl 5-acetoxy-3-acetyl-

1,2,3,6-tetrahydro-8-methyl-6- (phenylsulphonyl) -3H,6.H-

pyrrolo[3,2-e]indole-1-carboxylate (102) (28.3 mg, 62Z) as

crystals, m.p. 223-226°C (decomp.)(from ethanol), assigned on

the basis of its spectroscopic properties; v (CHC1.) 2930,
max. 3

1775, 1730, 1660, 1620, 1410, 1370, 1170, 1140, and 1090 cm'1;

6 ( 2 5 0  MHz; CDC1 ) 1.13 (3 H, t, J 7.2 Hz, CH CHo0), 2.23 (3 H. 
«1 3 3 2

s. NAc), 2.30 (3 H, br s, 8-CH3 ). 2.39 (1 H, s, OAc), 4.04-4.44 

(5 H, m, CH CH 0, 1-H and 2-Hs), 7.39-7.56 (4 H, m, Ph and 7-H), 

7.73-7.78 (2 H, m, o-PhH), and 7.94 (1 H, s, 4-H); m/z 484 (M+ ,

14 Z ) , 442 (23 ), 369 (26 ), and 301 (28 ).
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3- Acetyl-1.2.3.6-tetrahvdro-5-hvdroxv-1-hydroxymethyl-8-methyl-

6- (nhenvlsulohonvl)-3H.6H-PvrroloC3.2-e]indole (103)

The ester (101) (37 mg, 0.083 mmol) in dry THF (1 ml) at 0°C was

treated with lithium aluminium hydride (5 mg, 0.133 mmol).

After 4 h the reaction was quenched with water (5 pi) followed

by sodium hydroxide (152; 5pl) and water (15 pi). After a few

minutes magnesium sulphate was added and the mixture was diluted

with ethyl acetate. Filtration, evaporation and chromatography

(acetone-ether) of the crude product gave the title compound

47c(103) (21 mg, 632, lit., 852), as a white crystalline solid

m.p. 234-235°C (Found: C, 60.2; H. 5.1; N, 7.2. C20H20N205S

requires C, 60.0; H. 5.0; N, 7.02); v (CHC1„) 3370br, 1650,max. 3

1615, 1585, 1440, 1405, 1360, 1310, 1165, 1140, and 1090 cm'1;

6 (250 MHz; CDC1J 2.25 (3 H, s), 2.29 (3 H. s), 3.43-3.76 (3H 3

H. m, CH OH and 1-H), 3.97-4.20 (2 H. m, 2-H), 7.20 (1 H. br s,

7- H ) , 7.36-7.63 (4 H. m, Ph), 7.72-7.80 ( 2 H, m ) , 7.95 (1 H, s,

4- H), and 8.80 (1 H, br s); m/z (220°C) 400 (M+ , 202), 369 (35), 

327 (17), 260 (9), 236 (5), 229 (28), and 187 (100).
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2-Acetyl-1,2,8,8a-tetrahydro-7-methyl-5-(phenylsulphonyl)-

cvcloDrooa[clPvrroloC3.2-e3indol-4(5H)-one (104)

The primary alcohol (103) (21 mg, 0.053 mmol) and

triphenylphosphine (14 mg, 0.053 mmol) were dissolved in dry THF 

(1 ml). Diethyl azodicarboxylate (8.4 pi, 0.053 mmol) was added 

and the mixture was stirred overnight. A few drops of water 

were added and the mixture was extracted with dichloromethane. 

The organic layers were washed with water, dried over sodium 

sulphate, evaporated and the residue chromatographed on silica 

(methanol-ether). This afforded the title compound (104) (15

mg, 75Z , lit . , 470 80.2Z); v (CHC1J 1675w, 1 630s, 1380, 1 290, 

1170, and 1130 cm“1; m/z (200°C) 318 (177), 275 (10), 242 (6 ), 

and 199 (29); m/z (FAB, thiodiethanol) 383 (MH+ , 147).

1,2,8,8a-Tetrahvdro-7-methvl-5-(phenvlsulDhonvl)-

47ccvclopropa[c3pvrrolo[3.2-e1indol-4(5H)-one (105)

The N-acetyl cyclopropapyrroloindole (104) (6.5 mg, 0.017 mmol) 

was treated with sodium methoxide-methanol solution (1 M; 0.5  

ml) for 15 min at room temperature. Water was added and the 

aqueous mixture was extracted with dichloromethane (x6 ). The 

organic layers were dried over sodium sulphate and evaporated to 

dryness and the residue chromatographed (methanol-triethylamine- 

ethyl acetate 1:1:18) to give the title compound (105) (5 .8 mg.

1007) as an off-white amorphous solid; vmax (CHC13 ) 3460,

3320br, 2940, 2880, 1620, 1450, 1275. 1225, 1180 and 1130 cm"1; 

6h (250 MHz; CDC13 ) 1.16 (1 H, d d , 2s 4.3 Hz, 8-H), 1.82 (1 H, 

dd, is 4.3 and 7.8 Hz, 8-H), 1.98 (3 H, ^ d , 3 1.1 Hz, 7-CH3 ),

2.94 (1 H, m, 8a-H), 3.57 (1 H, d, J 10 Hz. 1-H), 3.72 (1 H,
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ddd, Js 1.3. 5.0 and 10 Hz. 1 -H ), 4.98 (1 H, br s, NH), 5.32 (1 

H. s, 3-H) , 7.40-7.60 ( 4 H. m, Ph and 6-H ) and 8.00 (2 H. m. o- 

PhH); m/z (200°C) 340 (M+ , 9Z ). 200 ( 94), and 199 ( 1 00 ).

