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Approaches to the Synthesis of Teleocidins A and B
ABSTRACT
The isolation, biosynthesis, chemistry and synthesis
of naturally occurring 3-alkyl-4-heterodisubstituted
indoles is reviewed. The isolation and biology of

Teleocidins A (1) and B (2) is also discussed.

{1) | (2)

In studies directed towards the synthesis of -
Teleocidin A (1) a number of new reactions have been
discovered. Investigation of alternative routes to
4-aminoindole (3) resulted in three new syntheses of this
key intermediate. Selective mono~4-N-alkylation of (3)
gave a series of compounds (4) that underwent a facile and
novel rearrangement to 1l-alkyl-4-aminoindoles (5).
Dialkylation of 4-aminoindole to give N,N-dialkylamino
acids necessitated the use of a novel procedure to reduce

dehydrocamino acids.
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Treatment o0of 4-aminoindoles with electrophiles
proceeded with poor and unusual regioselectivity under
standard conditions. A new methodology was therefore
developed to permit the regiospecific preparation of 3,4
or 4,7-disubstituted indoles. |

The pyrrolo-l,4-benzodiazonin—~3-one skeleton (6) of
Teleocidin A was prepared by a standard peptide coupling
procedure from the appropriate 3,4-disubstituted indole.
Tﬂe ring system (7) has also been prepared with the ring
functionality of the natural product. X~-Ray
crystallographic analysis confirmed the structure of the
cis isomer of (7). Also a de-azamethyl analogue (8) of

(6) was prepared efficiently.
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An alternative route to the tricyclic skeleton of

Teleocidin A through carbon—-carbon bond formation at the



indole C-3 position of a 4-aminoindole proved
unsucceésful.

Introduction of the linalyl moiety of Teleocidin A by
either an aza-Claisen rearrangement of l-geranyl-4-N,N-
dialkylamino indoles or by more direct means also proved
unsuccessful. It was found, however, that the geranyl
group was introduced directly to the indole C-7 position

in a modest yield.

é’Attempts to synthesise a crystalline derivative of
_Teléocidin A for X-ray analysis failed and a possible

explanation £for this failure discussed. Further

characterisation of the natural product was undertaken by

1

a nuclear Overhauser effect study and by a series of

1

variable temperature high field “H n.m.r. experiments.
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®"All the business of war, and indeed all the business of
life, is to endeavour to f£ind out what you don't know by
what you do; that's what I called "guessing what was at

the other side of the hill'."™

Attributed to the Duke of Wellington,

The Croker Papers 1885, vol iii, p. 276
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b4 3= ~4-H R B T
1. Introduction
3,4-Dialkylsubstituted indoles, epitomised by the
extensive range of ergot alkaloids, have been known for
many vyears and their chemistry has been studied

extensively. Two recent reviewsl'2

and several total
synthes<=.-é.3"6 demonstrate the great interest still shbwn in
this important group of compounds.-
3-Alkyl-4-heterodisubstituted indoles (1) by contrast
however, occur only rarely in nature, being represented by
three small structurally quite simple groups of
compounds:- (a) 4-chloroindole-3-acetic acid and related
compounds, (b) psilocybin aﬁd other 4-hydroxytryptamines
and finally {c) the most recently isolated grcoup of

compounds based on chuangxinmycin, which have been shown

o contain a 4-thio substituent.

X =0;SJ]
N R =Adkyl
H

(1)

A number of more highly substituted 4-heteroindoles
have also been isolated from a variety of sources but will

not be discussed in this review. These include the

=

interesting tricyclic compound dehydrobufotenine’ (2) from

Bufo marinus, a South American toad, the structure of

8

which has been confirmed by total synthesis™ and

12



amarorine (3) and amaroridine (4) from the bark of

Amaroria soulameoides Gray”.

{2) | (3) R=H [4)R =CHj4

During the 1latter half of the lQGH'é two
groupslﬁ"12 reported the isolation of the new indole
auxins (5) and (6) from the immature seeds o©of Pisunm
sativum (pea). These compounds were identified by
spectral methods and, somewhat unusually in natural
product chemistry, by comparison of the physical

properties with previously synthesised authentic

samples (vide infra).

cl
CO,R
N
H

(5) R=H (B)R=CH,

13



From the natural source these compounds are
isolated in only very small amounts. For example

only 3.8 mg of acid (5)+1

and 25 mg of the ester
(6)12 were obtained from 276 Kg of immature seeds of
Disum §§tizﬁm. That the ester was not an artefact of
the isolation procedure was shown by the similarity
in auxin activity of neutral and acidic fractions
when different solvents were used for their

: extractionll.

Shortly after these reports Hattori's group also
reported the presence of three other components (7-9)
possessing auxin-like activity from the acidic
fraction of the methanol extract of immature seeds of
Eiﬁum_gg;ixum13'14. These compounds were isolated as
their methyl esters (18 - 12) and were identified as

' before by comparison with synthetic material (yide

infra).
CO,R NHCHCO R
NHCOCH,CO,R’ CHZCOZR'
(7) R=H, R'=CH,CH, . (9)R=H, R=CHj or
(8) R=H, R'=CHj, R =CHj, R=H
(10) R =CHj, R'=CH,CH; (12) R=R'=CH,
(1) R = R'=CH;

14



Optical rotatory dispersion studies on the ester
(18) showed the presence of the unusual D-tryptophan.-
It was shown in a similar manner that aspartic acid,
obtained by acid hydrolysis of (9) was of the natural
I-absolute configuration. Counter current
distribution experiments with an ethyl acetate/
tartrate buffer pH 4.1 suggested the presénée of a
monocarboxylic acid in (9). It was not, however,
possible to determine which of the two carboxyl
groups was methylated.

The bioclogical activities of the compounds (7 -
9)-are of some interest. For example a mixture of
{7) and (8) induced hypocotyl swelling of Phaseolus
mungo after some 66 h. Compound (9} however induced
the same effect after only some 24 h, which is
similar to 4-chloroindoleacetic acid (3). This
observation suggests that (7} and (8) are the
biosynthetic precursors of (5).

Since these early reports, improvements in
chromatographic methods15 have enabled resolution of
the five chloro substituted—-3-indole acetic acids, to
give a rapid unequivocal method for determining the
substitution pattern of the indole moiety. Perhaps
of greater significance has been the development of
gas chromatography—-mass spectroscopy techniques to

identify (1)1617,

These advances resulted in the
discovery that (5) was widely distributed in the
plant kingdom. It has been found to be present in

vici Fal 18,18 (Vetch), Lathyrus latifolj 18

15



(Everlasting Pea) and amongst a number of higher
indole-3-carboxylic acids in Rinua__gzlxgﬁ&xiazg
(Scots Pine).

An alternative assay method using autoradiography
36c

to determine (5) using 2 lakel proved less

reliable21.

Finally in this section, Nomoto and Tamura22 have
reported the interesting methoxy compound (13). This
was isolated from the neutral fraction obtained from
the extraction of club roots of Brassica-pekinensis
{Chinese <Cabbage) infecte& with the fungus
Plasmodiophora bragssicae. However assay of (13) in
the Avena coleoptile straight growth test showed no

auxin—~like activity.

0CH4
CN

(13}

(ii) Synthesis
As has already been mentioned, (5) has the
unusual distinction of being one of the few natural
products to be isolated after its total synthesis and

biological activity had been reported in the

literature.

16



{_‘)
Indole-3-acetic acid has been known as a growth:
hormone for many years and a number of syntheses have

d23 which will not be discussed here,

been describe
During investigations of this auxin-like_activity a
number of substituted indole-3-acetic acids have been
prepared, including (5).
4-Chloroindole (14),A the intermediate most

frequently used for the synthesis of (5); has been
prepared regiospecifically by a variety of methods.
Uhlés Reissert synthesis of (14) reported in 194924
(Scheme 1), which has been subsequently modified by

Rydon and Tweedle25

r has been widely used. Although
only moderate yields are obtained,.reactions are

facile and product isolation easy.

SCHEME 1

cl - a

CH3(|) (ii) COH (iii)
2 >

(15) (16) (14)

(i) Diethyloxalate,Na (or K), EtOH. {ii) Na25204 or,
FeSO4/NH4OH. {iii)}) CuCl, quinoline. reflux.

A Russian group prepared the substituted benz-

aldehyde (17) from (15) in two stages, which gave the

17



intermediate nitrostyrene (18) with nitromethane and
base. Reduction gave the product (14) in an

acceptable yieldz6 {Scheme 2}.

Cl
[:E:I:CHB ()i [:i:I:A§?O (iii) s [:i:Iijb/ 2
NO, 0,

(15) (17) (18]
lpw
SCHEME 2 _

(14)

(i) N.B.S. (ii) Pyridine, (CHg),NCsH,NO, 68% overall

(iii) CH3N02, base, 60%. (iv) Fe/AcOH/EtOH, 85%.
More recently Leimgruber and Batcho?’ reported

the sythesis of (14) in only two stages (Scheme 3).

This prbcess is clearly an important development in

4-substituted indcle synthesis.

SCHEME 3

TG (1

(15) (14)

(1) (CHy) ,NCH(OCH3), (ii) [H]

1a



Preparation of (5) from 4-chloroindole (14) hgs
been reported by two groups. Fox and Bullock .
reported that the magnesium salt of 4-chloroindole
(14) on treatment with chloroacetonitrile followed by

hydrolysis gave {5) in only 19% yield 28

{Scheme 1),
This same group were unsuccessful in attempts at
preparing (5) by a classical Fischer indole synthesisl
from succinaldehydic acid phenylhydrazone (Scheme 5).
Hansch's group obtained (5), again in poor yield, by
conventional reaction of the gramine (19) with
potassium cyanide, followed by hydrolysis29
{Scheme 6).

SCHEME 4

(14) ')(") m (iii) > (5)

(i) CH3MgI, Et,0. (ii) CICH,CN.  (iii) HO™ 19%
overall.

SCHEME 5

o
/[:::Ij§§“\cog4 :i: j<§:\cozH
+
(i), | h N

-

NHNH,

Cl

Eutectic mixture (5)

(1) (CH3O)2CHCHZCH2C02CHZCH3, H,50,. (ii) KOH.

19



SCHEME 6

Ct
N(CH ot gon
(14) il (CH)2 (i ) (5)
N
H

(19)

(i} HCHQO, (CH3)2NH, AcOH 91%. (ii) KCN, H20, EtCH.
(iii) KOH 19% overall.

These poor yields may be accounted for by the
steric bulk of the chloro-substituent. It has been
reported that oxalyl chloride, which reacts smoothly
and rapidly with indole and 6-chloroindcle, reacts
only slowly and incompletely with 4-chloroindole and
not at all with 4-bromoindole3?.

4-Chlorotryptophan (20) has been prepared by two

25,31 and is also reported to be a plant

groups
'growth hormone. 4-Chlorotryptamines (21) have also
been synthesised. These compounds are ciaimed to
possess stimulant and anticonvulsant activities in

rodents and to induce behavioural changes in cats32.

cl Cl
NH, NH,

CO,H R

{20) (21] R=CH3'CH2CH3

28



The ester (6) is readily prepared by treatment'of -
{5) with diazomethanelz.-

The methyl esters (18) and (1l) were synthesised
from 4-chlorotryptophan methyl ester (22) by

treatment with malonyl chloride and triethylamine in

ethanol and methanol respectively13 (Scheme 7).

SCHEME 7
Cl Ct
N, NHCOCH,CO, R
i :
m2CH3 C02CH3
N : N
H H
(11) R =CH3

(i) ClCOCHZCOCl, Et3N, ROH.

Condensation of the mixed anhydride from (5) and
ethyl chlorocarbonate with L-aspartic acid dimethyl
ester gave (12)14.

The 4-methoxyindole (13) has been prepared as an
intermediate in the synthesis of 5- and
8-methoxyyobyrines33. The methoxy-2-nitrotoluene
(23) was converted to 4-methoxyindele (24) in three
stages with a 23% overall yield. Preparation of the
gramine (25) followed by treatment with dimethyl-

sulphate and sodium cyanide gave (13) in 53% yield

{Scheme 8).

21



3.

SCHEME 8

0CH; 0CH5 OCH 4
@CHB (i)-{iii) @ (iv) @Eg\wz
(23) (24) (25)
{v)(vi)
(13)

(i) Diethyl oxalate, K, EtOH, (ii) [H]. (iii) A 23%
THF, AcOH. (vi) NaCN, Hzo, dioxan, 53% overall.

o N e in (D

(i) Isolation

The Mexican Indians are known to have used
mushrooms possessing hallucinogenic properties in
religious ceremonies for many hunareds of years34-37.
It was only in 1957 however that these basidiomycetes
were identified as agarics belonging to the species

38 In 19558 and 1959 Hofmann and his

Psilocybe
co-workers reported the isolation of the
hallucinogenic constituents of these mushrooms

classified as PBsilocybe mexicana Beim>?,

component psilocybin (26) was characterised as the

The major

phosphate ester of the other component psilocin (27),

22



)
a 4-hydroxytryptamine4ﬂ'42. This was the first
report of the isolation of 4-hydroxyindoles and in
addition, the f£irst report of a phosphorylated

hydroxyindole from natural sources.

OP(0)(0OH : OH
( (O N(CH3); N(CHz),
N N
H H
(26) . (27)

The structures of these two alkaloids were

40,42

confirmed by unambiguous chemical synthesis and

léter by X-ray crystallographic studies43’44.
Following this first report of the isolation of
(26) and (27) they have since been shown to have a

worldwide distribution in Psilocybe species45_47.

For example, Psilocvbe-semilanceata found in Europe

and the U.EK. contains both (26) and (27)48'49. Cther

56 and

groups o: basidiomycetes such as Panaeolus
Conocybe51'52 have also been reported to produce (26)
and (27). The precise taxonomy of some of these
species however appears to be uncertain and so early
reports of the presence of (26) and (27) in
apparently different species'need to be treated with
some caution53.

With the improvement in chromatographic
techniques in recent &ears a further two hydroxy-

indoles related to (26) have been isolated from

23



Pi- semilapceata®®, Ri- baeocystis®>~>’ Conocybe,
Panaeolus and Copelandia specie553'57'58. These have’
been designated baeocystin (28) and norbaeocystin |
(29) . These compounds élways occur in the presence
of psilocybin (28) and psilocin (27) and are thought
to be biosynthetic precursors of (26) and (27).
Although these desmethyl compounds have only been
characterised gquite recently, unidentified minor
indole conétituents of Psilocybe extracts had been

reported prev1ously52

OP(0)(OH), OP(0)(0H),

(28) (29}

Pgilocybe -cubensis (Earl) Singer has been grown

under controlled culture conditions and the level of
(26) and (27) measured from successive harvests of
the carpophoressg. Interestingly it was shown that
while the 1levels of (26) remained essentially
constant with successive harvests, the leéels of (27)
rose from none from the first harvest to a maximum
after the fourth.

Submerged cultures of P, cubensis achieve maximum
production of (26) after seven days at pH 4.0 - 4.6
after which time the levels of (26) slowly decline.

‘Extraction of mycelia grown in a glucose free medium

produced no psilocybin (26)6g.

24



A considerable effort has been devoted to
developing quantitative techniques for measuring (26)
and (27) from carpophores of various Psilocybe
species® %4, mnis is partly due to the concern of
regulatory authorities over the 1illicit use of
hallucinogenic mushrooms. Reports on the levels of
(26) and (27) in different mushrooms must however be
treated with .care since it has been shown that
differences in the method of drying spdrophores has
very significant effects oh the levels of (26) and
(27). Freeze drying of the sémple is now thought to
be the best way of preserving (26) and (27).

(ii)  Bi - Ps] in-(26

The pharmacological actions of (26) and (27) are

65 that it

qualitatively and quantitatively so similar
is thought that (26) is dephosphorylated in the
mammalian body to (27) by a non-specific monophospho-
esterase. Indeed it has been shown that incubation
of (26) with purified calf intestinal alkaline

phosphatase produced (27) and inorganic phosphatess.

In addition, the intact mouée67

and rat kidney
homogenates68 caused rapid dephosphorylation of {26)
to give (27).

The metabolic fate of psilocin (27) is uncertain.
One report based on the metabolism of radiolabelled
psilocin species (30) and (31) suggests that some 25%
of psilocin (27) administered to rats is recovered in

the urine. Small gquantities of material which had

undergone oxidative demethylation of the side chain

25



"( 4%) and unidentified "highly hydroéhilic
substances" were also isolated®?, Horita and
Webersa, however, report that rat kidney homogenates
cause psilocin (27) to undergo oxidation to a deep
blue substance which they postulate &to be an
go—-gquinone. This oxidase action was shown to be
fastest in the heart of all species studied. The
oxidase action of this enzyme is that og a phenolase,
since it is inhibited by cyanide but not by standard
monoamine oxidase inhibitors such as ;?-phgnyl
isopropylhydrazine and its optimal activity was at pH

79

9.9. Caeruloplasmin from pig plasma and a purified

enzyme from Mytilus: edulis (edible mussels)71 also
oxidised (27). In the lattér case 1t was
demonstrated that oxygen was consumed and hydrogen
peroxide produced. Another substrate of this mussel
oxidase enzyme was shown to be 4-coumaric acid (32)
which was converted to the 1,2-dihydroxy COmpound

(33).

"
N

OH (CH) OH
N *
N .
H N

(30) (31)

26



/

/[:::J’CH::CHCOZH CH=CHCO,H
HO <:> M, eduiis f/HO

ida
oxidase OH

(32) (33

It has been observed that the stipe and pileus of
psilocybin (26) and psilocin (27) containing
mushrooms frequently exhibit a blue green

staining52'72.

It has also consistently been found
that psilocybin (26) is present in greaﬁer gquantities
than péilocin (27) and that the latter is sometimes
completely absent from mushrooms containing the
former. Enzymatic oxidation of psilocin (27) in
carpophores would account for both these
observation573, psilocybin (26) being resistant to
phenoloxidase action through its phosphate ester.

No definitive biosynthetic pathway to psilocin
(27) has been proposed. Brack's group74 observed
that psilocybin (26) was biosynthesised from

tryptophan in still cultures of P;_ semperviva.

Agurell and Nilsson in a more detailed study75'76

prepared a series of radiolabelled indoles which they
considered to be potential biosynthetic precursors of
psilocin (27). From feeding experiments with these
compounds in submerged cultures of Pi-cubensis a

biosynthetic pathway (Scheme 9) was proposed. This

27



pathway does not however explain the occurrence of
desmethyl compounds such as baeocystin (28) and

norbaeocystin (29).

—>
[::I:Sgﬁjg;H N
H H

(34) (35)
NHCH; N(CH3),
m m
N N
H H
(36) (37)
0P(0)(aH)
N(CHs3), N (CHs),
—_—
N N
H H
(27) (26)
SCHEME 9

Further feeding experiments by the same group
showed that 4-hydroxytryptamine (38) was also
converted to psilocybin (26) but that

4-hydroxytryptophan (39) was not.

28



OH
NH,

{38} R=H (39)R =C0,H

In conclusion, biosynthesis of (26) and (27) has
been shown to proceed from tryptophan (34) to
tryptamine (35). From tryptamine (35) several
alternative routes, qf which only one has been
poéitively identified, are available for the
conversion of (35) to psilocin (27) and psilocybin
(26). _

The pharmacology of psilocybin (26) and psilocin
(27) has been studied extensively77. They have a low
toxicity being some 2,5 times less toxic than
mescaline. Lysergic acid diethylamide (L.S.D.) and
psilocin (27) show cross tolerance suggesting that
their behavioural effects may be mediated at a
similar site in the central nervous system.
Psilocybin (26), like L.S.D., has been used as an aid
in psychotherapy and because of its minimal adverse
reactions and shorter duration of action, (26) 1is
being increasingly substituted £for L.S.D.

(iii) Synthesis

7 As early as 1955, that is before the isoclation
and characterisation of (26) and (27), Hofmann's
group had reported the synthesis of 4-hydroxy-

tryptamine (38)78. This compound prepared by the

29



route outlined in Scheme 10 was one of a series of
hydroxy-subs&ituted indoles synthesised to compare
with S5~-hydroxytryptamine (serotonin). Synthesis of
4-benzyloxyindole (42) was accomplished according to
the Reissert procedure79’sg. Introduction oI the

2-aminocethyl substituent proceeded smoothly yia the

gramine and nitrile to give the tryptamine (38).

SCHEME 10

(44) (38) .-

(i) Diethyl oxalate, KOEt. (ii) Na25204, 64%
overall. (iii) Cu powder, quinaldine 62%.

(iv) HCHO, Me,NH, 89%. (v) CHBI. (vii) NaCN, 68%
overall. (vii) LiAlH4 8l%. (wviii) Hz/Pd/C, No vield



Psilocin (27) and psilocybin (26) were

synthesised by the same group42

using the more
versatile oxalyl chloride proceduré for introducing
the 3-substituent, (Scheme 1l1). Phosphorylation
proceeded in only a moderate yield with an overall
yield for thé conversion of (27) to (26) of 38%. A
Japanese group however, who more recently attempted
to repeat this conversion of psilocin (27) to
psilocybin (26) using an identical procedure, only
obtained 7.8% overall yield for the two stage

syhthesisal.

SCHEME 11
0Bz 0Bz
N(CH
©:> i) . S T )z
- H H
(42) (45)
(i)
0Bz _ A
N (CHa), N(CH3),
Ny — N
N (iv) N
H H
(4.6) 2
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SCHEME 1 {cont)

0P{0)(0Bz) 0P (0)(CH),
)\/gQLN(CHB)Z < N({CH3)2
127 {v) t\(;;QJ“N (vi) # ‘ﬁ
wn 't (26)

(i) Oxalyl chloride. (ii) (CH3)2NH, 73% overall.
(iii) Liald, 85%. (iv) H,/5%Pd/Al,03, 8l%.

(v) (1) NaOH, H,0, (2) ClP(O)(OBz),, 46%. (vi) Hy/5%
Pd/C, 82%.

An interesting alternative approach to psilocin
(27) reported by Julia and his co-workers involves
the free radical hydroxylation of MN,N-dimethyl

(37)82-84,  conversion of (37) to

tryptamine
hydroxylated indoles results in a regioisomeric
mixture of 4-, 5~, 6- and 7-hydroxy-N,N-dimethyl-
tryptamines. Julia demonstrated, however, that by a
careful choice of reaction conditions the desired
4-hydroxyindole (27) became the major product. In
addition it was found that (27) was readily separated
from the other regioisomers formed by chromatography,
presumably due to intramolecular hydrogen bonding in
(27). At pH 9 with a modified Fenton's reagent, in
which iron (II) was replaced by copper (II) sulphate
and ascorbic acid, exclusive 4-hydroxylation of (37)
was observed. Unfortunately conversion to products
(1.8%) -and yield of psilocin (27) (9%) were too low

to be of any synthetic value. Improved conversion to
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products was observed' at lower pH's where the
quantity of oxygenated water had been reduced and the
reaction performed under nitrogen with additional
ethylene diamine tetra-acetic acid added to the
Fenton reagent. Up to 20% conversion of (37) to
proaucts was observed.under these conditions, of
which some 79% consisted of hydroxyindoles. It was
however found that the regiospecificity of the
reaction had declined, the desired 4-substituted
product (27) represenﬁing less than 58% of the
hydroxylated material.

As has been shown (vi'e_ supra), synthesis of
4-hydroxyindole (48) in principal constitutes a total
synthesis of psilocybin (26) and psilocin (27)}
Although the Reissert synthesis of indoles is
generally efficient it has several stages and can
give variable yields. 1In particular, decarboxylation
of for example (41} is by no means easy and
frequently requires drastic conditions. Recently
further interest in 4-hydroxyindole (43) has arisen
from the synthesis of pindolol (49), a potent and
specificf3-adren§ceptor bilocking agent. Synthesis of
this compound and a number of analogues eméloys
4-hydroxyindole (48) as an intermediate®>788, ag a
consequence several alternative routes to the
hydroxyindole (48) have been developed, a number of

which will be considered here.
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H

N\ A

N N

H H
(48] (49)

An early synthesis of (48) ﬁroceeded through the
F—nitrostyrene (51) (Scheme 12), which on reduction
with iron, acetic acid and ethanol and.subsequent
deprotection gave (48)89. It was observed that
prolonged reduction times gave decreased yields of
product (52). A common feature of the chemistry of
4-hydroxyindoles is their lability ﬁowards écids and
oxidising conditions, so that yields are £frequently
only modest. Repke has exploited the indole (52) for

the synthesis of a number of psilocin analoguesgg.
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SCHEME 12

H 0COCH4 0COCH,
NO, ..
NO, NO, N

(50} (51) (52)

(iv)

(48)

(i) CH3NO,, ROH. (ii) NaOAc, Ac,0, 89% overall.
(iii) Fe, AcOH, EtOH 32%. (iv) CH,OH, NH,OH 75%.

More recently both Somei and Kruse have exploited
Leimgruber and BRatcho's methodology £for indole
synthesisz7. Somei's group reduced the enamine (53)
or. the aldehyde (54) derived from it, by acid
hydrolysis, with titanium (III) chloride or by
catalytic hydrogenation (Scheme 13) to give

respectively (42) and (48)91.
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SCHEME 13

0Bz 0Bz
(Hy W N(CH3),
NO, NO,
i) i
(40) 08z / (53) \(\ 0Bz P
A\
H (iv) NO,
(42) m (54)
\'
OH
A\
N
H
(48)

(i) (CH3)2NCH(OCH3)2, i¢0%. (ii) si0,, CH,C1l,, H,0,
84%.  (iii) TiCly, H,0, MeOH, 51%. (iv) TiClg,
NH,OAc, H,0, MeOH, 75%. (v) H,, Pd/C, PtO,, MeOH,
68%. :

Kruse has introduced two modifications to
Leimgruber and Batcho's original procedure, The more

. reactive tris(dimethylamino)methane gave much more

rapid homologation of the deactivated nitrotoluene

(48). Catalytic hydrogenation of the enamine (53) is
complicated by competing intermolecular reactions as
opposed to the desired intramolecular reaction. One
procedure that reduces this problem is to use a high

catalyst to substrate ratio. Kruse has elegantly
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circumvented this expensive procedure by hydrolysing-
the enamine (53) to the aldehyde (54) and generating
the igéﬁluble semicarbazone (55} jn-situ. Catalytic
reduction of the semicarbazone (55), gave a
reasonable yield of 4-~hydroxyindole (48), while

-reduction with ammoniacal iron (II) sulphate gave

good yields of the ﬁrotected indole (42) (Scheme

SCHEME 14

Bz
AN
0Bz 0Bz (v N
CHapnrn H

3 (i)
— N\JHCONHZ (42)
NO, NO

L0} (55) \% i |
(48)

(i) ((CH3),N);CH. (ii) HC1, NH,NHCONH, 84%.
(iii) H,, PA/C MeOH 55%. (iv) FeSO,, NH,OH 71%

A classical approach to phenols is of course the
pyrolysis of diazonium salts generated from the
corresponding amine. Until recently this has not
been a useful approach to the synthesis of (48}, due
to the inaccessibility of 4-aminoindole (56).

Somei's group have however recently described a
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synthesis of 4-nitroindole (57) in a 66% yield, from

which a number of l-protected derivatives such as

(58) have been prepared93. Reduction, diazotisation

and pyrolysis of the diazonium salt so formed gave

-

variable yields of the corresponding nydroxyindoles

(58). In addition, pyrolysis of the diazonium

€.g.
salt of (56) gave a low yield of 4-hydroxyindole

(48). (Scheme 15).
SCHEME 15

NO, ‘ NO,

N (l]>

N N

H I

CO,CH;
(57) (58)
(iv) (i) (i)

NH, OH

N N

H R

(56) (48) R =H

(1) NaH, DMF, ClCO,CH,, 95%
(ii i) NaNOz, HCl, heat, 94%.
{v) NaNOz, HC1l, heat, 39%.
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(iv) TiCl3, 89%.



Finally from Somei's éroup comes an interesting,
albeit ihefficient, synthesis of the stable protected
hydroxyindole (68)°4, Photolysis of the
isoquinoline-2-oxide (61) followed by acid treatment

gave {(68) in a 21 - 26% yield,

HNCO,Bz OH

~ ® (H(ﬁ);‘
/N\Oe I\II
(61) g0y <02

(i) hd, acetone. (ii) CH30H, H,yS50, reflux, 21 - 26%
overall.

An'approach to 4-hydroxyindole that has been
investigated by a number of groups is that involving
4-0x0-4,5,6 ,7-tetrahydroindole (62) as a key
intermediate. This compound is readily oxidised to
4-hydroxyindole (48) by treatment with P4/C at
elevated temperatures. Interestingly it has been
shown that the reverse reaction also takes place
surprisingly easily. Reduction of (42) with P4/C was
shown to give in addition to the expected indole (48)

small quantities of (62)°°.
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0 H Bz
B L)y N\ i) \
T N Y
H » H H

(62) | (z8) 4L2)

(i) pd/C, mesitylene ,75%. (ii)Pd4d/C, H,.

Two general approaches to the tetrahydroindole
(62) have been reported. Julia based his work
(Scheme 16) on the construction of the benzene ring

from the readily available pyrrole (63)96.

SCHEME 16
0
CO,H
(i) \
[ > I
N N
H H
(63) (62)

(1} EtOCOCL, EtaN. (ii) SnCl,.

The second approach requires the construction of
the pyrrole ring. Bobbitt prepared the enamine (64)
from 1,3—cyclohexanéﬁione and amincacetaldehyde
dimethyl acetal in an unspecified yield, which
cyclised on treatment with dilute hydrochloric acid

to the desired tetrahydroindole (62) {(Scheme 17)97.
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SCHEME 17

0
CH3Q OCH,
(i) (i), | N\
0 N~ N
H H
64) (62

(1) E,NCH,CH(OCH3),, B', CgHg. (ii) 3N HC1, 50%.
Perhaps the most versatile synthesis of (62) is
due to Stetter and Lauterback?$, ;n this method
(Scheme 18) 1,3-cyclohexanedione @aé alkylated with
ethyl bromopyruvate and the resulting tetrahydro-
benzofuran (65) treated with ammonia to give
tetrahydroindole (62). Arnumber of alkylamines have

also been used, yielding N—alkylated‘ tetrahydro-

indoles.
SCHEME 18
0 0
. ' CO,H ) i
___QL,> , N\ (ii) S [:f:]:ﬁ§>
0 0 N .
H
(65) (62)

(1) BrCH,COCO,Et. (ii) NH5, 158° C, 92%.
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Finally Torii's group reported a novel synthesis
of (62) by electrooxidative coupling of 1,3-cyclo-
hexanedione and ethylvinyl ether, followed by
ammonolysis of the two intermediates (66) and (67)99,
{Scheme 19).

lﬂg’lﬂl, PlieningerlEjz and Repke103 have

Remers
all exploited the interesting chemistry of (62) for
the synthesis of a number of indole species. Of
particular relevance to this review is Repke's. use of
_(62) as a source of 4-hydroxyindole (48), from which

a number of psilocin analogues were synthesised.

SCHEME 19
0 0
| i) OEt
—— o™ T OEt
0 0 0
(66) (671
(ii)
0

A\
N

H
(62)

45’\\0,/”\\

(i) NaOEt, EtOH, e~ , Pt foil,A65%. (ii) (NH,),CO,,
MeOH, 158°c, 80%.
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4'

-and by other workers

Of the' large number of reports of analogue
chemistry in the psilocin (27) area, only one perhaps’
warrants special mention. Troxler, Seemann andr
Hofmann shortly after their publication of the total
synthesis of (26} and (27) reported the synthesis of
a large number of closely related compounds. These
compounds covered all the major groups of analogue

compounds that have been reported since, both by them
194

o . .

(i) Introduction

In 1976 Chinese workers reported the isolation of
a new antibiotic to which they gave the name
chuangxinmycin. This was obtained from Actinoplanes
tsinanensis a novel microorganism found in a soil

sample from Tsinan, Shantung Province, Chinalﬂs.

106

Prom its spectral data and an X-ray diffraction

187

study chuangxinmycin was shown to have the unique

heterocyclic structure (68).

CO,H
< CH,

(68

Since the original isoclation of chuangxinmycin,

two new compounds, chuangxinmycin B and chuangximycin
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C have been discovered in the fermentation broth of
mutants NT-II and B-I of Az _-tsinanensis. Although
spectral data have been reported.for these two new
compounds no structures have been proposedlﬂa.

Fermentation of Actinoplanes species in a medium

containing 35 35

S sodium sulphate or ““S L-cystine
revealed incorporation of radioactivity into the
produced Chuangxinmyciq (68). From these experiments
the authors concluded that the sulphur present in
chuangxinmycin (68) was derived from L-cysteinelgg.
Interest in chuangxinmycin f68) is by no means
confined to its uhique structure. It has been shown
to inhibit the growth of Egscherichia-coli and hence
is considered to be a bacteriostatic agent. The same
study showed that mesosome-like substances usuvally
observed in normal E;-¢olil cells disappeared after

(68)113. It is also

treatment with chuangxinmycin
reported that chuangxinmycin (68) is active in-vitzo
against a number of gram—-positive and gram—negative
organisms, while in mice activity against Ez-coli and
Shigella-—~dysenteriae has been demonstrated.
Chuangxinmycin (68) has a low toxicity in mice with
an LDg, of 6006mg/Kg (i.v.) and 1779mg/Kg {oral).
Preliminary clinical results have shown that
chuangxinmycin (68) is effective in the treatment of
septicaemia, urinary and biliary infections caused by
Ba . ¢goli. Chuangxinmycins B and C alsb posSsess
antibacterial activity ipn-vitro against a number of

organismslﬂa.
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(ii) is-of-chuangxinmyein
Two total syntheses of chuangxinmycin (68) have
been reported. The first in 1976 was non-stereo-
specificlll, while the second by Rozikowski was
stereospec1f1cl12
The Chinese group's approach to chuangxinmycin
(68} (Scheme 28) made use of 4-bromoindolyl magnesium
iodide (69) as a starting material which gave
1,3-diacetyl-4-bromoindole (78) upon treatement with
excess acetyl choride in ether. Displacement of
bromide and in-situ condensation with loss of water
was achieved with the cop@ef salt from ethyl
mercaptoacetate in quinoline/pyridine at 176 - 188° ¢
to give dehydrochuangxinmycin ethyl ester (71).
Reduction and hydrolysis of the ester functionality
of (71) gave racemic chuangxinmycin (68), No yields

at any stage of this synthesis were givenlll.

SCHEME 20

(1) (u)

i

CH3

(69) (70)
P.TO
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SCHEME 20 (cont)

COEt (0
s N CHj | < -CH3
(7o) Ly © N, _iviv) \
| N
| 3

(71) gP~CH, (68)

(i) RMgI, (ii) excess CH;COCl, Et,0.
(iii) CuSCH,CO,Et, quinoline/pyridine 178 - 188°cC.
(iv) SnClz, BCl/AcOH. {v) NaOH, EtOH,

Kozikowski's approach to chuangxinmycin (68)
{Scheme 21) proceeded through a dehydro intermediate
(72) similar to that described above. The synthetic
strategy to this compound however relies on the
initial synthésis of an appropriately substituted
4~thioindole. Commercially available 2,6-dinitro-
toluene (73) underwent nucleophilic substitution with
methyl thioglycollate and 1lithium hydroxide in
H.M.P.A. to give the substituted 2-nitroteluene (74).
Saponification followed by application of a modified
Leimgruber~Batcho reaction sequence gave the reguired
indole f75) in a 38% overall yield from 2,6-dinitro-
toluene.

Friedel-Crafts acetylation and Knoevenagel
condensation of the resultant ketone (76) proceeded
smoothly in gquantitative yield to give dehydro-

chuangxinmycin methyl ester (72).
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SCHEME 21

AN ‘
NO, s C0,CH; s C0,CH;
@CHB (i} 5 @ECHB i) - vl
NO, NO, y

(73) (74) - (75)
o (vii)

0,CHs -
C0,CH, /E 2CH3
CH3 . S B
CH
(viii) }
N

H
(72)L[x) | (76]
C0,CH,
. CHj
N (x) > {68)
H
(77)

(i) HSCH2C02CH3, LiCH, H.M.P.A. (ii) RCB, MeOCH.
(iii) (CH4),NCH(OCHg),, D.M.F., reflux. (iv) cold

HCl. (v) FeSO,, NH,OH. (vi) CH,N,, Et,0, 30%
overall. (vii) CH3COCl, SnCly, 189%. (viii) NH,4OAc,

HOAc, CGHG’ reflux, 190%. (ix) H2/Pd/S, 70 p.s.i.
70%. (x) (CHq),CHSLi, H.M.P.A.
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5.

Hydrogenation using a poisoned palladium catalyst
gave a stereochemically homogeneous product (77)
identical to Chuangxinmycin methyl ester prepared
from the natural product. This established the
relative stereo chemistry of the natural product as
cis. The ester was dealkylated to Chuangxinmycin
(68) with lithium thioisopropoxide in H.M.P.A.. Some
epimerisation was shown to take place during this
reaction.

Further investigation of the chemistry of
chuangxinmycin (68) and the preparation of related
compounds is to be expected owing to its unusual
structure and to the interesting biological
properties of this molecule.

Conclusion

The 4-heterosubstituted indoles represent an
intriguing group of compounds., Although of simple
structure the three groups of compounds discussed in
this review have been shown to demonstrate auxin
activity, effective bacteriostatic properties and
hallucinogenic behaviour. It must therefore be
anticipated that the development of new procedures
for the preparation of 4-substituted indoles will
lead to further investigation of this interesting

class of compounds.
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Teleocidin A Teleocidin B

Teleocidin- A (Lyngbyatoxin A):- 3B~Pyrrolo[4,3,2-g,hj-
1,2,4,5,6,8-hexahydro-9-(l-ethenyl-1l,5~-dimethyl-4- ~
hexenyl)-5-(hydroxymethyl)-1l-methyl-2~(l-methylethyl)-
1l,4-benzodiazonin-3~one.

Teleocidin B:- [4S-{4R*,7R*,10R*,13R*)]-6H-Benzofg]~-13-
ethenyl-1,3,4,5,7,8,18,11,12,13~decahydro-4-
(hydroxymethyl) [{1.,4]-diazonino[7,6,5-c,d]indol-6-0ne.

X=NCHj,CH,,0,5
R =H,(CH3) o CH
R’ =H. CH,0H
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2.

Ihesis Plan

The project was designed to achieve a number of
objectives. The prime target was undoubtedly the
total synthesis of the Teleocidiné. In addition
however it was propoéed to prepare a number of
related model compounds. These were designed to not
only more fuliy explore this unusual and suprisingly
neglected area of chemistfy, bu£ also to probe the
functicnal groups responsible for the biological
activity of the Teleocidins. Although the first of
these targets has not been achieved, several closely
related pyr;olo—l,4-benzodiazonin—3—ones have been
successfully synthesised.‘ In éddition a considerable
effort has been devoted to the investigation of the
chemistry of 4-aminoindoles such that a potential
synthetic strategy to the parent systemghas now
emerged.

In order to avoid fragmentation énd duplication,
the thesis is organised progressively such that all
the chemistry of the individual steps towards the
Teleocidins and related analogues are each fully
discussed. The steps do not necessarily follow a

chronological order.

| J 4 J_ Lynabyatoxin 2

(i}  Introduction

In 1968 Takashima and Sakai reported the

isolation of & new toxic substance from the

fermentation of a Streptomyces mediocidus speciesl.

This compound, named Teleocidin, demonstrated a
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specific and potent toxic action against mice and
Japanese killifish but failed to show any
antibacterial, antifungal or antiprotozoal activity.
Further investigation of the bioclogical properties of

this compound2

revealed toxicity towards a number of
other higher organisms. Fér example Daphpia magna,
the larvae of Buygula nerijtina a bryozoa, Ascaris
suilla and Turbatrix aceti a nematode, were all
killed by this substance. In addition it was
observed during the iscolation work that Teleocidin
demonstrated a potent vesicant aétion in man.

Unfortunately chemical characterisation of this
compound isolated as a foam was by no means complete.
U.v. and i.r. spectral data revealed the probéble
presence of a substituted indole ring, a hydroxy
group and an amide. Catalytic hydrogenation with
Adam's catalyst resulted in the absorption of two
equivalents of hydrogen. ©No further characterisation
of this compound has however been reported.

In 1962 the same group isolated a second
metabolite from fermentation of streptomyces
organisms which was assigned the name Teleocidin B,
the first compound being renamed Teleocidin A3. The
new metabolite revealed similar biological properties
to those of Teleocidin A. In addition the u.v, and
i.r. spectral. data of the- two compounds were shown to

be very similar. Hydrogenation however resulted in

the absorption of only one equivalent of hydrogen.
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1

From chemical degradation studies and a A@MHz ~H.

n.m.r. study! the structure (1) was proposed for
Teleocidin B4™®. fThis was later confirmed by X-ray
crystallographic analysis of the bromoacetyl ester of
dihydroteleocidin B, (2) obtained by catalytic
hydrogenation of Teleocidin B (1) followed by

treatment with bromoacetyl bromide7'8.h

“NOH - cHyN N

0 \(\Br
0

(1) (2)

The structure of the dihydro compound (2)
reconstructed from the ©published ZX-ray
crystallographic data is depicted in Appendix 1.

Although Teleocidin A was reported to be unstable
to acidz, Teleocidin B (1) was shown to undergo a
ring opening and subsequent r;ng ¢losure reaction to
give the less toxic lactone (3) {(Scheme 1}, which

displayed a carbonyl absorption at 1715¢cm™t

1

compared
to 1655cm - in the parent compound (1). Its
reversion to (1) upon treatment with base provided

further evidence for the structure of lactone (3)3.
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- SCHEME 1

{i) 6N HCl, EtOH 76%. (ii) base.

Until 1978 there were no further developments in
this area. Ruddock working at Pfizer Central
Research, Sandwich, Kent then reported the isolation
of an ascaricidal compound from the culture of M
1545 an unidentified microorganism,' possessing
vesicant properties in man. From a copparison of the
u.v. and i.r. data, the uptake of two equivalents of
hydrogen on treatment with Adam's catalyst in
ethanol, and similar biological properties it was
concluded that Teleocidin A and the compound isolated
by Ruddock were identicalg.

In addition Cardellina. Marner and Moore reported
the isolation of a highly inflammatory and vesicatory
substance from the lipid extract of an ﬁawaiian
shallow water variety of Lyngbva majuscula Gomontlﬂ.
The gross structure (4) of this éompound was

determined by the inspection of u.v., i.r., mass
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spectral, 1% n.m.r. and 3¢ n.m.r. data. It was.
concluded from comparison of circular dichroism
measurements for this compound called Lyngbyatoxin A
and Teleocidin B that the two compounds had the same
relative and absolute configuration. Lyngbyatoxin 3
is repor;éd to be the first basic indole alkaloid to

be isolated from marine sources.

3” . 2"
At
CH3N ™ 2 s OR
0 J
JOL
6. 10 \N/'f
9
sl X v M
N 10
N N1

. g
(4)R=H (5)R = 4~NO,C4H,CO

The structure (4) assigned to -Lynbyatoxin A is
the same as that assigned by Ruddock to Teleocidin A
from a study of a similar range of spectral data.
Comparison of the 13C n.m.r. data for these two
compounds revealed a difference of 2 p.p.m. for one
methyl group, all other signals were however found to
be within +8.5 p.p.m. of each other. A fuller
discussion of the comparison of spectral data for
these two compounds will not be undertaken here since

such a comparison has already been publishedg.

61



(i1) %8 n.m,r. and Semisynthetic Studies on

rel idin 2

Neither Teleocidin A (4) (Lyngbyatoxin A} or the
monoacetate of Lyngbyatoxin A were isolated as
crystalliine solids suitable for X-ray crystallo-
graphic analysis. A possible reason for this will be
discussed later (yide infra). It was therefore
evident that further high field 1g n.m.r. studies of
Teleocidin all (4) and additional attempts to prepare
a crystalline derivative of (4) would be beneficial.

The 13 n.m.r. spectrum of Teleocidin A (4) at
250MHz in deuteriochloroform was found. to be
identical with that previously obtained by Ruddock4
at 184 MHz (Table 1).

A difference decoupling experiment (Appendix 2)
performed by irradiation of the two proton pseudo
doublet at & 4.34 produced a singlet at § 7.82 due to
the resonance of the lactam NH and two doublets at
53.74, 3.58, 4J em~11.5Hz, for the hydroxymethyl

g
methylene. Two doublets at 33.14, 3.85 J n-17 .58z

ge
were assigned to resonances of the two non-equivalent
6-H protons and a septet J 6.3Hz at 82.59 to the
l-methylethyl methine proton (lll-H). The two
protons at 8 4.34 from these results are clearly due
to the 2-H and 5-H protons.

In (CD3)2SO at 256MHz a number of chemical shift
changes were observed relative to those'observed in

deuteriochloroform (see Table l1). Of particular note

are the downfield shift of 7-H from 8§6.83 to 6.91

62



" (ABLE 1:- Comparison of 1H n.m.r. Data for Lyngbyatoxin A and Teleocidin A

(CDCL; and (Cy) ,50)
Lyngbyatoxin A3 Teleocidin A2 | Teleocidin A% | Teleocidin A°
Proton | 36@MBz CpCl,'? | 10mvEz coc1,” | 25mMEz coc1, | 258MEz (CDy) 0
& 5) ) )
1-CH, 2.87 2.92 2.93 2,77
2-H 4.33 4.39 4.36 4.27
4-H 7.37 6.80
5-H 4,32 . 4.39 4.36 4.00
6-H 3.08 3,10 3.10 2.99
7-H 6.81 6.80 6.83 6.91
8-H 8.54 9.66
10-8 6.96 6.95 6.97 6.81
11-H 6.44 6.46 6.48 6.35
ol g 1.99 1.80~2.00 1.75-2.00 1.60-2.18
3ty 1.80 1.88~2.08 1.75-2.00 1.60-2.18
al-g 5,06 5.10 5.08 5.05
6%-H 1.63 1.47 1.46 1.40
73-g 1.47 1.63 1.63 1.55
gt 1.44 1.42 1.49 1.29
ol-g 6.15 6.25 6.22 6.12
1018 5,30 5.30 5.29 5.05
11lg 2.55 2.50 2.58 2.45
oty B.89 B.90 B.92 5.80
3l g 8.62 0.69 6.62 9.51
111 _g 3,60 3.60 3.65 | 3.38
—O-H 4.84

{a) Relative to (CH3) 4Si atd O
(b} Relative to (CD,),80 at&2.49



and the separation of 2-H and 5-H, the former now
occurring as a sharp doublet J 9.2Hz at & 4.26 and the
latter at 5 4.90 as a multiplet. The hydroxyl proton
resonates at §4,83 as an undefined triplet. As can
be seen with the exception of the indole NH at & 5.46
every other proton has undergone a shift upfield to
varying degrees.

. A study of through space proton nuclear
Overhauser effects (n.O.e) was undertaken to
investigate the solution conformation of Teleocidin A
(4). It was also found possible to assign-the
individual protons in the lactam ring and the indole
nucleus with the exception of the geminal protons of
the hydroxymethyl group, from these results. The
spectra resulting from this study are depicted in

Appendix 3 while Table 2 summarises the results.
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TABLE 2:- Stmmary of Muclear Overhauser Effects for Teleocidin A (4) in

CIC1, at 25pMEz
Irradiated
Entry | Proton (§) Enhancements Chserved ()2
1| 3-m@.61) 21 n(a.89)s, 111-u(2.55)s, 1-N-Cy (2.81)M,

2-H(4.34)S, 11-H(6.46)S
2 | 2tms.s9) | 3M-m(e.enm, 1M-m(2.55)s, 2-H(4.34)S

3 111-5(2.55) 3 g(g.61)m, 211-5(g.89)s, 1-N-CH, (2.81)H,
| 2-H(4.34)W

4 l-N-CH3(2.81) 3ll-H(B.61)M, lll-H(Z.SS)S,S-H(4.34)W,
11-H(6.46)V.S.

