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A p p r o a c h e s to t h e Synthesis of T e l e o c i d i n s A a n d B 

A B S T R A C T 

T h e i s o l a t i o n , b i o s y n t h e s i s , chemistry and synthesis 

of naturally occurring 3 - a l k y l - 4 - h e t e r o d i s u b s t i t u t e d 

indoles is r e v i e w e d . The isolation and b i o l o g y of 

T e l e o c i d i n s A (1) and B (2) is also d i s c u s s e d . 

oh 

In studies directed towards the synthesis of 

T e l e o c i d i n A (1) a number of new reactions have been 

d i s c o v e r e d . Investigation of alternative routes to 

4 - a m i n o i n d o l e (3) resulted in three new syntheses of this 

key i n t e r m e d i a t e . Selective m o n o - 4 - N - a l k y l a t i o n of (3) 

gave a series of compounds (4) that underwent a facile and 

n o v e l rearrangement to l-alkyl-4-arainoindoles (5). 

D i a l k y l a t i o n of 4-aminoindole to give N , N - d i a l k y l a m i n o 

acids necessitated the use of a novel p r o c e d u r e to reduce 

d e h y d r o a m i n o a c i d s . 
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R 

(3) (a) (5) 

T r e a t m e n t .of 4-aminoindoles with electrophiles 

p r o c e e d e d w i t h poor and unusual regioselectivity under 

s t a n d a r d c o n d i t i o n s . A new m e t h o d o l o g y was therefore 

d e v e l o p e d to p e r m i t the regiospecific p r e p a r a t i o n of 3,4 

or 4 , 7 - d i s u b s t i t u t e d i n d o l e s . 

The p y r r o l o - 1 , 4 - b e n z o d i a z o n i n - 3 - o n e skeleton (6) of 

T e l e o c i d i n A was prepared by a standard peptide coupling 

p r o c e d u r e from the appropriate 3,4-disubstituted i n d o l e . 

The ring system (7) has also been prepared w i t h the ring 

f u n c t i o n a l i t y of the natural p r o d u c t . X - R a y 

c r y s t a l l o g r a p h i c analysis confirmed the structure of the 

cis isomer of (7) . Also a d e - a z a m e t h y l analogue (8) of 

(6) was prepared e f f i c i e n t l y . 

(6) 

h 

(7) 
ch 3 

h 

(8) 

A n alternative route to the tricyclic skeleton of 

Teleocidin A through c a r b o n - c a r b o n bond formation at the 



indole C-3 p o s i t i o n of a 4-aminoindole proved 

u n s u c c e s s f u l . 

I n t r o d u c t i o n of the linalyl m o i e t y of Teleocidin A by 

either an aza-Claisen rearrangement of l - g e r a n y l - 4 - N , N -

d i a l k y l a m i n o indoles or by more direct means also proved 

u n s u c c e s s f u l . It was f o u n d , h o w e v e r , that the geranyl 

g r o u p was introduced directly to the indole C-7 p o s i t i o n 

in a m o d e s t y i e l d . 

| A t t e m p t s to synthesise a crystalline derivative of 

T e l e o c i d i n A for X - r a y analysis failed and a p o s s i b l e 

e x p l a n a t i o n for this failure d i s c u s s e d . Further 

c h a r a c t e r i s a t i o n of the natural p r o d u c t was undertaken by 

a nuclear O v e r h a u s e r effect study and by a series of 

v a r i a b l e temperature high field n . m . r . e x p e r i m e n t s . 
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TO M Y P A R E N T S 



o 

"All the b u s i n e s s of w a r , and indeed a l l the b u s i n e s s of 

l i f e , is to endeavour to find out w h a t y o u d o n ' t k n o w b y 

w h a t y o u do; that's w h a t I called 'guessing w h a t w a s a t 

the other side of the h i l l ' . " 

A t t r i b u t e d to the Duke of W e l l i n g t o n , 

The Croker Papers 1 8 8 5 , v o l iii, p . 276 

6 



A C K N O W L E D G E M E N T S 

I w i s h to thank D r . Steven V . Ley for the o p p o r t u n i t y 

of w o r k i n g with him and for his f r i e n d s h i p and a d v i c e . I 

w o u l d similarly like to thank D r . John Ruddock of Pfizer 

C e n t r a l R e s e a r c h , my industrial s u p e r v i s o r . 

I gratefully acknowledge the highly c o m p e t e n t 

s e r v i c e s provided by M r . K . I . Jones and his staff of the 

m i c r o a n a l y t i c a l d e p a r t m e n t . M r . J . B i l t o n , M r s . J . Lee 

and M r . N . Davies supplied an e x c e l l e n t mass s p e c t r o m e t r y 

s e r v i c e , while D r . D . J . Williams afforded a remarkably 

rapid X - R a y a n a l y t i c a l s e r v i c e . A l s o I wish to express m y 

thanks to D r . R . Shepherd and in particular to 

D r . D . Neuhaus for providing a high field n . m . r . 

s e r v i c e that sometimes extended b e y o n d the call of d u t y . 

The p h o t o g r a p h i c expertise of M r . G . Millhouse p e r m i t t e d 

the r e p r o d u c t i o n of some of the spectra o b t a i n e d . 

M y thanks are due to the technical staff of the 

d e p a r t m e n t and to M r s . B . Day for her friendship and h e l p 

in the organic s t o r e s . 

I w o u l d also like to thank the staff of Pfizer 

C e n t r a l R e s e a r c h for their patience and assistance during 

m y brief sojourn at S a n d w i c h . 

It is a p l e a s u r e for me to acknowledge the f r i e n d s h i p 

of m y colleagues both past and p r e s e n t of the W h i f f e n and 

Perkin Laboratories who are too numerous to m e n t i o n 

i n d i v i d u a l l y . 

F i n a l l y I w i s h to thank the Science and Engineering 

R e s e a r c h Council and Pfizer Central R e s e a r c h , S a n d w i c h , 

K e n t for the p r o v i s i o n of a C . A . S . E . g r a n t . 

7 



CONTENTS 

Page 

Abstract 2 

Acknowledgements 7 

REVIEW: Naturally Occurring 3-Alkyl-4-Hetero-

disubstituted Indoles 

1 . Introduction 12 

2 . 4-Chloroindole Acetic Acid and Related 

Compounds 

(i) Isolation and Occurrence 13 

(ii) Synthesis 16 

3 . Psilocybin and Psilocin 

(i) Isolation 22 

(ii) Biology of Psilocybin and Psilocin 25 

(iii) Synthesis 29 

4 . Chuangxinmycin 

(i) Introduction 43 

(ii) Synthesis of chuangxinmycin 45 

5 . Conclusion 48 

6 . Review References 49 

R E S U L T S AND D I S C U S S I O N 

The Targets and Models 56 

1 . Thesis Plan 57 

2 . The Teleocidins and Lyngbyatoxin A 57 

(i) Introduction 57 

(ii)
 1

H n . m . r . and Semisynthetic Studies 

on Teleocidin A 62 

8 



Page 

(iii) B i o l o g y of the T e l e o c i d i n s 78 

3 . R e t r o s y n t h e s i s 82 

(i) Introduction 82 

(ii) R e t r o s y n t h e s i s 85 

4 . P r e p a r a t i o n of 4-Substituted Indoles 92 

(i) Introduction 92 

(ii) Attempted A m i n a t i o n of 4-Haloindoles 94 

(iii) The Gassman Indole Synthesis 95 

(iv) General C h e m i s t r y of 3 - M e t h y l t h i o - 4 -

N i t r o i n d o l e 102 

(v) R e d u c t i o n and D e s u l p h u r i s a t i o n of 

3 - M e t h y l t h i o - 4 - N i t r o i n d o l e 104 

(vi) The L e i m g r u b e r - B a t c h o Indole Synthesis 107 

(vii) Conclusion 116 

5 . P r e p a r a t i o n of 4-N-Mono and 4 - N , N - D i a l k y l -

aminoindoles 116 

(i) 4-N-Alkylaminoindoles 116 

(ii) 4-N,N-Dialkylaminoindoles 119 

(iii) R e a r r a n g e m e n t of 4-N-Alkylaminoindoles 128 

(iv) Conclusion 133 

6 . l - S u b s t i t u t e d - 4 - N , N - D i a l k y l a m i n o i n d o l e s 133 

7 . The R e g i o s p e c i f i c E l e c t r o p h i l i c Substitution of 

4-Aminoindoles 136 

(i) Introduction 136 

(ii) Gramines 13 8 

(iii) A p p r o x i m a t e S u p e r d e l o c a l i z a b i l i t y 

towards Electrophiles of the 

4-Aminoindole System 141 

9 



Page 

(iv) A d d i t i o n of N i t r o e t h y l e n e to 

4-Aminoindoles 146 

(v) F r i e d e l - C r a f t s A c y l a t i o n of 

4-Aminoindoles 153 

(vi) R e g i o s p e c i f i c Electrophilic 

S u b s t i t u t i o n of N - m e t h y l - N - ( 4 -

indolyl)glycine Ethyl Ester 154 

(vii) Conclusion 164 

8. Synthesis of the Seco A m i n o Acid Esters 164 

(i) H y d r o x y m e t h y l a t i o n 164 

(ii) H y d r o x y l Protection 168 

(iii) R e d u c t i o n to Tryptamines 172 

9 . Synthesis of the T r i c y l i c Lactams 176 

(i) Synthesis 176 

(ii) Conclusion 188 

1 0 . A n A l t e r n a t i v e Strategy Towards 3 H - P y r r o l o - l , 

4 - b e n z o d i a z o n i n - 3 - o n e s _ 189 

1 1 . A p p r o a c h e s to the Introduction of the Linalyl 

"Southern Zone" 194 

(i) Introduction 194 

(ii) The aza-Claisen R e a c t i o n 194 

(iii) A l t e r n a t i v e Approaches 197 

(iv) Conclusion 202 

1 2 . The Carbon Linked A n a l o g u e 202. 

(i) Introduction 202 

(ii) Synthesis of (15) " 203 

(iii) The D i e n o p h i l i c Properties of (248) 210 

(iv) 4-Thiosubstituted Tryptamines 213 

10 



1 3 . Conclusion 

Page 

215 

E X P E R I M E N T A L 217 

R e f e r e n c e s to the Results and D i s c u s s i o n and 

E x p e r i m e n t a l Sections 280 

A P P E N D I C E S 

1 . (a) X-Ray C r y s t a l l o g r a p h i c Study of 

Teleocidin B B r o m o a c e t a t e (Dreiding 

M o d e l R e p r e s e n t a t i o n ) . 290 

(b) X-Ray C r y s t a l l o g r a p h i c Study of 

Teleocidin B B r o m o a c e t a t e (C.P.K. Space 

Filling M o d e l R e p r e s e n t a t i o n ) . 291 

2 . Teleocidin A : - D i f f e r e n c e Decoupling Study 292 

3 . Teleocidin A : - N u c l e a r O v e r h a u s e r Effect Study 293 

4 . X - R a y C r y s t a l l o g r a p h i c A n a l y s i s of the 

Rearranged sis. Lactam (125b) . 296 

5 . V a r i a b l e T e m p e r a t u r e ^H n . m . r . Study on the 

Rearranged trans Lactam (125a). 297 

6 . V a r i a b l e T e m p e r a t u r e "̂H n . m . r . Study on the 

Rearranged cis Lactam (125b). 299 

7 . V a r i a b l e T e m p e r a t u r e "̂H n . m . r . Study on the 

Carbon Linked A n a l o g u e (15) . 301 

8. Biological S t u d i e s . 302 

11 



NATURALLY OCCURRING 3-ALKYL-4-HETERODISUBSTITUTED INDOLES 

l . Introduction 

3,4-Dialkylsubstituted indoles, epitomised by the 

extensive range of ergot alkaloids, have been known for 

m a n y years and their chemistry has been studied 

1 2 
e x t e n s i v e l y . Two recent reviews ' and several total 

• 3—6 

syntheses demonstrate the great interest still shown in 

this important group of c o m p o u n d s . 

3-Alkyl-4-heterodisubstituted indoles (1) by contrast 

h o w e v e r , occur only rarely in n a t u r e , being represented by 

three small structurally quite simple groups of 

compounds:- (a) 4-chloroindole-3-acetic acid and related 

c o m p o u n d s , (b) psilocybin and other 4-hydroxytryptamines 

and finally (c) the most recently isolated group of 

compounds based on chuangxinmycin, which have been shown 

to contain a 4-thio substituent. 

X =0.S.Cl 

R
 =
 Alky I 

A number of more highly substituted 4-heteroindoles 

have also been isolated from a variety of sources but w i l l 

n o t be discussed in this review. These include the 

7 

interesting tricyclic compound dehydrobufotenine (2) from 

Bufo m a r i n u s . a South American toad, the structure of 
o 

which has been confirmed by total synthesis and 

(D 
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amarorine (3) and araaroridine 

^ r o r i a - soulameoides G r a y 9 . 

(4) from the bark of 

or 

h 

(2 ) (3) r=h (0 r =ch 3 

2 . 4-Chloroindole-Acetic Acid (5) and Related Compounds 

(i) Isolation and O c c u r r e n c e 

a u x i n s (5) and (6) from the immature seeds of Pisum 

sativum (pea). These compounds were identified by 

s p e c t r a l methods a n d , s o m e w h a t unusually in natural 

product c h e m i s t r y , by c o m p a r i s o n of the physical 

p r o p e r t i e s with p r e v i o u s l y synthesised authentic 

samples (vide i n f r a ) . 

During the latter half of the 1960's two 

g r o u p s 1 0 " ^ reported the isolation of the new indole 

CI 

(5) r = h (6) r = ch 3 

13 



From the natural source these compounds are 

isolated in only very small amounts. For example 

only 3.8 mg of acid ( 5 ) 1 1 and 25 mg of the ester 

12 
(6) were obtained from 276 Kg of immature seeds of 

Pisum sativum. 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 

extraction"^. 

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 
I T 1 A 

Pisum sativum These compounds were isolated as 

their methyl esters (10 - 12) and were identified as 

before by comparison with synthetic material (vide 

i n f x a ) . 

c02r 

nhcoch 2co 2r' 

nhchccur 

n 1 • 0 ch 2c0 2r 

(7) R = H R ' = C H 2 C H 3 

(8) R = H . R* = C H 3 

(10) R = C H 3 I R' = C H 2 C H 3 

(1-1) R = R' = C H 3 

(9) R =H. R'=CH3 or 

R = C H 3 . R ' = H J i 

(12) R = R = C H 3 

14 



O p t i c a l rotatory d i s p e r s i o n studies on the ester 

(10) showed the presence of the u n u s u a l . D - t r y p t o p h a n . 

It was shown in a similar manner that aspartic a c i d , 

obtained by acid hydrolysis of (9) was of the natural 

L - a b s o l u t e c o n f i g u r a t i o n . Counter c u r r e n t 

d i s t r i b u t i o n experiments with an ethyl acetate/ 

tartrate buffer pH 4.1 suggested the presence of a 

m o n o c a r b o x y l i c acid in (9). It was n o t , h o w e v e r , 

p o s s i b l e to determine which of the two c a r b o x y l 

groups w a s m e t h y l a t e d . 

The b i o l o g i c a l activities of the compounds (7 -

9) are of some i n t e r e s t . For example a m i x t u r e of 

(7) and (8) induced h y p o c o t y l swelling of Phaseolus 

m u n a o after some 60 h . Compound (9) however induced 

the same effect after only some 24 h , which is 

similar to 4 - c h l o r o i n d o l e a c e t i c acid (5). This 

o b s e r v a t i o n suggests that (7) and (8) are the 

b i o s y n t h e t i c precursors of (5). 

Since these early r e p o r t s , improvements in 

1 5 

c h r o m a t o g r a p h i c m e t h o d s have enabled resolution of 

the five chloro s u b s t i t u t e d - 3 - i n d o l e acetic a c i d s , to 

give a rapid unequivocal method for determining the 

s u b s t i t u t i o n pattern of the indole m o i e t y . Perhaps 

of greater significance has been the d e v e l o p m e n t of 

gas c h r o m a t o g r a p h y - m a s s spectroscopy techniques to 

1 6 1 7 

identify (1) ' . These advances resulted in the 

discovery that (5) was w i d e l y distributed in the 

p l a n t k i n g d o m . It has been found to be p r e s e n t in 

Vicia f a b a 1 8 ' 1 9 (Vetch), Lathvrus l a t i f o l i u s 1 8 

15 



(Everlasting Pea) and a m o n g s t a number of higher 

i n d o l e - 3 - c a r b o x y l i c acids in Pinus s y l v e s t r i s 2 0 

(Scots P i n e ) . 

An alternative assay method using a u t o r a d i o g r a p h y 

3 6 

to determine (5) using a CI label proved less 

21 
reliable . 22 

Finally in this s e c t i o n , Nomoto and T a m u r a have 

reported the interesting m e t h o x y compound (13) . This 

was isolated from the neutral fraction obtained from 

the e x t r a c t i o n of club roots of B r a s s i c a - p e k i n e n s i s 

(Chinese Cabbage) infected with the fungus 

Plasmodiophora b r a s s i c a e . However assay of (13) in 

the A v e n a coleoptile straight growth test showed no 

a u x i n - l i k e a c t i v i t y . 

(13) 

(ii) Synthesis 

As has already been m e n t i o n e d , (5) has the 

unusual d i s t i n c t i o n of being one of the few natural 

p r o d u c t s to b e isolated after its total synthesis and 

b i o l o g i c a l activity had been reported in the 

l i t e r a t u r e . 

16 



Indole-3-acetic acid has been known as a growth-

hormone for many years and a number of syntheses have 

23 

been described which w i l l not be discussed h e r e . 

During investigations of this auxin-like activity a 

number of substituted indole-3-acetic acids have been 

p r e p a r e d , including (5). 

4-Chloroindole (14), the intermediate most 

frequently used for the synthesis of (5) , has been 

prepared regiospecifically by a variety of m e t h o d s . 
Uhl&s Reissert synthesis of (14) reported in 1949 24 

(Scheme 1) , which has been subsequently modified by 

25 

R y d o n and Tweedle , has been widely u s e d . A l t h o u g h 

only m o d e r a t e yields are o b t a i n e d , reactions are 

facile and product isolation e a s y . 

S C H E M E 1 

C C U H 

(15) (16) (14) 

(i) Diethyloxalate,Na (or K ) , E t O H . (ii) N a 2 s 2 0 4 o r , 

F e S 0 4 / N H 4 0 H . (iii) C u C l , q u i n o l i n e , reflux. 

A Russian group prepared the substituted benz-

aldehyde (17) from (15) in two s t a g e s , which gave the 

17 



intermediate nitrostyrene (18) with nitromethane and 

b a s e . Reduction gave the product (14) in an 

acceptable y i e l d 2 6 (Scheme 2 ) . 

0 ("I) > 

(15) (17) (18) 

(iv) 
V 

SCHEME 2 
(14) 

(i) N . B . S . (ii) Pyridine, ( C H 3 ) 2 N C 6 H 4 N O , 68% overall 

(iii) C H 3 N 0 2 / b a s e , 6 0 % . (iv) Fe/AcOH/EtOH, 8 5 % . 

11 
More recently Leimgruber and Batcho reported 

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

This process is clearly an important development in 

4-substituted indole synthesis. 

SCHEME 3 

C H b (i)(ii) 

(15) (14) 

(i) ( C H 3 ) 2 N C H ( O C H 3 ) 2 (ii) [H] 

1 Q 



Preparation of (5) from 4-chloroindole (14) has 

been reported by two g r o u p s . Fox and Bullock 

reported that the magnesium salt of 4-chloroindole 

(14) on treatment with chloroacetonitrile followed by 

28 
hydrolysis gave (5) in only 19% yield (Scheme 4). 

This same group were unsuccessful in attempts at 

preparing (5) by a classical Fischer indole synthesis 

from succinaldehydic acid phenylhydrazone (Scheme 5 ) . 

Hansch's group obtained (5) , again in poor y i e l d , by 

conventional reaction of the gramine (19) with 
29 

potassium c y a n i d e , followed by hydrolysis 

(Scheme 6) . 

SCHEME 4 

( 1 4 , » ) (» ) > > (5) 

(i) C H g M g l , E t 2 0 . (ii) C 1 C H 2 C N . (iii) H0~ 19% 

overall. 

SCHEME 5 

C I CiKHl 

a NHNH 

C0,H 

Eutectic mixture (5) 

C O o H 

(i) ( C H 3 0 ) 2 C H C H 2 C H 2 C 0 2 C H 2 C H 3 , H 2 S 0 4 . (ii) K O H . 

19 



SCHEME 6 

CI 

(14) 
m 

H 

(19) 

(i) H C H O , ( C H 3 ) 2 N H , A C O H 9 1 % . (ii) K C N , H 2 0 , E t O H . 

(iii) KOH 19% o v e r a l l . 

These poor yields m a y be accounted for by the 

steric bulk of the c h l o r o - s u b s t i t u e n t . It has been 

reported t h a t oxalyl c h l o r i d e , which reacts smoothly 

and rapidly with indole and 6 - c h l o r o i n d o l e , reacts 

only slowly and incompletely with 4-chloroindole and 

30 
n o t a t a l l with 4-bromoindole . 

4-Chlorotryptophan (20) has been prepared by two 

n c -a "i 

groups and is also reported to be a plant 

growth h o r m o n e . 4-Chlorotryptamines (21) have also 

been s y n t h e s i s e d . These compounds are claimed to 

possess stimulant and anticonvulsant activities in 
32 

rodents and to induce behavioural changes in cats 

(20) (21) R = C H 3 ; C H 2 C H 3 

20 



The ester (6) is readily prepared by treatment of 

12 
(5) with diazomethane .• 

The m e t h y l esters (10) and (11) were synthesised 

from 4-chlorotryptophan m e t h y l ester (22) by 

treatment with malonyl chloride and triethylamine in 
13 

ethanol and m e t h a n o l respectively (Scheme 7 ) . 

SCHEME 7 

NHC0CH2C02R 
C 0 2 C H 3 

H 

(22) (10) R=CH2CH3 

(11) R=CH3 

(i) C 1 C 0 C H 2 C 0 C 1 , E t 3 N , R O H . 

Condensation of the mixed anhydride from (5) and 

ethyl chlorocarbonate. with L-aspartic acid dimethyl 

ester gave ( 1 2 ) 1 4 . 

The 4-methoxyindole (13) has been prepared as an 

intermediate in the synthesis of 5- and 

33 

8-methoxyyobyrines . The methoxy-2-nitrotoluene 

(23) was converted to 4-methoxyindole (24) in three 

stages with a 23% overall y i e l d . Preparation of the 

gramine (25) followed by treatment with dimethyl-

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

(Scheme 8 ) . 

21 



SCHEME 8 

0CH3 0CH3 

6cV 
H 

O C H 3 

(iv) 
m-

> 
H 

( 2 3 ) ( 2 4 ) ( 2 5 ) 

(v)Cvi) 

(13) 

(i) Diethyl o x a l a t e , K , E t O H . (ii) [H]. (iii) A 23% 

o v e r a l l . (iv) E t 2 N H , A c O H , H C H O . (v) ( C H 3 ) 2 S 0 4 , 

T H F , A c O H . (vi) N a C N , H 2 0 , d i o x a n , 53% o v e r a l l . 

Ps ilocvbin-(26)-and-Psiloc i n - ( 2 1 ) 

(i) Isolation 

The Mexican Indians are known to have used 

mushrooms possessing hallucinogenic properties in 

34-37 

religious ceremonies for many hundreds of years 

It w a s only in 1957 however that these basidioraycetes 

w e r e identified as agarics belonging to the species 

P s i l o c y b e
3 8
. In 1958 and 1959 Hofmann and his 

co-workers reported the isolation of the 

hallucinogenic constituents of these mushrooms 
3 9 

classified as Psilocybe- mexicana Heim . The major 

component psilocybin (26) was characterised as the 

phosphate ester of the other component psilocin (27) , 
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a 4 - h y d r o x y t r y p t a m i n e 4 0 " " 4 2 . This was the first, 

report of the isolation of 4-hydroxyindoles and in 

a d d i t i o n , the first report of a p h o s p h o r y l a t e d 

h y d r o x y i n d o l e from n a t u r a l s o u r c e s . 

( 2 6 ) ( 2 7 ) 

The structures of these two alkaloids were 

confirmed by unambiguous chemical s y n t h e s i s 4 0 ' 4 2 and 
J ^ A A 

later by X - r a y c r y s t a l l o g r a p h i c studies ' . 

Following this first report of the isolation of 

(26) and (27) they have since been shown to have a 
45—47 

w o r l d w i d e d i s t r i b u t i o n in Psilocybe species . 

For e x a m p l e , Psilocybe--semilanceata found in Europe 

and the U . K . contains both (26) and ( 2 7 ) 4 8 ' 4 9 . Other 
50 

groups of basidiomycetes such as P a n a e o l u s and 
51 52 

Conocybe ' 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 d i f f e r e n t species need to be treated with 

some c a u t i o n 8 8 . 

With the improvement in chromatographic 

techniques in recent years a further two hydroxy-

indoles related to (26) have been isolated from 
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•P-.- s e m i l a n c e a t a 5 4 . P.- h a g o c y s t i s 5 5 " 5 7 C o n o c y b e , 

53 57 58 

Panaeolus and Copelandia species These have 

been designated baeocystin (28) and norbaeocystin 

(29) . These compounds always occur in the presence 

of psilocybin (26) and psilocin (27) and are thought 

to be b i o s y n t h e t i c precursors of (26) and (27) . 

A l t h o u g h these desmethyl compounds have only been 

characterised q u i t e r e c e n t l y , unidentified minor 

indole constituents of P s i l o c y b e extracts had been 
52 

reported p r e v i o u s l y . 

(28) (29) 

P s i l o c v b e -cubensis (Earl) Singer has been grown 

under controlled c u l t u r e c o n d i t i o n s and the level of 

(26) and (27) m e a s u r e d from successive harvests of 

59 

the carpophores . Interestingly it was shown that 

w h i l e the levels of (26) remained essentially 

c o n s t a n t with successive h a r v e s t s , the levels of (27) 

rose from none from the first harvest to a m a x i m u m 

after the f o u r t h . 

Submerged cultures of P-. cubensis achieve m a x i m u m 

p r o d u c t i o n of (26) after seven days at pH 4.0 - 4.6 

after which time the levels of (26) slowly d e c l i n e . 

Extraction of mycelia grown in a glucose free medium 

produced no psilocybin ( 2 6 ) 6 0 . 
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A considerable effort has been devoted to . 

developing quantitative techniques for measuring (26) 

and (27) from carpophores of various Psilocybe 

species 8"^"" 8 4. This is partly due to the concern of 

regulatory authorities over the illicit use of 

h a l l u c i n o g e n i c m u s h r o o m s . Reports on the levels of 

(26) and (27) in d i f f e r e n t mushrooms m u s t however be 

treated w i t h -care since it has been shown that 

differences in the m e t h o d of drying sporophores has 

very s i g n i f i c a n t effects on the levels of (26) and 

(27). Freeze drying of the sample is now thought to 

be the b e s t w a y of p r e s e r v i n g (26) and (27). 

(ii) Bioloay-of Psilocvbin-(261-and-Psilocin-(27^ 

The p h a r m a c o l o g i c a l actions of (26) and (27) a r e 

6 5 

q u a l i t a t i v e l y and q u a n t i t a t i v e l y so similar that it 

is thought that (26) is dephosphorylated in the 

m a m m a l i a n body to (27) by a non-specific m o n o p h o s p h o -

e s t e r a s e . Indeed it has been shown t h a t incubation 

of (26) with purified calf intestinal alkaline 

p h o s p h a t a s e produced (27) and inorganic p h o s p h a t e . 
67 

In a d d i t i o n , the intact mouse and rat kidney 6 8 
homogenates caused rapid d e p h o s p h o r y l a t i o n of (26) 

to give (27) . 

The m e t a b o l i c fate of p s i l o c i n (27) is u n c e r t a i n . 

One report based on the m e t a b o l i s m of radiolabelled 

psilocin species (30) and (31) suggests that some 25% 

of p s i l o c i n (27) administered to rats is recovered in 

the u r i n e . Small quantities of m a t e r i a l which had 

undergone oxidative demethylation of the side chain 
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( 4%) and unidentified "highly hydrophilic. 

cause psilocin (27) to undergo oxidation to a\ deep 

blue substance w h i c h they p o s t u l a t e to be an 

£ - q u i n o n e . This oxidase action was shown to be 

fastest in the heart of all species s t u d i e d . The 

oxidase action of this enzyme is that of a p h e n o l a s e , 

since it is inhibited by cyanide but not by standard 

m o n o a m i n e oxidase inhibitors such as /?-phenyl 

isopropylhydrazine and its optimal activity was a t pH 

9 . 0 . Caeruloplasmin from pig plasma^® and a purified 

71 

enzyme from Mytilus edulis (edible mussels) also 

oxidised (27) . In the latter case it was 

demonstrated that oxygen was consumed and h y d r o g e n 

peroxide p r o d u c e d . Another substrate of this m u s s e l 

oxidase enzyme was shown to be 4-coumaric acid (32) 

which was converted to the 1 , 2 - d i h y d r o x y compound 

substances" w e r e also i s o l a t e d 0 . Horita and 

c g 
W e b e r 0 0 , h o w e v e r , report that rat kidney homogenates 

69 

(33) 

oh oh 

(30) (31) 
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(32) (33) 

It has been observed that the stipe and pileus of 

p s i l o c y b i n (26) and psilocin (27) containing 

m u s h r o o m s frequently exhibit a blue green 

52 72 

staining It has also consistently been found 

that psilocybin (26) is p r e s e n t in greater q u a n t i t i e s 

than psilocin (27) and that the latter is sometimes 

completely absent from mushrooms containing the 

f o r m e r . Enzymatic oxidation of psilocin (27) in 

carpophores w o u l d account for both these 

73 

o b s e r v a t i o n s , p s i l o c y b i n (26) being resistant to 

p h e n o l o x i d a s e action through its p h o s p h a t e e s t e r . 

No definitive b i o s y n t h e t i c p a t h w a y to p s i l o c i n 

(27) has been p r o p o s e d . B r a c k s g r o u p 7 4 observed 

t h a t psilocybin (26) was biosynthesised from 

tryptophan in still cultures of P-; semper v i v a . 
7 5 76 

A g u r e l l and N i l s s o n in a m o r e detailed study f 

p r e p a r e d a series of radiolabelled indoles w h i c h they 

considered to be p o t e n t i a l b i o s y n t h e t i c precursors of 

p s i l o c i n (27). From feeding experiments with these 

compounds in submerged cultures of P-. - c u b e n s i s a 

b i o s y n t h e t i c p a t h w a y (Scheme 9) was p r o p o s e d . This 
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p a t h w a y does not however explain the occurrence of 

d e s m e t h y l compounds such as baeocystin (28) and 

norbaeocystin (29). 

(27) (25) 
SCHEME 9 

Further feeding experiments by the same g r o u p 

showed that 4 - h y d r o x y t r y p t a m i n e (38) was also 

converted to psilocybin (26) but that 

4 - h y d r o x y t r y p t o p h a n (39) was n o t . 

•t 
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OH 

(38) R = H (39) R = C02H 

In c o n c l u s i o n , b i o s y n t h e s i s of (26) and (27) has 

been shown to proceed from tryptophan (34) to 

tryptamine (35) . From tryptamine (35) several 

alternative r o u t e s , of w h i c h only one has been 

p o s i t i v e l y i d e n t i f i e d , are available for the 

c o n v e r s i o n of (35) to psilocin (27) and psilocybin 

(26). 

The p h a r m a c o l o g y of psilocybin (26) and psilocin 

77 

(27) has been studied extensively . They have a low 

toxicity being some 2.5 times less toxic than 

m e s c a l i n e . Lysergic acid diethylamide (L.S.D.) and 

psilocin (27) show cross tolerance suggesting t h a t 

their b e h a v i o u r a l effects may be m e d i a t e d at a 

similar site in the central nervous s y s t e m . 

Psilocybin (26), like L . S . D . , has been used as an aid 

in p s y c h o t h e r a p y and because of its m i n i m a l adverse 

reactions and shorter duration of a c t i o n , (26) is 

being increasingly substituted for L . S . D . 
i) Synthesis 

' As early as 1 9 5 5 , that is before the isolation 

and c h a r a c t e r i s a t i o n of (26) and (27) , Hofmann's 

g r o u p had reported the synthesis of 4-hydroxy-

7 8 
tryptamine (38) . This compound prepared by the 
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route outlined in Scheme 10 was one of a series of 

hydroxy-substituted indoles synthesised to compare 

with 5-hydroxytryptamine (serotonin). Synthesis of 

4-benzyloxyindole (42) was accomplished according to 
"7 q QCt 

the Reissert procedure 7 . Introduction of the 

2-aminoethyl substituent proceeded smoothly via the 

gramine and nitrile to give the tryptamine (38). 

s c h e m e 10 

obz 

•no2 

^ - C O o H 

(44) (38) 

(i) D i e t h y l oxalate, K O E t . (ii)
 N

a 2 S 2 0 4 , 64% 

o v e r a l l . (iii) Cu p o w d e r , quinaldine 6 2 % . 

(iv) H C H O , M e 2 N H , 8 9 % . (v) C H 3 I . (vii) NaCNr 60% 

o v e r a l l . (vii) LiAlH^ 81%. (viii) H 2 / P d / C , No yield 
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Psilocin (27) and psilocybin (26) were 

synthesised by the same g r o u p ^ using the m o r e 

v e r s a t i l e oxalyl chloride p r o c e d u r e for introducing 

the 3 - s u b s t i t u e n t , (Scheme 11) . P h o s p h o r y l a t i o n 

proceeded in only a m o d e r a t e yield with an o v e r a l l 

y i e l d for the conversion of (27) to (26) of 3 8 % . A 

Japanese g r o u p h o w e v e r , who m o r e recently attempted 

to repeat this c o n v e r s i o n of psilocin (27) to 

p s i l o c y b i n (26) using an identical p r o c e d u r e , only 

obtained 7.8% o v e r a l l yield for the two stage 

s y n t h e s i s 8 1 . 

SCHEME 11 

OBz 

(i)(ii) 

H 

OBz OH 
N(CH3)2 

(iv) 

N(CH3)2 

H 

(46) (27) 
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SCHEME 11 (cont) 

0P(0)(0Bz)2 op(o).(oh)2 

n(ch 

(14) 
(v) 

h 
(26) 

h 
(47) 

(i) O x a l y l c h l o r i d e . (ii) ( C H 3 ) 2 N H , 73% o v e r a l l , 

(iii) L i A l H 4 8 5 % . (iv) H 2 / 5 % P d / A l 2 0 3 , 8 1 % . 

(v) (1) N a O H , H 2 0 , (2) C I P ( O ) ( O B z ) 2 f 4 6 % . (vi) H 2 / 5 % 

P d / C , 8 2 % . 

A n i n t e r e s t i n g a l t e r n a t i v e a p p r o a c h to p s i l o c i n 

(27) reported by J u l i a and his c o - w o r k e r s involves 

the f r e e radical h y d r o x y l a t i o n of N , N - d i m e t h y l 

t r y p t a m i n e ( 3 7 ) 8 2 - 8 4 . C o n v e r s i o n of (37) to 

h y d r o x y l a t e d indoles results in a r e g i o i s o m e r i c 

m i x t u r e of 4 - , 5 - , 6- and 7 - h y d r o x y - N , N - d i m e t h y l -

t r y p t a m i n e s . Julia d e m o n s t r a t e d , h o w e v e r , t h a t by a 

c a r e f u l c h o i c e of r e a c t i o n c o n d i t i o n s the d e s i r e d 

4 - h y d r o x y i n d o l e (27) b e c a m e the m a j o r p r o d u c t . In 

a d d i t i o n it w a s f o u n d t h a t (27) was readily s e p a r a t e d 

from the other r e g i o i s o m e r s f o r m e d by c h r o m a t o g r a p h y , 

p r e s u m a b l y due to i n t r a m o l e c u l a r h y d r o g e n b o n d i n g in 

(27) . A t pH 9 w i t h a m o d i f i e d F e n t o n ' s r e a g e n t , in 

w h i c h iron (II) w a s r e p l a c e d by c o p p e r (II) s u l p h a t e 

and a s c o r b i c a c i d , e x c l u s i v e 4 - h y d r o x y l a t i o n of (37) 

was o b s e r v e d . U n f o r t u n a t e l y c o n v e r s i o n to p r o d u c t s 

(1.8%) and y i e l d of p s i l o c i n (27) (9%) w e r e too low 

to b e of a n y s y n t h e t i c v a l u e . Improved c o n v e r s i o n to 
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products was observed at lower pH's w h e r e the 

q u a n t i t y of oxygenated water had been reduced and the 

reaction p e r f o r m e d under n i t r o g e n with additional 

ethylene diamine tetra-acetic acid added to the 

Fenton r e a g e n t . Up to 20% conversion of (37) to 

products was observed under these c o n d i t i o n s , of 

w h i c h some 70% consisted of h y d r o x y i n d o l e s . It was 

however found that the regiospecificity of the 

reaction had d e c l i n e d , the desired 4-substituted 

p r o d u c t (27) representing less than 50% of the 

hydroxylated m a t e r i a l . 

As has been shown (vi^e s u p r a ) , synthesis of 

4 - h y d r o x y i n d o l e (48) in p r i n c i p a l constitutes a total 

synthesis of psilocybin (26) and psilocin (27) . 

A l t h o u g h the R e i s s e r t synthesis of indoles is 

g e n e r a l l y efficient it has s e v e r a l stages and can 

give v a r i a b l e y i e l d s . In p a r t i c u l a r , d e c a r b o x y l a t i o n 

of for example (41) is by no means easy and 

frequently requires drastic c o n d i t i o n s . Recently 

further interest in 4 - h y d r o x y i n d o l e (43) has arisen 

from the synthesis of p i n d o l o l (49), a p o t e n t and 

specific -adrenoceptor blocking a g e n t . Synthesis of 

this compound and a number of analogues employs 

4-hydroxyindole (48) as an i n t e r m e d i a t e 3 5 " 8 3 . As a 

consequence several alternative routes to the 

h y d r o x y i n d o l e (48) have been d e v e l o p e d , a number of 

w h i c h w i l l be considered h e r e . 
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OH 

to 
H 

?H 

(48) (49) 

An early synthesis of (48) proceeded through the 

p - n i t r o s t y r e n e (51) (Scheme 1 2 ) , which on reduction 

w i t h i r o n , acetic acid and ethanol and s u b s e q u e n t 

8 9 

d e p r o t e c t i o n gave (48) . It was observed that 

p r o l o n g e d reduction times gave decreased y i e l d s of 

p r o d u c t (52) . A c o m m o n feature of the chemistry of 

4 - h y d r o x y i n d o l e s is their lability towards acids and 

oxidising c o n d i t i o n s , so that yields are frequently 

only m o d e s t . Repke has exploited the indole (52) for 
90 

the synthesis of a number of psilocin analogues . 
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SCHEME 12 

ih OCOCH3 OCOCH3 

( 5 0 ) ( 5 1 ) ( 5 2 ) 

W 
(iv) 

( 4 8 ) 

(i) C H 3 N 0 2 , K O H . (ii) N a O A c , A c 2 0 , 89% o v e r a l l , 

(iii) F e , A c O H , EtOH 3 2 % . (iv) C H 3 O H , NH^OH 7 5 % . 

M o r e recently both Somei and Kruse have exploited 

L e i m g r u b e r and Batcho's m e t h o d o l o g y for indole 

2 7 

synthesis . Somei's group reduced the enamine (53) 

or r the aldehyde (54) derived from i t , by acid 

h y d r o l y s i s , with titanium (III) chloride or by 

c a t a l y t i c h y d r o g e n a t i o n (Scheme 13) to give 

respectively (42) and ( 4 8 ) 9 1 . 

35 



s c h e m e 13 

obz. OBz 

(40) 

C H 3 

no 2 

h 

(48) 

(i) ( C H 3 ) 2 N C H ( O C H 3 ) 2 , 1 0 0 % . (ii) S i 0 2 f C H 2 C 1 2 , H 2 0 , 

8 4 % . (iii) T i C l 3 f H 2 0 , M e O H , 5 1 % . (iv) T i C l 3 , 

N H 4 O A C , H 2 O f M e O H , 7 5 % . (v) H 2 , P d / C , P t 0 2 , M e O H , 

6 8%. 

K r u s e has i n t r o d u c e d two m o d i f i c a t i o n s to 

L e i m g r u b e r and B a t c h o ' s o r i g i n a l p r o c e d u r e . T h e m o r e 

r e a c t i v e trjj; ( d i m e t h y l a m i n o ) m e t h a n e g a v e m u c h m o r e 

r a p i d h o m o l o g a t i o n of the d e a c t i v a t e d n i t r o t o l u e n e 

( 4 0 ) . C a t a l y t i c h y d r o g e n a t i o n of the e n a m i n e (53) is 

c o m p l i c a t e d by c o m p e t i n g i n t e r m o l e c u l a r r e a c t i o n s as 

o p p o s e d to the d e s i r e d i n t r a m o l e c u l a r r e a c t i o n . One 

p r o c e d u r e t h a t r e d u c e s this p r o b l e m is to use a h i g h 

c a t a l y s t to s u b s t r a t e r a t i o . K r u s e has e l e g a n t l y 
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circumvented this expensive p r o c e d u r e by hydrolysing-

the enamine (53) to the aldehyde (54) and generating 

the insoluble semicarbazone (55) i n - s i t u . Catalytic 

reduction of the semicarbazone (55), gave a 

reasonable yield of 4 - h y d r o x y i n d o l e (48), while 

reduction with ammoniacal iron (II) s u l p h a t e gave 

good y i e l d s of the protected indole (42) (Scheme 

1 4 ) 9 2 . 

SCHEME 14 

OBz. 

> 

(40) 

(48) 

(i) ( ( C H 3 ) 2 N ) 3 C H . (ii) H C 1 , N H 2 N H C O N H 2 8 4 % . 

(iii) H 2 , Pd/C MeOH 5 5 % . (iv) F e S 0 4 , N H 4 O H 71% 

A c l a s s i c a l approach to phenols is of course the 

pyrolysis of diazonium salts generated from the 

corresponding a m i n e . Until recently this has n o t 

been a useful, approach to the synthesis of (48), due 

to the inaccessibility of 4-aminoindole (56) . 

Somei's g r o u p have however recently described a 

37 



synthesis of 4-n'itroindole (57) in a 66% y i e l d , from 

w h i c h a number of 1 - p r o t e c t e d derivatives such as 

qg 

(58) have been prepared** 3. R e d u c t i o n , diazotisation 

and pyrolysis of the diazonium salt so formed gave 

variable yields of the corresponding hydroxyindoles 

e . g . (59). In a d d i t i o n , pyrolysis of the diazonium 

salt of (56) gave a low yield of 4-hydroxy-indole 

(48). (Scheme 1 5 ) . 

S C H E M E 15 

(57) 

(iv) 

V 

(i) 

(58) 
C02CH 

v 

(56) 

(v) 

(48) R =H 

(59) R=C02CH3 

(i) N a H , D M F , C 1 C 0 2 C H 3 , 95% (ii) . T i C l 3 , 93% 

(iii) N a N 0 2 , H C 1 , h e a t , 9 4 % . (iv) T i C l 3 , 8 9 % . 

(v) N a N 0 2 , H C 1 , h e a t , 3 9 % . 
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Finally from S o m e i ' s group comes an interesting-, 

a l b e i t i n e f f i c i e n t , synthesis of the stable p r o t e c t e d 

h y d r o x y i n d o l e ( 6 0 ) 9 4 . Photolysis of the 

i s o q u i n o l i n e - 2 - o x i d e (61) followed by acid t r e a t m e n t 

gave .(60) in a 21 - 26% y i e l d . 

(i) h d , a c e t o n e . (ii) C H 3 O H , H 2 S 0 4 r e f l u x , 21 - 26% 

o v e r a l l . 

An approach to 4 - h y d r o x y i n d o l e that has been 

investigated by a number of g r o u p s is that involving 

4 - 0 x 0 - 4 , 5 , 6 , 7 - t e t r a h y d r o i n d o l e (62) as a key 

i n t e r m e d i a t e . This compound is readily oxidised to 

4 - h y d r o x y i n d o l e (48) by treatment with Pd/C at 

elevated t e m p e r a t u r e s . Interestingly it has been 

shown that the reverse reaction also takes place 

surprisingly e a s i l y . R e d u c t i o n of (42) with Pd/C was 

shown to give in a d d i t i o n to the expected indole (48) 

9 5 
s m a l l quantities of (62)* . 
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(62) (48) (42) 

(i) P d / C , m e s i t y l e n e ,75%. (ii)Pd/C, H 2 . 

Two general approaches to the tetrahydroindole 

(62) have been r e p o r t e d . Julia based his w o r k 

(Scheme 16) on the construction of the benzene ring 

96 
from the readily available p y r r o l e (63) . 

SCHEME 16 

0 

(63) (62) 

(i)EtOCOCl, E t 3 N . (ii) S n C l 4 # 

The second approach requires the c o n s t r u c t i o n of 

the pyrrole r i n g . Bobbitt prepared the enamine (64) 

from 1 , 3 - c y c l o h e x a n e d i o n e and aminoacetaldehyde 

d i m e t h y l acetal in an unspecified y i e l d , w h i c h 

cyclised on t r e a t m e n t with dilute hydrochloric acid 

97 
t o the desired tetrahydroindole (62) (Scheme 17) . 
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SCHEME "17 

(64) (62) 

(i) H 2 N C H 2 C H ( O C H 3 ) 2 r H + , C g H g . (ii) 3N H C 1 , 5 0 % . 

Perhaps the m o s t versatile synthesis of (62) is 

Q ft 
due to Stetter and L a u t e r b a c k ^ . In this m e t h o d 

* 

(Scheme 18) 1 , 3 - c y c l o h e x a n e d i o n e was alkylated with 

e t h y l b r o m o p y r u v a t e and the resulting tetrahydro-

b e n z o f u r a n (65) treated with ammonia to give 

t e t r a h y d r o i n d o l e (62). A n u m b e r of alkylamines have 

a l s o been u s e d , yielding N - a l k y l a t e d tetrahydro-

i n d o l e s . 

SCHEME 18 

(65) (62) 

(i) B r C H 9 C 0 C 0 o E t . (ii) NH-,, 1 5 0° C , 9 2 % . 
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Finally Torii's g r o u p reported a novel synthesis 

of (62) by e l e c t r o o x i d a t i v e coupling of 1,3-cyclo-

hexanedione and ethylvinyl e t h e r , followed by 

ammonolysis of the two intermediates (66) and ( 6 7 ) " , 

(Scheme 1 9 ) . 