1,2,8,8a-Tetrahvdro-7-methvl-cvclooroDa[clDvrrolo[3,2-e]indol- 

4(5H)-one (67)

A solution of the N-acetyl N-phenylsulphonyl protected

pyrroloindole (104) (10.6 mg, 0.027 mmol) in sodium methoxide-

methanol (1 M; 1 ml) was stirred for 18 h at room temperature.

Work-up and chromatography as above yielded title compound (67)

47c(5.0 mg, 93 l ,  lit., 75 l ) as an amorphous white solid; 

64
A (EtOH) 230 (log e 4.02), 279 (4.22), and 358 nm (3.97);max.

47c
6 (250 MHz; CDC1 ) 1.19 (1 H. d d , J 4.3 Hz, 8-H), 1.86 (1 H,

n J

dd, Js 3.8 and 7.7 Hz. 8-H), 2.00 (3 H, s, 7-CH3 ), 2.95 (1 H, m,

8a-H), 3.63 (1 H, d, J 10 Hz, 1-H), 3.80 (1 H. d d , Js 5 and 10

Hz, 1-H), 4.60 (1 H, br s. NH), 5.51 (1 H, s, 3-H), 6.70 (1 H,

br s, 6-H), and 9.20 (1 H, br s, NH); m/z (160°C) 200 (M+ ,

100Z ) .
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3.3 Experimental for Section 2.3

Ethvl 1.2.3.6-tetrahvdro-5-hvdroxv-8-methvl-6-(ohenvlsulphonyl)-

47 c3H.6H-pvrrolo[3.2-el indole-1-carboxviate (100)

The pyrroloindole (74) (124 mg, 0.31 mmol) was suspended in

triethylsilane (1 ml) and cooled to 0°C. Trifluoroacetic acid

(2 ml) was added and the resultant red mixture was stirred for 

o
10 min at 0 C and 1.5 h at room temperature. The excess 

reagents were evaporated off and the residue was 

chromatographed to give the title compound ( 100) (39 mg, 31*/) as

a green solid; 5 (60 MHz; CDC1 ) 1.10 (3 H, t , J. 7 Hz,H 3

0CH2CH3 ), 1.90 (3 H, s, 8-CH ). 2.90-4.40 (6 H, m, 1-H, 2-Hs,

0CH2CH3 and NH), 6.30 (1 H, s, 4-H ). 6.95-7.95 ( 6 H, m, 7-H and 

Ph), and 8.70 (1 H, br s, OH).

Ethvl 1.2.3.6-tetrahvdro-5-hvdroxv-3-[(1H-indol-2-v l )carbonvl3- 

8-methyl-6- (phenvlsulphonvl)-3H.6H-pvrrolo[3,2-e]indole-1- 

carboxvlate (110)

The tetrahydropyrroloindole ester (100) (39 mg, 0.098 mmol), 

indole-2-carboxylic acid (17.5 mg, 0.109 mmol) and 1 -(3- 

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (21 mg, 

0.110 mmol) were dissolved in dry DMF (2 ml) under nitrogen. 

After stirring at room temperature overnight a white precipitate 

had formed. The reaction mixture was diluted with ethyl acetate 

and sodium hydrogen sulphate solution (1 M) was added. The 

mixture was extracted with ethyl acetate and the extracts were 

washed with sodium bicarbonate, water and brine before drying 

over sodium sulphate. Evaporation yielded a brown solid which 

was chromatographed (ether) giving two compounds. The first
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eluted was the title compound (110) (15 mg, 281 conversion, 1 2 1

based on recovered starting material) as an off-white solid

m.p. 239-241°C (decomp.) (Found: C, 63.7; H, 4.7; N, 7.5.

C„nHotrNo0nS requires C. 64.1; H, 4.6; N. 7.77); v (CHC1J 29 25 3 6 max. 3

3450, 3380br, 2930, 1730, 1630s, 1345, 1315, 1170, 1140, and

1090 cm"1; Su (250 MHz; CDC1 ) 1.03 (3 H, t, J 7.1 Hz, CH CHo0), 

2.27 (3 H, s, 8-CH3 ), 4.02 (1 H, J 7.1 Hz, CH3CH20), 4.04 (1 H, 

J 7.1 Hz, CH3CH20), 4.42 (1 H, d d , Js 1.9 and 9.4 Hz, 2-H), 4.63 

(1 H. dd, Is 9.4 and 10.5 Hz, 2-H), 4.92 (1 H, dd, Js 1.9 and

10.5 Hz. 1-H) 6.99 (1 H, br s, 7-H), 7.12-7.36 (3 H, m, ArH), 

7.39-7.56 (4 H, m, ArH), 7.66-7.81 (3 H, m. ArH), 8.00 (1 H, s, 

4-H), 8.95 (1 H, s, OH), and 9.52 (1 H, br s. NH); m/z (200°C)

543 (M+ , 21 ) ,  398 (11), 286 (97), 258 (19), 187 (24), and 143

(39), followed by recovered starting material (100) (24 mg,

61Z) .