5 6-H(3.084) 2-H+5-H(4,34)W, 7-H(6.80)W
6 6-H(3.15) 2-H(4.34)S, 7-H{(6.80)M
7 6-H(3.19) 2-H(4.34)S

8 2-m+5-H(4.34) | 31 -m(g.61)m, 211-m(a.89)M,
lll-H(2.55)S,l—N-CH3(2.81)W, 6-H(3.08-3.14)S,
1111 _g(4.58-4.75)S, 3-H(7.80)W

9 7-H(6.840) 6-H(3.03-3.14)M, 8-H(8.55)8§

(a) S refers to strong enhancement, M to medimm and W to weak. V as a
prefix indicates wvery. ‘
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It is evident that there are striking differences
'in the environment of the two methyl groups 211 and
311 one at the highest field exhibits a strong
n.0.e. with 11-H while the other does not (Table 2
entry 1). Clearly therefore the methyl group at
highest field must be situated -in the aromatic ring
current causing its shift upfield and bringing it
into proximity.ﬁith 11~H. It is thought that the
reduced n.O.e.effect of the methine 11-§ with the

highest field methyl group (311)

21l

compared to that

with
311

~H is due to the additipnal relaxation of
-H with the aromatic ring (Table 2, entry 3). 1In
addition, the weak effect observed with the vicinal
2-H proton suggests a large dihedral angle between
2-H and lll-H. This is supported by the large
coupling constant (19Hz) between these two protons
indicating from the Karplus equation a dihedral angle
of 188°, Ofrparticular note in entry 4 is the n.O.e.
effect, albeit weak, observed between l—N—CH3 and 5-H
despite the large distance between protons. Entries
5-7 illustrate the drawbécks involved in attempting a
n.0.e. study invelving an unresolved multiplet. As
can be seen however, irradiation at three separate
points in the multiplet reveal that the downfield
proton in the multiplet is directed into the nine
membered lactam ring and has no effect on 5~H or on
7-B. The upfield proton however (entry 5) has no
interaction into the ring but weak effects on the

above mentioned 5~H and 7-H protons. These results
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are éerﬁaps more cleérly-illustrated in entries 8 and
9 (Table 2).

A similar study on the hydroxymethyl methylene
protons 1111 g did not reveal any further
information. The results of these experiments are
neither included in Appendix 3 nor Table 2.

Study of Dreiding -molecular models showed that
the most reasonable solution conformation of
Teleocidin A (4) (Fig. 1 Major) to agree with the
experimental data, is the same as that observed in
the solid state for the Teleocidin B derivative (2)
illustrated in Appendix 1. Xey to this deduction is
the cross ring n.O.e. interaction between 2-H and
6-H. Furthermore the experimental data. shows that
the relative stereochemistry about C-2 and C-5 must
be trans. No conformation of a ¢is arrangement
agrees satisfactorily with the observed n.0O.e. data.
This provides further support t¢ Ruddock's

9

contention” that the stereocchemistry of Teleocidin A

is that shown in (4)9’13.

19 and Ruddock12 observed some

Both Cardellina
minor peaks in the 18 n.m.r. ana 3¢ n.m.r. spectra.
These minor peaks constitute, from comparison of
integrals for the 1-N-CH,; singlet at $2.96 (major
peak) and the singlet at £§2.75, some 12—15% of the
material at room temperature in deuteriochloroform.

These peaks may be due to one of a number of

possibilities. Firstly the compound may be impure,

however it is difficult to explain why material from
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Minor
Ma jor

Fig 11~ Froposed Solution Conformations of Teleocidin 4 (4).



widely different sources (sea algae aﬁd the
fermentation 6f microorganisms) and purified by
different chromatographic protocols should be
contaminated to the same extent by what appears to be

the same material. <Cardellina and Moorel?

report
signals with the following chemical shifts for the
smaller signals, sharp doublets (J=8Hz) at §7.87 and
6.99, a broad singlet at §8.75, a doublef of doublets
J 18, 10Hz at §6.20 and a singlet at 82.70. These
corréspond well with the signals observed in
‘Ruddock's sémple of material. Additional resonances
were also observed in this material and are
summarised in Table 3. A second possibility is that
the minor resonances are due to a regioisomér of
Teleocidin A (4) in which the linalyl group is at
C-11 rather than C-9. This alternative: is less

lH N.M. Y.

readily rejected by inspection of a

spectrum performed at room temperature in

deuteriochloroform. The third possibility and that

which appears most probable is that Teleocidin A (4)

exists in two distinct conformers at room |
temperature.

The 4-nitrobenzoyl ester (5) of Teleocidin A (4)
was prepared in a 66% yield on treatment of (4) with
4-nitrobenzoyi chloride and 4-N,N~dimethylamino-
pyridine. This compound revealed the expected
downfield shift!? of the 1111-g protons from §3.59 -
3.80 to §4.30 - 4.50 and the downfield shift from
§4.34 to §4.75 for 5-H. Additionally it was found

that the proportion of the minor resonances in the 1H
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TARIE 3:~ 'H n.m.r. Data for Teleocidin A (4) and its 4-Nitrcbenzoyl Ester

(5)
42 52
Major Minor Major Minor
Proten :
Camponent & Component & | Camponent & |  Camponentd
1-NCH, 2,93 2.75 2.93 2,76
2-H 4.36 4.71 4.36 4.74
4-H 7.37 - | - 6.17
5-H 4.36 - 4.75 -
6-H 3.18 - ' 3.24 -
7-8 6.83 - 6.87 6.93
8-H 8.54 8.75 8.59 8.78
16-H . 6.97 7.10 7.00 7.12
11-H 6.48 7.01 6.53 7.02
2lg 1.75-2.09 1.75-2.00 -
3lg 1,75-2.00| - 1.75-2.08 -
4t 5.08 - 5.98 -
6L-1 1.46 1.49 1.46 1.49
71-m 1.63 1.64 1.63 1.67
- 1.48 - 1.40 -
gt-g 6.22 - 6.18 -
16%-8 5.29 5.29 5.31 5.31
1y 2.58 2.39 2.61 2.30
oMy 6.92 8.95 g.92 5.94
31y 2.62 1.25 8.63 1.25
11 5 3.65 3.44 4.48 4.15
NOCB, | 8.24 8.24

(a) Relative to (CH,),Si at so, (DC1, solvent.
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n.m.r. had increased from some 12§ in (4) to 41% in
(5) (Table 3). These fesults suggest that the second’
possible explanation of the occurrence of these minor
resonances, that is the presence of two regiocisomers
of Teleocidin A, is unlikely since no significant
change in resonance intensity would be expected upon
~esterification.

To finally attempt to demonstrate the existence
of two different conformations of Teleocidin A (4) at
room temperature a series of lH n.m.r. variable
temperature experiménts were performed. In
deuteriochloroform at 293K the minor resonances
contributed some 12% to peak intensities while at
323K the distributioq had changed such that the minor
resonances contributed to the extent of 29%,
Furthermore on cooling the sample to 313K it was
shown that the minor resonances only contributed some
22%. These ratios were obtained from the integrals
of the 1-N-CH; singlets at §2.90 and 62.75 and must
of course be considered as approximétions only. It
was also observed that most resonances associated
with the lactam ring protons had started to broaden
although no such effect was noticed with protons
associated with the linalyl side chain.

The operating temperature range for deuterio-
chloroform is limited, in the above experiment only a
36° C temperature range being achieved. In an
attempt to reach the ccoalescence ﬁemperature of the

two conformers, therefore, 2Hs—dimethylsulphoxide was

71



substitufed for deuteriochloroform. It was
disappointing to discover that in a temperature rahge
of 313K to 435K no significant change in the ratio of
major to minor resonance intensities of about 9% was
observed although a number of other interesting
observations were made. In general it was found that
resonances of protons occurring in the nine membered
ring and the indole ring gradually broadened as the
temperature was raised to 399K and then slowiy
started to resolve again as the temperature was
further increased. The rate at which the resonances
broadened and sharpened varied somewhat. For
example, the 6-H protons exhibited a sharp double .
doublet at 435K although the hydroxymethyl methylene
protons were still unresolved. As expected the
lactam~NE and the hydroxyl protons underwent a
gradual shift upfield and a rapid broadening of their
resonances as the temperature was raised.

The most intriguing aﬁd unexpected properties
were however demonstrated by the 3ll-H and 11-H
protons. It was found that as the temperature was
increased the doublets corresponding to these two
protons broadened at a similar rate such that they
were both occurring as unresolved envelopes at 390
and 415K, At 435K however these two resonances were
again sufficiently resolved to reveal doublets.
Additionally both resonances were gradually shifted
downfield although the rates of change o¢f chemical

shift were not directly proportional to the rate of
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change.in temperature. These results are summarised
in Table 4. Surprisingly it was found that the
second methyl group of the l-methylethyl moiety
underwent only minor changes in chemical shift

(< 9.85 p.p.m.). Nor did it suffer any significant
broadening effects as the temperature was raised.
Equally the remaining aromatic proton {7~H and 10-H)
resonances, although as mentioned. underwent
broadening to a limited extent, demonstrated only

minor changes in chemical shift.

TABLE 4:- LH n.m.r. Chemical Shifts at Different
Temperatures of Selected -Frotons in (CD3)250
Tk | AT 3417E Pjgt‘m 1i-d AS
313 - 8.520 - 6.358 -
340 27 7.542 B.022 6.366 9.916
365 25 P.566 5.824 6.405 9.239
390 25 B.608 5.042 6.462 | 0.112
415 25 6.750 6.142 6.533 g.071
435 20 8.775 8.025 §.558 g.025

The similarity in the behaviour of the 311—H and
11-H protons resonances and their known spacial
proximity from n.O.e. experiments. (vide supra)
suggests some kind of cooperative relaxation effects
between them.

It was also found somewhat suprisingly that on

cooling Teleocidin A (4) from 435K to 315K and
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lE n.m.r. spectrum no decay of

reexamination of the
the material was observed. That no change in the-
ratio of minor to major resonance peaks was observed
in 2H6 dimethylsuphoxide may be due to the increased
viscosity and polarity of the solvent relative to
deuteriochloroform.

One additional piecelof_evidence suggesting the
presence of two different. conformers giving rise to

major and minor_l

H n.m.r. resonances, rather than
these being due to two different regioisomers; came
from the previously discussed n.0.e. experiments.
Saturation of the highest field methyl group (3*1-H)
gave rise also to saturation of the minor resonance
at 81.25. This result suggests that the resonances
occurring at §1.25 and #.62 are due to the same
group in two different conformations. Evidently if
the major and minor resonances were due to two
regioisomers then of course no saturation of one
signal (for example a minor) by irradiation of a
major signal could result.

Having established the probable presence of two
different conformers in solutions of Teleocidin A (4)
and having determined the conformation of the major
conformer by n.O.e. experiments it is interesting to
speculate on the possible conformation of the second.
Attempts to construct a model containing. a (2)~amide
linkage proved imposéible suggesting that two
different amide rotamers are not the reason for two

1

sets of proton resonances. Inspection of the “H
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n.m.r. data (see Table 3) for thé major and.minor
resonances of (4) and the nitrobenzoyl ester (5)
revealed considerable similarities between resonances
with however four signficant exceptions, The
resonance due to the minor component 11-H has moved
downfield by 8.5 p.p.m. suggesting a decrease in the
contribution of the l-nitrogen lone pair to the
aromatic ring system. The resoﬁance at §4.7 due to
the minor component of 2-H has undergone a downfield
shift. Bringing this proton into the plane of the
lactam group would produce this effect due to the
well known anisotropic effect of the carbonyl group.
The 1-N-methyl group has moved upfield due to an
increased shielding effect of the aromatic ring
system. Finally the minor resonance of 311—H,
assigned from n.O.e. experiments (yide supra) at
81.25 has suffered a downfield shift of no less than
#.63 p.p.m. Inspection of the conformation of (2)
(see Appendix 1) reveals that 3llg is situated in
the ring current of the indole ring causing the

311

unusually high chemical shift of -H in the major

conformer. To account for the large downfield shift

311-H in the minor conformer it is evident that

of
the indole ring current can no longer effect the
group. Additionally it is possible that the minor
conformer presents a more sterically crowded
environment than does the major conformer, shifting

the resonance further downfield. One further

observation needs to be accounted for in considering
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L34

alternative conformers for feleocidin A (4). The
4-nitrobenzoyl ester (5) as has already been
discussed reveals a significantly higher proportion
of the minor conformer. It is well known that
gromatiq systems will adopt a "stacked" mode by
interaction of "W molecular orbitals as in, for
example, the formation of picrates. This suggests
that in the minor conformer the 4-nitrobenzoyl group
can "stack"™ with the indole ring. The major
conformer cannot undergo this interaction due to the
buttressing of the 5-H proton.

Study o. Dreiding molecular models and
considering the above observations, the most probable
minor conformer of the molecule would appear to be
that illustrated in Fig. 1 Minor. Relative to the
major conformation, the l-N-methyl group has been
twisted towards the aromatic ring and the nitrdgen
lone pair has been shifted further out of the plane
of the indole ring. The 2-H proton is situated in
the plane of the lactam carbonyl and 311—H has been
moved away £from the "aromatic rihg current.
Significantly 211-H has undergope only minor changes
in its environment reflected in its unchanged
chemical shift. The hydroxymethyl group is also
suitably situated to place an aromatic ester in the
molecular orbital system of the indole ring. Inter-
conversion of the two conformers is brought about by

a rotation of approximately 126° of the 6-6A
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carbon-carbon bond and is hindered by the interaction
of 5-H with the 1-N lone pair.

It had beeq expected that the 4-nitrobenzoyl
ester (5) would be crystalline and suitable for an
X-ray diffraction study. Evidently the existence of
two conformers stable at room temperature prevents
crystallisation of the compound.

Finally Christopherson's group have recently’
reported the isolation of a marine alkaloid
Flustrabromine (6) which is thought to occur as two

1 13

rotamers about the amide as evidenced by "H n.m.r.” ",

This compound was isolated as an amorphous solid.

CH+0 CH
P |2
N H NYH
A\ N\ A
Br N = B N N
H H
(EM6a) (Z)(6b)

Although it has been shown that Teleocidin B (1)
undergoes a ring opening followed by ring closu;e
reaction to the lactone (3) similar attempts to
prepare the corresponding lactone from Teleocidin A
(4) were unsuccessful. Warming Teleocidin A (4) in
conc., BCl resulted in 'a number of produéts:
Treatment of (4) with cold conc. HC1l however formed a
compound in 5P% yield after chromatography which

revealed M¥ 455 in the mass spectrum corresponding to
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a hﬁdrated Teleocidin A derivative. A number of-
other acids were found to induce either extensive
decomposition or else have no effect on (4).

(iii}  Ihe Biology of the Teleocidins

From the early biological data (yvide supra) on
the Teleocidins and Lyngbyatoxin A it was apparent
that these compounds possessed potential applications
as veterinary drugs. More recently however these
compounds have demonstrated some less useful although
interesting biological properties, which will now be
discussed.

Human l&mﬁhoblastoid cells enriched in human
leukocyte antigens by transformation with Epstein-
Barr virus were aggregated to a quantifiable degree
by ﬁanogram quantities of dihydroTeleocidin B14. It
has also been observed that Teleocidin aggregated
T-enriched lymphocyte preferentially and had a
mitogenic effect on both T- and B- enriched
lymphocytes although immunoglobulin synthesis was
unaffectedls. A platelet metabolism dependent
irreyersible aggregation of human platelets by
Teleocidin has been reportedls. Divalent cations and
fibrinogen are required for aggregation to take
place. No significant shape change was observed in
the aggregated platelets. 14C-Serotonin and A.T.P.
release were observed after the onset of irreversible
aggregation had occurred. Finally in this section
adhesion of human promyelocytic leukaemia cells to

the surface of culture vessels was induced by small
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quantities of dihydroteleocidin B added to the
culture medium17.

Teleocidin B also inhibits the mitogenic effect
of epidermal growth factor (E.G.F.) to rat A.H.66
hepatoma cells_ by reducing cell membrane E.G.F.

receptor affinityla'lg.

It was found however that
prolonged treatment of A.H.686 cells with Teleocidin B
reversed this antagonistic effect. By contrast
.Collins and Rozengurt have found that Teleocidin is a
potent mitogen <for murine fibroblasts and
synergistically stimulates D.N.A. synthesis with a
wide range of purified growth factor.s {including
E.G.F.)zg. There was however no synergism of
Teleocidin with vasopressin suggesting cthat they
could both operate by the éame mitogenic pathway.
Lyngbyatoxin A and dihydrotelecidin B induced a
rapid increase in the release of prostaglandins and
in the turnover of choline in He La cells?l., an
earlier report from the same group showed a rapid
release of arachidonic acid when C3H 10T1/2 cells
were incubated in a medium qontaining Teleociain B or
dihydroteleocidin B. Additionally it was noted that
2-deoxyglucose uptake was greatly enhancedzz.
Stimulation of superoxide anion radical
producfion in polymorphonuclear leukocytes treated
with Teleocidin B was alSo noted. This particular
stimulation was shown to be inhibited by the addition
of trans retinol, retinyl acetate or retinoic acid to

the culture medium23.
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Inhibition of terminal differentiation of Friend
erythroleukaemia cells induced by dimethyl sulphoxide
has also been illustratedl7. Induction of ornithine
decarboxylase occurred on painting dihydroteleocidin
B, Teleocidin or Lyngbyatoxin A on mouse skin. It
was again found that retinoic acid inhibited the

observed inductive effect17’24.

Ornithine
decarboxylase is involved in the decarboxylation of
ornithine to putrescine which is a biosynthetic
intermediate to spermidine and spermine. These two
polyamines are important compounds -in the
stabilisation of membrane structures in bacteria as
well as in the structures of ribosomes, some viruses,
and the D.N.A. of many organisms,

It should be noted that in the abave discussion
reference has been made in some cases to Teleocidin
rather than more specifically to Teleocidin B. 1In a
recent report Fujiki has stated that Teleocidin
consists of two compounds Teleocidin A and Teleocidin
st. This observation was reported previously during
the original isolation of the Teleocidins! It is
probable therefore that recent references to
Teleocidin in the biological literature refer to a
mixture of both Teleocidins A and B.

It is evident from this discussion that
Teleocidin and Lyngbyatoxin A have a significant
effect on the intact cell membrane. Similar effects

were observed in parallel experiments in which the

known tumour promoting vesicant 12-0O-tetradecanoyl-
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phorbol-13-acetate {(T.P.A.) was sSubstituted for
Teleocidin. Additionally in competition experiments
for cell membrane binding sites T.P.A. and Teleocidin
were shown to act antagonistically towards each
other. Such similarity in biological behaviour at
very similar concentrations suggested that Teleocidin
éhould also be a tumour promoter. Indeed it has been

recently shown that this is the case24’26.

On
painting a solution of the Kknown carcinogen
7,.12-dimethylbenz{alanthracene onto the skin of mice
and subsequent treatment in the same way with
Teleocidin resulted in the appearance of skin tumours
on 99% of test animals within nineteen weeks.
Control animals which had only been treated with
7+:12-dimethylbenz{alanthracene only, showed no signs
of tumour growth after the same time.

Finally it was found that dihydroteleocidin B
after treatment with hydrochloric‘ acid in the
presence of thioglycollic acid produced a compound
inert in a number of the above experimentsl4’24. it
is thought that thisrcompound is the seco amino acid
{7) since a moleular ion at 471 a.m.u. has been

observed equivalent to the addition of the elements

of water to dihydroteleocidin B (m/e 453)24.
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0,C(CH )12CH,

The Teleocidins present a number of challenging
features to the organic chemist. The tricyclic
"northern zone" lactam skeleton (8) can be regarded
as being made up from a 4-aminoindole nucleus (9)
which would necessitate a strategy of both
differential 4-N,N-dialkylation and specific C-3
substitution. Alternatively the molecule may be
viewed as a cyciic dipeptide constructed from
N-methylvaline (1) and tryptophanol (11) formed by

the reduction of tryptophan.
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CH3N \r."’\oH
Q
|
N
H

Tz

(9).

The 4-aminoindole skeleton which is also present

in dehydrobufotenine {(see review)

has previously

received little attention from the synthetic organic

chemist. The construction of the %-membered lactam

ring is also likely to propose a difficult task due

to unfavourable entropic and thermodynamic factors

27

and the need to be able to stereoselectively prepare

just one isomer (irans) common to the natural

product. Finally the stereo and regiospecific

introduction of the 1linalyl group of Teleocidin A
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provides an awkward twist in the tail of any proposed
synthesis. ’

Owing to these many potential problems it was
felt that it would be necessary to use a number of
model compounds in order to be able to establish a
total synthetic strétegy. To this end it was decided
thét'such species should initially permit:- (a) the
investigation of the influence of the hydroxymethyl
functionality and (b) the correct strategy for the
synthesis of the lactam ring. Consequently the two
model compounds (12) and (13) were proposed as
targets to stuqx these problems. Furthermore it was
proposed to synthesise the lactam (8) to provide a
"nothern zone" c¢ontaining all the 1lactam ring
features of the natural product but lacking the

lipophilic "southern zone".

H - H
CH3N/\fO(N CH3N /\B/N OH
| |
! N
H H
(12) (13)

It is thought that the biological properties of
the Teleocidins are largely due to the novel lactam
ring (see 2 (iii) Biology-of the Teleocidins). These
model compounds should also therefore act as useful

probes for biological activity. .
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Finally the compounds (14)-(16) were also
considered as appropriate target compouﬁds. - Although
only indirectly related to the Teleocidins their
synthesis 1is of both theoretical and biological
interest. Variation of bond length between (14, X=S)
apd (12, X-NCH,) is a significant 8.398 for the
indole C4-X bond and 8.34R for the X-CH, bond. It
was expected that such differences in bond length
could lead to some interesting changes in the
facility of lactam‘formation and to some changes in
conformational effects around the ring reflected in

the 1

H n.m.r. In addition, these compounds (14)-(16)
.sexrve to further explore the biology of the

Teleocidins.

g (12)X =NCHj4

0 (141X =S
_ N I (15))( =CH2
H
(161X =0

- (ii) Retrosynthesis
' In order to fulfill the dual biological and
chemical_targets of the project a versatile synthetic
scheme was obviously required. The general synthetic
strategy adopted for the ﬁreparation of (8), (12) and
(13) is outlined in Scheme 2.
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SCHEME 2

N
t

(8) R = (CHy);CH, R} =CH,0H (12) R =R¥=H

(13)R" =H R¥=CH,0H &
C\\b

a
R! R'
A )\KH
CHyN COR? CH;N N
0
NH, . _
MEE Ny o
N NO T
H \ - y H
RT
(19) (20} X =leaving grou
CHBN*COZRZ 9 grow
. R'=(CH;),CH H
N\ R?=CH,,CH,CH5
. R3 =H.CH,0P
(18) .
P =H protecting
rou
CH4NH NH, o
o — OO
N N
H H
(17) (9)
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The initial sta?ting material in this sequence is
4-aminoindole (9) which although it is- a known
compoundza-has never been investigated in detail‘
previously. Selective 4-N-monomethylation of a
4-aminosubstituted indole yia a two
stage formylation and reduction procedure has been
‘reportedzg. Application of these reaction conditions
to indole (9) followed by alkylation of the so fsrmed
N—methylaminpindoie (17) with an appropriate
drbromo—carboxylic'acid ester should lead to the key
intermediate (18). As can be seen, two alternative
routes (a) and (b) (Scheme 2) now arise. To
synthesise the tricyclic'models and analogues (8),
(12) and (13) introduction of a suitable tryptamine
or tryptophanol 3-substituent was anticipated to
present few problems (path a, Scheme 2). Evidently a
versatile procedure was required to permit the
preparation of different 3,4-disubstituted coﬁpounds
(19, R3=HfCHZOH,CH20P). It was expected that
protection of the hyéroxymethyl group of (19,
R3=CHZOH) would be required to prevent cyclisation of
the hydroxy group to form a lf-membered lactone ring
competing with the required cyclisation to the
9-membered lactam.

In order to complete the synthesis of the
tricyclic models {8), (12) and (13) cyclisation of
the geco amino acid ester (19%9) is required. Although
a number of macrocyciic lactone forming procedufes

have been reported3ﬁ few are readily applicable to
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lactam formation. However there are now many'anQ‘
varied methods of forming amide (peptide) bonds>1i.
It would seem eminently reasonable therefore to apply
such methodology to the preparation of the cyclic
dipeptide lactams (8), {(12) and (123}.

Up to this point no mention has been made of
stereochemical considerations. Synthesis of the geco
amino acid ester (19, R1=(CH3)2CH, 32=C320P) in a
non-stereoselective manner provides four enantiomers
(two diastereomers). Consideration of the
diastereomer of (19, R1=(CH,),CH, R%=CH,OP) which
results in the formation of a cyclic product (8) with
a Ltransg relative stereochemistry should proceed more
rapidly than cyclisation of the other diastereomer.
It is well known that epimerisation at the & position
of an amino acid readily takes place. 1Indeed this
can be a serious problem in peptide synthesis. 1In
our- case however epimerisation of the unreacted
diastereomer (12, Rl=(CH3)ZCHr R3=CH209) followed by
resubmission to c¢yclisation could well lead to an
additional yield of the trans racemic lactam (8). It
should also be noted that a synthesis of both
diastereomers _of (8) would in any case be of
interest.

An attractive alternative réute to the tricyclic
models (8), (12) and (13) proceeds through the
dipeptide (28) (path'b, Scheme 2) which could be
readily prepared by conventional means from the key

intermediate (18). Intramolecular -reaction of (28)
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between the indole 3-position and a suitable leaving
group X leads to the desired tricyclic products, A
bonus to this route is that a chiral amino acid such
as serine may be condensed with (18) permitting the
stereospecific introduction of the hydroxymethyl
substituent. Use of serine in this procedure gives
for example (28, X=C0Cl), which, after intramolecular
Friedel Crafts reaction would result in the -
vinylogous amide (21). Selective reduction of such
species to the corresponding indcle in the presence

of an ester has been reported32.

L. Ry
CHNJ\n’
S

<7N0P

P =protecting group
0 R = (CH3),CH H

(21)

Finally, in order to complete a total synthesis
of Teleocidin A introduction of the 5southern zone"
linalyl group is required. It has been postulated
that inverted isoprenoid units present in some indole
alkaloids such as echinulin (22) may be introduced by
rearrangement of a l-isoprenyl substituentBa. In
addition l-allyl-3-formylindole (23) has been shown
to undergo rearrangement to the 1,3,7-trisubstituted
system (24) via an intramolecular Friedel-Crafts

reaction34’35.
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(22)

~°——>
A

(23) (24)

In principle therefore a concise approach to the
introduction of the 1linalyl group presents itself
(Scheme 3). By choice of the appropriaté conditions
it should be possible to rearrange a l-geranyl adduct
such as (25, Scheme 3) or more probably a
1,3,4-trisubstituted comp&ﬁnd (27) to the desired
7-linalyl substituent. Conditions that might be
considered for this transposition would include acid
catalysis or conditions favouring an aza-Claisen
{3,3] sigmatropic rearrangement. Further
manipulation of the rearranged product (26) or (28)

could lead to Teleocidin A.
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SCHEME 3

- Teleocidin A

1’ 2y Y
CHN” “CO,R CH3N

CO,R
A\ \
N
H
lin \ I y ger
(26) CO2R (27)
\
_N
ger

(25) ger =
" W
\V4 ' :

P =Protecting group
j\/ R =CHj CH,CH,

CHaN” “CO,R

A\

N:

H
(18)
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4.

-p ion of 4-Substituted Indol
(1) Introduction
It is evident from the previous section thaﬁ a

successful synthesis of Teleocidin A relies on an
efficient route to 4-aminoindole {9). Surprisingly
when this project was initiated there were few routes
to this relatively simple compound. Essentially
three approaches have beeﬁ adoptéd in the past which
are summarised in Scheme 4:- (a).the reduction of
4-nitroindole36737 (29) itself formed in poor yield
(<1P%) by Fischer indole synthesis38, (b) by

ﬁucleoPhiliC'substitution of 4-haloindoles?8s39 (39)

SCHEME 4

NO, " NH,
. A\ i A\
N N

H H

| (29) (9)
. (il Wrm)

X " NH,
e ;

H H

(30) x=Br,Cl - {31)

R=H CO,H

(i) [H]. (ii) CuX, NH,0H. (iii) P4/C
and (c) by Bakke's multi-stage procedure in which

commercially available 2,6-dinitrotoluene is
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cohvertedrih three stages to 4-aminoindoline (31)
from which” (9) is reported to be formed in poor

yield4ﬁ.

The second alternative seemed most promising
since the starting indole (38, X=Cl, R=COZH) is

readily available41

and the procedure conducive to
large scale opertions.

Two further reports of 4-aminoindole chemistry
‘were also considered. Gramine (32) is reported to
give ﬁ mixture of 4- and 6-nitrogramine (33) and (34)
when treated with nitric acid in acetic acid (Scheme
5)27' 42. Yields are however poor and would involve
a regioisomer seéaration and also additional
functional group manipulation at a later stage of a

projected synthesis43.

SCHEME 35

N(CH3),

(0 (34)
N ' +
H
| NO;
(32) < N(CH3),
N
H
(33)

(i) HNO;, AcOH.
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Beckmann rearrangement of the oxime (35) of
Uhle's ketone is reported to give the seven membered |
| lactam (36), (Scheme 6}. Yields are again poor °*

L]
however and Uhle's ketone is not readily available44

SCHEME ©

' 4

(i) Polyphosphoric acid.

More recently a fd%her two syntheses of the key
indole (9) have been reported and will be discussed
in the appropriate section45-47.

(ii)

It has been reported by Walton, Holly and

28

Jenkins that the known indole-2-carboxylic acid

(38, X=Cl, R=CO,H) is converted into 4-aminoindole
(9) in a 60% yiéld on tfeatment with conc. ammonium
hydroxide and cuprous chloride. In an attempt to
repeat this work the acid (30, X=Cl, R=CO,H) was
synthesised from the commercially available
2-chloro—-6-nitrotoluene (37) in two stages according
to the literature procedure in a 43% overall yield
{Scheme 7)41a. -Reaction of the indole (39, X=Cl,

R=C023) with ammonium hydroxide and cuprous chloride
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under a variety of conditions, however, resulted in

the isolation of 4-chloroindoie-(38) only, in modest

yields,
SCHEME 7
@[c " ! Co 2|-| N
N 0 2 ( I ] »
H
(37) (37a) _ o
o \lfm_
A a

:EZ://

(38)

(1) NaOEt, NaOH, Et0,CCO,Et. (ii) FeSO,, NH,OH, or
Na,S,0,, NaOH, 43% overall, (iii) NH,OH, CuCl, 268°c¢,
37%.

It was evident from these results that an
alternative approach to 4-aminoindole (9) was

required.

(iii)  The Gassman-Indole-Svnthesis
Recéntly Gassman and his coworkers reported a new
indo;e'synthésis leading. to readily desulphurised
3-methylthioindoles (39)48'49. Amongst the indoles

synthesised by this new methodology was the
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nitroindole (48), formed regiospecifically from
3-nitroaniline which on reduction should lead to the -

required indole (9).

NO, NH,
SCH; ‘ SCH, '
A\ Ny _[H] N
N N N
R H H H
(39) {40) (9}

The mechanism believed to be involved in this one
pot multi-stage synthesis is outlined in Scheme 8.
N-Chlorination of an appropriately substituted
aniline (41) with fert-butylhypochlorite leads to
(42) . Nucleophilic displacement of chlofide with
either the aldehyde (47) (Path A) or the acetal (48)
(Path B) leads respectively to the azasulphonium
salts (43) ana (44). Treatment of either salt (43)
or (44) with mild base generates a. ylid which
undergoes Sommelet—-Hauser rearrangement to give
either the 2-substituted aniline (45, Path A} or (46,
Path B). The aldehyde (45) undergoes in situ
dehydration to the indole (39) while the isolable
acetal (46) forms the indole (39) on treatment with
dilute mineral acid.

Methylthioacetéldehyde dimethylacetal (48) was
readily .prepared by reaction of the corresponding
bromide>? (49) with sodium thiomethoxide>l (Scheme
9). Hydrolysis of the acetal (48) to the aldehyde

(47) was however less satisfactory. Treatment of
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SCHEME 8

LS O
NH, NHCI
(41) path A (42) \\§3ﬂ1s

| H
—  {43) CHs | . (44) CHy |
lﬁV) (iv)
SCHy SCH 4
R A R OCHj
O, i, 0CH3

(i) (CH3),COCl. (ii) CH3SCH,CHO (47). (iii) CH3SCH,
CH(OCH3), (48). (iv) Et3N. (v) HCIL.
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(48) with dilute mineral acid at reflux followed by
distillation gave only a 19% yield of pures

aldehyde49’5l {47). Reaction of acetal {48) with
gsilica gel and sulphuric acid according to Conia's

o
pz:ocedur:e‘2

gave only incomplete conversion to the
product (47). It was found however, that although
hydrolysis was. inefficient, few side products were
formed and so the crude hydrolysis product was used
for inéoie synthesis without any apparently

detriﬁentél effects on yields obtained. Alternative

hydrolysis proéedures investigated were found to be

uniformly unsatisfactory.

SCHEME S

Py

OCH; CHaS~~-0CH; CH.S5 0
ZN0Ac BN 0CHs CHys ™y 2 CHSN2
(i) (i) 0CH3 i) OCH3 (iv)or(v)

(49} (48) (47)

(i) Brz, CC14. (ii) CH3OH, 63%. {iii) NaSCH3, EtOH,
THF, 69%. (iv) @.1N BHCl reflux. (v) Sioz, H,S0,.

Chlorination of 3-nitrcaniline followed by
tréatment with the acetal (48) (Scheme 8, Path B)
gave the azasulphonium salt (44, R=3—N02). Reaction
of this salt however with a number of bases followed
by acetal hydrolysis with mineral acid gave only
modest yields (<19%) of the deep red nitroindole

(40). In addition, the regiocisomeric lemon yellow
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indole: (Sﬂi was also formed in variable amounté, in
some cases forming' half the indolic material

isolated.

SCH,4
\

© N

0,N }

(50)

In view of these poor yields use of the aldehyde
'(47) (Scheme 8, Path A) was investigated. Treatment
of the N-chlorcaniline (42, R=3-N02) with crude
aldehyde (47) (vide—supra) and base according to

Gassman's procedure49

gave a 36% yield of the indole
(49) and in addition the regioisomeric ihdole (58) in
a 4% yield. The yield of (48) compares favourably
with that previously reportedég, however formation of
(58) had not been observed previously.

2 number of other indoles were prepared by the
same procedure (Table 5). 3-Bromoaniline (51) ‘gave
in a low yield the two regioisomers (52) and (53)
(entry 2). The poor regioselectivity of this
reaction is thought to be due to the steric bulk of
the bromo substituent. This bulk disfavours
rearrangement of ylid (6l1) by Path .a (Scheme 14)
compared with rearrangement by Path b. -

It is evident that the aniline (54) can only form
the trisubstituted indole (55). This interesting

1

compound was prepared to provide unambiguous ~H
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- ; e
TABLE S5:- Synthesis of Indoles from nethylthioacetalcf:yde
and Substituted anilines ’ _

" lenty!  Aniline Products (yield%)
NG NO
: ©SCH; | SCH4
| o Lo
NHZ . ﬁ UzN E
| ~ 40 (39) 50 (4)
b ‘Br -
SCH4 SCH
| NH N Br N
51 ’ 52(13) H 53(14) H
0 NO
: 2 _SCHj
A\
3 NH, N
54 CHy 55(35} CH,4
AcNCH 5 SCH3
[: j cmmu@\/\g
L
NH, . N
26 57(7-7) H
TN -
CHyN~  CO.Er CHy
| SCH5
5 =LY
NH, N
58 59 (0) H
NH SCH 4
2
| O @8]
N
60(32)

. 199



L

n.m.r. spectral data foqﬁ;7-diéubstituted indoles
(vide infra) and as a potential precursor to the

Teleocidins.

SCHEME 10

> (52)
> (53)

It was unfortunate that the more highly
functionalised diamines, (56) and (58) prepared by
standard methods pfoved to be such poor substrates
for the Gassman reaction, (entries 4 and 5). It is
thought that the failure of these reactions is due to
the enhanced electron density of the aromatic ring -
inhibiting the Sommelet-Hauser rearrangement compared
with anilines such as (51) and (54). 1In addition
tert-butylhypochlorite might be expected to
chlorinate diamine (58) in the aromatic ring rather

than, as required, on nitrogen.
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(iv)

With the indole (40) available in reasonable

quantities a brief study of its chemistry was
undertaken with a particular view to utilising the
3-methylthio group to further functionalise the
moleculet_ ‘ . |

The benzylated indole (62) and a potential
aza—~Claisen precursor (63) were prepared in excellent
yields according to Lef and Heaney's procedure53 from
the corresponding chloride and indole (44).
Treatment of indole (48) with methyl iodide in ether

gave the pale yellow sulphonium iodide (64) in a 57%

yield.
®
%2 _sch, %2 _scw; V2 Seny,
A\ A\ N 1°
N
N //l\\//ﬁ\\//L\v/J "
™
(62) X | (64)
(63) ‘

It has been reported that vinylic sulphides
produce, on treatment with an alkyl Grignard reagent
anq a nickel (II) catalyst, an alkylated olefin54.
Neither (44) or (62) howéver, gave any identifiable
product on treatment with NiClz(PPh3)2 and p-butyl

magnesium bromide (Scheme 11) under a variety of

conditions.
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SCHEME 11

NO, SCH NG,
3
\ (N, \
N /X Y
R - R

(40)R=H" (62)R=Bz

' (1) CH4{CH,);MgBr, NiCl,(PPhj),
The hydrolysis of vinyl sulphides to carbonyl
compounds is well known but (48) gave none of the

Y
indo%le'(GS) on treatment with for example mercuric

acetate and acidss.

o NO NO
- 2 _SCH; 2 0

Q (i)

1=
=

(40} (65)

(i) Bg(OAc),, Y

The nucleophilic substitution of species such as
(66) has been known for some years56'57. In an
effort  to prepare an analogous species {67)
3-methylthioindole (68) was treated with LizpdCl4.
Microanalysis of the resultant orange -product however

suggested a complex of structure (68) due to the

thiophilicity of palladium.
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Ct
\ |
- Pd Cpyz —Pd—
Z° 1 N(CHy), \ C Td Cl
N
o b
(66) _ (67) (68)
‘ Ind =Indole

In conclusion these studies demonstrated that the
indole (40) required reductive desulphurisation as a
prelude to further functionalisation of the molecule.

- (V)

A M3 e d {43

Gassman has reported that the 3-methylthioindoles
(39) are readily desulphurised‘by Raney nickel49. It
was found however that neither the nitroindole (48)
nor its ;lkylated derivatives (62) and (63) reduced
readily by the same procedure.- In particular it was
found that amongst the reduction products isolated
were 4-N-alkyl adducﬁs formed by reductive alkylation
of the amine with the hydroxylic solventsa. Also,
although the nitro group reduced .rapidly.
desulphurisation occurred much more slowly (see Table
6). However, the simple indole‘(Gﬁ) was readily

reduced by the same Raney'nickelsg.
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TABLE 6:—~

Entry|Substrate| Conditions® Product(s) (yield%)b
NH
2 _SCH;
1 40 | RaNiEtOH | © N
: N
H
69 (10).
NH, -~ = NH
’ CHj ’ S
. N N\
2 62 RaNi EtOH T I}l
70288 7121 B
NH,
| =N
9{80)
NH, HNCH,CH,CH;
4 63 RaNi,nPrOH N @
' N N
cl H,< é H
72(33) 107121 73(23) 1021
H?z ’
SCH4
5 63 LiAH, THF N\
L 4
74(66) CioH47
6 40  |NiCl,NaBH, 9(76)
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" TABLE 6 (cont]

Entry| Substrate| Conditions' Product(s) (yield%)b-
7 62  |NiClyNaBH, 71(72)
. " NH,
A\

Ew“ C10H17

NH -

T _SCH,
9 23 | | N
H

CHy  75147)
HNCH2CH3
H

Cis  77(14)

B
ol

o d
C10Hz1;l\/\)\j CyoHy7 =

a.

b.

(! i 5

!

Reflux in the indicated solvent until reaction
complete,
Yield of chromatographically homogeneous material.

Reduction of (63) with lithium aluminium hydride
led, as expected, to the highly crystalline hydrazo

compound (74) (Table 6, entry 5). Finally it was

 found that treatment of a refluxing ethanolic

solution of the indole (40, 62 or 63) with nickel

60

boride generated ipn-gitu from'excess nickel (II)
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chloride and sodium borohydride gave satisfactory
yields of the required 4-aminoindoles (Table 6). A
further advantage of this procedure was that no
reduction of the olefinic bonds present in (63) took
place (compare entries 4 and 8, Table §). As with
Raney nickel, 3-methylthio-4-aminoindoles such as
(69) and (78) were formed as intermediates during the
reduction, which then undefwent shooth_desulphur-
isation.

Although yields of the aminoindeles (9) and (71)
were satisfactory, isolation of the products from the
large excess of inorganic material produced was
laborious and reaction conditions did not lend
themselves to large scale work. With the additional
drawback of having to separate the two regioisomers
(40) and (54) it was decided to develop a more
practical synthesis of 4-aminoindole (9).

(vi) The Leimgruber-Batcho Indole Synthesis

In 1977 Leimgruber and Batcho patented an elegant
two stage procedure for synthesising indoles from
2-nitrotoluenes (78), (Scheme 12)81, Condensation of
dimethylformamide dimethylacetal (DMFDMA) with

2-nitrotoluenes (78), first reported by Meerwein62
results in the efficient formation of the enamine
(79) . Facile reduction yields the indole (88} in what
is pfobably the most rapid and highest yielding, of
general indole syntheses. In addition this route is
regiospecific and so is especially suitable for the

synthesis of 4-substituted indoles,
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SCHEME 12

CH3 @\/\/N(CH:-D: /@\/‘\>
No2 (U it} N
H

(78] (79) _ (80)

Fe/ACOH/EtOH.

Until recently no reports on the synthesis of
4~aminoindole (9) by this method had been made. It
was found that the doubly activated commercially
available 2,6-dinitrotoluene (8l) reacted smoothly
and rapidly with DMFDMA to give the deep purple
enamine (82) in yields routinely greater than 99% .
The Lrans geometry of (B82) was assigned from the l4ﬁz
coupling constant for the two vinylic protons

resonating at 65.28 and 6.41.

SCHEME 13
NO; NO,
CH3 N(CH3)2
> —_—>
NO, (i) Ng, (ilorfiii)
(81) (82) A (9)

(i) (CH3)2NCH(OCH3}2,D.M.F., >98%. (ii) 18% P4/C,
Hy» 6Pp.s.i., T.H.F. 895%, (iii) EtOH, AcOH, Fe, 69%.
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Reduction of the cfudé'enamine (82) to (%) was

_ accompiished with either iron/acetic acid/ethanol or,-
more efficiently, in an 89% yield by catalyic
reduction in T.H.F. The product was isolated as a
slightly oily so¢lid which was however sufficiently
pure for ﬁﬁrther tranformation (Scheme 13). Recently
Kruse reported the reduction of enamine (82) to (9)

by catalytic reduction in benzene?’

p however attempts
to repeat this result were unsuccessful. The enamine
(82) is particularly susceptible to intermolecular
reactions generating dimeric and trimeric products.
To overcome this problem rapid reduction is
ﬁecessary, that is a relatively high catalyst to
substrate ratio. In benzene, however, as the
reaction éroceeds water is generated which being
immiscible with the solvent causes the catalyst to
conglomerate and effectively reduce the catalyst to
substrate ratio. In THF no such problem can arise
due to the miscibility of the solvent and water.

It was found that the reduction of enamine (82)
with iron and acetic acid in ethanol gave
inconsistent results, Yields of the desired amine
(9) as high as 69% were recorded in some instances.
Other expetiments resulted however, in the formation
of only very low yvields of (9) and, in addition, up
to 18% of the partially reduced 4-nitroindole (29).
A number of conditions designed to selectively
produce 4-nitroindole (29) from the enamine (82) were

however unsuccessful. Somei's group45'46 have shown
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that the enamine:(BZ) on treatment with 4 mole
équivalents of titanium (III) chloride, that is
insufficient to reduce Ehe enamine (82) éompletely.to
(9) gave a number of products (Scheme 14). It was
found that l~nydroxy-4-nitroindole (83) was converted
to (29) on treatment with ethyl bromoacetate to give
a 67% overali yield of (29).

The utility of the Leimgruber~Batcho synthesis
has been further extended by -the report of the

63, This involves

preparation of racemic tryptophans
the functionalisation of enamines such as (79) prior
to cyclisation. Attempts to exploit this methodology
for the synthesis of 3,4-disubstituted indoles
however, proved disappeinting. The substituted

acrolein (85) and the enamino aldehyde (86) were

SCHEME 14
192 (9) 49/ (83)47‘/
X N¢Hﬂz ’ “0H
NG, [ nl
st
| H L
(_29) 31% (84) 6%

(1) TiCly, MeOH. (ii) (1) BrCH,CO,Et, Et,N.
(2) NaHCO;, MeOH, 87%
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obtained in excellent yields from the enamine (82) by
literéture procedures (Scheme 15)63. Unfortunately
neither (85) or (86) woﬁld undergo further
functionalisation and this potentially useful route
to 3,4-disubstituted indoles was therefore abandoned.
Reasons for the failure of this route are by no means
obvicus, but are probably due to steric factors. It
would appear tﬂat the electron withdrawing properties
of the .aromatic ring would £favour the Michael
addition and condensation reactions that were
investigated. Both (85) and (86), however, have an

exocylic olefinic¢ system in conjugation with the

aromatic ring. The exocyclic system would therefore

SCHEME 15
NG,
/ﬂ

NOZ *’?Tﬂ;? NOZ
N(CH3)q ~ (85)

NG, 0
i NO

| NGO,
(86)

(i} (CH3)2NH, HCHO, AcOH, 92%. (ii) P0C13, D.M.F.,
82%
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be expected to adopt a conformation Ehat is coplaner
with the‘aromaiic ring. This effect would bring the
sites designed to undergo reaction intc close
proximity with the two large ortho nitro
substitutents.

An intriquing alternative route to 4-aminoindole:
(9) that has not been previously expiored is the
Curtius rearrangement of indole-4-carboxylic acid
(87). Methyl indole-~4-carboxylate (88) is a well
known intermediatg in ergot alkaloid synthesis.
- Older reports of éhe synthesis of this compound have
generally bheen multistage with poor overall yie1d564.
Recently howevef two groupsss’66 have reported the
synthesis of the ester (89) using the Leimgruber-—
Batcho methodology (Scheme 16). This route was
successfully reproduced to give a.65% overall yield
of (88) from the starting benzoate ester (89) which

was in turn prepared from the commercially available

acid (99).
SCHEME 16
0,CH; 0,CHj
CHs ) N(CHa), \
(iii) N
N0, NO, N
l90)-R=H:] (91) o (88)
i) '
(89)R =CH,

(i) CH;0H, HC1l 88%. (ii) D.M.F.D.M.A. 93%.
(iii) H,/Pa/C, 70%
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Hydrolysis of the ester prdceeded smoothly to.-
give a 73% yield of the desired acid (87). Curtius
rearrangement of carboxylic acids has classically

. required quite drastic conditions, making it
unsuitable for use with indoles. Yamada in 1972,
however, reported the use of diphenyl phosphoryl
azide for carrying out this transformation under

67. On treatment with this

mildly basic conditions
reagent in refluxing tert-butanol and triethylamine,
the acid (87) underwent a smooth‘;earrangement to the
urethane (92) (Scheme 17). Interestingly the
urethane (92) was reduced to)4-N—methyiam£noindole

(17) with lithium aluminium hydride in a low but

unoptimised yield.