R e n t e r s 1 0 0 ' 1 0 1 , P l i e n i n g e r 1 0 2 and R e p k e 1 0 3 have 

a l l exploited the interesting chemistry of (62) for 

the synthesis of a number of indole s p e c i e s . Of 

particular relevance to this review is Repke's use of 

(62) as a source of 4 - h y d r o x y i n d o l e (48), from which 

a number of p s i l o c i n analogues w e r e s y n t h e s i s e d . 

SCHEME 19 

0 

6 (i) 

0 

(62) 

0 
(i) N a O E t , E t O H , e ~ , Pt foil,/\65% 

M e O H , 150°C, 8 0 % . 

(ii) ( N H 4 ) 2 C 0 3 , 
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4 . 

Of the large number of reports of analogue 

chemistry in the psilocin (27) a r e a , only one perhaps 

w a r r a n t s special m e n t i o n . T r o x l e r , Seemann and 

Hofmann shortly after their publication of the total 

synthesis of (26) and (27) reported the synthesis of 

a large number of closely related c o m p o u n d s . These 

compounds covered all the major groups of analogue 

compounds" that have been reported s i n c e , both by them 

and by other w o r k e r s 1 0 4 . 

Chuanqxinmvcin 

(i) Introduction 

In 1976 Chinese workers reported the isolation of 

a new antibiotic to which they gave the name 

c h u a n g x i n m y c i n . This was obtained from Actinoplanes 

tsinanensis a novel microorganism found in a soil 

sample from T s i n a n , Shantung P r o v i n c e , C h i n a 1 0 ^ . 

From its spectral d a t a 1 0 6 and an X-ray diffraction 

107 

study chuangxinmycin was shown to have the unique 

heterocyclic structure (68). 

Since the original isolation of c h u a n g x i n m y c i n , 

two new c o m p o u n d s , chuangxinmycin B and chuangximycin 

C0 2H 

CH3 

N 
H 

(68) 
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C have been discovered in the fermentation broth of 

m u t a n t s N T - I I and B - I of A-= t s i n a n e n s i s . A l t h o u g h 

spectral data have been reported for these two new 

compounds no structures have been proposed"^" 0 8. 

F e r m e n t a t i o n of Actinoplanes species in a medium 
3 5 3 5 

containing J S sodium sulphate or S L - c y s t i n e 

revealed incorporation of radioactivity into the 

produced C h u a n g x i n m y c i n (68). From these experiments 

the authors concluded that the sulphur p r e s e n t in 
109 

chuangxinmycin (68) was derived from L - c y s t e i n e 

Interest in chuangxinmycin (68) is by no m e a n s 

confined to its unique s t r u c t u r e . It has been shown 

to inhibit the growth of E s c h e r i c h i a - c o l i and hence 

is considered to be a b a c t e r i o s t a t i c a g e n t . The same 

study showed that m e s o s o m e - l i k e substances usually 

observed in normal E ? - c o l i cells disappeared after 

treatment with chuangxinmycin (68) H 0 . it is also 

reported t h a t chuangxinmycin (68) is active in- vitro 

against a number of g r a m - p o s i t i v e and g r a m - n e g a t i v e 

o r g a n i s m s , w h i l e in m i c e activity against E-. - coli and 

S h i g e l l a - - d y s e n t e r i a e has been d e m o n s t r a t e d . 

C h u a n g x i n m y c i n (68) has a low toxicity in mice with 

an L D 5 0 of 600mg/Kg (i.v.) and 1770mg/Kg (oral) . 

P r e l i m i n a r y clinical results have shown that 

chuangxinmycin (68) is effective in the treatment of 

s e p t i c a e m i a , urinary and biliary infections caused by 

E-.- c o l i . C h u a n g x i n m y c i n s B and C also possess 

antibacterial activity in-vitro against a number of 

108 
organisms 
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(ii) Synthesis—of-Chuanqx inmyc in-<6 84 

Two total syntheses of chuangxinmycin (68) have 

been r e p o r t e d . The first in 1976 was n o n - s t e r e o -

s p e c i f i c 1 1 1 , while the second by K o z i k o w s k i was 

s t e r e o s p e c i f i c 1 1 2 . 

The Chinese group's approach to chuangxinmycin 

(68) (Scheme 20) made use of 4 - b r o m o i n d o l y l magnesium 

iodide (69) as a starting m a t e r i a l which gave 

1 , 3 - d i a c e t y l - 4 - b r o m o i n d o l e (70) upon treatement with 

excess acetyl choride. in e t h e r . D i s p l a c e m e n t of 

b r o m i d e and i n - s i t u c o n d e n s a t i o n with loss of water 

was achieved with the c o p p e r salt from ethyl 

m e r c a p t o a c e t a t e in q u i n o l i n e / p y r i d i n e at 170 - 1 8 0° C 

to give d e h y d r o c h u a n g x i n m y c i n ethyl ester (71) . 

R e d u c t i o n and hydrolysis of the ester functionality 

of (71) gave racemic c h u a n g x i n m y c i n (68) . No yields 

a t any stage of this synthesis w e r e g i v e n 1 1 1 . 

SCHEME 20 

Br 

H 

Br Br fl 

(i) (ii) 

Mgl 

CH 

(69) (70) 
1 
O ^ C H g 

P.T.0 

45 



SCHEME 20(cont) 

CO ?Et C02H 

:h3 

( 7 0 ) j ! i U (iv)(v) ^ 

H 

ch3 

(71) Q ^ C H 3 (68) 

(i) R M g l . (ii) excess C H ^ C O C I , E t 9 0 . 

(iii) C u S C H 2 C 0 2 E t , q u i n o l i n e / p y r i d i n e 170 - 180°C. 

(iv) S n C l 2 , H C l / A c O H . (v) N a O H , E t O H . 

Kozikowski's approach to chuangxinmycin (68) 

(Scheme 21) p r o c e e d e d through a dehydro intermediate 

(72) similar to that described a b o v e . The synthetic 

strategy to this compound however relies on the 

initial synthesis of an appropriately s u b s t i t u t e d 

4 - t h i o i n d o l e . Commercially available 2,6-dinitro-

toluene (73) u n d e r w e n t n u c l e o p h i l i c substitution w i t h 

m e t h y l t h i o g l y c o l l a t e and lithium hydroxide in 

H . M . P . A . to give the substituted 2-nitrotoluene (74) . 

S a p o n i f i c a t i o n followed by application of a m o d i f i e d 

L e i m g r u b e r - B a t c h o reaction sequence gave the required 

indole (75) in a 30% o v e r a l l y i e l d from 2,6-dinitro-

t o l u e n e . 

Friedel-Crafts acetylation and K n o e v e n a g e l 

c o n d e n s a t i o n of the resultant ketone (76) p r o c e e d e d 

smoothly in q u a n t i t a t i v e y i e l d to give dehydro-

chuangxinmycin m e t h y l ester (72). 
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SCHEME 21 

NO 
CH 3 (i) 

s co 2ch 3 s co 2ch 3 

(ii)-(vik 

no 

(73) 

Q 
(74) 

> 
N O 

(75) 
h 

(vii) 

v 

T 
0 2ch 3 

(viii) 

(72) 
h 

ch 

(ix 
(76) 

V 

c02ch 

(x) 
(68) 

(i) H S C H 2 C 0 2 C H 3 f LiOH , H . M . P . A . (ii) K O H , M e O H . 

(iii) ( C H 3 ) 2 N C H ( O C H 3 ) 2 , D . M . F . , r e f l u x . (iv) cold 

HC1• (v) F e S 0 4 , N H 4 O H . (vi) C H 2 N 2 , E t 2 0 , 30% 

overall-. (vii) C H 3 C O C l , S n C l 4 , 1 0 0 % . (viii) N H 4 O A c r 

H O A c , C g H g , r e f l u x , 1 0 0 % . (ix) H 2 / P d / S , 70 p . s . i . 

7 0 % . (x) (CHq)~CHSLi, H . M . P . A . 
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H y d r o g e n a t i o n using a poisoned palladium c a t a l y s t 

g a v e a s t e r e o c h e m i c a l ^ homogeneous product (77) 

identical to C h u a n g x i n m y c i n m e t h y l ester p r e p a r e d 

from the natural p r o d u c t . This established the 

relative stereo chemistry of the natural p r o d u c t as 

c i s . The ester was dealkylated to C h u a n g x i n m y c i n 

(68) with lithium thioisopropoxide in H.M.P.A., Some 

epimerisation was shown to take place during this 

r e a c t i o n . 

Further investigation of the chemistry of 

chuangxinmycin (68) and the p r e p a r a t i o n of related 

compounds is to be expected owing to its u n u s u a l 

s t r u c t u r e and to the interesting b i o l o g i c a l 

p r o p e r t i e s of this m o l e c u l e . 

5 . Conclusion 

The 4 - h e t e r o s u b s t i t u t e d indoles represent an 

intriguing g r o u p of c o m p o u n d s . Although of simple 

s t r u c t u r e the three groups of compounds discussed in 

this review have been shown to demonstrate auxin 

a c t i v i t y , effective b a c t e r i o s t a t i c properties and 

h a l l u c i n o g e n i c b e h a v i o u r . It m u s t therefore be 

a n t i c i p a t e d that the d e v e l o p m e n t of new p r o c e d u r e s 

for the p r e p a r a t i o n of 4-substituted indoles w i l l 

lead to further investigation of this interesting 

class of c o m p o u n d s . 
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RSSPETg AMP D I S C I S S I O N 

The Targets-

Teleocidin A Teleocidin B 

Teleocidin A (Lyngbyatoxin A ) : - 3 H - P y r r o l o [ 4 f 3 , 2 - g , h ] -

1 , 2 , 4 , 5 , 6 , 8 - h e x a h y d r o - 9 - ( 1 - e t h e n y l - l , 5 - d i m e t h y 1 - 4 -

h e x e n y l ) - 5 - ( h y d r o x y m e t h y l ) - l - m e t h y l - 2 - ( 1 - m e t h y l e t h y l ) -

1 , 4 - b e n z o d i a z o n i n - 3 - o n e . 

Teleocidin B:- [4S-(4R*,7R*,10R*,13R*)]-6H-Benzo[g J-13-

e t h e n y l - 1 , 3 , 4 , 5 , 7 , 8 , 1 0 , 1 1 , 1 2 , 1 3 - d e c a h y d r o - 4 -

( h y d r o x y m e t h y l ) [ 1 , 4 ] - d i a z o n i n o [ 7 , 6 , 5 - c , d ] i n d o l - 6 - o n e . 

MpflQi" C o m p o u n d s 

H 
X = NCH3;CH2;0;S 
R1 =H;(CH3)2CH 
R2 = H CH20H 
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1 . Thesis Plan 

The- p r o j e c t was designed to achieve a n u m b e r of 

o b j e c t i v e s . The prime target was u n d o u b t e d l y the 

total synthesis of the T e l e o c i d i n s . In a d d i t i o n 

however it was proposed to p r e p a r e a number of 

related m o d e l c o m p o u n d s . These were designed to not 

only m o r e fully explore this unusual and s u p r i s i n g l y 

n e g l e c t e d area of c h e m i s t r y , b u t also to p r o b e the 

functional groups responsible for the b i o l o g i c a l 

a c t i v i t y of the T e l e o c i d i n s . A l t h o u g h the first of 

these targets has not been a c h i e v e d , several closely 

related p y r r o l o - 1 , 4 - b e n z o d i a z o n i n - 3 - o n e s have been 

s u c c e s s f u l l y s y n t h e s i s e d . In addition a c o n s i d e r a b l e 

e f f o r t has been devoted to the investigation of the 

c h e m i s t r y of 4 - a m i n o i n d o l e s such that a p o t e n t i a l 

s y n t h e t i c strategy to the p a r e n t system has now 

e m e r g e d . 

In order to avoid f r a g m e n t a t i o n and d u p l i c a t i o n , 

the thesis is organised p r o g r e s s i v e l y such t h a t a l l 

the chemist.ry of the individual steps towards the 

T e l e o c i d i n s and related analogues are each fully 

d i s c u s s e d . The steps do n o t necessarily follow a 

c h r o n o l o g i c a l o r d e r . 

2 . The Teleocidins and L y n g b y a t o x i n A 

(i) Introduction 

In 1960 Takashima and Sakai reported the 

isolation of a new toxic substance from the 

f e r m e n t a t i o n of a Streptomyces mediocidus s p e c i e s 1 . 

This c o m p o u n d , n a m e d T e l e o c i d i n , demonstrated a 
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specific and p o t e n t toxic a c t i o n against mice and 

J a p a n e s e killifish but failed to show any 

a n t i b a c t e r i a l , a n t i f u n g a l or a n t i p r o t o z o a l a c t i v i t y . 

Further investigation of the b i o l o g i c a l p r o p e r t i e s of 

2 

this compound revealed toxicity towards a number of 

other higher o r g a n i s m s . For example Daphnia m a g n a , 

the larvae of Bugula neritina a b r y o z o a , A s c a r i s 

suilla and T u r b a t r i x aceti a n e m a t o d e , w e r e a l l 

killed by this s u b s t a n c e . In addition it was 

observed during the isolation w o r k that T e l e o c i d i n 

d e m o n s t r a t e d a p o t e n t v e s i c a n t action in m a n . 

U n f o r t u n a t e l y chemical c h a r a c t e r i s a t i o n of this 

compound isolated as a foam was by no m e a n s c o m p l e t e . 

U . v . and i . r . s p e c t r a l data revealed the probable 

presence of a substituted indole r i n g , a hydroxy 

g r o u p and an a m i d e . Catalytic h y d r o g e n a t i o n with 

A d a m ' s catalyst resulted in the absorption of two 

equivalents of h y d r o g e n . No further c h a r a c t e r i s a t i o n 

of this compound has however been r e p o r t e d . 

In 1962 the same group isolated a second 

m e t a b o l i t e from fermentation of streptomyces 

organisms w h i c h was assigned the name Teleocidin B , 

the first compound being renamed Teleocidin A . The 

new m e t a b o l i t e revealed similar b i o l o g i c a l p r o p e r t i e s 

to those of T e l e o c i d i n A . In a d d i t i o n the u . v . and 

i . r . spectral, data of the two compounds w e r e shown to 

be very s i m i l a r . H y d r o g e n a t i o n however resulted in 

the absorption of only one equivalent of h y d r o g e n . 
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From chemical d e g r a d a t i o n studies and a M M H z H . 

n . m . r . study I 'the s t r u c t u r e (1) was proposed for 

4—6 

Tele o c i d i n B . This w a s later confirmed by X - r a y 

c r y s t a l l o g r a p h i c analysis of the b r o m o a c e t y l ester of 

d i h y d r o t e l e o c i d i n B , (2) obtained by c a t a l y t i c 

h y d r o g e n a t i o n of Teleocidin B (1) followed by 
7 8 

t r e a t m e n t with b r o m o a c e t y l b r o m i d e ' . . 

( D (2) 

V ^ B , 

0 

The s t r u c t u r e of the dihydro compound (2) 

reconstructed from the p u b l i s h e d X-ray 

c r y s t a l l o g r a p h i c data is depicted in Appendix 1 . 

A l t h o u g h T e l e o c i d i n A w a s reported to be unstable 

to acid , Teleocidin B (1) was shown to undergo a 

ring opening and s u b s e q u e n t ring closure reaction to 

give the less toxic lactone (3) (Scheme 1) , which 

d i s p l a y e d a carbonyl absorption at 1 7 1 5 c m " 1 compared 

to 1 6 5 5 c m " 1 in the p a r e n t compound (1) . Its 

r e v e r s i o n to (1) upon treatment with b a s e p r o v i d e d 

3 
further evidence for the s t r u c t u r e of lactone (3) . 
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SCHEME 1 

NH2 

I 

(1) (3) 

(i) 6N H C 1 , EtOH 7 6 % . (ii) b a s e . 

Until 197 8 there w e r e no further developments in 

this a r e a . Ruddock working at Pfizer C e n t r a l 

R e s e a r c h , S a n d w i c h , K e n t then reported the isolation 

of an ascaricidal compound from the culture of FM 

1545 an unidentified m i c r o o r g a n i s m , possessing 

v e s i c a n t properties in m a n . From a comparison of the 

u . v . and i . r . d a t a , the uptake of two equivalents of 

h y d r o g e n on treatment with A d a m ' s catalyst in 

e t h a n o l , and similar b i o l o g i c a l properties it was 

c o n c l u d e d t h a t T e l e o c i d i n A and the compound isolated 

Q 

by Ruddock w e r e identical . 

In addition C a r d e l l i n a , Marner and M o o r e reported 

the isolation of a highly inflammatory and v e s i c a t o r y 

s u b s t a n c e from the lipid extract of an H a w a i i a n 

shallow water variety of Lyngbya majuscula G o m o n t 1 0 . 

The gross s t r u c t u r e (4) of this compound w a s 

d e t e r m i n e d by the inspection of u . v . , i . r . , m a s s 
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1 
s p e c t r a l , H n . m . r . and A J c n . m . r . d a t a . It was 

c o n c l u d e d from comparison of circular dichroism 

m e a s u r e m e n t s for this compound called L y n g b y a t o x i n A 

and Teleocidin B t h a t the two compounds had the same 

relative and a b s o l u t e c o n f i g u r a t i o n . Lyngbyatoxin A 

is reported to be the first b a s i c indole alkaloid to 

b e isolated from marine s o u r c e s . 

The s t r u c t u r e (4) assigned to Lynbyatoxin A is 

the s a m e as that assigned by Ruddock to T e l e o c i d i n A 

from a study of a similar range of spectral d a t a . 

13 

C o m p a r i s o n of the C n . m . r . data for these two 

compounds revealed a difference of 2 p . p . m . for one 

m e t h y l g r o u p , a l l other signals w e r e however found to 

be within ±0.5 p . p . m . of each o t h e r . A fuller 

d i s c u s s i o n of the comparison of spectral data for 

these two compounds w i l l n o t be undertaken here since 

such a comparison has already been p u b l i s h e d 9 . 
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(ii) ^-H n . m . r . and Semisynthetic Studies on 

Teleocidin A 

Neither Teleocidin A (4) (Lyngbyatoxin A) or the 

m o n o a c e t a t e of Lyngbyatoxin A were isolated as 

crystalline solids suitable for X-ray c r y s t a l l o -

graphic a n a l y s i s . A p o s s i b l e reason for this w i l l be 

discussed later (vide i n f r a ) . It was t h e r e f o r e 

evident that further high field ^H n . m . r . studies of 

T e l e o c i d i n A 1 1 (4) and a d d i t i o n a l attempts to prepare 

a c r y s t a l l i n e d e r i v a t i v e of (4) would be b e n e f i c i a l . 

The n . m . r . spectrum of Teleocidin A (4) at 

250MHz in d e u t e r i o c h l o r o f o r m was found to be 

identical with that previously obtained by R u d d o c k 4 

at 100 MHz (Table 1 ) . 

A d i f f e r e n c e decoupling e x p e r i m e n t (Appendix 2) 

p e r f o r m e d by irradiation of the two p r o t o n pseudo 

d o u b l e t at 5 4 . 3 4 produced a s i n g l e t at 5 7.82 due to 

the resonance of the lactam NH and two doublets a t 

8 3 . 7 4 , 3 . 5 8 , J m - l l . 5 H z , for the h y d r o x y m e t h y l 

m e t h y l e n e . Two doublets at 5 3 . 1 4 , 3.05 CT - 1 7 . 5 H z 
gem 

w e r e assigned to resonances of the two n o n - e q u i v a l e n t 

6-H p r o t o n s and a s e p t e t J 6.3Hz at S 2 . 5 9 to the 

1 - m e t h y l e t h y l m e t h i n e proton ( l ^ - H ) . The two 

protons a t S 4 . 3 4 from these results are clearly due 

to the 2-H and 5-H p r o t o n s . 

In ( C D 3 ) 2 S O at 250MHz a number of chemical shift 

changes w e r e observed relative to those observed in 

d e u t e r i o c h l o r o f o r m (see Table 1 ) . Of p a r t i c u l a r note 

are the downfield shift of 7 - H from 5*6.83 to 6.91 
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TABLE 1:- Comparison of ^H n.m.r. Data for Lyngbyatoxin A and Teleocidin A 

(CDCLj and { C D ^ ^ O ) 

Proton 

Lyngbyatcorin Aa-

360MHz C D C L 1 0 

£ J 

Teleocidin A a 

100MHz CDCL 9 

s  3  

Teleocidin A a 

250MHz C D C U 
5 3 

Teleocidin A 

250MHz ( C D ^ S O 
£ 

I-CT3 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-H 6.96 6.95 6.97 6.81 

11-H 6.44 6.46 6.48 6.35 

2 1-H 1.90 1.80-2.00 1.75-2.00 1.60-2.10 

3 X-H 1.80 1.80-2.00 1.75-2.00 1.60-2.10 

41"—H 5.06 5.10 5.08 5.05 

6 1-H 1.63 1.47 1.46 1.40 

7^-H 1.47 1.63 1.63 1.55 

8^-H 1.44 1.42 1.40 1.29 

S^-E 6.15 6.25 6.22 6.12 

10 1-H 5.30 5.30 5.29 5.05 

1 U - H 2.55 2.50 2.58 2.45 

2 n - H 0.89 0.90 0.92 0.80 

3 n - H 0.62 0.60 0.62 0.51 

L ^ - H 3.60 3.60 3.65 3.38 

- O H 4.84 

(a) Relative to (CH 3) 4Si at§ 0 

(b) Relative to (CDTOSO at i 2.49 
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and the separation of 2-H and 5 - H , the former now 

occurring as a sharp d o u b l e t J 9.2Hz a t§4.2 6 and the 

latter at 5 4.00 as a m u l t i p l e t . The h y d r o x y 1 p r o t o n 

resonates at 5 4 . 8 3 as an undefined t r i p l e t . As can 

be seen with the exception of the indole NH at a 9.66 

every other p r o t o n has undergone a shift upfield to 

varying d e g r e e s . 

A study of through space p r o t o n nuclear 

O v e r h a u s e r effects (n.O.e) was undertaken to 

i n v e s t i g a t e the solution c o n f o r m a t i o n of Teleocidin A 

(4) . It was also found p o s s i b l e to assign the 

i n d i v i d u a l p r o t o n s in the lactam ring and the indole 

n u c l e u s with the exception of the geminal p r o t o n s of 

the h y d r o x y m e t h y l g r o u p , from these r e s u l t s . The 

spectra resulting from this study are depicted in 

A p p e n d i x 3 while Table 2 summarises the r e s u l t s . 

OH 

(33) 
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TABLE 2:- Summary of Nuclear Overhauser Effects for Teleocidin A (4) in 
CDCLj at 250MHz 

Entry 
Irradiated 
Proton (£) Enhancements Observed (a)a 

1 3 U-H(0.61) 2 1 1-H(0.89)S, 1 1 1-H(2.55)S, 1-N-CH 3 (2.81)M, 

2-H(4.34)S, 11-H(6.46)S 

2 2 n-H(0.89) 3 n-H(0.61)M, 1 1 1-H(2.55)S, 2-H(4.34)S 

3 I n-H(2.55) 3 n-^H(0.61)M, 2 n-H(0.89)S, l - N - O ^ (2.81)M, 

2-H(4.34)W 

4 1-N-CH3(2.81) 3
n
-H(0.61)M, i

n
-H(2.55)S,5-H(4.34)W, 

11-H(6.46)V.S. 

5 6-H(3.04) 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-H+5-H(4.34) 3 n-H(0.61)M, 2 1 1-H(0.89)M, 

I n - H ( 2 . 5 5 ) S , 8 1 ) W , 6-H(3.08-3.14)S, 

I n l-H(4.58-4.75)S, 3-H(7.80)W 

9 7-H(6.80) 6-H(3.03-3.14)M, 8-H(8.55)S 

(a) S refers to strong enhancement, M to IDBdXUBI and W to weak. V as a 

prefix indicates very. 
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It is evident that there are striking differences 

in the e n v i r o n m e n t of the two m e t h y l groups 2 1 1
 a n < 3 

3 1 1 . One at the highest field exhibits a strong 

n . O . e . with 11-H while the other does not (Table 2 

entry 1) . Clearly therefore the m e t h y l g r o u p at 

h i g h e s t field m u s t be situated in the aromatic ring 

c u r r e n t causing its shift u p f i e l d and bringing it 

into proximity with 1 1 - H . It is thought that the 

reduced n . O . e . e f f e c t of the m e t h i n e l ^ - H w i t h the 

h i g h e s t field m e t h y l g r o u p ( 3 1 1 ) compared to that 

w i t h 2 1 1 - H is due to the a d d i t i o n a l relaxation of 

3 1 1 - H with the a r o m a t i c ring (Table 2 , entry 3 ) . In 

a d d i t i o n , the weak effect observed with the v i c i n a l 

2-H p r o t o n suggests a large dihedral angle between 

2-H and l ^ - H . This is supported by the large 

c o u p l i n g c o n s t a n t (10Hz) between these two p r o t o n s 

indicating from the Karplus equation a d i h e d r a l angle 

of 180°. Of p a r t i c u l a r note in entry 4 is the n . O . e . 

e f f e c t , a l b e i t w e a k , observed between l - N - C H ^ and 5-H 

d e s p i t e the large distance between p r o t o n s . Entries 

5-7 illustrate the drawbacks involved in attempting a 

n . O . e . study involving an unresolved m u l t i p l e t . As 

can be seen h o w e v e r , irradiation at three s e p a r a t e 

p o i n t s in the m u l t i p l e t reveal that the d o w n f i e l d 

p r o t o n in the m u l t i p l e t is directed into the nine 

m e m b e r e d lactam ring and has no effect oh 5-H or on 

7 - H . The upfield proton however (entry 5) has no 

interaction into the ring b u t weak effects on the 

above m e n t i o n e d 5-H and 7-H p r o t o n s . These results 

66 



a r e perhaps m o r e c l e a r l y illustrated in entries 8 and 

9 (Table 2 ) . 

A similar study on the h y d r o x y m e t h y l m e t h y l e n e 

p r o t o n s l l : L 1 - H did not reveal any further 

i n f o r m a t i o n . The results o f . t h e s e experiments are 

neither included in Appendix 3 nor Table 2 . 

Study of Dreiding -molecular models showed that 

the m o s t reasonable solution conformation of 

Teleocidin A (4) (Fig. 1 Major) to agree with the 

e x p e r i m e n t a l d a t a , is the same as that observed in 

the solid state for the T e l e o c i d i n B d e r i v a t i v e (2) 

illustrated in A p p e n d i x 1 . Key to this d e d u c t i o n is 

the cross ring n . O . e . interaction between 2-H and 

6 - H . F u r t h e r m o r e the e x p e r i m e n t a l data- shows that 

the relative s t e r e o c h e m i s t r y about C-2 and C-5 m u s t 

b e t r a n s . No conformation of a cis a r r a n g e m e n t 

agrees satisfactorily with the observed n . O . e . d a t a . 

This provides further support to R u d d o c k ' s 

Q 

c o n t e n t i o n that the stereochemistry of T e l e o c i d i n A 

is that shown in ( 4 ) 9 ' 1 0 . 

Both C a r d e l l i n a 1 0 and R u d d o c k 1 2 observed some 
1 13 

m i n o r peaks in the H n . m . r . and C n . m . r . s p e c t r a . 

These minor peaks c o n s t i t u t e , from comparison of 

integrals for the 1 - N - C H 3 s i n g l e t at 5 2 . 9 0 (major 

p e a k ) and the s i n g l e t at S 2 . 7 5 , some 12-15% of the 

m a t e r i a l at room temperature in d e u t e r i o c h l o r o f o r m . 

These peaks m a y be due to one of a number of 

p o s s i b i l i t i e s . Firstly the compound m a y b e i m p u r e , 

however it is d i f f i c u l t to explain w h y m a t e r i a l from 
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Fig 1*- Proposed Solution Conformations of Teleocidin A (4). 



w i d e l y d i f f e r e n t sources (sea algae and the 

fermentation of m i c r o o r g a n i s m s ) and p u r i f i e d by 

d i f f e r e n t chromatographic protocols should be 

contaminated to the same extent by what appears to be 

the same m a t e r i a l . Cardellina and M o o r e 1 0 report 

signals with the following chemical shifts for the 

smaller s i g n a l s , sharp doublets (J=8Hz) a t & 7 . 0 7 and 

6 .99 , a broad s i n g l e t at £ 8 . 7 5 , a d o u b l e t of doublets 

J 1 8 , 10Hz at 5 6 . 2 0 and a s i n g l e t at S 2 . 7 0 . These 

correspond w e l l with the signals observed in 

Ruddock's sample of m a t e r i a l . Additional resonances 

w e r e also observed in this m a t e r i a l and are 

summarised in Table 3 . A . s e c o n d p o s s i b i l i t y is that 

the minor resonances are due to a regioisomer of 

Teleocidin A (4) in which the linalyl g r o u p is at 

C-ll rather than 0 9 . This alternative^ is less 

readily rejected by inspection of a 1 H n . m . r . 

spectrum p e r f o r m e d at room temperature in 

d e u t e r i o c h l o r o f o r m . The third p o s s i b i l i t y and that 

w h i c h appears m o s t probable is that T e l e o c i d i n A (4) 

exists in two distinct conformers at room 

t e m p e r a t u r e . 

The 4-nitrobenzoyl ester (5) of T e l e o c i d i n A (4) 

was prepared in a 66% yield on treatment of (4) with 

4-nitrobenzoyl chloride and 4-N,N-dimethylamino-

p y r i d i n e . This compound revealed the expected 

downfield s h i f t 1 0 of the 1 1 1 : L - H protons from S3 .50 -

3.80 to £4.30 - 4.50 and the downf ield shift from 

6 4.34 to S4 .75 for 5 - H . Additionally it was found 

that the p r o p o r t i o n of the minor resonances in the 1 H 
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TABLE 3s- n.m.r. Data for Teleocidin A (4) and its 4-Nitrcbenzcyl Ester 
(5) 

4A 
5A 

Proi*on Major 

Ccnponent £ 

Minor 

Ccnponent£ 

Major 

Ccnponent £ 

Minor 

Ccnponent S 

I-N-CH3 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 3.10 - 3.24 -

7-H 6.83 - 6.87 6.93 

8-H 8.54 8.75 8.59 8.78 

10-H • .6.97 7.10 7.00 7.12 

11-H 6.48 7.01 6.53 7.02 

2X-H 1.75-2.00 1.75-2.00 -

3X-H 1.75-2.00 - 1.75-2.00 -

41-H 5.08 - 5.08 -

6X-H 1.46 1.49 1.46 1.49 

7X-H 1.63 1.64 1.63 1.67 

^ - H 1.40 - 1.40 -

9X-H 6.22 - 6.18 -

101-H 5.29 5.29 5.31 5.31 

IN-H 2.58 2.39 2.61 2.30 

2N-H 0.92 0.95 0.92 0.94 

• 3N-H 0.62 1.25 0.63 1.25 

I M - H 3.65 3.44 4.40 4.15 

NO2C6H4 8.24 8.24 

(a) Relative to (CH^) -Si at S o , C D O U solvent. 
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n . m . r . had increased from some 12% in (4) vto 41% in 

(5) (Table 3 ) . These results s u g g e s t that the second 

p o s s i b l e explanation of the occurrence of these minor 

r e s o n a n c e s , that is the presence of two regioisomers 

of Teleocidin A , is unlikely since no s i g n i f i c a n t 

change in resonance intensity would be expected upon 

e s t e r i f i c a t i o n . 

To finally attempt to d e m o n s t r a t e the existence 

of two d i f f e r e n t c o n f o r m a t i o n s of Teleocidin A (4) at 

room t e m p e r a t u r e a series of ^H n . m . r . variable 

t e m p e r a t u r e experiments were p e r f o r m e d . In 

d e u t e r i o c h l o r o f o r m at 293K the minor resonances 

contributed some 12% to peak intensities w h i l e a t 

323K the d i s t r i b u t i o n had changed such that the minor 

resonances contributed to the extent of 2 9 % . 

F u r t h e r m o r e on cooling the sample to 313K it was 

shown t h a t the minor resonances only contributed some 

2 2 % . These ratios w e r e obtained from the integrals 

of the 1 - N - C H 3 singlets at <5 2.90 and 8 2 . 7 5 and m u s t 

of c o u r s e be considered as a p p r o x i m a t i o n s o n l y . It 

was also observed that m o s t resonances associated 

w i t h the lactam ring p r o t o n s had started to broaden 

a l t h o u g h no such effect was noticed with p r o t o n s 

a s s o c i a t e d with the l i n a l y l side c h a i n . 

The operating temperature range for deuterio-

chlorof orm is l i m i t e d , in the above experiment only a 

3 0° C temperature range being a c h i e v e d . In an 

attempt to reach the coalescence temperature of the 

2 
two c o n f o r m e r s , t h e r e f o r e , H g - d i m e t h y l s u l p h o x i d e w a s 
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substituted for d e u t e r i o c h l o r o f o r m . It was 

disappointing to discover that in a temperature range 

of 3I3K 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 w e r e m a d e . In general it was found that 

resonances of p r o t o n s occurring in the nine m e m b e r e d 

ring and the indole ring gradually broadened as the 

t e m p e r a t u r e was raised to 3 90K and then slowly 

started to resolve again as the temperature was 

further i n c r e a s e d . The rate at w h i c h the resonances 

b r o a d e n e d and sharpened varied s o m e w h a t . For 

e x a m p l e , the 6-H p r o t o n s exhibited a sharp double 

d o u b l e t at 435K a l t h o u g h the h y d r o x y m e t h y l m e t h y l e n e 

p r o t o n s w e r e still u n r e s o l v e d . As expected the 

lactam-NH and the h y d r o x y l p r o t o n s u n d e r w e n t a 

g r a d u a l shift upfield and a rapid broadening of their 

resonances as the temperature was r a i s e d . 

The m o s t intriguing and unexpected p r o p e r t i e s 

w e r e however demonstrated by the S ^ - H and 11-H 

p r o t o n s . It was found that as the temperature was 

increased the doublets corresponding to these two 

p r o t o n s b r o a d e n e d at a similar rate such that they 

w e r e both occurring as unresolved envelopes at 390 

and 4 1 5 K . At 435K h o w e v e r these two resonances w e r e 

again sufficiently resolved to reveal d o u b l e t s . 

A d d i t i o n a l l y both resonances w e r e gradually shifted 

d o w n f i e l d although the rates of change of c h e m i c a l 

shift w e r e n o t directly p r o p o r t i o n a l to the rate of 
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change in t e m p e r a t u r e . These results are summarised 

in Table 4 . Surprisingly it was found that the 

second m e t h y l g r o u p of the 1 - m e t h y l e t h y l m o i e t y 

u n d e r w e n t only minor changes in chemical shift 

(< 0.05 p . p . m . ) . Nor did it suffer any s i g n i f i c a n t 

broadening effects as the temperature was r a i s e d . 

Equally the remaining a r o m a t i c proton (7-H and 10-H) 

r e s o n a n c e s , a l t h o u g h as m e n t i o n e d u n d e r w e n t 

broadening to a limited e x t e n t , demonstrated only 

minor changes in chemical s h i f t . 

T A B L E 4s- ^H n . m . r . C h e m i c a l Shifts a t D i f f e r e n t 
T e m p e r a t u r e s of S e l e c t e d Frotons in (CD«,)~S0 

T°K A T 
Proton 

T°K A T 3 U - H Ad 11-H A6 

313 - 0.520 - 6.350 -

340 27 0.542 0.022 6.366 0.016 

365 25 0.566 0.024 6.405 0.039 

390 25 0.608 0.042 6.462 0.112 

415 25 0.750 0.142 6.533 0.071 

435 20 0.775 .0.025 6.558 0.025 

The similarity in the behaviour of the S ^ - H and 

11-H protons resonances and their known spacial 

p r o x i m i t y from n . O . e . experiments (vide supra) 

suggests some kind of c o o p e r a t i v e relaxation effects 

between t h e m . 

It was also found s o m e w h a t suprisingly t h a t on 

cooling Teleocidin A (4) from 435K to 315K and 
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r e e x a m i n a t i o n of the ^H n . m . r . spectrum no decay of 

the m a t e r i a l was o b s e r v e d . T h a t no change in the 

ratio of minor to major resonance peaks w a s observed 

2 

in Hg d i m e t h y l s u p h o x i d e m a y be due to the increased 

v i s c o s i t y and p o l a r i t y of the solvent relative to 

d e u t e r i o c h l o r o f o r m . 

One a d d i t i o n a l piece of evidence suggesting the 

p r e s e n c e of two d i f f e r e n t . c o n f o r m e r s giving rise to 

major and minor n . m . r . r e s o n a n c e s , rather than 

these being due to two d i f f e r e n t r e g i o i s o m e r s , came 

from the previously d i s c u s s e d n . O . e . e x p e r i m e n t s . 

S a t u r a t i o n of the h i g h e s t field m e t h y l g r o u p C 3 H ) 

gave rise also to s a t u r a t i o n of the minor resonance 

a t & 1 . 2 5 . This result suggests that the resonances, 

occurring at & 1 . 2 5 and 0.62 are due to the same 

g r o u p in two d i f f e r e n t c o n f o r m a t i o n s . 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 r e s u l t . 

Having established the p r o b a b l e presence of two 

d i f f e r e n t conformers in solutions of T e l e o c i d i n A (4) 

and having determined the conformation of the major 

c o n f o r m e r by n . O . e . experiments it is interesting to 

s p e c u l a t e on the p o s s i b l e c o n f o r m a t i o n of the s e c o n d . 

A t t e m p t s to construct a m o d e l containing, a (Z)-amide 

l i n k a g e proved impossible suggesting that two 

d i f f e r e n t amide rotamers are. not the reason for two 

sets of p r o t o n r e s o n a n c e s . Inspection of the ^H 
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n . m . r . data (see Table 3) for the major and minor 

resonances of (4) and the n i t r o b e n z o y l ester (5) 

revealed considerable similarities between resonances 

w i t h however four s i g n f i c a n t e x c e p t i o n s . The 

resonance due to the minor c o m p o n e n t 11-H has m o v e d 

d o w n f i e l d by 0.5 p . p . m . suggesting a decrease in the 

c o n t r i b u t i o n of the 1 - n i t r o g e n lone pair to the 

aromatic ring s y s t e m . The resonance at £ 4 . 7 due to 

the minor c o m p o n e n t of 2-H has undergone a d o w n f i e l d 

s h i f t . Bringing this p r o t o n into the plane of the 

lactam g r o u p w o u l d produce this effect due to the 

w e l l k n o w n a n i s o t r o p i c effect of the carbonyl g r o u p . 

The 1 - N - m e t h y l g r o u p has m o v e d upfield due to an 

increased shielding effect of the aromatic ring 

s y s t e m . Finally the minor resonance of S ^ - H , 

assigned from n . O . e . experiments (vide supra) a t 

S i .25 has suffered a d o w n f i e l d shift of no less than 

0.63 p . p . m . Inspection of the c o n f o r m a t i o n of (2) 

(see A p p e n d i x 1) reveals that 3 1 3 , - H is situated in 

the ring current of the indole ring causing the 

unusually high chemical shift of 3 1 3 , - H in the major 

c o n f o r m e r . To a c c o u n t for the large downfield shift 

of S ^ - H - in the minor conformer it is evident that 

the indole ring c u r r e n t can no longer effect the 

g r o u p . A d d i t i o n a l l y it is p o s s i b l e that the minor 

c o n f o r m e r presents a m o r e sterically crowded 

e n v i r o n m e n t than does the major c o n f o r m e r , shifting 

the resonance further d o w n f i e l d . One further 

o b s e r v a t i o n needs to be accounted for in considering 
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a l t e r n a t i v e conformers for T e l e o c i d i n A (4) . T h e 

4 - n i t r o b e n z o y l ester (5) as has already been 

discussed reveals a s i g n i f i c a n t l y higher p r o p o r t i o n 

of the minor c o n f o r m e r . It is w e l l known that 

a r o m a t i c systems w i l l adopt a "stacked" m o d e by 

interaction of T T molecular orbitals as i n , for 

e x a m p l e , the formation of p i c r a t e s . This suggests 

that in the minor conformer the 4 - n i t r o b e n z o y l group 

can "stack" w i t h the indole r i n g . The major 

conformer c a n n o t undergo this interaction due to the 

b u t t r e s s i n g of the 5-H p r o t o n . 

Study of Dreiding m o l e c u l a r m o d e l s and 

considering the above o b s e r v a t i o n s , the m o s t probable 

minor conformer of the m o l e c u l e would appear to be 

t h a t illustrated in F i g . 1 M i n o r . Relative to the 

m a j o r c o n f o r m a t i o n , the 1 - N - m e t h y l g r o u p has been 

twisted towards the aromatic ring and the nitrogen 

lone pair has been shifted further out of the plane 

of the indole r i n g . The 2-H p r o t o n is situated in 

the plane of the lactam c a r b o n y l and 3 1 1—H has been 

m o v e d away from the aromatic ring c u r r e n t . 

S i g n i f i c a n t l y 2 ^ ^ has u n d e r g o n e only minor changes 

in its e n v i r o n m e n t reflected in its unchanged 

c h e m i c a l s h i f t . The h y d r o x y m e t h y l g r o u p is also 

suitably situated to place an aromatic ester in the 

m o l e c u l a r orbital system of the indole r i n g . Inter-

c o n v e r s i o n of the two conformers is b r o u g h t about by 

a rotation of approximately 1 2 0° of the 6 - 6 A 
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c a r b o n - c a r b o n bond and is hindered by the interaction 

of 5-H with the 1 - N lone p a i r . 

It had been expected t h a t the 4 - n i t r o b e n z o y l 

ester (5) would be crystalline and suitable for an 

X - r a y d i f f r a c t i o n s t u d y . Evidently the existence of 

two conformers stable at room temperature prevents 

c r y s t a l l i s a t i o n of the c o m p o u n d . 

Finally C h r i s t o p h e r s o n 1 s group have recently 

reported the isolation of a marine alkaloid 

F l u s t r a b r o m i n e (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 s o l i d . 

A l t h o u g h it has been shown that Teleocidin B (1) 

undergoes a ring opening followed by ring closure 

reaction to the lactone (3) similar attempts to 

p r e p a r e the corresponding lactone from Teleocidin A 

(4) were u n s u c c e s s f u l . Warming Teleocidin A (4) in 

c o n c . HC1 resulted in a number of p r o d u c t s . 

T r e a t m e n t of (4) with cold c o n c . HC1 however formed a 

compound in 50% y i e l d after chromatography which 

revealed M + 455 in the m a s s spectrum corresponding to 

Br 
H 

(E)(6a) 

H 

(Z) (6b) 

H 
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a hydrated Teleocidin A d e r i v a t i v e . A number of 

other acids w e r e found to induce either extensive 

d e c o m p o s i t i o n or else have no effect on (4). 

i) T h e B i o l o g y of the T e l e o c i d i n s 

From the early b i o l o g i c a l data (vide supra) on 

the T e l e o c i d i n s and L y n g b y a t o x i n A it w a s a p p a r e n t 

that these compounds p o s s e s s e d p o t e n t i a l a p p l i c a t i o n s 

as v e t e r i n a r y d r u g s . M o r e recently however these 

compounds have demonstrated some less useful a l t h o u g h 

interesting b i o l o g i c a l p r o p e r t i e s , which w i l l now be 

d i s c u s s e d . 

Human lymphoblastoid cells enriched in human 

l e u k o c y t e antigens by transformation with Epstein-

Barr virus w e r e aggregated to a q u a n t i f i a b l e degree 

by n a n o g r a m quantities of d i h y d r o T e l e o c i d i n 

B 1 4 . It 

has also been observed t h a t Teleocidin aggregated 

T - e n r i c h e d lymphocyte p r e f e r e n t i a l l y and had a 

m i t o g e n i c effect on both T- and B - enriched 

lymphocytes although immunoglobulin synthesis was 
1 5 

unaffected . A p l a t e l e t metabolism d e p e n d e n t 

irreversible a g g r e g a t i o n of human platelets by 

Teleocidin has been r e p o r t e d 1 3 . D i v a l e n t cations and 

fibrinogen are required for aggregation to take 

p l a c e . No s i g n i f i c a n t shape change was observed in 

the aggregated p l a t e l e t s . 1 4 C - S e r o t o n i n and A . T . P . 

release w e r e observed after the onset of irreversible 

a g g r e g a t i o n had o c c u r r e d . Finally in this section 

a d h e s i o n of human p r o m y e l o c y t i c leukaemia cells to 

the surface of c u l t u r e vessels was induced by s m a l l 
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quantities of d i h y d r o t e l e o c i d i n B added to the • 

3 7 

c u l t u r e m e d i u m ^ 

T e l e o c i d i n B also inhibits the m i t o g e n i c effect 

of e p i d e r m a l growth factor (E.G.F.) to rat A.H.66 

hepatoma cells by reducing c e l l m e m b r a n e E . G . F . 
lft 1Q 

receptor affinity ° r . It was found however that 

p r o l o n g e d treatment of A.H.66 cells with Teleocidin B 

reversed this a n t a g o n i s t i c e f f e c t . By c o n t r a s t 

Collins and R o z e n g u r t have found that T e l e o c i d i n is a 

p o t e n t m i t o g e n for m u r i n e fibroblasts and 

s y n e r g i s t i c a l l y stimulates D . N . A . synthesis with a 

w i d e range of purified growth factors (including 

2 a 

E.G.F.) . There was however no synergism of 

Teleocidin with vasopressin suggesting that they 

could both operate by the same m i t o g e n i c p a t h w a y . 

L y n g b y a t o x i n A and dihydrotelecidin B induced a 

rapid increase in the release of p r o s t a g l a n d i n s and 
23 

in the turnover of c h o l i n e in He La cells . An 

earlier report from the same g r o u p showed a rapid 

release of arachidonic acid when C3H 10T1/2 cells 

w e r e incubated in a m e d i u m containing Teleocidin B or 

d i h y d r o t e l e o c i d i n B . A d d i t i o n a l l y it was noted that 
22 

2 - d e o x y g l u c o s e uptake w a s greatly enhanced . 