Attempted removal of the N-phenvlsulphonvl protecting group of 

( 1 0 0 )

The pyrroloindole (74) (100 mg, 0.25 mmol) was reduced to the 

unprotected indoline as described above. The product (100) was 

treated with sodium methoxide-methanol (2 M) under an atmosphere 

of nitrogen and the reaction was followed by t.l.c.. After 3

days all of the starting material had been consumed and the 

reaction was cooled and quenched with sodium hydrogen sulphate 

solution (1 M). Extraction with ethyl acetate, washing the 

extracts with brine and drying gave the crude product which was 

chromatographed (ether). The only significant fraction was a
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brown gum (24 mg, 372), homogeneous by t.l.c., which resisted

further purification. This was tentatively assigned as an

approximately 2.75:1 mixture of methyl 3,6-dihydro-5-hydroxy-

3J1, 6H.-pyrrolo[3,2-e.]-indole- 1 -carboxylate (112a) and ethyl 3,6-

dihydro-5-hydroxy-3H., 6.H-pyrrolo[3.2-e.]- indole - 1- carboxylate

(112b) by spectroscopic properties; v (CHC1.J 3690, 3472,
max. 3

3 216br, 3026, 1 709br, 1 652, 1 604, 1 444, and 1142 cm"1; 6 ( 2 5 0H
MHz; CDC13 ) 1.33 (3 H, t, J 7 Hz, (b) £H CH 0). 2.52 (3 H, s,

(a) and (b) 8-CH3 ), 3.80 (3 H, s, ( a) CH.^0), 4.27 (2 H , q , J. 7 

Hz, (b) CH3CH20), 6.74 (1 H, s, (b) and (a) 4-H or 7-H), 7.03 (1 

H, s. (b) and (a) 4-H or 7-H), 7.70 (1 H. s, 2-H), 8.54 (1 H, br

s. OH), 9.87 (1 H, br s. NH), and 10.54 (1 H. s, NH); m/z

(180°C) 258 (M+ , (b), 402), 244 (M+ , (a), 1002), 229 (9), 213

(30), 184 (58), and 106 (29).

Ethvl 3-acetvl-5-(tert-butvldimethvlsilvloxv)-1.2.3.6-tetra- 

hvdro-8-methvl-6- (phenvlsulDhonvl)-3H.6H-Pvrrolo[3,2-e]indole- 1 - 

carboxvlate (114)

The tetrahydropyrroloindole (101) (23.5 mg, 0.053 mmol) was 

dissolved in dry DMF (200 pi) under nitrogen.

Diisopropylethylamine (14 pi, 0.080 mmol) and tert- 

butyldimethylsilyl chloride (17 mg, 0.113 mmol) were added and 

the mixture was stirred at room temperature for 5 days. The

reaction was quenched with water and extracted with ethyl 

acetate. The organic layers were washed, dried and evaporated 

giving an off-white solid shown by t.l.c. to be a mixture of the 

starting material and one other compound. Chromatography 

(acetone-ether) afforded title compound (114) (15 mg, 512
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conversion, 85Z based on recovered starting material) as a white 

micro-crystalline solid, m.p. 142-143°C (Found: C, 60.3; H,

6.55; N, 5.0. C_oH_.No0cSSi requires C, 60.4; H, 6.5; N, 5.0Z);
28  3b 2 6

v (CHC1J 2931, 1729, 1654, 1581, 1493, 1421, 1369, 1175,
max. 3

1144, 1090, and 1036 cm"1; 6U (250 MHz; CDC1.) 0.32 (3 H, s,
H 3

CH3Si), 0.34 (3 H. s, CH^i), 0.94 (9 H, s, (CH ) Si), 1.16 (3 

H, t, J 7 Hz, CH3CH20), 2.23 (3 H, s), 2.29 (3 H, s), 4.05-4.25 

(3 H, m, CH3CH20 and 1 -H ), 4.33-4.42 ( 2 H, m, 2-H), 7.33-7.51 (4 

H, m, PhH and 7-H), 7.68 (2 H, d. J. 7.5 Hz, PhH), and 7.96 (1 H, 

s, 4 -H ); m/z (190°C) 556 (M+ , 19 Z ) , 499 ( 94 ), 44 1 (32), 4 1 6

(32), 358 (33), 343 (67), 315 (100), 301 (38), 285 (39), 257 

(43), 243 (8 6 ), and 228 (30), followed by recovered starting

material (101) (9.3 mg, 40Z).

3-Acetvl-5-(tert-butvldimethvlsilvloxv)-l.2.3.6-tetrahvdro- 1- 

hvdroxvmethvl-8-methvl-6- (phenvlsulphonvl)-3H,6H-pvrrolo[3,2- 

elindole (115)

The ester (114) (15 mg, 0.027 mmol) was dissolved in dry THF

(0.25 ml) under nitrogen and cooled to -15°C. Lithium aluminium

hydride (4.5 mg, 0.12 mmol) was added and the mixture was

stirred for 2 h at the temperature. The temperature was then

o
allowed to rise to 0 C where it was maintained for 45 min. 

Water (5pl) was added, followed after 2 min by sodium hydroxide 

solution (15Z w/v; 5pl) and again water (15pi). The solution 

was dried with sodium sulphate, filtered through celite and 

evaporated to give the crude product which was purified by 

column chromatography (EtOAc). This afforded the title compound
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(115) (7.9 mg, 57Z ), as a microcrystalline white solid, m.p.

208-211°C, (Found: M+ 514.1976. ,N 0„SiS requires
- 26 34 2 5

51 4.1 958 ); Vma>< (CHC13 ) 3420br, 2860, 1 647, 1 604, 1 492, 1 421, 

1368, 1174, 1143, 1093, and 1032 cm"1; 5U (250 MHz; CDC1.) 0.32 

(6 H, s, (CH3 ) Si). 0.92 (9 H. s, (CH3 )3CSi), 2.23 (3 H. s.