SCHEME 17

q
0,CH5 0, HN’lﬂ—F
) il s Ny il s [:t:Ej§>
N N N
H H H
(88) (87) (82)
m)

NCH3

D

(17}

(i) NaOH, EtOH, 73%. (ii) (PhO)zp(o)N3, Et3N, £-BuOH,
61%. (iii) LiAlH,, T.H.P, 37%.
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2,6-Dinitrotoluene (81) is a particularly
verséfile intermediate for the synthesis of
4-substituted indoles. FKozikowski synthesised thé
indole (93)%8 by a multistage modification of the
Leimgruber~Batcho method from the nitrotoluene (94).
This was prepared in turn from (8l) by treatment with
ethyl mercaptoacetate in H.M.P.A. in an excellent
yield (Scheme 18). _The indole (93) was of éomer
interest as a precursor of a thio-analogue (14} of
the teleocidin skeleton. It was found however that
although (94) was readily prepared, only low yields

of the indole (93) were isolated.

SCHEME 18

NG, “CoEt | “¢0,CH;
CHy S @[ (ii)"-'(vi); @
NG, NG, _

(81) {94) : (93]

(i) BSCH,CO,Et, LiOH, H.M.P.A, (ii) ROH, CH,0H, 78%.
(iii) D.M.F.D.M.A. (iv} HC1 (v) Feso4, NH,OH.
(vi) CHZNZ' Et,0, <20% overall.

Partial reduction of (8l) according to Heck's

procedure69

gave the useful nitroaniline (95) from
which a number of potential indole precursors were
readily prepared according to literature procedures

(scheme 19).
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SCHEME 19

P
NO, NH, HN™ CO,Et
Fa_w O s () | CH3
NO, NO,

(81) é{//l///// {95) (95}\§gﬂvﬁ)
70
Br V{ﬂd
CH

CHa CQ,CH,
NG, No2 .

. (96) (97) (98] HOO)

(i) Et3N, HCOZH, P4d/C, 66%., (ii) NéNOz, CuBr.
(iii) NaNOz, I,. (iv) NaNO,, heat. (v) KHCO,, KI,
BrC32C02Et, D.M.F., (vi) NaOH, EtOCH. (vii) CHBI,
K2C03, D.M.F.

The bromocompound (96) was converted in two
stages into ' 4-bromoindole (101) (Scheme 28).
Reduction of the enamine (182) proceeded rapidly at
atmospheric pressure in the presence of Raney

59

nickel””, to give a 59% overall yield of (101l) from

(96} .
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SCHEME 20

Br
NO, i NO, [n) lf:l!

(96) (102) (101)

(i) D.M.F.D.M.A. 85%. (ii) RaNi., Hy, 1 atmosphere
69%.

(vii) Copclusion
Three new procedures have been developed for the
synthesis of 4-aminoindole (9) of which one is
suitable for the large scale preparation of this key
intermediate. In addition, a number of other
4-substituted indoles have been efficiently
synthesised by similar procedures.
5. i =N—~ - - ino—
indoles
{i) As 4-aminoindole {9) was now readily availablé
its selective N—-alkylation was undertaken. In
principle 4-amincindole may be considered to be an
ambident substrate for alkylatibn, since both the
4~amino group and the indole l~position are potential
reactive sites. Hester has however previously
prepared the methylated tetrahydropyrrolo-[4,3,2-4,e]
guinoline (183) by a two stage formylation/reduction

séquence from (134)29. In addition, Walton and
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Holly28 have also reported the aceﬁylatidn of (9) to

give 4-acetamidoindole (185).

BE
>

HN CH3N .HNCOCH3
N, i), TN @I\\
N N ~N
ag H H

(104) (103) (105)

B e T G it
ST = T S AR -~ ST

LA

{1

{i) CH3COOCHO, Et,0. (ii) LiAlH,, T.H.F.

' Treatment of the amine (9) with formic acetic
anhydride72’ gave the air stable crystalline
4-formamidoindole (lﬂﬁ) as the only product in an
excellent yield. 4-Aminoindole was found to rapidly
darken in air and was routinely converted to the more

stable formamide (166) to assist storage. Reduction

SCHEME 21
- HNCHO HNCH 5
\ i) S @:\» (ii) m
| R R
(9) R=H (106) R=H (17) R =H
(71) R =Bz (107) R =Bz 108) R=Bz

(i) CH3COOCHO, T.H.F. (9) -> (186) 82%, (71) —-> (187)
77%. (ii) LiAlH4, T.H.F. (186) -> (17) 78%, (187) ->
(198) 41%.
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of the fofmamide (106) gave, in good yield, the
methylamine (17) (see also Section 4 (iii)) (Scheme-
21)73. The methylated indole (17) was less stable to
air than (9) although the crystalline l-benzylindole
(1P8) was quite stable. '

The N-alkylamino acid esters (1809), (118) (Scheme
22) were prepared by treating (9) with the
corresponding 2-bromoester and silver oxide. Yields
in this sequence were poor, due to the oxidation of
(9) by silver oxide to a number of uncharacterised
highly coloured products. However treatment of (9)
with ethyl bromoacetate in the presence of potassium
carponate and potassium iodide éave an excellent
yvield of (189). There was no evidence in this
reaction of dialkylated products. By contrast,
however, treatment of indole (9) with benzyl bromide
under-the same- conditions gave a 23% yield of
4-N,N-dibenzylaminoindole (112) in addition to the
desired (11l1). Under a variety of reaction
conditions it was found fhat methyl=-2=-bromo
igovalerate did not react with 4-aminoindole. This
result will be discussed further later in this

section.,
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SCHEME 22

HNBz NBz,

A\ \

N N

H H

" /('] (1) (12)

N\
(9) | Q |

N
H

(109) R = CH,CO0,Et
(110) R =CH(CH3)CO,Et

(i) Ag,0, RBr, D.M.F. (ii) K,CO3, KI, BrCH,CO,Et
(112) 23%

(ii) 4=N.N-Dialkvlaminoindoles

Monoalkylation of 4-aminoindole (9) had proceeded
readily. However, attempts to prepare 4,N,N-dialkyl-
aminoindpleS’ﬁere with one exception not at all easy.
Treatment of 4-N—me£hylaminoindole (17) with ethyl
bromoacetate, potassium carbonate and potassium
iodide in DMF gave excellent yields of the stable
crystalline N,N-dialkyl glycine (113). This compound

which was required for the synthesis of the model

119



lactams (12) and (13) (see Retrosynthesis, Scheme 2),-
became a key intermediate in the investigation of the -
chemiétry of the 4-aminoindole system due to its
stability and ready availability. As summarised in
Scheme 23, this important compound was prepared in
five stages from the commercially available
2,6-dinitrotoluene (B2). Ovefall yields of up to 36%
were obtained which répresent yields of greater than
-80% for each stage. Also, purification was only

necessary at the final stage.

SCHEME 23 L
AN
NO, HNCH 5 CHyN  CO,Et
3 _{i)(iv), ) ) N\
NO, ﬁ ﬁ
(82) {17) (113)

(i) D.M.F.D.M.A., D.M.F. (ii) H,/Pd/C, T.H.F.
(iii) CH3C00CH0. (iv) LiAlH4. (v) BrCHzcozEt, K2CO3
KI, D.M.F, 38% overall.

Somewhat less successful was the attempted
preparation of (113) from the glycine derivative
(189) by reaction with methyl iodide. Not only was
the recovery of méterial inefficient,but conversion
to the desifed (113} wasAincomplete and product and

starting material were only poorly separated by a
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variety of t.l;é. solvent systems. 'Thé failure of
this reaction is probably due to the low nucleo-
philicity of the alkylated amino acid ester (189).

The l-benzyl dialkylglycine derivative (114) was
prepared in a low yield from the benzyl derivative
{(128) by treatment with silver oxide and ethyl
bromoacetate. An alternative and more efficient
route to this potentially useful protected indole
will be discussed in Section 6.

The 4-N,N—dimethylaminoindole (l15) was prepared
by iterative formylation/reduction of the monomethyl
adduct (17). This compodnd ﬁas‘synthesised'as a

model to study the chemistry of the 4-aminoindole

system.'
N

CHsN™ CO,Ft HNCH 5 N(CH3),

| @ (1)) N
N N N
| H H
Bz '

{114) (17) (115)

Numerous attempts to synthesise the dialkylated
valine (116) by the reaction of (17) with methyl-

2—bromoj.sgvalerate74

under a wide variety of reaction
conditions proved uniformly unsuccessful. It was

thought that this failure was due to both the steric
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bulk of the 1-methylethyl group and to the ability of

. the bromo ester to undergo elimination of HBr with

- base.

CH3N™ ~CO,CH,

N\

N
H

- (116)

Evidently from these results a different approach
to the key intermediate (116) was required. An
attractive route to such an aminoindole would appear
to be xia the nucleophilic displacement of an
aromatic substrate by valine, N-methylvaline methyl
ester (117) or by valine methyl ester (118). The
N-methylamino acid ester (117) was prepared by a four
stage literature procedure, involving esterific-

ation75, carbobenzoxylation76, methylation with

77 and finally decarbo-

methyl iodide and silver oxide
benzoxylation with H,/Pd/C. A number of experiments
of the general form outlined in Scheme 24, however,
demonstrated the futility of this approach. Amongst
the evident drawbacks of this methodology are the low
nucleophilicity of the amino acid amine and the
poss;bility of polymerisation of valine leading to

polyvalyl peptides. It was anticipated that toluene

(119) formed by these nucleophilic displacements and
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the simpler model cdmpound (162) would: 'undergo the

47 "of the Leimgruber Batch6

Kruse modification
synthesis. In this modification the more reactive

;;ia(dimethylamino)mefhane is substituted for DMFDMA
to facilitate the reaction of deactivatad nitro-

toluenes, 4—Bromoindole (161) would, of course, give_
the required indole (116) with N-methylvaline methyl
ester (117). With the failure.of this potentially

very useful procedure a. futher alternative route to

compound (116) was required.

SCHEME 24

"~ No,
CHj
(81) RN™ TO.R
b "o
RHN-“COSR! o NO,

B
R =Ri=H F (119)
(117) R=R' =CH >

_, ? Moo \/L/

(118) R=H R'=CH, RN™ "CO,R!
@R

N

H

(120)

Both aniline and N-methylaniline which were used
as models for (9) and (17) respectively, were shown

to undergo reductive alkylation with methyl-2-keto-
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iﬁgyalerate78-én§ sodium cyanoborohydride’?, to give
"(121) and (122). 'Unforéunately appliéation of this
-procedufe, which is performed under weakly acid
conditions, ‘to 4-aminoindole (9) resulted in the
formation of complex reaction mixtures. It is well
known that indoles are reduced to indolines with
sodium borohydride under acidic conditions®?, also,
it was found that the mild acid conditions employed
also resulted in ‘considerable amounts of polar

polymeric material.

s

-

! .

RN .

RN C0,CH;
(121) R =H

To further investigate this reductive alkylation
procedure the dehydrovaline derivative (123) was
prepared from N-methylaniline and
methyl=-2-ketoiggvalerate by boiling in toluene
containing 4-toluenesulphonic acid in an 88% yield.
The compound was isolated as a stable pale yelléw

oil.
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CH3N” CO,CH, &;
Jy

(123) " 120)

CH3coV 0,R

A number of _pfocedures are known for the
reduction of enamines and N-acylated dehydroamino
acids (124)81. Application of several of thése
procedures to the enamino ester (123) failed
éﬁmﬁletely! Particularly disappointing was the
failure of rhodium catalysed hydrogenation methods
successfully employed for the chiral reduction of
N-acyldehydroamino acids (124)Sle to acylamino acids.
Reduction of the dehydrovaline species (123) present
a number of difficulties particularly as the double
bond is tetrasubstituted disfavouring conjugate
reduction and classical hydrogenation procedures.

It was eventually found that (123) was cleanly
and efficiently reduced by ten mole equivalents of
magnesium in methanol to give the wvaline derivative
(122) in isolated yields of greater than 88%. This
simple and effective procedure has previously been

82 and is

applied to the reduction of acrylamides
ﬁhoughﬁ to proceed by a series of one electron
transfers. More important however was the discovery
that indole itself could be recovered intact when

treated with the MeOH/Mg system.
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From these results it appeared therefore thatla
facile sythesis of the N-methyl indolyl valine (116)
was now at.hahd. Treatment of 4-N-methyl aminoindole
(17) with methyl-2-ketoigovalerate and 4-toluene-
sulphonic acid £followed by reduction of the crude
dehyaroamino acid ester resulted in the isolation of
a 6l% yield (82% based on recovered starting
material) of material initially identified as the
desired product (116). . However subsequent
3-substitution and cyclisation of the 3,4-disub-
stituted product géve a separable diastereomeric
mixture of the two tricylic products, (l125a) and
(125b). X-ray analysis of the more polar ¢jis isomer
(125b) revealed a remarkable and unexpected shift of
the N-methyl group £from the l-position to the
B=-position (see (125a) for numbering system)}. The
synthesis of these two tricylic lactams will be fully

discussed in subsequent sections.

(125al i | (125b)

Re-examination of the material previously
identified as the N-methylvaline derivative (116)

showed that the N-methyl group had rearranged during

126



the reaction of 4-N—methYlaminoindole (17). with
4;t61uenesulphonic acid and methyl-Z;ketoiagvaleratg.
The dehydroamino acid ester .so formed was identified |
as (126) which on reduction gave the l-methylindole
{127) (Scheme 25). This novel rearrangement reaction

will be discussed in detail in the next section.

SCHEME 25
HI\IOZCH3 o HN™ CO,CH; -
\ . \
N N
| |
CHj CHj
(126) (127}

(i) Mg, MeOH, 61%

The important "northern zone" intermediate (116)
(see Retrosynthesis, Scheme 2) was eventually
produced, albeit in poor yields, by treating (17)
with methyl-2-ketojgovalerate and camphor sulphonic
acid with continuous entrainment of water; Reduction
of the crude mixture containing the unrearranged
dehydroamino acid ester (128) with magnesium in
methanol and subsequent column chromatography gave:
the desired product (116) in é 20% ove;all yield
(Scheme 26). Some (19%) of the rearranged product

(127) was also produced in this reaction.
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SCHEME 26

HNCH, CH3N™ CO,CH; HN™ ' TO,CH;
) il @ . @\/\3
S )

" CH3
(17} (128] {126)
(i)

xr X

CHyN” CO0,CH; HNT CO,CH;

0
caflen
N N
H I
CHj
(116) (127)

(i) Methyl-2-ketoigovalerate, C.S.A. (ii) Mg, MeOH

(iii) : =N=

As already mentioned 4-N-methylaminoindole (17)
is particu;arly air sensitive and rapidly turns dark
green on exposure to the air. Additionally it was
observed that on standing for a prolonged period of
time (approximately 4 months) and subsequent
chromatography a new colourless compound was isolated
which was gquite different but isomeric with the

starting indole. 1H n.m.r. at 6@MHz of this compound
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revealed a downfield shift -of the N-methyl singlet
resonance form § 2.9 for (17) to §3.63 more
characteristic of 1-methylindolesa3. Also the
disappearance of the indole NH proton, and a relative
increase in the integral of the amine NH were noted.

Careful inspection of 1

H n.m.r. spectra obtained at
258MHz for the aromatic region revealed other
differences. In the indole (17) the C-2 proton
resonance assigned at § 7.85 occurs as a pseudo
tripiet due to coupling with the C-3 proton and the
N-1 proton. Irradiation of the N-1 proton caused
this siénal'to collapse to a doublet J 3.4Hz while
the multiplet due to C-3 at §6.43 collapsed to .a
double doublet J 3.4, #.83Hz. This double doublet is
due to coupling with C-2 and to long range coupling
to the C~7 proton84. The newly formed compound
possessed a doublet J 3.1Hz at § 6.87 due to C-2.
Unfortunately the C-3 and C-5 protons were coincident

at 8 6.32. Consideration of this data clearly

indicated the structure (129) for this new compound.

NH,

To further investigate this unexpected
rearrangement'(also observed previously during the

synthesis of the dehydrovaline (126)) 4-N-methyl-
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aminoindole (17) was treated with 4-toluenesulphonic
acid at reflux temperature in toluene for 21h. Heré
it was found that (17) was completely converted to
(129} . Evidently, therefore, the rearranged
dehydroamino acid ester, (126) was being formed from
(17) wia the rearranged compound (129) as outlined in
(Scheme 27). This was confirmed by the isolation of
a good yield of the same dehydro compound (126) on
treatment of l-methyl-~4-aminoindole (129) with

methyl-2-ketoigovalerate and 4-toluenesulphonic acid.

SCHEME 27 -
HNCH NH, H jfcozm-l3
Ny fidor (il N )L N
N N N
i b EIZH
(171 (129) ° (126)  °

(i) Methyl-2-ketoisovalerate, TsOH. (ii) TsOH
Futher examples c¢f this novel rearrangment are
summarised in Table 7. It can be seen that under
aqueous (i.e. no acid) or strictly anhydrous acid
conditions (entries 2 and 3) no rearrangement
products were observed. However treatment of the two
4-N—alkylaminoindoles'(lﬂg) and (111) with 4-toluene-
sulphonic acid gave the corresponding rearranged
products (71) and (136);- Noteable is the partial

rearrangement only of the amino acid ester (109)
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after 24h, while rearrangement was still incomp;ete'

after 48h.
TABLE 7:~ Rearrangement of 4~N-Alkylaminoindoles
Entry] Substrate |Conditionsd | Product(s)(Yield%)P
7 " 128 (75) Lh,
2 17 H,0 21h 17
3 17 CSA  21h 17
HN ™ CO,E NH,
L \ pTSA 21 @ 109(407
N N
H Ceos
109 10(60) COEf
5 109 BISA 48h| 130(77)+109(13)
HNBZ NHZ
O || O
N N
H o l
11 71(90) B

(a) Reaction conditions: reflux in toluene (18ml/mm) for

the specified time, P.T.S.A.

4-toluenesulphonic

acid, C.S.A. = camphor sulphonic acid.

(b) Yield after chromatography.

(c) Yield from integration of

1
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A possible mechanism for this novel rearrangement
is proposed in Scheme 28 and involves: the hydrolysis -
and ring opening of the indole "enamine" system to
the éldehyde (131) followed by recyclisation to the
thermodynamically more stable product (132). The
sluggish reaction of the indole (189) is accounted
for by the reduced'nucleophilicity of the amino group
of amino acids caused by the inductive electron
withdrawing properties of the carboxylic acid.
Evidently both water and acid are required for this
rearrangement to take.place (Table 7, entries 2 and

3.

SCHEME 28

NH, HNR 20 HNR
DO, < Q%)
' z P
R (131) noHH
{—‘,
NH, NH, H NH,
' @
Moo — LY = AN
OH,
N N N
R R R
{132)
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(iv) ~ Conclusion

The model compound (113) was efficiently
synthesised under basid conditions. Attempts to uée
the same methodology for the synthesis of the real
"northern zone" intermediate -(116) proved
unsuccessful. Sgbsequgnt investigation of an acid
mediated two stage procedure for the introduction of
the five carbon igg-valerate unit led to the
syhthesis of (127) and revealed a novel rearrangement
of 4-N-alkylaminoindoles to l-alkyl-4-aminoindoles.
Careful control of reaction conditions however
eventually permitﬁéd the synthesis of (116) in poor
yield. It is felt however that this }eaction could

be optimised to give respectable yields.

- . —4-N.N-Di

To investigate the proposed aza-Claisen
rearrangement of l-geranyl substituted indoles it was
necessary to synthesis, among others, compounds such

as (133) and (134).

CH,N" XO,Et N(CHs)2
N\ A\

N N

(133) (134)

Although many procedures have been reported for
the preparation of l-alkyl substituted indole553'85

it was found that the alkylated indole (133) could
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only be prepared when (113) and geranyl chloride86
were added simultaneously to an ice cooled suspension
of sodium hydride in D.M.F. Yields of (133) by this
procedure- were satisfactory being consistently
greater than 70%. In addition, the dialkvlated
product (135) was also isglated in lower and more

variable yields.

CHN~ COEF CHaN™ CO,EH
© N\ | N 7
N : N
(13r . )‘\\/\/K)

(135)

Attempts to preform the anion of (113) £followed
byi alkylation with geranyl chloride proved
unsuccessful as a number of products were isolated,
including a low yield of (133). It might be thought
that the ahion of indole (113) could undergo
intramolecular condensation to give (136) or
alternatively undergo intermolecular polymerisation
through its ester. However in a blank experiment, in
which the indole (113) and sodium hydride were
stirred,together, only the starting indole (113) was

recovered.

a
CHj

7
/

(136)
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The indole (134) was readily prepared by Heaney
and Ley's method>3 although yields here were poof,
only some 45% of (134) being isolated. This method
is not, of course, applicable to the preparation of
{133) due to the rapid ester hydrolysis that occurs
under the strongly basic reaction conditions. The
indole (137) was efficiently prepared by the same
method as an additional model for the aza-Claisen
rearrangement.

The l-benzylindole (114) reported in the previous
section was synthésised in an improved yield by the
simultaneous addition of (113) and benzyl chloride to
-sodium hydride. |

The indoles (138) and (139) -were prepared in
equal gquantities on treatment of 4-N-methylamino-
indole (17) with geranyl chloride, and potassium
hydroxide in dimethylsulphoxide53. Evidently this

procedure provides no selectivity in N-alkylations.

| PN
CH3NH CH3NCroHy; CHeN™ CO,Et
A\ A\ N
N N
| | |
CioHq7 CioH17 Bz
(138} (139} (114}

CioHy7 =geranyl

Finally . the introduction of some labile
l-substituents was investigated. Acylation of the

indole (115) with acetic anhydride, triethylamine and
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4-N,N—dimethylaminopyridine87

proceeded smooth{y and.
efficiently to give (148). The indolIylamino acid

esters (113) and (116) were smoothly silylated under
similar conditions using chlorotrimethylsilane. The
indoles (141) and (l142) were isolated as stable oils
in yields of greater than 86%. The novel chemistry

of theée interesting silylated compounds will be

discussed in the next section.

CoalNCHDT T gy oger I

ol CHN ™ "C0,CH 4
o
N | r;l N
_ | I
OJ\CHB SI(CH3)3 SI(CH3)3
(140) (141) (142)

Stannylation of (113) with either tributyltin
oxide or tributyltin chloride was attempted without
successss'ag.

7.

4-Amincindecles
(i) Introduction
It is well known that indoles with an
unsubstituted 3-position usually react at that
position with electrophilic species. 1In order to be
able to prepare both Teleocidins A and B and a number
of analogous compounds a versatile 3-substitution

procedure was necessary. Of the many methods that
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:.have: béen developed for the electrophilic
substitution of indoles93 several appeared to be
applicable to our raute. For example, gramines (143)
which are readily availablg. from the Mannich
reaction, undergo nucleophilic displacement with the
anions derived from.nitroalkanes91 or ethyl nitro-

92

acetate (Scheme 29). . Michael aGCepéor's are also

known to undergo reaction at the indole-3-position in

93 91b, 94

both acid and neutral qpnditions + FPinally

- C=3 acylation of indoles can be achieved under
Friedel-Crafts conditions with a number of activated
esters? > 97, The vinylogous amides (146} produced by

this procedure are reported to be readily reduced by

sodium borohydride95 or diborane32 (scheme 38).
SCHEME 29
N(CH NO,
XS e XS R
R N RICH,NG, R N -
~H_ H
{(143) . 7 14
R =H,Alkyl CO,Et 144)
SCHEME 30
U R
@L’\> Yy AR \
N N . N
R H R H R H
{145) (146) (147)
(1) R'COCl, Lewis Acid. (ii) NaBH, or B,H.
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(ii) Gramines

| In order to investigate the introduction of the
tryptophanol side chain into the teleocidin
precursors, dgramine (148) was prepared by
Kozikowski's modification of the Mannich reaction.
This involves reaction of the readily available
preformed Mannich salt N,N-dimethylmethyleneammoﬁium

99 wifh the indole. In our work it was found

chloride
that upon treatment with methyl iodide, nitromethane
and base, gramine (148) gave the 3(2-nitroethyl)

adduct (149). ©Under similar conditions 2-(2-nitro-

100

ethoxy) tetrahydropyran gave in an unoptimised

. yield of 36% the tryptophanol intermediate (158)
(Scheme 31). From these preliminary studies it
appeared therefore that gramines were suitably
versatile intermediates for the introduction of more

complex C-3 substituents.

- SCHEME 31

O N(CHy), - NO,
[:::]:T?> — D — N R
N (i) N (ii) N
H H H
{148) {149} R =H

(150) R =CH,0THP

(i) (a) (CH3)2N+=CHZ c1™, (b) NaOH, 88%. (ii) CH,I,
base, RCH2N02.
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Encouraged by these model studies théfaminoindole
(113) was similarly treated with N,N-dimethyl-"
methyleneammonium chloride. The product of this
reaction isolated in up to 96% yield, was shown to be
the monosubstituted product (151). No C-3
substitution was observed (Scheme 32). The
corresponding iodide (Eschenmosser's salt) was found
to react similarly. This compound was inert to both
nitromethane and 2-(2-nitroethoéy)tetrahydropyran
under a variety of reactidn conditions. Inspection
of the aromatic region of the lg n.m.r; spectrum at
250MHz revealed two doublets at £§6.42 and 6.83 J 7Hz
and two multiplets at&6.53 and 7.18, confirming the
substitution pattern in compound (151). Also,

inspection of the 1

H n.m.r. spectrum at 250MHz of the
4,7 disubstituted indole (77) revealed a similar

resonance pattern in the aromatic region.

SCHEME 32
CHaN CO,E CHaN™™ CO,Et
iy N
N
- H
N(CH3),
(113) (151)

(i) (CHy),N* = CH, c17. (ii) NaoOH.
Evidently the 4-amino substituent significantly

alters the electron density of the benzo ring. This
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result was somewhat unexpécted since formation of
(151) must involve an intermediate such as (152) in
which the resonance stabilisation of the aromatic
ring has been disrupted. By contrast 3-substitution
does not involve such a loss of resonance energy. It
was therefore thought possible that the glycyl

substituent of (113) is preventing reaction at the

3-position by steric hinderance. Treatment of the

less sterically demanding 4-N,N-dimethylaminoindole

(115) with N,N-dimethylmethyleneammonium chloride,

‘however, also resulted in the regiospecific formation

of the 4,7-disubstituted adduct (153). In addition
the formamide (196), in which the electron donation
of the 4-amino group to the aromatic ring is
substantially reduced, gave a mixture of at least
thfee unidentified products under the same reaction
conditions.

Application of the classic Mannich reaction
conditions of dialkylamine, formalin and acetic acid

to the indole (113) gave a mixture of uncharacterised

products.
CHyN™ 0,6 N(CHs),
N™ e
H
NCH3),
(153)
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These unusual results although éisappointing in
the context of a synthesis of the tricyclic lactam
skeleton of thé Teleocidins are encouragiﬁg with
'fespect to the proposed later introduction of the
linalyl side chain.

(1ii) A . ! S jelocali bilil I. :

Calculation of the relative reactivity towards
electrophiles of different pbsitions in an aromatic
system expressed as, the approximate superdelocaliz-
- ability towards electrophiles, is now well
established in the armoury of the synthetic organic
chemist. A number of such calculations for
4-substituted indoles have been performed on the
MOLECORB program SUSIE at Pfizer Central Research,
Sandwich, Kentl?l, The results of this study are
illustrated in Table 8. The more negétive the number
in the table the more probable it is that
electrophiles will react at that position. It is |
important to realise that.appfoximate superdelocaliz-
ability towards electrophiles is a relative term,
applying solely to the particular molecule under
discussion. That is, for example, an absolute
comparison of the approximate superdelocalizabilities
of entries 1 and 2 (Table 8) is not wvalid. Entry 1
however, shows that by comparison of the approximate
superdelocalizability toﬁards electrophiles for each
position of the molecule in this case indole itself,

position 3 has the most negative coefficient. This
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indicates that position 3 ﬁill react preferentially
with an 'electrophile,_ a well known fact in
conventional indole chemistry. |

Entries 3 and 5 are of particular interest with
reference to the previous section. Entry 3 reveals
that position B of 4-N,N-dimethylaminoindole (115)
(position 7 in conventional indole nomenclature)
should be the most reactive towards electrophiles.
This is confirmed by the experiméntal evidence
previously discussed. For 4-acetamidoindole (185)
{entry 5) wvalues for the 3-position of 8.841 and for
the 8-position of 6.891 are not sufficiently
different to give selective reaction at either
position. Again this predicted finding is confirmed
by the experimentallresults obtained with the closely
related compound 4-N-formamidoindole ({(166). 1Intro-
duction of a second acetyl group into the molecule
(entry 6} has only a minor effect on the relative
magnitudes of the approximate superdelocalizability
towards electrophiles of positions 3 and 8. .,
4—(4-Nitrobenzamido)indole (entry 7) shows similar
relative magnitudes of coefficients at positions 3
and 8 as 1in 4-acetamidoindole (1865) (entry 5).
4-Hydroxyindole {entry 8) shows a considerably
greater magnitude of the approximate superdelocaliz-
ability towards electrophiles at position 3 relative °
to that at position 8. This'is confirmed by the

facile synthesis of 3-substituted-4-hydroxyindoles by
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10
3 )
6 & N\, -
7 9~ N1
¢
R
mmy X R 1 2 3 4 5 6 7 8 9 18
1 B H .544% 466 1.061 .017 .634 086 .409 402 .092 -
2 B Ac .431 .532 .988 .233 .607 .06l .414 360 .099 -
3 We, H .61 .537 .781 .190 .669 .677 .296 1.207 .845 1.202
4 Ne, Ac .39 .58 .692 .224 .643 .625 .280 .947 .038 1,202
5 MNc H .499 .505 .81 .148 .676 .555 .305 .89l .045 .854
6§ M, B .50l .487 .82l .12l .680 .473 .314 815 .047 .639
7  we® .5 .499 505 .798 .150 .676 .558 .305 .895 .B45 .83
8 8 H .544 497 .930 .987 .729 .369 .357 .738 .056 .360

(a)
{b)

N.B'

All results x -1
PNB=4-nitrobenzoyl

The mmbering system of the indole has been modified to
facilitate the construction of the matrix required to perform

the calculations.
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the action of electrophifés on 4-hydroxyindole (see
review for examples).

The results of Table 8 (entries 3-7) have been
determined on the assumption that the aromatic ring
is receiving the full contribution of the
~heterosubstituents nitrogen lone pair. That is, the
molecular orbital of thg nitrogen occupied by the
lone pair is fully alignéd with the 7T molecular
orbitals of the aromatic ring system. Such an
assumption is reasonable when 4-aminoindole is
alkylated with small non-sterically demanding groups.
If however a larger group is involved then some
rotation of the indole C-4-nitrogen bond (diagram 1)
is probable in.ordef to reduce steric congestion.
Twisting of this bond will result in a poorer
alignment of the molecular orbital of the 4-nitrogen
lone pair with the T molecular orbitals of the
aromatic ring system. The net fesult of this would
be a reduction of the magnitude of the approximate
superdelocalizability towards electrophiles of the
8-position relative to that of the 3-position. Such
a variation in the angle @ (diagram 1) is readily
calculated by the same MOLECORB program. The
contribution of the nitrogen lone pair to an aromatic
system is calculated using the coefficient ﬁS(the
resonance integral). When the angle & is 6° then
overlap-of molecular orbitals is assumed to be
complete. This is represented by a resonance

integral {3’of #.9. An angle @ of 96° that is when
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o

by

Diagram 1

TARLE 9:

10N(CH3)2
s 5
N2
7 N
9 H1
Post.

Entry £ & 1 2 3 4 5 7 8 9 19
1 .9 0 .58 .54 28 A9 .66 S 1.8l .85 1.2
2 P.6 45 .498 .454 ,854 .H78 .667 327  L678 .951 .715
3 6.1 93 .542 .464 1,852 .18 .637 J06 L4160 .099  .028
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the-nitfogeﬁ lone pair is making no contribution to
the aromatic ring system is represented by a value of
g.1 forfl. A number of such calculations have been
éerformed and are shown in Table 9.

It can be readily seen that a rotation of the
C-4-nitrogen bond of 4-aminoindoles of somewhat less
than 45° renders the 3-position more susceptible to
electrophilic attack than the 7-position.

(iv) ition- i o
The efficient Michael addition of nitroethylené

94b and recently

and Oppolzer'sglb groups

to indole reported by Ranganathan
94a

used by both Kozikowski's
in the synthesis of ergot alkaloids is a useful
method for introducing the 2-aminoethyl group into an
indole (Scheme 33}. In addition the known
versatility of the nitro group in for example

182

undergoing the nitroaldol reaction renders the

3{(2-nitroethyl)indoles such as (154) particularly
appropriate for elaboration to the ¢tryptophanol.

substituent of the Teleocidins.

SCHEME 33
R R .
NG, NH;
O s O
N (ii) N
R=H; Alkyl (154)

(i) CH,:CHNO,.. (ii} [H]
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Treatment of the 4-aminoindolé (113) with
nitroethylene (prepared in a 66% yield by dehydration
of nitroethanol according to Ranganathan's.

94b) at room temperature for two days gave a

procedure
1:1 inseparable mixture of regioisomers. At 3°C the
regioisomer ratio changed to 4:1. It was anticipated
from inspection of Table 8 entry 3 that the regio—

isomers formed would be the 3,4- (155) énd 4,7-disub-

stituted (156) products.

'CHaN’/\COZEf ' CHBN’A\CozEf CHaN’a\CUZEf
- NO,
A\ A\ A\
N N NG N
H H H
' . 157)
(155) NO, (
(156)
1

Inspection of the aromatic region of the ~H
n.m.r. spectrum at 250MHz of the mixture however,
proved largely uninformative. To establish the
structures of the two regioisomers therefore the
nitroethyl group was reduced with nickel (II)
chloride and sodium borohydride in hot ethanol.
Thermolysis of the crude mixture of amines (158) and
(159) in boiling degassed xylene gave a 12% yield of
a compound (1668) (Scheme 34) containing a carbonyl.

stretch at 1655cm™ 1

in the i.r., characteristic of an
amide or lactam. Mass spectral analysis revealed a

molecular ion at 229,1217 corresponding to an
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empirical formula of cl3HlSN30 suggesting an
intramolecular cyclisation to a lactam. Two doublets
at £6.89 and 7.08 J 7Hz and two multiplets at §6.63
and 6.15 in the 25@MHz 1E n.m.r. were assigned to
ihdole proton resonances at C-6, C-7, C-2 and C-3
respectively. One of the regioisomers formed by the
reactiqn of nitroethylene and {(113) was therefore
assigned the unexpected 4,5-disubstituted structure
(157) . It has been shown (vide infra) that the
3-(2-aminoethyl). indole (161) under thermal reaction
conditions also undergoes intramolecﬁlar cyclization.
The tricyclic product (12) (Scheme 35) so’obtained
has significant differences in its lH n.m.r. épectrum
compared with that of the tricyclic compound (168).
Therefore the second regioisomer from the reaction of
nitroethylene with (113) has been assigned the
structure (156). The amine (158) derived from this
compound evidently cannot undergo intramolecular
cyclization due to the constraints of the planer

. aromatic ring.
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SCHEME 34

CHaN" TO.E
N\ 05 (156) + (157)
" H

N) & N\
NH
ﬁ k: N
(158) (159)
NH, '
(iii)
0
HN" '
CH,
N
N
H
(160)

(1) CH,:CHNO,, ¢°c, s8%. (ii) NiCl,, NaBH,, 78%.
(iii) xylene, reflux, 12%.

149



SCHEME 35

H
CHsN” CO,Et CHaN” YN
NH, Q
N
H A
(161) (12)

(i) DMF, 148°C, 42%.

It is thought that the minor isomer generated is
the 4,5-disubstituted compound (157). The resonance
due to the N-methyl group of the minor regioisomer
occurs at 82.85,upfield from that of the regioisomer
‘at £2,98 suggesting an increased shielding of the
N-methyl group by the aromatic ring current.
Increased shielding would be brought about by a
slight rotation of the indole C-4-N bond to relieve
steric congestion from an adjacent substituent.

A number of other 4-amino indoles have been
subjected to reaction with nitroethylene (Table 18)
ahd have demonstrated a number of interesting
features.

Perhaps most interesting is entry 1 of Table 18.
Examination of C.P.K. space filling molecular models
sugéests that the lowest energy conformation of the
indolylvaline (116) is that in which the lone pair of
the nitrogen 4-substituent has been twisted out of

conjugation with the indole ring. It has already

158



Michael Addition of WNitroethylene to

TABLE 10:
Substituted 4-Aminocindoles
Entry Substrate Product (yie{d %))
1
\ @f?“
N 16 162(47)
CHyN™ COREt CHgN T COE
2 A\
l}l N
141 Si(CH3)3 156+ _5_ 7(42)
CH3N 02CH3 CH3N C 2CH3
3 m 162R= H(LQ]
R
CHaN" CO,E! O£
A N @g\/
\
133 CioH7 C10H17
H COZCHa HhICOzCHg
NO,
> N\ N
v !
127 CH; 165 CH,
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been shown that such a loss of cbnjugation favours
electrophilic substitution at the indole C-3 positioﬁ
(see Table 29), ‘Small quantities of another
regioisomer were formed during the reaction,
constituting up to some 15% of the product. Itris
thought that this is the 4,7-disubstituted adduct'
(166) . The glycylsilane (141) gave a mixture of two
uncharacterised inseparable regioisomers. By
contrast the silylated valine derivative (142) gave

results comparable to those obtained with (116).

The l-alkylindoles (127} and l(133) underwent
regiospecific 3-substitution. Once again from
inspection of C.P.K. space filling molecular models
it would appear improbable that this selectivity is
due to steric crowding of the 7-position by the
l-alkyl substituent. Nor can the selectivity be
ascribed in both cases to the enforced rotétion of
the C-4-N bond since the glycyl indoles (113} and
(141) have already been shown to provide regio-
isomeric mixtures of products. It is thought that an

intermediate (167) (Scheme 36) must be involved in
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<
this reaction. Stabilisation of the iminium species
(167) by hyperconjunction of the alkyl group would
help to maximise Michael addition at the indole 3

position.

SCHEME 36

An attractive approach to substituted
tryptophanols (178) or other substituted tryptamines

is via acylation of an indole (168) with an amino

acid and subsequent reduction of the vinylogous amide

(169) so formed (Scheme 37).

SCHEME 37

1 (169) (170)

g’

NPZ '
X = leaving group P! p%2 protecting group

(i) Priedel-Crafts reaction. (ii) [H].
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A number of attempts‘at acylating indole under
various reaction conditions with different'protecﬂed_
amino acids proved unsuccessful.- Furthermore . the
amino indole (113) proved intractable to acylation
with acetyl chloride or acetic anhydride and Lewis
acids such as aluminium trichloride, tin (IV)
chloride or boron trifluoride diethyl etherate. The
l-benzyl indole {1l1l4) however, underwent a facile and
efficient acylation with acetyl chloride and tin {(IV)
chloride to give regiospeéifically the indole (171)
(Scheme 38). Leés effective was the reaction of
(114) with acetic anhydride and boron trifluoride

diethyl etherate.

SCHEME 38
CHaN ™ COLEH CHaN” COaEt
QA M N\
N N E
) ]
Bz Bz
(114) ' (171)

(i) CH3COCL, SnCl,, CH,Cl,, -78°C, 83%.
(vi) i ifi E (
N-Methyl-N-(4-indolyllglycine Ethyl Ester (113)
Although the indolyl valine (116) has been

satisfactorily substituted in a regioselective
fashion at the indole 3-position no successful

procedure was availabie for the synthesis of
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3,4-disubstituted indolyl glycines (172). The two
indolyl glycines (164) and (165) in which a
3-substituent has been introduced regiospecifically
each have a l-substituent which would be difficult if
not impossible to remove in the presence of the other
functionality in the molecule. It was evidently
necessary, therefore, to develop a new procedure for
the introduction of a 3-substituent to the indole
(113). Two approaches to the solution of this
problem were investigated.

It is evident from the previous discussion that
electrophiles react preferentially at the indole
7-position in the indolylglycine {113). Electro-
philic substitution of this position with a readily
removed electron withdrawing group would therefore
favour reaction with a second electrophile at the
indole 3-position, after which removal of the first
substituent would lead to the desired
3,4-disubstituted indole (172) (Scheme 39).

Aryl bromides and iodides which are readily
prepared from a source of positive halogen and the
corresponding aromatic compound are cleaved easily by
hydrogenolysis. Treatment of the indolylglycine
{(113) with iodine or bromine however gave a complex
mixture of highly coloured compounds; On the other
hand N-bromosuccinimide in DMF193 gave a 41% yield of

lH n,m.r. as the

an unstable blue c¢il identified by
4,7~-disubstituted product (175). Due, however, to

its low yield of formation and its instability, no
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further investigation of the chemistry of bromoindole

(175) was undertaken.

SCHEME 39
CHsN™ CO,E CHsN” CO,EH CHgNACUZEz
osENeosESes
N N N
H T, [ H
(113) (173) (174)
._é
CH3NAC0252f
\
Y
H
(172)
CHaN™ CO,Et
A\
N
H
Br
(175)

It is well known that allylsilanes undergo
substitution with concomitant double bond migration
and loss of silicon on treatment with an electrophile

d154 or a source of fluoride-ionlﬂs.

and a .Lewis aci
Inspection of the indole silane (14l1) reveals an
analogous system in which nitrogen has replaced one

carbon of the allylic system. It was anticipated
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therefore that treatment of the silylated indole
(141) with a Lewis - acid and an electrophile could
give regiospecifically a 3,4-disubstituted indole
(172) with simultaneous loss of the silicon residue,

To test this idea, reaction of the silylated
indole . (141) with nitroethylene and a number of Lewis
acids was investigated. Some of the results of this
'study are illustrated in Table 11.

Lewis acids such as zinc 'chloride aluminium

trichloride, trimethylsilyltfifluoromethane-
sulﬁhonaté, boron trifluoride diethyl etherate and
powdered glass proved ineffective. These Lewis acids
gave either low regicselectivity or no reaction at
all. Additionally yields of products were poorer
than those illustrated in Table 11l. Reactions were
rapid being complete within a few hours at -78°C with
tin (IV) chloride and titanium (IV) chloride. By
contrast reaction of the indolyl glycine (1l3) with
nitroethylene proceeded to completion after two days
at room temperature while the silyl indole (142)
under the same conditions took 24 hours to achieve
complete reaction. It is evident that the Lewis
acids acceleréte the reaction to a significant
degree.

Three features of the results in Table 11 are of
particular note. Firstly it can be seen that quite
unexpectedly the silicon moiety has been largely
preserved in the product; It is thought that partial

desilflation has been caused by the presence of trace
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TABLE 1ll:- Reaction of (141) with Nitroethylene and
Different Lewis Acids

N ’
CHgN™ COoLt
N Lewis Acid
> Product
N CHchN(Jz roguc:s

|
(a1 SHCH3)3

Entry | Lewis | Temp°C Products (yield %]}
Acid
CHaN™ COEr
. 1 \ NOZ
1 SnCl, | -78 _
“ N 155 R=H (20)

CHyN” COLEt

156 R=H4

2 | zaT, | -20 N\
N B N 127 R=Si(CH;)3(27)
R

NG,

3 | Tia, | -78 176:177, 4:1P (30)¢

a. Yield not recorded
b. Not seperable by column chromatography
Cc. Also isolated 12% of (15%) and (156)
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amounts of acid impurity in the Lewis acid. Secondly
tin (IV) chloride and zinc iodide both demonstrate
excellent regioselectivity in the reaction giving
products with a greater than 95% regiochemical
purity. No other Lewis acid investigated showed such
regioselectivity. A—useful_qualitative difference in
the behaviour of the two regioisomers (176) and (177)
has been observed. The 3,4-disubstituted indole
(176) was shoﬁn to char when a silica gel analytical
t.l.c. of it was developed with conc. sulﬁhurib acid
followed by warming. The 4,7-disubstitued indole .
(177) hoﬁever turned red—-purple in colour followed by -
charfing when treated in the Same manner.

Finally and most interestingly is the difference
in the regiéselectivity of the reaction with a change
of Lewis acid from tin (IV) chloride to zinc (II)
iodide. Most probably tin (IV) chloride is forming a
complex (178) with the glycyl moiety of the indole
(141) . The observation that the reéction mixture
fapidly darkened after the addition of #.5
equivalents of tin (IV) chloride possibly supports
this contention. It was also shown that the bulkier
valine species (142) gave a 1l:1 mixture of two
regioisomers under the same réaction conditions. A
complex such as (179) has a very hindered 3-position
partially preventing reaction at that site. Tﬁe
donation to the aromatié ring of the nitrogen lone
pair in complex (178) is considerably reduced such

that the 3-position becomes the most favoured site
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~ for eleétrophilié substitution. Acceleration of the
reaction 1is brought abduf by activation of |
nitroethylene to Michael addition by the Lewis acid.
By contrast it is thought that zinc iodide serves
only to activate nitroethylene towards Michael
addition and has no effect on the electronic
configuration oﬁ the aromatic nucleus hence leading

to a 4,7-disubstituted product.

o+ _OEt+
-0
R I
)\( Cthn_ R
CH3N  CO.EF “iNCH;
Ny e | A\
| l?l SnCl;, @I‘\?
| - ;._,-'"'—"-;. Si(CH 3) 3 o S| (CH 3) 3
(141 R =H (178) R=H
- TI2T R =(CH,)CH (1797 R =(CH),CH

The silylated indcle (176) was gquantitatively
desilylated with tetrabutylammonium fluoride, thus
providing “an efficient synthesis o¢f the desired
3,4~-disubstituted indole (155). Overall yields of up
to 50% were obtained for the three stage conversion
of (113) to (155) and the steps involved are

summarised in Scheme 48.
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SCHEME 40

CHsN” YCOEE  CHaNT COEE CHN~ CO,EF
| NO,
Ny s Ny i) N
y | g
Si(CH3) 3
(13) (141) (155)

(i) (CH3)351c1, Et,N, DMAP. (ii) CH,:CHNO,, SnCl,.
(iii) Bu4NF, 58% overall yield.

To further eiplore, the versatility of the
silylated species {(141) reaction with a number. of
other electrophiles was investiééted.
Disappointingly it was discovered that no reaction
took place with ethyl acrylate, propylene oxide,
methyl chloroformate bromoacetaldehyde dimethyl-
acetal, trimethyl orthoformaté or X—butyrolact%he.
Friedel~Crafts acylation however occurred with acid

chlorides or anhydrides and these results are
summarised in Table 12.

With tin (IV) chloride as Lewis acid reactions
proceéded efficiently in a regiospecific manner.
Zinc iodide however gave only a 15% yield of the
expected 4,7-disubstituted product (184) together
with 48% yield of the 3,4-disubstituted indole (188).
This loss of selectivity is probably due to the:
increased bulk of the acylium ion (185) involved
compared with the activated species (186) generated

from nitroethylene. 1In the acylium ion (185) the
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Table 12:~ PFriedel-Crafts acylation of N-Methyl-N-{[4-(1-
' trimethylsilyl)indolyl]lglycine Ethyl Ester

(141) -
Entry ki‘:‘gé Elﬁigro— Product(s)lyield%)
' CH3N/A\C0ﬂﬁ
1 |sncl, | CcHscOCt|
CH
I 3
| N" 180 (s8)
2 | snCl, [CHACO),0 180 (78)
“~CO0,Et
H 2
3 | snCl, | iPrCOC e
l CH(CH;),
N 181 (40)
CHBN/\CDZEf
& | SnCl, | CgH5COC [:f::[:-jﬂfji\caHs fj;::_“‘
R 183 R=C HsCOf45)
CHyN™ COoEt
N
H
CHj
6 | ZnIz |[(CH3€0);0| “— No reaction
a. Reaction conditions, (141) one equivalent, Lewis

acid 2 equivalents, electrophile 3 equivalents,
stirred 4 hours at —78°C‘(SnCl4) or -28°C (ZnIz).
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sterically demanding Lewis acid mﬁst come into ciose
proximity with the largensilicoq gfoup attached tﬁ
the indole (141) for 7-substitution to take piace;
In the activated species (186) however the bulky

Lewis acid is relatively remote from the silylindole.