S t i m u l a t i o n of superoxide anion radical 

p r o d u c t i o n in p o l y m o r p h o n u c l e a r leukocytes treated 

with T e l e o c i d i n B was also n o t e d . This particular 

s t i m u l a t i o n was shown to be inhibited by the addition 

of trans r e t i n o l , r e t i n y l acetate or retinoic acid to 
23 

the c u l t u r e medium . 
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Inhibition of terminal d i f f e r e n t i a t i o n of Friend 

e r y t h r o l e u k a e m i a cells induced by dimethyl s u l p h o x i d e 

1 7 

has also been i l l u s t r a t e d ^ 7 . Induction of o r n i t h i n e 

d e c a r b o x y l a s e occurred on painting d i h y d r o t e l e o c i d i n 

B , Teleocidin or L y n g b y a t o x i n A on mouse s k i n . It 

was again found t h a t retinoic acid inhibited the 

observed inductive e f f e c t 1 7 O r n i t h i n e 

d e c a r b o x y l a s e is involved in the d e c a r b o x y l a t i o n of 

ornithine to p u t r e s c i n e w h i c h is a b i o s y n t h e t i c 

i n t e r m e d i a t e to spermidine and s p e r m i n e . These two 

p o l y a m i n e s are important compounds in the 

s t a b i l i s a t i o n of m e m b r a n e structures in b a c t e r i a as 

w e l l as in the structures of r i b o s o m e s , some v i r u s e s , 

and the D . N . A . of m a n y o r g a n i s m s . 

It should be noted that in the above d i s c u s s i o n 

reference has been m a d e in some cases to Teleocidin 

rather than more specifically to Teleocidin B . In a 

recent report F u j i k i has stated that Teleocidin 

c o n s i s t s of two compounds Teleocidin A and T e l e o c i d i n 

25 

B . This observation was reported previously during 

the original isolation of the T e l e o c i d i n s ! It is 

p r o b a b l e therefore that recent references to 

Teleocidin in the biological literature refer to a 

m i x t u r e of both T e l e o c i d i n s A and B . 

It is evident from this discussion t h a t 

T e l e o c i d i n and L y n g b y a t o x i n A have a s i g n i f i c a n t 

effect on the intact cell m e m b r a n e . Similar effects 

w e r e observed in p a r a l l e l experiments in w h i c h the 

known tumour p r o m o t i n g v e s i c a n t 1 2 - O - t e t r a d e c a n o y l -
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p h o r b o l - 1 3 - a c e t a t e (T.P.A.) was substituted for 

T e l e o c i d i n . A d d i t i o n a l l y in c o m p e t i t i o n experiments 

for c e l l membrane binding sites T . P . A . and Teleocidin 

w e r e shown to act a n t a g o n i s t i c a l l y towards each 

o t h e r . Such similarity in b i o l o g i c a l behaviour at 

v e r y similar c o n c e n t r a t i o n s suggested t h a t T e l e o c i d i n 

s h o u l d also be a tumour p r o m o t e r . Indeed it has been 

recently shown that this is the c a s e 2 4 ' 2 3 . On 

p a i n t i n g a solution of the known carcinogen 

7 , 1 2 - d i m e t h y l b e n z [a]anthracene onto the skin of mice 

and s u b s e q u e n t treatment in the s a m e , way with 
I 

T e l e o c i d i n resulted in the a p p e a r a n c e of skin tumours 

on 90% of test animals w i t h i n nineteen w e e k s . 

C o n t r o l animals which had only been treated with 

7 , 1 2 - d i m e t h y l b e n z [ a ] a n t h r a c e n e o n l y , showed no signs 

of tumour growth after the same t i m e . 

Finally it was found that dihydroteleocidin B 

after treatment with h y d r o c h l o r i c acid in the 

p r e s e n c e of thioglycollic acid produced a compound 

inert in a number of the above e x p e r i m e n t s 1 4 ' 2 4 . It 

is t h o u g h t that this compound is the seco amino acid 

(7) since a m o l e u l a r ion at 471 a . m . u . has been 

observed equivalent to the a d d i t i o n of the elements 
1 A 

of water to d i h y d r o t e l e o c i d i n B (m/e 453) . 
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OH 

NH 

T.P.A (7) 

Retrosynthesis 

(i) I n t r o d u c t i o n 

The Teleocidins present a number of challenging 

features to the organic c h e m i s t . 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 cyclic dipeptide constructed from 

N-methylvaline (10) and tryptophanol (11) formed by 

the reduction of tryptophan. 
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O H N H 

H 

(8) 

H 

(9) 

J C H , N -

(10) 
O H 

(11) 

The 4 - a m i n o i n d o l e s k e l e t o n which is also p r e s e n t 

in d e h y d r o b u f o t e n i n e (see review) has p r e v i o u s l y 

received l i t t l e attention from the synthetic organic 

c h e m i s t . The c o n s t r u c t i o n of the 9-membered lactam 

ring is also likely to propose a difficult task due 

2 7 

to u n f a v o u r a b l e entropic and thermodynamic factors 

and the need to be able to stereoselectively p r e p a r e 

just one isomer (trans) common to the n a t u r a l 

p r o d u c t . Finally the s t e r e o and regiospecific 

i n t r o d u c t i o n of the linalyl g r o u p of Teleocidin A 
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provides an awkward twist in the tail of any p r o p o s e d 

s y n t h e s i s . 

Owing to these m a n y p o t e n t i a l problems it was , 

f e l t that it w o u l d be necessary to use a number of 

m o d e l compounds in order to be able to establish a 

total synthetic s t r a t e g y . To this end it w a s decided 

t h a t such species should initially p e r m i t : - (a) the 

investigation of the influence of the h y d r o x y m e t h y l 

functionality and (b) the correct strategy for the 

synthesis of the lactam r i n g . Consequently the two 

m o d e l compounds (12) and (13) w e r e proposed as 

targets to study these p r o b l e m s . F u r t h e r m o r e it w a s 

proposed to synthesise the lactam (8) to provide a 

"nothern zone" containing all the lactam ring 

features of the n a t u r a l product but lacking the 

lipophilic "southern z o n e " . 

h 

0 

(12) (13) 

It is thought that the b i o l o g i c a l properties of 

the T e l e o c i d i n s are largely due to the novel lactam 

ring (see 2 (iii) B i o l o g y of the T e l e o c i d i n s ) . These 

m o d e l compounds should also therefore act as useful 

probes for b i o l o g i c a l a c t i v i t y . 
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Finally the compounds (14)-(16) were also 

considered as appropriate target compounds. Although 

only indirectly related to the Teleocidins their 

synthesis is of both theoretical and biological 

interest. Variation of bond length between (14, X=S) 

and (12, X - N C H 3 ) is a significant 0.398 for the 

indole C4-X bond and 0.348 for the X - C H 2 b o n d . 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 n . m . r . In a d d i t i o n , these compounds (14)-(16) 

serve to further explore the biology of the 

T e l e o c i d i n s . 

L) R e t r o s y n t h e s i s 

In order to fulfill the dual biological and 

chemical targets of the project a versatile synthetic 

scheme was obviously r e q u i r e d . The general synthetic 

strategy adopted for the preparation of (8), (12) and 

(13) is outlined in Scheme 2 . 

H (12) X = NCH 3 

H 
(16)X =0 
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SCHEME 2 

CH,N 

' C8) R1 = (CH3)zCH: R3 = CH20H (12) R1 =R3 = H 

(13) R1 =H. R3=CH2OH 

CH,NH 

(20) X=leaving group 

NH 

R1 =(CH3)2CH;H 

Rz = CH3.CH2CH3 

R3 =H.CH20P 

P =H.protecting 

gro up 

±> 

(17) (9) 
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T h e initial starting m a t e r i a l in this sequence is 

4 - a m i n o i n d o l e (9) which a l t h o u g h it is* a known 

c o m p o u n d 2 6 has never been investigated in d e t a i l 

p r e v i o u s l y . Selective 4 - N - m o n o m e t h y l a t i o n of a 

4 - a m i n o s u b s t i t u t e d indole v i a a two 

stage formylation and reduction p r o c e d u r e has been 

29 

* reported . A p p l i c a t i o n of these reaction conditions 

to indole (9) followed by a l k y l a t i o n of the so formed 

N - m e t h y l a m i n o i n d o l e (17) w i t h an a p p r o p r i a t e 

^ - b r o m o - c a r b o x y l i c acid ester should lead to- the key 

intermediate (18). As can b e s e e n , two a l t e r n a t i v e 

routes (a) and: (b) (Scheme 2) now a r i s e . To 

synthesise the tricyclic m o d e l s and analogues ('8) , 

(12) and (13) introduction of a suitable tryptamine 

or t r y p t o p h a n o l 3 - s u b s t i t u e n t was anticipated to 

p r e s e n t few problems (path a , Scheme 2 ) . Evidently a 

v e r s a t i l e p r o c e d u r e was required to p e r m i t the 

p r e p a r a t i o n of d i f f e r e n t 3 , 4 - d i s u b s t i t u t e d compounds 
(19, R

3
= H , C H 2 O H , C H 2 O P ) . It was expected that . 

p r o t e c t i o n of the h y d r o x y m e t h y l group of (19, 

3 

R sCI^OH) w o u l d be required to p r e v e n t c y c l i s a t i o n of 

the h y d r o x y g r o u p to form a 10-membered lactone ring 

competing w i t h the required cyclisation to the 

9 - m e m b e r e d l a c t a m . 

In order to c o m p l e t e the synthesis of the 

t r i c y c l i c m o d e l s (8) , (12) and (13) c y c l i s a t i o n of 

the seco a m i n o acid ester (19) is r e q u i r e d . A l t h o u g h 

a n u m b e r of raacrocyclic l a c t o n e forming procedures 
30 

have been reported few a r e readily a p p l i c a b l e to 
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lactam f o r m a t i o n . H o w e v e r there a r e now m a n y and 

v a r i e d m e t h o d s of forming amide (peptide) bonds . 

It w o u l d seem eminently reasonable therefore to a p p l y 

such m e t h o d o l o g y to the p r e p a r a t i o n of the cyclic 

dipeptide lactams (8), (12) and (13). 

Up to this p o i n t no m e n t i o n has been made of 

s t e r e o c h e m i c a l c o n s i d e r a t i o n s . Synthesis of the seco 

l 2 
amino acid ester (19, R X = ( C H 3 ) 2 C H , R = C H 2 O P ) in a 

n o n - s t e r e o s e l e c t i v e m a n n e r provides four enantiomers 

(two d i a s t e r e o m e r s ) . C o n s i d e r a t i o n of the 

d i a s t e r e o m e r of (19, R 1 = ( C H 3 ) 2 C H , R 2 = C H 2 O P ) w h i c h 

results in the f o r m a t i o n of a cyclic p r o d u c t (8) w i t h 

a trans relative s t e r e o c h e m i s t r y should proceed m o r e 

rapidly than c y c l i s a t i o n of the other d i a s t e r e o m e r . 

It is w e l l known t h a t e p i m e r i s a t i o n a t the ^ p o s i t i o n 

of an amino acid readily takes p l a c e . Indeed this 

can be a serious p r o b l e m in p e p t i d e s y n t h e s i s . In 

our case h o w e v e r e p i m e r i s a t i o n of the unreacted 

d i a s t e r e o m e r (12, R 1 = ( C H 3 ) 2 C H , R 3 = C H 2 O P ) followed b y 

r e s u b m i s s i o n to c y c l i s a t i o n could w e l l lead to an 

a d d i t i o n a l yield of the trans racemic lactam (8). It 

should also be noted t h a t a synthesis of both 

d i a s t e r e o m e r s of (8) w o u l d in any case b e of 

i n t e r e s t . 

A n a t t r a c t i v e a l t e r n a t i v e route to the tricyclic 

m o d e l s (8), (12) and (13) proceeds through the 

d i p e p t i d e (20) (path b , Scheme 2) w h i c h could be 

readily p r e p a r e d by c o n v e n t i o n a l m e a n s from the key 

i n t e r m e d i a t e (18). Intramolecular reaction of (20) 
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o 

b e t w e e n the indole 3 - p o s i t i o n and a s u i t a b l e l e a v i n g 

g r o u p X l e a d s to the d e s i r e d t r i c y c l i c p r o d u c t s . A 

b o n u s to this route is t h a t a c h i r a l a m i n o a c i d such 

as s e r i n e m a y b e c o n d e n s e d w i t h (18) p e r m i t t i n g the 

s t e r e o s p e c i f i c i n t r o d u c t i o n of the h y d r o x y m e t h v l 

s u b s t i t u e n t . Use of s e r i n e in this p r o c e d u r e g i v e s 

for e x a m p l e (20, X = C 0 C 1 ) , w h i c h , a f t e r i n t r a m o l e c u l a r 

F r i e d e l C r a f t s r e a c t i o n w o u l d r e s u l t in the 

v i n y l o g o u s a m i d e (21)„ S e l e c t i v e r e d u c t i o n of s u c h 

s p e c i e s t o the c o r r e s p o n d i n g indole in the p r e s e n c e 

32 
of an e s t e r has b e e n reported"

3
 . 

CHDN P =protecting group 
R = (CH3)2CH;H 

(21) 

F i n a l l y , in o r d e r to c o m p l e t e a t o t a l s y n t h e s i s 

of T e l e o c i d i n A i n t r o d u c t i o n of the " s o u t h e r n zone" 

l i n a l y l g r o u p is r e q u i r e d . I t has b e e n p o s t u l a t e d 

t h a t i n v e r t e d i s o p r e n o i d u n i t s p r e s e n t in s o m e i n d o l e 

a l k a l o i d s such as e c h i n u l i n (22) m a y b e introduced b y 

33 

r e a r r a n g e m e n t of a 1 - i s o p r e n y l s u b s t i t u e n t . In 

a d d i t i o n l - a l l y l - 3 - f o r m y l i n d o l e (23) has b e e n s h o w n 

to u n d e r g o r e a r r a n g e m e n t to the 1 , 3 , 7 - t r i s u b s t i t u t e d 

s y s t e m (24) via an i n t r a m o l e c u l a r F r i e d e l - C r a f t s 

r e a c t i o n 3 4 ' 3 5 . 
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(22) 

( 2 3 ) ( 2 4 ) 

I n p r i n c i p l e t h e r e f o r e a concise approach to the 

i n t r o d u c t i o n of the l i n a l y l g r o u p p r e s e n t s itself 

(Scheme 3) . By c h o i c e of the a p p r o p r i a t e c o n d i t i o n s 

it should be possible to rearrange a 1 - g e r a n y l a d d u c t 

such as (25, Scheme 3) or m o r e p r o b a b l y a 

1 , 3 , 4 - t r i s u b s t i t u t e d compound (27) to the desired 

7 - l i n a l y l s u b s t i t u e n t . Conditions that m i g h t be 

c o n s i d e r e d for this t r a n s p o s i t i o n w o u l d include acid 

catalysis or c o n d i t i o n s favouring an aza-Claisen 

[3,3] sigmatropic r e a r r a n g e m e n t . Further 

m a n i p u l a t i o n of the rearranged p r o d u c t (26) or (28) 

could lead to T e l e o c i d i n A . 
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SCHEME 3 

Teleocidin A 

V 

ch 3n co 2r 
1 ^ nh 2 

op 

# lih K ^ 
(28) 

c h 3 N ^ ^ C O 2 R 

ch 3n c0 2r (27) 

ger 
(25) ger = 

V 

lin = 

P = Proi-ec+ing group 
J ^ R=CH3 ;CH2CH3 

CH,N C0,R 

h 

(18) 
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Preparation of 4-Substituted Indoles 

i) I n t r o d u c t i o n -

It is evident from the previous section that a 

s u c c e s s f u l synthesis of Teleocidin A relies on an 

efficient route to 4-aminoindole (9) . Surprisingly 

when this project was initiated there w e r e few routes 

to this relatively simple c o m p o u n d . Essentially 

three approaches have been adopted in the past which 

a r e summarised in S c h e m e 4:- (a) the reduction of 

4 - n i t r o i n d o l e 3 3 ' 3 7 (29) itself formed in poor yield 

oo 

(<10%) b y Fischer indole s y n t h e s i s 0 0 , (b) by 

nucleophilic substitution of 4 - h a l o i n d o l e s 2 8 ' 3 9 (30) 

SCHEME 4 

. (30) X=Br.Cl (31) 
9 

R = H.C02H 

(i) [H]. (ii) C u x , N H 4 O H . (iii) Pd/C 

and (c) by Bakke's multi-stage procedure in which 

commercially available 2,6-dinitrotoluene is 
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converted in three stages to 4 - a m i n o i n d o l i n e (31) 

from which' (9) is reported to b e formed in p o o r 

y i e l d 4 0 . 

The second a l t e r n a t i v e seemed m o s t promising 

since the starting indole (30, X = C 1 , R = C 0 2 H ) is 

readily a v a i l a b l e 4 1 and the p r o c e d u r e c o n d u c i v e to 

large scale o p e r t i o n s . 

Two further reports of 4 - a m i n o i n d o l e c h e m i s t r y 

w e r e also c o n s i d e r e d , Gramine (32) is reported to 

g i v e a m i x t u r e o f 4 - a n d 6 - n i t r o g r a m i n e (33) and (34) 

w h e n treated w i t h n i t r i c acid in acetic a c i d (Scheme 

5 ) 2 T , 42^ y i e l d s are however poor and w o u l d involve 

a regioisomer separation and also a d d i t i o n a l 

f u n c t i o n a l g r o u p m a n i p u l a t i o n at a later stage of a 

p r o j e c t e d s y n t h e s i s 4 3 . 

SCHEME 5 

(33) 

(i) H N 0 3 f A c O H , 
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B e c k m a n n r e a r r a n g e m e n t of' the oxime (35) of. 

Uhle's ketone is reported to give the seven m e m b e r e d 

lactam (36) , (Scheme 6) . Yields are again poor * 

44 
however and Uhle's ketone is n o t readily a v a i l a b l e . 

SCHEME 6 

H C t o 

( i ) 

(i) P o l y p h o s p h o r i c a c i d . 

r 
M o r e recently a fisher two syntheses of the key 

indole (9) have been reported and w i l l be discussed 

45—47 

in the a p p r o p r i a t e section . 

ii) Attempted—Amination-of—4-Haloindoles-(301 

It has been reported b y W a l t o n , Holly and 

28 

J e n k i n s t h a t the known i n d o l e - 2 - c a r b o x y l i c acid 

(30, X = C 1 , R=C02H) is converted into 4 - a m i n o i n d o l e 

(9) in a 60% y i e l d on t r e a t m e n t with c o n c . ammonium 

h y d r o x i d e and cuprous c h l o r i d e . In an a t t e m p t to 

r e p e a t this work the acid (30, X = C 1 , R = C 0 2 H ) was 

s y n t h e s i s e d from the commercially available 

2 - c h l o r o - 6 - n i t r o t o l u e n e (37) in two stages according 

to the l i t e r a t u r e p r o c e d u r e in a 43% o v e r a l l yield 

(Scheme 7) . R e a c t i o n of the indole (30, X = C 1 , 

R = C 0 2 H ) with ammonium h y d r o x i d e and cuprous chloride 
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u n d e r e v a r i e t y of c o n d i t i o n s , h o w e v e r , resulted in 

the isolation o f 4 - c h l o r o i n d o l e (38) o n l y , in m o d e s t 

y i e l d s . 

SCHEME 7 

NO-

(371 

CI 

O C X 
(37a) (30) 

' V 

(38) 

(i) N a O E t , N a O H , E t 0 2 C C 0 2 E t . (ii) F e S O ^ , N H ^ O H , or 
N a 2 S 2° 4 r N a 0 H ' 4 3 % o v e r a l l , (iii) N H ^ O H , C u C l , 260°C, 

3 7 % . 

I t was e v i d e n t from these results that an 

a l t e r n a t i v e a p p r o a c h to 4 - a m i n o i n d o l e (9) was 

r e q u i r e d . 

iii) The-Gassman—Indole—Synthesis 

R e c e n t l y Gassman and his coworkers reported a new 

indole synthesis leading, to readily d e s u l p h u r i s e d 

4 8 4 9 

3 - m e t h y l t h i o i n d o l e s (39) ' . A m o n g s t the indoles 

synthesised by this new m e t h o d o l o g y was the 
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n i t r o i n d o l e (40), formed regiospecifically from 

3 - n i t r o a n i l i n e w h i c h on reduction should lead to the 

required indole (9). 

T h e m e c h a n i s m b e l i e v e d to b e involved in this one 

p o t m u l t i - s t a g e synthesis is outlined in Scheme 8 . 

N - C h l o r i n a t i o n of an a p p r o p r i a t e l y substituted 

a n i l i n e (41) with i s x t - b u t y l h y p o c h l o r i t e leads to 

(42) . N u c l e o p h i l i c d i s p l a c e m e n t of chloride with 

either, the aldehyde (47) (Path A) or the acetal (48) 

(Path B) leads r e s p e c t i v e l y to the azasulphonium 

salts (43) and (44) . T r e a t m e n t of either salt (43) 

or (44) w i t h mild b a s e generates a. ylid w h i c h 

u n d e r g o e s Sommelet-Hauser rearrangement to give 

either the 2 - s u b s t i t u t e d a n i l i n e (45, Path A) or (46, 

Path B) . The aldehyde (45) undergoes in situ 

d e h y d r a t i o n to the indole (39) while the isolable 

a c e t a l (46) forms the indole (39) on treatment with 

d i l u t e m i n e r a l a c i d . 

M e t h y l t h i o a c e t a l d e h y d e d i m e t h y l a c e t a l (48) was 

readily .prepared by reaction of the corresponding 

b r o m i d e 5 0 (49) with sodium t h i o m e t h o x i d e 5 1 (Scheme 

9) . Hydrolysis of the acetal (48) to the aldehyde 

(47) was however less s a t i s f a c t o r y . T r e a t m e n t of 

(39) (40) (9) 
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SCHEME 8 

a - e NHCl 

Path A 

(iv) 

SCH 3 

(45) 

R-

V 

(iv) 

SCH 

R OCH 

N H O C H 3 

TO 
H 

(39) 

/ (46) 
/ v ) 

SCH, 

(i) ( C H 3 ) 3 C 0 C 1 . (ii) C H 3 S C H 2 C H O (47). (iii) C H 3 S C H 2 

C H ( O C H 3 ) 2 (48). (iv) E t 3 N . (v) H C 1 . 
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(48) w i t h dilute m i n e x a l acid a t reflux followed b y 

d i s t i l l a t i o n gave only a 19% y i e l d of p u r e -

a l d e h y d e 4 9 ' 5 1 (47). R e a c t i o n of acetal (48) with 

silica g e l and s u l p h u r i c acid according to Conia's 

52 

p r o c e d u r e " gave only incomplete conversion to the 

p r o d u c t (47). It was found h o w e v e r , that a l t h o u g h 

hydrolysis w a s . i n e f f i c i e n t , few side products w e r e 

formed and so the crude hydrolysis p r o d u c t was used 

for indole synthesis w i t h o u t any apparently 

d e t r i m e n t a l effects o n y i e l d s o b t a i n e d . A l t e r n a t i v e 

h y d r o l y s i s procedures investigated w e r e found to b e 

u n i f o r m l y u n s a t i s f a c t o r y . 

SCHEME 9 

< ^ 0 A c B r ^ y O C H 3 C H 3 s p y O C H 3 C H 3 S ^ ^ Q 

CI)cm * o c h 3 (iii) o c h 3 (iv)or(v) 
(49) (48) (47) 

(i) B r 2 , C C 1 4 . (ii) C H 3 O H , 6 3 % . (iii) N a S C H 3 , E t O H , 

T H F , 6 9 % . (iv) 0.1N H C 1 r e f l u x . (v) SiC> 2, H 2 S 0 4 . 

C h l o r i n a t i o n of 3 - n i t r o a n i l i n e followed by 

t r e a t m e n t with the a c e t a l (48) (Scheme 8 , Path B) 

gave the a z a s u l p h o n i u m salt (44, R = 3 - N 0 2 ) . R e a c t i o n 

of this s a l t however w i t h a number of bases followed 

by acetal hydrolysis w i t h m i n e r a l acid gave o n l y 

m o d e s t yields (<19%) o f . the deep red n i t r o i n d o l e 

(40) . In a d d i t i o n , the regioisomeric lemon y e l l o w 
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i n d o l e (50) was also formed in v a r i a b l e a m o u n t s , in 

some cases forming half the indolic m a t e r i a l 

i s o l a t e d . 

(50) 

In view of these poor y i e l d s use of the a l d e h y d e 

(47) (Scheme 8 , P a t h A) was i n v e s t i g a t e d . T r e a t m e n t 

of the N - c h l o r o a n i l i n e (42, R = 3 - N 0 2 ) with crude 

a l d e h y d e (47) (vide—supra) and base according to 

49 

G a s s m a n ' s p r o c e d u r e gave a 36% yield of the indole 

(40) and in a d d i t i o n the regioisomeric indole (50) in 

a 4% y i e l d . T h e y i e l d of (40) compares favourably 
49 

with t h a t previously r e p o r t e d , however f o r m a t i o n of 

(50) had n o t b e e n observed p r e v i o u s l y . 

A number of other indoles w e r e prepared by the 

same p r o c e d u r e (Table 5) . 3-Broraoaniline (51) 'gave 

in a low yield the two regioisomers (52) and (53) 

(entry 2) . The poor regioselectivity of this 

r e a c t i o n is thought to be due to the steric bulk of 

t h e bromo s u b s t i t u e n t . This bulk disfavours 

r e a r r a n g e m e n t of y l i d (61) by Path ,a (Scheme 10) 

compared w i t h r e a r r a n g e m e n t by Path b . 

It is evident that the a n i l i n e (54) can only form 

the trisubstituted indole (55) . This interesting 

compound was p r e p a r e d to p r o v i d e unambiguous ^H 
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TABLE 5 : - S y n t h e s i s o f I n d o l e s f r o m M e t h y l t h i o a c e t a l d h y d e 
and S u b s t i t u t e d a n i l i n e s 4 
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o 

n . m . r , s p e c t r a l data for^4,7-disubstituted indoles 

(vide infra) and as a p o t e n t i a l precursor to the 

T e l e o c i d i n s . 

SCHEME 10 

> ( 5 2 ) 

> (53) 

I t was u n f o r t u n a t e t h a t the m o r e h i g h l y 

f u n c t i o n a l i s e d d i a m i n e s , (56) and (58) p r e p a r e d by 

standard m e t h o d s proved to be such poor substrates 

for the G a s s m a n r e a c t i o n , (entries 4 and 5 ) . It is 

t h o u g h t "that the failure of these reactions is due to 

the enhanced electron d e n s i t y of the a r o m a t i c ring 

inhibiting the S o m m e l e t - H a u s e r r e a r r a n g e m e n t compared 

w i t h anilines such as (51) and (54) . In a d d i t i o n 

t e r t - b u t y l h v p o c h l o r i t e m i g h t be expected to 

c h l o r i n a t e diamine (58) in the aromatic ring rather 

t h a n , as r e q u i r e d , on n i t r o g e n . 

fc-n fo ; x b 

(61) \ C H 3 ' b 

CH,S 

- > 
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(iv) General—Chemist rv-of—3-Methvlthio-4-n it ro indole 

W i t h the indole (40) a v a i l a b l e in reasonable 

q u a n t i t i e s a brief study of its chemistry was 

undertaken with a particular view to utilising the 

3 - m e t h y l t h i o g r o u p to further functionalise the 

molecule.. 

The b e n z y l a t e d indole (62) and a p o t e n t i a l 

aza-Claisen precursor (63) w e r e prepared in e x c e l l e n t 

53 

y i e l d s according to Ley and Heaney's p r o c e d u r e from 

t h e corresponding chloride and indole (40). 

T r e a t m e n t of indole (40) with m e t h y l iodide in ether 

gave the pale y e l l o w s u l p h o n i u m iodide (64) in a 57% 

y i e l d . 

It has been reported t h a t vinylic sulphides 

p r o d u c e , on t r e a t m e n t with an a l k y l Grignard reagent 

N e i t h e r (40) or (62) h o w e v e r , gave any identifiable 

p r o d u c t on treatment with N i C l 2 ( P P h 3 ) 2 and n - b u t y l 

m a g n e s i u m b r o m i d e (Scheme 11) under a v a r i e t y of 

c o n d i t i o n s . 

± M 1 

and a n i c k e l (II) c a t a l y s t , an alkylated olefin . 54 
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SCHEME 11 

(i) C H 3 ( C H 2 ) 3 M g B r , N i C I 2 ( P P h 3 ) 2 

T h e h y d r o l y s i s o f v i n y l s u l p h i d e s to c a r b o n y l 

c o m p o u n d s is w e l l k n o w n b u t (40) gave n o n e of t h e 

y 
indoxtfl^ (65) on t r e a t m e n t with for example m e r c u r i c 

A 
55 

a c e t a t e and acid . 

(40) (65) 

(i) H g ( O A c ) 2 / 

The n u c l e o p h i l i c s u b s t i t u t i o n of species such as 

5 6 57 

(66) has been known for some years In an 

e f f o r t ' to p r e p a r e an analogous species (67) 

3 - m e t h y l t h i o i n d o l e (60) was treated w i t h L i 2 P d C l 4 . 

M i c r o a n a l y s i s of the resultant orange -product however 

s u g g e s t e d a complex of structure (68) due to the 

t h i o p h i l i c i t y of p a l l a d i u m . 
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I n t o ^ C H ^ 

\ 
n(ch3)2 

C l — P d — C I 

H 

CH 3 

H 

(66) (67) (68) 

Ind =Indole 

In c o n c l u s i o n these studies demonstrated t h a t the 

indole (40) required reductive d e s u l p h u r i s a t i o n as a 

p r e l u d e to further f u n c t i o n a l i s a t i o n of the m o l e c u l e , 

(v) R e d u c t i o n - a n d - D e s u l p h t r r i s a t i o n ~ o f - 3 - M e t h v l t h i o -

4-N i t r o ind? 1 -(* 0) 

Gassman has reported t h a t the 3 - m e t h y l t h i o i n d o l e s 

49 

(39) a r e readily d e s u l p h u r i s e d by Raney n i c k e l . It 

w a s found h o w e v e r t h a t neither the nitroindole (40) 

nor i t s alkylated derivatives (62) and (63) reduced 

readily b y the same p r o c e d u r e . In particular it w a s 

f o u n d t h a t a m o n g s t the reduction products isolated 

w e r e 4 - N - a l k y l adducts formed by reductive a l k y l a t i o n 
5 8 

of the amine with the h y d r o x y l i c solvent . A l s o , 

a l t h o u g h the nitro g r o u p reduced r a p i d l y , 

d e s u l p h u r i s a t i o n occurred m u c h m o r e slowly (see Table 

6) . H o w e v e r , the simple indole (60) was readily 
59 

reduced by the same R a n e y n i c k e l . 
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T A B L E 6 : - R g d t i c t i o n - o f - 3 - M e t h v l . t h i o - 4 - n i t r o i n d o l e s 

Entry Substrate Conditions Product(s) (yield%)b 

1 40 RaNi.EtOH 
1 

NH 2 

to ' 
H 

69(10) 

2 62 RaNi.EKDH 

NH2 - NH 2 

X toO 
Z £ ( 2 8 ) B i 7 J ( 2 1 ) B i 

3 40 RaNi.nPrOH < 

NH2 

TO 
H 

2(80) 

4 63 RaNi.nPrOH » 

NH2 HNCH 2CH 2CH 3 

72(33) CioH21<: Z3(23)C i o H 2 1 

5 LiAlH^THF 

to2 

6 X 
74(66) C1°H" 

6 NiCl2.NaBH4 9(76) 
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T A B L E 6 (cont) 
Entry Substrate Condition^1 Product(s) (yield%)b 

7 6 2 NiCl?iNaBHv 71(72) 

8 53 m i tut 

NH2 

TO 
I 

75(71) C L O H " 

9 5 5 
* * » » »» 

NH 2 

I . S C H 3 

W 
C H 3 Z 6 ( 4 7 ) 

10 7 6 RANI.ETOH i 

HNCH2CH3 

TO 
Y H 

C H 3 72(14) 

a . Reflux in the indicated s o l v e n t until reaction 

c o m p l e t e . 

b . Yield of chromatographically homogeneous m a t e r i a l . 

Reduction of (63) with lithium aluminium hydride 

l e d , as e x p e c t e d , 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 n i c k e l 

60 
b o r i d e generated i n - s i t u from excess nickel (II) 
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c h l o r i d e and sodium b o r o h y d r i d e gave s a t i s f a c t o r y 

yields of the required 4-aminoindoles (Table 6 ) . A 

further advantage of this p r o c e d u r e was t h a t no 

r e d u c t i o n of the olefinic bonds p r e s e n t in (63) took 

place (compare entries 4 and 8, Table 5) . As w i t h 

R a n e y n i c k e l , 3 - m e t h y l t h i o - 4 - a m i n o i n d o l e s such as 

(69) and (70) w e r e formed as intermediates during the 

r e d u c t i o n , w h i c h then underwent smooth d e s u l p h u r -

i s a t i o n . 

A l t h o u g h y i e l d s of the aminoindoles (9) and (71) 

w e r e s a t i s f a c t o r y , isolation of the products from the 

l a r g e excess of inorganic m a t e r i a l produced w a s 

laborious and reaction c o n d i t i o n s did n o t lend 

themselves to large scale w o r k . With the a d d i t i o n a l 

d r a w b a c k of having to separate the two regioisomers 

(40) and (50) it was decided to develop a m o r e 

p r a c t i c a l synthesis of 4 - a m i n o i n d o l e (9). 

(vi) T h e L e i m a r u b e r - B a t c h o Indole Synthesis 

In 1977 L e i m g r u b e r and B a t c h o patented an e l e g a n t 

two stage p r o c e d u r e for synthesising indoles from 

2 - n i t r o t o l u e n e s (78), (Scheme 1 2 ) C o n d e n s a t i o n of 

d i m e t h y l f o r m a m i d e d i m e t h y l a c e t a l (DMFDMA) w i t h 

62 

2 - n i t r o t o l u e n e s (7 8 ) , first reported by M e e r w e i n 0 

results in the e f f i c i e n t formation of -the enamine 

(79). Facile r e d u c t i o n yields the indole (80) in w h a t 

is probably the m o s t rapid and highest y i e l d i n g , of 

g e n e r a l indole s y n t h e s e s . In a d d i t i o n this route is 

regiospecific and so is especially suitable for the 

synthesis of 4 - s u b s t i t u t e d i n d o l e s . 
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SCHEME 12 

(78) (79) (80) 

(i) ( C H 3 ) 2 N C H ( O C H 3 ) 2 r D . M . F . (ii) H 2 f c a t a l y s t or 

F e / A c O H / E t O H . 

U n t i l r e c e n t l y n o reports o n t h e s y n t h e s i s of 

4 - a m i n o i n d o l e (9) by this m e t h o d h a d been m a d e . It 

w a s f o u n d t h a t the d o u b l y a c t i v a t e d c o m m e r c i a l l y 

a v a i l a b l e 2 , 6 - d i n i t r o t o l u e n e (81) reacted s m o o t h l y 

and r a p i d l y w i t h D M F D M A to g i v e the d e e p p u r p l e 

e n a m i n e (82) in y i e l d s r o u t i n e l y g r e a t e r than 9 0 % . 

T h e t r a n s g e o m e t r y of (82) was a s s i g n e d from the 1 4 H z 

c o u p l i n g c o n s t a n t for the two v i n y l i c p r o t o n s 
. 

r e s o n a t i n g a t §5.28 and 6 . 4 1 . 

SCHEME 13 

SN Q 2 
C H 3 
NQ2 0) ^ M S l 0 2 ( i i ' o r ( i ^ 

(81) (82) (9) 

(i) ( C H 3 ) 2 N C H ( O C H 3 ) 2 , D . M . F . f > 9 0 % . (ii) 10% P d / C , 

H 9 , 6 0 p . s . i . , T . H . F . 8 9 % . (iii) E t O H , A c O H , F e , 6 9 % . 
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R e d u c t i o n of the crude e n a m i n e (82) to (9) was 

a c c o m p l i s h e d w i t h either iron/acetic a c i d / e t h a n o l o r , 

m o r e e f f i c i e n t l y , in an 89% y i e l d b y c a t a l y i c 

r e d u c t i o n in T . H . F . The p r o d u c t was isolated as a 

s l i g h t l y oily solid w h i c h was however s u f f i c i e n t l y 

p u r e for further tranformation (Scheme 1 3 ) . R e c e n t l y 

Kruse reported the reduction of enamine (82) to (9) 

by c a t a l y t i c r e d u c t i o n in benzene 4"^, however attempts 

t o r e p e a t this r e s u l t w e r e u n s u c c e s s f u l . The enamine 

(82) is p a r t i c u l a r l y s u s c e p t i b l e to intermolecular 

r e a c t i o n s generating dimeric and trimeric p r o d u c t s . 

To overcome this problem rapid reduction is 

n e c e s s a r y , t h a t is a relatively high c a t a l y s t to 

s u b s t r a t e r a t i o . In b e n z e n e , h o w e v e r , as the 

r e a c t i o n proceeds water is g e n e r a t e d w h i c h being 

i m m i s c i b l e with the solvent causes the c a t a l y s t to 

c o n g l o m e r a t e and e f f e c t i v e l y reduce the c a t a l y s t to 

s u b s t r a t e r a t i o . In THF no such problem can arise 

due^ to the m i s c i b i l i t y of the solvent and w a t e r . 

It was found t h a t the reduction of enamine (82) 

w i t h iron and a c e t i c acid in ethanol gave 

i n c o n s i s t e n t r e s u l t s . Yields of the desired amine 

(9) as high as 69% w e r e recorded in some i n s t a n c e s . 

O t h e r experiments resulted h o w e v e r , in the formation 

of only very low yields of (9) a n d , in a d d i t i o n , up 

to 10% of the p a r t i a l l y reduced 4-nitroindole (29). 

A n u m b e r of c o n d i t i o n s designed to selectively 

p r o d u c e 4 - n i t r o i n d o l e (29) from the enamine (82) w e r e 

h o w e v e r u n s u c c e s s f u l . Somei's g r o u p 4 5 h a v e shown 
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t h a t the enamine (82) on t r e a t m e n t with 4 m o l e 

e q u i v a l e n t s of titanium (III) c h l o r i d e , t h a t is 

i n s u f f i c i e n t to reduce the enamine (82) c o m p l e t e l y to 

(9) gave a number of products (Scheme 1 4 ) . It w a s 

found that l - h y d r o x y - 4 - n i t r o i n d o i e (83) was converted 

to (29) on t r e a t m e n t with ethyl b r o m o a c e t a t e to g i v e 

a 67% o v e r a l l y i e l d of (29). 

T h e utility of the L e i m g r u b e r - B a t c h o synthesis 

has. b e e n further extended by the report of the 

p r e p a r a t i o n of racemic t r y p t o p h a n s 3 3 . This involves 

the f u n c t i o n a l i s a t i o n of enamines such as (79) prior 

to c y c l i s a t i o n . A t t e m p t s to e x p l o i t this m e t h o d o l o g y 

for the synthesis of 3 , 4 - d i s u b s t i t u t e d indoles 

h o w e v e r , proved d i s a p p o i n t i n g . The substituted 

a c r o l e i n (85) and the enamino aldehyde (86) w e r e 

SCHEME 14 

(29) 31% (84) 6% 

(1) T i C l 3 , M e O H . (ii) (1) B r C H 2 C 0 2 E t , E t 3 N . 

(2) NaHCO-j, M e O H , 87% 
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o b t a i n e d in e x c e l l e n t y i e l d s f r o m the enamine (82) b y 

63 

l i t e r a t u r e procedures (Scheme 15) . U n f o r t u n a t e l y 

n e i t h e r (85) o r (86) w o u l d undergo further 

f u n c t i o n a l i s a t i o n and this p o t e n t i a l l y u s e f u l route 

to 3 , 4 - d i s u b s t i t u t e d indoles w a s therefore a b a n d o n e d . 

R e a s o n s for the f a i l u r e of this route are b y no m e a n s 

o b v i o u s , b u t a r e p r o b a b l y due to steric f a c t o r s . It 

w o u l d appear t h a t the electron w i t h d r a w i n g properties 

o f the aromatic ring w o u l d favour the M i c h a e l 

a d d i t i o n and c o n d e n s a t i o n reactions t h a t w e r e 

i n v e s t i g a t e d . Both (85) and (86), h o w e v e r , have an 

exocylic o l e f i n i c system in c o n j u g a t i o n with the 

a r o m a t i c r i n g . The exocyclic system w o u l d t h e r e f o r e 

SCHEME 15 

NO 

d r ( C H ! ) 

(82) 

F 2 LI 

(85) 

N(CH3)2 

(86) 

(i) (CH 3 ) 2NH, HCHO, ACOH, 92%. (ii) POCI3, D . M . F . , 

82% 
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b e expected to a d o p t a c o n f o r m a t i o n that is coplaner 

w i t h the a r o m a t i c r i n g . This effect w o u l d bring the 

sites designed to undergo reaction into close 

p r o x i m i t y with the two large ortho nitro 

s u b s t i t u t e n t s . 

An intriguing a l t e r n a t i v e route to 4 - a m i n o i n d o l e 

(9) t h a t has n o t been previously explored is the 

Curtius r e a r r a n g e m e n t of indole-4-carboxylic acid 

(87). M e t h y l i n d o l e - 4 - c a r b o x y l a t e (88) is a w e l l 

k n o w n intermediate in ergot alkaloid s y n t h e s i s . 

O l d e r reports of the synthesis of this compound h a v e 

g e n e r a l l y been m u l t i s t a g e w i t h poor o v e r a l l y i e l d s 3 4 . 

R e c e n t l y however two g r o u p s 3 5 ' 3 3 have reported the 

s y n t h e s i s of the ester (89) using the L e i m g r u b e r -

B a t c h o m e t h o d o l o g y (Scheme 16) . This route was 

s u c c e s s f u l l y reproduced to give a 65% o v e r a l l y i e l d 

of (88) from the starting b e n z o a t e ester (89) w h i c h 

w a s in turn p r e p a r e d from the commercially a v a i l a b l e 

a c i d (90). 

SCHEME 16 

(i) C H 3 O H , H C 1 8 8 % . (ii) D . M . F . D . M . A . 9 3 % . 

(iii) H - / P d / C , 70% 
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H y d r o l y s i s of t h e ester, p r o c e e d e d smoothly t o . 

g i v e a 73% y i e l d of the desired acid (87). Curtius 

r e a r r a n g e m e n t of carboxylic acids has c l a s s i c a l l y 

. required q u i t e drastic c o n d i t i o n s , making it 

u n s u i t a b l e for use with i n d o l e s . Yamada in 197 2 , 

h o w e v e r , reported the use of d i p h e n y l p h o s p h o r y l 

azide for carrying out this t r a n s f o r m a t i o n under 

67 

m i l d l y b a s i c c o n d i t i o n s 0 7 . On treatment with this 

r e a g e n t in refluxing t e r t - b u t a n o l and t r i e t h y l a m i n e , 

the a c i d (87) u n d e r w e n t a smooth r e a r r a n g e m e n t to the 

u r e t h a n e (92) (Scheme 17) . Interestingly the 

u r e t h a n e (92) was reduced to 4 - N - m e t h y i a m i n o i n d o l e 

(17) with lithium aluminium h y d r i d e in a low b u t 

u n o p t i m i s e d y i e l d . 

SCHEME 17 

(88) (87) (92) 

(17) 

(i) N a O H , E t O H , 7 3 % . (ii) ( P h O ) 2 P ( 0 ) N 3 , E t 3 N , i - B u O H , 

6 1 % . (iii) L i A l H . , T . H . F , 3 7 % . 
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2,6-Dinitrotoluene (81) is a particularly-

v e r s a t i l e intermediate for the synthesis of 

4-substituted i n d o l e s . K o z i k o w s k i synthesised the 

fi R 

indole ( 9 3 ) 0 0 by a m u l t i s t a g e m o d i f i c a t i o n of the 

Leimgruber-Batcho method from the nitrotoluene (94) . 

This was prepared in turn from (81) by treatment w i t h 

ethyl m e r c a p t o a c e t a t e in H . M . P . A . in an excellent 

y i e l d (Scheme 18) . . The indole (93) was of some 

i n t e r e s t as a precursor of a thio-analogue (14) of 

t h a teleocidin s k e l e t o n . It was found however t h a t 

a l t h o u g h (94) was readily p r e p a r e d , only low yields 

o f the i n d o l e (93) w e r e i s o l a t e d . 

SCHEME 18 

N02 

NO-

(81) 

(i) 

S C02Et 

^ i s ^ C H 
OiMvil 

(94) 

C02CH 

(93) 

(i) H S C H 2 C 0 2 E t , L i O H , H . M . P . A . (ii) K O H , CH3OH, 78% 

(iii) D . M . F . D . M . A . (iv) H C 1 (v) F e S 0 4 , N H 4 O H . 

(vi) CH 2 N 2, E t 2 0 , <20% o v e r a l l . 

P a r t i a l reduction of (81) according to Heck's 

f q 

p r o c e d u r e gave the useful nitroaniline (95) from 

w h i c h a n u m b e r of p o t e n t i a l indole precursors w e r e 

readily prepared according to literature procedures 

(Scheme 1 9 ) . 
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SCHEME 12 

(96) (97) (98) (100) 

(i) E t 3 N f H C 0 2 H , P d / C f 6 6 % . (ii) N a N 0 2 , C u B r . 

(iii) N a N 0 2 , I 2 . (iv) N a N 0 2 , h e a t . (v) K H C 0 3 , K I , 

B r C H 2 C 0 2 E t r D.M.F• (vi) N a O H , E t O H . (vii) C H 3 I , 

K 2 C 0 3 , D . M . F . 

The b r o m o c o m p o u n d (96) was converted in two 

stages into 4 - b r o m o i n d o l e (101) (Scheme 2 0 ) . 

R e d u c t i o n of the enamine (102) p r o c e e d e d rapidly at 

a t m o s p h e r i c p r e s s u r e in the presence of R a n e y 

n i c k e l 5 9 , to give a 59% o v e r a l l yield of (101) from 

(96) . 
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SCHEME 12 

(96) * (102) (101) 

(i) D . M . F . D . M . A . 8 5 % . (ii) R a N i , H 2 , 1 atmosphere 

6 9 % . 

(vii) C o n c l u s i o n 

T h r e e new p r o c e d u r e s have been developed for the 

s y n t h e s i s of 4 - a m i n o i n d o l e (9) of w h i c h one is 

s u i t a b l e for the large scale p r e p a r a t i o n of this key 

i n t e r m e d i a t e . In a d d i t i o n , a n u m b e r of other 

4 - s u b s t i t u t e d indoles have been efficiently 

s y n t h e s i s e d by s i m i l a r p r o c e d u r e s . 