NAc), 2.33 (3 H, br s, 8-Me), 3.52 (1 H, m, CH^H), 3.68-3.85 (2

H. m, CH20H and 1-H), 4.01-4.10 (1 H, m, 2-H), 4.19 (1 H, br d, 

2  10 Hz, 2-H), 7.33-7.52 (4 H, m, PhH and 7-H), 7.66-7.72 (2 H, 

m. PhH), and 7.97 (1 H, s, 4-H); m/z (17 0°C) 514 (M+ , 28 Z ) , 483 

(19), 457 (24), 374 (25), 343 (51), 285 (100), and 243 (44).

Attempted N-deorotection of (115)

The protected pyrroloindole (115) (3 mg, 5.8 pmol) was stirred 

in sodium methoxide-methanol (1 M; 0.2 ml) for 62 h at room 

temperature and then quenched with pH 7 buffer and extracted 

with ethyl acetate. The organic layers were washed with brine, 

dried and evaporated to give a brown solid which was 

chromatographed (acetone-ethyl acetate) to give 3-acetyl-

I, 2,3,6-tetrahydro-5-hydroxy-1-hydroxymethyl-8-methyl-6-

(phenylsulphonyl)-3H,6H-pyrrolo[3,2-.e]indole (103) (1.8 mg, 707) 

as a fawn solid with identical 1H n.m.r. and t.l.c. properties 

to an authentic sample whose preparation was described above.

119



Ethvl 3-acetvl-5-benzvloxv- 1 .2,3,6-tetrahvdro-8-methvl-6-

(DhenvlsulPhonvl)-3H.6H-pvrrolor3.2-el indole- 1-carboxvlate (116)

The phenol (101) (56 mg, 0.126 mmol) was placed in a flask

containing potassium carbonate (21 mg, 0.15 mmol) and sodium

iodide (1-2 mg, catalytic amount). Benzyl chloride (15 pi,

0.130 mmol) was added and the flask was purged with nitrogen.

Dry DMF (250 pi) was added and the mixture was heated to 70°C

for 8 h. The reaction was quenched with water and ethyl acetate

work-up gave the crude product which was purified by

chromatography (ethyl acetate-dichloromethane) to give the title

compound (116) (32 mg, 47 31 conversion, 6 H  based on recovered

starting material) as a white solid, m.p. 171-172°C (from ether)

(Found: C, 65.5; H, 5.4; N, 5.2. ('29H28^2°6S reclui-res c < 65.4;

H, 5.3; N, 5.3 t ) ;  v (CHC1„) 3170, 2960, 1725, 1650, 1600,max. 3

1490, 1410, 1360, 1300, 1170, 1140, and 1090 cm"1; 6U (250 MHz;ri

CDC13 ) 1.22 (3 H, t, 1  7 Hz, CH CH 0), 2.21 (3 H, s), 2.34 (3 H. 

s), 4.04-4.45 ( 5 H, m, CH3JCH20, 1-H and 2-Hs), 4.97 (1 H, s,

PhCH20), 7.17-7.66 (11 H, m, 2xPh and 7-H), and 7.93 (1 H, s, 4- 

H); m/z ( 220°C) 532 (M+ , 58Z). 474 ( 5 ), 459 ( 1 2 ), 44 1 (6 ), 4 17

(7), 399 (12), 391 (83), 349 (13), 319 (14), 275 (20), 186 (29), 

and 91 (100), followed by unreacted starting material (101) (13 

mg, 221.) identified by t.l.c..
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Attempted reduction of ester (116)

The ester (116) (8.9 mg, 16.7 pmol) was dissolved in dry THF

(0.75 ml) under nitrogen and cooled to -10°c. Lithium aluminium

hydride (4 mg, 0.105 mmol) was added and the mixture was stirred

at -10°C for 15 min and at 0°C for 2 h. The reaction was

quenched and worked up by the successive addition of water (4

pi), sodium hydroxide solution (152 w/v; 4 pi) and water (12 pi)

before drying with sodium sulphate. Filtration and evaporation

gave the crude product which was purified by chromatography

(ethyl acetate-dichloromethane). This gave 5-benzvloxv-3-ethvl-

1 , 2 ,3,6-tetrahvdro-1-hvdroxvmethvl-8-methyl-6-phenvlsulohonvl-

3H.6H-pvrroloC3.2-e1 indole (117) (3.7 mg, 472) as a pale yellow

gum, (Found: M+ 476.1760. C__H_oN.0,S requires 476.1770);27 28 2 4

v (CHC1-) 3450br, 1605, 1580, 1445, 1355, 1165, 1135, andmax. 3

1090 cm"1; 5U (250 MHz; CDC1 ) 1.06 (3 H, t, 2  7.2 Hz, NCH.CH.), H 3 2 3

2.35 (3 H, d, 2  1 Hz, 8~CH3 ), 2.77 (1 H, dq. Is 13.2 and 7.2 Hz,

NCH2CH3 ), 3.18 (1 H, dq, Js 13.2 and 7.2 Hz, NCH2CH3 ), 3.18 (1

H, m, CH20H) , 3.57-3.82 (4 H, m, CH^H, 1-H and 2-Hs), 4.94 (2

H, s, PhCH2 ), 6 .00 (1 H, s, 4-H), and 7.24-7.61 (11 H, m, 2xPh

and 7 — H ); m/z (180°C) 476 (M+ , 242 ), 351 (40 ), 335 ( 70), 305

( 54 ), 227 ( 58 ) , and 213 (100) .