LA
. _ =)
Re=—0 cifa %
( & (186)
Nuc (185)

Nuc=Nucleophile LA=lewis Acid

LA S

Simultaneous treatment of the silylated indole
{(141) with nitroethylene and tetrabutylammonium

fluor:ic]elf‘?j5

resulted only in the isolation of the
desilylated starting indole (113). Other sources of
flubride proved equally ineffective.

Finally to further explore the generality of this
reaction l-trimethylsilylindole (187) was prepared
from indole, chlorotrimethylsilane, triethylamine and
4-N,N-dimethylaminopyridine. Reaction with nitro-
-ethylene and tin (IV) chloride gave a 18% yield of
the substituted indole (149). This contrasts poorly

with Ranganathan's94b

synthesis of (149) in an 80%

vield by simply treating indole with nitroethylene.
Additionally Friedel-Crafts acylation of (187) with
acetyl chloride and tin (IV) chloride yielded 47% of

the known 3-acetyl derivative (188).
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(vii) Conglusion

8.

In this section the electrophilic substitution of
4-aminoindoles has been discussed. It was shown thét
substitution proceeded most readiiy at the indole C-7
position. Computer calculations from Simple Huckel
Molecular Orbital Theory revealed the unusual
electron density round the aromatic nucleus of
4-aminoindoles. Also it was shown how this was
altered by rotation of the nitrogen lone pair Qut of
conjugation with the aromatic ring. These
calculations have been used to explain some of the
unusual characteristics of electrophilic substitution
in 4-aminoindoles discovered experimentally.
Furthermore a new and regiospecific substitution
procedure has been developed such that the
3,4-disubstituted indoles (155) and (162) which are
necessary for our teleocidin work could now be
synthesised.

Synthesi £ the S Amino Acid E

(i) Hydroxymethylation

Continuing the synthesis towards substituted

pyrrolo-1l,4-benzodiazonin-3-one models (8) and (13)
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of the Teleocidins, further functionalisation of thé |
3-substitutéd-4-aminoindoles (described.in the last
section)-is required. Following ample literature
precedence hydroxymethylation oLto the activating

nitro substituent is an obvious choicélﬂ3'136.

CH3N N “on CH;N’Y;“ Ot
a 0
N | N l
H H
(8) (13)

Initial studies of the hydroxymethylation of the
3-(2-nitroethyltindole (155) using potassium
bicarbdnate and formalin gave disappointing results.
Yields of the desired nitroalcohol (189) (Scheme 41)
were generally poor, not reproducible and gave
considerable quantities of the unwanted \bis—
(hydroxymethyl) adduct (198). The low yields were
attributed to exfensive hydrolysis of the ethyl ester

under these reaction conditions.
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'SCHEME 41 .

CHaN" CO,ET CHaN” CO4E
Noz
m (i)or{ii) >
(155) - (189’_
_.+
CHaN” COEH

< NO,
It'li ( 0H>2

(190)

(i) KHCO3, formalin, HZO' EtQH. (ii) NaOCH3 (cat),
paraformaldehyde, D.M.F., 68°cC.

Further investigation of the reaction revealed
that treatment of (155) with one equivalent of
paraformaldehyde in D.M.F. in the presence of a
catalytic quantitiy.of sodium methoxide afforded
reproducible yields of 6@ - 78% of the mono
. {hydroxymethylated) coinpound (189) (Scheme 41). Big-
{hydroxymethylation) to give (190) still occurred to
some extent but it was shown that retreatment of
(198) v}ith sodi.um methoxide in warm D.M.F. gave an
equilibrium mixture of (198) the required mono

(hydroxymethyl) compound (189) and (155) which were
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easily'éeparatéd by chromatogréphy (Scheme 42). This
re-equilibration procedure increased yields of the

f-nitroalcohol (189) to an acceptable 75%.

SCHEME 42
CHoN™ COEt CHaN~ > COSE
NO, NO,
\ —ils (155)+ Q « (190)
N (Son), N oH
H H
(190) (189)

(1) NaOCH,, D.M.F. 68°C.

The more highly substituted 3~(2-nitroethyl)-
indole (162) and the 'rearranged' indole (165) were
successfﬁlly hydroxymethylated'in a similar manner to
give (191a,b) and (192a,b) respectively, each
occurring as a l:1 diastereomeric mixture. The two
diastereomers, (192a) and (192b), were readily
separated by careful column chromatography. The
relative stereochemistries of the less polar (192a)
and the ﬁore polar (192b) compounds were assigned by
later examination of the tricyclic lactams derived

from then.
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(192a] (192b)

(ii) Hydroxyl Protection

At this stage of the synthesis we were uncertain
as to the necessity of protecting the newly
introduced hydroxylic functionality. Peptide
synthesis involving serine normally proceeds
effedtively without prior hydroxyl protection137. In
our case however there is a possible competition
between formation o¢f a sterically constrained
9-membered lactam and formation of a less sterically
constrained lP-membered lactone ring (193), in which

the 1less reactive hydroxyl moiety has undergone

preferential reaction. With this potential but real
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problem in mind, it was decided to study the

protection of the'F-nitroalcohols described above.

CH,N /\a’o

NH,
QL]
N
H
(193)

Choice of a suitable protecting group was limited
by the known properties of FK-hydroxysubstituféd
nitroalkanes. We have already shown that the bis-
{hydroxymethylated) compounds such as (198) undergo a
facile reverse.reaction in which either one or both
hydroxymethyl groups may be eliminated under mildly
basic conditions. Additionally,B-nitroacetates (194)
have been shown to be unstable and decompose readily
under mildly basic conditions to the corresponding

nitroolefin (195)128,

2

H
R\’p\Noz—% R\/\NOZ
SocacH,
(194) (195}

It is evident from the above observations that
introduction of any protecting group should
preferably proceed under mildly acidic conditions.

Of the hydroxyl protecting groups that are introduced
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under. these condifions perhaps the acetals are best
known. Of these the 'classic§l' tetrahydropyﬁanyl‘
group still offers several advantages. It is cheap,
readily available and is introduced and removed
efficiently under mild conditions., Perhaps\one
particular drawback to this protecting group should
be noéed. That is, the introduction of an additional
asymmetric centre to the molecule. It was found
hﬁwever that on treatment of the appropriate
nitroalcohol {(189), (191a,b),-(192a,b) or diastereo-—
merically pure (192a) with excess dihydropyran and

199 the tetrahydro-

pyridinium 4-toluenesulphonate
pyranyloxy ethers (196), (197a,b), (198a,b) and

(198a) were formed in yields of 82 - 97%.

CHyN~ COEH CHyN~ “COCH3
NO, NO
D\ N 2
N OTHP N OTHP
H H
(196) (187a and b)

-0
H;:}E;;ZCH3 i:I:T

NO,

! OTHP

CHy CH
{198a and b) (198a}
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Synthesis of, for example, tlie protected 3,4-
disubstituted indole (196) from the silylated indole -
(141) therefore involves a four stage sequence of

reactions summarised in Scheme 43.

SCHEME 43
PN L
CHyN~ COuEt CHaN"\COZEf
NO,
N li=(iv) o N\ :
N N OTHP
| Ho
Si(CH3) 3
(141) {196)

(i) CHZ=CHN02, SnCl4. {(ii) BU4NF. {(iii)} HCHO, NaOCH3.
(iv) dihydropyran, pyridinium 4-toluenesulphonate.

An attractive alternative to this multi-stage
procedure was the replacement of nitroethylene by the
functionalised nitrooclefin (199) which could avoid

the necessity of separate hydfoxymethylation and

protection stages.

{199)

Attempts to prepare this compound by, for
example, treatment of (200) with formalin in basic

solution and subsequent elimination of the
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methanesulphonaté génerated in;gi;n;gﬂ_(Scheme 44).or
by Corey's nitromercuation elimination p;écedurelﬁg
aé applied to the tetrahydropyranyloxy ether of allyl
alcohol failed. We therefore had to abandon this

attractive approach.

SCHEME 44

OH N,
Nozxﬂ\V/OTHP_lﬂg.NO{J:;,OTHP i) OTHP

(200) (201) | (199)

(i) HCHO, base. (ii) CH3SOZC1, Et3N.
(iii) tion-to-
Finally in this section an efficient general
methodology for the reduction of 3-{(2-nitroethyl)
indoles to.the corresponding amines was required. Of

the 1literature procedu;esllﬂ

for this type of
transformation, catalytic hydrogenation appeared to.
be the simplest option. However treatment of the
unfunctionalised model compound 3-(2-nitroethyl)-
indole (155) at four atmospheres pressure of hydrogen
in a variety of solvents in the presence of 10%

palladium on charcoal gave a mixture of unstable

products.
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N P
CH3N  CO.Ef CHN  CO,Et

NO, NH,
S\ \
N [H] N
H H

(155) (202) same as (161)

After an extensive exploration of this apparently
simple transformation it was found that a combination
of nickel (II) chloride and sodium borohydride in hot

1111 was a most effective method. An

ethano
experimentally simpler process that was eventually
applieﬁ generally to the reduction of our nitro-
alkanes was the use of a cobalt (II) chloride/sodium
borohydride reagent combinationllz. This system
proved efficient and rapid at (or below) room
temperature. The tryptamines (282), (283), (2824},
(285a,b), (286a,b) and (266a) were all thus obtained
from the corresponding nitro compounds in yields of
71 - 89%. The unprotected.ﬁ%amino alcohol (203) was
prepared to explore the previously discussed

competition between the amine and hydroxyl group in

the proposed cyclisation reaction.
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N
CHaN” 0,8 CHyN™ CO,EH

NHz NHZ
A\ ~ N
N OH
H

H
(202) - - (203
CHsN™ CO,Et CHN” CO,CH;

NH, NH2
\ : N\
N OTHP ~N OTHP
H H
(204) (205a and b)
H;:§;:

0,CH; HN™ "CO,CH3
NH, NH,
A\ !
V; OTHP _¥ TSOTHP
-Eﬁg L 1£H3

(206a and b). . "(206a)

Although -*cleanly and efficiently reduc;ng
3—(2-nitroethyi)indoles, it was found that the
CoClz/NaBH4'reagent also reduced the trisubstituted

olefinic-bonds113

of an indole geranyl substituent. -
Reduction of the 1,3,4-trisubstituted indole (164)-
with CoClz/NaBH4 according to the general procedure
resulted in a miiture of three products (287), (288)
and (209) (Scheme 45). The previously discussed
NiClz/NaBH4 system has however already been shown to

leave a geranyl substituent intact (Section 4 (v)).
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SCHEME 45

g S

 CHaNT CO,EH CH3N™ “CO4Et

NO
@ g m
(207)

HGL)
QHBNACO £ CH3N “NC0,Et

t:i::[:,ﬁgf‘\v/ 2
CwHw CmH 2
(208) (209)

(1) CoCl,/NaBH,, MeCH.

Thus we were able to synthesise a number of
important ge¢o amino acid esters necessary for
further work towards the Earget tricyclic lactams
(8}, (12) and (13). Also synthesis of the additional
targets {125a,b) and (125a) from cyclisation of the
‘readily available 'rearranged' indoles (286a,b) or

the diastereomerically pure (2086a) respectively.
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(125a)

N.B. Where diastegeoﬁers have been formed they have
been described by the same number but a different
lower case letter. Where diastereomeric mixtures are
under discussion both letters are included, where a
single diastereomer is being discussed only one lower
case letter is included. For example, structure
(286a,b) describes a diastereomeric mixture while

(296a) describes a single diastereomer.

Having overcome a number of synthetic problems gn
route to the target molecules (8), (12) and (13) we
finally reached the crucial macrolactam cyclisation
step. This was originally anticipated to be one of
the more difficult stages in the synthesis of these
unusﬁai tricyclic ring systems. With some relief
thereforé it was observed that the simple
4-substituted tryptamine (282) gave the tricyclic
lacfam (12) in a 48% vyield on simply warming in

D.M.F. at 140°C at a concentration of lmg/ml= 3.6 X
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‘iﬂ-3M (Scheme 46). ﬁowever a two stage procedure
ﬁroved to be  more effective than thié classical
-thermolysis method. Thus hydrolysis of the ester
(2802) with one equivalent of aqueous sodium hydroxide
followed by careful drying gave the sodium salt
{219).  Treatment of the salt (218) with
diphenylphosphoryl azide®’ and triethylamine in
D.M.F. resulted in yields of up to 57% of the

tricycle (12) (Scheme 46).

SCHEME 46
N A H
CHyN™ CO.Et CHNT N
NH, 0
N (i) >:ﬁ [
N 10 N 7
H 9 H
(202) \{ii}
o~ (i (12)
CHaN ) COZN(I
NH,
A\
N
H
{210)

(i) D.M.F., heat, 48%. (ii) NaOH, H,0, EtOH.
(iii) (PhO),P(0)N5, D.M.F., 57% overall.

Dicyclohexylcarbodiimide (PCC) a <classical

| peptide coupling reagent, proved to be less effective
and purification more troublesome than the
diphenylphosphoryl azide route. Attempts to imbrove

the yields of thg cyclisation reaction by for example
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slow addition of a solution of the sodium salt (219)
in D.M.F. to diphenylphosphoryl azide over a period
of 8h-or by wvariation of the initial concentration bfr
the reaction mixture proved to be ineffective.

Generally reaactions were performed at a concentration

of the sodium salt (218) of 1-3mg/ml = 3.6 x 1873 -

18" 2n.

Inspection of the 1

H n.m.r. spectrum of (12)
obtained at 250MHz revealed very extensive broadening
of resonances due to the ring methylene protons.
Warming the éeuteriochloroform solution of (12) to
58°C however resulted in the resolution of a triplet
J 6Hz at §3.24 assigned to the ring methylene C-6
protons. Also the previously broad resonance centred
at 3.98 assigned to the ring C-2 and C-5 protons
sharpened significantly.. Tﬁe possibility of the
existence of two distinct conformers of Teleocidin A
at room temperature has already been extensively
‘discusssed (Section 2). It is thought that the
lactam (12) also exists in two -different
conformations which at room temperature equilibrate
much faster than the conformers of Teleocidin A and

lH N.M.rC.

happen to produce coalescence in the
spectrum. This is due to the greater flexibility of
the unsubstituted macrocyclic ring of (12) compared
to the 'locked' nature of the substituted lactam ring
of Teleocidin A.

The 8~geranyl compound (211) was successfully

prepared by the simultaneous addition of (12) and
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- geranyl chloride to sodium hydride. No evidence of
alkylation of the lactam nitrogen was observed. It
was thoughﬁ that this compound should display
interesting biological properties since not only does
it possess the important 9-membered lactam but also

contains a lipophilic terpenoid side chain.

H

CH3N/\6(N
|

PO

{211)

The protected precursor to (13), {212) was
prepared by a similar two stage hydrolysis/
cyclisation procedure from the protected amino
alcohol (284) (Scheme 47). Interestingly the
unprotected amino alchohol (283) gave (13) directly
by the same protocol (Scheme 47), no sign of the
corresponding lactone (19%3) being observed from
inspection of the i.r. of the crude reaction product.
The isolated yield in this reaction was however poor
due to the low solubility of (13) in typical organic
solvents. Thus protection of the hydroxylic
functionality of (13) proved to be unnecessary from
the chemical reactivity of the system. However in
practice protection proved to be of wvalue in
solubilising this tricyclic product. Deprotection of

(212) was accomplished with dilute hydrochloric acid
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at room temperature ({Scheme 47). Acetic acid in

THF113a‘or Amberlyst resinll3b failed in this case. -

SCHEME 47
cHN T C0AE . CHBN/\{H > O0THP
N ) |
N QTHP
N
H H
(204] ' (212) l“m
ChyN~ CO2EF cnwﬂf“ OH
NH, . a
N (i) {ii) N |
l;l" OH N
(203)° h3) ®

i)i)

{193)
(1) NaOH, EtOH, Hy0. (ii) (PhO),P(0)N3, EtyN, D.M.F.
(iii)} HCl, room temperature.

Treatment of the protected compound (212) or (13)
with 3N HCl at reflux in ethanol overnight gave an
acid soluble product. Inspection of the i.r.
spectrum of this product revealed an absorption at

].'JFZIacm'l corresponding to a lactone or ester carbonyl
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stretch and no absorption correé?ondind to a -lactam
at 1650 — 166dcm™T. Teleocidin B‘has been shown to
. undergo a ring opening/ring closure reaction to give'
the lactone ({see Section 2)3.. The structure of the

new product is therefore thought to be the lactone

(193) (Scheme 48).

SCHEME 48
CHan/\a’ | OR
| (i) >
- N
H
{13) R=H
(212) R =THP

(i) 3N HCL, E,0, EtOH, 85°C.
As préviously mentioned (see Section 5 (ii)) the
two diastereomers {l25a) and (125b) have been
“unintentionally synthesised and details of the final

stages of this synthesis are now discussed.

~

““N0H HN N “"0H
0
|
. ' N
]

CHs
(125h)
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Treatment of the diastereomeric mixture of amino
esters (206a,b) with base and subsequent cyclisation .
with diphenylphosphoryl azide gave a l:1 mixture of
the diastereomeric THP ethers (213a) and (213b) which
were readily separated by chromatography (Scheme 49).
It was noticeable that saponification of (286a,b) was
much slower than was saponification of for example
(282) , reflux overnight being necessary. It had been
thought that cyclisation of the diastereomeric
mixture bf the sodium salts (214a,b) would lead to
formation of only one diastereomer, the ftrans isomer
(213a). Epimerisation of the residual sodium salt
(214b) and submission to cyclisation again would then
lead to an additional yield of the irans product
(213a}. Evidently however since a l:1 diastereomeric
mixture of (213a) and (213b) was isolated no
diastereoselection was obtained. Also it was found,
surprisingly, that treatment of the diastereo-
merically pure amino ester (206a) with base at reflux
and subsequent cyclisation gave the trans product
(213a) with only minor gquantities of the more polar
cis product (213b) (Scheme 5@). From this result it
was clear that the valine moiety of (286a) was

remarkably resistant to epimerisation.
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SCHEME 49

CH3 CH3

{206q,b) i}/ (214a,b)

“NQTHP

(213a) _  {213b)

(i) NaOH, EtOH, Hzo, reflux, 190%.
(ii) (PhO)ZP(O)N3, Et3N, D.M.P. 74%.

SCHEME 50
] HNICUzCH 3 "‘\0 THP
@\/g\’ 2 i 5
N \QTHP
(206a) - (213q)

(1) NaOH, EtOH, H,0, reflux. (ii) (PhO),P(0)N,, '
Et,N, D.M.F.
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Tﬁe.THP ethér (213a), isolated as a crystalline
solid and (213b), an oil, were deprotected by an
improved procedurells. Treatment of (213a) (Scheme
51) or (213b) with a catalytic quéntity of
4-toluenesulphonic acid in warm methanol followed by
removal of the bulk of the so¢lvent and cooling gave
in excellent yield (125a) and (125b) as colourless
microneedles and pale yellow crystals respectively.
X-ray crystallographic analysis of f125b) {(Appendix
4) established its structure and relative ¢is

lH n.m.re.

stereochemistry. Variable temﬁerature
studies. of both (125a) and (125b)} were also
undertaken and are illustrated in Appendices 5 and 6.
respectively. The spectra of these two compounds
demonstrated an improved resolution of resonances at

room temperature relative to spectra of (12).

SCHEME 51

CH3
(213al - (125a)

(1) CH30H, 4-CH3.C4H,SO4H, 68°C, 94%.
Finally in order to conclude this section we must

consider the synthesis of the trans 'northern zone'
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model (8) from the diastereomeric mixture of

" protected amino alcohols (285a,b).

N~ .- \OH

CH,N CH;5N C zCHa

|

N QTHP
H

(8) (2050,b)

Consequently it was found that (265a,b) was
unaffected by treatment with four equivalents of NaCH
in propan-2-0l at reflux temperature. Also it was
shown that application of Gassman's hindered ester

hydrolysis procedure116

using ten equivalents of
potassium tert butoxide in ether was also
ineffective., Remarkably a considerable proportion of
the amino ester was found to be extracted into the
strongly basic aqueous phase on treating the ethereal
reaction mixture ﬁith water. One possible
explanation for this unexpected and disappointing
result is that the proton © to the carboxylate ester
is sufficiently acid to be removed under the basic
reaction conditions resulting in an enolate ester
(214). This enolate would not only deactivate the
ester to normal base catalysed hydrolysis but would

‘also solubilise the compound in a strongly basic

aqueous medium.
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CHaN ™ OCHB oN” C0 zCHa

N
h[ OTHP OTHP

| tH
(214) (215) °

By contrast the 'rearranged' amino ester (206a,b)
. would.be expected to deprotonate more readily on
nitrogen than carbon to give the anion (215). This
species can 8till undergo saponification by
conventional means, albeit slowly. It would also be
expected, as observed, to be resistant to
epimerisation since this process requires the
abstraction of the proton oL to the carboxylate ester

leading to a vicinal dianion (216} an obviously

unfavoured species.

e ZCH3 CO CH3
@fiTOTHP @
L,
(216) | (122)

Finally it should be noted that N-phenyl-N-methyl
valine methyl ester (122) undergoes a slow hydrolysis
reaction on treatment with aqueous ethanolic sodium

hydroxide. Evidently therefore, either the indole
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ring or the tryptophanolyl substituent is influencing
. the -acidity of the proton oL to the ester
functionality of (285a,b). |

Direct . intramolecular reaction of the
diastereomeric mixture of amino esters (285a,b) by
thermolysis as described for the formation of (12)
resulted in the isolation of an intractable mixtur?
of products, none of the protected compound (217a.,b)

being detected.

(20 5’ci,t;) (217a,b)

Unfortunately due to lack of both material and
time the fﬁrther study of the hydrolysis of (285a,b)
has not been possible. It is to be expected that
esters such as the benzyl (218) or phenyl (228) would
be more suitable than the methyl ester for synthesis
of the tricylic lactam (8). The former should
undergo a facile hydrogenolysis reaction to the amino
acid,(219) (Scheme 52). The latter is reported to be
particularly effective in undergoing nucleophilic
displacement by amines (Scheme 52) so that the

tricycle (217) could be prepared in one step.
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SCHEME 52

cHgN” L0282

N7 C0H
N

‘ NH,
\ (i)
H .

CH
H,
N N\
NS NOTHP
) H

(219)

(218) .
pg ne
CH3N C0,Ph | CH3N OTHP
NH Q
7 ..
N OTHP N '
H H
(220]) (217)

O)r-=en

(1) B,/Pd/C (ii) heat.

(ii) Conclusion
In this section we have shown that 9-membered
lactam rings can be synthesised by using a

conventional peptide coupling reaction. However the
synthesis of the fully functionalised 'northern zone'
model (8) has not proved possible due to the unusual

stability towards hydrolysis of the methyl ester
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14.

£

employed. It is thought howevef that variation of
the ester functionality of the amino acid ester -
(285a,b) sﬁould make this important compound easilf

accessible and that the total synthesis of Teleocidin

A is now in sight.

benzodiazonin-3-ones

Having demonstrated in the previdus section the
feasability, using one‘approach, of the synthesis of
the pyrrolo-l,4—benzodiazonin—330ne skeleton common
to the Teleocidins a brief examination of an
alternative strategy was also pursued. This approach
(see Retrosynthesis). relies on “iﬁtramolecular
carbon-carbon bond formation at the indole 3-position
of a dipeptide such as (221). This nine membered
ring cyclisation process is favoured according to
Baldwin's rules for ring closurell7. An added
attraction of this route was the potehtial for the
simultaneous introduction of a chiral‘S—substituent
into the 3H-pyrrolo-l,4-benzodiazonin-3-one ring
system. .

Hydrolysis of the versatile 4-aminoindole
derivativé (113) and subsequent acidification with
HC1l gave the amino acid (222} .as the hydrochloride
salt. Subsequent reaction with dl-serine methyl

ester75, dicyclohexylcarbodiimide, triethylamine and

19mol% of 4-N,N-dimethylaminopyridinell8

gave the
dipeptide (221) in a respectable 55% overall yield

(Scheme 53).
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SCHEME 53

-

H
CHyN™ CO,Et CHyN " CO,H.HCE CHNT YN OH
. 0 Co,CH,
T (i) (i) 5 | i) |
N N N
H H H

{113} (222} (221)

(i) NaOH, EtOH, H,0. (ii) HC1 (iii) dl-serine
methyl ester hydrochloride, D.C.C., D.M.A.P., EtsN,
55% overall

The serine moiety of the dipeptide (221) is
potentially an ambident electrophile since reaction
at the indole 3-position may either take place xia
acylation with the carboxylate group (223) (Scheme
54) or yia displacement of an activated hydroxyl
species (225) (Scheme 55). Subsequenﬁ elaboratioh of
either product (224) or (226) would lead to the

tricyclic lactam (13).
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SCHEME S4

H
CH3N”“\E’N op
0
> |
N
B H
X=leaving group P=protecting group
(223) | {(224)
SCHEME 55
TS|
N OR

OR CH3N/A<E’

|

N
H

A 4

(225) (226)

In order to explore the first route, the tert
butfldimethylsilyl ether (227) was pr‘eparedr by
standérd means., No bis-silylation was observed. 1In
an effort to exploit the unusual‘Friedel—Crafts
chemistry of 1l-trimethylsilyl—-4—-aminoindoles (see
Section 7) attempts were directed towards the
synthesis of the bis-silylated compound (228) (Scheme
56) . Unfortunately this compound proved to be
unexpectedly unstable and reverted rapidly to the

monosilylated material (227) on rapid column
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'chromatography. Evideritly therefore this compound

(227) was not an ideal substrate for further chemical

manipulation.
SCHEME 56
¢ MS
Cng/Y NY\OtBDMS CH, N/\l’ Y\OtBD
. €0,CH; €0,CH;

(221 -l —iil > T

. \ | N

H )

(227) (228) Si(CH3)3

tBDMS=.sm¢H92¢H92

(i) (CH4),(CH4)5CSiCl, D.M.A.P., Et3N, 93%.
(ii) (CH3)3SiC1, Et3N, D.M.A.P., 17% after
chromatography.

The acylation of pyrroles and indoles by
treatment of the parent heterocycle with a potassium
carboxylate salt and methanesulphonyl chloride has
been reportedg7} Saponification of (227) and
treatmeht of the resultant sodium salt according to
the literature procedure under high dilution
conditions however, gave none of the desired
tricyclic vinylogous amide (224, P=Si(CH3)2C(CH3)3).

Finally in this alternative approach to
cyclisation, activation of the hydroxyl group to
nucleophilic displacement was briefly investigated.
Mitsonubu's approach to aptivating hydroxylic species
with diethyl azbaicarboxylate and triphenylphosphine

119

is well known . Application of this methodology to

the dipeptide (221) did indeed result in the
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formation of a new compound, which was however shown
to be the glycylamidoacrylate ester (229). - The same
anhydro compound (229) was isolated quantitatively 6n
treatment of the dipeptide (221) with one equivalent
of methanesulphonyl chloride and excess triethylamine

(Scheme 57} .

SCHEME 57
ﬁ' C0,CH | N *
CHN T \[ 2LH; CHN YT NTCOZCH3
a 0o i
| OH (”orML%> | '
N N
H H

(221) (229)

(1) PhBP, EtO,CN=NCO,Et, 76%. (ii) CH4S0,C1, Et3N
98%

Although it was disappointing that intramolecular
reaction had not occurred under these conditions the
acrylate ester (229) is itself a potentially useful
candidate for cyclisation since Michael additions at
the indole 3-position are well

d93'94(b)'123. Unfortunately however under

documente
a variety of acid conditions including both Brdnsted
and Lewis acids no cyclisation reaction was observed.

Although these initial results were discouraging

further investigation of this approach is certainly

warranted.
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The proposed route to the introduction of tﬁe
‘southern zone' linalyl side chain of Teleocidin A
(see Retrosynthesis) involved an aza-Claisen
rearrangement of a l-geranyl indole. The synthesis
of two precursor model compounds (63) and (133) have
already been described. Studies directed towards the
rearrangement of these two compounds to (238) and |

(231) are discussed in this section.

NG,
N\

SCH3

(ii) The aza-Claisen reaction
The thermolysis of l-crotylindoles at 460°C has
been reported to give a mixture of 1-, 2- and

3-crotylindoles in 1low yieldlz}. Also Inada's
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grouplzz and Gasnati33 have reported the Lewis acid

catalysed rearrangement of l-allyl indoles tc 2- or
3~substituted indoles. T The: very extensive
applications of palladium complexes to organic
chemistry also includes the mild Claisen

rearrangement of .aromatic allyl ethers (232)123

(Scheme 58).

SCHEME 58
45’\‘ x

0 T OO ”

(232) . (233)

Finally it has been shown that although the rates
of Claisen rearrangement are only slightly affected
by other substituents on the aromatic ring124;
solvent polarity plays a significant part in
determining the rate of rearrangementlzs. A
particularly suitable solvent is trifluorocacetic
acidlzs.

It was found however that on heating either (63)
or (133) either neat at up to 238°C or at reflux in
di-p-butyl phthalate for extended periods of time no
useful products were produced. Treatment of (63)
with ZnClz,'BFB.Etzo, A1Cl, or Et,AlCl proved equally
ineffective. The use of transition metal catalysts

such as Pd(PPh3)4, PdClz(MeCN)z, Pd(OAc)Z(PPh3)2,

RuClz(PPh3)3 or the highly enophilic
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PG(BF4)2MeCN(PPh3)3;2 was also unsuccessful on this

particular substrate.
of(133)
Flash vacuum pyrolysisat 568°C and 686°C at a
pressure of 5xlﬂ"2mmHg resulted in the complete
recovery'of starting material. At 866°C and 3.5 x

lﬁ-zmmHg extensive decomposition occurred. The major

product observed was the degeranyl material (113),

CHyN~ COZEt
N
S H
(113)

Finally it was observed that warming (133) in
ttifluoroacetic acid at reflux resulted in the
isolation of a 60% yield of an unidentified product.

1H n.m.r. at 25@8MHz however

Examination of the
revealed two doublets J 7.4Hz at §6.16 and 6.38. A
triplet J 7.4Hz at & 7.81 was also observed. These
resonances wére assigned to the indole 5,6 and 7
protons. The absence of a resonance corresponding to
the indole NH indicated that no aza-Claisen reaction
had taken place. Mass and i.r. spectroscopy revealed
the presence of a trifluoroacetyl group. It was
concluded therefore that a 1,2,3,4-tetrasubstituted
indole had been generated and further exploration of
the product was not undertaken. This result

illustrated one of the problems of this approach to

introducing the linalyl C-7 substituent. That is the
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:egioseiectivity of the electrocyclic rearrangement
of a l-geranyl substituent in the 4;~aminoindole.,
system is uncertain.

Submission of l-geranylindole (137) to the same
reaction condition of refluxing trifluorcacetic acid
resulted in a multitude of products. It is thought

. that the stability of the aminoindole (133) in strong
acid is due to stabilisation of the indole ring by -

protonation of the amine functionality.

| \

N

//JQ§>/’\\¢/J§§>/J
(137)

(iii)  Alternative Approaches
Direct aza-Claisen {3,3] sigmatropic

rearrangement has so far proved unsuccessful on
simple models. Multi-stage procedures using (133)
have however aléo been briefly investigated. The
general approach 1is outlined in Scheme 59 and
involves the cationic activation of the olefinic bond
allylic to the indole nitrogen and subsequent
nucleophilic attack by the indole C-7 position a
phenomenon that has already been discussed (Section
7) . Reductive reglacemeﬂt of X from the intermediate
tricycle (234) as indicated could Jead to the

required linalyl substituted indole (231).
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SCHEME 59

CHgN™ CO,EF CHa,b/\cazer
A\ XY N\
N N

CH N CORE CHyN” COE!
\y < N
N N
H b
N o ™.
e
(231) (234) ).

Particularly attractive in this respect was the
employment of a selenium reagent {X=SePh) since
nucleophilic displacement of such a species is well

knownlza. However treatment of (133) with either

N—phenylselepophthalimide and SnCl4 as catalyst, or
with PhSe+SbF6' 129 generated in situ from
phenylsélenyl chloride and silver hexafluoroanti-
monate failed to provide the required tricylic adduct
(234). Analysis of the mass spectra of these

reactions revealed that selenium had been
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incorporatéd into the molecule. Unfortunately loss
of the geranyl group in the mass spectrum gave a.peak'
at m/e 387 corresponding to a selenated indole. The
structure of the indole generated by this methodology

was therefore thought to be the 1l,4,7-trisubstituted

indole (236).

CH,N~ CO4Et

N\

SePh k*?l\/\/l\

(236)

Similarly unsuccessful was the use of iodine,
(X=I) and ﬁg(OAc)z, (X=HgoAc} .

A third approach to the introducﬁion of a
terpencid 4-aminoindole C-7 substituent is of course
by direct electrophilic substitution. One attractive
version of this approach has already been discussed
(see Section 7 (vi)) in which a suitable 7-acyl
substituent (237) 1is introduced which on £further
manipulation could lead to the required 1linalyl
substituent (Scheme 68). Unfortunately 7-acylation
was shown to proceed in 1low yield with poor
regioselectivity and this approach was not further

pursued.
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SCHEME 60

CHN" COEF CH,N" ~COzEr
A RCOCL .
N
dich) ;
' CHy:CHMgBr
Vi
CHyN™ ~CO,Et

(231) {238)

Friedel-Crafts alkylation of (133) with geranyl
chloride under various conditions failed.

Finally in this section it was found that the
methanesulphonate of geraniol gave a 12% yield of the
7-geranyl substituted 4-aminoindole (239). The
l-geranyl indole (133) was also isolated in low yield
'(Scheme 61). Replacement of geraniol with linalool
led predictably to the recovery of starting material

only.
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SCHEME 61

CHN" COLEF CH N~ COLEt
A\ + (133) 20%
N
H .
m3) (239) 12%

(i) geraniol, CH3SOZC1, Et,N, D.M.A.P., 12%

These two reactions highlight the major drawback
to a.diréct electrophilic substitution procedure.
The primarf alcohol functionality-of geraniol (244)
is readily activated and unde;goes SN2 substitution
(Scheme 62). The tertiary alcohol linalool (243) is,
however, less réadily activated but would be expected
to undergo sNzl substitution with nucleophiles

(Scheme 62) leading to the same product {242).

SCHEME 62

w ——_—9/&/\/[‘\\) r_Nuc
(240) (241) \
| Nuc
X=Leaving Group ' /l\/\)\\)

(242}/

X
™ t”‘é\

Nuc

(243) C(244)
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(iv) Conclugion

Results so far in the investigation of the
introduction of an indole 7 linalyl substituent haée
been disappointing. However many alternatives still
remain to be investigated and we are confident a
suitable solution to the problem can be found. For
example, photolysis of (133) or treatment of the same
compound with tris{4-bromophenyl)amminium hex%chloro—

antimonate13l

, a stable radical cation reported to
promote Diels Alder reactions, have not yet been
studied. Also, a more extensive study of the
attempted formation of the tricycle (234) is
required. Finally the direct electrophilic

substitution‘of 4-aminoindoles, needs further study.

Ihe Carbon Linked Analogue

(i) Introduction

As discussed in Section 3 (Retrosynthesis) a
number of analogues of the Tele;cidin A trieyelic
lactam skeleton were proposed. These were designed
to not only further inﬁestigate the chemistry of the
lactam ring but also to explore the interesting
biology of this unusual system. -In this section the
synthesis of one such compound, the 'carbon linked'

analogue (15), is described. Additionally an

approach to a 4~thio-substituted tryptamine (245) is

briefly discussed.
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(i)  Synthesis of (15)

- The approach to the preparation of (13} was
similar to that used for the synthesis of (12). That
is to say an apptopriate 4-carbon substituted indole
(246) was functionalised at the 3-position and this

3,4-disubstituted indole (247) was then cyclised to

(15} .
H
.0 NH
I > QO
N N N
H H H
{12) . (246) (247)

4-Carbon substituted indoles are of course well
known from the extensive array of work in the field
of ergot alkaloids®4, 1In particular 4-methylindole
carboxylate (88) the synthesis of which has already
been discussed {see Section 4 (vi)) has proved to be
particularly valuable. Kozikowski has recently

reported the synthesis of the acrylate ester (248}

from (88), which is a suitable precursor to (246), in
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only three stages 'in excellent overall yield (Scheme

63)65. This same ester has been used recently by
132

kY

Oppolzer in the synthesis of (+)Chanoclavine and

{+) Isochanoclavine.

SCHEME 63
CO,Et
0,CH; s | ~
Qi) 5 Ay _iii) N
N . N N
H H H
(88) (249) (248)

(i) LiAlH,, THF, 99%. (ii) MnO,, CH,Cl,, 92%.
(iii) (CgHg)3PCHCO,Et. 88% '

We also investigated an alternative route to the
acrylate ester (248). Thus when 4-bromoindole (101)
was. treated under the usual Heck reaction conditions
of palladium (II) acetate, triphenylphosphine,

133 no 1isolable

triethylamine and ethyl acrylate
producf was realised. Deactivation of the indole
ring however by introduction of the electron
withdrawing 1-{4-toluenesulphonyl) group gave
(25@)134. Subsequent treatment under the same
reaction conditions gave a 36% yield of the acrylate

ester derivative (251) (Scheme 6§4).

294



SCHEME 64

. 0,Et
Br =
[:i:IjQ> (i) N
! ;

SOZC 6H4CH3-[&

m—

, (251)
(101} R=H

(i
(250) R= [b_CH3C6H£,_502"' <— [)

'(i) butanone, K,C0;, CH3CgH,S0,Cl, 72% (ii) Pd(OAc),,
PPh,, Et;N, methyl acrylate, 36%.

Somei's group have since reported a similar
procedure for the preparation of (252) from the
deactivated 4?iodoindole (253)46. As expected from
Heck's findingsl33b the iodide (253) proved to be a
better substrate giving an improved yield of 69% of

(252).

CO,CH3
I -~
A\ A\
N N
éOZCH3 | lcozcri3
(253) (252)
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The key 3;4-disubstituted_indole amino ester
(247) was prepared by three routes. The nitrile
ester (254) was synthesised according to Oppolzer's
protocol132 which on .sequential reduction with
hydrogen in the presence of palladium/charcoal
f&llowed by the mixed cobalt chloride/sodium

112 reagent gave in a 50% overall yield,

borohydride
(Scheme 65) the amino ester (247). Alternatively the
acrylate ester (248) upon treatment with
nitroethylene in the dark gave the unséturated
compound (255) as a crysgalline solid in a 38% yield.
Catalytic reduction coﬁvérted (255) to the saturated
inéole (256) quantitatively. Under the same
catalytic reduction conditions the acrylate ester
(248) was coﬁverted smoothly to the saturated
4-substituted indole (257). Conversion of the indole
(257) to (256) was accomplished in a 39% yield by
treatment with nitroethylene. ‘The nitro ester (256}
was efficiently and cleanly reduced to the amino

ester (247) by cobalt chloride/sodium borochydride

(Scheme 66).
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SCHEME 65
COzEf CO,Et
z CO,Et
CN NH,

Ny s N\

N . N

h)hﬂ > N (iii} {iv) N

(248) (254) {247)

(1) (CHy),NH, AcOH, HCHO. (ii) CH3I, KCN, iPrOH.
(iii) H,/P4/C, latm, EtOH. (iv) CoCl,.6H,O0/NaBH,,
560% overall.

| 0,Et
SCHEME 66 DAl
NO,
A\
CO,Et N )
7 //jﬂ/’;v " \\\\Qgs COE
| (255) O,
N \\
N
H
(248) \7;F\\\s COzF///TfT 256)
hu)
COE
(257) g H
N\
N (247)

(1) CH,=CHNO, 38%. (ii) H,/Pd/C, EtOH, l80%.
(iii) CoCl,, NaBH,, 65 - 75%
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Although’&ields for the reaction of nitroethylene
with- the 4-substituted indoles {248) and (257) are
not high this single stage reaction procedure is both
simple and provides a concise route to the trypt-
amines. Two further 3-(2-nitroethyl)indoles (258)
and (259) were .synthesised in yields of 23% and 31%
respective;y. The latter compound is of particular
interest since 4-bromoindole is reported to be-inert

135, a reagent classically used to

to oxalyl chloride
prepare tryptamines by a three stage procedure (see

review for examples).

02CH3 B r
NG, NO,
Q © \
N N
H H
(258) (259)

To complete the synthesis of (15) the amino ester
(247) was readily saponified by treatment with one
equivalent of sodium hydroxide. The éodium salt
(268) isolated as an off white glass was readily
éyclised to the triecyeclic lactam (15) with
diphenylphosphoryl azide (Scheme 67). The lactam
(15) was isolated as a very insoluble colourless
solid in a 47% yigld.

Alternatives to the diphenylphosphoryl azide
cyclisation procedures such as Mukaiyama's two phase

136 -

procedure or by warming the amino ester (247) in

DMF failed.
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SCHEME &7

H
CO,Et CO,Na N
NH, NH, 0
y — » — |
N (i} N (i) N
H H H
(247) (260) (15)

47%
The lactam (15) was successfully 8-mono alkylated

with geranyl chloride and sodium hydride to give the

l-substituted lactam (261).

} ~ 8]
o | N
N ™ Ha
Hal
(261}

As-has already been mentioned the synthetic
lactams such as (15) reveal extensive broadening of
peaks in the lg n.m.r. spectrum at room temperature.
The lactam (15) is a particularly dramatic example of
this conformational effect and is illustrated in

Appendix 7. It can be seen that at room temperature
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no significant structural information <can be
determined. At 128°C however the spectrum is
resolved into the expected series of triplets which
are readily assigned; The l-substituted indole (261)

g

demonstrated a further surprising effect in the
n.m.r. spectrum. The two allylic protons a, al (261)
normally occur as a well resolved doublet at 8§4.60 J
6.3Hz. In (261) however two doublets corresponding
to Ehese protons occur at &4.68 and 4.61, J 6Hz, due,
it is thought, to the existence of two distinct
conformers at room temperature. Additionally the
ring methylene protons in (15) which, as previously
stated, resonate as sharp triplets at 128°C, occur as
resolved multiplets in (261) at room temperature. It
is therefore evident that (15) is at its coalescence
temperature at room temperature. The l-substituted
indole (261) however 1is below its coalescen%é
temperature so that distinct resonances for two
conférmers occur. On warming, the resolved
multiplets due to the ring methylene protons
gradually collapse to broad unresolved peaks.

Further warming of the sample leads to a
sharpening of'these broad peaks until finally at
148°¢ the-ring.methylene protons resonate as well
resolved triplets, as in (15).

(iii)  The Dienophilic Properties of (248)

Oppolzer's (z)Chanoclavine synthesisl32

involved

as the key step the intramolecular [2 + 3]
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cycloaddition of the unstable N-methyloxime (262) to
give the adduct (263).

o —

. fH3
of g e o~CH;
SN f/ N CH302C H"-.\ .

N -

N

H { H
(262) (263)

Likewise Oppolzér has also reported a synthesis

391b

of (%) Lysergic aci in which the key step is an

intramolecular imino Diels—~Alder reaction of {264)

formed in gitu to give the intermediate (265).

C0,CH;
~” "NOCH;

IZ

(264) "(265]

Following this literature precedent it was
anticipated that the acrylate ester (248) or the
protected acrylate ester (251), would undergo

Diels—Alder reaction with a suitable diene or
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eneimine to give an adduct such as (266). Such an.
adduct might be expected to undergo further
cyclisation after suitable functional group
manipulation, to(gé;r the readily reduced tetracyclic

vinylogous amide A~. . Such an approach could lead

to a novel route to the ergot alkaloids (Scheme 68).

SCHEME 68
o RO,C RO,C
~ (oK X 2 ‘
/ - Kx H’ C02R1 . 0
x>
N N N
R R | H
(266)
(248 R=H R R'=CHj CH,CHy (267)

(251) R= 4-CHyC4H,SO,
X= CHZ; NCH3
It was found however that when, in a model study,
l-methoxy-3—-trimethylsilyloxybuta-1l,3-diene

(Danishefsky's diene)138

and the acrylate ester (248)
were warmed together, either neat, or at reflux in .
toluene, the sole product isolated proved to be the
silylated indole (268) in low yield. Substitution

of the l=-protected indole (251) for (248) in a

similar reaction also failed.
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Although these initial results proved
disappointing further study of .this potentially
viable approach would appear justified.

(iv)  4-Thiosubstituted-Tryptamines
‘ A further interesting analogue of the Teleocidin
A skeleton that was discussed earlier (see

Retrosynthesis) was the 4-thiosubstituted compound

(14) .
4
C0,CH, s C0,CH;
NH, 0

N | N

N N

H N H
(245) (14) | (93)

A synthesis of (14) through the 4-thioindole (93)
whose synthesis has alreédy been described (Section 4
(vi)) albeit in poor yield, was envisaged to follow
the same route as that already described for the

carbon linked analogue (15). It was therefore
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evidently necessary to synthesise the'ﬁ-Substituteﬁ
tryptamine (245)-.

Rozikowski has.réported".8 that (93) uhdergoes ah
efficient Friedel-Crafts acylation. 1In an effort to
develep an alternative high yielding route to
4-substituted tryptamines the multi-stage sequence
outlined in Scheme 69 was investigated.
Unfortunately however Friedel-Crafts acylation  of
(93) with bromoacetyl bromide proceeded only poorly
and subsequent reduction of the vinylogous aﬁide
(269) so formed to (278) was alsc inefficient.
Although displacement of bromide from (278) with
g :phthalimide was reasonably effective the overall
yield to (271) from (93) was only 6%. This
alternative approach to the synthesis of tryptamines

was therefore abandoned.

'SCHEME 69

§7C0,CH;
A i)

N
H
93l (i)
3
S7X0,CH;
NPhth
N\
) .
N (27i)

(i) BrCIizCOBr, SnCl4, 42% . (ii) BH3.S(CH3)2 19%.
(iii) K.Phthalimide 72%
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13. Conclugion
"In summary the work presented in this thesis

represents a number of cojointly run studies directed °
towards the synthesis of Teleocidins A and B.
Firstly three new routes to 4-aminoindole (8) have
been developed. The best of these used the method-
ology of Leimgruber and Batcho. Secondly tﬁe

‘N—alkflatiqp of this cbmpound was studied and a novel
rearraﬁgement of 4-N-alkylaminoindoles was
discovered. Thirdly the unusual behaviour of 4-N,N-
dialkylaminoindoles towards various'electrophiles was
investigated. 7The cumulative results of these
studies has led to a viable route towards model
'northern zone' tricyclic lactams as outlinea in
Section 3 (Retrosynthesis). Although the synthesis
of the correctly functionalised 'northern zone'
lactam (8) has proved unsuccessful to date, it is
considered to be within reach (see Section 18 for
some alternative minor modifications that might prove
successful at a later time). Additionally, of
course, the ultimate target of this project, a total
synthesis of Teleocidin A has not been possible.
However (see Section 11 (iv)) many alternative
variations on the basic strategy towards the linalyl
'southern zone' outlined in Section 3 (Retro-

synthesis) still remain to be studied.
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EXPERIMENTAL

Melting points were determined on a Kofler Heating
Block and are uncorrected.