5 . Propagation of 4-N-Mono r and 4 - N r N - P i a l k y l a m i n o -

indoles 

(i) As 4 - a m i n o i n d o l e (9) was now readily available 

its s e l e c t i v e N - a l k y l a t i o n was u n d e r t a k e n . In 

p r i n c i p l e 4 - a m i n o i n d o l e may be considered to be an 

a m b i d e n t substrate for a l k y l a t i o n , since both the 

4 - a m i n o g r o u p and the indole 1 - p o s i t i o n are p o t e n t i a l 

reactive s i t e s . Hester has however previously 

p r e p a r e d the m e t h y l a t e d t e t r a h y d r o p y r r o l e - [ 4 , 3 , 2 - d , e ] 

q u i n o l i n e (103) b y a two stage f o r m y l a t i o n / r e d u c t i o n 

2 9 
s e q u e n c e from ( 1 0 4 ) A . In a d d i t i o n , W a l t o n and 
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H o l l y 2 8 have also reported- t h e a c e t y l a t i o n of (9) to 

g i v e 4 - a c e t a m i d o i n d o l e (105). 

(104) (103) 

HNCOCH 

(105) 

(i) C H 3 C O O C H O f E t 2 0 . (ii) L i A l H 4 , T . H . F . 

T r e a t m e n t of the amine (9) with formic a c e t i c 

7 2 

a n h y d r i d e ' * g a v e the air stable c r y s t a l l i n e 

4 - f o r m a m i d o i n d o l e (106) as the only p r o d u c t in an 

e x c e l l e n t y i e l d . 4-Aminoindole was found to rapidly 

d a r k e n in air and w a s routinely converted to the m o r e 

s t a b l e f o r m a m i d e (106) to a s s i s t s t o r a g e . R e d u c t i o n 

SCHEME 21 

HNCHO HNCH 

( 1 0 6 ) R = H 

(107) R =Bz 

(17) R=H 

(108 ) R = B r 

(i) C H 3 C O O C H O r T . H . F . (9) -> (106) 8 2 % , (71) - > (107) 

7 7 % . (ii) L i A l H 4 , T . H . F . (106) - > (17) 7 8 % , (107) -> 

(108) 4 1 % . 
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of t h e f o r m a m i d e (106) g a v e , in good y i e l d , t h e 

m e t h y l a m i n e (17) (see also Section 4 (iii)) (Scheme 

2 1 ) 7 3 . The m e t h y l a t e d indole (17) was less stable to 

air than (9) a l t h o u g h the crystalline 1 - b e n z y l i n d o l e 

(108) was q u i t e s t a b l e . 

The N - a l k y l a m i n o acid esters (109) , (110) (Scheme 

22) w e r e p r e p a r e d by treating (9) with the 

c o r r e s p o n d i n g 2 - b r o m o e s t e r and silver o x i d e . Yields 

in this s e q u e n c e w e r e p o o r , due to the o x i d a t i o n of 

(9) by silver oxide to a number of uncharacter.ised 

h i g h l y coloured p r o d u c t s . However t r e a t m e n t of (9) 

with ethyl b r o m o a c e t a t e in the presence of p o t a s s i u m 

c a r b o n a t e and potassium iodide gave an excellent 

y i e l d of (109) . There was no evidence in this 

reaction of dialkylated p r o d u c t s . By c o n t r a s t , 

h o w e v e r , t r e a t m e n t of indole (9) with b e n z y l bromide 

u n d e r t h e same conditions gave a 23% y i e l d of 

4 - N , N - d i b e n z y l a m i n o i n d o l e (112) in addition to the 

d e s i r e d (111). Under a variety of reaction 

conditions it was found that m e t h y l - 2 - b r o m o 

ijafivalerate did n o t react w i t h 4 - a m i n o i n d o l e . This 

result w i l l b e discussed further later in this 

s e c t i o n . 
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SCHEME 12 

(TQ9) R=CH2C02Et 

(110) R=CH(CH3)C02Ef 

(i) A g 2 o f R B r f D . M . F . (ii) K 2 C 0 3 , K I , B r C H 2 C 0 2 E t 

(109) 8 4 % . (iii) K 2 C 0 3 , K I , B z B r , (111) 47% and 

(112) 23% 

(ii) 4 - N . N - D i a l k y l a m i n o i n d o l e s 

M o n o a l k y l a t i o n of 4 - a m i n o i n d o l e (9) had proceeded 

r e a d i l y . H o w e v e r , a t t e m p t s to p r e p a r e 4,N,N-dialkyl-

a m i n o i n d o l e s w e r e w i t h one exception n o t a t all e a s y . 

T r e a t m e n t of 4 - N - m e t h y l a m i n o i n d o l e (17) with ethyl 

b r o m o a c e t a t e , p o t a s s i u m c a r b o n a t e and potassium 

iodide in DMF gave e x c e l l e n t yields of the stable 

c r y s t a l l i n e N , N - d i a l k y l g l y c i n e (113). This ^compound 

w h i c h was required for the synthesis of the m o d e l 
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lactams (12) and (13) (see R e t r o s y n t h e s i s , Scheme 2) 

b e c a m e a key i n t e r m e d i a t e in the investigation of the 

c h e m i s t r y of the 4 - a m i n o i n d o l e system due to its 

s t a b i l i t y and ready a v a i l a b i l i t y . As summarised in 

Scheme 2 3 , this important compound w a s prepared in 

five stages from the commercially available 

2 , 6 - d i n i t r o t o l u e n e (82). O v e r a l l yields of up to 36% 

w e r e obtained w h i c h represent y i e l d s of greater than 

80% for each s t a g e . A l s o , p u r i f i c a t i o n was o n l y 

n e c e s s a r y a t the f i n a l s t a g e . 

SCHEME 23 _ _ 

3 (i)-(iv). 

(82) 

HNCH 

(17) 

CH3N C02Ef 

(v) 

(113) 

(i) D . M . F . D . M . A . , D . M . F . (ii) H 2 / p d / C , T . H . F . 

(iii) C H 3 C O O C H O . (iv) L i A l H ^ . (v) B r C H 2 C 0 2 E t , K 2 C 0 3 

K I , D . M . F , 30% o v e r a l l . 

S o m e w h a t less s u c c e s s f u l was the attempted 

p r e p a r a t i o n of (113) from the glycine derivative 

(109) b y reaction w i t h m e t h y l i o d i d e . Not only was 

the recovery of m a t e r i a l inefficient b u t c o n v e r s i o n 

to the desired (113) was incomplete and product and 

starting m a t e r i a l w e r e only p o o r l y separated by a 
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v a r i e t y of t . l . c . s o l v e n t s y s t e m s . The f a i l u r e of 

this reaction is p r o b a b l y due to the low nucleo-

p h i l i c i t y of t h e alkylated amino acid ester (109). 

The 1 - b e n z y l d i a l k y l g l y c i n e derivative (114) was 

p r e p a r e d in a low yield from the b e n z y l derivative 

(108) by treatment with silver oxide and ethyl 

b r o m o a c e t a t e . An alternative and m o r e e f f i c i e n t 

route to this p o t e n t i a l l y u s e f u l p r o t e c t e d indole 

w i l l b e discussed in Section 6 . 

T h e 4 - N r N - d i m e t h y l a m i n o i n d o l e (115) was p r e p a r e d 

b y iterative forraylation/reduction of the m o n o m e t h y l 

a d d u c t (17). This compound w a s synthesised as a 

m o d e l to study the chemistry of the 4 - a m i n o i n d o l e 

s y s t e m . 

(114) (17) (115) 

(i) C H ^ C O O C H O f 8 4 % . (ii) L i A l H 4 , 9 5 % . 

N u m e r o u s attempts to synthesise the dialkylated 

v a l i n e (116) by the reaction of (17) with m e t h y l -

2 - b r o m o i s o v a l e r a t e 7 4 under a w i d e v a r i e t y of reaction 

c o n d i t i o n s proved uniformly u n s u c c e s s f u l . It was 

t h o u g h t that this f a i l u r e was due to both the steric 
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bulk o f the 1 - m e t h y l e t h y l g r o u p and to the a b i l i t y of 

- the b r o m o ester to u n d e r g o e l i m i n a t i o n of HBr with 

b a s e . 

(116) 

E v i d e n t l y from these results a d i f f e r e n t a p p r p a d h 

to the key intermediate (116) was r e q u i r e d . An 

a t t r a c t i v e route to such an aminoindole w o u l d a p p e a r 

to be via the n u c l e o p h i l i c d i s p l a c e m e n t of an 

a r o m a t i c s u b s t r a t e by v a l i n e , N - m e t h y l v a l i n e m e t h y l 

ester (117) or by valine m e t h y l ester (118). The 

N - m e t h y l a m i n o acid ester (117) w a s prepared by a four 

stage l i t e r a t u r e p r o c e d u r e , involving esterific-

7 5 7f i 
a t i o n , c a r b o b e n z o x y l a t i o n ' 0 , m e t h y l a t i o n with 

7 7 

m e t h y l iodide and silver o x i d e " and finally decarbo-

b e n z o x y l a t i o n w i t h H 2 / P d / C . A number of experiments 

of the g e n e r a l form outlined in Scheme 2 4 , h o w e v e r , 

d e m o n s t r a t e d the futility of this a p p r o a c h . A m o n g s t 

the e v i d e n t drawbacks of this m e t h o d o l o g y a r e the low 

n u c l e o p h i l i c i t y of the amino acid amine and the 

p o s s i b i l i t y of p o l y m e r i s a t i o n of valine leading to 

p o l y v a l y l p e p t i d e s . It was anticipated t h a t toluene 

(119) formed by these n u c l e o p h i l i c displacements and 
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t h e s i m p l e r m o d e l compound (100) would' 'undergo the 

K r u s e m o d i f i c a t i o n 4 ^ of the L e i m g r u b e r Batcho 

s y n t h e s i s . In this m o d i f i c a t i o n the m o r e reactive 

ijlis. (dime thylara in o) m e thane is substituted for D M F D M A 

to facilitate the reaction of deactivated nitro-

t o l u e n e s . 4 - B r o m o i n d o l e (101) w o u l d , of c o u r s e , give 

the required indole (116) with N - m e t h y 1 v a l i n e m e t h y l 

ester (117) . W i t h the failure, of this p o t e n t i a l l y 

v e r y u s e f u l p r o c e d u r e a futher a l t e r n a t i v e route to 

c o m p o u n d (116) was r e q u i r e d . 

SCHEME 24 

N02 

R H i r N r c u R 1 

R =R1 = H 

(117) R =R1 =CH3 

(118) R =H. R1 =CH 

^ d f C H 3 R l f ^O.R1 

o 

(120) 

Both aniline and N - m e t h y l a n i l i n e w h i c h w e r e used 

as m o d e l s for (9) and (17) r e s p e c t i v e l y , w e r e shown 

to undergo reductive a l k y l a t i o n with m e t h y l - 2 - k e t o -
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i s & v a l e r a t e 7 8 and sodium c y a n o b o r o h y d r i d e 7 9 , to give 

(121) and (122). U n f o r t u n a t e l y a p p l i c a t i o n of this 

p r o c e d u r e , w h i c h is p e r f o r m e d under w e a k l y acid 

c o n d i t i o n s , #to 4 - a m i n o i n d o l e (9) resulted in the 

f o r m a t i o n of complex reaction m i x t u r e s . It is w e l l 

known that indoles are reduced to indolines with 

sodium b o r o h y d r i d e under acidic c o n d i t i o n s 8 0 . A l s o , 

it was found t h a t the m i l d -acid conditions employed 

also resulted in c o n s i d e r a b l e amounts of polar 

p o l y m e r i c m a t e r i a l . 

- X 
(121) R =H 

(122) R =CH3 

To f u r t h e r i n v e s t i g a t e this reductive a l k y l a t i o n 

p r o c e d u r e the d e h y d r o v a l i n e d e r i v a t i v e (123) was 

p r e p a r e d from N - m e t h y l a n i l i n e and 

m e t h y l - 2 - k e t o i a a v a l e r a t e by boiling in toluene 

c o n t a i n i n g 4 - t o l u e n e s u l p h o n i c acid in an 80% y i e l d . 

The compound w a s isolated as a stable pale y e l l o w 

o i l . 
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tO,CH, I?2 

u 
CH, C O N O C O , R1 

(123) H (124) 

A number of procedures are known for the 

r e d u c t i o n of enamines and N - a c y l a t e d d e h y d r o a m i n o 

81 
a c i d s (124) . A p p l i c a t i o n of several of these 

p r o c e d u r e s to the enamino ester (123) failed * 

c o m p l e t e l y I P a r t i c u l a r l y disappointing w a s the 

failure of rhodium catalysed h y d r o g e n a t i o n m e t h o d s 

s u c c e s s f u l l y employed for the chiral reduction of 
Q l a 

N - a c y l d e h y d r o a m i n o acids (124) to a c y l a m i n o a c i d s . 

R e d u c t i o n of the d e h y d r o v a l i n e species (123) p r e s e n t 

a number of difficulties p a r t i c u l a r l y as the double 

bond is t e t r a s u b s t i t u t e d disfavouring c o n j u g a t e 

reduction and classical hydrogenation p r o c e d u r e s . 

It was eventually found that (123) was cleanly 

and e f f i c i e n t l y reduced b y ten mole equivalents of 

m a g n e s i u m in m e t h a n o l to give the valine derivative 

(122) in isolated yields of greater than 8 0 % . This 

simple and effective p r o c e d u r e has p r e v i o u s l y been 
82 

applied to the reduction of acrylamides and is 

t h o u g h t to proceed by a series of one electron 

t r a n s f e r s . M o r e important however was the discovery 

t h a t indole itself could be recovered intact when 

treated w i t h the MeOH/Mg s y s t e m . 

125. 



F r o m these results it appeared t h e r e f o r e t h a t a 

facile sythesis of the N - m e t h y l indolyl valine (116) 

was now a t h a n d . T r e a t m e n t of 4 - N - m e t h y l a m i n o i n d o l e 

(17) w i t h m e t h y l - 2 - k e t o i s o v a l e r a t e and 4-toluene-

sulphonic acid followed by reduction of the crude 

d e h y d r o a m i n o acid ester resulted in the isolation of 

a 61% y i e l d (82% based on recovered starting 

m a t e r i a l ) of m a t e r i a l initially identified as the 

d e s i r e d p r o d u c t (116). - However s u b s e q u e n t 

3 - s u b s t i t u t i o n and c y c l i s a t i o n of the 3 , 4 - d i s u b -

stituted p r o d u c t gave a separable diastereomeric 

m i x t u r e o f the two t r i c y l i c p r o d u c t s , (125a) and 

(125b). X - r a y analysis of the m o r e polar cis isomer 

(125b) revealed a remarkable and unexpected shift of 

the N - m e t h y l g r o u p from the 1 - p o s i t i o n to the 

8 - p o s i t i o n (see (125a) for numbering s y s t e m ) . The 

synthesis of these two tricylic lactams w i l l be fully 

discussed in s u b s e q u e n t s e c t i o n s . 

(125a) 

OH 

(125b) 

OH 

R e - e x a m i n a t i o n of the m a t e r i a l previously 

identified as the N - m e t h y l v a l i n e derivative (116) 

showed t h a t the N - m e t h y l group had rearranged during 
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t h e reaction of 4 - N - m e t h y l a m i n o i n d o l e (17) w i t h 

4 - t o l u e n e s u l p h o n i c a c i d a n d methyl-2-ketojLs£valerate. 

T h e d e h y d r o a m i n o acid ester so formed w a s identified 

as (126) which on reduction g a v e the 1 - m e t h y l i n d o l e 

(127) (Scheme 2 5 ) . This novel r e a r r a n g e m e n t reaction 

w i l l b e discussed in detail in the next s e c t i o n . \ 

SCHEME 25 

(T26) (127) 

(i) M g r M e O H , 61% 

T h e i m p o r t a n t "northern zone" intermediate (116) 

(see R e t r o s y n t h e s i s , Scheme 2) was eventually 

p r o d u c e d , a l b e i t in poor y i e l d s , by treating (17) 

with m e t h y l - 2 - k e t o i s o v a l e r a t e and camphor s u l p h o n i c 

a c i d with c o n t i n u o u s e n t r a i n m e n t of w a t e r . R e d u c t i o n 

o f t h e crude m i x t u r e containing the unrearranged 

d e h y d r o a m i n o acid ester (128) with magnesium in 

m e t h a n o l and s u b s e q u e n t column chromatography gave 

the desired p r o d u c t (116) in a 20% o v e r a l l y i e l d 

(Scheme 26) . Some (19%) of the rearranged p r o d u c t 

(127) was also p r o d u c e d in this r e a c t i o n . 
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SCHEME 12 

CH 
(116) (127) 3 

(i) M e t h y l - 2 - k e t o i s o v a l e r a t e , C . S . A . (ii) M g , MeOH 

i) R e a r r a n g e m e n t of 4 - N - A l k y l a m i n o i n d o l e s 

As already m e n t i o n e d 4 - N - m e t h y l a m i n o i n d o l e (17) 

is p a r t i c u l a r l y air sensitive and rapidly turns dark 

g r e e n on e x p o s u r e to the a i r . A d d i t i o n a l l y it was 

observed t h a t on standing for a prolonged period of 

time (approximately 4 m o n t h s ) and s u b s e q u e n t 

c h r o m a t o g r a p h y a new colourless compound w a s isolated 

w h i c h was q u i t e d i f f e r e n t b u t isomeric w i t h the 

starting i n d o l e . ^H n . m . r . at 60MHz of this compound 
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revealed a downfield s h i f t of the N - m e t h y l s i n g l e t 

resonance form 6 2.90 for (17) to £ 3 . 6 3 m o r e 

83 

c h a r a c t e r i s t i c of 1 - m e t h y l i n d o l e s . A l s o the 

d i s a p p e a r a n c e of the indole NH p r o t o n , and a relative 

increase in the integral of the amine NH w e r e n o t e d . 

Careful inspection of n . m . r . spectra obtained at 

250MHz for the aromatic region revealed other 

d i f f e r e n c e s . In the indole (17) the C - 2 proton 

resonance assigned a t 8 7.05 occurs as a pseudo 

t r i p l e t due to coupling w i t h the C-3 p r o t o n and the 

N—1 p r o t o n . Irradiation of the N-l p r o t o n caused 

this signal to collapse to a doublet J 3.4Hz while 

the m u l t i p l e t due to C-3 at £ 6 . 4 3 collapsed to a 

double d o u b l e t J 3 . 4 , 0 . 8 3 H z . This double d o u b l e t is 

due to coupling with C-2 and to long range coupling 
84 

to the C-7 p r o t o n . The newly formed compound 

possessed a d o u b l e t J 3.1Hz a t 8 6.87 due to C - 2 . 

U n f o r t u n a t e l y the C-3 and C - 5 protons w e r e coincident 

a t 8 6 . 3 2 . Consideration of this data clearly 

indicated the structure (129) for this new c o m p o u n d . 

(129) 

To further investigate this unexpected 

r e a r r a n g e m e n t (also observed previously during the 

synthesis of the d e h y d r o v a l i n e (126)) 4-N-methyl-
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a m i n o i n d o l e (17) was treated w i t h 4 - t o l u e n e s u l p h o n i c 

acid a t reflux t e m p e r a t u r e in toluene for 2 1 h . H e r e 

it was found that (17) w a s completely converted to 

(129). E v i d e n t l y , t h e r e f o r e , the rearranged 

d e h y d r o a m i n o acid e s t e r , (126) was being formed from 

(17) via the rearranged compound (129) as outlined in 

(Scheme 2 7 ) . This w a s confirmed by the isolation of 

a good y i e l d of the same dehydro compound (126) on 

t r e a t m e n t of l - m e t h y l - 4 - a m i n o i n d o l e (129) with 

m e t h y l - 2 - k e t o i a a v a l e r a t e and 4 - t o l u e n e s u l p h o n i c a c i d . 

SCHEME 27 ' 

(i) M e t h y l - 2 - k e t o i s o v a l e r a t e , T s O H . (ii) TsOH 

F u t h e r examples of this n o v e l r e a r r a n g m e n t are 

summarised in Table 7 . It can be seen that under 

aqueous (i.e. no acid) or strictly anhydrous acid 

c o n d i t i o n s (entries 2 and 3) no rearrangement 

products w e r e o b s e r v e d . However treatment of the two 

4 - N - a l k y l a m i n o i n d o l e s (109) and (111) with 4 - t o l u e n e -

s u l p h o n i c acid gave the corresponding rearranged 

p r o d u c t s (71) and (130). Noteable is the p a r t i a l 

r e a r r a n g e m e n t only of the amino acid ester (109) 
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a f t e r 2 4 h , while r e a r r a n g e m e n t w a s s t i l l incomplete 

a f t e r 4 8 h . 

T A B L E 7 s - R e a r r a n g e m e n t of 4 - N - A l k y l a m i n o i n d o l e s 

E n t r y Substrate Conditions0 Product(s)(Yield%)b 

, 1 

17 H . 

p.XS.A 21 h 

N H 2 

go 
122 (75) i n , 

2 1 7 H20 21h 1 7 

3 1 Z CS.A 21h 1 7 

4 

H N ^ C O Z E F w 
H 

109 

P.T.S.A 21h 

N H 2 

to * 

130(60) C02Et" 

5 102 p.T.S.A 48h 130(77)+ 1Q9 (13) 

6 

HNBr 

go 
H _ 

131 

p.T.S.A 22h 

N H 2 

to 
71(90) B z 

(a) R e a c t i o n c o n d i t i o n s : reflux in toluene (10ml/mm) for 

the specified t i m e , P . T . S . A . = 4 - t o l u e n e s u l p h o n i c 

a c i d , C . S . A . camphor s u l p h o n i c a c i d . 

(b) Y i e l d after c h r o m a t o g r a p h y . 

(c) Y i e l d from integration of n . m . r . s i g n a l s . 
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A p o s s i b l e m e c h a n i s m for this n o v e l r e a r r a n g e m e n t 

is p r o p o s e d in S c h e m e 28 a n d involves the hydrolysis 

a n d ring opening of the indole "enamine" system to 

the aldehyde (131) followed by recyclisation to the 

t h e r m o d y n a m i c a l l y m o r e stable p r o d u c t (132) . The 

sluggish reaction of the indole (109) is accounted 

for by the reduced n u c l e o p h i l i c i t y of the amino g r o u p 

of amino acids caused by the inductive electron 

w i t h d r a w i n g p r o p e r t i e s of the carboxylic a c i d . 

E v i d e n t l y both w a t e r a n d acid a r e required for t h i s 

r e a r r a n g e m e n t to take place (Table 7 , entries 2 and 

3) . 

SCHEME 28 

(132) 
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(iv) ' C o n d us ion 

T h e m o d e l compound (113) was e f f i c i e n t l y 

synthesised under basid c o n d i t i o n s . Attempts to use 

the same m e t h o d o l o g y for the synthesis of the real 

"northern zone" intermediate (116) proved 

u n s u c c e s s f u l . Subsequent investigation of an acid 

m e d i a t e d two stage p r o c e d u r e for the introduction of 

the five c a r b o n iso-valerate unit led to the 

synthesis of (127) and revealed a n o v e l r e a r r a n g e m e n t 

of 4 - N - a l k y l a m i n o i n d o l e s to l - a l k y l - 4 - a m i n o i n d o l e s . 

C a r e f u l c o n t r o l of reaction c o n d i t i o n s however 

eventually p e r m i t t e d the synthesis of (116) in poor 

y i e l d . It is felt however that this reaction could 

be optimised to give respectable y i e l d s . 

l - S u b s t i t u t e d - 4 - N , N - D i a l k y l a m i n o i n d o l e s 

To investigate the proposed aza-Claisen 

r e a r r a n g e m e n t of 1 - g e r a n y l substituted indoles i t w a s 

n e c e s s a r y to s y n t h e s i s , among o t h e r s , compounds such 

as (133) and (134). 

it was found t h a t the alkylated indole (133) could 

(133) (134) 

A l t h o u g h m a n y procedures have been reported for 

53 85 
t h e p r e p a r a t i o n of 1 - a l k y l substituted indoles ' 
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o n l y b e prepared w h e n (113) and g e r a n y l c h l o r i d e 8 6 

w e r e added simultaneously to an ice cooled suspension 

of s o d i u m h y d r i d e in D . M . F . Yields of (133) b y this 

p r o c e d u r e w e r e satisfactory being c o n s i s t e n t l y 

g r e a t e r than 7 0 % . In a d d i t i o n , the dialkylated 

p r o d u c t (135) was also isolated in lower and m o r e 

v a r i a b l e y i e l d s . 

A t t e m p t s to preform the anion of (113) followed 

by a l k y l a t i o n with g e r a n y l chloride proved 

u n s u c c e s s f u l as a number of products w e r e i s o l a t e d , 

including a low y i e l d o f ( 1 3 3 ) . I t m i g h t b e thought 

t h a t the anion of indole (113) could undergo 

intramolecular c o n d e n s a t i o n to give (136) or 

a l t e r n a t i v e l y undergo intermolecular p o l y m e r i s a t i o n 

through its e s t e r . However in a blank e x p e r i m e n t , in 

w h i c h the indole (113) and sodium hydride w e r e 

stirred t o g e t h e r , only the starting indole (113) was 

r e c o v e r e d . 

(135) 

(136) 
(137) 
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T h e indole (134) was readily prepared by Heaney 

and Ley's m e t h o d 3 0 although yields h e r e w e r e p o o r , 

only some 45% of (134) being i s o l a t e d . This m e t h o d 

is n o t , of c o u r s e , applicable to the preparation of 

(133) due to the rapid ester hydrolysis that occurs 

under the strongly b a s i c reaction c o n d i t i o n s . The 

indole (137) was efficiently prepared by the same 

m e t h o d as an additional m o d e l for the aza-Claisen 

r e a r r a n g e m e n t . 

T h e 1 - b e n z y l i n d o l e (114) reported in the previous 

section w a s synthesised in an improved y i e l d b y the 

simultaneous addition of (113) and b e n z y l chloride to 

sodium h y d r i d e . 

The indoles (138) and (139)-were prepared in 

equal quantities on treatment of 4-N-methylamino-

indole (17) with g e r a n y l c h l o r i d e , and potassium 

53 
hydroxide in dimethylsulphoxide . Evidently this 

p r o c e d u r e provides no s e l e c t i v i t y in N - a l k y l a t i o n s . 

C H 3 N C 1 0 H 

Finally . the introduction of some labile 

1 - s u b s t i t u e n t s was i n v e s t i g a t e d . A c y l a t i o n of the 

indole (115) with acetic a n h y d r i d e , triethylamine and 
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4 - N f N - d i m e t h y l a m i n o p y r i d i n e
8 ^ proceeded smoothly and. 

efficiently to give (140). The indoiyiamino acid 

esters (113) and (116) were smoothly silylated under 

similar conditions using chlorotrimethylsilane. The 

indoles (141) and (142) were isolated as stable oils 

in yields of greater than 8 0 % . The novel chemistry 

of these interesting silylated compounds w i l l be 

discussed in the n e x t s e c t i o n . 

(1A1) ( U 2 ) 

Stannylation of (113) with either tributyltin 

oxide or tributyltin chloride was attempted w i t h o u t 

s u c c e s s
8 8
'

8 9
. 

The R e g i o s p e c i f i c Electrophilic Substitution of 

4—Aminoindoles 

( i ) I n t r o d u c t i o n 

It is well known that indoles with an 

unsubstituted 3 - p o s i t i o n usually react at that 

position with electrophilic species. In order to b e 

able to prepare both Teleocidins A and B and a number 

of analogous compounds a versatile 3-substitution 

procedure was n e c e s s a r y . Of the many methods that 
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h a v e been d e v e l o p e d for the electrophilic 

90 

s u b s t i t u t i o n of indoles s e v e r a l appeared to b e 

a p p l i c a b l e to our r o u t e . For e x a m p l e , gramines (143) 

w h i c h are readily available from the M a n n i c h 

r e a c t i o n , undergo nucleophilic d i s p l a c e m e n t with the 
91 

a n i o n s derived from, nitroalkanes or ethyl m t r o -

92 
a c e t a t e (Scheme 2 9 ) . . M i c h a e l acceptor's are also 

k n o w n to undergo reaction at the indole-3-position in 
93 91b.94 

b o t h a c i d and n e u t r a l c o n d i t i o n s X . F i n a l l y 

C-3 a c y l a t i o n of indoles can b e achieved under 

F r i e d e l - C r a f t s c o n d i t i o n s w i t h a number of activated 

95—97 
esters . The v i n y l o g o u s amides (146) p r o d u c e d by 

this p r o c e d u r e a r e reported to be readily reduced by 

95 32 
sodium b o r o h y d r i d e or diborane (scheme 3 0 ) . 

SCHEME 29 

n(ch3); 

r 1ch 2no 2 r 

R1 =H . ALKyl.CO2.Ef 

SCHEME 30 

(144) 

(145) (146) (147) 

(i) R ^ C O C l , Lewis A c i d . (ii) N a B H ^ or B 2 H g . 
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( i i ) g g a m i n e s 

In order to investigate the introduction of the 

t r y p t o p h a n o l side chain into the teleocidin 

p r e c u r s o r s , g r a m i n e (148) w a s prepared by 

Kozikowski's m o d i f i c a t i o n of the Mannich r e a c t i o n . 

This involves reaction of the readily a v a i l a b l e 

p r e f o r m e d M a n n i c h salt N , N - d i m e t h y l m e t h y l e n e a m m o n i u m 

99 

c h l o r i d e with the i n d o l e . In our work it w a s found 

t h a t u p o n t r e a t m e n t with m e t h y l iodide, n i t r o m e t h a n e 

a n d b a s e , g r a m i n e (148) g a v e the 3(2-nitroethyl) 

a d d u c t (149). Under similar conditions 2 - ( 2 - n i t r o -
100 

e t h o x y ) t e t r a h y d r o p y r a n gave in an u n o p t i m i s e d 

. y i e l d of 36% the t r y p t o p h a n o l intermediate (150) 

(Scheme 31) . From these p r e l i m i n a r y studies it 

appeared therefore that gramines were suitably 

v e r s a t i l e intermediates for the introduction of more 

complex C-3 s u b s t i t u e n t s . 

SCHEME 31 

(148) (149) R =H 

(150) R=CH20THP 

(i) (a) ( C H 3 ) 2 N
+ = C H 2 C I " , (b) N a O H , 8 8 % . (ii) C H 3 I , 

b a s e , R C H ~ N O « . 
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E n c o u r a g e d by these m o d e l studies the aminoindole 

(113) was similarly treated with N , N - d i m e t h y l - -

m e t h y l e n e a m m o n i u m c h l o r i d e . The p r o d u c t of this 

reaction isolated in up to 96% y i e l d , w a s shown to b e 

the m o n o s u b s t i t u t e d p r o d u c t (151) . No C-3 

substitution was observed (Scheme 32) . The 

corresponding iodide (Eschenmosser's salt) was found 

to react s i m i l a r l y . This compound w a s inert to both 

nitromethane and 2-(2-nitroethoxy)tetrahydropyran 

u n d e r a variety of reaction c o n d i t i o n s . Inspection 

of the a r o m a t i c region of the ^H n . m . r . spectrum at 

250MHz revealed two doublets a t S 6 . 4 2 and 6.83 J 7 H z 

and two multiplets a t £ 6 . 5 3 and 7 . 1 0 , confirming the 

substitution pattern in compound (151) . A l s o , 

inspection of the ^H n . m . r . spectrum at 250MHz of the 

4,7 disubstituted indole (77) revealed a similar 

resonance pattern in the aromatic r e g i o n . 

SCHEME 32 

C H 3 N ^ C 0 2 E f 

TO-

H 

(113) 

(i) ( C H 3 ) 2 N + = C H 2 C l ~ . (ii) N a O H . 

Evidently the 4-amino substituent significantly 

alters the electron density of the benzo r i n g . This 

CH3N C02Ef HNEf 
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r e s u l t was somewhat unexpected since formation of 

(151) m u s t involve an intermediate such as (152) in 

w h i c h t h e resonance stabilisation of the aromatic 

ring has been d i s r u p t e d . By c o n t r a s t 3 - s u b s t i t u t i o n 

does n o t involve such a loss of resonance e n e r g y . It 

was t h e r e f o r e thought possible that the g l y c y l 

s u b s t i t u e n t of (113) is preventing reaction at the 

3 - p o s i t i o n by steric h i n d e r a n c e . T r e a t m e n t of the 

less sterically demanding 4 - N , N - d i m e t h y l a m i n o i n d o l e 

(115) w i t h N,N—dimethylmethyleneammonium c h l o r i d e , 

h o w e v e r , also resulted in the regiospecific f o r m a t i o n 

o f t h e 4 , 7 - d i s u b s t i t u t e d a d d u c t (153). In a d d i t i o n 

the f o r m a m i d e (106) , in w h i c h the electron d o n a t i o n 

of the 4-amino g r o u p to the aromatic ring is 

s u b s t a n t i a l l y r e d u c e d , gave a m i x t u r e of at least 

three unidentified p r o d u c t s under the same reaction 

c o n d i t i o n s . 

A p p l i c a t i o n of the classic M a n n i c h reaction 

c o n d i t i o n s of d i a l k y l a m i n e , formalin and acetic acid 

to the indole (113) gave a m i x t u r e of u n c h a r a c t e r i s e d 

p r o d u c t s . 

XN(CH3)2 

(152) 

-n(ch3)2 

(153) 
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T h e s e u n u s u a l results a l t h o u g h disappointing in 

t h e c o n t e x t of a synthesis of the tricyclic lactam 

s k e l e t o n of the T e l e o c i d i n s a r e e n c o u r a g i n g w i t h 

r e s p e c t to the p r o p o s e d l a t e r introduction of the 

l i n a l y l side c h a i n , 

i) A p p r o x i m a t e S u p e r d e l o c a l i z a b i l i t y Towards 

Slectrophiles of the 4 - A m i n o i n d o l e System 

C a l c u l a t i o n of the relative reactivity towards 

e l e c t r o p h i l e s of d i f f e r e n t p o s i t i o n s in an a r o m a t i c 

system expressed a s , the a p p r o x i m a t e s u p e r d e l o c a l i z -

a b i l i t y towards e l e c t r o p h i l e s r is now w e l l 

e s t a b l i s h e d in the a r m o u r y of the s y n t h e t i c o r g a n i c 

c h e m i s t . A n u m b e r of such c a l c u l a t i o n s for 

4 - s u b s t i t u t e d indoles have been performed on the 

M O L E C O R B program SUSIE at Pfizer Central R e s e a r c h , 

S a n d w i c h , K e n t 1 0 1 . The results of this study are 

illustrated in Table 8 . The m o r e negative the number 

in the table the m o r e p r o b a b l e it is t h a t 

e l e c t r o p h i l e s w i l l react a t t h a t p o s i t i o n . It is 

i m p o r t a n t to realise that a p p r o x i m a t e s u p e r d e l o c a l i z -

a b i l i t y towards e l e c t r o p h i l e s is a relative t e r m , 

applying solely to the p a r t i c u l a r m o l e c u l e under 

d i s c u s s i o n . T h a t i s , for e x a m p l e , an a b s o l u t e 

c o m p a r i s o n of the a p p r o x i m a t e s u p e r d e l o c a l i z a b i l i t i e s 

o f entries 1 and 2 (Table 8) is n o t v a l i d . Entry 1 

h o w e v e r , shows t h a t b y c o m p a r i s o n of the a p p r o x i m a t e 

s u p e r d e l o c a l i z a b i l i t y towards electrophiles for each 

p o s i t i o n of the m o l e c u l e in this case indole i t s e l f , 

p o s i t i o n 3 has the m o s t n e g a t i v e c o e f f i c i e n t . This 
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indicates that p o s i t i o n 3 w i l l react p r e f e r e n t i a l l y 

with an e l e c t r o p h i l e , a w e l l known fact in 

c o n v e n t i o n a l indole c h e m i s t r y . 

Entries 3 and 5 a r e of p a r t i c u l a r interest w i t h 

reference to the p r e v i o u s s e c t i o n . Entry 3 reveals 

that p o s i t i o n 8 of 4 - N , N - d i m e t h y l a m i n o i n d o l e (115) 

(position 7 in c o n v e n t i o n a l indole nomenclature) 

should be the m o s t reactive towards e l e c t r o p h i l e s . 

This is confirmed by the experimental evidence 

p r e v i o u s l y d i s c u s s e d . For 4 - a c e t a m i d o i n d o l e (105) 

(entry 5) values for the 3 - p o s i t i o n of 0.801 and for 

the 8 - p o s i t i o n of 0 . 8 9 1 a r e n o t s u f f i c i e n t l y 

d i f f e r e n t to give selective reaction a t either 

p o s i t i o n . Again this predicted finding is confirmed 

by the e x p e r i m e n t a l results obtained with the closely 

related compound 4 - N - f o r m a m i d o i n d o l e (106) . Intro-

d u c t i o n o f a second acetyl g r o u p into the m o l e c u l e 

(entry 6) has only a minor effect on the relative 

m a g n i t u d e s of the a p p r o x i m a t e s u p e r d e l o c a l i z a b i l i t y 

towards electrophiles of p o s i t i o n s 3 and 8 . 

4 - ( 4 - N i t r o b e n z a m i d o ) i n d o l e (entry 7) shows similar 

relative m a g n i t u d e s of c o e f f i c i e n t s at p o s i t i o n s 3 

and 8 as in 4 - a c e t a m i d o i n d o l e (105) (entry 5) . 

4 - H y d r o x y i n d o l e (entry 8) shows a c o n s i d e r a b l y 

g r e a t e r m a g n i t u d e of the a p p r o x i m a t e s u p e r d e l o c a l i z -

a b i l i t y towards electrophiles a t position 3 relative 

to t h a t a t .position 8 . This is confirmed by the 

f a c i l e synthesis of 3 - s u b s t i t u t e d - 4 - h y d r o x y i n d o l e s by 
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TABLE 8r Approximate Superdelocalizability Towards 
Electrophiles of 4-Substituted Indoles 

X** 

6, 

7 a 
a 

j \ T 
R 

ENTRY X R 1 2 3 4 5 6 7 8 9 10 

1 H H •544a 
.466 1.061 .017 .634 .086 .409 .402 .092 -

2 H A c .431 .532 .988 .033 .607 .061 .414 .360 .099 — 

3 H .501 .537 .781 .190 .669 .677 .296 1.007 .045 1.202 

4 m e 2 Ac .396 .582 .692 .224 .643 .625 .280 .947 .038 1.202 

5 NAc H .499 .505 .801 .148 .676 .555 .305 .891 .045 .854 

6 NAc 2 H .501 .487 .821 .121 .680 .473 .314 .815 .047 .639 

7 NPNB b 
.H .499 .505 .798 .150 .676 .558 .305 .895 .045 .863 

8 CH H .544 .497 .930 .987 .729 .369 .357 .738 .056 .360 

(a) All results x -1 

(b) £NB=4-nitrobenzoyl 

N.B. The numbering system of the Indole has been modified to 

facilitate the construction of the matrix required to perform 

the calculations. 
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o 

t h e action o f electrophiles on 4 - h y d r o x y i n d o l e (see 

review for e x a m p l e s ) . 

T h e results of T a b l e 8 (entries 3-7) h a v e been 

d e t e r m i n e d on the a s s u m p t i o n t h a t the aromatic ring 

is receiving the f u l l contribution of the 

h e t e r o s u b s t i t u e n t s n i t r o g e n lone p a i r . T h a t i s , the 

m o l e c u l a r o r b i t a l of the nitrogen occupied by the 

lone pair is fully aligned w i t h the "7T m o l e c u l a r 

orbitals of the a r o m a t i c ring s y s t e m . Such an 

a s s u m p t i o n is r e a s o n a b l e when 4 - a m i n o i n d o l e is 

a l k y l a t e d w i t h s m a l l n o n - s t e r i c a l l y demanding g r o u p s . 

If however a l a r g e r g r o u p is involved then s o m e 

r o t a t i o n of the indole C - 4 - n i t r o g e n bond (diagram 1) 

is p r o b a b l e in- order to reduce steric c o n g e s t i o n . 

T w i s t i n g of this bond w i l l result in a poorer 

a l i g n m e n t of the m o l e c u l a r orbital of the 4-nitrogen 

lone pair with the TT m o l e c u l a r orbitals of the 

a r o m a t i c ring s y s t e m . The n e t result of t h i s w o u l d 

b e a reduction of the m a g n i t u d e of the a p p r o x i m a t e 

s u p e r d e l o c a l i z a b i l i t y towards electrophiles of the 

8 - p o s i t i o n relative to t h a t of the 3 - p o s i t i o n . Such 

a v a r i a t i o n in the angle B (diagram 1) is readily 

calculated -by the same M O L E C O R B p r o g r a m . The 

c o n t r i b u t i o n of the n i t r o g e n lone pair to an aromatic 

system is c a l c u l a t e d using the c o e f f i c i e n t p (the 

resonance integral) . W h e n the angle & is 0° then 

overlap of m o l e c u l a r orbitals is assumed to be 

c o m p l e t e . This is represented by a resonance 

i n t e g r a l p o f 0 . 9 . An angle & of 90° t h a t is when 
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Diagram 1 

TABLE 9 • 

Bitiy P 
Post. 
(9 1 

10N(CH 3) 2 

W 

2 3 4 5 6 7 8 9 10 

1 0.9 0 .50 .54 xza .19 .66 .68 .30 1,01 .05 1.2 

2 0.6 45 .498 .454 ,§54 .078 .667 .332 .327 ,670 .051 .715 

3 0.1 90 .542 .464 1,052 .018 .637 .093 .406 .410 .090 .028 
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the n i t r o g e n lone pair is making no c o n t r i b u t i o n to 

t h e a r o m a t i c ring system is represented by a v a l u e of 

0.1- for p . A n u m b e r of such calculations have been 

p e r f o r m e d and are shown in Table 9 . 

It can be readily seen that a rotation of the 

C - 4 - n i t r o g e n bond of 4-aminoindoles of s o m e w h a t less 

than 4 5° renders the 3 - p o s i t i o n m o r e susceptible to 

e l e c t r o p h i l i c attack than the 7 - p o s i t i o n . 

(iv) Addition-of-Nitroethylene-to- 4-Aminoindoles 

The e f f i c i e n t M i c h a e l addition of n i t r o e t h y l e n e 

to indole reported by R a n g a n a t h a n 9 4 * 3 and recently 

94a 91b 
u s e d by both K o z i k o w s k i ' s and O p p o l z e r ' s g r o u p s 

in the synthesis of e r g o t alkaloids is a u s e f u l 

m e t h o d for introducing the 2 - a m i n o e t h y l g r o u p into an 

indole (Scheme 33) . In addition the known 

v e r s a t i l i t y of the nitro group in for example 

102 
u n d e r g o i n g the n i t r o a l d o l reaction renders the 

3 ( 2 - n i t r o e t h y l ) i n d o l e s such as (154) p a r t i c u l a r l y 

a p p r o p r i a t e for elaboration to the t r y p t o p h a n o L 

s u b s t i t u e n t of the T e l e o c i d i n s . 

SCHEME 33 

R R 

(i) 
- t i 

R=Hj Alkyl 
H 

(154) 
H 

(i) C H 0 : C H N O (ii) [H] 
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T r e a t m e n t of the 4 - a m i n o i n d o l e (113) with 

n i t r o e t h y l e n e (prepared in a 60% yield by d e h y d r a t i o n 

of n i t r o e t h a n o l according to R a n g a n a t h a n 1 s . 

p r o c e d u r e 9 4 * 3 ) a t room temperature for two days gave a 

1 : 1 inseparable m i x t u r e of r e g i o i s o m e r s . At 0°C the 

regioisomer ratio changed to 4 : 1 . It w a s a n t i c i p a t e d 

from inspection of Table 8 entry 3 that the regio-

isomers formed w o u l d be the 3,4- (155) and 4,7-disub-

s t i t u t e d (156) p r o d u c t s . 

C H , t o C 0 2 E t C H , l t o C 0 2 E f CH 3 f/"C0 2 Ef 
N02 

(155) 1- (157) 

Inspection of the aromatic region of the ^H 

n . m . r . spectrum at 250MHz of the m i x t u r e h o w e v e r , 

p r o v e d largely u n i n f o r m a t i v e . To establish the 

s t r u c t u r e s of the two regioisomers therefore the 

n i t r o e t h y l g r o u p was reduced with nickel (II) 

c h l o r i d e and sodium b o r o h y d r i d e in h o t e t h a n o l . 

T h e r m o l y s i s of the crude m i x t u r e of amines (158) and 

(159) in boiling degassed xylene gave a 12% y i e l d of 

a compound (160) (Scheme 34) containing a c a r b o n y l 

s t r e t c h at 1655cm"" 1 in the i . r . , c h a r a c t e r i s t i c of an 

a m i d e or l a c t a m . Mass spectral analysis revealed a 

m o l e c u l a r ion a t 229.1217 corresponding to an 
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e m p i r i c a l formula of c
1 3 H 1 5 N 3 0 suggesting an 

intramolecular c y c l i s a t i o n to a l a c t a m . Two doublets 

a t £ 6.89 and 7.08 J 7Hz and two m u l t i p l e t s a t 5 6 . 6 3 

and 6.15 in the 250MHz n . m . r . were assigned to 

ihdole p r o t o n resonances a t C - 6 , C - 7 , C - 2 and C-3 

r e s p e c t i v e l y . One of the regioisomers formed by the 

reaction of n i t r o e t h y l e n e and (113) was t h e r e f o r e 

assigned the u n e x p e c t e d 4,5-disubstituted structure 

(157) . It has been shown (vide infra) t h a t the 

3 - ( 2 - a m i n o e t h y l ) indole (161) under thermal reaction 

c o n d i t i o n s also undergoes i n t r a m o l e c u l a r c y c l i z a t i o n . 

T h e t r i c y c l i c p r o d u c t (12) (Scheme 35) so o b t a i n e d 
> 

has s i g n i f i c a n t differences in its ^H n . m . r . spectrum 

compared w i t h t h a t of the tricyclic compound (160) . 

T h e r e f o r e the second regioisomer from the reaction of 

n i t r o e t h y l e n e with (113) has been assigned the 

s t r u c t u r e (156) . The amine (158) derived from this 

compound evidently c a n n o t undergo intramolecular 

c y c l i z a t i o n due to the constraints of the planer 

a r o m a t i c r i n g . 
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SCHEME 12 

•c? 