3-Acetvl-5-benzvloxv- 1,2,3,6-tetrahvdro-1-hvdroxvmethvl-8- 

methvl-6-(phenvlsulphonvl)-3H.6H-pvrroloC3.2-elindole (119)

The phenol (103) (24 mg, 0.06 mmol) was heated to 50°C for 16 h 

in dry DMF (0.7 ml) with potassium carbonate (10 mg, 0.072 mmol) 

and benzyl chloride (0.8 ml, 6.9 mmol). Aqueous ethyl acetate 

work-up gave the crude product which was purified by

121



chromatography (acetone-ethyl acetate) giving the title compound

(119) (18.3 mg, 62Z ) as a white microcrystalline solid, m.p.

206-208°C (Found: M+ 490.1566. C-_H.pN_0_S requires 490.1562);
— 27 26 2 5

v (CHC1„) 3380br, 2930, 1645s, 1600, 1575, 1410, 1355, 1300,
max. 3

1165, 1140, and 1090 cm"1; 6U (250 MHz; CDC1.) 2.20 (3 H, s,H J
NAc), 2.38 (3 H, d, 2 1  Hz), 3.52 (1 H, d d , 2s 7.5 and 10 Hz, 

CH OH), 3.69-3.85 ( 2 H, m, C H ^ H  and 1-H), 4.04 (1 H, dd, 2s 8 

and 10 Hz, 2-H), 4.17 (1 H, d d , 2  10 and 11.8 Hz, 2-H), 4.95 (2 

H, ABq, 2 12 Hz, CH^h), 7.20-7.56 ( 1 0 H, 2xPh), 7.61 (1 H, ~q, 

2  1 Hz, 7 — H ) , and 7.93 (1 H, s, 4-H); m/z ( 200°C) 490 (M+ , 9'/), 

459 (4), 350 (12), 349 (12), 319 (8 ), 277 (11), 228 (8 ), 208

(13), 187 (18), 186 (18), 180 (10), 110 (16), and 91 (36).

Attempted N-deorotection of O-benzvl protected pyrroloindole

m u

i. ) with sodium methoxide.

The protected pyrroloindole (119) (13 mg, 0.027 mmol) was

dissolved in dry THF (0.9 ml) and sodium methoxide-methanol 

solution (2 M; 0.9 ml) was added. The mixture was stirred 

overnight at room temperature. After this time t.l.c. analysis 

showed no discernible change so the mixture was heated to 

reflux. After 4 h there was still no reaction apparent.

ii. ) with sodium bis{2-methoxyethoxy)aluminium hydride (Red-Al).

The protected pyrroloindole (119) (5.3 mg, 10.8 pmol) was

dissolved in dry benzene (0.5 ml) and Red-Al in toluene (3.4 M; 

50 pi, 0.17 mmol) was added. Refluxing the mixture resulted 

only in the loss of starting material without the appearance of
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any new compound as determined by t.l.c. analysis of quenched

aliquots of the reaction mixture.

Attempted reaction of the unprotected cvclopropapvrroloindole

(67) with p-toluenesulohonic acid (tosic acid).

A solution of the unprotected cyclopropapyrroloindole (67) (4.1 

mg, 20.5 pmol) in dry THF (1 ml) was cooled under nitrogen to 

0°C tosic acid (20 mg, 0.117 mmol) was added. There was an 

immediate appearance of yellow colour. After 5 min the reaction 

was allowed to warm to room temperature and the mixture turned 

green. After stirring for 17.5 h the reaction was quenched by 

dilution with dichloromethane. Washing with water resulted in 

the loss of colour. Drying and evaporation gave a quantitative 

recovery of chromatographically homogeneous starting material 

(67) .

Reaction of (67) with tosic acid-sodium iodide

Compound (67) (7 mg, 35 pmol) was suspended in dry THF (1 ml) 

and after cooling to 0°C tosic acid (6 mg, 35 pmol) resulting in 

some yellow colouration. After 5 min the mixture was allowed to 

come to room temperature. Some starting material had still not 

dissolved so more THF (1.25 ml) was added. After a further 40 

min sodium iodide (6 mg, 40 pmol) was added and the colour 

faded. After 4 h water was added and the aqueous mixture

extracted with dichloromethane. Drying and evaporation gave a 

complex mixture as determined by t.l.c.. Column chromatography 

(methanol-ethyl acetate) gave, as the only significant material 

present, the starting compound (67) (2.7 mg, 39Z), identified by 

t.l.c. .
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Attempted coupling of left-hand unit (67) with indole-2-carbonyl 

chloride

The unprotected cyclopropapyrroloindole (67) (2.7 mg, 0.135

pmol) was dissolved in dry DMF (100 pi) and cooled to 0°C. 

Sodium hydride (60% dispersion; 1.4 mg, 0.34 pmol) was added and 

a red colour became apparent. After 15 min at 0°C indole-2-

carbonyl chloride (2.7 mg, 0.149 pmol) was added. After a

o ofurther 15 min at 0 C the mixture was allowed to come 4 C and

left at this temperature for 6 h. After quenching with water

and extracting with dichloromethane t.l.c. analysis showed a

complex mixture. No discrete compounds could be isolated from

chromatography (acetone-ethyl acetate).

Attempted anionic coupling of (67) with p-tert-butvlbenzovl 

chloride

To cooled (-20°C) solution of compound (67) (1.1 mg, 5.5 pmol) 

in dry DMF (0.2 ml) was added a THF solution of lithium 

tetramethylpiperidide (0.226 M; 80 pi, 18.2 pmol). After 30 min 

at this temperature the solution was orange-yellow. A DMF 

solution of p-tert-butvlbenzovl chloride (0.22 M; 25 pi, 5.5 

pmol) was added and stirring was continued for 45 min at -20°C. 