Infra-red spectra were recorded on a Perkin-Elmer 298
spectrometer and mass spectra on a V. G. Micromass 7870
instrument.

Proton nuclear magnetic resonance spectra were
recorded on a Varian EM-360A instrument at 60MHz and on a
Bruker 258 instrument at 258MHz. Deuteriochloroform was
used for routine spectra unless otherwise stated, with
tetramethylsilane as an internal reference, Variable
temperature proton nuclear magnetic resonance spectra were
performed in a6 dimethylsulphoxide with the solvent
multiplet centred at 2.49 as internal reference.

Microanalyses were carried out in the Microanalytical
Department within the Department of Chemistry at Imperial
College.

All reactions were performed under an inert atmosphere
of nitrogen or argon.

Petrol refers to petroleum ether b.p. 46-608°C unless
otherwise stated. Tetrahydrofuran was freshly distilled
from a blue solution of sodium/benzophenone. Other
solvents and reagents were purified by standard literature
proceduresl39.

Thin-layer analytical chromatography was performed on
precoated aluminium backed Merck silica gel 68F,;, plates
with appropriate mixtures of petrol/chloroform, chloroform
or chloroform/ethanol as eluant. Column chromatography
was performed with 6#H silica gel and with Merck silica
gel 60 (partical size 0.840-0.063mm) .

Abbreviations used:

D.M.F. N,N-Dimethylformamide
.D.M.S.0. Dimethylsulphoxide
T.H.F. Tetrahydrofuran -
EtOAc Ethyl Acetate

EtOH Ethanol
MeOH Methanol
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CH2Cl2 Dichloromethane

CHC13 Chloroform
t.l.c. Analytical Thin Layer Chromatography
mm Millimoles

—(4-Nj 5) - Teleocidin A
(4) (l9mg, ©0.944mm), 4-nitrobenzoyl chloride (8mg,
B.644mm) and 4-N,N-dimethylaminopyridine (5.4mg, ©.044mm)
were stirred together in dichloromethane for 96 h at room
temperature. An additional portion of 4—nitrobenzoyl
chloride (4mg, ©6.822mm) was then added and stirring
continued for a further 48h. The clear solution was
diluted with ether and extracted with 1N hydrochloric
acid, sodium bicarbonate, water and brine. The solvent
was removed at reduced pressure and the pale brown residue
chromatographed (benzene/petrol, 3:1, eluant) to give
Teleocidin A-(4-nitrobenzoyl) ester (5) Kl7mg, 66%) as an
0il. All attempts to crystallise this material proved
unsuccessful. (Found: M* 586.3155, C34H42N405 reguires
586.3162); m/e 586- (MT), 544, 468, 419, 484, 376, and 158;
9 max. (thin £ilm) 3445, 3398, 1723, 1666, 1525, 1514,
1454, 1410, 1345, 1278, 1213, 1146, and 755cm'l; S(CDCl3,
250MHz) major resonances 8.59 (1H, br s, 8-H), 8.29, 8.28
(48, ABq, J,p 8.1Hz, 4~Nitrobenzoyl ester), 7.8 (1H, d, J
8z, l16-H), 6.87 (1H, 4, J 1.4Hz, 7-H), 6.53 (1B, 4, J
8Hz, 11-H), 6.18 (2H, m, 91-g and lactam NH), 5.31 (2H, m,
18'-5), 5.08 (1H, m, 4'-H), 4.75 (1H, m, 5-H), 4.40 (28,
ABX system, JAX 3.58Hz, Jpx 7.5Hz, Jag 11.5Hz, llll-H),
4.36 (1H, 4, J 10Hz, 2-H), 3.24 (2H, m, 6-H), 2.93 (3H, s,
1-NCHy), 2.61 (1H, m, 1'1-m), 1.75-2.00 (48, m, 2%, 31-m),
1.63 (38, s, 7'-d), 1.46 (3H, s, 61-H), 1.40 (3H, s,
gl-m), 6.92 (3H, 4, J 6.9Hz, 211-H), and 6.63 (3E, 4, J
6.9Hz, Bll—H). Minor resonances where different from
above. & 8.78 (1H, br s, 8-H), 7.29, 7.17 (4H, ABq, J,g
8.8Hz, 4-nitrobenzoyl ester), 7.12, 7.02 (2H, ABg, Jag
7.58z, 14, 11-H), 6.93 (1H, 4, J 2.5Hz, 7-H), 6.18 (2H, m,
4, 91-H), 4.74 (1H, masked doublet, 2-E) 4.15 (2H, ABX

system, J,, 6Hz, Jpy 6.8Hz, J,p 18.5Hz, 1°71-H), 2.76 (3H,
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s, 1-NCH), 2.30 (1H, m, 111-m), 1.67 (38, s, 71-H), 1.49
(38, s, 6%-H), 1.25 (3H, d, J 6.98z, 3*1-H), and #.94 (38,
'd, J 6.9Hz, 2-H).

- =6-Ni i i - 2-Chloro-6-
nitrotoluene (37) (21.38g, 125mm) and diethyl oxalate
(18.25g, 125mm) were dissolved in ethanol (58ml)
containing sodium ethoxide (8.5g, 125mm). The deep red
solution was warmed to reflux for 45 minutes and then
steam distilled to remove residual 2-chloro-6-nitro-
toluene. The cooled aqueous solution was acidified with
HC1l and extracted with ether (4 x 186ml). Removal of
solvent from the combined organic phase gave 2-chloro-6-
nitrophenylpyruvic acid (37a) (13g, 43%) as a semi-
crystalline oil. Recrystallisation gave a pale yellow
crystalline solid. m.p. 157.5 - 159°C (benzene),, (lit.
m.p. 114 - 115°c%12), gsemicarbazone m.p. 223 - 225°C
(EtOH), (lit. m.p. 283 - 284°C*'3), v max. (nujol) 1798,
1668, and 1558cm™ L.

4- i -2- i i g) - (i) Perrous
sulphate ammonium hydroxide reduction: 2-Chloro-6-
nitrophenylpyruvic acid (37a) (8.5g, 35mm) in agueous
ammonia (1M, 68ml) was added to a suspension of Fe(OH)2
prepared from iron (II) sulphate heptahydrate (56g, 446mm)
and conc. ammonium hydroxide (23ml) in water (208ml). The
mixture was warmed on the steam bath for 5 minutes with
stirring, cocoled, filtered and the clear filtrate
acidified with dilute hydrochloric acid. The pale yellow
product (38) was filtered and recrystallised (4.9g, 72%)
m.p. 258 - 268°C (EtOH/H,0), (lit. m.p. 259 - 268°c*13),
9 max. (nujol) 3358, 3278, 1728, and 17llcm *; S
((CD3)ZSO) 6.82 - 7.44 (4H, m, indole aromatics); m/e 195
and 197 (MY). (ii) Sodiunm dithionite reduction: 2-Chloro-
6-nitrophenylpyruvic acid (37a) (139, 53mm) in aqueous
sodium hydroxide (3%, 1506ml) was treated with sodium
dithionite (27g) in portions over 1 h. Acidification
(conc. HCl) followed by degassing with a stream of
nitrogen at 96°C for 2 h. and filtration gave the indole
(38) as a pale brown powder (7.9g, 75%).
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At ted P i f  4-aApinoindol :9123 o
4-Chloroindole-2-carboxylic acid (30) {1.167g, 6.0mm),
cuprous chloride (0.1g) and aqueous ammonium hydroxide
{conc., 20ml) were heated together in a sealed container
at 260°C for 5 h. After cooling overnight the dark
solution was extracted with ether (3 x 30ml), the combined
extracts evaporated and the residue column chromatographed
(CHC13/petrol 4:1 eluant) to give as a pale yellow oil
4-chloroindole (38) (316mg, 34%), m/e 151, 153 (MT), and
117 (MT-c1); « max. (thin film) 3428, 1615, 1575, 1504,
1498, 1455, 1435, 1415, 1355, 1345, 1340, 1280, 1250,
1185, 1154, 1098, 1878, 930, 895, and 75ﬂcm_l; 1) (CDC13)
7.53 (1H, m, ArH), 7.93 (3H, m, 2 x Arg, NH), 6.70 (1H, m,
ArH), and 6.36 (l1H, m, ArH).

Methylthicacetaldehyde dimethvlacetal (48) - Sodium
sand (ll.5g, #.5M) in TBF (150ml) was treated with
dimethyl disulphide (22ml, 8,25M) over 5 minutes with ice
cocling to control the vigorous reaction. When the
reaction had subsided the solution was warmed to reflux
for 150 minutes. After cooling the pale yellow suspension
of sodium thiomethoxide was dissolved- by the addition of
dry ethanol (360ml). Bromoacetaldehyae dimethylacetal
(49) (85g, @.5M) in ethanol (40ml) was added over 18
minutes to the cooled (ice/salt) solution with stirring,
followed by warming to 60°C for 1 h and stirring at room
temperature for 36 h. Water (580ml) was added to dissolve
the suspended sodium bromide and the clear solution
extracted with ether (4 x 106ml). The combined organic
extracts were washed with water (4 x 108ml), the solvent
removed and the residue distilled at reduced pressure to
give the liquid product (48) (47.0g, 69%); b.p. 70°C at
25mm (lit. b.p. 55°C at 1mm>l); § (CDCl;) 4.45 (1H, t, J
5.5Hz, -CH(OCH3)2), 3.37 (6H, s, CH(OCH3),), 2.63 (2H, d,
J 5.5Hz, CH3SCEZCH), and 2.17 (3H, s, SCE3).

Methvlthiocetaldehvde (47) - (i) . BCl method: Methyl-
thioacetaldehyde dimethylacetal (48) (21g, 154mm) was
warmed to reflux under nitrogen with dilute BC1 (1%, 60ml)
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for 35 minutes. After cooling the yellow homogeneous
solution was neutralised with sodium bicarbonate and
extracted with dichloromethane (6 x 38ml). After removal
of solvent the residue was distilled to give the product
{47) a pale yellow liquid (2.6g, 19%), b.p. 48°C at 13mm
(lit. b.p. 35°C at 18mml); § (CDCly) 9.45 (1H, t, J
3.5Hz, CHO), 3.12 (28, d, J 3.5Hz, CH,CHO), and 2.80 (3H,
S, SCHy). (ii) 5;0,/H,S0, method>2: Silica gel (Merck
60H, 40g) was suspended in dichloromethane (16dml) and
treated with dilute sulphuric acid (15%, 4g). After
stirring for 5 minutes, methylthiocacetaldehyde dimethyl-
acetal (48) (l8g, 74mm) was added and the solution stirred '
at room temperature for 24 h., Filtration and removal of
solvent gave a yellow liquid (5.3g, 75%) containing 70% of
the aldehyde (47) and 38% acetal (48) by ly n.m.r. This
material was used without further purification.
nitroindole (56) - {i) Prom methylthioacetaldehyde (47):
3-Nitroaniline (6.4g, 50mm) in THF (58ml) was cooled to
-65°C (acetone/cardice) and tert-butylhypochlorite (5.4q,
50mm freshly distilled) in THF (10ml) added. After lh
methylthioacetaldehyde (47) (from 7.8g, 68mm ¢f the acetal
(48)) was added in THF (16ml) over 10 minutes. Stirring
was continued for a further 4 h at -65°C, triethylamine
(5g, 5¢0mm) added to the deep red suspension and the
solution warmed over 1 h to room temperature. Addition of
water, to dissolve precipitated salts, followed by removal
of solvent gave a dark oil that was taken up in CH2C12
washed with 1N HCl. (3 x 56ml) and water (2 x 50ml).
Removal of solvent followed by chromatography (benzene
eluant) gave (i) 3-methylthio—6-nitroindole (58) (378mg,
4%) as a bright yellow crystalline solid m.p. 161.5 -
164°C (CHCl,). (Found: C, 51.8l; H, 3.84; N, 13.42; §;
15.25; C9H8N2025 requires C, 51.91; H, 3.87; N, 13.45; S,
15.39%); m/e 268 (M'), 193 (M¥-cH,), 162 (M*-NO,), and 147
(MF-NO,-CH3) ; v max. (nujol) 3328, 1588, 1463, 1455, 1372,
1321, 1298, and 1P69; $ (CDCl,) 7.68 - 8.36 (4H, m, ArH),
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and 2.34 (3H, s, SCH3). (ii) 3-methylthio—4-nitroindole
(49), (3.78g, 36%) as a very dark red crystalline solid
m.p. 120.5 - 121.5°C (EtOH) (lit. m.p. 123 - 124%%9),
(Found: C, 52.25; H, 3.93: N, 13.43; S, 15.49; CgHaNzozs
requires C, 51.91; H, 3.87; N, 13.45; S, 15,39%); m/e 208
(M7), 193 (M7=CHy), and 162 (MT-NO,); v max. (nujol) 3368,
1560, 1508, 1498, 1465, 1375, 1365, 13208, 1319, 1260, 994,
988, 798, and 725cm_1; ® (CDC13) 8.89 (1H, br s, indole
NH), 7.82 - 7,72 (4H,.m, ArH), and 2.39 (3H, s, SCH3).
-{ii) Prom methylthioacetaldehyde. dimethylacetal (48):
3-Nitroaniline (4l14mg, 3mm) in THF at -78°C (acetone/
cardice) was treated with terf-butylhypochlorite (354mg,
3mm) for 90 minutes followed by methylthioacetaldehyde
dimethylacetal (48) (408mg, 3mm) for 6 h. The témperature
was raised to -20°C and the solution stored overnight.
Filtration gave the azasulphonium salt (44) (#.66g, 71%)
which was refluxed in benzene (3¢ml) containing
1,8-diazabicyclo(5.4.8}undec-7-ene (450mg, 3mm) for 3 h.
After cooling the solution was shaken with 2N HC1l (36ml}
overnight, the organic phase separated and solvent removed
to give a dark oily residue. Chromatography (benzene
eluant) gave 3-methylthio-é-nitroindole (58) (7émg, 12%)
and 3-methylthio~4-nitroindole (48) (78mg, 13%).

- . Y= = i 2 - - -
bromoindole (53) - 3-Bromoaniline (51) (4.32g, 25mm} was
dissolved in THF (46ml) and -cooled to -78°C {(acetone/
cardice). tert-Butylhypochlorite (2.7g, 25mm) in THF
(5ml) was added and the solution stirred for 1 h. Methyl-
thioacetaldehyde (47) (from methylthicacetaldehyde
dimethyl acetal (48) 3.9g, 38mm, crude) in THF was then
added followed, after 5 h stirring at -78°C, by
triethylamine (2.59, 25mm) and by removal of the cooling
-bath. After stirring 1 h at room temperature water was
added and solvent removed under reduced pressure. The
residue was taken up in dichloromethane/water and the
agueous phase extracted with dichloromethane (3 x 56ml).
The combined organic extracts were washed with 1N HCl (4 X
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3fml) and water (2 x 58ml), solvent removed and the
residue chromatograbhed_(CHC13/petrol 3:2) to give, (i)
— io—6- indo 3 as a colourless
crystalline solid (@.86g, 14%) m.p. 79 - 88°C (EtOH/H,0) ,
(Found: C, 44.45; H, 3.27; N, 5.79; Br, 33.28; CQHBNSBr
requires C, 44.64; H, 3.33; N, 5.78; Br, 33.80%); m/e 240
(u*-2)., 287, 173, and 171; v max. (nujol) 3364, 1668,
1465, 1450, 1449, 1380, 1325, 1300, 1998, 898, and
805cm™; § (CDCl,, 25PMHz) 8.85 (1H, br s, indole NH) 8.59
(1, 4, J 8.PHz, 4-H), 8.43 (1H, d, J 1.7Hz, indole 7-H),
7.28 (1H, 44, J 1.7, 8.9Hz, 5-H), 7.19 (1H, d, J 2.6H=z,
irradiation of the indecle NH causes the signal to collapse
to a singlet,  2-H), and 2.34 (3H, s, SCﬂ3). (ii)
3-Methylthio-4-bromoindole (52) (8.82g, 1l4%) as a pale
yellow o0il that solidified to an orange solid m.p. 57 =
59°C on cooling. (Found: C, 44.76; H, 3,31; N, 5.78; S,
13,17; CQHSNBrS requires C, 44.64; H, 3.33; N, 5.78; S,
13.24%); m/e 240 (M+—2), 287, 173, and 171. ¥ max. (thin
film) 3419, 1610, 1598, 1555, 1568, 1475, 1425, 1485,
13390, 13206, 1385, 1260, 1188, 1146, 10664, 965, 985, 865,
775, and 738cn™L; § (CDC15) 8.28 (1H, br s, indole NH),
6.76 — 7.28 (4H, m, ArH), and 2.33 (3H, s, Ci;s) .

- i0—=4-nj =7= i - 2-Amino-4-
nitrotoluene (54) (4.56g, 39mm) in THF (l190ml) was treated
-~ at -78°C (acetone/cardice) with tert-butylhypochlorite
(3.24g, 30mm) and stirred for 30 minutes. Methylthio-
acetaldehyde (47) (crude from methylthioacetaldehyde
dimethylacetal (48) 4.76g, 35mm) was then added, followed
after 5 h by triethylamine (3.8g, 3fmm) and warming to
room temperature. Addition of water, removal of solvent,
extraction of the aQueous phase with dichloromethane
{3 x 58ml) followed by repeated extraction with 3N HCl
gave on removal of solvent an essentially pure product
(2.34 é, 35%). Recrystallisation gave g¢ompound (55) m.p.
131 - 132°% (EtOH) as a brown-black crystalline material.
(Found C, 54.16; H, 4.56; N, 12.51; S, 14.34; ClﬂHlﬂNzozs
requires C, 54.064; H, 4.54; N, 12.61; S, 14.42%); m/e 222
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m*), 176 (M*-NO,) , and 138 (MT-NO,-SMe); W max. (nujol)
3336, 1575, 1500, 1485, 1455, 1384, 1356, 1328, 1292,

1275, 1155, 1138, 98@, 918, 820, 785, 755, and 735cm™L;
§ (cpcl,, 250MHz) 8.65 (1H, br s, indole NH), 7.08, 7.68
(28, BMBq, J,, 7.5Hz, 5-H, 6-H), 7.28 (lH, m, 2-H), 2.53

AB
(3H, s, ArCHB), and 2.38 (3H, s, SCH3).

N-Methyl-N-acetyl-1l,3-phenylenediamine (56) (328mg, 2mm)
in THF (Zﬂmlf at -78°¢c (acetone/cardice) was treated with
kert-butylhypochlorite (218mg, 2mm) for 3@ minutes.
Methylthiocacetaldehyde (47) (crude, from methylthioacetai-_
dehyde dimethyl acetal (48) 544mg, 4mm) was then added
followed after 4 h by the addition of triethylamine
(200mg, 2mm). The solution was allowed to warm to room
temperature over 3 h, water added and solvent removed.
The residue was taken up in chloroform, wéshed with water
(2 x 29ml) and the residue, on removal of solvent,
chromatographed (CHCl,/CCl, eluant). 3-Methylthio-4-N-
methyl-4-N-acetylaminoindole (57} and 3-methylthio-6-N-
methyl-4-N-acetylaminoindole (57) (36mg, 7.7%) were
isolated as an inseparable mixture. m/e 234 (M*) and 219
(4¥-CH3); § (CDC1,) 7.08 - 7.32 (4H, m, ArH), 3.32 (3H, s,
NCH3), 2.33 (3H, s, SCHy), and 1.80 (3H, s, COCH,) .

- =3= i0-4-nj i - Potassium
hydroxide (1.12g, crushed pellets) was stirred in D.M.S.O.
(15ml) for 5 minutesSB. 3-Methylthio~4-nitroindole (48)
(lg, 4.8mm) was then added followed, after 45 minutes
stirring at room temperature, by geranyl chloride (830mg,
4,.8mm) with ice cooling. The deep red solution was
stirred for a further 45 minutes, diluted with water
(50ml) and extracted with ether (4 x 50ml). The combined
‘organic phases were washed with water (6 x 10@ml), dried,
solvent removed and the residue chromatographed
(chloroform eluant) to give the product (63) (1.55g, 94%)
as a deep red sweet smelling oil. (Found: C, 66.23; H,
7.33; N, 8.02; S, 9.19; C19H24N2023 requires C, 66.25; H,
7.82; N, 8.13; S, 9.31%); m/e 344 (M), 208 (MT-Cy H (),
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and 136; v max. (thin £ilm) 1520, 1446, 1358, 1288, 795,
and 738; § (CDCl,) 6.82 - 7.43 (4H, m, ArH), 5.20 (1H, m,
C=CH), 4.99 (1H, m, C=CH), 4.55 (2H, d, J 7Hz, NCH,) , 2.31
(38, s, SCH3), 2,06 (4H, m, allylic CH,), 1.80 (3H, s,
allylic CH,), 1.64 (3H, s, allylic CH3), and 1.56 (3H, s,
allylic CHB)’

l-Benzvl-3-methvlthio-4-nitroindole. (62) - The
procedure was identical to that used for the preparation
of (63) using potassium hydroxide (1.12g, crushed
pellets), 3-methylthio-4-nitroindole (46) (lg, 4.8mm) and
benzyl chloride (595mg, 4.8mm). After the addition of
benzyl chloride the deep coloured reaction mixture was
stirred for 99 minutes. Aqueous work up and removal of
solvent gave a crystalline residue (1.33¢g}) which was
chromatographed (CHC13/CC14, l:1) to give the orange red
compound (62), (l1.12g, 88%). m.p. 111 - 113°C (benzene).
(Found: C, 64.48; H, 4.73; N, 9.38; S, 18.75%; C, H;,N,0,8
requires C, 64.41; H, 4.72; N, 9.39; S, 16.75%); m/e 298
(u¥), 283 (M¥-CH), 207 (M*-C,H,), and 168 (M'-C5H,-SCHj):
? max. (nujol) 1526, 1498, 1378, 1356, and 73#cm"l;
§ (CpCly) 6.86-7.67 (9H, m, ArH), 5.26 (2H, s, NCH,Ar),
and 2.33 (3H, s, SCH3).
3-Methylthio-4-nitroindole (40) (208mg, lmm) in ether
(5ml) was treated at room temperature with iodomethane
(28dmg, 2mm) for 148 h. The pale yellow solid formed was
filtered and washed thoroughly with ether to give Lthe
product (64) (20Pmg, 57%). The analytical sample was
prepared by recrystallisation. m.p. 146.5 - 147°C (with
decomposition) (EtOH/HZO). (Found: C, 34.45; H, 3.13;
N, 8.97; I, 36.26; C19511N2°25 requires C, 34.29; H, 3.17;
N, 8.800: I, 36.24%); v max. (nujol) 3164, 1515, 1464,
1428, 1375, 1366, 1330, 1310, 1276, 1268, 16685, 805, and
730cn™t; § ((CDy) ,50) 8.72 (1H, s, 2-H), 7.97 - 8.20 (24,
m, 6~H and 5-H or 7-H), 7.53 (1H, m, 5-H or 7-H), and 3.40
(6H, s, S(CHy),). '

4-ppminoindole (8) - 3-Methylthio-4-nitroindole (48)
(940mg, 4mm) and nickel (II) chloride (3.8g, 23mm) were
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dissolved in hot ethanol (180ml) underlnitrogen. Sodium
borohydride (966mg, 25mm} was added in portions to the
warm solution and after completion of the addition, the
grey suspension was warmed to reflux for 34 minutes. Thin
layer chromatography revealed a single product containing
sulphur identified as 3-methylthio—-4-aminocindole (69), m/e
178(M+). Additional nickel {(II) chloride ({3.5g, 27mm) and
sodium borohydride (l1.64g, 27mm) were added and the
reaction mixture boiled for a further 3§ minutes. After
cooling the solution was filtered {(celite pad) and the
residue thoroughly washed with chloroform. The filtrate
was evaporated at reduced pressure and the residue
dissolved in chloroform/water. . Extraction of the agueous
phase with chloroform (3 x 50ml), washing of the combined
organic phase with water (3 x 506ml) a2nd removal of solvent
gave 4=-aminoindole (9) (4d8fmg, 76%Y as a pale yellow
solid. m/e 132(M%); v max. (thin film) 3470, 3398, 1615,
1214, and 755cm-l; 5(CDC13) 8.67 (lH, br s, indole NH),
6.12-7.64 (5H, m, ArH), and 3.64 (2H, br s, ArNﬁz).
4—aminoindole (71} - 1-Benzyl-3-methylthio-4-nitroindole
(62) (260mg, ©.87mm) was boiled in ethanol (5ml),
containing excess Raney nickel, under nitrogen for 2 h.
Additional Raney nickel was then added and boiling
continued for a further 1 h. The reaction mixture was
filtered, the solvent evaporated at reduced pressure and
the residue chromatographed (CHC13/petrol 4:1 eluant) to
give (i) l-Benzyl-3-methylthio-4-aminoindole (78) (65mg,
28%) m.p. 118-119°C (EtOH). {(Found: C, 71.69; H, 6.11; N,
18.35; Clg_HIGNZS requires C, 71.61; B, 6.81; N, 10.44%);
m/e 268(M"), 25, 235, 177(M"-C,E,), 159, 130, and 117;
¥ max. (thin film) 3444, 3360, 1686, 1585, 1495, 1289,
1215, 760, and TBch'l; 5 (CDC13) 6.60~7.48 (9H, m, ArH),
5.88 (2H, s, NCH,Ar), 3.76 (2H, br s, ArNH,), and 2.37
(3B, s, SCHy); and (ii) l-Benzyl-4-aminoindole (71) (48mg,
21%) m.p. 113.5-115%% (EtOH/H,0 then CHCly/petrol).
(Found: C, 81.97; H, 6.37; N, 12.61; C15H14N2 requires C,
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81.85; H, 6.35; N, 12.60%); m/e 222(MT) and 131(M+-C7H7);
¢ max. (thin f£ilm) 3440, 3340, 1620, 1610, 1583, 1495,
1450, 1449, 1465, 1379, 1356, 1276, 1lled, 910, and
73ch-1; 5 (CDC13) 6.20-7.34 (19H, m, ArH), 5.11 (2H, s,
NCHy,) , and 3.61 (2H, br s, NH,) .

= —4-aminoi - 1l-Benzyl-3-methylthio-4-
nitroindole (62) (268mg, 8.87mm) and nickel (II) chloride
(259mg, _l..Qmm) were dissolved in hot ethanol (36ml).
Sodium borohydride (74mg, 2mm)}) was then added and the
solution heated to reflux for 20 minutes. T.l.c. revealed
the presence of l-benzyl-3-methylthio-4-aminoindole (78}
only. Additional nickel (II) chloride (256mg, 1.9mm)
followed by sodium borohydride; (74mg, 2mm) were added and
boiling continued for a further 45 minutes. The reaction
mixture was cooled, filtered, the filtrate evaporated at
reduced pressure, the residue taken up in chloroform,
washed with water (3 x 28ml) and solvent removed to give a
residue (148mg, 72%) identical by t.l.c., 1H n.m.r. and
i.r. with l-benzyl-4-aminoindole (71) previously
described.
Bi =N- inoj - l-Geranyl-3-
methylthic-4-nitroindole (63) (lldmg, 9.32mm} was boiled
in propan-l-ol (3ml) with excess Raney nickel®? for 58
minutes. After cooling, filtration and evaporation of the
solvent under reduced pressure, the residue was
chromatographed (CHClj/cCl, 1:1 eluant) to give
(i) 1-(3,7-dimethyloctyl) 4-N-propylaminoindole (73) as an
0oil (23mg, 23%). (Found: MT 314.2718 C,1Hy,N, requires,
314.2722); m/e 314 (M%), 285 (M'-C,Hg), 196, 187, and 145;
¥ max. (thin film} 3418, 1596, 1495, 146@, 1424, 1375,
1360, 1358, 1276, 985, and 736cm™ ; § (CDCl;) 6.10-7.23
(54, m, ArH), 4.2 (2H, t, J 7.5Hz, NCEZCHz), 3.20 (24, t,
J 6Hz, ENCHZCHZCHB), 3.8 (1H, br s, HNCH,), and 8.76-2.06
(24H, m, aliphatics). (ii) 1-(3,7-dimethyloctyl)4-amino~-
indole (72) as an oil (29mg, 33%). (Found: M' 272.2258,

CigH,gN, requires, 272.2252); m/e 272 (M¥), 186 (M'-
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CgHy,)r 145, and 132 (MT=CygH, ) ; ¢ max. (thin £ilm) 3450,
3364, 1610, 1580, 14906, 1468, 1445, 1375, 1368, 1345,
1278, 1150, and 725cm™"; & (CDCly) 6.20-7.88 (5H, m, ArE),
'3.93 (2H, t, J 7.5z, NCH,), 3.75 (2H, br s, NH,), and
#.69-2.85 (19H, m, aliphatics).

(74} - 1-Geranyl-3-methylthio-4-nitroindole (63) (7906mg,
2.93mm) in T.H.F. (l0ml) was treated with a solution of
lithium aluminium hydride (350mg, 9.2mm) in T.H.F. (10ml)
at reflux over 10 minutes. Boiling under nitrogen

atmosphere was continued for a further 2.5 h after which
the reaction was cooled and qguenched with water.
Filtration (celite pad), removal of solvent, dissolution
of the residue in ethyl acetate/ether, washing with water
(3 x 36ml) and removal of solvent gave compound (74) as a
semi-crystalline deep red solid (41Smg, 66%). Recrystall-
isation gave the analytical sample m.p. 131.5-133%
(E£,0). (Found: C, 72.86; H, 7.76; N, 8.83; CygHeggN,S,
requires C, 72.80; H, 8.08; N, 8.94%); m/e 626 (M'), 624
(M+—H2), 314, 298, and 177; Vv max. (nujol) 1565, 14648,
1444, 1385, 1375, 1347, 1286, 868, and 756cm“l; 1Y (CDC13)
5.95-7.08 (8H, m, ArH), 4.00-5.17 (1l9H, m, 2 x NH, 4 x
=CH, 2 x CH,N), 2.20 (3H, s, SCHy), 2.02 (3H, s, SCHj),
"1.74 (8H, m, 4 x allylic CH,), 1.47 (6H, s, 2 x allylic
CH3), 1.35 (6H, s, 2 x allylic CHj), and 1.30 (6H, s,
allylic CR3).
- i qud=amino="7=

-N- ino—7-— indo - 3-Methylthio-4-nitro-
7-methylindole (55) (222mg, lmm} and nickel (II) chloride
(26@mg, 2mm) were dissolved in hot ethanol (5ml). Sodium
borohydride (152mg, 4mm) was added in portions over 5
minutes to the warm solution and boiled for 20 minutes.
After the addition of further sodium borohydride (70mg,
2mm) and reflux for 20 minutes the solution was filtered,
evaporated under reduced pressure, the residue taken up in
ether, extracted with water (3 x 20ml) and the solvent
removed. The dark residue was chromatographed (CHCl3

228



eluant) to give 3-methylthio-4-amino-7-methylindole (76)
(99mg, 47%). % (CbCl4) 7.90 (lH, br s, indole NH), 7.85
(14, m, 2-H), 6.67, 6.17 (2H, ABg, J 8Hz 5-H and 6-H),
4.78 (2H, br s, NH,), 2.35 (3H, s, SCHy), and 2.38 (3H, s,
AICH3). The chromatographed product (99mg, 2.47mm) was
stirred with excess Raney nickel in ethanol (4ml) at room
temperature for 6 h, the solution filtered, solvent
removed and the residue chromatographed (CHCl3 eluant) to
give the product (77) (l2mg, 14%). (Found: ut 174.1161,
C11814Np requires 174.1157); m/e 174 (u*), 159 (u*-chy),
144 (M'-C,Hg), and 131 (M=C,H,~CHj;). § (CDCl;, 25MHz)
8.85 (1H, br s, indole NH), 7.13 (1H, m, 3-H), 6.87, 6,27
(2, ABg, J 6.5Hz, 5-H and 6-H),-6.49 (1H, m, 2-H), 3.31
(2H, g, J 7.5Hz, NCH2CH3), 2.41 (3B, s, ArCH3), 1.68 (1H,
br s, ENEt), and 1.35 (3H, t, J 7.5Hz, CH,CHy) .
{82) - 2,6=-Dinitrotoluene (8l) (36.4g, 200mm) and N,N-
dimethylformamide dimethyl acetal (7@ml, 530mm) in D.M.F.
(209ml) were heated at 148°C for 5 h under argon. The
deep red solution was cooled, diluted with ether (1lL) and
extracted with brine (3 x 259ml), water (5 x 580ml) and
finally again with brine (258ml). Removal of solvent gave
the essentially pure product (82) (44.0g, 93%) as a deep
red solid that required no further purification. (Found:
ut 237.8751, C1ﬂ511N3°4 requires 237.0749); 9 max. {nujol)
1636, 1604, 1536, 1418, and l356cm-l; g (CDCl3 7.88 (2H,
d, J 78z, ArH), 7.648 (1H, m, ArH), 6.45, 5.32 (2H, ABqg,
Jap 148z, cgcH), and 2.9 (61, s, N(CHy),) 43747,
4-Aminoindele (9) - (i) Iron/acetic acid/ethanol
reduction. L;gna-z-[F-(Dimethylamino)vinyl]-2,6-dinitro-
benzene (82) (22.2g, 94mm) was dissolved in ethanol/acetic
acid (28@dml 1l:1). Iron filings (25g) were added and the
deep red reaction mixture cautiously warmed on the steam
bath until reaction commenced. The steam bath was removed
and additional iron (5g portions) was added at such a rate
as to maintain a gentle reflux. (Total iron added, 108qg).
After the addition of iron was complete (about ‘3¢ minutes)
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the reaction was warmed on the steam bath for 15 minutes,
cooled, neutralised with sodium hydroxide (188g) in water
(250ml), filtered (celite pad) and the residue thoroughly
washed with ethanol (3¢8ml) and ether (lL). The volume of
the filtrate was reduced to 256ml and extracted with
dichloromethane (4 x 169ml). The combined organic phase
was washed with water (3 x 180ml} and solvent removed to
give the semi crystalline red product (%) (9.87g, 69%)}.
This material did.not require further purification. An
analytical sample was prepared by sublimation (0.lmm,
188°C) followed by recryétallisation. m.p. 1088-169°C
(benzene), (lit. m.p. 165-187°c28). (Found: ¢, 72.79; &,
6.99; N, 21.13; CgH.N, requires C, 72.70; H, 6.18; N,
21.20%) . I.r., "H n.m.r. and mass spectral data were
identical to those described above. (ii) Catalytic
hydrogenation - trans-2-{f-(Dimethylamino)vinyl]-2,6-
dinitrobenzene (82) (35g, 147mm) in T.H.F. (1L) containing
19% P4d/C (5g) was stirred under a hydrogen atmosphere at
69 p.s.i. at room temperature until hydrogen uptake was
complete (about 2 h)47. The reaction mixture was
filtered, solvent evaporated, the residue taken up in
dichloromethane, dried (MgSO4) and solvent again removed
to give the product (9) (16.%g, 87%) as a deep red tacky
solid. This was used without further purification.
2-(2,6-Dinitrophenyllacrolein (85) - Lfrans-2-[p-
(Dimethylamino)vinyl]-2,6-dinitrobenzene (82} (2.2q,
9.4mm) in D.M.F. (5ml) was added to methanol (6ml)
containing aqueous dimethylamine (26%, 2.4g) formalin
(2.4g) and acetic acid (1.8ml) at 8°C over 1 h®3. After
the addition was complete the solution was stirred for an
additional 38 minutes, methanol removed at reduced
pressure and water (3%ml) added. A dark oil precipitated
that crystallised on standing overnight at 8°C to give
compound (85) as a pale yellow solid; (l1.8g, 92%). An
analytical sample was prepared by recrystallisation. m.p.
74.5-75°C (EtOH/H,0) (Found: C, 48.64; H, 2.72; N, 12.53;
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CgHgN,Oy requires C, 48.66; H, 2.72; N, 12.61%); m/e No'M+_
obtained at 18¢°C; ¥ max. (nujol) 1714, 1544, and
1348cn™'; § (cDCl, 9.7 (1H, s, CHO), 7.53-8.26 (3H, m,
ArH), and 6.48 (2H, s Cﬂz=c),

- i - - -1y i -
;;gngrz-[P-(Dimethylamino)vinyl]-2,6-dinitrobenzene (82)
(4.46g, 18.8mm) in D.M.F. (19ml) was added to a solution
of phosphorous oxychloride (2.86g, 18.8mm) in D.M.F.
(6.6ml) under argon at 8°C over 30 nﬁnute563. The
solution was warmed to room temperature and stirred for 1
h. Addition of ice (approx. 3#g) and aqueous sodium
hydroxide (5.2g in 20ml water) gave a rapid precipitation
of the orange crystalline product. After warming at 65°C
for 2 h the solution was cooled overnight and the filtered
precipitate recrystallised (CHCl3/Petrol) to give compound
. (86) m.p. 191-192°C (4.18qg, 82%). (Found: C, 49.99; H,
4,13; N, 15.78; C11511N305 requires C, 49.81; H, 4.18; N,
15.84); m/e 265 (M') and 236 (M'T-CHO); ¥ max. (nujol)
16206, 1606, and 1526cm-l; s (CpCly) 8.93 (1H, s, CHO),
7.24-8.03 (3H, m, ArH), 7.1¢ (1H, s, =CH), and 2.97 (6H,
Sy N(CH3)2)-
benzoate (91) - A solution of methyl-2-methyl-3-nitro-
benzoate (89) (48.75g, 250mm) and N,N-dimethylformamide
dimethyl acetal (99.5ml, 750mm) in D.M.F. (28€ml) was
warmed at 156°C for 6.5 h. After cooling the solution was
diluted with ether (lL), washed with brine (2 x 58¢ml),
water (5 x 580ml) and finally again with brine (3¢6ml).
Removal of solvent gave the product (91) (58.4g, 93%) as a
deep red oil that required no further- purification. Vv
max. (thin £ilm) 1726, 1630, 1594, 1528, and 1266cm T; ®
(€pCly) 7.63 (2H, m, ArH), 7.69 (1H, m, ArH), 6.38, 5.59
(2H, ABq, J,p 14Hz, CHECH), 3.80 (3H, s, CO,CH;), and 2.80
(6H, s, N(CH3)2)65'66.

Methyl Indole-4-carboxylate (88)°° - Methyl trang-2-
[F—(dimethylamino)vinyl]-3-nitrobenzoate (91) (58.4q9,
234mm) was dissolved in toluene (1L) containing 18% Pd4/C
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(12g) and stirred under a hydrogen atmosphere at 60 p.s.i.
until hydrogen uptake was complete (about 2 h). ‘The
solution was filtered, extracted with 5% hydrochloric acid
(2 x 380ml) and brine (2 x 200ml), solvent removed and the
residue (32.1g) chromatographed using a Waters Prep. 500
H.P.L.C. system (petrol/CH2C12, 3:7 eluant). . Methyl
indole-4-carboxylate (88) (28.5g, 78%) was isolated as a
crystalline solid m.p. 69-78°C (lit. 73-74°c14%), ¢ nmax.
(nujol) 3438, 3364, 1786, 1448, 1288, 1200, and 115@cm™1; &
(CDC1,) 9.15 (1H, br s, indole NH), 7.94 (1H, 44, J 1,
7Hz, 5-H or 7-H), 7.86-7.55 {4H, m, ArH), and 3.95 (3H, s,
CO,CH3) . ‘

Indole-4-Carboxylic Acid (87) - Methyl indole—4-
carboxylate (88) (350mg, 2mm) was refluxed in aqueous
ethanol (1:1, 1Pfml) containing sodium hydroxide (2mm)
under nitrogen for 15 h., The solvent was removed under
reduced pressure and the residue taken up in water,
extracted with chloroform (2 x 20ml) and acidified with
conc. hydrochloric acid. The precipitated acid was
collected by filtration and dried to give a colourless
solid that was recrystallised to give (87) as fine white
needles (257mg, 77%) m.p. 213-214°C (H,0) (lit. 213-
214°c*13) . m/e 161 (%), 144 (M*-0H) and 116 (M*-CO,m);
9 max. (nujol) 3364, 1658, 1294, and 76Hcm"1; S ((CDB)ZSO)
6.76-7.77 (5H, m, ArH).

=N- -B inoi - Indole-4-

carboxylic acid (87) (187mg, 1l.l6émm}, triethylamine
(130mg, l.3mm} and diphenylphosphoryl azide67 (325mg,
1.18mm) were heated at reflux in tert-butanol (5ml) under
argon for 6 h, The solvent was removed at reduced
pressure and the brown semi-crystalline residue
chromatographed (CHCl; eluant) to give compound (92)
(164mg, 61%) as an off-white solid., An analytical sample
was prepared by recrystallisation m.p. 142.5-143°%
(CHC13/petrol). (Found: C, 67.82; H, 6.90; N, 12.05;
C1§H16N202 requires C, 67.22; H, 6.94; N, 12.06%); m/e 232
(u¥y, 217 (M*-CH;), 176, 161, 144, 132 (M*-CcHg0,), and
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116 (m* —CgHy4NO,); ¥ max. (nujol) 3388, 3328, and 1678,
§ (cDCly) 8.4 (1H, br s, indole NH), 6.33-7.56 (SH, m,
ArH), 6.66 (lH, br s, HNCO-), and 1.52 (9H, s,. C(CHB) ).

i 2_Am;ng_gﬂngxxg;glugng_igil69 - 2-Amino-6-nitrotoluene
(95) was prepared according to Heck's procedure from
2,6-dinitrotoluene (81) (74g, @.49M). Triethylamine
(240ml) and formic acid (64ml, 1.8M) in the presence of
10% P4d/C (l4.4g) were used for the reduction. ' 2-Amino-6-
nitrotoluene was isolated as a pale yellow solid.
Recrystallisation gave the product (440.8g, 66%) as a
bright yellow material m.p. 87.5- 88°¢ (EtOH/Hzo/
decolourising charcoal) (lit., m.p. 91.5°c’?), Vv max.
(nujol) 3400, 3320, 3220, 1665, 1510, 1484, 1464, 1378,
and 1358cn™'; § (cDCly) 6.71-7.22 (38, m, ArH), 3.84 (28,
br s, ArNH,), and 2.28 (3H, s, ArCH;).

= =6- - The bromide was prepared

from 2-amino-6-nitrotoluene (95) according to Noelting's
procedure’? m.p. 34-35°C (petrol) (lit.,-41°¢’%). v max.
(thin f£ilm) 1598, 1525, 1445, 1378, 1358, 1275,'1215,
1099, 1818, 868, 795, 760, and 71fcm™ ; § (CDCly) 7.58
(24, d4d, J 2.5, 8Bz, ArH), 7.83 (1H, t, J 8Hz, ArH), and
2.45 (3H, s, ArcCH,) .

trans=2-i2-(Dimethvlamino)vinyll-2-Bromo-6-nitro-
benzene (192) - 2-Bromo-6-~nitrotoluene (96) (6.48g, 3Pmm)
and N,N-dimethylformamide dimethyl acetal (9.75ml, 90mm)
were warmed to 148°C in D.M.F. (36ml) for 14 h. The deep
red solution was cooled, diluted with ether (38Pml) and
washed with brine (2 x 100ml), water (4 x 1@890ml) and
finally brine (169ml). Removal of solwvent gave the
product (192) as a deep red oil (6.9g9, 85%) which required
no further purification. (Found: M* 270.0001,
CygH11No0,Br ) requires 269.9994); m/e 278, 272 (M%), 251,
and 253; V¥ max. (thin film) 16386, 1594, 15286, 1435, 1375,
1339, 1255, 1218, 1096, and 945cm—1; £ (CDC13) 6.67-7.63
(34, m, ArH) 8.47 (2H, ABg, J,g ‘14Hz, CﬂrCHN(CH3)2) and
2.80 (6H, s, N(Cﬂ3)2).
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4-Bromoindole (161}39 - ;;gna-z—[F—(Dimethylaminof—
vinyl]-2-bromo-6-nitrotoluene (162) (6.9g, 25mm) in

ethanol (156ml) containing Raney nickel59

(2 teaspoons)
was stirred under one atmosphere of hydrogen until
hydrogen uptake ceased (about 3 h). The solution was
filtered, solvent removed and the residue chromatographed
(petrol/CHCl3 1:1) to give 4-bromoindole (181) as a pale
yellow oil (3.4lg, 69%). m/e 195, 197 (M%), and 116 .
(M*-Br); ¥ max. (thin film) 3428, 1616, 1568, 1588, 1496,
1475, 1430, 1416, 13360, 1276, 1175, 1144, 1894, 1065, 896,
and 8lBcn™'; § (CDCly) 8.18 (1H, br s, indole NH), 6.98-
7.34 (4H, m, ArH), and 6.53 (1H, m, 3-H).

General Procedure for the Preparation of 4-Formamido-—
indoles - The 4-aminoindole in T.H.F. or ether was cooled
to 8°C (ice/salt) and a solutiin of freshly prepared

12,73 (2-5 equiv.) in the same

formic acetic anhydride
solvent added over 36 minutes - 1 h. The cooling bath was
then removed and the reaction mixture stirred until the
reaction was complete as indicated by t.l.c. T.H.F., when
used as a solvent, was removed under reduced pressure and
the residue taken up in ether. The ethereal phase was
neutralised with excess potassium hydroxide and the
organic phase thoroughly washed with water. Removal of
solvent than gave the crude 4-N-formamidoindole which was
reduced without further purification.
4-Formamidoindole (106) - 4-Aminoindole (9) (35.8qg,
265mm) -in T.H.F. (608ml) at 6°C (ice/salt) was treated
with formic acetic anhydride (91ml, 788mm) in T.H.F.
(186ml) over 1 h. Work up following the general procedure
gave the compound (186) as a red semi-crystalline oil
(34.8g, 82%). An analytical sample was prepared by
recrystallisation m.p. 149-142°C (EtOH/HZO). (Found: C,
67.35; H, 5.85; N, 17.34; CgHgN,O requires C, 67.49; H,
5.83; N, 17.49%); m/e 168 (M) and 131 (M¥-CHO); v max.
(nujol) 3418, 3278, 1648, 1588, 1525, 1460, 1438, 1415,
1389, 1356, 1248, 1185, 1158, 1118, 898, 828, and 75@cm—l;

6 (CDC1;) 9.59 (1H, br s, indole NH), 8.37 (1H, s, NCHO),
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6.76-7.38 (5H, m, 4 x ArH and HNCHO), and 6.36 (lH, m, 2-H_
or 3-H).

- —-4- idoj - 1-Benzyl-4-amino-
indole (71) (14fmg, 0.63mm) was formylated in ether
following the general procedure. The product (187)
(12lmg, 77%) was isolated as a semi-crystalline oil.
¥ max. (thin £ilm) 3278, 1699, 15804, 1499, 1425, 1374,
1356, 1294, 1278, 916, and 733cm“1; Sl(CDCl3) 8.60 (l1H, s,
NCHO), 6.33-7.15 (11H, m, 16 x ArH, HNCHO), and 4.95 (2H,
Sy NCHZAr). 7 :

q 1 P 3 £ the Red \ £ 4-f {do-
indoles - The 4-formamidoindole (1M) in T.H.F. was treated
at room temperature under argon with lithium aluminium
hydride (3-5M) and either stirred overnight or .warmed to
68°C for 4 h and then stirred overnight at room
temperature. Excess lithium aluminium hydride was
destroyed with water, the precipitated salts removed by
filtration, solvent removed at reduced pressure and the
material either chromatographed or used, as isolated,
without further purification.