(i) (156) • (157) 

4 = 1 

(ii) 

V 

C H 3 N ^ 0 2 E t C H 3 N T O 0 

(158) 

(160) 

(i) C H 2 : C H N 0 2 , 0 C , 5 0 % . (ii) N i C l j , N a B H ^ , 78% 

(iii) x y l e n e , r e f l u x , 1 2 % . 
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SCHEME 12 

CH3N C02Ef 

H 

NH 2 

H 

(161) (12) 

(i) D M F , 140°C f 4 2 % . 

I t is t h o u g h t t h a t the nuLi3££ isomer generated is 

t h e 4 , 5 - d i s u b s t i t u t e d compound (157). The resonance 

due to the N - m e t h y l g r o u p of the minor regioisomer 

occurs a t £ 2 . 8 5 > u p f i e l d from that of the regioisomer 

a t £ 2 . 9 8 suggesting an increased shielding of the 

N - m e t h y l g r o u p by the. aromatic ring c u r r e n t . 

Increased shielding w o u l d be b r o u g h t a b o u t by a 

s l i g h t rotation of the indole C - 4 - N bond to relieve 

steric c o n g e s t i o n from an a d j a c e n t s u b s t i t u e n t . 

A number of other 4-amino indoles have been 

s u b j e c t e d to reaction w i t h n i t r o e t h y l e n e (Table 10) 

and have demonstrated a number of interesting 

f e a t u r e s . 

P e r h a p s m o s t interesting is entry 1 of T a b l e 1 0 . 

E x a m i n a t i o n of C . P . K . space filling m o l e c u l a r m o d e l s 

suggests t h a t the lowest energy c o n f o r m a t i o n of the 

i n d o l y l v a l i n e (116) is t h a t in w h i c h the lone pair of 

the n i t r o g e n 4 - s u b s t i t u e n t has been twisted out of 

c o n j u g a t i o n w i t h the indole r i n g . It has already 
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T A B L E 10 z M i c h a e l A d d i t i o n of N i t r o e t h y l e n e to 
S u b s t i t u t e d 4 - A m i n o i n d o l e s 

Entry 1 Substrate Product (yield%) 

c h , X C 0 2 C H 3 C H , N C ° 2 C H 3 

CH 3 X C ° 2 E t CH,N 

0,N 

141 Si(CH3)3 156+157(4 2) 

CH3N v02CH3 

Q O 
142 Si(CH3)3 

CH,N 

1£2R=H(49) 
R 163 R =Si(CH 3)3! 

14) 
CH,N C02Et CH,N C02EF 

1 2 2 CinH 10n17 I S A E 1 0 H i 7 

x 

127 CH3 165 CH3 

151. 



b e e n shown t h a t such a loss of conjugation favours 

e l e c t r o p h i l i c s u b s t i t u t i o n a t the indole C-3 p o s i t i o n 

(see Table 9) . S m a l l quantities of another 

regioisomer w e r e formed during the r e a c t i o n , 

constituting up to some 15% of the p r o d u c t . It is 

thought t h a t this is the 4,7-disubstituted a d d u c t 

(166). The g l y c y l s i l a n e (141) gave a m i x t u r e of two 

u n c h a r a c t e r i s e d inseparable r e g i o i s o m e r s . By 

c o n t r a s t the silylated v a l i n e derivative (142) g a v e 

results c o m p a r a b l e to those obtained w i t h (116). 

The 1 - a l k y l i n d o l e s (127) and (133) u n d e r w e n t 

r e g i o s p e c i f i c 3 - s u b s t i t u t i o n . Once again from 

inspection of C . P . K . space filling m o l e c u l a r m o d e l s 

it w o u l d appear improbable t h a t this selectivity is 

due to steric crowding of the 7 - p o s i t i o n by the 

1 - a l k y l s u b s t i t u e n t . Nor can the selectivity be 

ascribed in both cases to the enforced rotation of 

the C - 4 - N bond since the g l y c y l indoles (113) and 

(141) have already been shown to p r o v i d e regio-

isomeric m i x t u r e s of p r o d u c t s . It is thought that an 

i n t e r m e d i a t e (167) (Scheme 36) m u s t be involved in 

152. 



<7 

this r e a c t i o n . S t a b i l i s a t i o n of t h e iminium species 

(167) b y h y p e r c o n j u n c t i o n of the a l k y l g r o u p w o u l d 

help to m a x i m i s e M i c h a e l addition a t the indole 3 

p o s i t i o n . 

SCHEME 36 

(167) 

(v) F r i e d e l - C r a f t s Acylation--of-4-Aminoindoles 

An attractive approach to substituted 

t r y p t o p h a n o l s (170) or other substituted tryptamines 

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

a c i d and s u b s e q u e n t reduction of the v i n y l o g o u s amide 

(169) so formed (Scheme 3 7 ) . 

SCHEME 37 

X = leaving group P1,P2= protecting group 

(i) F r i e d e l - C r a f t s r e a c t i o n . (ii) [H]. 
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A number of attempts at acylating indole u n d e r 

various reaction conditions with different protected 

amino acids proved u n s u c c e s s f u l . Furthermore . the 

amino indole (113) proved intractable to acylation 

w i t h acetyl chloride or acetic anhydride and Lewis 

acids such as aluminium trichloride, tin (IV) 

chloride or boron trifluoride diethyl etherate. The 

1 - b e n z y l indole (114) h o w e v e r , underwent a facile and 

efficient acylation with acetyl chloride and tin (IV) 

chloride to give regiospecifically the indole (171) 

(Scheme 38) . Less effective was. the reaction of 

(114) with acetic anhydride and boron trifluoride 

d i e t h y l e t h e r a t e . 

SCHEME 38 

(114) (171) 

(i) CH3COCI, S n C l 4 , C H 2 C 1 2 , -78°C, 8 3 % . 

(vi) Regiospecific Electrophilic Substitution of 

N - M e t h y l - N - H - i n d o l y l ) g l y c i n e E thy l E s te r (3.3.3) 

Although the indolyl valine (116) has been 

satisfactorily substituted in a regioselective 

fashion at the indole 3-position no successful 

procedure was available for the synthesis of 
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3 , 4 - d i s u b s t i t u t e d i n d o l y l glycines (172). T h e two 

i n d o l y l g l y c i n e s (164) and (165) in which- a 

3 - s u b s t i t u e n t has been introduced r e g i o s p e c i f i c a l l y 

each have a 1 - s u b s t i t u e n t w h i c h w o u l d be d i f f i c u l t if 

n o t impossible to remove in the presence of the other 

f u n c t i o n a l i t y in the m o l e c u l e . It was evidently 

n e c e s s a r y , t h e r e f o r e , to d e v e l o p a new p r o c e d u r e for 

the introduction of a 3 - s u b s t i t u e n t to the indole 

(113) . Two approaches to the solution of this 

p r o b l e m w e r e i n v e s t i g a t e d . 

It is e v i d e n t from the previous d i s c u s s i o n that 

e l e c t r o p h i l e s react p r e f e r e n t i a l l y a t the indole 

7 - p o s i t i o n in the i n d o l y l g l y c i n e (113). Electro-

p h i l i c s u b s t i t u t i o n of this p o s i t i o n with a readily 

removed electron w i t h d r a w i n g g r o u p w o u l d therefore 

favour reaction with a second electrophile at the 

indole 3 - p o s i t i o n , after w h i c h removal of the first 

s u b s t i t u e n t would lead to the desired 

3 , 4 - d i s u b s t i t u t e d indole (172) (Scheme 3 9 ) . 

A r y l b r o m i d e s and iodides which are readily 

prepared from a source of p o s i t i v e halogen and the 

corresponding a r o m a t i c compound a r e cleaved easily by 

h y d r o g e n o l y s i s . T r e a t m e n t of the indolylglycine 

(113) with iodine or b r o m i n e however gave a complex 

m i x t u r e of highly coloured c o m p o u n d s . On the other 

1 no 

hand N - b r o m o s u c c i n i m i d e in DMF X I° gave a 41% y i e l d of 

an unstable blue oil identified by 1 H n . m . r . as the 

4,7-disubstituted p r o d u c t (175) . D u e , h o w e v e r , to 

its low yield of formation and its i n s t a b i l i t y , no 
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f u r t h e r investigation of the chemistry of b r o m o i n d o l e 

(175) was u n d e r t a k e n . 

SCHEME 39 

H 3 f T O C 0 2 E f -

to 
h 

( 1 7 2 ) 

(175) 

It is w e l l known that allylsilanes undergo 

s u b s t i t u t i o n with c o n c o m i t a n t double bond m i g r a t i o n 

and loss of silicon on treatment with an electrophile 

and a .Lewis a c i d 1 0 4 or a source of fluoride i o n 1 0 5 . 

Inspection of the indole silane (141) reveals an 

analogous system in w h i c h nitrogen has replaced one 

carbon of the allylic s y s t e m . It was anticipated 
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t h e r e f o r e that t r e a t m e n t of the silylated indole. 

(141) w i t h a Lewis acid and an electrophile could 

give regiospecifically a 3,4-disubstituted indole 

(172) with simultaneous loss of the silicon r e s i d u e . 

To test this i d e a , reaction of the silyiated 

indole . (141) with n i t r o e t h y l e n e and a number of Lewis 

acids w a s i n v e s t i g a t e d . Some of the results of this 

s t u d y a r e illustrated in Table 1 1 . 

L e w i s acids such as zinc chloride aluminium 

t r i c h l o r i d e , triraethylsilyltrifluororaethane-

s u l p h o n a t e , b o r o n trifluoride d i e t h y l etherate and 

p o w d e r e d glass proved i n e f f e c t i v e . These Lewis acids 

gave either low r e g i o s e l e c t i v i t y or no reaction a t 

a l l . Additionally yields of products w e r e p o o r e r 

than those illustrated in Table 1 1 . Reactions w e r e 

rapid being complete w i t h i n a few hours at -78°C w i t h 

tin (IV) chloride and titanium (IV) c h l o r i d e . By 

c o n t r a s t reaction of the indolyl glycine (113) with 

n i t r o e t h y l e n e p r o c e e d e d to completion after two days 

a t room temperature w h i l e the s i l y l indole (142) 

under the same c o n d i t i o n s took 24 hours to achieve 

c o m p l e t e r e a c t i o n . It is evident t h a t the Lewis 

acids accelerate the reaction to a s i g n i f i c a n t 

d e g r e e . 

T h r e e features of the results in Table 11 a r e of 

p a r t i c u l a r n o t e . F i r s t l y it can be seen that q u i t e 

u n e x p e c t e d l y the s i l i c o n m o i e t y has been largely 

p r e s e r v e d in the p r o d u c t . It is thought that p a r t i a l 

d e s i l y l a t i o n has been caused by the presence of trace 
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TABLE 1 1 2 - R e a c t i o n o f ( 1 4 1 ) w i t h N i t r o e t h y l e n e and 
D i f f e r e n t L e v i s A c i d s 

Entry Lewis 
A c i d 

T e m p ' C Products (yield%). 

* 
J 

1 SnCU - 7 8 

C H 3 l T O c 0 2 E t 

I ^ T O N 7 155 R = H (20) 
R 176 R =Si (CH 3) 3 (A 3) 

2 Z n l 2 - 2 Q 

CH3N^"C02Et 

( f y T ^ 156 R = H a 

' • W ^ N 7 1ZT R =Si(CH3)3(27) 

I R 

N02 

3 - 7 8 176 -. 177. 4 : 1 b (30)c 

a ^ Y i e l d n o t recorded 

b . N o t seperable by column c h r o m a t o g r a p h y 

c . A l s o isolated 12% of (155) and (156) 
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amounts of acid impurity in the Lewis a c i d . Secondly 

tin (IV) c h l o r i d e and zinc iodide both d e m o n s t r a t e 

e x c e l l e n t regioselectivity in the reaction giving 

products w i t h a greater than 95% regiochemical 

p u r i t y . No other Lewis acid investigated showed such 

r e g i o s e l e c t i v i t y . A u s e f u l qualitative difference in 

the b e h a v i o u r of the two regioisomers (176) and (177) 

has been o b s e r v e d . The 3 , 4 - d i s u b s t i t u t e d indole 

(176) was shown to char w h e n a silica gel a n a l y t i c a l 

t ^ l . c . of it was developed w i t h c o n c . s u l p h u r i c acid 

followed b y w a r m i n g . The 4,7-disubstitued indole 

(177) h o w e v e r turned r e d - p u r p l e in colour followed by 

charring w h e n treated in the same m a n n e r . 

F i n a l l y and m o s t interestingly is the difference 

in the r e g i o s e l e c t i v i t y of the reaction with a change 

of Lewis acid from tin (IV) chloride to zinc (II) 

i o d i d e . M o s t probably tin (IV) chloride is forming a 

complex (178) with the g l y c y l m o i e t y of the indole 

(141). The observation t h a t the reaction m i x t u r e 

rapidly d a r k e n e d after the addition of 0.5 

equivalents of tin (IV) c h l o r i d e p o s s i b l y supports 

this c o n t e n t i o n . It was a l s o shown that the bulkier 

v a l i n e species (142) gave a 1:1 m i x t u r e of two 

regioisomers under the s a m e reaction c o n d i t i o n s . A 

complex such as (179) has a very hindered 3 - p o s i t i o n 

p a r t i a l l y p r e v e n t i n g reaction a t that s i t e . The 

donation to the aromatic ring of the n i t r o g e n lone 

pair in c o m p l e x (178) is c o n s i d e r a b l y reduced such 

t h a t the 3 - p o s i t i o n becomes the m o s t favoured site 
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f o r e l e c t r o p h i l i c s u b s t i t u t i o n . A c c e l e r a t i o n of the 

reaction is brought a b o u t by a c t i v a t i o n of 

n i t r o e t h y l e n e to M i c h a e l a d d i t i o n by the Lewis a c i d . 

By c o n t r a s t it is t h o u g h t that zinc iodide serves 

only to activate n i t r o e t h y l e n e towards M i c h a e l 

a d d i t i o n and has no effect on the electronic 

c o n f i g u r a t i o n of the a r o m a t i c nucleus hence leading 

to a 4,7-disubstituted p r o d u c t . 

j l 4 l l R=H (178) R =H 

^ f 4 2 T R = (CH3)2CH (179) R = (CH3)2CH 

The silylated indole (176) was q u a n t i t a t i v e l y 

d e s i l y l a t e d with tetrabutylammonium f l u o r i d e , thus 

p r o v i d i n g an efficient synthesis of the desired 

3 , 4 - d i s u b s t i t u t e d indole (155). O v e r a l l yields of up 

to 50% w e r e obtained for the three stage conversion 

of (113) to (155) and the steps involved are 

s u m m a r i s e d in Scheme 4 0 . 
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SCHEME 12 

CH,N COjEt CH,N C0£h CH3N C02EH 

XX 

Si(CH3)3 
(113) (141) (155) 

(i) ( C H 3 ) 3 S i C l f E t 3 N f D M A P . (ii) C H 2 : C H N 0 2 , S n C l 4 . 

(iii) B u ^ N F , 50% o v e r a l l y i e l d s 

To further explore, the v e r s a t i l i t y of the 

s i l y l a t e d species (141) reaction with a number, of 

other electrophiles was i n v e s t i g a t e d . 

D i s a p p o i n t i n g l y it was discovered that no reaction 

took p l a c e with ethyl a c r y l a t e , p r o p y l e n e o x i d e , 

m e t h y l c h l o r o f o r m a t e b r o m o a c e t a l d e h y d e dimethyl-

v 0 
a c e t a l , t r i m e t h y l o r t h o f o r m a t e or /-butyrolact/fae. A 

F r i e d e l - C r a f t s a c y l a t i o n however occurred w i t h acid 

c h l o r i d e s or anhydrides and these results are 

s u m m a r i s e d in Table 1 2 . 

W i t h tin (IV) chloride as Lewis acid reactions 

p r o c e e d e d efficiently in a regiospecific m a n n e r . 

Zinc iodide however gave only a 15% yield of the 

expected .4,7-disubstituted p r o d u c t (184) together 

with 48% y i e l d of the 3,4-disubstituted indole (180). 

This loss of s e l e c t i v i t y is p r o b a b l y due to the 

increased bulk of the acylium ion (185) involved 

compared with the activated species (186) generated 

from n i t r o e t h y l e n e . In the acylium ion (185) the 
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T a b l e 1 2 1 - F r i e d e l - C r a f t s a c y l a t i o n o f N - M e t h y l - N - [ 4 - ( l -
t r i m e t h y l s i l y l ) i n d o l y l ] g l y c i n e E t h y l E s t e r 
(141) 

Entry Lewis 
A c i d a 

E l e c t r o -
Dhile Rroduct(s) (yield%) 

1 SnCU CH3C0CI 
C H 3 N ^ c ° 2 E t Q 

d r o ' ^ ^ f j • 180 (88) 

2 SnClz, (CH3C0)20 180 (78) 

3 SnCU iPrCOCl 
C H 3 T O C 0 2 E t 

& A C H f H i ) 2 

H 181 (40) 
C H 3 T O C 0 2 E t 

4 SnC-U C6H5C0CI 
O T I CsHs 

TOY N > 182: R - H(34)+ 
R 183 R =C6H5CO(45) 

C H 3 T O 0 2 E t 

5 Znl 2 CH3COQ 1 8 4 ( 1 5 ) [Oi jj + 180 (48) 
I H 

CYC H B 

6 Z n l 2 (CH3C0)20 " — No reaction 

a . Reaction c o n d i t i o n s , (141) one e q u i v a l e n t , Lewis 

acid 2 e q u i v a l e n t s , electrophile 3 e q u i v a l e n t s , 

stirred 4 hours at -78°C (SnCl.) or -20°C ( Z n l 9 ) . 
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s t e r i c a l l y demanding Lewis acid m u s t come into close 

p r o x i m i t y with the large silicon group attached to 

the indole (141) for 7 - s u b s t i t u t i o n to take p l a c e . 

In the activated species (186) however the bulky 

Lewis acid is relatively remote from the s i l y l i n d o l e . 

S i m u l t a n e o u s t r e a t m e n t of the silylated indole 

(141) with, n i t r o e t h y l e n e and t e t r a b u t y l a m m o n i u m 

d e s i l y l a t e d starting indole (113) . Other sources of 

fluoride p r o v e d equally i n e f f e c t i v e . 

F i n a l l y to f u r t h e r e x p l o r e the g e n e r a l i t y of this 

reaction 1 - t r i m e t h y l s i l y l i n d o l e (187) was p r e p a r e d 

from i n d o l e , c h l o r o t r i m e t h y l s i l a n e , t r i e t h y l a m i n e and 

4 - N , N - d i m e t h y l a m i n o p y r i d i n e . Reaction with nitro-

ethylene and tin (IV) chloride gave a 10% y i e l d of 

the substituted indole (149). This contrasts poorly 

with R a n g a n a t h a n ' s 9 4 b synthesis of (149) in an 80% 

yield, b y simply treating indole with n i t r o e t h y l e n e . 

A d d i t i o n a l l y F r i e d e l - C r a f t s acylation of (187) with 

a c e t y l c h l o r i d e and tin (IV) chloride y i e l d e d 47% of 

the k n o w n 3 - a c e t y l derivative (188). 

LA 

Nuc=: Nucleophile LA= Lewis Acid 

105 
fluoride resulted only in the isolation of the 
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0 

O c T 1 
H 

N02 

H 

CHa 

(187). ( 1 4 9 ) (188) 

ii) Conclusion 
In this section the electrophilic substitution of 

4-aminoindoles has been d i s c u s s e d . It w a s shown that 

substitution proceeded m o s t readily a t the i n d o l e C - 7 

p o s i t i o n . Computer calculations from Simple H u c k e l 

M o l e c u l a r O r b i t a l Theory revealed the u n u s u a l 

electron density round the aromatic nucleus of 

4 - a m i n o i n d o l e s . Also it was shown how this w a s 

altered by rotation of the nitrogen lone pair out of 

conjugation with the aromatic r i n g . These 

calculations have been used to explain some of the 

u n u s u a l characteristics of electrophilic substitution 

in 4-aminoindoles discovered e x p e r i m e n t a l l y . 

Furthermore a new and regiospecific substitution 

p r o c e d u r e has been developed such that the 

3,4-disubstituted indoles (155) and (162) w h i c h are 

n e c e s s a r y for our teleocidin work could now be 

s y n t h e s i s e d . 

Synthesis of the Seco Amino Acid Esters 
(i) Hydroxvmethvlation 

Continuing the synthesis towards substituted 

p y r r o l o - l , 4 - b e n z o d i a z o n i n - 3 - o n e m o d e l s (8) and (13) 
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o f t h e T e l e o c i d i n s , further f u n c t i o n a l i s a t i o n of the 

3-substituted-4-airrinoindoles (described in the l a s t 

section) is r e q u i r e d . F o l l o w i n g ample literature 

p r e c e d e n c e h y d r o x y m e t h y l a t i o n <54 to the activating 

nitro s u b s t i t u e n t is an o b v i o u s c h o i c e 1 0 3 ' 1 0 3 . 

CH3N OH 

(8) « 3 ) 

Initial studies of the h y d r o x y m e t h y l a t i o n of the 

3-(2-nitroethyl)-indole (155) using p o t a s s i u m 

b i c a r b o n a t e a n d formalin g a v e disappointing r e s u l t s . 

Y i e l d s of the desired n i t r o a l c o h o l (189) (Scheme 41) 

w e r e g e n e r a l l y p o o r , n o t reproducible and gave 

considerable quantities of the unwanted bis-

(hydroxymethyl) a d d u c t (190) . The low yields w e r e 

attributed to extensive h y d r o l y s i s of the ethyl ester 

under these reaction c o n d i t i o n s . 
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SCHEME 12 

(155) (189> 

(190) 

(i) K H C 0 3 , f o r m a l i n , H 2 0 , E t O H . (ii) N a O C H 3 (cat), 

p a r a f o r m a l d e h y d e , D . M . F . , 60°C. 

F u r t h e r investigation of the reaction revealed 

t h a t t r e a t m e n t of (155) with one e q u i v a l e n t of 

p a r a f o r m a l d e h y d e in D . M . F . in the p r e s e n c e of a 

catalytic quantitiy of sodium m e t h o x i d e afforded 

r e p r o d u c i b l e yields of 60 - 70% of the mono 

(hydroxymethylated) compound (189) (Scheme 4 1 ) . Bis-

(hydroxymethylation) to give (190) s t i l l occurred to 

some e x t e n t b u t it was shown that r e t r e a t m e n t of 

(190) with sodium m e t h o x i d e in warm D . M . F . gave an 

e q u i l i b r i u m m i x t u r e of (.190) the required m o n o 

(hydroxymethyl) compound (189) and (155) which were 
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easily separated by chromatography (Scheme 42)„ This 
re-equilibration procedure increased yields of the 
/?-nitroalcohol (189) to an acceptable 75%. 

SCHEME 42 

C H 3 N ^ 0 2 E t C H ^ W 

- > (155) 

(190) (189) 

(i) NaOCH3, D.M.F. 60°C. 
The more highly substituted 3-(2-nitroethyl)-

indole (162) and the 'rearranged1 indole (165) were 
successfully hydroxymethylated in a similar manner to 
give (191a,b) and (192a,b) respectively, each 
occurring as a 1:1 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 more polar (192b) compounds were assigned by 
later examination of the tricyclic lactams derived 
from them. 
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C H , N x 0 2 C H 3 

toC02CH3 

(ii) Hydroxy! 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 
effectively without prior hydroxyl protection107. In 
our case however there is a possible competition 
between formation of a sterically constrained 
9-membered lactam and formation of a less sterically 
constrained 10-membered lactone ring (193) , in which 
the less reactive hydroxyl moiety has undergone 
preferential reaction. With this potential but real 

168. 



problem in mind, it was decided to study the 
protection of the JJ-nitroalcohols described above. 

NH2 

H 
( 1 9 3 ) 

Choice of a suitable protecting group was limited 
by the known properties of ft-hydroxysubstituted 
nitroalkanes. We have already shown that the bis-
(hydroxymethylated) compounds such as (190) undergo a 
facile reverse.reaction in which either one or both 
hydroxymethyl groups may be eliminated under mildly 
basic conditions. Additionally ̂ 3-nitroacetates (194) 
have been shown to be unstable and decompose readily 
under mildly basic conditions to the corresponding 

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 

nitroolefin (195) 108 

169. 



under, these conditions perhaps the acetals are best 
known. Of these the 'classical' tetrahydropyranyl 
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 noted. That is, the introduction of an additional 
asymmetric centre to the molecule. It was found 
however that on treatment of the appropriate 
nitroalcohol (189), (191a,b), (192a,b) or diastereo-
merically pure (192a) with excess dihydropyran and 

100 
pyridinium 4-toluenesulphonate the tetrahydro— 
pyranyloxy ethers (196),- (197a,b) , (198a,b) and 
(198a) were formed in yields of 82 - 97%. 

(196) (197a and b) 

T T 
m c q 2 C H 3 

no 2 no 2 

othp qtihp 

C H 3 

(198a and b) (198a) 

ch 3 
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Synthesis of, for example, the 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 

(141) (196) 

(i) CH2=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 nitroolefin (199) which could avoid 
the necessity of separate hydroxymethylation and 
protection stages. 

N02 

tov^OTHP 

(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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100 methanesulphonate generated in- situ (Scheme 44). or 
1 0 9 

by Corey's nitromercuation elimination procedure 
as applied to the tetrahydropyranyloxy ether of allyl 
alcohol failed. We therefore had to abandon this 
attractive approach. 

SCHEME U 

m z 

t") y> 

(i) HCHO, base. (ii) CH3S02C1, Et3N. 
i) Reduction-to-Tryptamines 

Finally in this section an efficient general 
methodology for the reduction of 3-(2-nitroethyl) 
indoles to the corresponding amines was required. Of 

110 
the literature procedures 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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(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 
ethanol111 was a most effective method. An 
experimentally simpler process that was eventually 
applied generally to the reduction of our nitro-
alkanes was the use of a cobalt (II) chloride/sodium 

112 
borohydride reagent combination . This system 
proved efficient and rapid at (or below) room 
temperature. The tryptamines (202) , (203), (204), 
(205a,b), (206a,b) and (206a) were all thus obtained 
from the corresponding nitro compounds in yields of 
71 - 89%. The unprotected p-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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(202) 

ChUN 

C H * N 

(203) 

CHUN 

(205a and b) 

U 4 

I v 
CH3 

(206a and b). 

HN C02CH3 

Y C H 3 

(206a) 

Although •cleanly and efficiently reducing 
3-(2-nitroethyl)indoles, it was found that the 
CoCl2/NaBH4 reagent also reduced the trisubstituted 

113 
olefinic bonds of an indole geranyl substituent. 
Reduction of the 1,3,4-trisubstituted indole (164)-
with CoCl2/NaBH4 according to the general procedure 
resulted in a mixture of three products (207), (208) 
and (209) (Scheme 45) . The previously discussed 
NiCl2/NaBH4 system has however already been shown to 
leave a geranyl substituent intact (Section 4 (v)). 
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SCHEME 45 

(208) (209) 

(i) CoCl4/NaBH4, MeOH. 
Thus we were able to synthesise a number of 

important seco amino acid esters necessary for 
further work towards the target tricyclic lactams 
(8), (12) and (13). Also synthesis of the additional 
targets (125a,b) and (125a) from cyclisation of the 
readily available 'rearranged' indoles (206a,b) or 
the diastereomerically pure (206a) respectively. 
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T 
H N IT 

66 
O H 

C H 3 

(125a) 

N.B. Where diastereomers 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 
(206a,b) describes a diastereomeric mixture while 
(206a) describes a single diastereomer. 
Synthes is-of - the-TrIcyd ic~ba<?t3ms 

(i) Synthesis 

Having overcome a number of synthetic problems £n 
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 
unusual tricyclic ring systems. With some relief 
therefore it was observed that the simple 
4-substituted tryptamine (202) gave the tricyclic 
lactam (12) in a 40% yield on simply warming in 
D.M.F. at 140°C at a concentration of lmg/ml± 3.6 x 
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—3 10 M (Scheme 46) . However a two stage procedure. 
proved to bev more effective than this classical 
thermolysis method. Thus hydrolysis of the ester 
(202) with one equivalent of aqueous sodium hydroxide 
followed by careful drying gave the sodium salt 
(210). Treatment of the salt (210) with 

6 7 

diphenylphosphoryl azide and triethylamine in 
D.M.F. resulted in yields of up to 57% of the 
tricycle (12) (Scheme 46). 

SCHEME 46 

(210) 
(i) D.M.F., heat, 40%. (ii) NaOH, H20, EtOH. 
(iii) (PhO)2P(0)N3, D.M.F., 57% overall. 

Dicyclohexylcarbodiimide (DCC) a classical 
peptide coupling reagent, proved to be less effective 
and purification more troublesome than the 
diphenylphosphoryl azide route. Attempts to improve 
the yields of the cyclisation reaction by for example 
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slow addition of a solution of the sodium salt (210) 
in D.M.F. to diphenylphosphoryl azide over a period 
of 8h or by variation of the initial concentration of 
the reaction mixture proved to be ineffective. 
Generally reactions were performed at a concentration 
of the sodium salt (210) of l-3mg/ml = 3.6 x 10~3 -
10~2M. 

Inspection of the n.m.r. spectrum of (12) 
obtained at 250MHz revealed very extensive broadening 
of resonances due to the ring methylene protons. 
Warming the deuteriochloroforra solution of (12) to 
50°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 53.90 assigned to the ring C-2 and C-5 protons 
sharpened significantly. The 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 
happen to produce coalescence in the ^H n.m.r. 
spectrum. This is due to the greater flexibility of 
the unsubstituted macrocyclic ring of (12) compared 
to the 'locked1 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 thought 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. 

The protected precursor to (13), (212) was 
prepared by a similar two stage hydrolysis/ 
cyclisation procedure from the protected amino 
alcohol (204) (Scheme 47) . Interestingly the 
unprotected amino alchohol (203) gave (13) directly 
by the same protocol (Scheme 47) , no sign of the 
corresponding lactone (193) 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 value in 
solubilising this tricyclic product. Deprotection of 
(212) was accomplished with dilute hydrochloric acid 

H 

(211) 
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at room temperature (Scheme 47) . Acetic acid in 
THF113a or Amberlyst resin113b failed in this case. 

SCHEME 47 

XX tojiiliii 

X ] T H P 

H-

(204) 

\\ i N H z Jiiiiii 
N ^ O H 

i H -203) ^ . 

- > 

othp 

(212) (iii) 

h 

c h 3 N ^ Y 
0 

(193) 

(i) NaOH, EtOH, H20. (ii) (PhO)2P(0)N3, Et3Nf D.M.F. 
(iii) HClr room temperature. 

Treatment of the protected compound (212) or (13) 
with 3N HC1 at reflux in ethanol overnight gave an 
acid soluble product. Inspection of the i.r. 
spectrum of this product revealed an absorption at 
1720cm""1 corresponding to a lactone or ester carbonyl 
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stretch and absorption corresponding to a lactam 
at 1650 - 1660cm"*1. Teleocidin B has been shown to 
undergo a ring opening/ring closure reaction to give* 
the lactone (see Section 2) . The structure of the 
new product is therefore thought to be the lactone 
(193) (Scheme 48). 

SCHEME 48 

(13) r = h 

(212) r = thp 

(i) 

(193) 

(i) 3N HC1, H20, EtOH, 85°C. 
As previously mentioned (see Section 5 (ii)) the 

two diastereomers (125a) and (125b) have been 
unintentionally synthesised and details of the final 
stages of this synthesis are now discussed. 

i 
ch 3 

(125a) 

oh 

(125b) 

oh 
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Treatment of the diastereomeric mixture of amino 
esters (206a,b) with base and subsequent cyclisation 
with diphenylphosphoryl azide gave a 1:1 mixture of 
the diastereomeric THP ethers (213a) and (213b) which 
were readily separated by chromatography (Scheme 49). 
It was noticeable that saponification of (206afb) was 
much slower than was saponification of for example 
(202), reflux overnight being necessary. It had been 
thought that cyclisation of the diastereomeric 
mixture of the sodium salts (214a,b) would lead to 
formation of only one diastereomer, the trans isomer 
(213a). Epimerisation of the residual sodium salt 
(214b) and submission to cyclisation again would then 
lead to an additional yield of the ijians. product 
(213a). Evidently however since a 1:1 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 quantities of the more polar 
cis product (213b) (Scheme 50). From this result it 
was clear that the valine moiety of (206a) was 
remarkably resistant to epimerisation. 
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SCHEME 45 

(i) NaOH, EtOH, H2Or reflux, 100%. 
(ii) (PhO)2P(0)N3, Et3N, D.M.F. 74%. 

SCHEME 50 

O.THP 

OTHP 

OTHP 

(213a) 

(i) NaOH, EtOH, H20, reflux. (ii) (PhO)2P(0)N3, 
Et3N, D.M.F. 
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The THP ether (213a),. isolated as a crystalline 
solid and (213b) , an oil, were deprotected by an 

1 1 5 

improved procedure Treatment of (213a) (Scheme 
51) or (213b) with a catalytic quantity of 
4-toluenesulphonic acid in warm methanol followed by 
removal of the bulk of the solvent and cooling gave 
in excellent yield (125a) and (125b) as colourless 
microneedles and pale yellow crystals respectively. 
X-ray crystallographic analysis of (125b) (Appendix 
4) established its structure and relative cis 
stereochemistry. Variable temperature 1H n.m.r. 
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 

(213a) (1251a) 
(i)CH3OH, 4-CH3.C6H4S03H, 60°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 (205a,b) . 

^ O T H P 

NH2 

(8) (205(3^) 

Consequently it was found that (205a,b) was 
unaffected by treatment with four equivalents of NaOH 
in propan-2-ol at reflux temperature. Also it was 
shown that application of Gassman's hindered ester 

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 

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 basi'c 
aqueous medium. 

hydrolysis procedure118 using ten equivalents of 

reaction mixture with water. One possible 
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C H , N X - 0 C H 3 

H. 
othp 

nh 2 nh 2 

•othp 

(214) (215) 
ch 3 

By contrast the 'rearranged1 amino ester (206afb) 
would be expected to deprotonate more readily on 
nitrogen than carbon to give the anion (215). This 
species can still 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 oC to the carboxylate ester 
leading to a vicinal dianion (216) an obviously 
unfavoured^ species. 

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 

ch 3 

(216) (122) 
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ring or the tryptophanolyl substituent is influencing-
the acidity of the proton ot to the ester 
functionality of (205a,b). 

Direct intramolecular reaction of the 
diastereomeric mixture of amino esters (205a,b) by 
thermolysis as described for the formation of (12) 
resulted in the isolation of an intractable mixture 
of products, none of the protected compound (217a,b) 
being detected. 

( 2 0 5 0 . 1 ) ) ( 2 1 7 a , b ) 

Unfortunately due to lack of both material and 
time the further study of the hydrolysis of (205a,b) 
has not been possible. It is to be expected that 
esters such as the benzyl (218) or phenyl (220) 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 45 

c h , I A c 0 * h 

(i) 
othp 

(218) (219) 

C H , Y C 0 2 P h OTHP 
0 

(ii) 

(220) 

on 
(217) 

=ph ch 2=bZ . 

(i) H2/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 zone1 

model (8) has not proved possible due to the unusual 
stability towards hydrolysis of the methyl ester 
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employed. It is thought however that variation of 
the ester functionality of the amino acid ester 
(205a,b) should make this important compound easily 
accessible and that the total synthesis of Teleocidin 
A is now in sight. 
A l t e r n a t i v e S t r a t e g y T o w a r d s 3 H - P y r r Q l Q - l r 4 -

benzodiazonin-3-ones 
Having demonstrated in the previous section the 

feasabilityr using one approach, of the synthesis of 
the pyrrolo-l,4-benzodiazonin—3-one skeleton common 
to the Teleocidins a brief examination of an 
alternative strategy was also pursued. This approach 
(see Retrosynthesis) relies on intramolecular 
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 

1 1 7 

Baldwin's rules for ring closure . An added 
attraction of this route was the potential for the 
simultaneous introduction of a chiral 5-substituent 
into the 3H-pyrrolo-l,4-benzodiazonin-3-one ring 
system. 

Hydrolysis of the versatile 4-aminoindole 
derivative (113) and subsequent acidification with 
HC1 gave the amino acid (222) .as the hydrochloride 
salt. Subsequent reaction with dl-serine methyl 

7 5 
ester , dicyclohexylcarbodiimide, triethylamine and 

118 

10mol% of 4-N,N-dimethylaminopyridine gave the 
dipeptide (221) in a respectable 55% overall yield 
(Scheme 53). 
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s c h e m e 53 

CH-M r n - F t 

c0 2ch 3 

tt h h 

(113) (222) (221) 

(i) NaOHr EtOH, H-o. (ii) HC1 (iii) dl-serine 
methyl ester hydrochloride, D.C.C., D.M.A.P., Et^N, 
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 via 
acylation with the carboxylate group (223) (Scheme 
54) or via displacement of an activated hydroxyl 
species (225) (Scheme 55). Subsequent elaboration of 
either product (224) or (226) would lead to the 
tricyclic lactam (13) . 
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SCHEME 54 

H H 
C H 3 N X f N T O 0 P C H 3 N X T N Y ^ 0 P 

I 0 TOO< 1 0 

O X 
0 

X = leaving group P = protecting group 

(223) , (224) 

SCHEME 55 

H fl • H R 

0 

(225) (226) 

In order to explore the first route, the tert 
butyldimethylsilyl ether (227) was prepared by 
standard means. No bis-silylation was observed. In 
an effort to exploit the unusual Friedel-Crafts 
chemistry of l-triraethylsilyl-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 
raonosilylated material (227) on rapid column 
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chromatography. Evidently therefore this compound 
(227) was not an ideal substrate for further chemical ' 
manipulation. 

SCHEME 56 

C H 3 N ^ v t o ° t B D M S C H 3 t o t o 0 ' B D M S 

... to. 0 . CO2CH3 .... C ° 2 C H 3 
l 2 2 1 1 ^ 0 - n , Q g j 

(227)H (228)Si(CH3)3 
tBDMS = . S R C ( C H 3 ) 2 ( C H 3 ) 2 

(i) (CH3)2(CH3)3CSiClf D.M.A.P., Et3N, 93%. 
(ii) (CH3)3SiCl, Et3N, D.M.A.P., 17% after 
c h r oma t og raphy. 

The acylation of pyrroles and indoles by 
treatment of the parent heterocycle with a potassium 
carboxylate salt and methanesulphonyl chloride has 

9 7 

been reported . Saponification of (227) and 
treatment of the resultant sodium salt according to 
the literature procedure under hijgh 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 activating hydroxylic species 
with diethyl azodicarboxylate and triphenylphosphine 

1 1 9 

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 on 
treatment of the dipeptide (221) with one equivalent 
of methanesuiphonyl chloride and excess triethylamine 
(Scheme 57). 

• (i) Ph3Pf Et02CN=NC02Et, 76%. (ii) CH3S02C1, 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 
documented98r94^,120^ unfortunately however under 
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. 

s c h e m e 57 

h h 

(221) (229) 
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11. Approaches to the Introrinrfrinn of the Linalyl 
'Southern Zone1 

(i) Introduction 
The proposed route to the introduction of the 

'southern zone1 linalyl side chain of Teleocidin A 
(see Retrosynthesis) involved an aza-Claisen 
rearrangement of a 1-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 (230) and 
(231) are discussed in this section. 

N 0 t 
•SCH3 

1 

NQ2 
sch 3 

(63) 6 1230) 

C H 3 N ^ C 0 2 E t CH,N C02EI" 

> 
H 

(133) (231) 

(ii) The aza-Claisen reaction 
The thermolysis of 1-crotylindoles at 460°C has 

been reported to give a mixture of 1-, 2- and 
121 3-crotylindoles in low yield . Also Inada's 

194. 



122 33 group- and Gasnati have reported the Lewis acid 
catalysed rearrangement of 1-allyl indoles to 2- or 
3-substituted indoles. The very extensive 
applications of palladium complexes to organic 
chemistry also includes the mild Claisen 
rearrangement of aromatic allyl ethers (232) 
(Scheme 58). 

SCHEME 58 

123 

P d C P P h a k 

(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 rearrangement 125 

particularly suitable solvent is trifluoroacetic 
acid126. 

It was found however that on heating either (63) 
or (133) either neat at up to 230°C or at reflux in 
di-a-butyl phthalate for extended periods of time no 
useful products were produced. Treatment of (63) 
with ZnCl2, BF3.Et20, A1C13 or Et2AlCl proved equally 
ineffective. The use of transition metal catalysts 
such as Pd(PPh3)4, PdCl2(MeCN)2, Pd(OAc)2(PPh3)2, 
RuCl2(PPh3)3 or the highly enophilic 
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Pd(BF4)2MeCN(PPh3)3
127 was also unsuccessful on this 

particular substrate. 
of (133) n 

Flash vacuum pyrolysis/^at 560°C and 680°C at a 
pressure of 5x10 mmHg resulted in the complete 
recovery of starting material. At 800°C and 3.5 x 
10 mmHg extensive decomposition occurred. The major 
product observed was the degeranyl material (113) . 

C H 3 N ^ 0 2 E f 

O 6 0 

A H 

(113) 

Finally it was observed that warming (133) in 
trifluoroacetic acid at reflux resulted in the 
isolation of a 60% yield of an unidentified product. 
Examination of the 1H n.m.r. at 250MHz however 
revealed two doublets J 7.4Hz at <5*6.16 and 6.30. A 
triplet J 7.4Hz at &7.01 was also observed. These 
resonances were 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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regioselectivity- of the electrocyclic rearrangement 
of a 1-geranyl substituent in the 4-aminoindole. 
system is uncertain. 

Submission of 1-geranylindole (137) to the same 
reaction condition of refluxing trifluoroacetic 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. 

(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 also been briefly investigated. The 
general approach is 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 replacement of X from the intermediate 
tricycle (234) as indicated could lead to the 
required linalyl substituted indole (231) . 

(137) 
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SCHEME 45 

C H , N | T O 0 2 E f ch 3NOco 2EF 

(133) (235)^'" ^ 

V 

C 0 2 E f 

(231) 

C H D N 

(234) 
N u c 

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

1 2 8 

known . However treatment of (133) with either 
N-phenylselenophthalimide and SnCl^ as catalyst, or 

+• — 1 2Q 

with PhSe SbFg generated in situ from 
phenylselenyl 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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incorporated 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 1,4,7-trisubstituted 
indole (236). 

Similarly unsuccessful was the use of iodine, 
(X=I) and Hg(OAc)2, (X=HgoAc). 

A third approach to the introduction of a 
terpenoid 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) is introduced which on further 
manipulation could lead to the required linalyl 
substituent (Scheme 60) . Unfortunately 7-acylation 
was shown to proceed in low yield with poor 
regioselectivity and this approach was not further 
pursued. 

CH3N C02Ef 

(236) 
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SCHEME 45 

(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 
1-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 45 

(113) (239) 12% 

(i) geraniol, CH3S02C1, Et3N, D.M.A.P., 12% 
These two reactions highlight the major drawback 

to a direct electrophilic substitution procedure. 
The primary alcohol functionality of geraniol (240) 
is readily activated and undergoes SN2 substitution 
(Scheme 62). The tertiary alcohol linalool (243) is, 
however, less readily activated but would be expected 
to undergo S ^ 1 substitution with nucleophiles 
(Scheme 62) leading to the same product (242). 

SCHEME 62" 

OH 

^ N u c 

(240) (241) 

Nuc 
X=Leaving Group 

(24?1 

Nuc 

(243) 1244) 
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(iv) Conclusion 
Results so far in the investigation of the 

introduction of an indole 7 linalyl substituent have 
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 hexachloro-

131 
antimonate-LJJv 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. 

12 The Carbon Linked Analogue 

(i) Introduction 
As discussed in Section 3 (Retrosynthesis) a. 

number of analogues of the Teleocidin A tricyclic 
lactam skeleton were proposed. These were designed 
to not only further investigate 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 linked1 

analogue (15), is described. Additionally an 
approach to a 4-thio-substituted tryptamine (245) is 
briefly discussed. 
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'CQ2CH3 

(245) 

(ii) Synthesis of (15) 
- The approach to the preparation of (15) was 

similar to that used for the synthesis of (12). That 
is to say an appropriate 4-carbon substituted indole 
(246) was functionalised at the 3-position and this 
3,4-disubstituted indole (247) was then cyclised to 
(15) . 

0 

(12) 

C0?EF 

(246) 

4-Carbon substituted indoles are of course well 
known from the extensive array of work in the field 
of ergot alkaloids64. In 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)35. This same ester has been used recently by 

\ 

13 2 

Oppolzer in the synthesis of (±) Chanoclavine and 
(±) Isochanoclavine. 

SCHEME 63 

(88) (249) (248) 

(i) LiAlH4f THF, 99%. (ii) Mn02, CH2C12, 92%. 
(iii) (C6H5)3PCHC02Et. 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 
triethylamine and ethyl acrylate no isolable 
product was realised. Deactivation of the indole 
ring however by introduction of the electron 
withdrawing 1-(4-toluenesulphonyl) group gave 
( 2 5 0 ) S u b s e q u e n t treatment under the same 
reaction conditions gave a 36% yield of the acrylate 
ester derivative (251) (Scheme 64). 
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SCHEME 45 

r s0 2c 6h 4ch 3-4 (251) 
(101) r = h 

(250) r = 4-ch 3c 6h 4s0 2-< 

(i) butanone, K2C03, CH3C6H4S02C1, 72% (ii) Pd(OAc)2, 
PPh3, Et3Nf methyl acrylate, 36%. 

Somei's group have since reported a similar 
procedure for the preparation of (252) from the 
deactivated 4-iodoindole (253)43. As expected from 
Heck's findings13313 the iodide (253) proved to be a 
better substrate giving an improved yield of 69% of 
(252) . 

co 2ch 3 

co 2ch 3 co 2ch 3 

(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 

13 2 

protocol which on sequential reduction with 
hydrogen in the presence of palladium/charcoal 
followed by the mixed cobalt chloride/sodium 

112 

borohydride reagent gave in a 50% overall yield, 
(Scheme 65) the amino ester (247). Alternatively the 
acrylate ester (248) upon treatment with 
nitroethylene in the dark gave the unsaturated 
compound (255) as a crystalline solid in a 38% yield. 