The reaction was quenched with a few drops of water and 

extracted with dichloromethane. The organic layers were washed 

with saturated sodium carbonate solution, water and brine and 

dried over sodium sulphate. A 500 MHz 1H n.m.r. spectrum of the
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crude product revealed that was no discrete species present.

2-(4-tert-butvlbenzovl)-1,2,8,Ba-tetrahvdro-7-methvl-5- 

(phenvlsulohonvl)-cvclopropa[c]pvrrolo[4,3-elindol-4(5H)-one 

( 1 2 2 )

To a stirred solution of the phenylsulphonyl-protected 

cyclopropapyrroloindole (105) (5.8 mg, 0.017 mmol) in dry DMF 

(0.5 ml), at 0°C, was added sodium hydride (60Z dispersion; 4 

mg, 0.102 mmol). After 10 min at 0°C the now yellow mixture was 

allowed to come to room temperature and 10 min later it was 

cooled down to 0°C again. A DMF solution of p-tert-butvibenzovl 

chloride (0.08 M; 250 pi, 0.020 mmol) was added dropwise. The 

mixture was stirred at room temperature for 1 h after which time 

it was quenched by the addition of water. After extracting the 

aqueous mixture with ethyl acetate the organic layers were 

washed with water and brine, dried over sodium sulphate and 

evaporated to give a colourless oil. This was chromatographed 

(triethylamine-ethyl acetate) giving the title compound (122) 

(4.0 mg, 47Z ) as a white amorphous solid, m.p. ^105°C (decomp.)

(Found: M+ 5 0 0 . 1 7 6 0 .  C_.HooNo0 ; S requires 5 0 0 . 1 7 7 0 ) ;
c 9 Z 8 Z A

v (CHC1 ) 2965, 2870, 1633s, 1381, 1338, 1321, 1188, 1173,max. 3

1128, and 1107 cm"1; 6U (250 MHz; CDC1.) 1.30 (9 H, s, (CH_) C),n j  3 3

1.54 (1 H, dd, Is 4.7 and 5.1 Hz, 8-H), 2.06 (3 H , d , 1 Hz, 7-

CH3 ), 2.11 (1 H, dd, Js 4.7 and 7.5 Hz, 8-H), 2.90-2.97 (1 H, m, 

8a-H), 4.05-4.18 (2 H, m, 1 -H ) , 7.33-7.59 ( 9 H, m, 2'-H, 3*-H,

5 ’-H, 6 ‘-H, 3-H, 6-H, and Ph), and 7.98-8.02 ( 2 H, m, c>-PhH);

m/z (180°C) 500 (M+ , 0.5Z), 436 (5), 360 (8 ), 161 (100), and 130 

(77) .
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3-(4-tert-butvlbenzovl)-5-(4-tert-butvlbenzovloxv)- 1 -

chloromethvl-1,2,3,6-tetrahvdro-8-methvl-6-phenvlsulDhonvl- 

3H.6H-pvrrolo[3.2-e]indole (123)

The cyclopropapyrroloindole (105) (6.1 mg, 0.016 mmol) was

o
dissolved in dry DMF (0.5 ml) and cooled to 0 C. Sodium hydride

(60Z dispersion; 6.7 mg. 0.174 mmol) was added and the mixture

was stirred at 0°C for 10 min and at room temperature for 10

min. After cooling back to 0°C p-tert-butvlbenzoyl chloride (10

pi, 0.512 mmol) was added. After stirring at this temperature

for 15 min the mixture was allowed to come to room temperature.

After work-up as described above t.l.c. analysis of the crude

product revealed it to be a complex mixture. The mixture was

chromatographed twice (methanol-ether then ethyl acetate-

dichloromethane) to give as the main fraction a white amorphous

solid (1.1 mg, 101) , identified as the title compound (123),

(Found: M+ 696.2415. C4oH4 135c 1N2°5S requires 696.2424);

v (CHC1 ) 2966, 2929, 1741, 1637, 1609, 1406, 1365, 1267,max. 3

1188, 1174, 1142, 1110, 1094, 1064, and 1017 cm"1; 6U (250 MHz;H
CDC13 ) 1.30 (9 H, s, (CH3 )3C), 1.57 (9 H, s, ( C H ^ C ) ,  2.40 (3 

H, d, 1 1  Hz, 8-CH3 ) , 3.44 (1 H, m, CICH^, 3.72 (1 H. m, 

C1CH2 ), 3.88 (1 H, m, 1-H), 4.20-4.35 (2 H, m, 2-H), 7.30-7.57

(13 H, m, ArH), and 7.96 (2 H, m, .o-PhH); m/z. (180°C) 698 (M+ , 

37C1 , 1.2Z), 696 (M+ , 35C1. 2.4%) , 555 ( 1), 520 ( 1 ), and 161

(100).
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Methanolvsis of N-benzovl compound (122)

The N-benzoyl compound (122) (1.9 mg, 3.8 pmol) was stirred in 

sodium methoxide-methanol (1 M; 0.5 ml) for 45 min at room 

temperature. The reaction was quenched with water and extracted 

ethyl acetate. Drying and evaporation gave a white solid which 

was chromatographed (triethylamine-methanol-ethyl acetate) 

giving the 2-unprotected compound (105) (1.1 mg, 85Z) identified 

by comparison of its FT-i.r. spectrum with that of a sample 

whose preparation is described above.