4-N-Methvlaminoindole (17) - 4-Formamidoindole (166)
(34.8g9, 6.217M) in T.E.F. (400ml) was treated at room
temperature with lithium aluminium hydride (25g, #.66M) in
T.H.F. (28fml). The reaction mixture was stirred at 66°C
for 4 h and worked up following the general-procedure.
The crude product was chromatographed using a Waters prep.
509 H.P.L.C. system (petrol/CH2C12 1:1, eluant) to give
4-N-methylaminoindole (17) (22.43g, 78%) as a dark green
oil. Other batches of material were found to be
sufficiently pure as to not require chromatography. The
analytical sample was prepared by further chromatography
of a portion (CHCl3/petrol, 9:1 eluant) to give a pale
green oil that rapidly darkened on standing. (Found: C,
73.88; H, 6.96; N, 18.76; C9H gN2 requires C, 73.94; H,
'6.89; N, 19.16%); m/e 146 (M7), 131 (M+-CH3), and 116
(MF-HNCH;); ¥ max. (thin f£ilm) 3468, 3258, 1585, 1508,
1499, 1366, 1306, 1248, 1214, 1150, 19488, 894, and
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73ﬂcm-1; ) (CDC13, 25¢ MHz) 8.48 (1lH, br s, indole NH),

7.19 (14, 4d, J 7.6, 8.3Hz, 6-H), 7.85 (1H, m, 2-H), 6.8
(1§, ¢, J 8,.3Hz, 7-H), 6.43 (1H, m, 3-H), 6.29 (1H, 4, J
7.6z, 5-H), 3.3 (l1H, br s, ArNH), and 3.98 (3H, s,
NCH;). Irradiation at €8.08 collapsed the signals at
7.85 and 6.43 to a doublet J 3.4Hz and a double doublet J
P.8 and 3.4Hz respectively.

- =4-N- inoi - l-Benzyl-4-
formamidoindole (197) (l121lmg, @.48mm) was reduced at room
temperature with lithium aluminium hydride (169mg, 2.6mm)
following the general procedure. Chromatography of the
residue after work up (benzene, eluant) gave compound
(188} (47mg, 4l1%) as a semicrystalline o0il. Recrystall-
isation gave the analytical sample m.p. 99-188°C (2 x
CHC13/petrol). (Found: C, 8l1.61; H, 6.82; N, 11.85;
C16H16N2 requires C, 81.32; H, 7.07; N, 11.67%); ¥V max.
(thin f£ilm) 3428, 1598, 1508, 1283, 918, and 73fcm™l;
S(CDC13) 6.15-7.33 (16H, m, ArH), 5.20 (2H, s, NCH,Ar),
3.87 (1H, br s, NMH), and 2.97 (3H, s, NCE3).

N s 1 . 4—N- _
Butoxycarbonvlaminoindole (92) - A solution of the
tert-butoxycarbonylamine (92) (12lmg, 9.52mm) in T.H.F.
(5ml) was treated with lithium aluminium hydride (49mg,
Imm) at room temperature. After stirring at this
temperature for 3@ minutes the reaction mixture was warmed
to 70°C for 1 h. The reaction mixture was coocled to room
temperature and excess lithium aluminium hydride destroyed
by the cautious addition of water. Filtration,
evaporation of the filtrate, dissolution of the residue in
ether followed by extraction with water (3 x 20ml) and
brine (28ml) and evaporation of solvent at reduced
pressure gave an oily residue. Chromatography (CHCl3
eluant) of this residue gave 4-N-methylaminoindole (17)
(28mg, 37%) identical by “H n.m.r., i.r. and t.l.c. with
the previously described material.

=N~ -4- idoi - 4-N-Methylaminoindole
(17) (1.45g, 9.9mm) wés formylated in ether according to
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the general procedure to give the product (1.45g, 84%) as
a dark oil. (Pound: M¥ 174, ﬂ791; C1gH1 %20 requlres, |
174.08793); m/e 174 ¥y, 159 (m* -CHy), 146 (M t_co), 145
(M*-CHO) , and 116 (M'-CH3NCHO); v max. (thin £ilm) 3460,
33006, le6d, 1584, 1565, 1368, 1345, 1175, 1144, 1080,
1035, 910, 750, and 73fcm T; § (CDCly) 9.43 (lH, br s,
~indole NH), 8.41 (l1H, s, NCHO), 6.67-7.37 (48, m, ArH),
6,37 (1H, m, 3-H), and 3.48 (3H, s, NCE3).
4-N,N-dipethylaminoindele (115} - 4-N-Methyl-4-
formamidoindole (1.365g, 7.5mm) was reduced in T.H.F.
(36ml) with lithium aluminium hydride (886mg, 21lmm)
according to the general procedure to give gompound (115)
as a brown solid {(1.135g, 95%). Chromatography (CHCl3
eluant) gave a light brown crystalline solid (780fmg, 65%).
Recrystallisation gave the analytical sample m.p.
164-185.5°C (CHCl3/petrol). (FPound: C, 74.73; H, 7.58; N,
17.28; 10 }2N2 requires C, 74.97; H, 7.55; N, 17.49%);
m/e 168 (M7), 145 (nt -CHg), 131 (M t_¢ 28g) » and 117
(mt -NC,Hg); ¥ max. (thin fllm) 3479, 3400, 1606, 1588,
1568, 1470, 1459, 1439, 1416, 1366, 1349, 1310, 12649,
1220, 1195, 1186, 1145, 1888, 1958, 1615, 918, and
738em”%; § (CpCly) 8.27 (1H, br s, indole NH), 6.38-7.13
(5H, m, ArH), and 2.96 (6H, s, N(Cﬂ3}2).
={4- i 2 - 4-Aminoindole
(8) (28fmg, 2.1lmm), ethyl bromoacetate (35lmg, 2.lmm) and
potassium carbonate (619mg, 4.4mm) were stirred in D.M.F,.
(5ml) containing potassium iodide (36mg, #.l8mm) at 65°C,
under argon, overnight. After cooling the solution was
diluted with ether, extracted with water (5 x 20ml) and
brine (2 x 20ml), solvent removed and the residue
chromatographed (CHC13 eluant) to give g¢ompound (199)
(383mg, 84%) as an off-white crystalline solid. The
analytical sample was prepared by recrystallisation m.p.
186-101°C (EtOH). (Found: C, 66.01; H, 6.63; N, 12.63;
2314N202 requlres C, 66.04; H, 6.47; Nr 12.83%); m/e 218
(M7), 157, 145 (M7 —CO,Et), and 117 e -C,H,NO5) ; ¥ max.
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(nujol) 3439, 3388, 1725, 1595, 1520, 1460, 1430, 1424,
1375, 1255, 1216, 1150, 1106, 1020, and 736cm; § (CDCl,)
8.1 (1H, br s, indole NH), 6.58-7.85 (3H, m, ArH), 6.33
(14, m, 3-H), 6.97 (18, 4, J 7.5Hz, 5-H), 4.18 (3H, q, J
7Hz and br s, 0C32CH3 and HNAr), 3.93 (2H, s, NCH,CO) , and
1.18 (3H, t, J 7THz, CH,CHj).

. N=f{4-Indolvl)alanine Ethyl Bster (116) - 4-Aminoindole
(9) (6fmg, £.45mm), ethyl 2-bromopropionate (9%Img, @.5mm)
and silver oxide (120mg, @.5mm) were stirred together in
D.M.F. (2ml) under argon-at room temperature for 15 h.
After filtration, the sclution was diluted with ether,
extracted with water (5 x 18ml), the solvent removed at
reduced ﬁressure and the residue chromatographed
(CHCl;/petrol, 9:1 eluant) to give the oily product (110)
(280mg, 19%). (Found: Mt 232.,1211, C13H16N202 requiras
232.1212); m/e 232 (M), 159 (M'=C4H.0,), 132 (M'-CgHgO,),
and 117 (M'-CcHgNO,); ¥ max. (thin £ilm) 3488, 3400, 1728,
1665, 1619, 1598, 1505, 1375, 1365, 1304, 1188, 1155, 914,
and 73cm”l; $ (cDC1l;) 8.14 (1H, br s, indole NH),
6.70-7.14 (3H, m, ArH), 6.44 (1H, m, 3-H), 6.16 (1H, 4, J
7.5z, 5-H), 4.1l6 (33, 2 x g J 7Hz, OCH,CHy and
NCE(CH3)CO, 3.56 (1H, br s,BNAr), 1.55 (3H, 4, J 7Hz,
CH3CH), and 1.23 (3B, t, J 7Hz, ocnzcga).

e .. ) AN N-Di -
indole (112) - 4-Aminoindole (9) (13@mg, 1mm) benzyl
bromide (17lmg, lmm) -and potassium carbonate (276mg, 2mm)
were stirred at 78°C in D.M.F. (2ml) containing a
catalytic quantity of potassium iodide for 16 h. After
booling to room temperature and dilution with ether, the
solution was extracted with water (4 x 20ml) and brine
(20ml) and the solvent removed at reduced pressure. The
residue on subjection to column chromatography
(CHC13/petrol, 3:2 eluant) gave (i) 4-N,N-Dibenzylamino-
indole {(112) (73mg, 23%) as an oil. (Found: MT 312.1632,
Coglipghly requires 312.1626); m/e 312 (v*) and 221
(M -C,H,); ¥ max. (thin film) 3488, 1645, 1585, 1508,
1495, 1455, 1366, 1238, and 735cm_1; b (CDCl,) 7.87 (1H,
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br s, indole NH), 6.806~7.3@8 (13H, m, ArH), 6.27-6.53 (2H,
m, Arf), ahd 4.50 (4H, s, 2 x NCHyAr). (ii) 4-N-Benzyl-
aminoindole (111) (105mg, 47%). (Found: M' 222.1158,
CicHy 4N, requires 222.1157); m/e 222 (M¥) and 137. ¥ max.
3488, 3460, 1595, 1518, 1455, 1428, 1416, 1376, 1364,
1305, 1250, 1695, and 735cm™%; & (CDCl,y) 7.73 (1, br s,
indole NH), 6.50-7.3¢ (8H, m, ArH), 6.09-6.29 (2H, m,
ArH), 4.33 (2H, s, NCHzAr), and 3.92 (lH, br s, ArNH).

(i) Potassium bicarbonate/potassium jodide method:~
4-N-Methylaminoindole (17) (18.13g, 127mm) and ethyl
bromcacetate (21.98g, 126mm) in D.M.F. (150ml), containing
potassium bicarbonate (25g, 258mm) and potassium iodide
(566mg, 3mm) were stirred at 68°C for 24 h. The solution
was diluted with ether (80@0ml), extracted with water (5 x
58Pml) and the solvent removed at reduced pressure to give
an off-white solid. Recrystallisation gave gcompound (113)
(20.3g, 69%) m.p. 79-79.5°C (EtOH). (Found: C, 67.22; H,
7.01; N, 12.68; C13H14N20, requires C, 67.22; H, 6.94; N,
12.06%); m/e 232 (M%), 173 (M"-C,H,0), 159 (MT-C3HcO,),
and 130 (M'-CgH;,0,); v max. (nujol) 3320, 1720, 1580,
1519, 1465, 1435, 1415, 1384, 1225, 1208, 1045, and
735ecm™l; § (cpel,, 25@MAz) 8.33 (1H, br s, indole NH),
7.85 (2H, m, 2-H and 6-H), 6.93 (1H, 4, J 7.8Hz, 7-H),
6.55 (2, m, 3-H and 5-H), 4.23 (2H, q, J 7.3Hz, OCH,CH3) ,
4.18 (2H, s, NCH,CO), 3.12 (3H, s, NCH3), and 1.28 (3H, t,
J 7.3Hz, CH2Cﬂ3). {(ii) Silver oxide method:- 4-N-Methyl-
aminoindole (17) (26Pmg, '1.78mm), ethyl bromoacetate
(297mg, 1.78mm) and silver oxide (412mg, 1.78mm) were
stirred in D.M.F. (Sml) for 2 h at room temperature.
Silver oxide was removed by filtration and the filtrate,
after dilution with ether, extracted with water (5 x
16ml). Removal of solvent at reduced pressure gave the
product (113) as an oil (175mg, 42%) with identical i.r.,

1H n.m.r. and t.l.c. properties as those described above.

(114) - 1-Benzyl-4-N-methylaminoindole (188) (688mg,
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2.88mm), ethyl bromoacetate (501lmg, 3mm) and silver oxide

(1g, 4.4mm) were stirred overnight at room temperature in
D.M.F. (5ml). Filtration, dilution of the filtrate with
chloroform, extraction with water (5 xz 28ml) and removal
of solvent at reduced pressure gave a dark brown oil,
Chromatography {petrol/CHCl3, 7:3 eluant) gave the product
(114) as a yellow oil (23fmg, 25%) that gradually turned
dark on standing. (Found: M 322.1684, CygH, 5 N0
requires 322.168l1); ¥ max. (thin £ilm) 1748, 1575, 1492,
1194, 985, and 73fcm™'; & (CDCl;, 250MHz), 7.24 (3H, m,
Arg), 7.5 {(4H, m, ArH), 6.8 (1H, 4, J 8.3Hz, 7-H), 6.56
(1§, 44, J 9.8, 3.3Hz, 3-H), 6.53 (1B, 4, J 7.5Hz, 5-H)},
5.27 (2H, s,‘NCHzAr),_4.22 (2H, q, J 7.6Hz, CH,CH3), 4.18
(2H, s, NCH,CO), 3.12 (3H, s, NCH3), and 1.28 (3H, t, J
7.6Hz, CH,CHj).

—(4- i 1) - N-(4-Indolyl)-
glycine ethyl ester (109) (100mg, @.46mm) was stirred in
D.M.F. (1lml) containing potassium carbonate (138mg, lmm)
and methyl iodide (190mg, #.7mm) at room temperature for
72 h., The reaction mixture was diluted with ether, washed
with water (5 x 18ml) and brine (2 x 10ml) and solvent
1H n.m.r. data from the
regidue (72mg, 67%) indicated that despite being
homogenous by t.l.c. the product only contained some 68%
of the desired product (113) the remainder consisting of

removed at reduced pressure.

starting material (149).
aminoindoles - General Procedure - The appropriate
4~N-alkylaminoindole {lmm) was warmed to reflux
temperature for 21 h in toluene (19ml) containing a
catalytic quantity of 4-toluenesulphonic acid monohydrate.
After the reaction had gone to completion, the solution
was cooled to room temperature and diluted with ethyl
acetate. Extraction with saturated sodium bicarbonate (2
x 20ml), water (3 x 206ml) and brine (20ml) followed by
removal of solvent at reduced pressure gave
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the o0ily crude product. Chromatography gave the pure
sample. ‘
indole (17) =~ l-Methyl-4-aminoindole (129) was prepared
from 4-N-methylaminoindole (17) (196mg, 1l.3mm) according
to the general procedure. The product (123%) (153mg, 75%)
a pale green air sensitive o0il, was purified by
chromatography (CHC13/petrol, 4:1 eluant). fFound. M
146.0849, CQHlﬂNz requires 146.0844); m/e 146 (M ) and 131
(M -CH3), ¥ max. (thin £ilm) 3460, 3368, 3238, 1626, 1588,
1566, 1456, 1425, 1356, 1310, 1285, 1214, 1169, 1885, and
73ﬂcm_l; § (cocl,, 258MHz) 7.82 (1H, dd, J 7.8, 8.1Hz,
6-4), 6.87 (14, 4, J 3.1Hz, 2-H), 6.73 (l1H, 4, J 8.1lHz,
7-4), 6.33 (1H, 4, J 7.8Hz, 5-H), 6.32 (1H, dd, J 8.8,
3.18z, 3-H), 3.76 (2H, br s, ArNE,), and 3.63 (3, s,
NCHj) . '

Treatment of 4-N-Methylaminoindole (17) with water or

+

anhydrous camphor-sulphonic acid according to the general
procedure gave no rearranged product.

indole (111) - l-Benzyl-4-aminoindole (71) was prepared
from 4-N-benzylaminoindole (111) (5lmg, 6.23mm} according
to the general procedure. The product (71} (46mg, 98%)
was isolated as a crystalline solid after column chrom-
atography (CHClB/petrol, 4:1 eluant). The lH nem.r., i.r.
and t.l.c. properties were identical with those of the
previously described compound.

- - - a . ﬂ : N-' -
Indolyllalvcine Ethyl Ester (109) - N-(4-Indolyl)glycine
ethyl ester (109) (86mg, ©.39mm) on treatment with
4=-toluenesulphonic acid according to the general procedure
for 24 h gave only partial reaction. lH n.m.r. of the
crude reaction indicated a 68% conversion to ethyl-[{1-(4-
amino)indolyl]lacetate (138). Reaction of this crude
mixture according to the general procedure for a further
24 h followed by cdlumn chromatography (CHC13, eluant)
gave (i) N-{4-Indolyl)glycine ethyl ester (169} (l1l.6mg,
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13%) and (ii) Ethyl-{l-(4-aminol}indolyllacetate (138)
(66mg, 77%) as an oil. (Found: MT 218.1658, €y 5H; 4N,0,
requires 218.1055); m/e 218 (M*), 196 (M'-C,H,), and 145
(M¥-C4H0,); ¥ max. (thin film) 3468, 3375, 1748, 1628,
1590, 1495, 1455, 1375, 1358, 1315, 1285, 1214, 1168,
1825, 918, and 738 cm 1;§(CDCl,) 6.19-7.18 (5H, m, ArH),
4.65 (2H, s, NCH,CO), 4.08 (2H, g, J 7Hz, OCH,CH3), 3.66
(2H, br s, ArNEZ), and 1.20 (3H, t, J 7Hz, 0C32CH3)._
{126) - l-Methyl-4-aminoindole (129) (l1.996g, 1l3mm) and
methyl-2-keto-isgvalerate (1.95g, 15mm) were warmed to

reflux in toluene (46ml) containing a catalytic quantity

of 4~toluenesulphonic acid under argon, for 9 h., This

material was reduced without further purification. (See

next experiment). Chromat >graphy (CHC13/petrol 4:1
eluant) of an aliquot gave (126) as an unstable oil.
(Found: M' 258.1372, C;.H,gN,0, requires 258.1368); m/e
258 (M%), 243 (M+—CH3), 211, and 198; Vv max. (thin film)
3394, 1785, 1584, 1498, 1276, 1215, 1678, and 725cm_l;g
(CbCly) 6.68-7.16 (3H, m, ArH), 6.35 (1H, 4, J 3Hz, 3-H),
5.98 (14, 4, J 7Hz, 5-H), 5.29 (1lH, br s, NH), 3.67 (3H,
S, OCH3), 3.60 (3H, s, NCHB), 2.23 (3H, s, allylic CHB)'
and 1.86 (3H, s, allylic CHj) .

- - - i i - 2 -
N-[4-(1l-Methyl) indolyl]ldehydrovaline methyl ester (126)
(3.1g, 12mm) was dissolved in methanol (30ml} and
magnesium powder (l.4g, 60mm) added. The solution was
stirred at room temperature until a wvigorous reaction
started upon which an additional portion of magnesium
powder (l.44g, 60mm) was added and the solution cooled
{(ice/salt) until the reaction had subsided {(about 35
minutes). The reaction mixture was stirred for a further
1 h at room temperature, diluted with chloroform (260ml)
and extracted with saturated ammonium chloride (4 x
199ml). Removal of solvent and chromatography (CHC13/
petrol 7:3 eluant) of the residue gave (i) N-i4—(1-
Methyllindolyllvaline methyl ester (127) (2.24g, 63% from
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l-methyl-4-amincindole) as an oil that slowly soldified on
cooling. Recrystallisation of this solid gave an -
analytical sample m.p. 50.5-51°C (EtoH)-. (Found: C,
69.14; H, 7.89; N, 10.66; C15H2@N202 requires C, 69.20; H,
7.74; N, 16.76%); m/e 268 (M), 217 (M"-C4H,), and 261
(M7=C,H30,); ¥ max. (thin film) 3394, 1725, 1578, 1498,
988, and 720cm™*; & (CDCly) 6.20-7.03 (4H, m, ArH), 6.1
(1€, d, J 78z, ArH), 4.30 (1H, br s, NH), 3.94 (1H, d, J
6Hz, NCHCO), 3.58 (3H, s, OCE3), 3.40 (3H, s, NCHy) , 2.82
(18, m, CH(CH;),), 0.92 (3H, d, J 7Hz, CHCH3), and 0.86

. (38, 4, J 7H=z, CHCHB). (1ii) l1-Methyl-4-aminoindole (129)
(400mg, 21%) identical by lH n.m.r. and t.l.c. with the
previously described material.

N-Methyl-N-(4=-indolvl)valine Methvl-E (116) - A
solution of 4-N-methylaminoindole (17) (885mg, 6.06mm) and
methyl-2-ketoisovalerate (1.10g, 8.5mm) in toluene (68ml)
containing camphor sulphonic acid (5fmg) was boiled for 30
h under Dean-Stark conditions. Water formed during the
reaction was absorbed by 4R molecular sieve contained in
the Dean-Stark apparatus. The reaction mixture was cooled
to room temperature, diluted with ethyl acetate and
extracted with sodium bicarbonate (2 x 20ml) and water (3
% 20fml). Solvent was removed at reduced pressure and the
crude dark green o0il containing the dehydroamino acids
(126) and (128) (1.5574g) dissolved in methanol (38ml).
To the methanolic solution, magnesium powder (l.464qg,
61lmm) was added and the solution stood at room
temperature. When a spontaneous reaction started the
reaction mixture was stirred and cooled (ice bath) until
the reaction had subsided, when the ice bath was removed.
After stirring for a further lh the reaction mixture was
diluted with ethyl acetate (200ml) and the solution
extracted with saturated ammonium chloride (3 x 50ml).
Further extraction of the organic phase with water (3 x
50ml) and brine (50ml), removal of the solvent at reduced
pressure and chromatography (CHC13/petrol 4:1 eluant) of
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the dark residue gave (i)} N-[4~(1-Methyl)indolyl)valine
methyl ester (127) (28fmg, 18%) identical by H n.m.r.,
i.r. and t.l.c. with the préviously described material and
{ii) N-Methyl-N-{4-indolyl)valine methyl ester (116)
(314mg, 20%) as a pale green o0il that partially
crystallised on standing. (Found: M' 266.1529, C15H,4N,0,
requires 260.1525); m/e 260 (M), 231, 217 (r-x*-c3a7), 201
(4"-C,H;0,), and-185; ¥ max. (thin film) 3420, 1725, 1618,
1585, 1585, 1470, 1446, 1396, 1379, 130¢, 1255, 1179,
1150, 1125, and 735cm ; § (CDCl,, 250MHz) 8.14 (1H, br s,
indole NH}, 7.087 (2H, m, 2-H and 6-H}, 6.94 (1H, complex
d, J 8.3z, 7-8), 6.74 (1H, m, 3-H), 6.59 (1H, 4d, J 8.8,
7.38z, 5-H), 4.15 (l1H, 4, J 18.8Hz, NCHCO), 3.66 (3H, s,
OCH3), 3.4 (3H, s, NCH3), 2.49 (lH, m, (CH3)2CH), 1.85
(34, 4, J 6.4Hz, CH,CH), and 9.95 (3H, 4, J 6.4Hz, CH,CH).
{133) - To a stirred suspension of sodium hydride ({(55mg of
50% in o0il washed with petrel, 1.2mm) in D.M.F. (2ml) a
solution of N-Methyl-N-(4-indolyl)glycine ethyl ester
(113) (232mg, 1lmm) and geranyl chloride (208mg, l.lmm) in
D.M.F. (2ml) was added over 5 minutes. Stirring .was
continued at- room temperature for 45 minutes. After
dilution with ether the solution was washed with water (5
X 20ml) and brine (18ml), the solvent removed at reduced
pressure and the residue chromatographed (CHC13/petrol,
3:7 eluant). The compound (133) (31Pmg, B84%) was isolated
as a pale yellow oil. (Found: C, 74.89; H, 8.97; N, 7.38;
C21H32N202 riquires c, 75.88; H, 2.76; N, 7.61%); m/e 368
(M7), 295 (M —C3H502), and 159 (M -Clﬂﬂls-C3H502);‘Q max.
(thin £ilm) 1754, 1595, 1575, 1495, 1448, 1375, 1344,
1299, 1255, 1185, 1115, 10398, 968, 7549, and 730cm_1; )
(CDC1,) 6.46-7.17 (54, m, ArH), 4.99-5.45 (2H, m, 2x=CH),
4.65 (2, d, J 6Hz, NCH,) , 4.20 (28, g, J 78z, CHZCH3),
4.12 (2H, s, NCH,CO) , 3.67 (3H, s, NCH,y)» 2.05 (4H, m,
allylic Cﬂz), 1.78 {3H,. s, allylic CH3}, 1.68 (3H, s,
allylic CHj), 1.58 (3H, s, allylic CHy) » and 1.29 (3H, t,
J 7Hz, CH2CH3).
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(114) ~ N-Methyl-N-(4-indolyl)glycine ethyl ester (113)
{(232mg, 1lmm) was benzylated according to the above
procedure with benzyl bromide (18fmg, 1.85mm) and sodium
hydride (59mg, 50% in o0il washed with petrol, l.lmm).
Chromatography of the residue after removal of solvent
gave the product (114} as a dark oil (23¢mg, 71%),
possessing the same lH n.m.r., i.r. and t.l.c properties
as those previously described.

= —4- =di inoi - Potassium
hydroxide (250mg, 5mm, crushed pellets) was stirred in
D.M.S5.0. (3ml) for 5 minutes and 4-N,N-dimethylaminoindole
(115) (200mg, 1.25mm) then added. After stirring for 45
minutes at room temperature geranyl chloride (260mg,
1.5mm) was added and stirring continued for 2h. Dilution
with ether (5¢Uml), extraction with brine (2 x 28ml)}, water
{4 x 20ml) and brine (22ml) followed by evaporation of the
solvent at reduced pressure and chromatography (CHC13/
petrol 3:7 eluant) gave the compound (134) as a yellow oil
(174mg, 47%). (Found: ¢, 81.15; H, 9.71; N, 9.34;
C2§H28N2 requiri§ C, 81.983; H, 9.52; N, 9.45%); m/e 296
(') and 159 (M —ClEHIT);Q max. {(thin £film) 16d@, 1588,
1456, 1438, 1375, 1345, 1319, 1299, 1200, 1185, 11449,
1856, 995, 914, 755, and 73@cm-1; SI(CDC13) 6.35-7.16 (5H,
m, ArH), 5.3¢ (lH, m, =CH), 5.86 (1H, m, =CH), 4.55 (2H,
d, J 7Hz, NCH,), 2.93 (6H, s, N(CH3)2), 2.01 (483, m,
allylic Cﬂz), 1,75 (3H, s, allylic CHB)' 1.65 (3H, s,
allylic CH3), and 1.57 (3H, s, allylic CH3).

~ ~4-N,N-di inoi - 4-N,N-
Dimethylaminoindole {115} (191mg, 1.19mm), triethylamine
(175mg, 1l.75mm) and acetic anhydride (l6€&mg, l.6nm) were
stirred together in dichloromethane (2ml) containing a
catalytic amount of 4-N,N-dimethylaminopyridine at room
temperature for 36 h87. The solution was washed with
water (3 x 20ml), brine (28ml}) and solvent removed.
Chromatography (CHCl3 eluant) gave the product (148) as a
pale brown crystalline solid {(178mg, 74%). (Found: M¥
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2082, lllﬂ, C12 14 N,0 requires 282.1186); m/e 282 (M+) and
160 (M -CH,C0) ; ¥ max, (thin f£ilm) 1707, 1585, 1533, 1498,
1458, 1425, 1385, 1370, 133@, 1324, 1274, 1223, 1269,
1183, 1153, 1148, 930, 758, and 738en™l; $ (CcDCl,) 8.8
(14, 4, J 8Bz, 7-H), 7.03-7.36 (2H, m, ArH), 6.50-6.76
(2, m, ArH), 2.93 (6H, s, N(CH3)2), and 2.53 (3H, s,
CH3CO). ‘
Ester (141) - N-Methyl-N-{4-indolyl)glycine ethyl ester
(113) (l.l6ég, 5mm), chlorotrimethylsilane {(0.864g, B8mm)
and triethylamine (1.8g, 18mm) were stirred in dichloro-
methane (15ml) containing 4-N,N-dimethylaminopyridine
(20mg) for 48 h. The dark green solution was diluted with
dichloromethane (18fml) and washed with water (4 x 108ml)
and- brine (58ml). The solvent was removed at reduced
pressure and the residue chromatographed (CHC13/petrol,
4:1 eluant). The compoupnd (141) (1.525g, 1966%) was
isolated as a pale green oil. (Found: C, 62.83; H, 8.83;
N, 8.89; C16H24N20 Si requires C, 63.12; H, 7.95; N,
9.20%); m/e 384 (M) and 216. V max. (thin film) 174¢,
1570, and 1480cn™'; § (CcDCly) 6.98-7.18 (38, m, ArH),
6.45-6.55 (2H, m, ArH), 4.13 (2H, 4, J 7Hz, CH2CH3),.4.97
(22, s, NCHZCO), 3.83 (3H, s, NCH3), 1.24 (38, t, J 7Hz,
CH CHB)' and 0.53 (9H, s, NSl(CH3)3).
N-Methyl-N-f4-(l-trimethylsilyl)indolyllvaline Methyl
Ester (142) - A solution of N-methyl-N-(4-indolyl)valine
methyl ester (116) (188mg, 6.72mm), chlorotrimethylsilane
(130mg, l.2mm) and triethylamine (28006mg, 2mm) in dichloro-
methane containing a catalytic quantity of 4-N,N-dimethyl-
aminopyridine was stirred for 48 h, After this period of
time the reaction mixture was diluted with dichloromethane
extracted with water (4 x 30ml) and brine (30ml). Removal
c¢f solvent at reduced pressure and chromatography (CHC13/
petrol, 4:1 eluant) of the residue gave (142) (195mg, 82%)
as a colourless oil. (Found: M+ 332.1924, la 28 20251
requires 332.1928); m/e 332 (M Y, 362, 289 (M -C3H7), and
273; ¥ max. (thin £ilm) 1725, 1575, 1485, 1425, 1399,
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1260, 1168, 1148, and 738cm_1; ) (CDC13, 250MHZ) 7.02-7.12
(34, m, ArH), 6.79 (1§, 4, J 3.3Hz, 3-H), 6.62 (1#, dd, J
1.7, 8.5Hz, 5-H), 4.69 (1H, 4, J 12.3Hz, NCHCO), 3.67 (3H,
s, OCH3), 3.3 (3H, s, NCH3), 2.38 (1H, m, (CH3)2CH), 1.6
(3H, 4, J 6.8Hz, CH,CH), 0.94 (3H, 4, J 6.8Hz, CH3CH), and
.54 (94, s, Si(CH3)3).

{153) - N,N-Dimethylmethyleneammonium iodide (126mg,
f.68mm) was added in one portion to a solution of
4-N,N-dimethylaminoindole (115) (18fmg, B.63mm) in
dichloromethane (2ml) and the solution stirred for 10
minutes at room temperaturegs. Water (lml) was then
added, stirring continued for 2 minutes, the solution made
alkaline with 16% sodium hydroxide, the organic phase
washed with water (2 x 18ml) and brine (ldml) and the
solvent removed at reduced pressure, The pale green
residual oil (153) (138mg, 88%) showed no signs of
impurity by 1H n.m.r. and was used without <further
purification. (Found: M* 217.1582, C,3H;gN3 requires
217.1579); m/e 216 (Mm'-1), 201, 188, 187, 171, 159, 145,
138, and 117; & (CDCl;, 256MHz) 9.63 (lH, br s, indole
NdH), 6.93 (1H, m, 2-H), 6.72 (lH, 4, J 7Hz, 6-B), 6.47
(14, m, 3-8), 6.26 (lH, 4, J 7Hz, 5-H), 3.57 (2H, s,
ArCHZN), 2.92 (eH, s, ArN(CB3)2), and 2.28 (6H, s,
CHZN(CH3)2) .

- M -] - - -
Ethyvl Egter (151) - N-Methyl-N-(4-indolyl)glycine ethyl
ester (113) (232mg, lmm) was treated with dimethylmethyl-
eneammonium iodide (208mg, l.lmm) under the same

conditions described above, After work up the product
(151) (260mg, 93%) was isolated as a green-brown oil that
was used without further purification. (Found: m¥
289.1784, Ci6Ho3N30, requires 289.1798); m/e 289 (m1), 245
(M¥-N(CHy) ,), 217 (M'-C4H,0,), 171, and 157; V max. (thin
£film) 3398, 174¢, led@, 1529, 1588, 1455, 13786, 1196,
1026, 918, and 736em™'; § (CDC1, 256MHz) 9.81 (1H, br s,
indole NH), 7.18 (lH, m, 2-H), 6.83 (lH, 4, J 7Hz, 6-H),

6.53 (lH’ m, 3_H)r 6.42 (le d' J 7HZ’ S_H)f 4.21 (ZH' qr
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J 6.9Hz, OCHZCH3), 4.16 (2H, s, NCHZCO), 3.66 (2H, s,
1.26 (34, t, J 6.9Hz, CH2033).

glycine Ethyl Ester (156} - N-Methyl-N-{(4-indolyl)glycine
ethyl ester (113) .(128mg, 9.52mm) in benzene (1ml) at 5°C

34D 111 of 1M solution in

was treated with nitroethylene
benzene, lmm) for 2 b and overnight at room temperature in
the dark. Solvent was removed at reduced pressure and the -
dark residue chromatographed (CHCl3 eluant) to give a
product (80mg, 58%) homogeneous by t.l.c., (several solvent
systems) but which revealed two regioisomers in a ratio of
4:1 by “H n.m.r. (Found: m* 365.1389, €/ H, N30, requires
395.1375); m/e 395 m* ), 259, and 232 (M¥ C,H,NO,) ;¥ max.
“(thin £ilm) 3479, 3416, 1735, 1548, 1436, 1216, 1036, 912,
760, and 73@em’; § (CDCl,, 250MHz) major isomer (156) ;
8.58 (l1H, br s, indole NH), 7.84-7.20 (2H, m, ArH),
6.96-7.69 (l1H, m, ArH}, 6.56 (1H, m, ArH), 4.86 (28, t, J
7.8Hz, CHZNOZ), 4,20 (2H, gq, J 7Hz, OCBz), 3.96 (2H, s,
NCHZCO), 3.51 (28, t, J 7.8Hz, ArCHZCHz), 2.98 (3H, s,
NCB3), and 1.27 (3H, t, J 7Hz, CH2CH3); Minor isomer (157)
(where different from above);88.41 (1B, br s, indole NH)},
6.82 (2H, m, ArH), 4.96 (2H, t, J 6.5Hz, CHzNOZ) 3.85 (2H,
S, NCHZCO), and 2.85 (3H, s, NCH3).

- =N-{4-[5-(2-ami indo

| Ester (159) and N-Methyl-N-{4-{7-(2-aminoethyl}lindolyl}=

glycine Ethyvl BEster (158) - The regiochemical mixture of
{2-nitroethyl)indoles (156) and (157) (ll7mg, ﬁ.38mm) and

nickel (II) chloride (65mg, @.5mm) were dissolved in hot
ethanol (3ml}. Sodium borohydride (36mg, 9.7%9mm} was
added and the solution boiled for 28 minutes. An
additional portion of sodium borohydride (l16mg, 8.26mm)
was then added, the solution boiled for a further 106
minutes, cooled, filtered and the solvent removed at
reauced pressure, The residue was taken up in ether
(20ml) , extracted with water (3 x 15ml) and brine (l8ml)
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and solvent again removed to give the product (82mg, 78%)
as a light brown oil, homogeneous by t.l.c, No further '
purification of the material was required, (Found: m*
275.1628, C;H, N,0, requires 275.1634); m/e 275 ™y, 246
(M*~C,H:), 245 (M'-CH,N), and 173 (M -CH,N-C,H.0,); N max.
(thin £ilm) 3488, 3360, 3210, and 1735cm™'; § (CDCI,)
major isomer 9.28 (1H, br s, indole NH), 6.78-7.206 (4H, m,
ArHd), 4.13 (2H, gq, J 7Hz, OCHZCH3), 3.90 (2H, s, NCHZCO),
2.95 (9H, m, CHZCHZNHZ,_NCH3), and 1.25 (34, t, J 7Hz,
CHZCH3). :

- - =dj ine=3-— - The regiochemical
mixture of amino esters (158) and (159) (60mg, 9.22mm) in
Xxylene (16ml, B.92M solution) was degassed'with argon and
warmed to reflux for 8 h. After cooling and removal of
solvent at reduced pressure, the residue was
chromatographed (CHC13 eluant)' to give the tricyclic
product (1l60) (6émg, 12%) as a pale brown oil. (Found: M
229.1217, C4H;gN,0 requires 229.1215); m/e 229 wmty 171
(M¥~C,H,NO), 159 (M'-C,H,NO), and 149; ¥ max. (thin £ilm)
3480, 3419, 3300, and 1655; 3 (CDCl,, 258MHz) 8.19 (1H, br
s, indole MH), 7.25 (l1H, m, 2-H), 7.08, 6.88 (2H, ABq, JAB
7.34Z2, 6-H and 7-H), 6.62 (lH, m, 3-H), 5.96 (lH, br s,
CONH), 4.00 (2H, s, NCH2CO), 3.88 (2H, m, NC32CH2), 3.17
(24, &, J S5H=z, CHZCEZAr), and 3.13 (3B, s, NCH3)-

+

Ester (]165) - Indolyl valine methyl ester (127) (1.178g,
4.53mm) in benzene (2ml) was treated with nitroethylene
(8ml, 1M solution in benzene, 8mm) in the dark, with
cooling (ice). The solution was stirred overnight at room
temperature, the solvent removed and the residue
chromatographed (CHC13/petrol, 4:1 eluant) to give (i) N=
(165) (7786mg, 51%) as a pale yellow oil that solidified on
cooling. m.p. 71.5-73.5°C; (Found: C, 61.12; H, 6.93; N,
12.49; C,,H,,N,0, requires C, 61.25; H, 6.95; N, 12.60%);

17+23 374
m/e 333 (M), 260, 217, and 201; ¥ max. {(thin film) 3420,
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1725, 1666, 1575, 1545, 1495, 1468, 1438, 1418, 1365,
1335, 1285, 1255, 1280, 1155, 1698, 900, and 730cm 1; &
(CDC1,, 25@MHz) 7.86 (1H, t, J 7.5Hz, 6-H), 6.74 (2H, s +
d, J 7.5Hz, 2-H and 7-H), 6.23 (18, d, J 7.5Hz, 5-H), 4.70
(38, £t and br s, J 7.5Hz, NH and Cﬁzﬂoz), 3.99 (1H, m,
NCHCO), 3.70 (3H, s, OCHy), 3.63 (3H, s, NCH,), 3.68 (2H,
t, J 7.5Hz, ArCH,CH,), 2.21 (1H, m, (CHy),CH), 1.13 (3H,
d, J 6.5Hz, CH,CH), and 1.82 (3H, d, J 6.5Hz, CH,CH).
(ii) N-{4-{1-Methyl=-3-(2,4-dinitrobutyl) }indolyl]valine
methyl ester - m/e 486 (M'), 333 (M7-C,HyNO,) , 217
(M*-c,H, - C4HN,0,), and 201; ¥ max. (thin £ilm) 3420,
1728, 1683, 1575, 1545, 1495, 1460, 1438, 1418, 1365,
1285, 1255, 1208, 1155, 989, and 738cm *; § (CDCl,) 6.93
(18, &, J 8Hz, 7-H), 6.67 (2H, m, 2-H and 6-H), 6.16 (1lH,
d, J 8iz, 5-H), 5.15 (1H, m, CH,CHENO,), 4.37 (2H, t, J
8Hz, CH,NO,), 4.0 (2H, m, NH, NCHCO), 3.67 (38, s, OCH,),
3.60 (38, s, NCHy), 3.50 (2H, t, J 8Hz, ArCH,), 2.6 (3H,

m, CH(CEZ)NO2 and (CH3)2CH), and 1.867 (6H, m, (CHB)2CH).
- -N-{4=-(1- —(2— i -
glvecine Ethyl_ Ester (164) - N-Methyl-N-[4-(l-geranyl)-

indolyllglycine ethyl ester (133) (1.883g, 4.9mm) in
dichloromethane (6ml) at 8°C was treated in the dark with
nitroethylene (4ml, 2M solution in dichloromethane, 8mm)
over 5 minutes. The solution was stirred overnight in the
dark, solvent removed at reduced pressure and the residue
chromatographed (CHC13/petrol, 3:7 eluant) to give
compound (l164) (l.51g, 68%) as a pale yellow oil. (Found:
C,.67.99; H, 8.87; N, 9.42; C25H35N304 requires C, 68.06;
H, 7.99; N, 9.528); m/e 441 ("), 395 (M'-C,H.,0), 368,
322, 259, and 185; ¥ max. (thin film) 1745, 1558, 1495,
1440, 1375, 1318, 1185, 918, and 73ch-l; & {CDC13,
25¢MHz) 7.04-7.14 (2H, m, 6-H and 7-H), 6.92 (1lH, s, 2-H),
6.84 (14, 44, J 1.2, 7.1B2, 5-H), 5.34 (1B, t, J 6.9Hz,
=CH), 5.6 (14, m, =CH), 4.89 (2H, t, J 7.1lHz, CHZNOZ)’
4,61 (2H, 4, J-6.9Hz, NCHZ), 3.52 (2H,_t, J 7:18z,
OCHZCH3), 3.84 (2H, s, NCHZCO), 3.52 (28, t, J 7.1Hz,
ArC32CH2), 2.88 (3H, s, NCH3), 2.88 (4H, m, allylic Cﬂz),
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1.79 (3H, s, allylic CH3), 1.67 {3, s, allylic CH3), l1.60
(34, s, allylic CH3), and 1.24 (38, &£, J 7.3, CHZCH3).

valine Methyl Ester (142) with Nitroethvlene - To a
solution of the silyl indole (142) (18lmg, 9.55mm) in
dichloromethane (8.5ml) cooled to 8°C (ice bath), a
solution of nitroethylené in dichloromethane (lml, 1H
solution, lmm) was added. The reaction mixture was stood
in the dark at 59C for 24 h and for a further 4 h at room
temperature. The solvent was removed at reduced pressure
and the dark oily residue submitted to column
chromatography (CHC13/petrol, 4:1 eluant). (i) N-Methyl-
N-{4-[1-trimethylsilyl-3-(2-nitroethyl) ]indolyl}valine
methyl ester (163) (l19mg, 4.5%) was isolated as a
colourless oil.  (Found: M’ 485.2089, C,gHy N 0,Si
requires 405.2984); m/e 485 (M+), 363 (M+-C336), and 347; v
max. (thin £ilm) 1738, 1560, 1479, 1438, 1384, 1265, and
1855cn”"; § (CpCl,, 250MEz) 7.22 (1H, dd, J 9.8, 8.lHz,
7-8), 7.17 (iH, t, J 8.1Hz, 6-H}, 6.94 (1B, s, 2-H), 6.92
(14, 44, J 9.8, 8.1Hz, 5-H), 4.94 (1H, m, CHNOz), 4.73
(11, dt, J 7.5, 12.9Bz, CHNO,) , 3.53-3.,77 (3H, m, ArCH,,
NCHCO), 3.52 (3H, s, OCH3), 2.81 (3H, s, NCHy), 2.32 (1H,
septet, (CH3)2CE), 1.8 (3H, 4, J 6.2Hz, CH3CH), .97 (3H,
d, J 6.2Hz, CH3CH), and 6.52 (9H, s, Si(Cﬁ3)3). (ii) N-
Methyl-N-{4~[3-(2-nitroethyl) ]indolyl}valine methyl ester
(162) (91mg, 49%) as a pale yellow oil. (Found: M'
333.1687, C17H23N304 requires 333.1688); m/e 333 My, 290
(M7-C3H.), and 274 (M'-CENO,); V- max. 3438, 1735, 1628,
1565, 143@¢, 1398, 1374, 1188, 1136, 1899, and lﬁ45cm_l;g
(CDC13, 25pMHZz) 8.06 (lH, br s, indole NH), 7.84-7.12 (2H,
m, 6-H and 7-H), 7.686 (1H, 4, J 2.9Hz, 2-H), 6.89 (1H, d4d,
J 6.8, 1.8dz, 5-H), 4.91 (lH, m, CHNO,}, 4.78 (1H, dt, J
7.35, 12,9Hz, CHNO,), 3.52-3.78 (3H, m, ArCH, and NCHCO) .
3.58 (3H, s, OCH;) s 2.82 (38, s, NCH3), 2.35 (lH, m,
(CH3)2CH), i1.49 (3H, 4, J 6.7Hz, CH3CH), and 6.97 (3H, 4,
J 6.7Hz, CHBCH).
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Ester (171) - N-Methyl-N-[4-(l-benzyl)indolyl]lglycine
ethyl ester (l114) (ll8mg, 9.33mm) in dichloromethane (3ml)
at -78°C (acetone/cardice) under argon was treated with-
acetyl chloride (55mg, lmm) followed by stannic chloride
(260mg, lmm)gs. After stirring at -78°C for 2 h the
reaction temperature was raised to g°C for 1h, guenched
with water, diluted with dichloromethane and extracted
with water (3 x 20ml) and brine (l9ml). Removal of
solvent and chromatography (CHCl, eluant) gave the product
(171) (99mg, 83%) as a light yellow oil. (Found: M™
364.1787, 922H24N203 requires 364,1787); m/e 364 (M+),
324, 291 (M -C3H502), 278, 249, 236, and 223; ¥ max. (thin
£ilm) 1746, 1656, 1579, 1536, 15886, 1445, 1398, 1378,
1220, 1128, 1038, and 766cn™; § (CDC1,, 256MHz) 7.65 (1H,
s, 2~H), 7.38 (3H, m, ArH), 7.15 (3H, m, 6-H and ArH},
6.95 (18, 4, J§ 7.9Hz, 7-H), 6.91 (1H, 4, J 7.9Hz, 5-H),
5.27 (2H, s, NCﬁzAr), 4,89 {2H, gq, J 6.7Hzf OCHZCH3), 3.96
(28, s, NCHZCO), 3.84 (3H, s, NCH3), 2.68 (3H, s, CH3CO),
and 1.29 (3H, tf J 6.7Hz, OCHZCﬂ3).