I 
* 

Catalytic reduction converted (255) to the saturated 
indole (256) quantitatively. Under the same 
catalytic reduction conditions the acrylate ester 
(248) was converted smoothly to the saturated 
4-substituted indole (257). Conversion of the indole 
(257) to (256) was accomplished in a 3 9% yield by 
treatment with nitroethylene. The nitro ester (256) 
was efficiently and cleanly reduced to the amino 
ester (247) by cobalt chloride/sodium borohydride 
(Scheme 66) . 
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S C H E M E 45 

COzEL C02Eh 

(i)(ii) 

(i) (CH 3) 2NH, ACOH, HCHO. (ii) CH 3I, KCN, iPrOH 
(iii) H2/Pd/C, latm, EtOH. (iv) CoCl2.6H20/NaBH4, 
50% overall. 

S C H E M E 66 

h 
(248) 

co,eh 

cq2eh /(j) 

(iii) 

(257) 

(i) CH2=CHN02 38%. (ii) H2/Pd/C, EtOH, 100% 
(iii) CoCl2, NaBH4, 65 - 75% 
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Although "yields 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% 
respectively. The latter compound is of particular 
interest since 4-bromoindole is reported to be inert 

1 3 5 

to oxalyl chloride , a reagent classically used to 
prepare tryptamines by a three stage procedure (see 
review for examples). 

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 sodium salt 
(260) isolated as an off white glass was readily 
cyclised to the tricyclic lactam (15) with 
diphenylphosphoryl azide (Scheme 67) . The lactam 
(15) was isolated as a very insoluble colourless 
solid in a 47% yield. 

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

1 3 6 

procedure or by warming the amino ester (247) in 
DMF failed. 
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SCHEME 45 

(247) (260) (15) 

(i) NaOH, EtOH, H20, 94%. (ii) (PhO)2P(0)N3, Et3N, 
47% 

The lactam (15) was successfully 8-mono alkylated 
with geranyl chloride and sodium hydride to give the 
1-substituted lactam (261). 

Ha1 

(261) 

As has already been mentioned the synthetic 
lactams such as (15) reveal extensive broadening of 
peaks in the ^H 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 120°C however the spectrum is 
resolved into the expected series of triplets which 
are readily assigned. The 1-substituted indole (261) 
demonstrated a further surprising effect in the ^H 
n.m.r. spectrum. The two allylic protons a, a1 (261) 
normally occur as a well resolved doublet at 5 4.60 J 
6.3Hz. In (261). however two doublets corresponding 
to these protons occur at 5*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 120°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 1-substituted 

C indole. (261) however is below its coalescence 
A 

temperature so that distinct resonances for two 
conformers occur. On warming, the resolved 
raultiplets 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 
140°C the ring methylene protons resonate as well 
resolved triplets, as in (15). 
i) The Dienophilic Properties of (248) 

1 3 2 

Oppolzer's {±) Chanoclavine synthesis 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) . 

(262) 

,0-NCH 

(263) 

Likewise Oppolzer has also reported a synthesis 
91b 

of (±) Lysergic acid*-^ in which the key step is an 
intramolecular imino Diels-Alder reaction of (264) 
formed in sitp to give the intermediate (265). 

(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 give the readily reduced tetracyclic 

1267) 
vinylogous amide . Such an approach could lead 
to a novel route to the ergot alkaloids (Scheme 68). 

SCHEME 68 

CGUR1 

R07C 

(266) 
(248) R^H R ,R1=CH3;CH2CHY 

(251) 4-CH3C6H^S02 

(267) 

X=CH2 ;NCH3 

It was found however that when, in a model study, 
l-methoxy-3-trimethylsilyloxybuta-l,3-diene 

1 3 ft 

(Danishefsky1s diene) 0 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 1-protected indole (251) for (248) in a 
similar reaction also failed. 
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Si(CH3)3 

(268) 

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).. 

A synthesis of (14) through the 4-thioindole (93) 
whose synthesis has already 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 

H 

H 

( 2 4 5 ) (14) ( 9 3 ) 
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evidently necessary to* synthesise the 4-substituted 
tryptamine (245)-. 

c o 

Kozikowski has reported00 that (93) undergoes an 
efficient Friedel-Crafts acylation. In an effort to 
develop 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 amide 
(269) so formed to (270) was also inefficient. 
Although displacement of bromide from (270) with 
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. 

(i) BrCH2COBr, SnCl4, 42%. (ii) BH3.S(CH3)2 19%. 
(iii) K.Phthalimide 72% 
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Conclusion 
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 (9) have 
been developed. The best of these used the method-
ology of Leimgruber and Batcho. Secondly the 
N-alkylation of this compound was studied and a novel 
rearrangement of 4-N-alkylaminoindoles was 
discovered. Thirdly the unusual behaviour of 4-N,N-
dialkylaminoindoles towards various electrophiles was 
investigated. The cumulative results of these 
studies has led to a viable route towards model 
'northern zone' tricyclic lactams as outlined 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 10 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 7070 
instrument. 

Proton nuclear magnetic resonance spectra were 
recorded on a Varian EM-360A instrument at 60MHz and oh a 
Bruker 250 instrument at 250MHz. 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 d6 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. 40-60°C unless 
otherwise stated. Tetrahydrofuran was freshly distilled 
from a blue solution of sodium/benzophenone. Other 
solvents and reagents were purified by standard literature 

1 3 9 

procedures . 
Thin-layer analytical chromatography was performed on 

precoated aluminium backed Merck silica gel 60F254 plates 
with appropriate mixtures of petrol/chloroform, chloroform 
or chloroform/ethanol as eluant. Column chromatography 
was performed with 60H silica gel and with Merck silica 
gel 60 (partical size 0.040-0.063mm). 

Abbrev iat ions used; D.M.F. 
. D.M.S.O 
T.H.F. 
EtOAc 
EtOH 
MeOH 

N,N-Dimethylformamide 
Dimethylsulphoxide 
Tetrahydrofuran ' 
Ethyl Acetate 
Ethanol 
Methanol 
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CH2CI2 Dichloromethane 
CHC13 Chloroform 
t.l.c. Analytical Thin Layer Chromatography 
mm Millimoles 

Teleocidin A-(4-Nifcrobenzoyl) Ester (5) - Teleocidin A 
(4) (19mg, 0.044mm), 4-nitrobenzoyl chloride (8mg, 
0.044mm) and 4-N,N-dimethylaminopyridine (5.4mg, 0.044mm) 
were stirred together in dichloromethane for 96 h at room 
temperature. An additional portion of 4-nitrobenzoyl 
chloride (4mg, 0.022mm) was then added and stirring 
continued for a further 48h. The clear solution was 
diluted with ether and extracted with IN 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) (17mg, 66%) as an 
oil. All attempts to crystallise this material proved 
unsuccessful. (Found: M+ 586.3155, C34H42

N4°5 requires 
586.3162); m/e 586 (M+) , 544, 460, 419, 404, 376, and 150; 
9 max. (thin film) 3445, 3390, 1723, 1660, 1525, 1510, 
1450, 1410, 1345, 1270, 1213, 1100, and 755cm"1; S(CDC13, 
250MHz) major resonances 8.59 (1H, br s, 8-H), 8.29, 8.20 
(4H, ABq, J A B 8.1Hz, 4-Nitrobenzoyl ester), 7.00 (1H, d, J 
8Hz, 10-H), 6.87 (1H, d, J 1.4Hz, 7-H), 6.53 (1H, d, J 
8Hz, 11-H), 6.18 (2H, m, 91-H and lactam NH), 5.31 (2H, m, 
101-H), 5.08 (1H, m, 41-H), 4.75 (1H, m, 5-H), 4.40 (2H, 
ABX system, J ^ 3.5Hz, J B X 7.5Hz, J A B 11.5Hz, i n i-H) , 
4.36 (1H, d, J 10Hz, 2-H), 3.24 (2H, m, 6-H), 2.93 (3H, s, 
1-NCE3), 2.61 (1H, m, 111-H) , 1.75-2.00 (4H, m, 21, 3 ^ ) , . 
1.63 (3H, s, 71-H) , 1.46 (3H, s, 6X-H) , 1.40 (3H, s, 
B1-^) , 0.92 (3H, d, J 6.9Hz, 21:i-H) , and 0.63 (3H, d, J 
6.9Hz, l 1 1-^ . Minor resonances where different from 
above. S 8.78 (1H, br s, 8-H), 7.29, 7.17 (4H, ABq, J A B 
8.8Hz, 4-nitrobenzoyl ester), 7.12, 7.02 (2H, ABq, J A B 
7.5Hz, 10, 11-H), 6.93 (1H, d, J 2.5Hz, 7-H), 6.18 (2H, m, 
4, ^-E) , 4.74 (1H, masked doublet, 2-H) 4.15 (2H, ABX 
system, J A y 6Hz, J R y 6.8Hz, J A R 10.5Hz, l 1 1 1-^ , 2.76 (3H, 
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s, I-NCE3), 2.30 (1H, m, 111-H) , 1.67 (3H, s, 71-H), 1/49 
(3H, s, e1-^) , 1.25 (3H, d, J 6.9Hz, 3 U-H) , and 0.94 (3H, 
d, J 6.9Hz, 2-H)'. 

2-Chloro-6-Nitrophenvlpvruvic Acid (37a) - 2-Chloro-6-
nitrotoluene (37) (21.38g, 125mm) and diethyl oxalate 
(18.25g, 125mm) were dissolved in ethanol (50ml) 
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 
HC1 and extracted with ether (4 x 100ml) . Removal of 
solvent from the combined organic phase gave 2-chloro-6-
nitrophenylpyruvic acid (37a) (13g, 43%) as a semiw 
crystalline oil. Recrystallisation gave a pale yellow 
crystalline solid. m.p. 157.5 - 159°C (benzene)v (lit. 
m.p. 114 - 115°C41a) , semicarbazone m.p. 223 - 225°C 
(EtOH), (lit. m.p. 203 - 204°C41a), V max. (nujol) 1700, 
1660, and 1550cm"1. 

4-Chloroindole-2-carboxylic Acid (30) - (i) Ferrous 
sulphate ammonium hydroxide reduction: 2-Chloro-6-
nitrophenylpyruvic acid (37a) (8.5g, 35mm) in aqueous 
ammonia (1M, 60ml) was added to a suspension of Fe(OH)2 
prepared from iron (II) sulphate heptahydrate (56g, 440mm) 
and conc. ammonium hydroxide (23ml) in water (200ml). The 
mixture was warmed on the steam bath for 5 minutes with 
stirring, cooled, filtered and the clear filtrate 
acidified with dilute hydrochloric acid. The pale yellow 
product (30) was filtered and recrystallised (4.9g, 72%) 
m.p. 258 - 260°C (Et0H/H20), (lit. m.p. 259 - 260°C41a), 
N max. (nujol) 3350, 3270, 1728, and 1711cm"1; S 
((CD3)2SO) 6.82 - 7.44 (4H, m, indole aromatics)? m/e 195 
and 197 (M+). (ii) Sodium dithionite reduction: 2-Chloro-
6-nitrophenylpyruvic acid (37a) (13g, 53mm) in aqueous 
sodium hydroxide (3%, 150ml) was treated with sodium 
dithionite (27g) in portions over 1 h. Acidification 
(conc. HC1) followed by degassing with a stream of 
nitrogen at 90°C for 2 h. and filtration gave the indole 
(30) as a pale brown powder (7.9g, 75%). 
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100 Attempted Preparation of 4-Aminoindole (JLL -
4-Chloroindole-2-carboxylic acid (3'0) <1.167g, 6.0mm), 
cuprous chloride (0.1g) and aqueous ammonium hydroxide 
(cohc., 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 
(CHCl^/petrol 4:1 eluant) to give as a pale yellow oil 
4-chloroindole (38) (310mg, 34%), m/e 151, 153 (M+), and 
117 (M+-C1); V max. (thin film) 3420, 1615, 1575, 1504, 
1490, 1455, 1435, 1415, 1355, 1345, 1340, 1280, 1250, 
1185, 1150, 1090, 1070, 930, 895, and 750cm"1? S (CDCI3) 
7.53 (lHr m, Arfi) , 7.03 (3H, m, 2 x Aril, Nfi) , 6.70 (1H, m, 
Arii) , and 6.36 (1H, m, Arfl) . 

Methylthioacetaldehyde dimethylacetal (48) - Sodium 
sand (11.5g, 0.5M) in THF (150ml) was treated with 
dimethyl disulphide (22ml, 0.25M) over 5 minutes with ice 
cooling 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 (3 00ml). Bromoacetaldehyde dimethylacetal 
(49) (85g, 0.5M) in ethanol (40ml) was added over 10 
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 (500ml) was added to dissolve 
the suspended sodium bromide and the clear solution 
extracted with ether (4 x 100ml). The combined organic 
extracts were washed with water (4 x 100ml), 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 10mm51); S (CDCI3) 4.45 (1H, t, J 
5.5Hz, -Ca(OCH3)2), 3.37 (6H, s, CH(OCE3)2), 2.63 (2H, d, 
J 5.5Hz, CH3SCE2CH), and 2.17 (3H, s, SCfl3). 

Methylthiocetaldehyde (471 - (i) HC1 methods Methyl-
thioacetaldehyde dimethylacetal (48) (21g, 154mm) was 
warmed to reflux under nitrogen with dilute HC1 (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 30ml). After removal 
of solvent the residue was distilled to give the product 
(47) a pale yellow liquid (2.6g, 19%), b.p. 40°C at 13mm 
(lit. b.p. 35°C at 10mm51); S (CDC13) 9.45 (1H, t, J 
3.5Hz, CEO), 3.12 (2H, d, J 3.5Hz, CE2CHO), and 2.00 (3H, 
s, SCE3). (ii) S;02/H2S04 method52: Silica gel (Merck 
60H, 40g) was suspended in dichloromethane (100ml) and 
treated with dilute sulphuric acid (15%, 4g) . After 
stirring for 5 minutes, methylthioacetaldehyde dimethyl-
acetal (48) (10g, 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 30% acetal (48) by 1H n.m.r. This 
material was used without further purification. 

3-Methvlthio-4-nitroindole (40) and 3-MethYlthi9-$-
nitroindole (50) - (i) From methylthioacetaldehyde (47): 
3-Nitroaniline (6.4g, 50mm) in THF (50ml) was cooled to 
-65°C (acetone/cardice) and tert-butylhypochlorite (5.4g, 
50mm freshly distilled) in THF (10ml) added. After lh 
methylthioacetaldehyde (47) (from 7.8g, 60mm of the acetal 
(48)) was added in THF (10ml) over 10 minutes. Stirring 
was continued for a further 4 h at -65°C, triethylamine 
(5g, 50mm) 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 IN HC1 (3 x 50ml) and water (2 x 50ml). 
Removal of solvent followed by chromatography (benzene 
eluant) gave (i) 3-methylthio-6-nitroindole (50) (370mg, 
4%) as a bright yellow crystalline solid m.p. 161.5 -
164°C (CHC13). (Found: C, 51.81; H, 3.84; N, 13.42; S, 
15.25; C9HqN202S requires C, 51.91; H, 3.87; N, 13.45; S, 
15.39%); m/e 208 (M+) , 193 (M+-CH3) , 162 (M+-N02) , and 147 
(M+-N02-CH3) ; \) max. (nujol) 3320, 1500, 1463, 1455, 1372, 
1321, 1298, and 1060; S (CDC13) 7.60 - 8.36 (4H, m, ArE), 
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and 2.34 (3H, s, SCE3) . (ii) 3-methylthio-4-nitroindole 
(40), (3.78g, '36%) as a very dark red crystalline solid 
m.p. 120.5 - 121.5°C (EtOH) (lit. m.p. 123 - 124°C49), 
(Pound: C, 52.25? H, 3.93? N, 13.43? S, 15.49? C9H8N202S 
requires C, 51.91? H, 3.87? N, 13.45; S, 15,39%)? m/e 208 
(M+), 193 (M+-CH3), and 162 (M+-N02)? p max. (nujol) 3360, 
1560, 1500, 1490, 1465, 1375, 1365, 1320, 1310, 1260, 990, 
980, 790, and 725cm"1? S (CDC13) 8.89 (1H, br s, indole 
NE), 7.02 - 7.72 (4H,.m, Arfi) , and 2.39 (3H, s, SCfi3) . 
(ii) From methylthioacetaldehyde dimethylacetal (48): 
3-Nitroaniline (414mg, 3mm) in THF at -78°C (acetone/ 
cardice) was treated with tert-butylhypochlorite (354mg, 
3mra) for 90 minutes followed by methylthioacetaldehyde 
dimethylacetal (48) (40 8mg, 3mm) for 6 h. The temperature 
was raised to -20°C and the solution stored overnight. 
Filtration gave the azasulphonium salt (44) (0.66g, 71%) 
which was refluxed in benzene (3 0ml) containing 
l,8-diazabicyclo[5.4.0]undec-7-ene (450mg, 3mm) for 3 h. 
After cooling the solution was shaken with 2N HC1 (30ml) 
overnight, the organic phase separated and solvent removed 
to give a dark oily residue. Chromatography (benzene 
eluant) gave 3-methylthio-6-nitroindole (50) (76mg, 12%) 
and 3-methylthio-4-nitroindole (40) (78mg, 13%). 

3-Methylthlo-4-bromoindole (52) and 3-Methylthio-6-
bromoindole (53) - 3-Bromoaniline (51) (4.32g, 25mm) was 
dissolved in THF (40ml) and cooled to -7 8°C (acetone/ 
cardice). taif-Butylhypochlorite (2.7g, 25mm) in THF 
(5ml) was added and the solution stirred for 1 h. Methyl-
thioacetaldehyde (47) (from methylthioacetaldehyde 
dimethyl acetal (48) 3.9g, 30mm, crude) in THF was then 
added followed, after 5 h stirring at -7 8°C, by 
triethylamine (2.5g, 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 
aqueous phase extracted with dichloromethane (3 x 50ml). 
The combined organic extracts were washed with IN HC1 (4 x 
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30ml) and water (2 x 50ml) , solvent removed and the 
residue chromatographed (CHCl3/petrol 3:2) to give, (i) 
3—methyl thio—6—bromoindole (53) as a colourless 
crystalline solid (0.86g, 14%) m.p. 79 - 80°C (Et0H/H20), 
(Pound: C, 44.45? H, 3.27? N, 5.70? Br, 33.28? CgHgNSBr 
requires C, 44.64? H, 3.33? N, 5.78? Br, 33.00%)? m/e 240 
(M+-2), 207, 173, and 171? V max. (nujol) 3360, 1600, 
1465, 1450, 1440, 1380, 1325, 1300, 1090, 890, and 
805cm"1? S (CDC13, 250MHz) 8.85 (1H, br s, indole NH) 8.59 
(1H, d, J 8.0Hz, 4-H), 8.43 (1H, d, J 1.7Hz, indole 7-H), 
7.28 (1H, dd, J 1.7, 8.0Hz, 5-H), 7.19 (1H, d, J 2.6Hz, 
irradiation of the indole NH causes the signal to collapse 
to a singlet, 2-H) , and 2.34 (3H, s, SCfi3) . (ii) 
3-MethYlthio-4-bromoindole (52) (0.82g, 14%) as a pale 
yellow oil that solidified to an orange solid m.p. 57 -
59PC on cooling. (Found: C, 44.70? H, 3,31? N, 5.78? S, 
13.17? CgHgNBrS requires C, 44.64? H, 3.33? N, 5.78? S, 
13.24%)? m/e 240 (M+-2), 207, 173, and 171. V max. (thin 
film) 3410, 1610, 1590, 1555, 1500, 1475, 1425, 1405, 
1330, 1320, 1305, 1260, 1180, 1140, 1000, 965, 905, 805, 
775, and 738cm"1? S (CDC13) 8.20 (1H, br s, indole NH), 
6.76 - 7.28 (4H, m, Arfi) , and 2.33 (3H, s, CH3S) . 

3-MethYlthio-4--nitro-7-methylindole (55) - 2-Amino-4-
nitrotoluene (54) (4.56g, 30mm) in THF (100ml) was treated 
at -78°C (acetone/cardice) with .texi-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 (3.0g, 3 0mm) and warming to 
room temperature. Addition of water, removal of solvent, 
extraction of the aqueous phase with dichloromethane 
(3 x 50ml) followed by repeated extraction with 3N HC1 
gave on removal of solvent an essentially pure product 
(2.34 g, 35%). Recrystallisation gave compound (55) m.p. 
131 - 132°C (EtOH) as a brown-black crystalline material. 
(Found C, 54.16? H, 4.56? N, 12.51? S, 14.34? ci0H10N2O2S 
requires C, 54.04? H, 4.54? N, 12.61? S, 14.42%); m/e 222 
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(M+) , 176 (M+-N02), and 130 (M+-N02-SMe)? ^ max. (nujol) 
3330, 1575, 1500, 1485, 1455, 1380, 1350, 1320, 1292, 
1275, 1155, 1130, 980, 918, 820, 785, 755, and 735cm"1; 
6 (CDC13, 250MHz) 8.65 (1H, br s, indole NH), 7.00, 7.68 
(2H, ABq, JAfi 7.5Hz, 5-H, 6-H), 7.28 (1H, m, 2-H), 2.53 
(3H, s, ArCE3), and 2.38 (3H, s, SCE3). 

3-Methylthio-4-N-methyl-4-N-acetylaminoindole (57) -
N-Methyl-N-acetyl-1,3-phenylenediamine (56) (328mg, 2mm) 
in THF (20ml) at -7 8°C (acetone/cardice) was treated with 
tert-butylhypochlorite (218mg, 2mm) for 30 minutes. 
Methylthioacetaldehyde (47) (crude, from methylthioacetal-
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, washed with water 
(2 x 20ml) and the residue, on removal of solvent, 
chroraatographed (CHC13/CC14 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 
(M+-CH3); £ (CDC13) 7.08 - 7.32 (4H, m, ArE)/ 3.32 (3H, s, 
NCE3) , 2.33 (3H, s, SCE3), and 1.80 (3H, s, COCE3). 

1-Geranvl-3-methvlthio-4-nitroindole (63) - Potassium 
hydroxide (1.12g, crushed pellets) was stirred in D.M.S.O. 

5 3 

(15ml) for 5 minutes . 3-Methylthio-4-nitroindole (40) 
(lg, 4.8mm) was then added followed, after 45 minutes 
stirring at room temperature, by geranyl chloride (83 0mg, 
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 100ml), 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; C19H24N2C>2S requires C, 66.25; H, 
7.02; N, 8.13; S, 9.31%); m/e 344 (M+), 208 (M+-C-,̂ H, ,, 
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and 136? V max. (thin film) 1520, 1440, 1350, 1280, 795, 
and 730? £ (CDCI3) 6.82 - 7.43 (4H, m, ARE), 5.20 (1H, m, 
C=CE)r 4.90 (1H, m, C=CE), 4.55 (2H, d, J 7Hz, NCE 2) r 2.31 
(3H, s, SCS 3), 2,06 (4H, m, allylic CE 2) , 1.80 (3H, s, 
allylic CE3), 1.64 (3H, s, allylic CE3) , and 1.56 (3H, s, 
allylic CH3) . 

l-Benzyl-3-methylthio-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 (40.) (lg, 4.8mm) and 
benzyl chloride (595mg, 4.8mm). After the addition of 
benzyl chloride the deep coloured reaction mixture was 
stirred for 90 minutes. Aqueous work up and removal of 
solvent gave a crystalline residue (1.33g) which was 
chromatographed (CHC13/CC14, 1:1) to give the orange red 
compound (62), (1.12g, 88%). m.p. Ill - 113°C (benzene). 
(Found: C, 64.48? H, 4.73? N, 9.38? S, 10.75%? ci6H14N2°2S 

requires C, 64.41? H, 4.72? N, 9.39? S, 10.75%)? m/e 298 
(M+), 283 (M+-CH3)f 207 (M+-C?H7), and 160 (M+-C7H7-SCH3)? 
V max. (nujol) 1520, 1498, 1370, 1350, and 730cm"1? 
£ (CDC13) 6.80-7.67 (9H, m, ArE) , 5.26 (2H, s, NCE2Ar) , 
and 2.33 (3H, s, SCE3). 

3-Dimethylsulphonium-4-nitroindolyl Iodide (64) -
3-Methylthio-4-nitroindole (40) (208mg, 1mm) in ether 
(5ml) was treated at room temperature with iodomethane 
(280mg, 2mm) for 140 h. The pale yellow solid formed was 
filtered and washed thoroughly with ether to give the 
product (64) (200mg, 57%) . The analytical sample was 
prepared by recrystallisation. m.p. 146.5 - 147°C (with 
decomposition) (Et0H/H20). (Found: C, 34.45? H, 3.13? 
N, 8.07? I, 36.26? ci0H11N2O2S requires C, 34.29? H, 3.17? 
N, 8.00: I, 36.24%); 9 max. (nujol) 3100, 1515, 1460, 
1420, 1375, 1360, 1330, 1310, 1270, 1260, 1005, 805, and 
730cm"1? $ ((CD3)2SO) 8.72 (1H, s,"2-H), 7.97 - 8.20 (2H, 
m, -6-H and 5-H or 7-H), 7.53 (1H, m, 5-H or 7-H), and 3.40 
(6H, s, S(CE3)2). 

4-Aminoindole (9) - 3-Methylthio-4-nitroindole (40) 
(940mg, 4mm) and nickel (II) chloride (3.0g, 23mm) were 
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dissolved in hot ethanol (100ml) under nitrogen. Sodium 
borohydride (960mg, 25mm) was added in portions to the 
warm solution and after completion of the addition, the 
grey suspension was warmed to reflux for 30 minutes. Thin 
layer chromatography revealed a single product containing 
sulphur identified as 3-methylthio-4-aminoindole (6 9), m/e 
17 8(M+)• Additional nickel (II) chloride (3.5g, 27mm) and 
sodium borohydride (1.04g, 27mm) were added and the 
reaction mixture boiled for a further 30 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 aqueous 
phase with chloroform (3 x 50ml), washing of the combined 
organic phase with water (3 x 50ral) and removal of solvent 
gave 4-aminoindole (9) (400mg, 76%) as a pale yellow 
solid. m/e 132(M+); V max. (thin film) 3470, 3390, 1615, 
1210, and 755cm"1? 5 (CDC13) 8.07 (1H, br s, indole Nfi) , 
6.12-7.04 (5H, m, Aril) , and 3.60 (2H, br s, ArNH2) . 

1-Benzy1-3-methylthio-4-aminoindole (70) and 1-Benzyl-
4-aminoindole (71) - l-Benzyl-3-methylthio-4-nitroindole 
(62) (260mg, 0.87mm) 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 (CHCl3/petrol 4:1 eluant) to 
give (i) l-Benzyl-3-methylthio-4-aminoindole (70) (65mg, 
28%) m.p. 118-119°C (EtOH). (Pound: C, 71.69; H, 6.11? N, 
10.35; C1^H16N2S requires C, 71.61? H, 6.01? N, 10.44%); 
m/e 268(M ), 250, 235, 177(M+-C7H?), 159, 130, and 117? 

max. (thin film) 3440, 3360, 1606, 1585, 1495, 1280, 
1215, 760, and 730cm"1? S (CDC13) 6.60-7.40 (9H, m, Arfi) , 
5.08 (2H, s, NCfl2Ar), 3.76 (2H, br s, ArNfi2) , and 2.37 
(3H, s, SCE3)? and (ii) l-Benzyl-4~aminoindole (71) (40mg, 
21%) m.p. 113.5-115°C (EtOH/H20 then CHCl3/petrol) . 
(Found: C, 81.07? H, 6.37? N, 12.61? C1(-H14N9 requires C, 
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81.05? H, 6.35? N, 12.60%)? m/e 222(M+) and 131(M+-C7H7)? 
V max. (thin film) 3440, 3340, 1620, 1610, 1583, 1495, 
1450, 1440, 1405, 1370, 1350, 1270, 1160, 910, and 
730cm"1? S (CDC13) 6.20-7.34 (10H, m, Aril) r 5.11 (2H, s, 
NCE2), and 3.61 (2H, br s, Nfl2) . 

l-Benzyl-4-aminoindole (71) - l-Benzyl-3-methylthio-4-
nitroindole (62) (260mg, 0.87mm) and nickel (II) chloride 
(250mg, 1.9mm) were dissolved in hot ethanol (30ml). 
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 (70) 
only. Additional nickel (II) chloride (250mg, 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 20ml) and solvent removed to give a 
residue (140mg, 72%) identical by t.l.c., 1H n.m.r. and 
i.r. with l-benzyl-4-aminoindole (71) previously 
described. 

l-(3.7-Dimethvloctyl)4-aminoindole (72) and l-(3,7-
Dimethyloctyl)4-N-propylaminoindole (73) - l-Geranyl-3-
methylthio-4-nitroindole (63) (110mg, 0.32mm) was boiled 
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in propan-l-ol (3ml) with excess Raney nickel ^ for 50 
minutes. After cooling, filtration and evaporation of the 
solvent under reduced pressure, the residue was 
chromatographed (CHC13/CC14 1:1 eluant) to give 
( i ) 1 - ( 3 f 7 - d i m e t h y l o c t y l ) 4 - N - p r o p y l a m i n o i n d o l e (73) as an 
oil (23mg, 23%). (Found: M+ 314.2718 c2ih34n2 requires, 
314.2722)? m/e 314 (M+), 285 (M+-C2H5), 196, 187, and 145? 
V max. (thin film) 3410, 1590, 1495, 1460, 1420, 1375, 
1360, 1350, 1270, 905, and 730cm"1? S (CDC13) 6.10-7.23 
(5H, m, ArE), 4.0 (2H, t, J 7.5Hz, NCE2CH2), 3.20 (2H, t, 
J 6Hz, HNCE2CH2CH3), 3.0 (1H, br s, ENCH2), and 0.76-2.06 
(24H, m, aliphatics). ( i i ) 1 - ( 3 r 7 - d i m e t h y l o c t y l ) 4 - a m i n o -

i n d o l e (72) as an oil (29mg, 33%). (Found: M+ 272.2250, 
C 1 8H 2 8N 2 requires, 272.2252)? m/e 272 (M+), 186 (M+-
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C6H14)' 1 4 5' a n d 1 3 2 (M+~C10H20)? * m a x # ( t h i n f i l m ) 3 4 3 0' 
3360, 1610, 1580, 1490, 1460, 1445, 1375, 1360, 1345, 
1270, 1150, and 725cm""1? £ (CDC13) 6.20-7.00 (5H, m, Arfl) , 
3.93 (2H, t, J 7.5Hz, NCE2), 3.75 (2H, br s, Nfi2) , and 
0.69-2.05 (19H, m, aliphatics). 

1-1'-Diaeranyl-3.31-dithiomethvl-4 >4'-hvdrazoindole 
(74) - l-Geranyl-3-methylthio-4-nitroindole (63) (700mg, 
2.03mm) in T.H.F. (10ml) ' 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 quenched with water. 
Filtration (celite pad), removal of solvent, dissolution 
of the residue in ethyl acetate/ether, washing with water 
(3 x 30ml) and removal of solvent gave compound (74) as a 
semi-crystalline deep red solid (419mg, 66%) . Recrystall-
isation gave the analytical sample m.p. 131.5-133°C 
(Et20). (Found: C, 72.86? H, 7.76? N, 8.83? C3gH50N4S2 
requires C, 72.80? H, 8.00? N, 8.94%); m/e 626 (M+), 624 
(M+-H2) , 314, 298, and 177? V max. (nujol) 1505, 1460, 
1444, 1385, 1375, 1347, 1286, 800, and 750cirf1? S (CDC13) 
5.95-7.00 (8H, m, Arfl) , 4.00-5.17 (10H, m, 2 x Nfi, 4 x 
=CE/ 2 x CH2N) , 2.20 (3H, s, SCE3) , 2.02 (3H, s, SCfi3), 
1.74 (8H, m, 4 x allylic CH2), 1.47 (6H, s, 2 x allylic 
CE3) , 1.35 (6H, s, 2 x allylic Cfi3) , and 1.30 (6H, s, 
allylic CE3). 

3-Methylthio-4-amino-7-methyl indole (76) anZ 
4-N-Ethylamino-7-methvlindole (77) - 3-Methylthio-4-nitro-
7-methylindole (55) (222mg, 1mm) and nickel (II) chloride 
(260mg, 2mm) were dissolved in hot ethanol (5nil) . 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 20ral) and the solvent 
removed. The dark residue was chromatographed (CHC1, 
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eluant) to give 3 - m e t h y l t h i o - 4 - a m i n o - 7 - m e t h y l i n d o l e (76) 

(90mg, 4 7 % ) . £ (CDC1 3) 7.90 (1H, br s f indole N H ) , 7.05 

(1H, m , 2 - H ) , 6 . 6 7 , 6.17 (2H, A B q , J 8Hz 5-H and 6 - H ) , 

4.78 (2H, br s , N E 2 ) , 2.35 (3H, s , SCfl3) , and 2.30 (3H, s , 

A r C E 3 ) . The c h r o m a t o g r a p h e d p r o d u c t (90mg, 0.47mm) was 

stirred w i t h excess Raney n i c k e l in ethanol (4ml) at room 

t e m p e r a t u r e for 6 h , the s o l u t i o n f i l t e r e d , s o l v e n t 

removed and the residue c h r o m a t o g r a p h e d (CHC1 3 eluant) to 

give the p r o d u c t (77) (12mg, 1 4 % ) . (Found: M + 1 7 4 . 1 1 6 1 , 
C 1 1 H 1 4 N 2 requires 1 7 4 . 1 1 5 7 ) ; m / e 174 ( M + ) , 159 ( M + - C H 3 ) , 

144 (M - C 2 H 6 ) , and 131 ( M + - C 2 H 4 - C H 3 ) . S ( C D C 1 3 , 250MHz) 

8.05 (1H, br s , indole NE) , 7.13 (1H, m , 3 - H ) , 6 . 8 7 , 6.27 

(2H, A B q , J 6 . 5 H z , 5-H and 6 - H ) , - 6 . 4 9 (1H, m , 2 - H ) , 3.31 

(2H, q , J 7 . 5 H z , N C E 2 C H 3 ) , 2.41 (3H, s , A r C E 3 ) , 1.60 (1H, 

br s , E N E t ) , and 1.35 (3H, t , J 7 . 5 H z , C H 2 C E 3 ) . 

T r a n s - 2 - f/3- (dimethylamino) vinyll -2 ,6-dinitrobenzene 

(82) - 2 , 6 - D i n i t r o t o l u e n e (81) (36.4g, 200mm) and N,N-

d i m e t h y l f o r m a m i d e d i m e t h y l acetal (70ml, 530mm) in D . M . F . 

(200ml) w e r e heated at 140°C for 5 h under a r g o n . The 

d e e p red solution w a s c o o l e d , diluted with ether (1L) and 

e x t r a c t e d w i t h brine (3 x 2 5 0 m l ) , water (5 x 500ml) and 

finally again w i t h brine (250ml). Removal of s o l v e n t gave 

the essentially p u r e p r o d u c t (82) (44.0g, 93%) as a deep 

red solid t h a t required no further p u r i f i c a t i o n . (Found: 

M + 2 3 7 . 0 7 5 1 , C 1 0 H i ; l N 3 O 4 requires 2 3 7 . 0 7 4 9 ) ; V m a x . (nujol) 

1 6 3 0 , 1 6 0 0 , 1 5 3 0 , 1 4 1 0 , and 1 3 5 0 c m " 1 ? i (CDC1 3 7.80 (2H, 

d , J 7 H z , ArE)f 7.08 (1H, m , ArE)r 6 . 4 5 , 5.32 (2H, A B q , 

J A B 1 4 H z , CE=CE) , and 2.9 (6H, s , N ( C E 3 ) 2 )
4 5 ' 4 7 . 

4 - A m i n o i n d o l e (9) - (i) Iron/acetic a c i d / e t h a n o l 

r e d u c t i o n . trans-2- [ p - ( D i m e t h y l a m i n o ) v i n y l ] - 2 , 6 - d i n i t r o -

b e n z e n e (82) (22.2g, 94mm) was dissolved in e t h a n o l / a c e t i c 

acid (200ml 1 : 1 ) . Iron filings (25g) were added and the 

d e e p red reaction m i x t u r e cautiously warmed on the s t e a m 

b a t h u n t i l reaction c o m m e n c e d . The steam bath was removed 

and a d d i t i o n a l iron (5g portions) was added a t such a rate 

as to m a i n t a i n a g e n t l e r e f l u x . (Total iron a d d e d , 1 0 0 g ) . 

After the a d d i t i o n of iron was complete (about '30 m i n u t e s ) 
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the reaction was w a r m e d on the steam bath for 15 m i n u t e s , 

c o o l e d , neutralised w i t h sodium hydroxide (100g) in w a t e r 

(250ml), filtered (celite pad) and the residue thoroughly 

w a s h e d with ethanol (300ml) and ether (1L). The v o l u m e of 

the filtrate was reduced to 250ml and extracted with 

d i c h l o r o m e t h a n e (4 x 1 0 0 m l ) . The combined organic phase 

was w a s h e d with water (3 x 100ml) and solvent removed to 

give the s e m i crystalline red p r o d u c t (9) (9.07g, 6 9 % ) . 

This m a t e r i a l d i d . n o t require further p u r i f i c a t i o n . An 

a n a l y t i c a l sample was prepared by sublimation (0.1mm, 

100°C) followed by r e c r y s t a l l i s a t i o n . m . p . 108-109°C 

(benzene), (lit. m . p . 1 0 5 - 1 0 7°C 2 8 ) . (Found: C , 72.79? H , 

6.09? N , 21.13? C q H 8 N 2 requires C , 72.70; H , 6 . 1 0 ; N , 

2 1 . 2 0 % ) . I . r . , n . m . r . and m a s s spectral data w e r e 

identical to those described a b o v e . ( i i ) Catalytic 
hydrogenation - ±£ans.-2-ty?-(Dimethylamino) vinyl] -2,6-

d i n i t r o b e n z e n e (82) (35g, 147mm) in T . H . F . (1L) containing 

10% Pd/C (5g) was stirred under a hydrogen a t m o s p h e r e at 

60 p . s . i . at room t e m p e r a t u r e until hydrogen uptake was 

c o m p l e t e (about 2 h ) 4 7 . The reaction m i x t u r e was 

f i l t e r e d , s o l v e n t e v a p o r a t e d , the residue taken up in 

d i c h l o r o m e t h a n e , dried (MgS0 4) and solvent again removed 

to give the p r o d u c t (9) (16.9g, 87%) as a deep red tacky 

s o l i d . This was used w i t h o u t further p u r i f i c a t i o n . 

2-(2 .6-DinitrophenYl) acrolein (85) - £uail£-2-[fJ-
fDimethylamino) v i n y l ] - 2 , 6 - d i n i t r o b e n z e n e (82) (2.2g, 

9.4mm) in D . M . F . (5ml) was added to m e t h a n o l (6ml) 

containing aqueous dimethylamine (26%, 2.4g) formalin 

(2.4g) and acetic acid (1.8ml) at 0°C over 1 h 6 3 . After 

the a d d i t i o n w a s c o m p l e t e the solution was stirred for an 

a d d i t i o n a l 30 m i n u t e s , m e t h a n o l removed at reduced 

p r e s s u r e and water (30ml) a d d e d . A dark oil p r e c i p i t a t e d 

t h a t crystallised on standing o v e r n i g h t a t 0°C to give 

compound (85) as a pale yellow solid? (1.8g, 9 2 % ) . An 

a n a l y t i c a l sample w a s prepared by r e c r y s t a l l i s a t i o n . m . p . 

74.5-75°C (Et0H/H 20) (Found: C , 48.64? H , 2.72? N , 12.53? 
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C 9 H g N 2 0 5 requires C , 48.66; H , 2.72; N r 12.61%); m / e N o ' M f 

obtained at 180°C; V m a x . (nujol) 1 7 1 0 , 1 5 4 0 , and 

1 3 4 8 c m " 1 ? ? (CDC1 3 9.7 (1H, s , C E O ) , 7.53-8.26 (3H, m r 

ArE)r and 6.40 (2H, s C E 2 = C ) . 

3-(Dimethylamino)-2-12,6-dinitrophenyl)acrolein (86) -

trans-2- [|S- (Dimethylamino) vinyl] -2,6-dinitrobenzene (82) 

(4.46g, 18.8mm) in D . M . F . (10ml) was added to a solution 

of phosphorous oxychloride (2.86g, 18.8mm) in D . M . F . 
(6.6ml) under argon at 0°C over 30 m i n u t e s 8 8 . The 

solution was w a r m e d to room temperature and stirred for 1 

h . A d d i t i o n of ice (approx. 30g) and aqueous sodium 

h y d r o x i d e (5.2g in 20ml water) gave a rapid precipitation 

of the orange crystalline p r o d u c t . After warming a t 65°C 

for 2 h the solution w a s cooled overnight and the filtered 

p r e c i p i t a t e recrystallised (CHCl 3/petrol) to give compound 

(86) m . p . 191-192°C (4.10g, 82%). (Found: C , 49.90? H , 

4.13? N , 15.70? requires C , 49.81? H , 4.18? N , 

15.84)? m / e 265 (M +) and 236 (M+-CHO)? V m a x . (nujol) 

1 6 2 0 , 1 6 0 0 , and 1 5 2 6 c m " 1 ? S (CDC1 3) 8.93 (1H, s , C E O ) , 

7.24-8.03 (3H, m , ArE)r 7.10 (1H, s , =Cfl), and 2.97 (6H, 

s , N ( C E 3 ) 2 ) . 

M e t h y l - t r a n s - 2 - T f - ( D i m e t h y l a m i n o ) v i n y l ] - 3 - n i t r o 

b e n z o a t e (91) - A solution of methyl-2-methyl-3-nitro-

b e n z o a t e (89) (48.75g, 250mm) and N,N-dimethylformamide 

d i m e t h y l acetal (99.5ml, 7 50mm) in D . M . F . (200ml) was 

w a r m e d a t 150°C for 6.5 h . After cooling the solution was 

diluted with ether (1L), washed w i t h brine (2 x 5 0 0 m l ) , 

water (5 x 500ml) and finally again with brine (300ml). 

R e m o v a l of solvent gave the product (91) (58.4g, 93%) as a 

deep red oil that required no further p u r i f i c a t i o n . 0 

m a x . (thin film) 1 7 2 0 , 1 6 3 0 , 1 5 9 4 , 1 5 2 0 , and 1 2 6 0 c m " 1 ? S 

(CDC1 3) 7.63 (2H, m , ArE)r 7.00 (1H, m , ArE)r 6 . 3 0 , 5.59 

(2H, A B q , J A B 1 4 H z , CE=CE) r 3.80 (3H, s , C 0 2 C E 3 ) , and 2.80 

(6H, s , N ( C E 3 ) 2 )
8 5 f 8 8 . 

M e t h y l Indole-4-carboxylate ( 8 8 ) 8 5 - M e t h y l trans-2-

[p-(dimethylamino)vinyl]-3-nitrobenzoate (91) (58.4g, 

23 4mm) was dissolved in toluene (1L) containing 10% Pd/C 
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(12g) and stirred under a h y d r o g e n atmosphere a t 60 p . s . i . 

u n t i l hydrogen uptake was c o m p l e t e (about 2 h) . The 

s o l u t i o n was f i l t e r e d , extracted with 5% h y d r o c h l o r i c acid 

(2 x 300ml) and brine (2 x 2 0 0 m l ) , solvent removed and the 

residue (32.lg) c h r o m a t o g r a p h e d using a W a t e r s P r e p . 500 

H . P . L . C . system ( p e t r o l / C H 2 C l 2 , 3:7 eluant) . . M e t h y l 

i n d o l e - 4 - c a r b o x y l a t e (88) (28.5g, 70%) was isolated as a 

c r y s t a l l i n e solid m . p . 69-70°C (lit. 7 3 - 7 4°C 1 4 0 ) , V m a x . 

(nujol) .3430, 3 3 6 0 , 1 7 0 0 , 1 4 4 0 , 1 2 8 0 , 1 2 0 0 , and 1 1 5 0 c m " 1 ? S 

(CDC1 3) 9.15 (1H, br s , indole NH) , 7.94 (1H, d d , J 1 , 

7 H z , 5-H or 7 - H ) , 7.00-7.55 (4H, m , Arfl) , and 3.95 (3H, s , 

co2ca3) . 
I n d o l e - 4 - C a r b o x y l i c Acid (871 - M e t h y l indole-4-

c a r b o x y l a t e (88) (350mg, 2mm) was refluxed in aqueous 

e t h a n o l (1:1, 10ml) containing sodium h y d r o x i d e (2mm) 

under n i t r o g e n for 15 h . The solvent was removed under 

reduced p r e s s u r e and the residue taken up in w a t e r , 

extracted with chloroform (2 x 20ml) and acidified with 

c o n c . h y d r o c h l o r i c a c i d . The precipitated acid w a s 

c o l l e c t e d by filtration and dried to give a colourless 

solid that was recrystallised to give (87) as fine w h i t e 

needles (257mg, 77%) m . p . 213-214°C (H 20) (lit. 213-

2 1 4°C 4 1 a ) . m / e 1 6 1 (M +) , 144 (M +-OH) and 116 ( M + - C 0 2 H ) ? 

m a x . (nujol) 3 3 6 0 , 1 6 5 0 , 1 2 9 0 , and 7 6 0 c m " 1 ? £ ( ( C D 3 ) 2 S 0 ) 

6.76-7.77 (5H, m , A r £ ) . 

4 - N - t e r t - B u t o x y c a r b o n y l a m i n o i n d o l e (92) - Indole-4-

c a r b o x y l i c acid (87) (187mg, 1 . 1 6 m m ) , t r i e t h y l a m i n e 
6 7 

(130mg, 1.3mm) and d i p h e n y l p h o s p h o r y l azide (325mg, 

I.18mm) w e r e heated a t reflux in i s i i - b u t a n o l (5ml) under 

a r g o n for 6 h . The s o l v e n t was removed at reduced 

p r e s s u r e and the brown semi-crystalline residue 

c h r o m a t o g r a p h e d (CHC1 3 eluant) to give compound (92) 

(164mg, 61%) as an off-white s o l i d . An analytical sample 

w a s prepared by recrystallisation m . p . 142.5-143°C 

( C H C l 3 / p e t r o l ) . (Found: C , 67.02? H , 6.90? N , 12.05? 
C 1 3 H 1 6 N 2°2 r e < 3 u i r e s c ' 67.22? H , 6.94? N , 12.06%)? m / e 232 

(M ) , 217 ( M + - C H 3 ) , 1 7 6 , 1 6 1 , 1 4 4 , 132 ( M + - C 5 H g 0 2 ) , and 
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116 (M + -C 5 H 1 0 NO 2 ) ; V m a x . (nujol) 3380, 3320, and 1678? 