1,2,8,8a-Tetrahydro-7-methvl-5-(DhenvlsulDhonvl)-2-(prop-2-

envl)-cvclopropa[c1pvrrolo[4.3-elindol-4(5H)-one (125)

The N-acetyl-N-phenylsulphonyl-cyclopropapyrroloindole (104)

(5.4 mg, 0.014 mmol) was de-acetylated in sodium methoxide as

described earlier. Work-up gave the mono-protected compound

(105) which was used directly without further purification.

The material was dissolved in dry THF (0.3 ml) under nitrogen

and cooled to -10°C. Sodium hydride (60Z dispersion; 1.1 mg,

0.028 mmol) was added and after 5 min the now yellow solution

was treated with a THF solution of allyl bromide (0.19 M; 0.1

ml, 0.020 mmol). After 1.5 h the reaction was quenched with

water and the mixture was extracted with ethyl acetate. Drying,

evaporation and chromatography (triethylamine-ethyl acetate)

yielded the title compound (125) (3.9 mg, 73Z for 2 steps) as a 

pale yellow amorphous solid, assigned on the basis of its

spectroscopic properties; v (CDC1 ) 2927, 1605s, 1567, 1451,max. j

1230, 1173, 1130, 777, 684, and 594 cm"1; Su (250 MHz; CDC1 )
H 3

1.10 (1 H. dd, 2s 4.2 and 4.8 Hz, 8-H), 1.78 (1 H, d d , 2s 4.2
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and 7.8 Hz, 8-H), 1.97 (3 H, d, J 1 Hz, 7~CH3 ), 2.88 (1 H, ddd, 

Js A.8, 5.2 and 7.8 Hz, 8a-H), 3.48 (1 H, d, J 10.5 Hz, 1-H), 

3.62-3.69 (3 H, m, 1-H and NCH2CH=CH2 ), 5.10-5.20 (3 H, m, 3-H 

and NCH2CH=CH2 ), 5.60-5.75 (1 H, m. NCH2CH=CH2 ), 7.44-7.58 (4 H, 

m, 6-H and Ph), and 8.04-8.10 (2 H, m, o-PhH); m/z (260°C) 416 

(M + , 5Z ), 380 (7), 366 ( 43 ), 21 8 ( 20), 1 42 ( 4 ), 1 25 (6 ), and 110 

( 1 2 ).

5-tert-Butoxvcarbonvl- 1,2,8,8a-tetrahvdro-7-methvl-2-(prop-2-

envl)-cvclopropaCc]pvrroloC4.3-elindol-4(5H)-one (127)

The di-protected compound (125) (8.1 mg, 0.021 mmol) was treated

with sodium methoxide-methanol (1 M; 1 ml) at room temperature

overnight. Water was added and the resulting mixture was

extracted with dichloromethane. Drying and evaporation gave

the mono-protected compound (126) (5.3 mg) as a pale yellow

amorphous solid which was homogeneous by t.l.c. (triethylamine-

methanol-ethyl acetate), v (CHC1 ) 3460, 3300br, 2962,
max. 3

1597s, 1552, 1529, 1243, and 1112 cm"1; 5U (250 MHz; CDC1 ) 1.11
H  3

(1 H, dd, Js 4.3 and 4.5 Hz, 8-H), 1.80 (1 H, d d , .Js 4.3 and 7.5 

Hz. 8-H), 1.98 (3 H, d, 2 ^ 0 . 8  Hz, 7"CH3 ), 2.87 (1 H, ddd, J.

4.5, 5.5 and 7.5 Hz, 8a-H), 3.52 (1 H, d,J 10.3 Hz, 1-H), 3.71

(1 H, dd, J 5.5 and 10.3 Hz, 1-H), 3.74 (2 H, m, NCH2CH=CH2 ), 

5.18 (1 H. m, NCH2CH = CH2). 5.24 (1 H, m, NCH?CH=.CH2 ) , 5.34 (1 H, 

s, 3-H), 5.67-5.83 ( 1 H, m, NCH2CJH = CH2 ) , 6.70 (1 H, m, 6-H), and 

9.33 (1 H, br s, NH). This was used directly in the next stage 

without further purification. Thus it was dissolved in dry 

acetonitrile (0.5 ml) and an acetonitrile solution of di-tert-
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butyl dicarbonate (0.069 M; 0.4 ml, 0.028 mmol) was added

followed by 4-(dimethylamino)pyridine (0.4 mg, 0.003 mmol). The 

mixture was stirred for 2 days at room temperature and the 

reaction followed by t.l.c.. The reaction was quenched with 

water and extracted with dichloromethane. Drying and

evaporation gave a yellow solid which was purified by

chromatography (triethylamine-methanol-ethyl acetate). This 

yielded the title compound (127) (4.8 mg, 66Z over 2 steps) as a

glass, (Found: M+ 340.1775. C__H..N_0_ requires 340.1787);
2 0 Z 4 2 3

v (CDC1_) 2965, 1735, 1608s, 1569, 1455, 1429, 1396, 1370,max. 3

1336, 1277, 1234, 1159, and 1060 cm"1; 5U (250 MHz; CDC1 ) 1.13
H 3

(1 H, dd, Js 4 and 4.8 Hz, 8-H), 1.60 (9 H, s, ( C H ^ C ) ,  1.78 (1 

H, dd, Js 4 and 7.8 Hz, 8-H), 1.92 (3 H, d, i  1 Hz, 7-CH3 ), 2.85 

(1 H, ddd, is 4.8, 5.2 and 7.8 Hz, 8a-H), 3.49 (1 H, d, i  10.5 

Hz, 1-H), 3.66 (1 H, dd, is 5.2 and 10.5 Hz, 1-H), 3.70 (2 H, d, 

i 6.0 Hz, NCH2CH=CH2 ), 5.15-5.23 (2 H, m, NCH2CH=CH2 ), 5.32 (1 

H, s, 3-H) , 5.67-5.83 ( 1 H, m, NCH2_CH = CH2) , and 7.05 (1 H, br, 

6 -H ) ; m/z ( 200°C) 340 (M+ , 6Z). 240 ( 1 00 ), 225 ( 5 ), 199 ( 8), and 

56 {17) .
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Attempted removal of the allvl protecting group of (127)