{175) - To a solution of N-methyl-N-(4-indolyl)glycine
ethyl ester (113) (l1l6émg, 9.5mm) in D.M.F., N-bromo-
succinimide (90mg, @.51mm) was added at room temperature
in one portionlg3. The solution immediately turned an
intense deep blue. Stirring was continued for 24 h, the
solution diluted with c¢hloroform, extracted with water (5
¥ 1l5ml) and brine (l6ml), solvent removed at reduced
pressure and the residue chromatographed (CDC13/petrol 3:1
eluant). The product (175) (63mg, 41%) was isolated as an
unstable o0il containing an intensely coloured blue
impurity. (Found: M® 319.9314, C ,H .N,Br' 0, requires
316.8317); m/e 3149, 312 (M+), 253, 251, 239, and 237; %
max. (thin f£ilm) 3269 and 1745; $% (CDCl,) 8.36 (1H, br s,
indole MH), 7.11, 6.32 (2H, ABqg, JAB 94z, 5-H, 6-H), 7.02
(14, m, 2-H), 6.53 (lH, m, 3-H), 4.14 (28, q, J 7.5Hz,
OCHZCH3), 4,19 (2H, s, NCEZCO), 3.6 (3H, s, NCH3) » and
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1.24 (3H, t, J 7.5Hz, CHzCH3).

indolyllglycine Ethyl Ester (176} and N-Methvi-N-{4-[3-(2-
nitroethyl}lindolyllglycine Ethyl Ester (155) - To a
stirred solution of N-Methyl-N-{4-(l-trimethylsilyl)-
indolyl]glycine ethyl ester (141) (3.94g, 1l86mm} and
nitroethylene (1.095g, 15mm) at -78°C (acetone/cardice),
in dichloromethane (15ml), a solution of stannic chloride
(2.86g, llmm) in dichloromethane (llml) was added over 1%
minutes. The dark green solution was stirred at -78°C for
6 h, quenched with water 'and allowed to warm to room
temperature. Stirring was continued for a further 2 h
until all the precipitated, oily solid had dissolved. The
orgénic phase was washed with water (3 x 58ml) and brine
(58ml) , the solvent removed at reduced pressure and the
residue chromatographed (CHC13/petrol, 4:1 eluant) to give
(1) - “N-{4-{l-trj =3-(2-nj -
indolylldalycine Ethyl Ester (176) (l.61g, 43%) as a
colourless oil. (Found: C, 56.96; H, 7.23; N, 11.61
C18H27N30481 requires C, 57.27; H, 7.21; N, 11.13%); m/e
377 (M%), 345, 343, 331, and 304 (M'-Si(CHj);); ¥ max.
(thin £ilm) 1732 and 1548cm™*; § (CDCl,, 250MHz), 7.22
(ld, 4, J 7.9Hz, 7-H), 7.19 (lH, 4d, J 7.9, 8.3Hz, 6-H},
6.94 (1H, br s, 2-H), 6.87 (1H, 4, J 8.3Hz, 5-H), 4.99
(2H, t, J 6.5Hz, CH2N02), 4,16 (2H, g, J 7Hz, 0CH2CH3),
3.82 (2H, s, NCHch), 3.53 (2H, t, J 6.5Hz, ArCHZCHz)p
2,85 (3H, s, NCH,), 1.22 (3H, t, J 7Hz, CH CH3), and 0.50
(9H, s, Sl(CH3 3), and (ii) N-Methyl-N-{4-[{3-(2-nitro-
etbyl)lindolyllglycine ethyl ester (155} (636mg, 20%) as a
pale yellow oil. (Found: €, 58.87; H, 6.13; N, 13.57
li 19N3 4 :egu1res C, 59.681; H, 6 27: N, 13. 76%), m/e 385
(M), 259 (M -NOZ)’ 246, 232 (M —C2 3 NOE)’ and 186; Vv
max. (thin film) 3488, 1746, and 1548cm ~; & (CDCl,,
25¢MHZz) 8.18 (1H, br s, indole NH), 7.18 (2H, m, ArH),
6.95 (1, m, ArH), 6.83 (lH, m, ArH), 4.99 (2H, t, J
6.5Hz, CHZNOZ)’ 4,17 (24, g, J 7Hz, OCH,CH,) » 3.84 (24, s,
NCHZCO), 3.53 {2H, t, J 6.5Hz,
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ArCH,CH,), 2.87 (3H, s, NCHy), and 1.23 (3H, t, J 7Hz,
CH,CH,) . ' '

nitroethyl)lindolyllglycine FEthyl Ester (155) - The
l-silyl indole (176) (4@6mg, 0.12mm) in dichloromethane
{(8.5ml}) at SOC (ice) was treated with tetrabutylammonium
fluoride (8.13ml 1M solution in dichloromethane, £.13mm)
for 18 minutes. The solution was diluted with dichloro-
methane, extracted with ammonium chloride solution (2 x
18ml), water (2 x 18ml) and brine (1Pml) and the solvent
removed at reduced pressure to give the essentially pure
product (155) (32mg, 88%) identical (1H n,m,r., i.r. and
t.l.c.}) to the above product.

The procedure generally adoptéd was to treat the crude
reaction mixture containing N-methyl-N-{4-[l-trimethyl-
silyl-3-(2=-nitroethyl)lindolyljglycine ethyl ester (176)
and N-methyl-N=-{4-{3-(2-nitroethyl)}indolyllglycine ethyl
ester (155) with one equivalent of tetrabutylammonium
fluoride as described above giving a simple £inal
chromatographic stage. Yields of up to 61% were obtained
for nitroethylation followed by deprotection according to
this protocol. ‘

- Ed \ B - — -] - -— -

indolylliglvcine Ethyl Ester (177) - To a solution of
N-methyl-N-~{4-(l-trimethylsilyl)indolyl]glycine ethyl
ester (l4l) (97mg, 6.22mm) and nitroethylene (22m§, g.3mm)
in dichloromethane (2ml) at =-28°C (CC14/cardice}, zinc
iodide (68mg, #.23mm) was added and the solution stirred
for 150 minutes. After warming to room temperature and
stirring for an additional 1 h the deep purple solution
was quenched with water, diluted with dichloromethane and
extracted with water (4 x 1l6ml) and brine (l18ml).
Evaporation of the solvent and chromatography gave -the
product " (177) as a yellow-brown o0il (32mg, 27%). m/e 377
(M*), 343, 318, and 384 (M'-Si(CHj);); & (CDCly,
256MHZ), 7.27 (1H, 44, J 1.1, 7.6Hz, 6-H), 7.15 (1B, 4, J
3.1Hz, 2-H), 6.98 (1H, 4, J 7.6Hz, 2-H), 6.62 (lH, dd4, J
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3.1, 1Hz, 3-H), 4.80 (2H, t, J 6Hz, CHZNOZ)' 4,20 (24, q,
J 7Hz, OCH,CH4) 4 3.95 (2H, s, NCH,CO) , 3.52 {2H, t, J 6Hz,
ArCH2CH2), 2.96 (3H, s, NCH3), 1.28 (3H, t, J 7Hz,
CH,CH,) » g.58 (9H, s, Si(CH3)3).

& a D i N=¥ =M=
[4-(3-acvyl}ind ' E Est - N-Methyl-N-{4-
{l-trimethylsilyl) indolyllglycine ethyl ester (141) (1M)
in dichloromethane (3ml/mm) at -78°C (acetone/cardice) was
treated sequentially with the appkopriate'acid chloride
(or anhydride) (2M) and stannic chloride (3M) in dichloro-
methane (lml/mm). The solution was stirred for 3 h at
-78°C and 1 h at 9°C and guenched with water and sodium
bicarbonate. Stirring was continued until the precip-
itated oily material dissolved, the solution diluted with
dichloromethane and extracted with sodium bicarbonate,
water and brine. Removal of solvent and chromatography .
(chloroform/petrol eluant) of the residue gave the desired
product.

(186) - The silyl indole (141) (186mg, ©6.33mm) was treated
with acetyl chloride and stannic chloride according to the
general procedure. The compound {(188) (8fmg, 88%) was
isolated as a pale yellow brown oil. (Found: C, 55.72; H,
5.68; N, 8.45; C15H18N203._;B.SCHC13 requires C, 55.74; H,
5.58; N, 8.39%; Found: M  274,1321, C15H18N203 requires
274.1317); m/e 274(u%) and 201(M'~C4H.0,); ¥ max. (thin
film)} 3215, 1748, and 1640; & (CDC13, 250MHZz) 18.25 (1H, v
-br s, indole HMHB), 7.49 (1H, br s, 2-#), 7.09 (1H, 4d, J
6.7, 7.1Hz, 6-H), 6.93 (l1H, 4, J 6.7Hz, 7-H), 6.79 (1lH, 4,
J 7.1Hz, 5-H), 4.11 (2H, q, J 7Hz, OC32CH3), 3.98 (2H, s,
NCH,CO), 2.95 (3H, s, NCHy), 2.56 (3H, s, CH3CO), and 1.20
(3, t, J 7Hz, CH2C53).

Acetic anhydride in lieu of acetyl chloride gave a
product with identical lH n.m.r., i.r. and t.l.c.
properties to those described above in a 78% yield.

N-Methyl-H-[4-{3-jscbutvryl)indelvliglycine Ethyvl
Ester (181) - The silyl indole (141) (108mg, 9.35mm) was
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treated with isobutyryl chloride and stannic chloride
according to the general procedure. The product (181)
(39mg, 40%) was isolated as a pale brown oil. (Found: m*
302.1632, Cy,H,,N;0, requires 302.1638); m/e 302(M"),
259 (M*~C3H,), and 229 (p*—CBHsoz); VY max. (thin film)
3238, 1748, and 1645cm *; & (CDCl,) 7.29 (lH, s, 2-H),
6.64-7.03 (3H, m, ArH), 4.03 (28, g, J 7.5Hz, OCH,CH4),
3.80 (2H, s, NCH,CO), 3.32 (1H, m, CH(CHy),)}, 2.91 (3H, s,
NCH;), and 1.16 (9H, t and 4, J 7.5Hz, 7.5Hz, CH,CHg,
CH(CH;},) .

E =1 -N-[4-(3-

Ethy]l Ester (182) - The silyl indole (141) (115mg, %.38mm)
was treated with benzoyl chloride and stannic chloride
according to the :general procedure. Chromatography
(CHCl3/petrol 9:1) of the residue gave (i) N-Methyl-N-[4-
(1,3-dibenzoyl)indolyl]lglycine ethyl ester (183) (75mg,
45%) as a pale yellow oil (Found: M 448.1733, C,.H,,N,0,
requires 448.1736); m/e 440@"), 381, 367(M'-C,H0,), and
245; v max. (thin f£ilm) 1748, 1698, and 1655cm *; $
(CDC13) 6.95-8.286 (14H, m, ArH), 3.95 (2H, g, J 7.5Hz,
C52CH3), 3.56 (2H, s, NCHch), 2.55 (38, s, NCH3)r and
1.13 (38, t, J 7.5Hz, OCH,CH3) . (ii) N-Methyl~-N-[4-~-
{3-benzoyl) indolyl]glycine ethyl ester {182) (44mg, 34%)
as a yellow oil. (Found: M1 336.1474, CygHogN,04 requires
336.1475); m/e 336(M"), 263(M"-C4H.0,), and 246; v max.
(thin f£ilm) 3240, 1748, and 1625cm ~; & (CDCl,y) 10.16 (1H,
br s, indole NH), 6.74~7.86 (94, m, ArH), 3.96 (2H, g, J
~ 7.5Hz, CH,CH,), 3.66 (2H, s, NCH,CO), 2.80 (3H, s, NCH,),
and 1.1¢ (3H, t, J 7.5Hz, CHZCH3).

{184) - The silyl indocle (141) (1l1l5mg, 8.38mm} and zinc
(IT) iodide (230mg, lmm) in dichloromethane at -29°¢
(CC14/cardice) were treated with acetyl chloride (44mg,
8.57mm) for 3 h and for a further 1 h at 8°C. The dark
solution was quenched with water and worked up as
described in the general procedure. The residue was
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chromatographed (CHCl; eluant) to give (i) N-Methyl-N-
[4-(7-acetyl)indolyl]lglycine ethyl ester (184) (lémg, 15%)
as a colourless oil. (Found: HT 274,1317, C15H18N203
requires 274.1318); m/e 274(M+), 291(M+—C3H502), and
159 (M7~CqH0,-CoH,0) ; ¥ max. (thin £ilm) 3488, 3350, 1740,
and 1660cm *; ® (CDCl,, 250MHz) 8.52, (1H, br s, indole
¥NH), 7.38, 7.1 (2H, ABq, JAB 7.4Hz, 6-H, 5-H), 7.19%9 (1H,
m, 2~H), 6.76 (1H, m, 3-H), 4.16 (28, g, J 7Hz, OCHZCH3),
4,04 (2H, s, NCHZCO), 3.13 (38, s, NCﬂ3), 2,72 (3H, s,
CH3CO), and 1.25 (3H, t, J 7Hz, CHZCHB)' and (ii) N-
Methyl-N-[4-(3-acetyl) indeolyl]glycine ethyl ester (188)
(50mg, 48%) identical by t.l.c. and 1H n.m.r. with the
compound previously described.

- —N={4-[3=(2- -3— -

glvcine Ethvl Ester (189) - (i) Potassium carbonate and
formalin method: N-Methyl-N-{4-[3-(2-nitroethyl)]indolyl}-
glycine ethyl ester {155) (336mg, l.lmm) and potassium
carbonate (75mg, 8.55mm) in ethanol/water (4ml/2:1) at 8¢
were treated with formalin (6.99ml, l.lmm) for 2 h., The
solvent was removed at reduced pressure, the oily residue
taken up in chloroform and extracted with water (3 x 20ml)
and brine (20ml). Removal of the solvent at reduced
pressure and chromatography (CHCl3 eluant) of the residue
(402mg} gave (i) HN= =N=-{4-13-{2-ni =-3- -
propyl)lindolyllglycine ethyl ester (189) (68mg, 19%) as a
pale yellow oil. (Found: C, 53.38; d, 5.94; N, 11.43
C16H21N305.ﬂ.25 CI—IC1:i;i requires C;.53.44; H, 5.87; N,
11.51%); m/e 335 (M) and 385 (M -CH20);.0 max. (thin
£ilm) 3416, 1738, and 1566cm ~; & (CDCl,) 8.36 (1H, br s,
indole MH}, 6.40-7.85 (42, m, ArH), 5.32 (1H, m, CHNOz),
4.14 (2H,.q, J 7.5Hz, OCH,CH3), 3.7¢-4.60 (5H, m, NCH,CO,
CH,od), 3.39 (2H, 4, J 8Hz, CH,Ar), 2.76 (3H, s, NCHj),

- and 1.23 (34, t, J 7.5Hz, CH,CH;) and (ii) N-Hethyl-N-{4-
[3=-(2-nitro-2-hydroxymethyl-3-hydroxypropyl) ]indolyl}-
glycine ethyl ester (198), (l60mg, 468%) as an oil.
(Found: M* 365.1582, C,;H,3N,0. requires 365.1587); m/e
365 (M), 335 (M'—-CH,0), 318, and 306; ¥ max. (thin £ilm)
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3409, 3288, 1735, and 1540cm™!; & (cpcly) 8.82 (1, br s,
indole W¥H), 6.80-7.16 (4B, m, ArH), 3.53-4.40 (12E, m,

OCH,CH4, CH,0H x 2, NCH,CO, ArCH,), 2.86 (3H, s, NCHy),
and 1.27 (3H, t, J 7.5Hz, CH2CH3).

(ii) Sodium methoxide and paraformaldehyde method:- A
suspension of paraformaldehyde (118mg, 3.94mm) in D.H.F.
{8ml) containing li-methyl-N-{4-[3-(2-nitroethyl)]indolyl}-
glycine ethyl ester (155} (1.1973g, 3.94mm) and sodium
methoxide (15mg) was warmed to 78°C under argon until a
clear solution was formed (about 18 minutes). The cooled
solution was diluted with ethyl acetate (158ml), extracted
with water (5 x 188ml) and brine (58ml). Removal of the
solvent at reduced pressure and chromatography (CI—ICl3
eluant) gave N-methyl-N-{4-{3-(2-nitro-3-hydroxypropyl)]-
indolyl}glycine ethyl ester (189} (963mg, 68%) identical
by t.l.c.., lH n.m.r. and i.r. with the material described
above, N-Methyl-N-{4-{3-(2-nitro-2-hydroxymethyl-3~
hydroxypropyl) ]indolylliglycine ethyl ester (198) (235mg,
16%) was also isolated.

An additional quantity of the monohydroxymethylated
product (189) was obtained by treating the bishydroxy-
methylated material (19¢) (235mg, @.65mm) with sodium
methoxide (18mg) in D.M.F. at 70°C for 18 minutes. Work
up as described above followed by chromatography (CHCl3

eluant) gave the monohydroxymethylated product (189)
(9img, 42% or 75% overall from (155)) and bishydroxy-
methylated product (196) (llémg, 58%).

-} { e

valine Methvl Ester (19la.,b) - N-Methyl-N-{4-([3-(2-nitro-
ethyl)lindolyllivaline methyl ester (162) (34.7mg, 9.10mm)
was treated with paraformaldehyde (3.lmg, 9.l8mm) and
sodium methoxide (catalytic portion) according to the
above procedure. Chromatography {CHCl3 eluant) of the
residue after work up gave the product (19la,b) (20ng,
55%) és an oil. Treatment of the residual material with a
further catalytic quantity of sodium methoxide resulted in
a further yeild of (1l9la,b) (total yield 25mg, 70%). It
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was not found possible to separate the diastereomeric
mixture by chromatography. (Found: Mt 363.1789,
C,gHosM305 requires 363.1794); m/e 363 (%), 334 (n'-cHO),
and 274 (M+-C2H3NO3); Vv max. (thin £ilm) 3428-3508, 1735,
1568, 1185, 1695, and lﬂ45cm_l; S (CDC13, 250MHzZ,
diastereomeric¢ mixture), 8.10 (1H, br s, indole NH),
6.84-7.17 (4H, m, ArH), 4.55 and 4.11 (lH, m, NO,CH),
3.72-4,089 (5d, m, CHZCH(NOZ)CHZOH, NCHCO), 3.58 and 3.58
(38, s, OCHy), 2.83 and 2.80 (3H, s, NCHj), 2.35 (1H, m,
_(CH3)2CH), 1.15 (3H, D, J 7.5HZ, Cﬂ3CH), 1.87 (3H, d, J
7.5HZ, CH3CH), and 0.%94 (3H, m, (CH3)2CH).
-{4=[]= —3-{2-ni -3
vali M E 2 -~ N-{4-[l-methyl-3-(2-nitro-
ethyl)]indolyl}vaiine methyl ester (165) (778mg, 2.3mm)
and paraformaldehyde (76mg, 2.3mm) in D.M.F. (4ml) _
containing sodium methoxide (l19mg) were warmed at 76°C for

19 minutes, cooled and worked up as described above.
Chromatography (CHCl, eluant) gave the product (192a,b,)
as two enantiomeric mixtures. (Found: C, 51.29; H, 6.83;
N, 9.43; C18H25N305+?.6 CHCl3 requires C, 51.39; H, 5.93;
N, 9.66; Found: M 363.1843, ClgﬁzsNBOS reguires
363.1794); m/e 363 (M7), 334 (M'-CHO), and 274
(MT-C,HNO5) ; ¥ max. (thin £ilm) 3599, 1725, 1606, 1575,
1540, 1495, 1459, 1436, 1419, 1386, 1368, 1296, 1255,
1285, 1155, 1845, 908, and 728ecm™t.  Careful
chromatography (CHC13/petrol 72:28 then CHC13/petrol 74:26
eluant) gave the two pure enantiomeric mixtures referred
to as 'more polar' (192b) and 'less polar' (192a) from
their t.l.c. behaviour. (i) Less polar (192a) % (CDC1,,
25¢¥MHz) 7.65 (1H, 4d, J 7.6, 8Hz, 6-H), 6.73 (2H, s + 4, J
8Hz, 2-H and 7-H), 6.23 {(l1H, d, J 7.6Hz, 5-H), 4.94 (1lH,
m, CﬂNOz), 3.95-4.06 (4H, m, ArNH, CHZOH and NCHCO), 3.73
(3H, s, OCH;), 3.65 (3H, s, NCHy), 3.58 (20, 4, J 7Hz,
ArCHz), 3.24 (14, br s, OH), 2.20 (lH, septet, J 6.7Hz,
(CHy) ,CH), 1.11 (3H, 4, J 6.7Hz, CH3CH), and 1.83 (3H, d,
J 6.7Hz, CHyCH). (ii) More polar (192b) § (CDCl;, 250MHz)
7.85 (iH, 44, J 7.5, 8.8Hz, 6-H), 6.74 (lH, 4, J 8.8Hz,
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7~d4), 6.72 (lH, s, 2-H), 6.24 (1H, 4, J 7.5Hz, 5-H), 5.85
(1H, m, CHNO,), 4.87 (lH, br s, ArNH), 3.96-4:84 (3H, m,
CHZO' NCHCO), 3.72 (3H, s, 0CH3): 3.64 (3H, s, NCH3), 3.62
(14, 44, J 6.25, 15.5Hz, ArCH), 3.580 (1H, 44, J 7.5,
15.5Hz, ArCH), 3.88 (1H, br s, OH), 2.22 (1H, m,
(CH3)2CH), 1,12 (3H, 4, J 6.84z, CH3CH), and 1.95 (34, 4,
J 6.8Hz, CH4CH) .

- -] — - - -1 i -3 (2= -
oxyipropyl)lindolylitglycine Ethyl Ester (196) - A solution
of N—Methyl—N—{4—[3;(2-nitrd-3—hydroxypropyl)]indolyl}-
glycine ethyl ester (189) (994mg, 3.0mm), dihydropyran
(560mg, 6mm) and pyridinium tosylate (262myg, 1.05mm) in
dichloromethanelgﬂ
temperature. After extraction with water (3 x 50ml) and

(20ml) was stirred overnight at room -

brine (56ml) and removal of solvent at reduced pressure
the residue was chromatographed (CHC13/petrol 4:1 eluant)
to give compound (196) (1.87g, 86%) as an oil. (Found: C,
57.37; H, 6.92; N, 89.25; C21H29N30§ 0.2CHCl4 requires C,
57.43; H, 6.64; N, 9.48%; Found: M 419.2060, C21H29N306
requires 419.2056); m/e 419 (M%), 346 (u*-C3H,0,), 271,
and 199: ¥ max. (thin £ilm) 3418, 1748, 1548, 918, and
730cm™'; $ (CDCl,) 8.36 (1H, br s, indole NH), 6.69-7.05
(44, m, ArH), 5.36 (1H, m, CHNO,), 4.57 (1H, m, OCHO),
4,19 (2H, gq, J 7Hz, OCH,CH3)}, 3.36-4.00 (4H, m, (OCH, x
2), 3.77 (2H, s, NCH,Co0), 3.36 (2H, 4, J 7Hz, ArCH,), 2.82
(3H, s, NCH,), 1.35-1.88 (6H, m, CH,CH,CH,), and 1.19 (3H,
t, J 7Hz, CH,CH,).

—[4=[]- =3=(2=-11i -3=(2= -
oxvipropvillindolvllivaline Methyl Ester (198a,b) - N-{4-
[1-Methyl-3-(2-nitro-3-hydroxypropyl)}]indolyl}valine
methyl ester (192a,b) (diastereomeric mixture, 1986mg,
§.52mm) was treated in the same manner as described above
with dihydropyran (84mg, lmm) and pyridinium tosylate
(59mg, €.25mm). Chromatography (CHC13/petrol 9:1 eluant)
gave the product (198a,b) (20¢mg, 86%) as a yellow oil.
{(Found: M+ 447 .2380, C23H33N306 requires 447.2369); m/e
447 "), 363, 345, 328, 304, 274, 229, and 213; ¥V max
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{(thin film) 3446, 1735, 1619, 158¢, 1558, 1564, 1465,
1440, 1429, 1379, 1345, 129¢, 1260, 1289, 1165, 11389,
1979, 10638, 965, 919, and 74ﬂcm_1; S (CDC13) 6.54-6.93
(3, m, ArH), 6.15 (1H, d4, J 7.5Hz, 5-H), 5.15 (1lH, m,
CHNO,), 4.53 (lH, m, OCHO), 3.26-4.20 (7H, m,
ArCHZCH(NOE)CHZO, NCHCO, 0C32CH2), 3.9 (3, s, OCE3),
3.59 (3H, s, NCH3) 2.16 (lH, septet, J 6.5Hz, (CH3)2CR),
1.36-1.76 (6H, br m, CH,CH,CH,) » 1.05 (3H, 4, CH;CH), and
g.98 (3H, d, CH5CH) . )

The less polar enantiomeric mixture (192a) (l22mg,
@.33mm} was treated in the same way with dihydropyran
(44mg, B.5mm) and pyridinium tosylate (20mg, @.lmm) to
give the product (198a) (143mg, 97%) identical by t.l.c.

1

‘and 'H n.m.r. with the above product.

indoles = General Procedure - A solution of the
appropriate 3-(2-nitroethyl)indole (1M) and cobalt (II)
chloride hexahydrate (2M) in methanol (4ml/mm) or
T.H.F./methanol l:1 (4ml/mm) was cooled to 6°C and treated
over 5 minutes with sodium borohydride (1§M)112. The
black solution was stirred for 38 minutes at 8°C and 39
minutes at room temperature and worked up. If there was
no 2-tetrahydropyranyloxy ether present in the molecule,
the black suspended material was dissolved by the addition
of 6M HCl, neutralised with excess ammonium hydroxide, the
solution extracted with ethyl acetate (3 times) and the
combined organic phases washed with water and evaporated
at reduced pressure. If the molecule contained a 2-tetra-
hydropyranyloxy ether moiety, the reaction mixture was
diluted with ethyl acetate, extracted with brine (twice),
water (4 times) and brine and the solvent removed at
reduced pressure. In either case the product could be.
purified by chromatography (EtzNH/EtOH/CHC13) although
purification was not generally necessary.

- =N-={4-- - -
Ester (202) - N-Methyl-N-{4-[3-(2-nitroethyl)]indolyl}-
glycine ethyl ester (155) (248mg, 0.82mm) was reduced
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according to the general procedure with cobalt (II)
chloride hexahydrate (387mg, 1.64mm} and sodium
borohydride (312mg, 8.2mm) to give the product (282)
(185mg, 82%) homogeneous by t.l.c. (Found: ut 275, 1638,
ClSH 1N302 requires 275.1634); m/e 275 (H ), 246, and 173;
¥ max, (thin film) 3480, 3370, and 1745cm™%; $ (CDC1,)
9.865 (lH, br s, indole MNH), 6.65-7.85 (4H, m, ArH), 4 g6
(26, q, J 7.5Hz, OCH,CHy), 3.74 (2H, s, NCH,CO), 2.96 (6H,
m, ArCH,CH,NH,), 2.86 (3H, s, NCH3), and 1.25 (3H, t, J
7.5Hz, CHZCH3).

: % Rms , _ . i3 E

-P -[14,3.2~- 2 -
a -1- = - igzonin=3= -

Procedure - The appropriate 3~(2-aminoethyl)indole amino
‘acid ester (1M) in aqueous ethanol (1:2) (4ml/mm)
containing 1N NaOE (lml/mm) was stirred at room
temperature overnight (glycine ethyl ester derivatives} or
refluxed 36 h -{valine methyl ester derivatives). The
solvent was removed at reduced pressure and the amino acid
sodium salt, so formed, dried overnight at room
temperature jn_vacuo over phosphorous pentoxide.

The crude, dry amino acid sodium salt (1M} was
dissolved in D.M.F. (2mg/ml) and treated with diphenyl-
67 (1.1M) and triethylamine (1.5M) at room
temperature under argon for 72 h. The solvent was removed

phosphorylazide

at reduced pressure and the residue taken ué in ethyl
acetate/water. The organic phase was washed with water (4
times) and brine, solvent removed at reduced pressure and
the residue chromatographed to give the desired
hexahydro-1,4-benzodiazonin-3-one.

_ﬁ_Bx;1QlQlA41L2:gLhl_l4_4i;i4§;§#hﬁz§hxﬂig_i_m§£hxl_

- =-3- 2) - N-Methyl-N-{4-{3-(2-amino-
ethyl)lindolyllglycine ethyl ester (262) (6¢mg,. 9.22mm)
was” hydrolysed according to the general procedure to give
N-methyl=-N-{4-[3-(2-aminocethyl)]lindolyllglycine sodium
salt (218) (58mg, 98%) as a pale brown glass & (D,0)
6.95-7.46 (4H, m,'ArH), 4.23 (2H, s, NCHZCO), 3.28 (4H, m,
CH,CH,) » 3.16 (3H, s, NCHy).
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The amino acid sodium salt (218) (58mg, ©U.21mm) was
cyclised according to the general procedure and gave after
chromatography (CHCl3 eluant) the product (12) (27mg, 57%)
as a colourless foam. {Found: ut 229.,1214, C12515N30
requires 229.1214); m/e 229 (M%), 119, and 117; v max.
(thin film) 3475, 34649, 3290, 1655, 1619, 1545, 15680,
1479, 1445, 1425, 1355, 1235, 1225, 1185, 1160, 1108,
104¢, 1625, 965, and 738cn™t; & (CDC1,, 25@mMHZ, 56°C) 8.13
(14, br s, indole NWH), 7.04-7.15 (2H, m, 6~H and 7-H),
.88 (1@, 4, J 2.24z, 2-H), 6.78 (l1H, 4, J 6.1lHz, 5-H),
'6.21 (1H, br s, CONH), 3.80 (4H, m, CH,NHCO, NCH,CO), 3.24
(2H, t, J 6Hz, ArCHz), and 2.97 (3H, s, NCH3).

- - - -— 2 4 -— - Y

iy - - in=3= 2 -

3i-Py-rolo(4,3,2-g,h1~1,2,4,5,6,8~nexahydro-l-methyl-1,4-
benzoaiazonin—B—bne (12} (22.4mg, 0.12mm) and -geranyl
chloride (36mg, 8.15mm) in D.M.F. (2.5ml) were added to a
stirred suspension of sodium hydride (é6mg, 58% dispersion'
in o0il, 0.13mm, washed with petrol) at 6°C and stirred for
a further 2 h. After dilution with ether, the organic
phase was extracted with water (5 x 15ml) and brine, the
solvent removed at reduced pressure and the residue
chromatographed (CHCl3 eluant) to give g¢compound (211)
(18.2mg, 41%) as a colourless solid. Recrystallisation
gave the analytical sample m.p. 173-174°¢ (CHC13/petrol).
(Found: ¢, 75.38; H, 8.54; N, 11.39; C23H31N30 requires C,
75.58; H, 8.55; N, 11.50%; Found: M’ 365.2458, C,yH, N;0
requires 365.2467); m/e 365 (M") and 228 (M'-CygH;;);V
max. (thin £ilm) 1644, 1425, 1200, and 735cm™+; & (CDCls,
25pMH2) 7.12 (1H, 44, J 8, 8.5Hz, 6-H), 6.99 (lH, 4, J
8dHz, 7-H), 6.77 (lH, s, 2-H), 6.75 (1H, 4, J 8.5Hz, 5-H),
6.27 (lH, br t, NHCO), 5.35 (1H, t, J 6.8Hz, =CH), 5.06
(14, m, =CH), 4.60 (24, 4, J 6.8Hz, NCHZ)' 3.68-4.06 (4H,
br m, NCHZCO, NCHZCHZ)’ 3.17-3.32 (2H, br t, ArC52CH2),
2.95 (3H, s, NCHy), 2.08 (4H, m, allylic CH,), 1.80 (3,
s, allylic CHB)’ 1.68 (3H, s, allylic CH3), and 1.59 (3H,
s, allylic CHy) .
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203} - N-Methyl-N-{4-[3-(2-nitro-3-
hydroxypropyl)]indoiyl}glycine ethyl ester (189) (34mg,
f#.1lmm) was reduced with cobalt (II) chloride and sodium
borohydride according to the general procedure to give the
amino alcohol (203) (21lmg, 68%) as an oil. (Found nt
385.17349, C16H23N3O3 requires 305.1739); m/e 3065 (d Y, 246
(M7-C,H:NO), and 173 (M'-C,H.NO-C4H0,); ¥ maxz. (thin
film) 3100-3400, 1720, 1565, 1429, 1349, 1186, 1024, 895,
and 720cm™t; § (CDCl,) 6.56-7.16 (58, m, ArH, and indole
NMH), 4.13 (2H, g, J 7Hz, OCHZCH3), 3.73 (2H, s, NCEZCO),
2.8¢-3.55 (8H, m, ArCH,CH(NH,) CH,CH) » 2.80 (3H, s, NCﬂ3),
and 1.23 (3H, t, J 7Hz, CH2CE3).

e | 3 i [ 4] -
The amino alcohol (283) (2lmg, 0.868mm) was hydrolysed
with aqueous ethanolic sodium hydroxide (8.0668mm)
according to the general procedure to give the sodium salt
(20mg, 100%). Treatment with diphenylphosphoryl azide and
triethylamine according to the general cyclisation
procedure gave a single product (13) after work up, whose
=1 CONE and no
corresponding to lactone formation.

crude i.r. revealed an absorption at 1648cm

absorption at 171fcm +

I+t was not possible to purify this product by

chromatography.
N-Methyl-N-{4-[3-(2~-amino=(2-tetrahydropyranyloxy) -
propyl)lindolyltglycine Ethyl Ester (264) - N-Methyl-N-

" {4-{3-(2-nitro-(2-tetrahydropyranyloxy)propyl)lindolyl}-
glycine ethyl ester (196) (229mg, 8.54mm) was reduced with
cobalt (II) chloride and sodium borohydride according to
the general procedure to give compound {2804) (158mg, 76%)
as a pale brown oil. No further purification after
agqueous workup was necessary. An analytical sample was
prepared by chromatography (CHC13/EtOH/Et2NH, 84:15:1):
(Found- ut 389. 23@5, C,qHy1N50, requlres 339.2314); m/e
389 (M ), 246 (M 7H13N02), and 173 (H C7H13N02 C3H502),
% max. (thin film) 3460, 3300, 1730, 1578, 1560, 1440,
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1370, 1345, 1218, 1115, 1928, and 745cm'1; 1) (CDC13) 9.36
(18, br s, indole MH), 6.60-7.63 (4H, m, ArH), 4.50 (1H,
br s, OCHO), 4.87 (2H, q, J 7Hz, OCHZCH3), 3.13-4.00 (5H,
m, CHZCH(NHz)C32CH20C32CH2), 3.73 (2B, s, NCHZCO),
2,75-3.84 (5H, m + s, ArCH,, NCH;3), 2.73 (2H, br s, NH,) »
1.45-1.790 (6H, br m, CH,CH,CH,), and 1.22 (3H, t, J 7Hz,
CH,CH,) . ‘ |
= = 3,2- -1.,2,4,5 8- =5- =
-1.4-benzodj in=3- 212
-~ The amino alcohol (204) (138mg, 6.35mm) was hydrolysed
to the sodium salt (l24mg, 93%) and cyclised according to
the usual procedure to give, after chromategraphy, the
desired tricyclic product (212) (71lmg, 63%) as an oil.
(Found: M¥ 343,1888, C;4H,.N;0; requires 343.1896); m/e
343 (M7), 266, 258 (M'~C-Hy0), and 171; ¥ max. (thin film)
. 3460, 3370, 1640, 1492, 1439, 1356, 1239, 1119, 16286, 9649,
and 720em™1; § (CDCl,, 250MHz) 8.34 (1H, br s, indole NEH),
7.82-7.13 {(2H, m, 7-H and 6-H), 6.84 (lH, d4d, J 1.5,
6.5Hz, 5-H), 6.76 (1H, m, 2-H), 6.28 (1B, br dd, J 7,
16Hz, NHCO), 4.62 (lH, m, OCHO), 3.74-3.93 (4H, m, OCH, x
2) 3.47-3.62 (3H, m, NCHCHZ, NCHZCO), 3.05-3.26 (24, br m,
ArCH,), 2.96 (3H, s, NCH3), and 1.45-1.99 (6H, br m,
CHZC32CH2).
-P | 2- - 4 -
a =5-1(2- 0 v -1~ = -
-3- 3) - The protected tricyclic indole
(212) (45mg, 0.13mm) was treated in ethanol (lml) with 3N
HCl (1lml) at 8°C for 20 minutes and at room temperature
for 1 h. The solution was diluted with ethyl acetate
(38ml), basified with sodium hydroxide solution and the
organic phase extracted with water (3 x 39ml) and brine
(38ml). Removal of solvent at reduced pressure gave
3H-pyrrolo-{4,3,2-g,h]-1,2,4,5,6,8~hexahydro-5-[ (hydroxy-
methyl] -1l-methyl-l,4-benzodiazonin-3-one (13) (22.4mgqg,
59%) as an essentially pure g¢glass insoluble in stardard
T 259.1314, Cy,H,,N50,
requires 259.1321); m/e 259 (mMT), 228 (M*-cH;0), 215, 185,

organic solvents. (Found: M
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171, and 117; v max. (thin film) 33060-3450, 1646, 1454,
1389, 1215, 1688, 1945, 880, and 760cm_1: S {(Cna)zso,
250MHz, 162°C), 18.50 (1H, br s, indole NH), 6.92-7.08
(34, m, ArH), 6.69 (1H, dd4, J 1.5, 6.5Hz, 5-H), 6.58 (lH,
d, J 7.2Hz, NHCO), 4.25 (l1H, br s, OH), 3.45-3.6¢ (3H, m,
CHCH,OH) , 2.95-3.05 (4H, m, ArCH,, NCH,CO), and 2.86 (3H,
S, NCH3). At room temperature the absorption due to
NCH,CO is a sharp singlet at & 3.32 but NCHy is very
broad.
3H-Pyrrolo-{4,3,2-g,h}-1,2,4,5,6,8-hexahydro-5-{hydroxy-
methyl)-l-methyl-1,4-benzodiazonin-3-one (13) (19mg,
#.939mm) was warmed to 85°C, under argon with stirring, in
ethanol (2ml) and conc. HC1l (2ml) overnight. After
cooling the selution was diluted with ethyl acetate, the
solution basified with sodium hydroxide and the organic
phase extracted with water (3 x 20ml) and brine (20ml).
Removal of the solvent at reduced pressure and
chromatography (CHCla/EtOH/Etzmﬂ 89:10:1 eluant) gave
3H-pyrreolo-{4.3.2-h,i]1-1,2,4,5,6,7,9-heptahydro-6-amino-1-
methyl-l,4-benzoxecin~3~one (193) (6.7mg, 67%). ko
molecular ion was obtained. ¥ max. (thin film) 3334,
3259, 1728, 1585, 1560, 1494, 1425, 1365, 1340, 1208,
1ige, 1628, and 749cm"1. Attempted determination of the
1H n.m.r. spectrum in (CD3)2SO at elevated temperatures
gave decomposition of material. No meaningful spectrum
was obtained at room temperature.

N—f4-f1- ~3-(2-amino=3-(2- Xy) =
propyl)lindelvlivaline Methyl Ester (296a,b) Reduction of

N-{4-[1l-Methyl-3-(2-nitro-3-(2-tetrahydropyranyloxy)-
propyl]indolyljvaline methyl ester (198a,b) (88mg, .20mm)
according to the general procedure gave the desired
diastereomeric mixture of amines (20806a,b) as a yellow oil
(66mg, 79%) which required no further purification.
(Found: ut 417 .2637, C23H35N3O4 requires 417.2627); m/e
417 (M%), 375, 274, and 215; ¥ max. (thin f£ilm) 3440,
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3388, 1736, 1619, 15808, 1979, 1938, 976, 906, and 725cm‘l;_
§ (coc1y) 6.55-6.98 (38, m, ArH), 6.89 (1H, d, J 8Hz,
5-H), 4.58 (lH, br s, OCHO), 2.97-4.13" (10H, n,
CH,CH(NH,)CH,0, CH,O, NCHCO), 3.66 (3H, s, OCH3), 3.61
(3H, s, NCEB), 2.17 (14, m, (CH3}2Cﬁ), 1.4p-1.76 (6H, m,
CHZCBZCBZ)' and 1.189 (6H, 2 guperimposed doublets,
(CH3)ZCH). ‘ .
Reduction of the less polar enantiomeric mixture
(198a) (148mg, 0.33mm) gave the amine (206a) without
- isomerisation as an o0il (127mg, 92%) which required no
further purification. This material was indistinguishable
by t.l.c. and lH n.m.r. with the above material.
i =P -{4 - - -
-l - —_ n . o P o

Hydrolysis of the diastereomeric mixture of amines
(266a,b) (23mg, 0.063mm) with sodium hydroxide and
cyclisation of the crude sodium salt (26.6mg, 180%)
according to the general procedure, gave the desired
tricyclic products (213a,b) (17.9mg, 74%) after
chromatography (CHCl,/petrol eluant) as an oil. (Found:
u* 385.2369, C,,H,;N,0; requires 385.2365); m/e 385 (M7,
308 (M+-C5H90), 214, 213 and 171. Careful chromatography
(CHC13/petrol 4:1) of the mixture of the diastereoisomers
(213a,b) gave in equal guantities (i) the less polar
enantiomeric mixture ¢ompound (213a) as a crystalline
solid. Recrystallistion gave the analytical sample m.p.
179-188°C (MeOH) (Found: C, 68.83; H, 8.18; N, 10.84
C22H31N303 requires C, 68.03; H, 8.11; N, 19.90%); © max.
(thin £ilm) 3380, 3328, 1658, 1545, 14986, 1468, 1448,
"l4l@, 138¢, 1354, 1326, 1309, 1245, 1210, 1124, 1864,
1646, and 758cm™t; § ((CD;),50, 25PMHz, 122°C) 6.98 (3H,
m, ArH), 6.65 (lH, m, ArH), 4.56-4.61 (3H, m, OCHO,
OCNHCHNCH), 4.11 {(l1H, br s, NHAr), 3.8l (1H, m, NCH O},
3.59-3.75 (2H, m, CHZO), 3.67 (3H, s, NCH4) , 3.37-3.52
(2H, m, OCHZCHZ), 3.13 (1H, d4d, J 4.6, 14.6Hz, ArCH), 2.94
(lH, dd, J 6.5Hz, ArCH), 2.21 (lH, m, (CH3)2CH), 1.46-1,84

267



(6H, m, CH,CH,CH,), 1.18 (3H, d, J 6.6Hz, CH3CH), and 0.97
(38, 4, J 6.6Hz, CH3CH); (ii) the more polar enantiomeric
mixture (213b) as an oil. ¥ max. (thin £ilm) 3378, 3384,
le65, 1610, 1578, 1545, 1490, 1476, 1440, 1419, 1370,
1320, 1258, 1220, 1195, 1160, 1128, 1076, 1630, and
759cm"l; Y ((CDs)zso, 256MHz, 122°C), 6.86-6.92 (3H, m,
ArH), 6.69 (1H, m, ArH), 6.42 (1H, 44, J 6.9, 218z, NHCO),
4,67 (1H, br s, OCHO), 4.40 (1H, br m, OCNECH), 3.81-3.94
(3, m, CH,ONCHCO), 3.65 (3H, s, NCHy), 3.46-3.63 (2H, n,
CH,0), 3.21 (18, 44, J 4.9, 14.6Hz, ArCH), 2.95 (1H, d4d, J
5.1, 14.6Hz), 2.14 (1lH, m, (CH3)ZCH), 1.44-1.80 (6H, m,
Ci,CH,CH,), 1.11 (3H, 4, J 6.6Hz, CH4CH), and 6.93 (3H, 4,
J 6.6Hz, CH,CH} . :

The hydrolysis of the less polar enantiomeric mixture
of amines (286a) (127mg, 0.30mm) and cyclisation of the
sodium salt so formed gave a single product (73mg, 64%)
corresponding to the less polar tricyclic enantiomeric

mixture (213a).

{125a,b) - (i) The trans tricyclic tetrahydropyranyl ether
(213a) (6.2mg, 0.016mm) was warmed to 65°C in methanol
(2ml) containing 4-toluenesulphonic acid for 4 hlls. The
reaction was coocled to room temperature, the solvent
volume reduced by one half and cooled to -38°C for 24 h.
trans 3H-Pyrrolo-i{4,3,2-9,h}-1,2,4,5,6,8-hexahydro-
5-hydroxymethyl-8-methyl-2-{l-methylethyl)-1,4-benzo-
diazonin-3-one (l25a}) (4.2mg, 87%) was isoclated by
centrifugation as a microcrystalline colourless so0lid m.p.
271.5-272.5°C.  (Found: M® 301.1785, C;,H,,N;0, requires
361.1798); m/e 361 (M"), 283, 278, 256, 227, 213, 198,
185, 171, and 144; Vv max. (nujol mull) 3419, 3356, 3314,
1638, 1558, 1515, 1495, 1415, 1375, 1355, 1258, 1215,
19048, and 755cm_1; 1Y ((CDB)ZSO’ 250MHz, 142°C) 6.94 (3H,
m, Ar{4), 6.63 (iH, 44, J 2.5, 6.9Hz, 1l1-H), 6.66 (lH, br
s, 4-8), 4.38 (iH, m, 5-H), 3.69 (3H, s, 8-NCH3), 3.48

(34, m, 2,1111-3), 3.03  (2H, ABX system, J,, 15.5Hz, Jyy
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5.4Hz, JBX 7.2Hz, collapses.to an AB system J 15.5Hz oh
irradiation at  4.38, 6-H), 2.21 (1H, m, 111-m), 1.14
(38, d, J 6.58z, 2'1), and 8.96 (38, 4, J 6.58z, 311-m),

At room temperature additional resonances were observed at &
4,87 (l1H, t, J 5.5Hz, CH,CH) and 4.78 (lH, 4, J 6.8Hz,

Ng) .

(ii) The g¢is tetrahydropyranyl ether (213b) (9.lmg,
g.024mm) was treated with a cafalytic guantity of
4-toluenesulphonic acid as described above. ©On completion
of the reaetion,-the reaction mixture was cooled to room
- temperature and diluted with ethyl acetate (38ml).
Extraction with sodium bicarbonate (2 x 20ml) and water (2
X 20ml) and evaporation of the solvent at reduced pressure
gave g¢is 3H-Pyrrolo-(4,3,2-g,h]-1,2,4,5,6,8-hexahydro-
5-hydroxymethyl-8-methyl-2-(l-methylethyl)-1,4-benzo-
diazonin-3-one (125b) (6.8mg, 96%) as a yellow crystalline
solid. Recrystallisation gave a sample suitable for X-ray
crystallographic analysis (Appendix 4) m.p. 216-218°C
(EtOH).  (Found: M¥ 301.1791, C,,H,,N;0, requires
381.1790); m/e 301 (M), 283, 2748, 256, 227, 213, 198,
185, 171, and 144; ¥ max. (nujol mull) 333¢, 33206, 3264,
1635, 1568, 1556, 1525, 1485, 1465, 1446, 1415, 1388,
1335, 1286, 1264, 1210, 1668, and TSEcm_l; 3 ((CD3)2SO,
256MHzZ, 139°C) 6.89 (3H, m, arcmatics), 6.58 (l1H, dd, J
2.2, 7.2z, 11-H), 6.27 (1lH, br s, 4-H), 3.54-3.88 (4H, m,
2, 5, 1111.n), 3.66 (38, s, 8-NCH;), 3.20 (1H, part ABX
system JAB 13.6Hz,‘JAx 4,18z, 6-H, the remainder of this
system is masked by H,0), 2.14 (1H, m, 1'1-H), 1.89 (3H,
d, J 6.58z, 211-H), and 6.94 (3H, 4, J 6.5Hz, 3%1-§).

o =N—-{4-} g i i 2 -
N-Methyl-N-(4-indolyl)glycine ethyl ester (113) (936mg,
4mm) was stirred ovérnight at room temperature in ethanol
{8ml) containing 1N sodium hydroxide (4ml, 4mm). The dark
green solution was evaporated at reduced pressure, the
residue taken up in water, extracted with dichloromethane
(3 x 20ml), acidified with 1N HCl (8ml, 8mm), filtered and
solvent removed. The glycine hydrochloride salt (222)
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(790mg, 86%) was isolated as a brown foam. ¥V max., (nujol)
3408, 3200, 1748, 1480, 1375, and 1340em™l; € (D,0)
6.86-7.40 (5H, m, ArH), 4.43 (2H, s, NCHZCO), and 3.240
(38, s, NCHj).

di=-fN-Met =N=(4-7 i : t
{221) - A solution of MN-lethyl-N-(4-indolyl)glycine hydro-
chloride (222) (216mg, 0.9mm), d)l serine methyl ester

hydrochloride75

(186mg, 1.2mm) , dicyclohexylcarbodiimide
(278mg, 1.3mm) and triethylamine (256mg, 2.5mm) in
dichloromethane (5ml) containing 4-N,N-dimethylamino-

118 (12mg, 0.99mm) was sStirred at room

pyridine
temperature overnight. After filtration to remove
precipitated dicyclohexylurea, the solution was extracted
with water (3 x 20ml) and evaporated at reduced pressure.
The residue on chromatography (CHCl3 eluant) gave the
dipeptide (221) (171lmg, 62%) as a light green oil. (Found
n* 3985.137¢9, C15H19N3O4 requires 305.1375); m/e 385 (M+),
287 (M7-H,0), and 259; ¥ max. (thin film) 3346, 1735,
1655, 1218, and 745cm™>; § (CDCl,) 8.62 (1H, br s, indole
NH) , 8.06 (1H, 4, J 8Hz, COWH), 6.93-7.18 (3H, m, ArH),
6.49-6 .60 (2H, m, ArH), 4.67 (lH, m, NCHCH,OH), 3.89 (5H,
br s, CO,CHy CHCH,OH), 3.68 (2H, s, NCH,CO), and 2,91
(34, s, NCHB)‘

 Serine Methvl Fster (227) - The dipeptide methyl ester
(221) (18@mg, ©,33mm) L-butyldimethylsilyl chloride (66mg,
f.40mm) and triethylamine (60mg, 0.60mm) were stirred in
dichloromethane (2ml) containing 4-N,N-dimethylamino
pyridine (5mg) at room temperature overnight, The
solution was diluted with dichloromethane, extracted with
water, the solvent removed at reduced pressure and the
residue chromatographed (CHClB/EtOH, 97:3 eluant) to give
the silyl ether (227) (117mg, 85%) as an oil. (Found: ut
419.2239, C, H3,N;0,5i requires 419.2248); m/e 421 (" +
2), 391, and 364; ¥ max. (thin f£ilm) 3370, 33866, 1745, and
1665cm™; § (cpCl,) 8.85, (1H, br s, indole NH), 8.16 (1H,
d, J 8Hz, NHCO), 7.90~7.18 (3H, m, ArH), 6.50-6.65 (2H, m,

278



ArH), 4.8l (1H, m, CONHCH), 3.95-4.12 (4H, m, NCH,CO and
CH20), 3.72 (3H, s, COCH3), 2.96 (3H, s, NCHB), B.88 (SH,
s, C(CHy)3), and 0.18 (6H, s, Si{CHy),).

d]-{ﬂ-ﬂggb}f] -N-[ﬂ-(!"trimeth:!]Si ]:[] ) ]‘ndg]x] ]g]:[g:!] iQ-;_
B i i i y 2 - A solution
of dl ([W-Methyl-N-(4-indolyl)glycyl]lt~butyldimethylsilyl
serine methyl ester (227) (196mg, ﬁ.45mm), chlorotri-
methylsilane (73mg, 8.68mm) and triethylamine (9¢mg,
0.9¢mm) were stirred together 1in dichloromethane
containing 4-N,N-dimethylaminopyridine (l10mg) for 8 days.
Dilution with dichloromethane, extraction with water (3 x
20ml) and brine (20ml), removal of solvent at reduced
pressure and chromatography (CHC13 eluant) gave the
product (228) (38mg, 17%) as an oil. (Found: Mt 491,2644,
C,4Hy1N50,5i, requires 491.2635); m/e 491 (M), 435, 419
(M1"-S1(CH;)5), and 231; ¥ max. (thin £ilm) 3378, 1740,
1668, 1570, 1516, 14805, 1288, 1255, 905, 845, and 830cm_1;
(CDCl4) 8.12 (1d4, d, J 9Hz, lactam NH), 7.02-7.20 (3H, m,
Arg), 6.60-6.73 (2H, w, ArH), 4.84 (l1H, m, CONHCH},
3.95-4.14 (4H, m, NCH2CO and CH20), 3.77 (3H, s, OCH3],
3.80 (3H, s, NCH3), .83 (SH, s, (CH3)3C); g.68 (9H, s,
NSi(CH3)3), and 9.18 (6H, s, Si(CH3),).