S (CDC13) 8.40 (1H, br s , indole NH), 6 .33-7.56 (5H, m , 

ArE) , 6.66 (1H, br s , ENCO-) , and 1.52 (9H, S, . C (CE D ) 7 ) . 
go ^ J 

2 - A m i n o - 6 - n i t r o t o l u e n e (95)°* - 2 - A m i n o - 6 - n i t r o t o l u e n e 

(95) was p r e p a r e d according to Heck's p r o c e d u r e from 

2 , 6 - d i n i t r o t o l u e n e (81) (74g, 0 . 4 9 M ) . T r i e t h y l a m i n e 

(240ml) and f o r m i c acid (64ml, 1.8M) in the p r e s e n c e of 

10% Pd/C (14.4g) w e r e used for the r e d u c t i o n . 2 - A m i n o - 6 -

nitrotoluene was isolated as a pale yellow s o l i d . 

R e c r y s t a l l i s a t i o n gave the p r o d u c t . (40.0g, 66%) as a 

b r i g h t yellow m a t e r i a l m . p . 87.5-88°C ( E t O H / H 2 o / 

decolourising charcoal) (lit., m . p . 9 1 . 5°C 7 0 ) . V m a x . 

(nujol) 3 4 0 0 , 3 3 2 0 , 3 2 2 0 , 1 6 0 5 , 1 5 1 0 , 1 4 8 0 , 1 4 6 0 , 1 3 7 0 , 

and 1 3 5 0 c m " 1 ? £ (CDC1 3) 6 . 7 1 - 7 . 2 2 (3H, m , ArE)/ 3.84 (2H, 

br s , A r N E 2 ) / a n d 2.20 (3H, s , A r C E 3 ) . 

2 - B r o m o - 6 - N i t r o t o l u e n e (96) - The b r o m i d e w a s prepared 

from 2 - a m i n o - 6 - n i t r o t o l u e n e (95) according to N o e l t i n g ' s 

p r o c e d u r e 7 0 m . p . 34-35°C (petrol) ( l i t . , • 4 1°C 7 0 ) . V m a x . 

(thin film) 1 5 9 0 , 1 5 2 5 , 1 4 4 5 , 1 3 7 0 , 1 3 5 0 , 1 2 7 5 , 1 2 1 5 , 

1 0 9 0 , 1 0 1 0 , 8 6 0 , 7 9 5 , 7 6 0 , and 7 1 0 c m " 1 ? S (CDC1 3) 7.58 

(2H, d d , J 2 . 5 , 8Hz, Arfi), 7.03 (1H, t , J 8 H z , ArE)/ and 

2.45 (3H, s , A r C E 3 ) . 

t r a n s - 2 - ( D i m e t h v l a m i n o ) v i n v l l - 2 - B r o m o - 6 - n i t r o -

b e n z e n e (102) - 2 - B r o m o - 6 - n i t r o t o l u e n e (96) (6.48g, 30mm) 

and N , N - d i m e t h y l f o r m a m i d e d i m e t h y l acetal (9.75ml, 90mm) 

w e r e warmed to 140°C in D . M . F . (30ml) for 14 h . The deep 

red solution w a s c o o l e d , diluted w i t h ether (300ml) and 

w a s h e d w i t h brine (2 x 100ml) , water (4 x 100ml) and 

finally brine (100ml). R e m o v a l of solvent gave the 

p r o d u c t (102) as a deep red oil (6.9g, 85%) which required 

no further p u r i f i c a t i o n . (Found: M + 2 7 0 . 0 0 0 1 , 
C 1 0 H l l N 2 ° 2 B r 7 9 r e < 3 u i r e s 2 6 9 . 9 9 9 4 ) ; m / e 2 7 0 , 272 (M +) , 2 5 1 , 

and 253? V m a x . (thin film) 1 6 3 0 , 1 5 9 0 , 1 5 2 0 , 1 4 3 5 , 1 3 7 5 , 

1 3 3 0 , 1 2 5 5 , 1 2 1 0 , 1 0 9 0 , and 9 4 5 c m " 1 ? £ (CDC1 3) 6.67-7.63 

(3H, m , ArE) 8.47 (2H, A B q , J A B " 1 4 H z , C E - C E N ( C H 3 ) 2 ) , and 

2.80 (6H, s , N ( C E 3 ) 2 ) . 
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4-Bromoindole ( 1 0 1 ) 3 9 - j j ^ n f i - 2 - ( D i m e t h y l a m i n o ) -

vinyl]-2-bromo-6-nitrotoluene (102) (6.9g, 25mm) in 
5 9 

ethanol (150ml) containing Raney nickel (2 teaspoons) 

was stirred under one atmosphere of hydrogen until 

hydrogen uptake ceased (about 3 h) . The solution was 

f i l t e r e d , solvent removed and the residue chromatographed 

(petrol/CHCl^ 1:1) to give 4-bromoindole (101) as a pale 

yellow oil (3.41g, 6 9 % ) . m/e 1 9 5 , 197 ( M + ) , and 116 . 

(M +-Br)? V m a x . (thin film) 3 4 2 0 , 1 6 1 0 , 1 5 6 0 , 1 5 0 0 , 1 4 9 0 , 

1 4 7 5 , 1 4 3 0 , 1 4 1 0 , 1 3 3 0 , 1 2 7 0 , 1 1 7 5 , 1 1 4 0 , 1 0 9 0 , 1 0 6 5 , 8 9 0 , 

and 810cm" 1? S (CDCI3) 8.10 (1H, br s , indole N H ) , 6.98-

7.34 (4H, m , A r E ) , 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 0°C (ice/salt) and a solution of freshly prepared 
7 2 7 3 

formic acetic anhydride ' (2-5 equiv.) in the same 

solvent added over 30 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 s o l v e n t , was removed under reduced pressure and 

the residue taken up in e t h e r . The ethereal phase was 

neutralised with excess potassium hydroxide and the 

organic phase thoroughly washed with w a t e r . Removal of 

solvent than gave the crude 4-N-formamidoindole which was 

reduced w i t h o u t further p u r i f i c a t i o n . 

4-Formamidoindole (106) - 4-Arainoindole (9) (35.0g, 

265mm) in T . H . F . (600ml) at 0°C (ice/salt) was treated 

w i t h formic acetic anhydride (91ml, 700mm) in T . H . F . 

(100ml) over 1 h . Work up following the general procedure 

gave the compound (106) as a red semi-crystalline oil 

(34.8g, 82%). An analytical sample was prepared by 

recrystallisation m . p . 140-142°C ( E t O H / H 2 0 ) . (Found: C , 

67.35? H , 5.05? N , 17.34? C 9 H 8 N 2 0 requires C , 67.49? H , 

5.03; N , 17.49%)? m/e 160 (M
+
) and 131 ( M

+
- C H O ) ; V m a x . 

(nujol) 3 4 1 0 , 3 2 7 0 , 1 6 4 8 , 1 5 8 0 , 1 5 2 5 , 1 4 6 0 , 1 4 3 0 , 1 4 1 5 , 

1 3 8 0 , 1 3 5 0 , 1 2 4 0 , 1 1 8 5 , 1 1 5 0 , 1 1 1 0 , 8 9 0 , 8 2 0 , and 7 5 0 c m " 1 ? 

i (CDCl-a) 9.59 (1H, br s , indole NH),.8.37 (1H, s , NCEO) , 
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6.70-7.38 (5H, m , 4 x A r E and E N C H O ) , and 6.36 (1H, m , 2-H 

or 3 - H ) . 

l-Benzyl-4-Formamidoindole (1071 - l-Benzyl-4-amino-

indole (71) (140mg, 0.63mm) w a s formylated in ether 

• following the general p r o c e d u r e . The p r o d u c t (107) 

(121mg, 77%) w a s isolated as a semi-crystalline o i l . 

V m a x . (thin film) 3 2 7 0 , 1 6 9 0 , 1 5 8 0 , 1 4 9 0 , 1 4 2 5 , 1 3 7 0 , 

1350., 1 2 9 0 , 1 2 7 0 , 9 1 0 , and 7 3 0 c m " 1 ? £ (CDC1 3) 8.60 (1H, s , 

N C E O ) , 6 . 3 3 - 7 . 1 5 (11H, m , 10 x A r E , E N C H O ) , and 4.95 (2H, 

s , NCfl 2Ar). 

G e n e r a l P r o c e d u r e for the Reduction of 4 - f o r m a m i d o -

indoles - The 4 - f o r m a m i d o i n d o l e (1M) in T . H . F . was treated 

a t room t e m p e r a t u r e under argon with lithium aluminium 

hydride (3-5M) and either stirred o v e r n i g h t or.warmed to 

60°C for 4 h and then stirred o v e r n i g h t at room 

t e m p e r a t u r e . Excess lithium aluminium hydride was 

destroyed w i t h w a t e r , the p r e c i p i t a t e d salts removed by 

f i l t r a t i o n , s o l v e n t removed a t reduced p r e s s u r e and the 

m a t e r i a l either chromatographed or u s e d , as i s o l a t e d , 

w i t h o u t further p u r i f i c a t i o n . 

4 - N - M e t h y l a m i n o i n d o l e (17) - 4 - F o r m a m i d o i n d o l e (106) 

(34.8g, 0.217M) in T . H . F . (400ml) was treated at room 

t e m p e r a t u r e w i t h lithium aluminium hydride. (25g, 0.66M) in 

T . H . F . ( 2 0 0 m l ) . The reaction m i x t u r e was stirred a t 60°C 

for 4 h and w o r k e d up following the g e n e r a l p r o c e d u r e . 

The crude p r o d u c t w a s c h r o m a t o g r a p h e d using a W a t e r s p r e p . 

500 H . P . L . C . system ( p e t r o l / C H 2 c i 2 1 : 1 , eluant) to give 

4 - N - m e t h v l a m i n o i n d o l e (17) (22.43g, 78%) as a dark g r e e n 

o i l . Other batches of m a t e r i a l were found to be 

sufficiently p u r e as to n o t require c h r o m a t o g r a p h y . The 

a n a l y t i c a l sample was p r e p a r e d by further c h r o m a t o g r a p h y 

of a p o r t i o n ( C H C l 3 / p e t r o l , 9:1 eluant) to give a pale 

green oil that rapidly darkened on s t a n d i n g . (Found: C , 

73.88? H , 6.90? N , 18.76? C 9 H , 0 N 2 requires C , 73.94? H , 

^6.89? N , 19.16%)? m / e 146 (M ) , 131 ( M + - C H 3 ) , and 116 

( M + - H N C H 3 ) ; V m a x . (thin film) 3 4 0 0 , 3 2 5 0 , 1 5 8 5 , 1 5 0 0 , 

1 4 0 0 , 1 3 6 0 , 1 3 0 0 , 1 2 4 8 , 1 2 1 0 , 1 1 5 0 , 1 0 8 0 , 894, and 
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7 3 0 c m " 1 ; S ( C D C 1 3 , 250 MHz) 8.08 (1H, br s , indole NH) , 

7.10 (1H, d d r J 7 . 6 , 8.3Hz,' 6 - H ) , 7.05 (1H, m , 2 - H ) , 6.81 

(1H, d , J 8 . 3 H z , 7 - H ) , 6.43 (1H, m , 3 - H ) , 6.29 (1H, d , J 

7 . 6 H z , 5 - H ) , 3.30 (1H, br s , ArNE) r and 3.00 (3H, s , 

N C E 3 ) . Irradiation a t £ 8 . 0 8 collapsed the signals a t 

7.05 and 6.43 to a d o u b l e t J 3.4Hz and a double d o u b l e t J 

0.8 and 3.4Hz r e s p e c t i v e l y . 

l - B e n z y l - 4 - N - m e t h v l a m i n o i n d o l e (108) - l - B e n z y l - 4 -

f o r m a m i d o i n d o l e (107) (121mg, 0.48mm) was reduced a t room 

t e m p e r a t u r e with lithium aluminium hydride (100mg, 2.6mm) 

following the general p r o c e d u r e . Chromatography of the 

residue after work up (benzene, eluant) gave compound 

.(108) (47mg, 41%) as a s e m i c r y s t a l l i n e o i l . R e c r y s t a l l -

isation gave the a n a l y t i c a l sample m . p . 99-100°C (2 x 

C H C l 3 / p e t r o l ) . (Found: C , 81.61; H , 6 . 8 2 ; N , 1 1 . 8 5 ; 

C 1 6 H 1 6 N 2 r e < 3 u i r e s c ' 81.32; H , 7.07; N , 1 1 . 6 7 % ) ; V m a x . 

(thin film) 3 4 2 0 , 1 5 9 0 , 1 5 0 0 , 1 2 8 3 , 9 1 0 , and 7 3 0 c m " 1 ; 

£ ( C D C 1 3 ) 6.15-7.33 (10H, m , Arfl), 5.20 (2H, s , N C E 2 A r ) , 

3.87 (1H, br s , Nfl), and 2.97 (3H, s , N C E 3 ) . 

4 - N - M e t h v l a m i n o i n d o l e (17) from Reduction of 4 - N - t e r t -

B u t o x y c a r b o n y l a m i n o i n d o l e (92) - A solution of the 

t e r t - b u t o x y c a r b o n y l a m i n e (92) (121mg, 0.52mm) in T . H . F . 

(5ml) was treated w i t h lithium aluminium hydride (40mg, 

1mm) at room t e m p e r a t u r e . After stirring at this 

t e m p e r a t u r e for 30 m i n u t e s the reaction m i x t u r e w a s w a r m e d 

to 70°C for 1 h . The reaction m i x t u r e was cooled to room 

t e m p e r a t u r e and excess lithium aluminium hydride d e s t r o y e d 

by the cautious a d d i t i o n of w a t e r . F i l t r a t i o n , 

e v a p o r a t i o n of the f i l t r a t e , d i s s o l u t i o n of the residue in 

ether followed by extraction with w a t e r (3 x 20ml) and 

b r i n e (20ml) and e v a p o r a t i o n of s o l v e n t at reduced 

p r e s s u r e gave an oily r e s i d u e . Chromatography (CHC1 3 

eluant) of this residue gave 4 - N - m e t h y l a m i n o i n d o l e (17) 

(28mg, 37%) identical by 1 H n . m . r . , i . r . and t . l . c . w i t h 

the p r e v i o u s l y described m a t e r i a l . 

4 - N - M e t h y l - 4 - f o r m a m i d o i n d o l e - 4 - N - M e t h y l a m i n o i n d o l e 

(17) (1.45g, 9.9mm) was formylated in ether according to 
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the general p r o c e d u r e to give the product (1.45g f 84%) as 

a dark o i l . (Found: M + 1 7 4 . 0 7 9 1 , c i 0 H 1 0 N 2 O r e q u i r e s , 

174.0793)? m/e 174 ( M + ) , 159 ( M + - C H 3 ) , 146 ( M + - C O ) , 145 

(M+-CHO), and 116 ( M + - C H 3 N C H O ) ? V m a x . (thin film) 3 4 0 0 , 

3 3 0 0 , 1 6 6 0 , 1 5 8 0 , 1 5 0 5 , 1 3 6 0 , 1 3 4 5 , 1 1 7 5 , 1 1 4 0 , 1 0 8 0 , 

1 0 3 5 , 9 1 0 , 7 5 0 , and 7 3 0 c m " 1 ? £ (CDC1 3) 9.43 (1H, br s , 

indole N H ) , 8.41 (1H, s , NCEO) , 6.67-7.37 (4H, m , A r E ) , 

6.37 (1H, m , 3 - H ) , and 3.40 (3H, s , N C E 3 ) . 

4-N.N-dimethylamino indole (HILL - 4-N-Methyl-4-

formamidoindole (1.305g, 7.5mm) was reduced in T . H . F . 

(30ml) with lithium aluminium hydride (800mg, 21mm) 

according to the g e n e r a l procedure to give compound (115) 

as a brown solid (1.135g, 9 5 % ) . Chromatography (CHC1 3 

eluant) gave a light brown crystalline solid (7 8 0 m g , 6 5 % ) . 

Recrystallisation gave the analytical sample m . p . 

104-105.5°C ( C H C l 3 / p e t r o l ) . (Found: C , 74.73? H , 7.58? N , 

17.28? C ^ H , ^ requires C , 74.97? H , 7.55? N , 17.49%)? 

m / e 160 (M ) , 145 ( M + - C H 3 ) , 131 ( M + - C 2 H 5 ) , and 117 

( M + - N C 2 H 5 ) ? V m a x . (thin film) 3 4 7 0 , 3 4 0 0 , 1 6 0 0 , 1 5 8 0 , 

1 5 0 0 , 1 4 7 0 , 1 4 5 0 , 1 4 3 0 , 1 4 1 0 , 1 3 6 0 , 1 3 4 0 , 1 3 1 0 , 1 2 6 0 , 

1 2 2 0 , 1 1 9 5 , 1 1 8 0 , 1 1 4 5 , 1 0 8 0 , 1 0 5 0 , 1 0 1 5 , 9 1 0 , and 

7 3 0 c m " 1 ? & (CDC1 3) 8.27 (1H, br s , indole N H ) , 6.38-7.13 

(5H, m , Arfi) , and 2.96 (6H, s , N ( C E 3 ) 2 ) . 

N-M-Indolyl)glycine Ethvl Ester (109) - 4-Aminoindole 

(9) (280mg, 2 . 1 m m ) , ethyl b r o m o a c e t a t e (351mg, 2.1mm) and 

potassium carbonate (610mg, 4.4mm) w e r e stirred in D . M . F . 

(5ml) containing potassium iodide (30mg, 0.18mm) at 65°C, 

under a r g o n , o v e r n i g h t . After cooling the solution was 

diluted with e t h e r , extracted with water (5 x 20ml) and 

b r i n e (2 x 20ml) , solvent removed and the residue 

chromatographed (CHC1 3 eluant) to give compound (109) 

(383mg, 84%) as an off-white crystalline s o l i d . The 

analytical sample was prepared by recrystallisation m . p . 

100-101°C (EtOH). (Found: C , 66.01? H , 6.63? N , 12.63? 

C
1 2

H
1 4

N
2°2

 r e c
3

u i r e s c
' 66.04? H , 6.47? N , 12.83%)? m / e 218 

(M ) , 1 5 7 , 145 ( M + - C 0 2 E t ) , and 117 ( M + - C 4 H 7 N 0 2 ) ? ^ m a x . 
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(nujol) 3 4 3 0 , 3 3 8 0 , 1 7 2 5 , 1 5 9 5 , 1 5 2 0 , 1 4 6 0 , 1 4 3 0 , 1 4 2 0 , 

1375, 1255, 1210, 1150, 1100, 1020, and 730cm"
1
? S (CDCI3) 

8.10 (1H, br s , indole N H ) , 6 . 5 0 - 7 . 0 5 (3H, m , ArE)/ 6.33 

(1H, m , 3 - H ) , 6.07 (1H, d , J 7 . 5 H z , 5 - H ) , 4.10 (3H, q , J 

7Hz and br s , O C E 2 C H 3 and E N A r ) , 3.93 (2H, s , N C E 2 C O ) , and 

1.18 (3H, t , J 7 H z , C H 2 C E 3 ) . 

. N - M - I n d o l y l ) alanine Ethyl Ester (110] - 4 - A m i n o i n d o l e 

(9) (60mg, 0 . 4 5 m m ) , ethyl 2 - b r o m o p r o p i o n a t e (90mg, 0.5mm) 

and silver oxide (120mg, 0.5mm) w e r e stirred together in 

D . M . F . (2ml) under a r g o n - a t room temperature for 15 h . 

A f t e r f i l t r a t i o n , the solution w a s diluted w i t h e t h e r , 

e x t r a c t e d with water (5 x 1 0 m l ) , the solvent removed at 

reduced p r e s s u r e and the residue chromatographed 

( C H C l 3 / p e t r o l , 9:1 eluant) to give the oily p r o d u c t (110) 

(20mg, 1 9 % ) . (Found: M + 2 3 2 . 1 2 1 1 , C 1 3 H 1 6 N 2 0 2 requires 

232.1212)? m / e 232 ( M + ) , 159 ( M + - C 3 H 5 0 2 ) , 132 ( M + - C 5 H g 0 2 ) , 

and 117 ( M + - C 5 H 9 N 0 2 ) ? V m a x . (thin film) 3 4 8 0 , 3 4 0 0 , 1 7 2 8 , 

1 6 6 5 , 1 6 1 0 , 1 5 9 0 , 1 5 0 5 , 1 3 7 5 , 1 3 6 5 , 1 3 0 0 , 1 1 8 0 , 1 1 5 5 , 9 1 0 , 

and 7 3 0 c m " 1 ? £ (CDC1 3) 8.14 (1H, br s , indole NH) , 

6.70-7.14 (3H, m , ArE) / 6.44 (1H, m , 3 - H ) , 6.16 (1H, d , J 

7 . 5 H z , 5 - H ) , 4.16 (3H, 2 x q , J 7 H z , O C E 2 C H 3 and 

N C E ( C H 3 ) C O , 3.50 (1H, br s , E N A r ) , 1.55 (3H, d , J 7 H z , 

CE3CH), and 1.23 (3H, t , J 7 H z , O C H 2 C E 3 ) . 

4 - N - B e n z y l a m i n o i n d o l e (111)- and - 4 - N . N - D i b e n z y l a m i n o -

indole (112) - 4 - A m i n o i n d o l e (9) (130mg, 1mm) b e n z y l 

b r o m i d e (171mg, 1mm) and potassium c a r b o n a t e (276mg, 2mm) 

w e r e stirred a t 70°C in D . M . F . (2ml) containing a 

c a t a l y t i c q u a n t i t y of p o t a s s i u m iodide for 16 h . After 

cooling to room t e m p e r a t u r e and d i l u t i o n with e t h e r , the 

s o l u t i o n was extracted with water (4 x 20ml) and brine 

(20ml) and the s o l v e n t removed a t reduced p r e s s u r e . The 

residue on subjection to column chromatography 

( C H C l 3 / p e t r o l , 3:2 eluant) gave (i) 4 - N r N - D i b e n z y l a m i n o -

indole (112) (73mg, 23%) as an o i l . (Found: M + 3 1 2 . 1 6 3 2 , 
C 2 2 H 2 0 N 2 r e < 3 u i r e s 312.1626) ? m / e 312 (M +) and 221 

(M - C ? H 7 ) ? V m a x . (thin film) 3 4 8 0 , 1 6 0 5 , 1 5 8 5 , 1 5 0 0 , 

1 4 9 5 , 1 4 5 5 , 1 3 6 0 , 1 2 3 0 , and 7 3 5 c m " 1 ? £ (CDC1 3) 7.87 (1H, 
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br s , indole NE) r 6.80-7.30 (13H, m , ArE) / 6.27-6.53 (2B, 

m , ArE)/ and 4.50 (4H, s , 2 x N C E 2 A r ) . ( i i ) 4 - N - B e n z y l -

a m i n o i n d o l e (111) (105mg, 4 7 % ) . (Found: M + 2 2 2 . 1 1 5 8 , 
C 1 5 H 1 4 N 2 r e c 3 u i r e s 2 2 2 . 1 1 5 7 ) ; m / e 222 (M +) and 1 3 7 . m a x . 

3 4 8 0 , 3 4 0 0 , 1 5 9 5 , 1 5 1 0 , 1 4 5 5 , 1 4 2 8 , 1 4 1 0 , 1 3 7 0 , 1 3 6 0 , 

1 3 0 5 , 1 2 5 0 , 1 0 9 5 , and 7 3 5 c m " 1 ; S (CDC1 3) 7.73 (1H, br s , 

indole N H ) , 6.50-7.30 (8H, m , ArE)/ 6.09-6.29 (2H, m , 

ArE)/ 4.33 (2H, s , N C E 2 A r ) , and 3.92 (1H, br s , A r N E ) . 

N-Methyl-N-(4-indolyll g l y c i n e Ethvl- Ester (113) -

(i) P o t a s s i u m b i c a r b o n a t e / p o t a s s i u m iodide m e t h o d : -

4 - N - M e t h y l a m i n o i n d o l e (17) (18.13g, 127mm) and ethyl 

b r o m o a c e t a t e (21.08g, 126mm) in D . M . F . (150ml), containing 

p o t a s s i u m b i c a r b o n a t e (25g, 250mm) and p o t a s s i u m iodide 

(500mg, 3mm) w e r e stirred a t 60°C for 24 h . The solution 

w a s diluted with ether (800ml), extracted with water _(5 x 

500ml) and the solvent removed a t reduced p r e s s u r e to g i v e 

an o f f - w h i t e s o l i d . R e c r y s t a l l i s a t i o n gave compound (113) 

(20.3g, 69%) m . p . 79-79.5°C (EtOH). (Found: C , 67.22; H , 

7 . 0 1 ; N , 1 2 . 0 0 ; C 1 3 H 1 6 N 2 0 2 requires C , 67.22; H , 6.94; N , 

1 2 . 0 6 % ) ; m / e 232 (M +) , 173 ( M + - C 3 H 7 0 ) , 159 ( M + - C 3 H 5 0 2 ) , 

and 130 ( M + - C 5 H 1 0 O 2 ) ; V m a x . (nujol) 3 3 2 0 , 1 7 2 0 , 1 5 8 0 , 

1 5 1 0 , 1 4 6 5 , 1 4 3 5 , 1 4 1 5 , 1 3 8 0 , 1 2 2 5 , 1 2 0 0 , 1 0 4 5 , and 

, 7 3 5 c m " 1 ; S ( C D C 1 3 , 250MHz) 8.33 (1H, br s , indole NH) , 

7.05 (2H, m , 2-H and 6 - H ) , 6.93 (1H, d , J 7 . 8 H z , 7 - H ) , 

6.55 (2H, m , 3-H and 5 - H ) , 4.23 (2H, q , J 7 . 3 H z , O C E 2 C H 3 ) , 

4.18 (2H, s , N C E 2 C O ) , 3.12 (3H, s , N C E 3 ) r and 1.28 (3H, t , 

J 7 . 3 H z , C H 2 C E 3 ) . (ii) Silver o x i d e m e t h o d : - 4-N-Methyl-

a m i n o i n d o l e (17) (260mg, 1.7 8 m m ) , e t h y l b r o m o a c e t a t e 

(297mg, 1.78mm) and silver oxide (412mg, 1.78mm) w e r e 

stirred in D . M . F . (5ml) for 2 h a t room t e m p e r a t u r e . 

Silver oxide was removed by filtration and the f i l t r a t e , 

after d i l u t i o n with e t h e r , extracted with water (5 x 

1 0 m l ) . Removal of s o l v e n t a t reduced p r e s s u r e gave the 

p r o d u c t (113) as an oil (175mg, 42%) with identical i . r . , 
1 H n . m . r . and t . I . e . p r o p e r t i e s as those d e s c r i b e d a b o v e . 

N—Methvl—N— f 4—(1—benzyl)indolvll glycine Ethyl Sster 
(114) - l - B e n z y l - 4 - N - m e t h y l a m i n o i n d o l e (108) (680mg, 
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2 . 8 8 m m ) , ethyl b r o m o a c e t a t e (501mg, 3mm) and silver oxide 

(lg, 4.4mm) were stirred overnight a t room temperature in 

D . M . F . (5ml). F i l t r a t i o n , dilution of the filtrate with 

c h l o r o f o r m , extraction with water (5 x 20ml) and removal 

of solvent at reduced pressure gave a dark brown o i l . 

C h r o m a t o g r a p h y ( p e t r o l / C H C l 3 , 7:3 eluant) gave the product 

(114) as a yellow oil (230mg, 25%) t h a t gradually turned 

dark on s t a n d i n g . (Found: M + 3 2 2 . 1 6 8 4 , C 2 0 H 2 2 N 2°2 

requires 322.1681)? V m a x . (thin film) 1 7 4 0 , 1 5 7 5 , 1 4 9 2 , 

1 1 9 0 , 9 0 5 , and 7 3 0 c m " 1 ? S ( C D C 1 3 , 250MHz) , 7.24 (3H, m,' 

A r E ) , 7.05 (4H, m , ArE) r 6.86 (1H, d , J 8 . 3 H z , 7 - H ) , 6.56 

(1H, d d , J 0 . 8 , 3 . 3 H z , 3 - H ) , 6.53 (1H, d , J 7 . 5 H z , 5 - H ) , 

5.27 (2H, s , N C E 2 A r ) , 4.22 (2H, q , J 7 . 6 H z , C E 2 C H 3 ) , 4.18 

(2H, s , N C E 2 C O ) , 3.12 (3H, s , N C E 3 ) , and 1.28 (3H, t , J 

7 . 6 H z , C H 2 C E 3 ) . 

N-Methvl-N-(4-indolyl)glycine- Ethyl Ester (113) from 

N-(4-Indolyl)glycine Ethyl Ester (109) - N-(4-Indolyl)-
glycine ethyl ester (109) (100mg, 0.46mm) was stirred in 

D . M . F . (1ml) containing potassium carbonate (138mg, 1mm) 

and m e t h y l iodide (100mg, 0.7mm) at room temperature for 

72 h . The reaction m i x t u r e was diluted with e t h e r , washed 

with water (5 x 10ml) and brine (2 x 10ml) and solvent 

removed at reduced p r e s s u r e . 1 H n . m . r . data from the 

residue (72mg, 67%) indicated t h a t despite being 

h o m o g e n o u s by t . l . c . the product only contained some 60% 

of the desired product (113) the remainder consisting of 

starting m a t e r i a l (109). 

R e a r r a n g e m e n t of 4-N-Alkylaminoindoles to l - A l k v l - 4 -

aminoindoles - G e n e r a l Procedure - The appropriate 

4-N-alkylaminoindole (1mm) was warmed to reflux 

t e m p e r a t u r e for 21 h in toluene (10ml) containing a 

catalytic quantity of 4-toluenesulphonic acid m o n o h y d r a t e . 

After the reaction had gone to c o m p l e t i o n , the solution 

was cooled to room temperature and diluted with ethyl 

a c e t a t e . Extraction with saturated sodium b i c a r b o n a t e (2 

x 2 0 m l ) , water (3 x 20ml) and brine (20ml) followed by 

removal of solvent at reduced pressure gave 
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the oily crude p r o d u c t . Chromatography gave the pure 

s a m p l e . 

l-Methyl-4-aminoindole (129) from 4-N-Methvlamino-

indole (17) - l-Methyl-4-aminoindole (129) was prepared 

from 4-N-methylaminoindole (17) (196mg, 1.3mm) according 

to the general p r o c e d u r e . The product (129) (153mg, 75%) 

a pale green air sensitive o i l , was purified by 

chromatography (CHCl^/petrol, 4:1 e l u a n t ) . (Found: M + 

1 4 6 . 0 8 4 9 , C 9 H 1 0 N 2 requires 146.0844); m/e 146 (M +) and 131 

( M + - C H 3 ) ? v m a x . (thin film) 346.0, 3 3 6 0 , 3 2 3 0 , 1 6 2 0 , 1 5 8 8 , 

1 5 0 0 , 1 4 5 6 , 1 4 2 5 , 1 3 5 0 , 1 3 1 0 , 1 2 8 5 , 1 2 1 0 , 1 1 6 0 , 1 0 8 5 , and 

7 3 0 c m " 1 ? S ( C D C 1 3 , 250MHz) 7.02 (1H, d d , J 7 . 8 , 8.1Hz, 

6 - H ) , 6.87 (1H, d , J 3 . 1 H z , 2 - H ) , 6.73 (1H, d , J 8 . 1 H z , 

7-H) , 6.33 (1H, d , J 7 . 8 H z , 5 - H ) , 6.32 (1H, d d , J 0 . 8 , 

3 . 1 H z , 3 - H ) , 3.76 (2H, br s , ArNfi 2), and 3.63 (3H, s , 

NCa 3) %. 

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

anhydrous camphor-sulphonic acid according to the general 

procedure gave no rearranged p r o d u c t . 

i-Benzvi-4-aminoindole (71) from 4-N-Benzyl-aminp-

indole (111) - l-Benzyl-4-aminoindole (71) was prepared 

from 4-N-benzylaminoindole (111) (51mg, 0.23mm) according 

to the general p r o c e d u r e . The product (71) (46mg, 90%) 

was isolated as a crystalline solid after column chrom-

atography ( C H C l 3 / p e t r o l , 4:1 e l u a n t ) . The 1 H n . m . r . , i.r. 

and t . l . c . properties were identical with those of the 

previously described compound. 

E t h y l - n - ( 4 - a m i n o ) indolyll acetate (130) from N-(4~ 

Indolyl)glycine Ethvl Ester (109) - N-(4-Indolyl)glycine 

ethyl ester (109) (86mg, 0.39mm) on treatment with 

4-toluenesulphonic acid according to the general procedure 

for 24 h gave only partial reaction. 1 H n . m . r . of the 

crude reaction indicated a 60% conversion to ethyl-[l-(4-

amino) indolyl] acetate (13"0) . Reaction of this crude 

m i x t u r e according to the general procedure for a further 

24 h followed by column chromatography ( C H C 1 3 , eluant) 

gave ( i ) N - ( 4 - I n d o l y l ) g l y c i n e ethyl ester (109) (11.6mg, 

241. 



13%) and (ii) Ethyl-f 1 - ( 4 - a m ino) indolvl 1 a c e t a t e (130) 

(66mg, 77%) as an o i l . (Found: M + 2 1 8 . 1 0 5 8 , c i 2 H 1 4 N 2°2 

requires 218.1055)? m / e 218 ( M + ) , 190 ( M + - C 2 H 4 ) , and 145 

( M + - C 3 H 5 0 2 ) ; V m a x . (thin film) 3 4 6 0 , 3 3 7 5 , 1 7 4 0 , 1 6 2 0 , 

1 5 9 0 , 1 4 9 5 , 1 4 5 5 , 1 3 7 5 , 1 3 5 0 , 1 3 1 5 , 1 2 8 5 , 1 2 1 0 , 1 1 6 0 , 

1 0 2 5 , 9 1 0 , and 730 c m " 1 ? S ( C D C 1 3 ) 6.19-7.10 (5H, m , A r E ) , 

4.65 (2H, s , N C E 2 C O ) , 4.08 (2H, q , J 7 H z , O C E 2 C H 3 ) , 3.66 

(2H, br s , ArNfl 2), and 1.20 (3H, t , J 7 H z , O C H 2 C E 3 ) . -

N-T 4 - ( 1 - M e t h v l ) i n d o l y l l d e h v d r o v a l i n e M e t h v l Ester 

(126) - l - M e t h y l - 4 - a m i n o i n d o l e (129) (1.906g, 13mm) and 

m e t h y l - 2 - k e t o - i s o v a l e r a t e (1.95g, 15mm) w e r e warmed to 

reflux in toluene (40ml) containing a catalytic q u a n t i t y 

of 4 - t o l u e n e s u l p h o n i c acid' under a r g o n , for 9 h . This 

m a t e r i a l was reduced w i t h o u t further p u r i f i c a t i o n . (See 

n e x t e x p e r i m e n t ) . C h r o m a t o g r a p h y ( C H C l 3 / p e t r o l 4:1 

eluant) of an a l i q u o t gave (126) as an unstable o i l . 

(Found: M + 2 5 8 . 1 3 7 2 , C 1 5 H 1 8 N 2 0 o requires 258.1368)? m / e 

258 ( M + ) , 243 ( M + - C H 3 ) , 2 1 1 , and 198; V m a x . (thin film) 

3 3 9 0 , 1 7 0 5 , 1 5 8 0 , 1 4 9 0 , 1 2 7 0 , 1 2 1 5 , 1 0 7 0 , and 7 2 5 c m " 1 ? £ 

(CDC1 3) 6.60-7.10 (3H, m , A r H ) , 6.35 (1H, d , J 3 H z , 3 - H ) , 

5.98 (1H, d , J 7 H z , 5 - H ) , 5.29 (1H, br s , N E ) , 3.67 (3H, 

s , O C E 3 ) , 3.60 (3H, s , N C E 3 ) / 2.23 (3H, s , allylic C E 3 ) / 

and 1.86 (3H, s , allylic C E 3 ) . 

N - r 4 - ( l - M e t h y l ) i n d o l y l l v a l i n e M e t h y l Ester (127) -

N - [ 4 - ( l - M e t h y l ) i n d o l y l ] d e h y d r o v a l i n e m e t h y l ester (126) 

(3.1g, 12mm) was dissolved in m e t h a n o l (30ml) and 

m a g n e s i u m powder (1.4g, 60mm) a d d e d . The solution was 

stirred a t room temperature until a vigorous reaction 

started upon w h i c h an a d d i t i o n a l portion of m a g n e s i u m 

p o w d e r (1.44g, 60mm) was added and the s o l u t i o n cooled 

(ice/salt) until the reaction had subsided (about 35 

m i n u t e s ) . The reaction m i x t u r e was stirred for a further 

1 h at room t e m p e r a t u r e , diluted w i t h chloroform (200ml) 

and extracted w i t h saturated ammonium chloride (4 x 

1 0 0 m l ) . R e m o v a l of solvent and chromatography ( C H C 1 3 / 

p e t r o l 7:3 eluant) of the residue gave (i) N-T4-(l-
Methyl)indolvl1 valine methyl gator (127) (2.24g, 63% from 
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l-methyl-4-aminoindole) as an oil that slowly soldified'on 

c o o l i n g . Recrystallisation of this solid gave an 

analytical sample m . p . 50.5-51°C (EtOH)-. (Found: C f 

69.14? H , 7.89? N , 10.66? C 1 5 H 2 0 N 2 O 2 requires C f 69.20? H , 

7.74? N , 10.76%)? m / e 260 ( M + ) f 217 ( M + - C 3 H 7 ) , and 201 

(M + -C 2 H 30 2) ? V m a x . (thin film) 3 3 9 0 , 1 7 2 5 , 1 5 7 8 , 1 4 9 0 , 

9 0 0 , and 720cm"" 1? S (CDC1 3) 6.20-7.03 (4H, m , A r E ) , 6.10 

(1H, d , J 7 H z , ArE)F 4.30 (1H, br s , N E ) , 3.94 (1H, d , J 

6 H z , N C E C O ) , 3.50 (3H, s , O C E 3 ) , 3.40 (3H, s , N C E 3 ) , 2 ' 0 2 

(1H, m , C E ( C H 3 ) 2 ) , 0.92 (3H, d , J 7 H z , C H C E 3 ) , and 0.86 

(3H, d , J 7 H z , C H C E o ) . ( i i ) 1 - M e t h y 1 - 4 - a m i n o i n d o l e (129) 

(400mg, 21%) identical by H n . m . r . and t . l . c . with the 

previously described m a t e r i a l . 

N - M e t h y l - N - ( 4 - i n d o l y l ) v a l i n e - M e t h y l - E s t e r ( U 6 ) - A 

solution of 4-N-methylaminoindole (170 (885mg, 6.06mm) and 

methyl-2-ketoisovalerate (1.10g, 8.5mm) in toluene (60ml) 

containing camphor sulphonic acid (50mg) was boiled for 30 

h under Dean-Stark c o n d i t i o n s . Water formed during the 

reaction was absorbed by 4& molecular sieve contained in 

the Dean-Stark a p p a r a t u s . The reaction m i x t u r e was cooled 

to room t e m p e r a t u r e , diluted with ethyl acetate and 

extracted with sodium bicarbonate (2 x 20ml) and water (3 

x 2 0 m l ) . Solvent was removed at reduced pressure and the 

crude dark green oil containing the dehydroamino acids 

(126) and (128) (1.5574g) dissolved in m e t h a n o l (30ml). 

To the methanolic s o l u t i o n , magnesium powder (1.464g, 

61mm) 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 w i t h ethyl acetate (200ml) and the solution 

extracted with saturated ammonium chloride (3 x 50ral). 

Further extraction of the organic phase with water (3 x 

50ml) and brine (50ml), removal of the solvent at reduced 

pressure and chromatography (CHCl 3/petrol 4:1 eluant) of 
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the dark residue gave (i) N - [ 4 - ( 1 - M e t h y l ) i n d o l y l ] v a l i n e 

m e t h y l e s t e r (127) (280mg, 18%) identical by 1 H n . m . r . , 

i . r . and t . l . c . with the previously described m a t e r i a l and 

( i i ) N - M e t h y l - N - ( 4 - i n d o l y l ) v a l i n e m e t h y l e s t e r (116) 

(314mg, 20%) as a pale green oil that partially 

crystallised on s t a n d i n g . (Found: M + 2 6 0 . 1 5 2 9 , C
3 5

H 2 0 N 2° 2 

requires 260.1525); m/e 260 ( M + ) , 2 3 1 , 217 ( M + - C 3 H 7 ) , 201 

( M + - C 2 H 3 0 2 ) , and 185? M m a x . (thin film) 3 4 2 0 , 1 7 2 5 , 1 6 1 0 , 

1 5 8 5 , 1 5 0 5 , 1 4 7 0 , 1 4 4 0 , 1 3 9 0 , 1 3 7 0 , 1 3 0 0 , 1 2 5 5 , 1 1 7 0 , 

1 1 5 0 , 1 1 2 5 , and 7 3 5 c m " 1 ? £ ( C D C 1 3 , 250MHz) 8.14 (1H, br s , 

indole Nfi), 7.07 (2H, m , 2-H and 6 - H ) , 6.94 (1H, complex 

d , J 8 . 3 H z , 7 - H ) , 6.74 (1H, m , 3 - H ) , 6.59 (1H, d d , J 0 . 8 , 

7 . 3 H z , 5 - H ) , 4.15 (1H, d , J 1 0 . 8 H z , N C E C O ) , 3.66 (3H, S , 

O C E 3 ) r 3.04 (3H, s , N C E 3 ) , 2.49 (1H, m , ( C H 3 ) 2 C E ) / 1.05 

(3H, d , J 6 . 4 H z , CE3CH), and 0.95 (3H, d , J 6 . 4 H z , CE3CH). 

N-Methyl-N-f 4— (1-geranyl)indolvllglycine Ethvl Ester 
(133) - To a stirred suspension of sodium hydride (55mg of 

50% in oil washed with p e t r o l , 1.2mm) in D . M . F . (2ml) a 

solution of N-Methyl-N-(4-indolyl)glycine ethyl ester 

(113) (232mg, 1mm) and geranyl chloride (200mg, 1.1mm) in 

D . M . F . (2ml) was added over 5 m i n u t e s . Stirring was 

continued a t room temperature for 45 m i n u t e s . After 

dilution with ether the solution w a s w a s h e d with water (5 

x 20ml) and brine (10ml), the solvent removed at reduced 

pressure and the residue chromatographed ( C H C l 3 / p e t r o l , 

3:7 e l u a n t ) . The compound (133) (310mg, 84%) was isolated 

as a pale yellow o i l . (Found: C , 74.89? H , 8.97? N , 7.38? 

C 2 3 H 3 2 N 2°2 r e < 3 u i r e s c ' 75.00? H , 8.76? N , 7.61%)? m / e 368 

(M ) , 295 ( M + - C 3 H 5 0 2 ) , and 159 ( M + - C 1 0 H 1 6 - C 3 H 5 O 2 ) ; V m a x . 

(thin film) 1 7 5 0 , 1 5 9 5 , 1 5 7 5 , 1 4 9 5 , 1 4 4 0 , 1 3 7 5 , 1 3 4 0 , 

1 2 9 0 , 1 2 5 5 , 1 1 8 5 , 1 1 1 5 , 1 0 3 0 , 960, 7 5 0 , and 7 3 0 c m " 1 ? £ 

(CDC1 3) 6.40-7.17 (5H, m , ArE)/ 4.90-5.45 (2H, m , 2 x = C E ) , 

4.65 (2H, d , J 6 H z , N C E 2 ) , 4.20 (2H, q , J 7 H z , C E 2 C H 3 ) , 

4.12 (2H, s , N C E 2 C O ) , 3.07 (3H, s , N C E 3 ) , 2.05 (4H, m , 

allylic C E 2 ) / 1.78 ( 3 H , . s , allylic C E 3 ) , 1.68 (3H, s , 

allylic CE 3). / 1.58 (3H, s , allylic C E 3 ) r and 1.20 (3H, t , 

J 7 H z , C H ^ C E o ) . 
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N-Mg-hhyl —N— f 4-(1-benzvl) indolvllglycine Sthyl SsteC 

(114) - N - M e t h y l - N - ( 4 - i n d o l y l ) g l y c i n e ethyl ester (113) 

(232mg, linm) was benzylated according to the above 

p r o c e d u r e with benzyl b r o m i d e (180mg, 1.05mm) and sodium 

h y d r i d e (50mg, 50% in oil washed w i t h p e t r o l , 1 . 1 m m ) . 

C h r o m a t o g r a p h y of the residue after removal of solvent 

gave the p r o d u c t (114) as a dark oil (230mg, 71%) , 

possessing the same ^H n . m . r . , i . r . and t.l.c p r o p e r t i e s 

as those previously d e s c r i b e d . 

1 - G e r a n y l - 4 - N . N - d i m e t h y l a m i n o i n d o l e (134) - Potassium 

h y d r o x i d e (250mg, 5 m m , crushed pellets) was stirred in 

D . M . S . O . (3ml) for 5 m i n u t e s and 4 - N , N - d i m e t h y l a m i n o i n d o l e 

(115) (200mg, 1.25mm) then a d d e d . After stirring for 45 

minutes at room temperature g e r a n y l chloride (260mg, 

1.5mm) was added and stirring continued for 2 h . D i l u t i o n 

w i t h ether (50ml), extraction with brine (2 x 2 0 m l ) , water 

(4 x 20ml) and brine (20ml) followed by evaporation of the 

s o l v e n t at reduced p r e s s u r e and chromatography (CHCl^/ 

p e t r o l 3:7 eluant) gave the compound (134) as a yellow oil 

(174rag, 4 7 % ) . (Found: C , 81.15; H , 9.71; N , 9.34; 
C 2 0 H 2 8 N 2 r e < 3 u i r e s c ' 81.03; H , 9.52; N , 9.45%); m / e 296 

(M ) and 159 ( M + - c 1 0 h 1 7 ) ; m a x . (thin film) 1 6 0 0 , 1 5 8 0 , 

1 4 5 0 , 1 4 3 0 , 1 3 7 5 , 1 3 4 5 , 1 3 1 0 , 1 2 9 0 , 1 2 0 0 , 1 1 8 5 , 1 1 4 0 , 

1 0 5 0 , 9 9 5 , 9 1 0 , 7 5 5 , and 7 3 0 c m " 1 ; £ (CDC1 3) 6.35-7.16 (5H, 

m , A r E ) , 5.30 (1H, m , =CE)r 5.00 (1H, m , =CE)/ 4.55 (2H, 

d , J 7 H z , N C E 2 ) / 2.93 (6H, s , N ( C E 3 ) 2 ) , 2.01 (4H, m , 

allylic C E 2 ) r 1.75 (3H, s , allylic C E 3 ) r 1.65 (3H, s , 

allylic Cfi 3), and 1.57 (3H, s , a l l y l i c C E 3 ) . 

l - A c e t y l - 4 - N . N - d i m e t h y l a m i n o i n d o l e (140) - 4-N,N-

D i m e t h y l a m i n o i n d o l e (115) (191mg, 1 . 1 9 m m ) , triethylaraine 

(175mg, 1.75mra) and acetic anhydride (160mg, 1.6mra) were 

stirred together in d i c h l o r o m e t h a n e (2ml) containing a 

c a t a l y t i c a m o u n t of 4 - N , N - d i m e t h y l a m i n o p y r i d i n e at room 
87 

t e m p e r a t u r e for 36 h . The s o l u t i o n was washed w i t h 

water (3 x 2 0 m l ) , brine (20ml) and solvent r e m o v e d . 