The N-allyl protected indoline (127) (4.8 mg, 0.014 mmol) was 

dissolved in aqueous ethanol (902 w/w; 1 ml) containing 1,4- 

diazabicyclo[2.2.2]octane (DABCO)(0.9 mg, 8 pmol).

Tris(triphenylphosphine)rhodiumtI) chloride (Wilkinson's

catalyst)(1.4 mg, 1.5 pmol) was added and the mixture was 

stirred for 3 days at room temperature. The mixture was poured 

into water and extracted with dichloromethane. The combined 

organic layers were washed with water and dried over sodium 

sulphate. Evaporation yielded a yellow gum which was 

chromatographed (triethylamine-methanol-ethyl acetate) giving a 

green yellow glass (3 mg, 892) which was identified as the 

product arising from removal of the t-butoxycarbonyl protecting 

group (126), by comparison of its i.r. and n.m.r. spectra with 

those of an authentic sample.

Attempted removal of the allvl group of (125)

i. at room temperature.

To a solution of the 2-allyl-5-phenylsulphonyl 

cyclopropapyrroloindole (125) (1.9 mg, 5 pmol) in aqueous

ethanol (902 w/w; 0.5 ml) was added Wilkinson's catalyst (7 mg,

7.7 pmol). After stirring overnight t.l.c. analysis of the 

reaction mixture showed two components were present. By

comparison with authentic samples these were identified as 

triphenylphosphine oxide and the substrate (125). A pure sample

of the triphenylphosphine oxide was obtained from the reaction 

mixture by work-up and chromatography and was identified by 

comparison of its i.r. spectrum with a published spectrum.77
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ii. at reflux.

A solution of the substrate (125) (2 mg, 5.3 pmol) in aqueous 

ethanol (90% w/w; 0.5 ml) was bubbled with nitrogen for 0.5 h 

and Wilkinson's catalyst (5 mg, 5.4 pmol) was added. The 

mixture was refluxed under nitrogen overnight, after which time 

t.l.c. showed only one major component. After cooling the 

mixture was poured onto water and extracted with

dichloromethane. The organic layer was washed with brine

acidified to pH 2 and dried. Evaporation and chromatography

(triethylamine-ethyl acetate) gave triphenylphosphine oxide (2.5 

mg, 8.8 pmol) identified by its i.r. spectrum and by t.l.c. 

comparison with an authentic sample. No other discrete organic 

materials were detectable by t.l.c..

1,2,8,8a-Tetrahvdro-2-[2-(trimethvlsilvl)ethoxvmethvll-7-methvl- 

5-(phenvlsulohonvl)-cvclopropa[clpvrrolo[4.3-elindol-4(5H)-one 

(128)

The mono-protected compound (105) (8.8 mg, 0.026 mmol) was

dissolved in dry THF (300 pi) and cooled to 0°C under nitrogen.

Sodium hydride (60% dispersion; 2.1 mg, 0.052 mmol) was added.

After 5 min a THF solution of 2-(trimethylsilyl)ethoxymethyl

chloride (0.26 M; 105 pi, 0.027 mmol) was added. The mixture

o
was stirred at 0 C for 15 min and at room temperature for a 

further 1.5 h. Water was added and the mixture was extracted 

with dichloromethane. The combined organic layers were dried

over sodium sulphate and evaporated. Column chromatography 

(triethylamine-ethyl acetate) gave the title compound (128) as
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an off-white solid (2.2 mg, 18Z) assigned on the basis of its

spectroscopic properties, v (CDC1 ) 2956, 1615s, 1568, 1450,max. j

1366, 1229, 1189, 1174, 1131, and 1092 cm"1; 6U (250 MHz; CDC1 )H 3

-0.02 (9 H, s, (CH3 )3Si), 0.65 (2 H, d d , Is 7.5 and 9.4 Hz, 

C±L2Si (CH3 ) 3 ) , 1.11 (1 H, t, 2 4.4 Hz, 8-H), 1.82 (1 H, dd, J 4.4 

and 7.5 Hz, 8-H), 1.99 (3 H, d, J 0.9 Hz, 7-CH3 ), 2.90 (1 H, m. 

8a-H) , 3.43 (2 H, d d , Js 7.5 and 8.8 Hz, O C H ^ H ^ i ) ,  3.58 (1 H, 

d, 2  10.3 Hz, 1-H), 3.81 (1 H. d d , 2s 5.0 and 10.3 Hz, 1-H),

4.51 (2 H, s, NCH20), 5.38 (1 H, s, 3-H), 7.44-7.60 (4 H, m, 6-H 

and Ph), and 8.04-8.10 (2 H, m, o-PhH); m/z (170°C) 470 (M+ , < 

1Z ) , 406 ( 0.2 ), 320 ( 0.4 ), 31 8 ( 0.4 ), 27 1 ( 0.4), 21 3 ( 0.6 ), 149

(1.5), 147 (1.7), 91 (18) and 75 ( 1 00 ) .
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