{229) - (i) Mitsonubu procedurellgz- Diethyl azodi-

carboxylate (73mg, 8.42mm) and triphenylphosphine (1l0mg,
@.45mm) were added to a stirred solution of dl-[N-methyl-
MN-(4-indolyl)glycyl]lserine methyl ester (221) (52mg,
.17mm) in T.H.F. (25ml). After stirring for 4 h the
solvent was removed at reduced pressure and the residue
chromatographed to give the product (229) (38mg, 58%) as
an oil.  (Found: HM¥ 287.1271, C;.H;,N;0; requires
287.1270); m/e 287 (M+), 173, 159, 144, 131, and 117; v
max. (thin film) 3309¢-338¢, 1720, 1682, 1638, 1580, 15148,
1435, 1365, 1325, 1200, 945, and-730cm"l; by (CDClé) 9.63
(lH, br s, lactam NH), 8.84 (lH, br s, indole NH),
6.98-7.12 (34, m, ArH), 6.56-6.74 (2H, m, ArH and =CH}.,
6.42 (lH, m, 3-H), 5.91 (1lH, br s, =CH), 3.96 (2H, s,
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NCH,CO), 3.76 (3H, s, OCH3), and 2.97 (3H, s, NCH3). (ii)
Methanesulphonyl chloride/triethylamine procedure:- The
dipeptide (221) (8img, 0.28mm) in dichloromethane (2ml)
was treated in turn with triethylamine (168mg, lmm) and
methanesulphonyl chloride {35mg, &.3mm} at room

temperature. The solution was stirred for 1 h, diluted
with chloroform. and extracted with water (3 x 28ml) and
brine (26ml) followed by removal of solvent at reduced
pressure to give the product (229) (80mg, 190%)

essentially pure by t.l.c. and 1

identical lH n.m.r., i.r. and t.l.c. properties as the

H n.m.r. The product had

compound prepared by Mitsonubu's procedure.

_ hyl-N=[d={7- 1) indolyllalve] Ethyl Esi
{239) - A solution of geraniol (92mg, 6.6mm) in
dichloromethane (2ml) was treated, at room temperature
with triethylamine (76mg, #.7mm) and methanesulphonyl
chloride (68mg, f.6mm) for 19 minutes. N-Methyl-N-[4-
indolyllglycine ethyl ester (113) (llémg, %.5mm) was then
added and the solution stirred for 5 h. After dilution
with dichloromethane the solution was extracted with water
(3 x 106ml) and brine (l9ml), the sclvent removed at
reduced pressure and the residue chromatographed
(CHC13/petrol 1:3 eluant). The product (239) (l2mg, 6.5%)
was isolated as a light brown oil. (Found: ut 368.2475,
C21H32N202 requires 368.2464); m/e 368 (M'), 309, and 295
(® -C3H:0,); ¥ max. (thin £film) 3460, 1735, 1686, 1568,
1445, 1370, 1218, 1190, 1828, 968, and 73fcm™*; § (CDClg,
25¢MHz) 8.18 (1H, br s, indole, NH), 7.12 (1H, t, J 2.8Hz,
2-4), 6.58 (1, t, J 2.8Hz, 3-H), 6.89, 6.51 (2H, ABa, J
7.5Hz, 5-H and 6-H), 5.89 (2H, m, =CH), 4.21 (2H, g, J
7.3Hz, OCH,CH3}, 4.14 (2H, s, NCH,CO), 3.52 (2H, d, J
6.7Hz, NCH,CH=) , 3.86 (3H, s, NCH3), 2.10 (48, m, allylic
Ci,}, 1.80 (3H, s, allylic CHy), 1.69 (3H, s, allylic
CH3), 1.60 (3H, s, allylic CH3), and 1.27 (3H, &£, J 7.3Hz,
OCH,CH,) » .

Indole-d4-methanol - Methyl indole-4-carboxylate (88)
(18.5g, 6Omm) in T.H.F. (156 ml) at 8°C was treated with

AB
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lithium.aluminium hydride (2.28g, 60mm) in T.H.F., (106ml).
After stirring at 6°C for 2 h an additional portion of
lithium aluminium hydride (566mg, 13mm) was added, the
solution warmed to 68°C for 4 h and stirred at room
temperature overnight. Excess lithium aluminium hydride
- was destroyed by the careful addition of water and the
solution filtered to remove aluminium salts. Solvent was
removed at reduced pressure, the residue taken up in
dichloromethane, dried (MgSO4) and solvent again removed
at reduced pressure. The product (8.88g, 99%) was
isolated as a pale yellow solid and required no further
purification. ¥ max. (nujol) 34898, 3426, 3340, 1506,
1435, 1416, 1346, 1155, 1110, 1656, 1825, 985, 9186, and
73ch_1; % (CDC13) B.47 (lH, br s, indole HKH), 6.87-7.28
(4H, m, ArH), 6.47 (1H, m, 3-H), 4.88 (2H, s, ArCH,OH),
and 2.33 (1H, br s, 05)65. _ o

Indole-4-carbozxa de 24 - Indole-4-methanol
(86.86g, 59.9mm) and activated manganese dioxide (30g,
Aldrich) were stirred together for 14 h at room
.temperature. An additional portion of activated manganese
dioxide (3Pg) was then added and stirring continued for a
further 48 h., Filtration and removal of solvent gave the
carboxaldehyde (249) (8.85g, 92%) as a pale yellow solid.
No further purification of the product was required. m/e
145 (M+), 144 (M+—l), 127, and 126; ¥ max. (nujol) 348&,
16706, 1578, 1560, 1485, 1446, 1428, 13906, 1350, 1265,
1225, 1155, 1118, 1875, 1825, 985, and 73Gcm_l; 3 (CDC13)
18.28 (1H, s, CHO), 7.50-7.72 (2H, m, ArH), and 7.87-7.40
(3H, m, ArH)©%2.

Eth E)-3-(4-indeolyl openocat 24 ~ Indole-4-
carboxaldehyde (249) (8.05g, 55.5mm) and [(carboethoxy)-
methylene] triphenylphosphorane (28g, 8&mm) were stirred
together in T.H.F. (24€ml) for 72 h. The solvent was
removed at reduced pressure and the residue
chromatographed (CHClB/petrol 3:7 Waters HPLC) to give the
product (248) (1P.6g, 88%) as a pale yellow solid.

Recrystallisation gave a colourless sample m.p.
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69.5-78.5°C (EtOAc/petrol) (lit. 72-73.5°¢83); m/e 215
(M*); @ max. (nujol) 3340, 1680, 1620, 1188, and 745cm +; 3
(CDC13) 8.42 (1lH, br s, indole NH), 6.55, 8,05 (2H, ABg,
3, l6Hz, cHECH), 7.97-7.47 (4H, m, ArH), 6.75 (1E, m,
3-H), 4.28 (2H, g, J 6.5Hz, OCH,CH,) , and 1.33 (3H, &, J
6.5Hz, CH2CH3).

E =3={4-{1-(4- 1] -
propenoate (251) - To a stirred suspension of sodium
hydride (60mg, 50% in o¢il, washed with petrol, l.2mm) in
D.M.F. (3ml), ethyl(E)-3=-(4~indolyl)propencate (248)
(215mg, lmm) and 4-toluenesulphonyl chloride (19Pmg, lmm)
were added. After stirring for 20 h at room temperature
the reaction mixture was diluted with ether, extracted
with water (5 x 56mi) and brine (58ml), the'solvent
removed at reduced pressure and the residue
chromatographed (CHC13/petrol) to give (i) Ethyl{F)-3-

=[1-(4- i (251) (65mg,
18%) as a solid. Recrystallisation (CHC13/petrol) gave
the analytical sample m.p. 129.5-130°C (Found: C, 65.89;
H, 5.18; N, 3.79; CogHygNSO, requires C, 65.02; H, 5.18;
N, 3.79%); ¥ max. {(nujol) 1714, 1635, 1595, 1520, 1478,
1425, 1415, 1376, 1360, 1316, 1306, 1298, 1265, 1189,
1179, 1168, 1126, 1688, 965, and 73@cm“1; ) (CDC1,)
7.30-8.56 (6eH, m, ArH), 6.40, 7.73 (2H, ABqg, JAB 16Hz,
arceEcmco), 7.1¢ (28, .5 ABg, J 9Hz), 6.79 (1H, 4, J
3.5z, 3-H), 4.280 (2H, g, J 7Hz, OCHZCH3), 2.38 (3H, s,
ArCH,)}, and 1.33 (3H, t, J 7Hz, OCH,CH;). (ii) Ethyl(E)}-
3-(4-indolyl) propencate (248) (91lmg, 42%) identified by lH
n.,m.,r., i.r, and t.l.c.

- - - 0' -

4-Bromoindole (101) (1.62g, 8.3mm), 4-toluenesulphonyl
chloride (3.14g, 16.5mm) and potassium carbonate (4.41l€q,

32mm) were warmed to reflux in butanone134

under argon for
5 h. After cooling the solution was diluted with ethyl

acetate, extracted with water (35 x 50ml) and brine (50ml)
and solvent removed at reduced pressure to give the crude

crystalline product. Recrystallisation gave compound
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(258) (2.815g, 78%) m.p. 119.5-126° (EtOAc/petrol)
(Found: C, 51.34; H, 3.43; N, 4.90; s, 9,32 ClSHIZNoszr
_requires C, 51.44; H, 3.45; N, 4.80; S, 9.15%); m/e 351,
349 (M), 196 (M-C,H,0,5), 194, and 155; ¥ max. (thin
film) 1595, 1560, 1526, 1479, 1416, 1370, 1356, 1280,
1229, 1199, 11690, 1125, 1096, 995, 906, 818, and 725cm-1;
8 (coely) 7.43-7.90 (48, m, ArH), 6.90-7.30 (4H, m, ArH),
6.59 (1lH, 4, J 4Hz, 3—H){ and 2.27 (3H, s, ArCﬁa).

. (4T _4- .
with Ethv]l Acrvlate - l-(4-Toluenesulphonyl)-4-bromoindole
(250) (308mg, ©.88mm), palladium (II) acetate (20mg,
9.088mm), triphenylphosphine (92mg, #.35mm), triethylamine
(199mg, 1lmm) and ethyl acrylate (0.13ml} were warmed to
196°C in acetonitrile (2ml) under argon for 48 h133. The
dark solution was evaprrated at reduced pressure and the
residue chromatographed (CHC13/petrol 7:3 eluant) to give
ethyl(E)-3-{4-[1-(4-toluenesulphonyl) jindolyl}propenoate
(251) (l9W2mg, 34%) identical by 1H n.m.r., i.r. and t.l.c.
with the previously described material.

=3-(4- D t 257) - A solution of
Ethyl(E)-3-(4-indolyl) propencate (248) (21l5mg, imm) in
ethanol (40ml) containing 16% P4/C (30mg) was stirred at
room ktemperature under one atmosphere of hydrogen until
hydrogen uptake ceased (about 4 h). The solution was
filtered (celite pad) and the solvent removed at reduced
pressure to give the product (257) (2lémg, 1008%) as an oil
that was not purified further, n/e 217 (M*), 143
(M'-C4H0,), and 138 (M"-C,H,0,); § (CDCl3) 8.35 (1H, br
s, indole NH), 6.70-7.30 (4H, m, ArH), 6.50 (lE, m, 3-H),
4,12 (24, g, J 7Hz, OCH2CH3), 3.25 (2H, t, J 6.B5Hz,
CE,CH,CO), 2.73 (2H, t, J 6.5Hz, ArCH,CH,), and 1.21 (34,
t, J 7Hz, CH,CHj).

3 —{2-1i ti

\—Carl 3‘1 ituted  Indo]l 94b
4-substituted indole (1lM) was stirred in dichloromethane
(3ml/mm) with nitroethylene (2M) in the dark, under argon
until the reaction was shown to be complete by t.l.c.

The appropriate
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Solvent was then removed at reduced pressure and the
residue chromatographed (CHC13/petrol eluant) to give the

product. Analytical samples were prepared by
recrystallisation,
o -{4-[3-{2-11 h i -

flethyl indole-4-carboxylate (88) (531lmg, 3mm) was treated
according to the general procedure with nitroethylene
(440mg, 6mm) for 48 h. Removal of solvent and
chromatography (CHCl3 eluant) gave compound (258) (173mg,
23%) as a crystalline solid. Recrystallisation gave the
analytical sample m.p. 182-182.5°C (CHCl,/petrol) (Found:
¢, 58.15; H, 4.88; N, 11,33 C12512N204 requires C, 58.086;
H, 4.87; N, 11.29%); m/e 248 (M"), 261, and 170; ¥ max.
(thin f£ilm) 3478, 1712, and 15520m'1; 3 (CDCl5) 8.53 (1H,
br s, indole NH), 6.99-7.73 (4H, m, ArH), 4.61 (28, t, J
74z, CH,NO,), 3.9 (3H, s, OCH3), and 3.54 (2, £, J 7Hz,
ArCH,) .

Ethyl{BE)-3~{4-13-{2-Nitroethvl)liindolyllipropenoate
{255) =~ Ethyl(E)—3-(4—indolyl)propenoate (248) (2.15qg,
10mm) was treated with nitroethylene {1.46g, 20mm)
according to the general procedure. Chromatography
(CHC13/petrol eluant) of the dark residue after removal of
solvent from the reaction mixture gave compound (255) as
an orange yellow crystalline solid (1.8888g, 38%).
Recrystallisation gave the analytical sample n.p.
117.5-119° (CH,Cl,/petrol) (Found: C, 62.25; H, 5.55; N,
9.63 C]+5Hl6t~1204 requires C, 62.49; H, 5.59; N, 9.72%); m/e
288 (M), 255, and 197; ¥ max. (nujol) 3318, 1698, 1625,
1610, and 1548cm™*; § (CDCl,) 8.30, 6.46 (2H, ABQ, J,g
158z, cEECH), 8.1¢ (1H, br s, indole NH), 7.0-7.45 (4H, m,
ArH), 4.65 (28, t, J 6.7Hz, CEZNOZ), 4,28 (2H, g, J 7Hz,
OCH,CH3) » 3.59 (2d, t, J 6.7Hz, ArCH,), and 1.34 (3H, t, J
7HzZ, CH2C§3).

E -3-{4-[3-(2-nj j 0 : -
Ethyl-3-(4-indolyl)propanoate (257) (216mg, 1lmm) was
treated with nitroethylene (l48mg, 2mm) according to the

general procedure for 23 h. Chromatography (CHCl,;/petrol
4:1 eluant) gave gcompound (256) as an oil that solidified
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when cooled to give a pale yellow solid (95mg, 33%) m.p.
82.5-83°C (Found: C, 61.93; H, 6.25; N, 9.53 CycH;glN,0,
requires C, 62.96; H, 6.25; N, 9.65%); m/e 290 (M+), 243)
and 170; ¥ max. (thin £ilm) 3416, 1723, and 1549cm'1;g
(CDC13) 8.35 (l1H, br s, indocle MNH), 6.82-7.25 (4H, m,
arg), 4.63 (2H, t, J 6.7Hz, cgzuoz), 4,18 (28, g, J 6.8Hz,
OCH2CH3), 3.68 (2H, t, J 6.7Hz, ArCﬂ2CH2N02), 3.27 (24, m,
CHZCO)’ 2.76 (281, ArC32CH2CO), and 1.24 (3H, £, J 6.8Hz,

CHZCE3). ‘
R . 3 fA—[3=(2=nit . _
Eggggngg;g - A solution of ethyl-3-{4-[3-(2-nitroethyl)]-

indolyllipropenocate (255) (300mg, l.84mm) in ethanol (25ml)}
containing 18% Pd/C (56mg) was stirred at room temperature
under hydrogen at atmospheric pressure until the uptake of
gas was complete (about 2 h). The solution was filtered
(celite pad} and solvent removed at reduced pressure to
give ethyl-3-{4-[3-(2-nitroethyl)]indolylipropanoate (256)
(298mg, 99%) identical by 'H n.m.r., i.r. and t.l.c. with
the previously described compound.

Ethyl-3-{4-[3~(2-aminoethvl}lindolyllprovanocate (247} -
A solution of ethyl-3-{4-[3-(2-nitroethyl)]indolyl}--
propanoate (256) (299mg, lmm)} was reduced with cobalt (II)
chloride and sodium borohydride according to the general
procedure to give conmpound (247). Chromatography
(CHC13/EtOH/Et2NH 80:20:0.5 eluant) gave the analytical
sample (220mg, 85%) as an oil. (Found: C, 68.99; H, 7.82;
N, 18.68 C15H23N202 requires C, 69.20; H, 7.74; N,
16.76%); m/e 260 (H7) and 231 (M+—CH3N); V¥ max. (thin
£film) 34660, 340¢, 3360, 17260, le6ld, 157¢, 1428, 1374,
1349, 1299, 1280, 1260, 1185, 1155, 1650, 1038, 985, and
736cm™; $ (CDC1,) 9.48 (1H, br s, indole NH), 6.60-7.17
(4H, m, Arg), 4.05 (2H, g, J 7Hz, CCH,CH,) , 3.63-3.48 (2H,
m, CH,CO), 2.97 (4H, m, ArCH,CH,NH,), 2.48 (2H, m, ArCH,),
1.79 (2H, br s, NH,), and 1.20 (3#, t, J 7Hz, CH,CH,).

30~ - 2= - 5 - =4-
bengzazonin-3-ope (15) - Ethyl-3-{4-~[3~(2-aminocethyl)]-
indolyllpropanoate (247) (148mg, ©.57mm) was hydrolysed to
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the amino acid sodium salt (260) (l42mg, 96%) isolated as
a pale brown glass. Cyclisation of the amino acid sodium '
salt (43mg, @.16mm) with diphenylphosphoryl azide
according to the general procedure gave after
chromatography (CH2C12 -> CH2C12/EtOH 96:4, 1% increments,
1l96ml each increment) the tricvelic product (15) (lémg,
47%) as a colourless solid inscluble in standard organic
solvents. An analytical sample was prepared by
recrystallisation m.p. 282-282.5°C with sublimation
(EtOH) . (Found: C, 72.73; #, 6.65; N, 12.89 C13H14N20
requires ¢, 72.87; H, 6.59; N, 13.07%; Found: M™ 214.1113,
C11H14N20 requires 214,1166); m/e 214 (M+) and 156

(M -C,H,N0); ¥ max: (nujol) 3308, 1635, 1475, 960, and
730em 1; § ((CDy),S0, 250MHz, 122°C) 10.44 (1H, br s,
indole wH), 7.19 (14, 44, J 1.1, 7.8H2, 7-H), 7.91 (1H, 4,
J 2.5Hz, 2-H), 6.94 (1H, 44, J§ 7.2, 7.8Hz, 6-H), 6.76 (1lH,
dd, J 1.1, 7.2Hz, 5-H), 6.43 {(1lH, br s, NHCO), 3.46 (2H,
m, CONHCHZCHZ, sharpened by decoupling of NHCO), 3.22 (2H,
t, J 6.7Hz, COCHZCHZ), 3.03 (24, £, J 5.8Hz, NCHZCﬁzAr),
and 2.54 (2H, t, J 6.7Hz, ArCH,ZCH2CO).

- - 3,2~ -1,2 - a =8- vi=

- in-3- 2 - To a stirred suspension of
sodium hydride (4mg, 50% suspension in oil washed with
petrol, 6.687mm) in D.M.F. (B6.5ml) a solution of
3H-pyrrolo-[(4,3,2-g9,h]-1,2,4,5,6,8-hexahydro-4-benzazonin-
3-one (15) (15mg, 9.97mm) and geranyl chloride (l4mg,
g.881lmm) in D.M.F. (8.5ml) was added at room temperature.
Stirring was continued for 3 h and the brown solution
diluted with ethyl acetate. The organic phase was
extracted with water (5 x 2¢ml) and brine (20ml), the
solvent removed and the residue chromatographed (CH2C12 ->
CH2C12/EtOH, 49:1 eluant). The product (261) (20mg, 60%)
was isolated as a colourless solid,  from which the
‘analytical sample was prepared by recrystallisation m.p.
186-187°C (EtOAc/petrol) (Found: C, 78.68; H, 8.47; N,
7.95 C23H30N20 requires C, 78.82; H, 8.63; N, 7.99%;

Found: M' 358.2356 C,3Hy N,0 requires 358.2358); m/e 350
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(M") and 214 (M'-CygH o) ¥ max. (thin £ilm) 1645, 1438,
968, and 720cm™l; % ((CD;),S0, 250MHz, 146°C), 7.20 (1H,
d, J 7.4Hz, 7-H), 6.99 (1H, 44, J 7.5, 7.4Hz, 6-H), 6.97 °
(18, s, 2-H), 6.81 (1H, 4, J 7.5Hz, 5-H), 6.48 (1H, br s,
NHCO), 5.36 (1H, t, J 6.5Hz, =CH), 5.18 (1H, m, =CH), 4.65
(28, d, J 6.5Hz, NCH,), 3.46 (2H, m, CONHCH,CH,), 3.23
(28, t, J 6.98z, CH,CH,CO), 3.04 (2H, t, J 6.28z,
AICH,CH,M), 2.55 (2H, t, J 6.9Hz, ArCH,CH,CO), 2.09 (4H,
m, allylic.CH,), 1.88 (3H, s, allylic CH3), 1.65 (3H, s,
allylic CHy), and 1.59 (3H, s, allylic CHy).

279



: o .

1a.

11.

12.

13.

la.

15.

M, Takashima and H. Sakai, Bull., Agric¢, Chem,
Soc. Jpn., 1960, 24, 647.

M. Takashima and H. Sakai, Bull. Agric. Chem.
Soc, Jpn., 1966, 24, 652,

M. Takashima, H. Sakai, and K. Arima, Agric,
Biol. Chem., 1962, 26, 668.

M. Takashima, H. Sakai, R. Mori, and K. Arima,
Agric, Biol. Chem., 1962, 26, 669,

H. Nakata, H. HBarada, and Y. Hiréta, Tetrahedron
Lett., 1966, 2515,

H. Harada, H. Nakata, and Y. Hirata, Nippon
Eagaku Zagshi, 1966, 87, 86.

N. Sakabe, H. Harada, Y. Hirata, ¥. Tomiie, and
I. Nitta, Tetrabedron Lett., 1966, 2523.

H. Harada, N. Sakabe, Y. Hirata, Y. Tomiie, and
I. Nitta, Bull. Chem. Soc¢. Jpn., 1966, 39, 1773.
J. Ruddock, Ph.D. Thesis, University of East
Anglia, Norwich, England, 1984.

J. H. Cardellina II, F-J. Marner, and

R. E, Moore, Science, 1979, 284, 193.

The author would like to thank Dr. J. Ruddock of
the Chemistry Department, Pfizer Central
Research, Sandwich, Kent £or the generous
donation of a sample of Teleocidin A.

Dr., J. Ruddock, Chemistry Department, Pfizer
Central Research, Sandwich, Kent. Personal
communication. _

P. Wulff, J. S. Carlé¢, and C. Christophersen, J.
Chem. Soc., Perkin Trans. I, 1981, 2895.

H~o. Hoshino, M, Miwa, H. PFujiki, and

T. Sugimura, Biochem. Biophys. Reg. Commun.,
1984, 95, 842.

Y. Raneko, M. Yatsuzuka, Y. Endo and T. QOda,

Biochem. Biophys. Res, Commun., 1981, 1098, 888.

288



l6.

17.

18.

19.
24.

21.

22,

23.

24,

25.
26.
27.
28.

29.

S. Kume, M. Yamanaka, Y. Kaneko, T. Kariya,l
Y. Hashimoto, A. Tanabe, T. Ohashi, and T. Oda,
Biochem. Biophys. Res, Commun., 1981, 182, 659.
H. Fujiki, M. Mori, M. Nakayasu, M. Terada, and
T. Sugimura, Biochem, Biophvs, Reg, Commun..,
1979, 94, 976.

Y. Imai, ¥. Kaneko, F. Métsuzaki, Y. Endo, and

T. Oda, Biochem., Biophys. Res., Commun., 1986, 27,
926.

Y. Kaneko and ¥. Imai, Lifg_ﬁgigngga,.1981,-22,
1571.

M. Collins and E. Rozengurt, Biochem, Biophvs.
Res, Commun., 1982, l1g4, 1159. '

H. Sakamoto, M. Terada, H. Fujiki, M. Mori,

M. Nakayasu, T. Sugimura, and I. B, Weinstein,
Biochem, Biophys. Res, Commun., 1981, 192, 1089.
K. Umezawa, I. B. Weinstein, A. Horowitz,

H. Fujiki, 7T. Matsushima, and T. Sugimura,
Nature, 1981, 294, 411.

G. Witz, B. D, Goldstein, M. Amoruso,

D. S. Stone, and W. Troll, Biochem. Biophys. Res.,
Commun., 1988, 97, 883.

H. Fujiki, M. Mori, M. Nakayasu, M. Terada,

T. Sugimura, and R. E. Moore, Proc, Natl, Acad.
Sci, U,S8.,A., 1981, 78, 3872.

H. Fujiki, Taisha., 1981, 18, 785.

T. Sugimura, H. Fujiki, M. Mori, M. Nakayasu,
M. Terada, K. Umezawa, and R. E. Moore, Carcinog.
Conp. Surv., 1982, 71, 69.

G. Illuminati and L. Mandolini, A¢¢. Chem. Res.,
1981, 14, 95.

E. Walton, P. W. Holly, and S. R. Jenkins, .
Org. Chem., 1968, 33, 192.

J. B, Hester. Jr., J. Org., Chem., 1964, 2%, 1158.

281



30.

31.

32.

33,

34,

35,

36.

37.

38.

39.

49.

41,

42.

43 .

44,

45.

See for example (a) S. Masamune, G. S. Bates, and
J. W. Corcoran, Angew. Chemie. Int. Ed.. Fngl.,
1977, 16, 585 and (b) T. G. Back, Tetrahedron,
1977, 33, 36841, for reviews.

R. C. Sheppard, Comprehensive Organic Chemistry,
Ed. D. H. R. Barton and W. D. 0Ollis, Pergamon,
1979, 35, p. 321,

A. H. Jackson, B. Naidoo, and P. Smith,
Tetrahedron, 1968, 24, 6119.

G. Casnati and A. Pochini, J. Chem. Soc¢c.. Chem,
Commun., 1978, 1328.

K. J. Baird, M. P. Grundon, D. M. Harrison, and
M. G. Magee, Heterocycles, 1981, 15, 713.

P. G. Sammes and A. C. Weedon, J, Chem. Soc..
Perkin Trans..I, 1979, 38653.

E. Shaw and D. W. Woolley, J. Am. Chem, Soc..,
1953, 15, 1877.

S. P. Hiremath and S. Siddappa, J. Indian Chem,
Soc., 1965, 42, 836.

S. M. Parmerter, A. G. Cook, and W. B. Dixon, J.
Am. Chem. Soc., 1958, 84, 462l.

H. Plieninger, T. Suehiro, K. Suhr, and

M. Decker, Chem. Ber., 1955, 88, 374.

J. Bakke, Acta. Chem. Scapnd. Ser, B., 1974, 28,
134.

(a) F. C. Uhlé, J, Am. Chem. Soc., 1949, 71, 761,
(b) J. A. Barltrop and D. A. H. Taylor, J, Chem.
Soc., 1954, 3399, (c) H. N. Rydon and

J. C. Tweddle, J, Chem, Soc., 1955, 3498.

G, Berti and A. Da Settimo, Gazz, Chim, Ital.,
1968, 96, 525.

See for example, L. L. Melhado, J. Org., Chem.,
1981, 46, 1924.

T. Nagasaka and S. Ohki, Chem. Pharm. Bull..,
1977, 25, 3823,

M. Somei, S. Inoue, S. Tokutake, F. Yamada, and

C. Kaneko, Chem, Pharm, Bull., 1981, 29, 726.

282



46.

47.
48.

49,

5@.

51,

52,

53.

54,

55.

56.

57.

58.

59.

68.

61,

62.

<

M. Somei and M. Tsuchiya, Chem. Pharm. Bull.,
1981, 29, 3145, '

L. I. Kruse, Hetrogycles, 1981, l&, 1119.

P. G. Gassman and T. J. van Bergen, QL_Am‘_ghgmL
Soc., 1973, 95, 591.

P. G. Gassman, T. J. van Bergen, D. P. Gilbert,
and B. W. Cue, Jr. J, Am., Chem., Soc¢c., 1974, 96,
5495, )

P. %. Bedoukian, J. Am, Chem., Soc., 1944, 66,
651. .

E. L. Wick, T. Yamanishi, L. C. Wertheimer,
J. E. Hoff, B. E. Proctor, and S. A. Goldblith,
Agric, Pood Chem., 1961, 3, 289. _

F. Huet, A. Lechevallier, M., Pellet, and

J. M. Conia, Synthegig, 1978, 63.

H. Heaney‘and S. V. Ley, J._ Chem,_ Soc.. Perkin
Trans I, 1973, 499, _ '

H. Okamura, . Miura, and H. Takei, Tetrahedron
Lett., 1979, 43,

E. J. Corey and J. I. Shulman, J. Org, Chem.,
1978, 35, 777.

T. Izumi, K. Endo, O. Saito, I. Shimizu,

M. Maemura, and A. Kasahara, Bull. Chem, Soc¢c.
Jen., 1978, 51, 663.

R. A, Holton and R. G. Davis, J, Am. Chem._S9¢.,
1977, 99, 4175. _

C. F. Winans and H. Adkins, J. Am. Chem._ Soc.,

- 1932, 54, 306.

L. F. Fieser and M. Fieser "Reagents for Organic
Synthesis", Wiley Interscience, New York, 1967,

l, p 729.

W. E. Truce and F. M. Perry, J. Org, Chem., 1965,
38, 131e6.

Chem. Abs., 1977, 86, 29624t; A, D. Batcho and

W. Leimgruber, U.S. Pat., 3,976,639 (1976).

H. Meerwein, W. Florian, N. Schdn, and G. Stopp,
Ann,. Chem., 1961, 641, 1.

283



63.

64.

65.

66.

67.

68.

69.

78.
1.

72.

73.

74.

75.

76.

77.
78.

79.

8a.

U. Hengartner, A. D. Batcho, J. F. Blount, '
W. Leimgruber, M. E. Larschied, and J. W. Scott,
J, Org, Chem., 1979, 44, 3748.

A. P. Kozikowski, Hetrocycleg, 1981, 16, 267.

A. P. Kozikowski, H. Ishida, and ¥-Y. Chen, J.

Mm-r lgsﬂr 5_5_; 335B|
G. 5. Ponticello and J. J. Baldwin, J. Org.

‘Chem., 1979, 44, 4003.

T. Shioiri, K. Ninomiya, and S-i. Yamada, J. Am.
Chem, Soc., 1972, 94, 6283,

A, P. Kozikowski and M. N. Greco, J._ Am. Chem.
Soc., 1980, 182, 1165.

M. O. Terpko and R. F. Heck, J, Org. Chem., 1984,
45, 4992,

E. Noelting, Chem.-Ber., 1964, 37, 1015.

Vogel's Textbook of Practical Organic Chemistry,
4th BEdition 1978, Longman's, p 694.

C. F. Huebner, E. M. Donoghue, A. J. Plummer, and
P. A. Furness, J. Med., Chem., 1966, 2, 830.

J. C. Sheehan and D-D. H. Yang, J. Am. Chem,
Soc., 1958, 84, 1154.

C. S. Marvel, Org. Syn. Coll. Vol. 3, Ed.

E. L. Horning, John Wiley and Sons Ltd., New
York, 1955, p 848,

M. Brenner and W. Huber, Helv. Chim. Acta., 1953,
36, 11489.

M. Bergmann and L. Zervas, Chem. Ber., 1932, 85,
1192.

R. K. Olsen, J. Org, Chem., 1976, 35, 1912,

F. Weygand, W. Steglich, and H. Tanner, Annalen,
1962, §58, 128.

R. F. Borch, M. D, Bernstein, and H. D. Durst, J.
Am., Chem, Soc., 1971, 93, 2897.

G. W. Gribble, P. D. ULord, J. Skotnicki,

S. E. Dietz, J. T. Eaton, and J. L. Johnson, J.
Am. Chem, Soc¢., 15974, 36, 7812,

284



8l.

82,

83.

84.

85.

86.

87.

88.

89.

9d.

See for example (a) E. C. Ashby and J. J. Lin,

‘Tetrahedron = Lektt., 1975, 4453,

(b) R. K. Boeckman, Jr. and R. Michalak, J. Am.
Chem. Soc., 1974, 86, 1623, (c) S. Masamune,
G. S. Bates, and P, E. Georghiou, J. Am. Chem:
Boc., 1974, 96, 3686, (d) Y. Sasson and J. Blum,
Tetrahedron Lett., 1971, 2167, (e) V. Caplar,
G. Comisso and V. Sunjic, Synthesis, 1981, 85.

R. Brettle and S. M. Shibib, J._ Chem. Soc.,
Perkin, Trans. 1., 1981, 2912,

C. J. Pouchert and J. R. Campbell, The Aldrich
Library of N.M.R. Spectra, 1974, Vol. 8, Spectrum
52A.

J-Y. Lallemand and T. Bernath, Bull., Soc, Chim,
Fr., 1970, 4@¢%1.

For example (a) A. Barco, S. Benetti,

G. P. Pollini, and P. G. Baraldi, Svnthesis,
1976, 124; (b) W. C. Guida and D. J. Mathre, J,
Org, Chem., 1988, 45, 3172; (c) I. Hasan,

E. R. Marinelli, L-C. C, Lin, F. W. Fowler, and
A. B. Levy, J. QOrg, Chem., 1981, 46, 157;

(4) H.lNishi, H. Kohno, and T. Kano, Buyll. Chem.
Soc. Jdpn., 1981, 54, 1897,

J. G. Calzada and J. Hooz, Org. Syn., Vol. 54,
John Wiley, London, Ed. R. E. Ireland, 1974, p.
63.

K. Nickisch, W. Klose, and F. Bohlmann, Chem,
Ber., 1984, 113, 2836. ]

T. Isida, T. Akiyama, K. Nabika, K. Sisido, and
S. Kozima, Bull, Chem, Soc, Jpn., 1973, 46, 2176.
K. Sisido, K. Nabika, T. Isida, and S. Kozima, J.
Organomet. Chem., 1971, 33, 337.

See "Heterocyclic Compounds”, Vol. 25, parts
I-III, Ed. W. J. Houlihan, Wiley Interscience,
1972, for extensive coverage of this field.

285



9l.

92.

93.

924.

95.

96.

87.

98.

99.

l1o@.

161.

192.

133,

194.

(a) M. Somei, Y. Karasawa, and C. Kaneko, Chen,
Lett., 19806, 813; (b) W. Oppolozer, E. Francotte,'
and K. Bdttig, Helv, Chim. Acta, 1981, 64, 478.
D. A. Lyttle and D. I. Weisblat, J. Am._Chem.
Soc., 194/, €9, 2118.

(a) H. R. Synder and J. A. MacDonald, J. Am.
Chem, Soc., 1955, 77, 1257; (b) S. Ghosal, J.
Indian Chem. Soc., 1964, 41, 496.

(a) A. P. Kozikowski and ¥Y-Y. Chen, J._ 0Ordg,
Chem., 1981, 46, 5248; (b) D. Ranganathan,

C. B. Rao, S. Ranganathan, A, K. Mehrotra, and
R. Iyengar, J. Qrg., Chem., 1988, 45, 1185.

J. I..DeGraw, J. G. Kennedy, and W. A. Skinner,
J. Heterocyclic Chem., 1966, 3, 9.

Y. Murakami, M. Tani, K. Tanaka, and Y. Yokoyama,
Heterocycles, 1988, 14, 1939.

R. Kreher and P-H. Wagner, Chem, Ber., 1988, 113,
3675.

A. P. Kozikowski and H. Ishida, Hetergcvcles,
1980, 14, 55.

G. Kinast and L-F. Tietze, Angew. Chemie, Int.
Ed. Engl., 1976, 15, 239.

G. A. Kraus and K. Fragier, J. Org., Chem., 1988,
45, 4828.

The author wishes to express his gratitude to Dr.
J. Ruddock of Pfizer Central Research for access
to this program and for assistance in its use.

D. Seebach, A. K. Beck, F. Lehr, T. Weller, and
E. Colvin, Angew. Chemie, Int, Ed. Engl., 1981,
208, 397.

R. H., Mitchell. ¥Y-H. Lai, and R. V. Williams, J.
Org., Chem., 1979, 44, 4733.

See for example (a) A. ‘Hosomi, M. Saite and
H. Sakurai, Tetrahedron Lett., 1988, 21, 355; (b)
A. Hosomi, H. Hashimoto, and H. Sakurai,
Tetrahedron Lett., 19808, 21, 951;

(c) Y. Yamamoto, H. Yatagai, ¥. Naruta, and

K. Maruyama, J. Am. Chem, Sgc., 1984, 182, 7107.

286



145.

196.

197.

1@8.

149.

1148.

111.

112.

113,
114.

11is.

116.

117.

118.

See for example H. Gerlach, and P. Kfnzler, Helv:
Chim. Acta, 1978, §1, 2503. |
W. E. Noland, Org. Syn. Coll., Vol. 5, Ed. H. °E.
Baumgarten, John Wiley, London, 1973, p 833.

(a) J. €. Sheehan and G. P. Hess, J. Am., Chem,
Soc¢., 1955, 717, 1@67; (b) ¥. S. Klausner and
M. Bodanszky, Synthesis, 1974, 54%, and
references therein. '

(a) H. C. de Mauny, Bull. Soc., Chim., Fr., 1948,

~ 1,-133; (b) H. H. Baer and F. Kienzle, Can, J,

Chem., 1967, 45,  983.

E. J. Corey and H. Estreicher, J._Am._ Chem. Soc.,
1978, 106, 6294.

(a) S. L. Ioffe, V. A. Tartakovskii, and

S. S. Novikov, Russ. Chem. Rev., 1966, 35, 19;
(b) H. J. Barber and E. Lunt, J,_Chem._ Soc.,
19608, 1187; (c) E. J. Corey, N. H. Andersen,
R. M. Carlson, J. Paust, E. Vedejs,

I. Vlattas, and R. E. K. Winter, J. Am. Chem.
Soc., 1968, 94, 3245.

A. Nose and T. Kudo, Chem., Pharm., Bull., 1981,
29, 1159,

T. Satoh, S. Suzuki, Y. Suzuki, Y..Miyaji, and
Z. Imai, Tetrahedron Left., 1969, 4555,

S-K. Chung, J. Org, Chem., 1979, 44, 1414,

- {a) K. F. Bernady, M. B. Floyd, J. F. Poletto and

M. J. Weiss, J, Org, Chem., 1979, 44, 1438;
(b) A. Bongini, G. Cardillo, M. Orena, and

S. Sandri, Svnthesis, 1979, 618.
E. J. Corey, B. Niwa, and J. Knolle, J, Am. Chem.
Soc¢., 1978, 198, 1942,

P. G. Gassman and W. N. Schenk, J., Org. Chem.,
1977, 42, 918.

J. E. Baldwin, J, Chem, Soc,, Chen, Commun..,
1976, 734.

B. Neises and W. Steglech, Andgew._ Chemie., Int.
Ed. Engl., 1978, 98, 556.

287



119.
129,

121.
122.
123,

124,

125.

126.

127.

128.

129.

13d.

131.

132.

0. Mitsunobu, Synthesjs, 1981, 1.

J. Szmuszkovicz, J. Am. Chem, Soc., 1957, 1%,
2819,

J. M. Patterson, A. Wu, C. S. Kook, and

W. Tc Smith' Jr., Mw_em-’ 1974' 12' 486.
S. Inada, K. Nagai, Y. Takayanagi, and

M. Okazaki, Bull, Chem, Soc, Jpn., 1976, 49, 833.
S. Plrro, A. Pryde, J. Zsindely, and H. Schmid,
Helv. Chim. Acta, 1978, &L, 266.

(a) W. N. White, D. Gwynn, R. Schlitt, C. Girard,
and W. Fife, J, Am. Chem. Soc., 1958, 88, 3271;
(k) H. L. Goering and R. R. Jacobson, J. Am.
Chem. Soc., 1958, 88, 3277.

(a}W. N. White and E. F. Wolfarth, J, Org, Chem..,
1978, 35, 2196; (b) H., Katayama, Chem,_Pharm.
Bull., 1981, 23, 2465.

U, Svanholm and V. D. Parker, J, Chem, Soc.,
Perkin Trans II., 1974, 169.

A. Sen and T-W. Lai, J. Am. Chem. Soc., 1981,
103, 4627. We would like to thank Prof. Sen of
the Chandlee Laboratory, Department of Chemistry,
The Pennsylvania State University, University
Park, Pennsylvania 16802 for a generous supply of
this complex.

H. J. Reich, "Oxidation in Organic Chemistry Part
C", Ed. W. S. Trahanovsky, Academic Press, 1978,
p 698.

W. P. Jackson, S. V. Ley, and A. J. Whittle, J.
Chem. Soc, Chem. Commun., 1988, 1173.

G. I. Bolestova, Z. N. Parnes, F. M. Latypova,
and D. N. Rursanov, 2Zh._Org, Ehim., 1981, 17,
1357.

D. J. Bellville, D. D. Wirth, and N. L. Bauld, J.
Am., Chem. Soc., 1981, 183, 718.

W. Oppolzer and J. I. Grayson, Helv, Chim., Acta..
1982, 63, 1786,

288



133.

134,
135.

136.

137.

138.

139,

1449.

(a) B. A. Patel, C. B. Ziegler, N. A, Cortese,
J. BE. Plevyak, T. C. Zebovitz, M. Terpko, and
R. F. Heck, J. Org., Chem., 1977, 42, 39483;

(b) R. F. Heck, Acc. Chem, Res., 1979, 12, 146.
D. D. Evans, Aust, J. Chem., 1973, 26, 2555,

J. B. McKay, R. M. Parkhurst, R. M, Silverstein,
and W. A. Skinner, Can. J. Chem., 1963, 41, 2585,
Y. Watanabe and T. Mukaiyama, Chem. Lett., 1981,
443,

¥-S. Cheng, F. W. Fowler, and A. T. Lupo, Jr., Jdi
Am. Chem. Soc., 1981, 183, 2094.

S. Danishefsky, Acc, Chem. Res., 1981, 14, 404,
D. D. Perrin, W. L. F. Armarego and D. R. Perriny
"Purification of Laboratory Chemicals", Pergamon,
1966,

E. Hardegger and H. Corrodi, Helv. Chim. Acta.,
1954, 37, 1826.

289



Appendix 1l(a) X-Ray Crystallographic Study of TeleocidinlB

Bromoacetate (Dreiding Model Representation).
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=  Appendix 1(b) X-Ray Crystallographic Study of Teleocidin B

Bromoacetate (C.P.K. Space Filling Model
Representation). @
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Appendix 2 Teleocidin A: Difference Decoupling Study
(Irradiation at 4.34, CDCl3 solvent) .
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Appendix 3 feleocidin A:

(CDC1l, solvent).
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Appendix 4  X-Ray Crystallographic Analysis of the
"Rearranged" cis Lactam (125b). ’
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Appendix 5 Variable Temperature lH n.m.r. Study on the
Rearranged trans Lactam (125a) ((CD3)250 Solvent). '
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Appendix 6 Variable Temperature lH n.m.r. Study on the .
Rearranged cis Lactam (125b) ((CD3)280 Solvent).
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Appendix 7 Variable Temperature lH n.m.r. Study on the
Carbon Linked Analogue (15) ((CD3)ZSO Solwvent) .
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Appendix 8 Biological Studies

A recurring theme in this thesis has been the
anticipated biological activitv of the tricyclic model
compounds (12), (13) and (15). It was found, however,
that none of these compounds displayed any acti§ity in a
cattle tick screen at Pfizer Central Research, Sandwich,
Kent. Teleocidin A (4) had previoﬁsly been shown to be
effective in the same screen. 1Increasing lipophilicity of
(12) by ihtroduction of a C-19 geranyl unit to give (211)
was inetfective. The rearranged tricyclic compounds
(125a) and (125b) were also inactive.

From these results it is evident that a biologically
active molecule requires the following characteristics:
(i) a hydrophilic 'northern region' lactam ring, (ii) a
lipophilic 'southern region' and (iii) a free indole NH

position.

H H
cHoNT Y cHsN” OH

Q 0

r=

(12) (13)

H -
N _ YT
Q- 0
| - |
N N
(15) S X (211)
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