C h r o m a t o g r a p h y (CHCl^ eluant) gave the product (140) as a 
J + 

pale brown crystalline solid (178mg, 7 4 % ) . (Found: M 
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2 0 2 . 1 1 1 0 , c i 2 H i 4 N 2 ° r e < 3 u i r e s 202.1106)? m/e 202 (M +) arid 

160 (M+-CH2CO)? V m a x . (thin film) 1 7 0 7 , 1 5 8 5 , 1 5 3 3 , 1 4 9 0 , 

1 4 5 0 , 1 4 2 5 , 1 3 8 5 , 1 3 7 0 , 1 3 3 0 , 1 3 2 0 , 1 2 7 4 , 1 2 2 3 , 1 2 0 0 , 

1 1 8 3 , 1 1 5 3 , 1 1 4 0 , 9 3 0 , 7 5 0 , and 730cm" 1? S (CDC1 3) 8.0 

(1H, d , J 8Hz, 7 - H ) , 7.03-7.36 (2H, m , A r E ) , 6.50-6.76 

(2H, m , ArE)r 2.93 (6H, s , N ( C E 3 ) 2 ) , and 2.53 (3H, s , 

CE3CO). 

N-Methyl-N-f4-(1-trimethylsilvl)indolvl1 glycine Ethyl ' 
Ester (141) - NrMethyl-N-(4-indolyl)glycine ethyl ester 

(113) (1.16g, 5 m m ) , chlorotrimethylsilane (0.864g, 8mm) 

and triethylamine (1.0g, 10mm) were stirred in dichloro-

methane (15ml) containing 4-N,N-dimethylaminopyridine 

(20mg) for 48 h . The dark green solution was diluted with 

dichloromethane (100ml) and washed with water (4 x 100ml) 

and brine (50ml). The solvent was removed at reduced 

pressure and the residue chromatographed ( C H C l 3 / p e t r o l , 

4:1 e l u a n t ) . The compound (141) (1.525g, 100%) was 

isolated as a pale green o i l . (Found: C , 62.83? H , 8.03? 

N , 8.80? C 1 6 H 2 4 N 2 0 2 S i requires C , 63.12? H , 7.95? N , 

9.20%)? m / e 304 (M ) and 2 1 6 . ^ m a x . (thin film) 1 7 4 0 , 

1 5 7 0 , and 1480cm" 1? £ (CDC1 3) 6.90-7.10 (3H, m , ArE) / 

6.45-6.55 (2H, m , A r E ) , 4.13 (2H, q , J 7 H z , C E 2 C H 3 ) 4.07 

(2H, s , N C E 2 C O ) , 3.03 (3H, s , NCE3)/ 1.24 (3H, t , J 7 H z , 

C H 2 C E 3 ) f and 0.53 (9H, s , N S i ( C E 3 ) 3 ) . 

N - M e t h y l - N - f 4 - ( l - t r i m e t h y l s i l y l ) i n d Q l y l l v a l i n e Methyl 

Ester (142) - A solution of N-methyl-N-(4-indolyl)valine 

m e t h y l ester (116) (188mg, 0 . 7 2 m m ) , chlorotrimethylsilane 

(130mg, 1.2mm) and triethylamine (200mg, 2mm) in dichloro-

raethane 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 

of solvent at reduced pressure and chromatography (CHC1 3/ 

p e t r o l , 4:1 eluant) of the residue gave (142) (195mg, 82%) 

as a colourless o i l . (Found: M + 3 3 2 . 1 9 2 6 , C , g H 2 g N 2 0 2 S i 

requires 332.1920)? m / e 332 ( M
+
) , 3 0 2 , 289 (M - C 3 H ? ) , and 

273? ^ m a x . (thin film) 1 7 2 5 , 1 5 7 5 , 1 4 8 5 , 1 4 2 5 , 1 3 9 0 , 
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1 2 6 0 , 1 1 6 0 , 1 1 4 0 , and 7 3 0 c m " 1 ? S ( C D C 1 3 , 250MHz) 7.02-7.12 

(3H, m , A r E ) , 6.79 (1H, d,'J 3 . 3 H z , 3 - H ) , 6.62 (1H, d d , J 

1 . 7 , 8 . 5 H z , 5 - H ) , 4.09 (1H, d , J 1 2 . 3 H z , N C E C O ) , 3.67 (3H, 

s , O C E 3 ) , 3.03 (3H, s , N C E 3 ) / 2.38 (1H, m , ( C H 3 ) 2 C E ) r 1.06 

(3H, d , J 6 . 8 H z , C E 3 C H ) , 0.94 (3H, d , J 6 . 8 H z , C E 3 C H ) , and 

0.54 (9H, s , S i ( C H 3 ) 3 ) . 

4-N.N-Dimethylamino-7-N,N-dimethylaminomethy1indole 

(153) - N,N-Dimethylmethyleneammonium iodide (126mg, 

0.6 8mm) was added in one portion, to a . s o l u t i o n of 

4-N,N-dimethylaminoindole (115) (100mg, 0.63mm) in 

dichlororaethane (2ml) and the solution stirred for 10 
9 8 

minutes at room temperature . Water (1ml) was then 

a d d e d , stirring continued for 2 m i n u t e s , the solution m a d e 

alkaline with 10% sodium h y d r o x i d e , the organic phase 

w a s h e d with water (2 x 10ml) and brine (10ml) and the 

solvent removed at reduced p r e s s u r e . The pale green 

residual oil (153) (130mg, 88%) showed no signs of 

impurity by 1 H n . m . r . and was used without further 

p u r i f i c a t i o n . (Found: M 2 1 7 . 1 5 8 2 , C
1 3 H 1 9 N 3 requires 

217.1579); m / e 216 ( M + - l ) , 2 0 1 , 1 8 8 , 1 8 7 , 1 7 1 , 1 5 9 , 1 4 5 , 

1 3 0 , and 117? S ( C D C 1 3 , 250MHz) 9.63 (1H, br s , indole 

NH) , 6.93 (1H, m , 2 - H ) , 6.72 (1H, d , J 7 H z , 6 - H ) , 6.47 

(1H, m , 3 - H ) , 6.26 (1H, d , J 7 H z , 5 - H ) , 3.57 (2H, s , 

A r C E 2 N ) , 2.92 (6H, s , A r N ( C E 3 ) 2 ) r and 2.20 (6H, s , 

CH 2 N(CE 3 ) J 2 ) . 

N - M e t h y l - N - f 4 - ( 7 - d i m e t h y l a m i n o m e t h y l ) i n d o l y l ) g l y c i n e 

Ethyl Ester (151) - N-Methyl-N-(4-indolyl)glycine ethyl 

ester (113) (232mg, 1mm) was treated with dimethylmethyl-

eneammonium iodide (200mg, 1.1mm) under the same 

conditions described a b o v e . After work up the product 

(151) (260mg, 93%) was isolated as a green-brown oil that 

was used w i t h o u t further p u r i f i c a t i o n . (Found: M + 

2 8 9 . 1 7 8 4 , C r 6 H 2 3 N 3 0 2 requires 289.1790)? m / e 289 ( M
+
) , 245 

( M + - N ( C H 3 ) 2 ) , 217 ( M + - C 3 H 4 0 2 ) , 1 7 1 , and 157? V m a x . (thin 

film) 3 3 9 0 , 1 7 4 0 , 1 6 0 0 , 1 5 2 0 , 1 5 0 0 , 1 4 5 5 , 1 3 7 0 , 1 1 9 0 , 

1 0 2 0 , 9 1 0 , and 7 3 0 c m " 1 ? S (CDC1 3 250MHz) 9.81 (1H, br s , 

indole N H ) , 7.10 (1H, m , 2 - H ) , 6.83 (1H, d , J 7 H z , 6 - H ) , 

6.53 (1H, m , 3 - H ) , 6.42 (1H, d , J 7 H z , 5 - H ) , 4.21 (2H, q , 
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J 6 . 9 H z , O C E 2 C H 3 ) , 4.16 (2H, S , N C E 2 C O ) , 3.66 (2H, s , 

A r C E 2 N ) , 3.09 (3H, s , NCE3) , 2.23 (6H, s , N ( C E 3 ) 2 ) / and 

1.26 (3H, t , J 6 . 9 H z , C H 2 C E 3 ) . 

N-Methyl-N-i 4-f 5 - ( 2 - n i t r o e t h v l ) 1 i n d o l y l l a l v c i n e Ethyl 

Ester (157) and N - M e t h y l - N - ( 4 - r 7 - ( 2 - n i t r o e t h y l ) 1 indolyll-

a l y c i n e Ethyl Ester (156) - N - M e t h y l - N - ( 4 - i n d o l y l ) g l y c i n e 

ethyl ester (113) (120mg, 0.52mra) in benzene (1ml) at 5°C 
94b 

was treated with n i t r o e t h y l e n e (1ml of 1M s o l u t i o n in 

b e n z e n e , 1mm) for 2 h and o v e r n i g h t at room temperature 'in 

the d a r k . Solvent w a s removed a t reduced p r e s s u r e and the 

dark residue chromatographed (CHC1 3 eluant) to give a 

p r o d u c t (80mg, 50%) h o m o g e n e o u s by t . l . c . (several s o l v e n t 

systems) but w h i c h revealed two regioisomers in a ratio of 
1 + 

4:1 by H n . m . r . (Found: M 3 0 5 . 1 3 8 0 , C T 5 H x g N 3 0
4 requires 

3 0 5 . 1 3 7 5 ) ; m / e 305 (M +) , 2 5 9 , and 232 (M - C 2 H 4 N C > 2 ) ; * m a x . 

(thin film) 347.0, 3 4 1 0 , 1 7 3 5 , 1 5 4 8 , 1 4 3 0 , 1 2 1 0 , 1 0 3 0 , 9 1 0 , 

7 6 0 , and 7 3 0 c m " 1 ; S ( C D C 1 3 , 250MHz) major isomer (156) ; 

8.58 (1H, br s , indole ME) , 7.04-7.20 (2H, m , ArE)/ 

6.90-7.00 (1H, m , ArE)/ 6.56 (1H, m , ArE)/ 4.80 (2H, t , J 

7 . 8 H z , C E 2 N 0 2 ) , 4.20 (2H, q , J 7 H z , O C E 2 ) / 3.96 (2H, s , 

N C E 2 C O ) , 3.51 (2H, t , J 7 . 8 H z , A r C E 2 C H 2 ) , 2.98 (3H, s , 

N C E 3 ) / and 1.27 (3H, t , J 7 H z , C H 2 C E 3 ) ? Minor isomer (157) 

(where d i f f e r e n t from a b o v e ) ? £ 8 . 4 1 (1H, br s , indole NE) / 
6.82 (2H, m , ArE)/ 4.90 (2H, t , J 6 . 5 H z , C E 2 N 0 2 ) 3.85 (2H, 

s , N C E 2 C O ) , and 2.85 (3H, s , NCE3). 
N - M e t h y l - N - ( 4 - f 5 - ( 2 - a m i n o e t h v l ) 1 i n d o l v l l a l v c i n e Ethyl 

Sster (159) and N-Methyl-N-f4-f7-(2-aminQethyl)1indolyll-

g l y c i n e Ethyl Ester (158) - The regiochemical m i x t u r e of 

(2-nitroethyl)indoles (156) and (157) (117mg, 0.38mm) and 

nickel (II) chloride (65mg, 0.5mm) were dissolved in hot 

ethanol (3ml). Sodium b o r o h y d r i d e (30mg, 0.79mm) was 

added and the solution boiled for 20 m i n u t e s . An 

a d d i t i o n a l portion of sodium b o r o h y d r i d e (10mg, 0.26mm) 

was then a d d e d , the s o l u t i o n boiled for a further 10 

m i n u t e s , c o o l e d , filtered and the solvent removed at 

reduced p r e s s u r e . The residue was taken up in ether 

(20ml), extracted w i t h water (3 x 15ml) and brine (10ml) 
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and s o l v e n t again removed to give the product (82mg, 7 8%) 

as a light b r o w n o i l , h o m o g e n e o u s by t . l . c . No further 

p u r i f i c a t i o n of the m a t e r i a l was r e q u i r e d . (Found: M 

2 7 5 . 1 6 2 8 , C 1 5 H 2 1 N 3 0 2 requires 2 7 5 . 1 6 3 4 ) ; m / e 275 (M +) , 246 

( M + - C 2 H 5 ) , 245 (M - C H 4 N ) , and 173 ( M + - C H 4 N - C 3 H 5 0 2 ) ; ^ m a x . 

(thin film) 3 4 0 0 , 3 3 6 0 , 3 2 1 0 , and 1 7 3 5 c m " 1 ; & (CDC1 3) 

major isomer 9.20 (1H, br s , indole N H ) , 6.70-7.20 (4H, m , 

Arfl) , 4.13 (2H, q , J 7 H z , O C E 2 C H 3 ) , 3.90 (2H, s , N C E 2 C O ) , 

2.95 (9H, m , C E 2 C E 2 N E 2 / N C E 3 ) / and 1.25 (3H, t , J 7 H z , 

C H 2 C E 3 ) . 

3 H - P y r r o l o - \ 2 , 3 - i 1 - 1 . 2 . 4 . 5 , 6 - P e n t a h v d r o - l - M e t h v l -

1 . 4 - B e n z o - f g 1 - d i a z o c i n e - 3 - o n e (JLM1 - The regiochemical 

m i x t u r e of amino esters (158) and (159) (60mg, 0.22mm) in 

xylene (10ml, 0.02M solution) was degassed w i t h argon and 

w a r m e d to reflux for 8 h . After cooling and removal of 

solvent a t reduced p r e s s u r e , the residue was 

c h r o m a t o g r a p h e d (CHC1, eluant)' to give the tricyclic 
J + 

p r o d u c t (160) (6mg, 12%) as a pale brown o i l . (Found: M 

2 2 9 . 1 2 1 7 , C 1 3 H 1 5 N 3 0 requires 2 2 9 . 1 2 1 5 ) ; m / e 229 (M +) 171 

( M + - c 2 h 4 N O ) , 159 ( M + - c 3 H 4 N O ) , and 149; n? m a x . (thin film) 

3 4 8 0 , 3 4 1 0 , 3 3 0 0 , and 1655; % ( C D C 1 3 , 250MHz) 8.19 (1H, br 

s , indole N H ) , 7.25 (1H, m , 2 - H ) , 7 . 0 8 , 6.88 (2H, A B q , J A B 

7 . 3 H Z , 6-H and 7 - H ) , 6.62 (1H, m , 3 - H ) , 5.90 (1H, br s , 

CONE)/ 4.00 (2H, s , N C E 2 C O ) , 3.80 (2H, m , N C E 2 C H 2 ) , 3.17 

(2H, t , J 5 H z , C H 2 C E 2 A r ) , and 3.13 (3H, s , N C E 3 ) . 

N-f 4 - f l - M e t h y l - 3 - ( 2 - n i t r o e t h v l ) 1 i n d o l v l l v a l i n e M e t h v l 

Ester (165) - Indolyl valine m e t h y l ester (127) (1.178g, 

4.53mm) in b e n z e n e (2ml) was treated with n i t r o e t h y l e n e 

(8ml, 1M solution in b e n z e n e , 8mm) in the d a r k , with 

cooling (ice). The solution w a s stirred overnight at room 

t e m p e r a t u r e , the solvent removed and the residue 

c h r o m a t o g r a p h e d ( C H C l 3 / p e t r o l , 4:1 eluant) to give (i) E r 

f 4 - f l - M e t h y l - 3 - ( 2 - n i t r o e t h y l ) 1 i n d o l y l ) valine m e t h y l ester 

(165) (770mg, 51%) as a pale yellow oil that solidified on 

c o o l i n g . m . p . 71.5-73.5°C; (Found: C , 61.12; H , 6.93; N , 

12.49; c i 7 H 2 3 N 3°4 requires C , 61.25; H , 6.95; N , 1 2 . 6 0 % ) ; 

m / e 333 ( M + ) , 2 6 0 , 2 1 7 , and 201; N m a x . (thin film) 3 4 2 0 , 
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1 7 2 5 , 1 6 0 0 , 1 5 7 5 , 1 5 4 5 , 1 4 9 5 , 1 4 6 0 , 1 4 3 0 , 1 4 1 0 , 1 3 6 5 , 

1 3 3 5 , 1 2 8 5 , 1 2 5 5 , 1 2 0 0 , 1 1 5 5 , 1 0 9 0 , 900, and 7 3 0 c m " 1 ? S 

( C D C 1 3 , 250MHz) 7.06 (1H, t , J 7 . 5 H z , 6 - H ) , 6.74 (2H, s + 

d , J 7 . 5 H z , 2-H and 7 - H ) , 6.23 (1H, d , J 7 . 5 H z , 5 - H ) , 4.70 

(3H, t and br s , J 7 . 5 H z , NH and C H 2 N 0 2 ) , 3.99 (1H, m , 

N C E C O ) , 3.70 (3H, s , O C E 3 ) , 3.63 (3H, s , N C E 3 ) , 3.60 (2H, 

t , J 7 . 5 H z , A r C E 2 C H 2 ) , 2.21 (1H, m , ( C H ^ C E ) , 1.13 (3H, 

d , J 6 . 5 H z , CE3CH) , and 1.02 (3H, d , J 6 . 5 H z , C E 3 C H ) . 

(ii) N—{4—[1-Methy1-3 —(2,4-dinitrobutyl)}indolyl]valine 

m e t h y l ester - m/e 406 (M +) , 333 ( M + - C 2 H 3 N 0 2 ) , 217 

( M + - C 3 H 7 - C 4 H 6 N 2 0 4 ) , and 201? V m a x . (thin film) 3 4 2 0 , 

1 7 2 8 , 1 6 0 3 , 1 5 7 5 , 1 5 4 5 , 1 4 9 5 , 1 4 6 0 , 1 4 3 0 , 1 4 1 0 , 1 3 6 5 , 

1 2 8 5 , 1 2 5 5 , 1 2 0 0 , 1 1 5 5 , 9 0 0 , and 7 3 0 c m " 1 ? S (CDC1 3) 6.93 

(1H, d , J 8 H z , 7 - H ) , 6.67 (2H, m , 2-H and 6 - H ) , 6.16 (1H, 

d , J 8 H z , 5 - H ) , 5.15 (1H, m , CH 2CfiN0 2), 4.37 (2H, t , J 

8 H z , C E 2 N 0 2 ) , 4.0 (2H, m , Nfi, N C E C O ) , 3.67 (3H, s , OCE3)/ 

3.60 (3H, s , NCE3) t 3.50 (2H, t , J 8 H z , A r C E 2 ) / 2.60 (3H, 

m , C H ( C E 2 ) N 0 2 and ( C H 3 ) 2 C E ) / and 1.07 (6H, m , ( C E 3 ) 2 C H ) . 

N-Methyl-N-(4-(1-aeranyl) f3-(2-nitroethvl)1indolyll-

alycine Ethyl Ester (164) - N-Methyl-N-[4-(1-geranyl)-

indolyl]glycine ethyl ester (133) (1.803g, 4.9mm) in 

dichloromethane (6ml) at 0°C was treated in the dark w i t h 

nitroethylene (4ml, 2M solution in d i c h l o r o m e t h a n e , 8mm) 

over 5 m i n u t e s . The solution was stirred overnight in the 

d a r k , solvent removed at reduced pressure and the residue 

chromatographed ( C H C l 3 / p e t r o l , 3:7 eluant) to give 

compound (164) (1.51g, 68%) as a pale yellow o i l . (Found: 

C,- 67.99? H , 8.07? N , 9.42? C 2 5 H 3 5 N 3°4 requires C , 68.06? 

H , 7.99? N , 9.52%)? m / e 441 ( M + ) , 395 ( M + - C 2 H g O ) , 3 6 8 , 

3 2 2 , 2 5 9 , and 185? V m a x . (thin film) 1 7 4 5 , 1 5 5 0 , 1 4 9 5 , 

1 4 4 0 , 1 3 7 5 , 1 3 1 0 , 1 1 9 5 , 9 1 0 , and 7 3 0 c m "
1
? S ( C D C 1 3 , 

250MHz) 7.04-7.14 (2H, m , 6-H and 7 - H ) , 6.92 (1H, s , 2 - H ) , 

6.84 (1H, d d , J 1 . 2 , 7 . 1 H z , 5 - H ) , 5.34 (1H, t , J 6 . 9 H z , 

=CE) t 5.06 (1H, m , =CE) , 4.89 (2H, t, J 7.lHz> C E 2 N 0 2 ) , 

4.61 (2H, d , J- 6 . 9 H z , N C E 2 ) , 3.52 (2H, t , J 7 . 1 H z , 

O C E 2 C H 3 ) , 3.84 (2H, s , N C E 2 C O ) , 3.52 (2H, t , J 7 . 1 H z , 

A r C E 2 C H 2 ) , 2.88 (3H, s , N C E 3 ) , 2.08 (4H, m , allylic C E 2 ) r 
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1.79 (3H, s , a l l y l i c CE3), 1.67 (3H, s , a l l y l i c C E 3 ) , 1.60 

(3H, s , a l l y l i c C E 3 ) , and 1.24 (3H, t , J 7 . 3 , C H 2 C E 3 ) . 

R e a c t i o n of N - M e t h v l - N - f 4 - ( 1 - t r i m e t h v l s i l v l ) i n d o l v l l -

v a l i n e M e t h y l Ester (142) w i t h N i t r o e t h y l e n e - To a 

s o l u t i o n of the s i l y l indole (142) (181mg, 0.55mm) in 

d i c h l o r o m e t h a n e (0.5ml) c o o l e d to 0°C (ice bath) , a 

s o l u t i o n of n i t r o e t h y l e n e in d i c h l o r o m e t h a n e (1ml, 1M 

s o l u t i o n , 1mm) was a d d e d . The r e a c t i o n m i x t u r e w a s stood 

in the dark at 5°C for 24 h and for a further 4 h a t room 

t e m p e r a t u r e . The s o l v e n t was removed at reduced p r e s s u r e 

and the dark oily r e s i d u e s u b m i t t e d to c o l u m n 

c h r o m a t o g r a p h y ( C H C l 3 / p e t r o l , 4:1 e l u a n t ) . (i) N - M e t h y l -

N - { 4 - [ 1 - 1 r i m e t h y l s i l y 1 - 3 - ( 2 - n i t r o e t h y 1 ) ] i n d o l y l } v a l i n e 

m e t h y l e s t e r (163) ( 1 0 m g , 4.5%) was isolated as a 

c o l o u r l e s s o i l . (Found: M
+
 4 0 5 . 2 0 8 9 , C 2 0 H 3 i N

j° 4
s i 

requires 4 0 5 . 2 0 8 4 ) ; m / e 405 ( M + ) , 363 ( M + - c 3 H g ) , and 347; \> 

m a x . (thin film) 1 7 3 0 , 1 5 6 0 , 1 4 7 0 , 1 4 3 0 , 1 3 8 0 , 1 2 6 5 , and 

1 0 5 5 c m " 1 ; S ( C D C 1 3 , 250MHz) 7.22 (1H, d d , J 0 . 8 , 8 . 1 H z , 

7 - H ) , 7.17 (1H, t , J 8 . 1 H z , 6 - H ) , 6.94 (1H, s , 2 - H ) , 6.92 

(1H, d d , J 0 . 8 , 8 . 1 H z , 5 - H ) , 4.94 (1H, m , CENC> 2) f 4.73 

(1H, d t , J 7 . 5 , 1 2 . 9 H z , C E N 0 2 ) , 3 . 5 3 - 3 . 7 7 (3H, m , A r C E 2 / 

N C E C O ) , 3 . 5 2 (3H, s , OCE3), 2.81 (3H, s , NCH3)/ 2.32 (1H, 

s e p t e t , ( C H 3 ) 2 C E ) / 1 . 0 8 (3H, d , J 6 . 2 H z , C E 3 C H ) , 0.97 (3H, 

d , J 6 . 2 H z , CE3CH), and 0.52 (9H, s , S i ( C f l 3 ) 3 ) . (ii) N -

M e t h y l - N - { 4 - [ 3 - ( 2 - n i t r o e t h y l ) ] i n d o l y l } v a l i n e m e t h y l ester 

(162) (91mg, 49%) as a p a l e y e l l o w o i l . (Found: M + 

3 3 3 . 1 6 8 7 , C 1 7
h
2 3

N 3 ° 4 requ i r e s 3 3 3 . 1 6 8 8 ) ; m / e 333 ( M + ) , 290 

(M+-C 3H ?), and 274 (M +-CHN02) ; V- m a x . 3 4 3 0 , 1 7 3 5 , 1 6 2 0 , 

1 5 6 5 , 1 4 3 0 , 1 3 9 0 , 1 3 7 0 , 1 1 8 0 , 1 1 3 0 , 1 0 9 0 , and 1 0 4 5 c m " 1 ; £ 

( C D C 1 3 , 250MHZ) 8.06 (1H, br s , indole N H ) , 7 . 0 4 - 7 . 1 2 (2H, 

m , 6-H and 7 - H ) , 7.00 (1H, d , J 2 . 9 H z , 2 - H ) , 6.89 (1H, d d , 

J 6 . 8 , 1 . 8 H z , 5 - H ) , 4.91 (1H, m , CENC> 2) , 4.78 (1H, d t , J 

7 . 3 5 , 1 2 . 9 H z , C E N 0 2 ) , 3 . 5 2 - 3 . 7 8 (3H, m , A r C E 2 and N C E C O ) , 

3.50 (3H, s, OCE3), 2.82 (3H, s, NCE 3)r 2.35 (1H, m , 

( C H 3 ) 2 C E ) , 1 . 0 9 (3H, d , J 6 . 7 H z , CE3CH), and 0.97 (3H, d , 

J 6 . 7 H z , C E ^ C H ) . 
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N-Methyl-N-f4-(l-benzvl-3-acetvl)indolvllglycine Ethyl . 

Ester (171) - N-Methyl-N-[4-(1-benzyl)indolyl]glycine 

ethyl ester (114) (110mg, 0.33mm) in dichloromethane (3ml) 

at -78°C (acetone/cardice) under argon was treated with 

acetyl chloride (55mg, 1mm) followed by stannic chloride 

(260mg, 1 m m ) 9 5 . After stirring at -78°C for 2 h the 

reaction temperature was raised to 0°C for l h , quenched 

with w a t e r , diluted with dichloromethane and extracted 

with water (3 x "20ml) and brine (10ml). Removal of 

solvent and chromatography (CHCl^ eluant) gave the product 

(171) (99mg, 83%) as a light yellow o i l . (Found: M + 

3 6 4 . 1 7 8 7 , CO 2
H24 N2°3 r e < 3 u i r e s 364.1787); m / e 364 (M +) , 

3 2 4 , 291 (M - C 3 H 5 0 2 ) , 2 7 8 , 2 4 9 , 2 3 0 , and 223; ^ m a x . (thin 

film) 1 7 4 0 , 1 6 5 0 , 1 5 7 0 , 1 5 3 0 , 1 5 0 0 , 1 4 4 5 , 1 3 9 0 , 1 3 7 0 , 

1 2 2 0 , 1 1 2 0 , 1 0 3 0 , and 7 6 0 c m " 1 ; £ ( C D C 1 3 , 250MHz) 7.65 (1H, 

s , 2 - H ) , 7.30 (3H, m , A r E ) , 7.15 (3H, m , 6-H and A r E ) , 

6.95 (1H, d , J 7 . 9 H z , 7 - H ) , 6.91 (1H, d , J 7 . 9 H z , 5 - H ) , 

5.27 (2H, s , N C E 2 A r ) , 4.09 (2H, q , J 6 . 7 H z , O C H 2 C H 3 ) , 3.96 

(2H, s , N C E 2 C O ) , 3.04 (3H, s , N C E 3 ) , 2.68 (3H, s , C E 3 C O ) , 

and 1.20 (3H, t , J 6 . 7 H z , O C H 2 C E 3 ) . 

N-Methyl-N-f 4-(7-bromo)indolylTglycine Ethyl Ester 

(175) - To a solution of N - m e t h y l - N - ( 4 - i n d o l y l ) g l y c i n e 

ethyl ester (113) (116mg, 0.5mm) in D . M . F . , N-bromo-

succinimide (90mg, 0.51mm) was added at room temperature 
103 

in one portion . The solution immediately turned an 

intense deep b l u e . Stirring was continued for 24 h , the 

solution diluted w i t h c h l o r o f o r m , extracted with water (5 

x 15ml) and brine (10ml), solvent removed at reduced 

pressure and the residue chromatographed (CDC13/petrol 3:1 

e l u a n t ) . The product (175) (63mg, 41%) was isolated as an 

unstable oil containing an intensely coloured blue 

i m p u r i t y . (Found: M + 3 1 0 . 0 3 1 4 , c i 3 H i 5 N 2 B r 7 9 ° 2 r e ( 3 u i r e s 

310.0317); m / e 3 1 0 , 312 ( M + ) , 2 5 3 , 2 5 1 , 2 3 9 , and 237; V 

m a x . (thin film) 3200 and 1745; S (CDC1 3) 8.30 (1H, br s, 

indole Nfl) , 7 . 1 1 , 6.32 (2H, A B q , J A B 9Hz, 5 - H , 6 - H ) , 7.02 

(1H, m , 2 - H ) , 6.53 (1H, m , 3 - H ) , 4.14 (2H, q , J 7 . 5 H z , 

O C E o C H , ) , 4.10 (2H, s , N C E 0 C O ) , 3.06 (3H, s , NCE-,) , and 
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1.24 (3Q, t , J 7 . 5 H z , C H ^ ^ ) . 

N-Methvl-N-14-\1-trimethv)s i1yl-3-(2-nitroethvl)1 -
indolyl)glycine Ethvl Ester (176) and N-Methvl-N-f4-\3-(2-
nitroethyl)1indolyllglycine Ethyl Sster (155) - To a 

stirred solution of N-Methyl-N-[4-(1-trimethylsilyl)-

indolyl]glycine ethyl ester (141) (3.04g, 10mm) and 

nitroethylene (1.095g, 15mm) at -78°C (acetone/cardice), 

in dichloromethane (15ml), a solution of stannic chloride 

(2.86g, 11mm) in dichloromethane (11ml) was added over 10 

m i n u t e s . 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 d i s s o l v e d . The 

organic phase was washed with water (3 x 50ml) and brine 

(50ml), the solvent removed at reduced pressure and the 

residue chromatographed (CHCl^/petrol, 4:1 eluant) to give 

(i) N-Methyl-N-I4-fl-trimethylsilyl-3-(2-nitroethyl)1-

i n d Q l y l l g l y c i n e E t h y l Ester (176) (l.6ig, 43%) as a 

colourless oil. (Found: C , 56.90? H , 7.23? N , 11.01 

C 1 8 H 2 7 N 3° 4 S i r e < 3 u i r e s c ' 57.27? H , 7.21? N , 11.13%); m/e 

377 (M +) , 3 4 5 , 343 , 3 3 1 , and 304 ( M + - S i ( C H 3 ) 3 ) ; N? m a x . 

(thin film) 1732 and 1540cm" 1? S ( C D C 1 3 , 250MHz) , 7.22 

(1H, d , J 7 . 9 H z , 7 - H ) , 7.10 (1H, d d , J 7 . 9 , 8.3Hz, 6 - H ) , 

6.94 (1H, br s , 2 - H ) , 6.87 (1H, d , J 8.3Hz, 5 - H ) , 4.99 

(2H, t , J 6 . 5 H z , C H 2 N 0 2 ) , 4.16 (2H, q , J 7 H z , O C E 2 C H 3 ) , 

3.82 (2H, s , N C H 2 C O ) , 3.53 (2H, t , J 6.5Hz, A r C E 2 C H 2 ) , 

2.85 (3H, s , N C H 3 ) / 1.22 (3H, t , J 7 H z , C H 2 C H 3 ) , and 0.50 

(9H, s , Si(Cfl 3) 3), and (ii) N-Methyl-N-i 4-f 3 - ( 2 - n i t ro-

ethyl)1indolyl)glycine ethyl ester (155) (630mg, 20%) as a 

pale yellow oil. (Found: C , 58.87? H , 6.13? N , 13.57 

C
1 5

H
1 9

N
3°4

 r e <
3

u i r e s c
' 59.01? H , 6.27; N , 13..76%) ; m/e 305 

(M ) , 259 ( M
+
- N 0 2 ) , 2 4 6 , 232 ( M

+
- C 2 H 3 N 0 9 ) , and 186; V 

m a x . (thin film) 3 4 8 0 , 1 7 4 0 , and 1548cm ; S ( C D C 1 3 , 

250MHz) 8.18 (1H, br s , indole NH) , 7.10 (2H, m , Arfi) , 

6.95 (1H, m , Ar£) , 6.83 (1H, m , ArE) , 4.90 (2H, t , J 

6 . 5 H z , C E 2 N 0 2 ) , 4.17 (2H, q , J 7 H z , O C H 2 C H 3 ) , 3.84 (2H, s , 

N C E 2 C O ) , 3.53 (2H, t , J 6 . 5 H z , 
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A r C E 2 C H 2 ) , 2.87 (3H, s , N C H 3 ) , and 1.23 (3H, t , J 7 H z , 

C H 2 C E 3 ) . 
Desilylation of N - M e t h v l - N - f 4 - f 1 - t r m e t h y l s i l y l - 3 - ( 2 -

nitroethyl) 1 indolyl tglvcine Ethyl SSiSI (155) ~ The 

1 - s i l y l indole (176) (40mg, 0.12mm) in dichloromethane 

(0.5ml) at 5°C (ice) was treated v/ith tetrabutylammonium 

fluoride (0.13ml 1M solution in d i c h l o r o m e t h a n e , 0.13mm) 

for 10 m i n u t e s . The solution was diluted v/ith dichloro-

m e t h a n e , extracted with ammonium chloride solution (2 x 

1 0 m l ) , water (2 x 10ml) and brine (10ml) and the solvent 

removed at reduced pressure to give the essentially pure 

product (155) (32mg, 88%) identical (^H n . m . r . , i . r . and 

t.l.c.) to the above p r o d u c t . 

The procedure generally adopted was to treat the crude 

reaction mixture containing N-methyl-N-{4-[l-trimethyl-

silyl-3- (2-nitroethyl) ] indolyl}glycine ethyl ester (176) 

and N-raethyl-N-{4-[3-(2-nitroethyl)]indolyllglycine ethyl 

ester (155) with one equivalent of tetrabutylammonium 

fluoride as described above giving a simple final 

chromatographic s t a g e . Yields of up to 61% w e r e obtained 

for nitroethylation followed by deprotection according to 

this p r o t o c o l . 

N-Methvl-N-(4-f1-trimethvls ilvl-7-(2-nitroethvl) 1 -

indolyl 1 glycine Ethvl Ester (177) - To a solution of 

N-methyl-N-[4-(l-trimethylsilyl)indolyl]glycine ethyl 

ester (141) (97mg, 0.22mm) and nitroethylene (22mg, 0.3mm) 

in dichloromethane (2ml) at -20°C (CCl^/cardice), zinc 

iodide (6 8mg, 0.23mm) was added and the solution stirred 

for 150 m i n u t e s . After warming to room temperature and 

stirring for an additional 1 h the deep purple solution 

was quenched with w a t e r , diluted w i t h dichloromethane and 

extracted with water (4 x 10ml) and brine (10ml). 

Evaporation of the solvent and chromatography gave -the 

product" (177) as a yellow-brown oil (32mg, 27%) . m/e 377 

(M
+
) , 343 , 3 1 8 , and 304 ( M

+
- S i (CH 3) 3 ) ? S ( C D C 1 3 , 

2 5 0 M H z ) , 7.27 (1H, d d , J 1 . 1 , 7 . 6 H z , 6 - H ) , 7.15 (1H, d , J 

3 . 1 H z , 2 - H ) , 6.98 (1H, d , J 7 . 6 H z , 2 - H ) , 6.62 (1H, d d , J 
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3 . 1 , 1 H z , 3-H) , 4.80 (2H, t , J 6 H z , Cfi^NOj)/ 4.20 (2H, q , 

J 7 H z , O C H 2 C H 3 ) , 3.95 (2H, s , N C E 2 C O ) , 3.52 (2H, t , J 6 H z , 

A r C K 2 C H 2 ) , 2.96 (3H, s , NCE3) , 1.28 (3H, t , J 7 H z , 

C H 2 C H 3 ) / 0.50 (9H, s , S i ( C H 3 ) 3 ) . 

G e n e r a l Procedure for the Preparation of N - M e t h y l - N -

I4-(3-acyl)indolyl1 glycine Ethyl Esters - M - M e t n y l - N - { 4 -

(1-trimethylsilyl)indolyl]glycine ethyl ester (141) (1M) 

in dichloromethane (3ml/mm) at -78°C (acetone/cardice) was 

treated sequentially with the appropriate acid chloride 

(or anhydride) (2M) and stannic chloride (3M) in dichloro-

m e t h a n e (Iml/mm) . The solution was stirred for 3 h at 

-7 8°C and 1 h at 0°C and quenched w i t h water and sodium 

b i c a r b o n a t e . Stirring was continued until the precip-

itated oily m a t e r i a l d i s s o l v e d , the solution diluted with 

d i c h l o r o m e t h a n e and extracted w i t h sodium b i c a r b o n a t e , 

water and b r i n e . Removal of solvent and chromatography 

(chloroform/petrol eluant) of the residue gave the desired 

p r o d u c t . 

N-Methyl-N-f 4-(3-acetyl)indolyl1 glycine Ethvl Ester 

(180) - The silyl indole (141) (100mg, 0.33mm) was treated 

w i t h acetyl chloride and stannic chloride according to the 

g e n e r a l p r o c e d u r e . The compound (180) (80mg, 88%) was 

isolated as a pale yellow brown o i l . (Found: C , 55.72; H , 

5.68; N , 8.45; C 1 5 H 1 Q N 2 0 3 . 0 . 5 C H C 1 3 requires C , 55.74; H , 

5.58; N , 8.39%; Found: M + 2 7 4 . 1 3 2 1 , c
1 5 H 1 8 N 2 0 3 requires 

2 7 4 . 1 3 1 7 ) ; m/e 2 7 4 ( M + ) and 2 0 1 ( M + - C 3 H 5 0 2 ) ; ^ m a x . (thin 

film) 3 2 1 5 , 1 7 4 0 , and 1640; S ( C D C 1 3 , 250MHz) 10.25 (1H, v 

br s , indole N H ) , 7.49 (1H, br s , 2 - H ) , 7.09 (1H, d d , J 

6 . 7 , 7 . 1 H z , 6 - H ) , 6.93 (1H, d , J 6 . 7 H z , 7 - H ) , 6.79 (1H, d , 

J 7 . 1 H z , 5 - H ) , 4.11 (2H, q , J 7 H z , O C E 2 C H 3 ) , 3.90 (2H, s , 

N C E 2 C O ) , 2.95 (3H-, s , NCE3) , 2.50 (3H, s , C E 3 C O ) , and 1.20 

(3H, t , J 7 H z , C H 2 C E 3 ) . 

Acetic anhydride in lieu of acetyl chloride gave a 

p r o d u c t with identical ^H n . m . r . , i.r. and t . l . c . 

p r o p e r t i e s to those d e s c r i b e d above in a 78% y i e l d . 

N - M e t h y l - N - f 4 - ( 3 - i s o b u t y r y l ) i n d o l y l 1 glycine Ethyl 

Ester (181) - The silyl indole (141) (108mg, 0.35mm) was 
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treated with isobutyryl chloride and stannic chloride 

according to the general p r o c e d u r e . The product (181) 

(39mg, 40%) was isolated as a pale brown o i l . (Found: M + 

3 0 2 . 1 6 3 2 , c
1 7 H 2 2

n 3 0 2 requires 302.1630); m/e 3 0 2 ( M + ) , 

2 5 9 ( M + - C 3 H ? ) , and 229 ( M + - C 3 H 5 0 2 ) ; V m a x . (thin film) 

3 2 3 0 , 1 7 4 0 , and 1 6 4 5 c m " 1 ; S (CDC1 3) 7.29 (1H, s , 2 - H ) , 

6.64-7.03 (3H, m , Aril), 4.03 (2H, q , J 7 . 5 H z , OCfl 2CH 3), 

3.80 (2H, s , NCfl 2CO) , 3.32 (1H, m , C H ( C H 3 ) 2 ) , 2.91 (3H, s , 

N C E 3 ) , and 1.16 (9H, t and d , J 7 . 5 H z , 7 . 5 H z , CH 2Cfl 3, 

CH(CH 3) 2) . 

N-Methvl-N—f4—(1,3-dibenzovl)indolvllglycine Ethyl 
Ester (183) and N-Methvl-N-f4-(3-benzovl)indolvllglycine 
Ethyl Ester (182) - The silyl indole (141) (115mg, 0.3 8mm) 

was treated with b e n z o y l chloride and stannic chloride 

according to the * general p r o c e d u r e . Chromatography 

( C H C 1 3 / p e t r o l 9:1) of the residue gave (i) N - M e t h y 1 - N - [ 4 -

(1,3-dibenzoyl)indolyl]glycine ethyl ester (183) (75mg, 

45%) as a pale yellow oil (Found: M + 440.1733, C
2 7

H 2 4 N 2°4 

requires 440.1736)? m/e 440 (M +), 3 8 1 , 3 6 7 ( M + - C 3 H 5 0 2 ) , and 

245? v m a x . (thin film) 1740 , 1 6 9 8 , and 1 6 5 5 c m " 1 ? S 

(CDC1 3) 6.95-8.20 (14H, m , Arfl) , 3.95 (2H, q , J 7 . 5 H z , 

C H 2 C H 3 ) , 3.50 (2H, s , N C H 2 C O ) , 2.55 (3H, s , NCfl 3), and 

1.13 (3H, t , J 7 . 5 H z , O C H 2 C E 3 ) . (ii) N - M e t h y l - N - [ 4 -

(3-benzoyl)indolyl]glycine ethyl ester (182) (44mg, 34%) 

as a yellow o i l . (Found: M + 3 3 6 . 1 4 7 4 , C 2 0 H 2 0 N 2 O 3 requires 

336.1475)? m/e 3 3 6 ( M + ) , 2 6 3 ( M + - C 3 H 5 0 2 ) , and 246; V m a x . 

(thin film) 3 2 4 0 , 1 7 4 0 , and 1 6 2 5 c m " 1 ; £ (CDC1 3) 10.10 (1H, 

br s , indole N H ) , 6.74-7.86 (9H, m , Arfl), 3.96 (2H, q , J 

7 . 5 H z , Cfl 2CH 3), 3.66 (2H, s , NCfl 2CO), 2.80 (3H, s , NCfl 3), 

and 1.10 (3H, t , J 7 . 5 H z , CH 2Cfl 3). 

N-Methyl-N- f 4-(7-acetyl) indolvl 1 glycine SthyJ Es£SLL 
(184) - The silyl indole (141) (115mg, 0.38mm) and zinc 

(II) iodide (230mg, 1mm) in dichloromethane at -20°C 

(CCl^/cardice) were treated with acetyl chloride (44mg, 

0.57mm) for 3 h and for a further 1 h at 0°C. The dark 

solution was quenched with water and worked up as 

described in the general p r o c e d u r e . The residue was 
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c h r o m a t o g r a p h e d (CHC1 3 eluant) to give (i) N - M e t h y l - N -

[ 4 - ( 7 - a c e t y l ) i n d o l y l ] g l y c i n e ethyl ester (184) (16mg f 15%) 

as a colourless o i l . (Found: M + 2 7 4 . 1 3 1 7 , C n C H , oN~0~, 
13 1O Z J 

requires 274.1318); m / e 2 7 4 ( M + ) , 201(M - C 3 H 5 0 2 ) , and 

1 5 9 ( M + - C 3 H 5 0 2 - C 2 H 2 0 ) ; V m a x . (thin film) 3 4 8 0 , 3 3 5 0 , 1 7 4 0 , 

and 1 6 6 0 c m " 1 ; S ( C D C 1 3 , 250MHz) 8 . 5 2 , (1H, br s , indole 

NH) , 7 . 3 8 , 7.10 (2H, A B q , J A B 7 . 4 H z , 6 - H , 5 - H ) , 7.19 (1H, 

m , 2 - H ) , 6.76 (1H, m , 3 - H ) , 4.16 (2H, q , J 7 H z , O C H 2 C H 3 ) , 

4.04 (2H, s , N C E 2 C O ) , 3.13 (3H, s , N C H 3 ) / 2.72 (3H, s , 

C E 3 C O ) , and 1.25 (3H, t , J 7 H z , C H 2 C H 3 ) , and (ii) N-

M e t h y l - N - [ 4 - ( 3 - a c e t y l ) i n d o l y l ] g l y c i n e ethyl ester (180) 

(50mg, 48%) identical by t . l . c . and 1 H n . m . r . with the 

compound p r e v i o u s l y d e s c r i b e d . 

N-Methyl-N-f 4 - f 3 - ( 2 - n i t r o - 3 - h y d r o x y p r o p y l ) 1 i n d o l y l l -

a l y c i n e Ethyl Ester (189^ - (i) P o t a s s i u m c a r b o n a t e and 

f o r m a l i n m e t h o d : N - M e t h y l - N - { 4 - [ 3 - ( 2 - n i t r o e t h y l ) ] i n d o l y l } -

g l y c i n e ethyl ester (155) (336mg, 1.1mm) and potassium 

c a r b o n a t e (75mg, 0.55mm) in ethanol/water (4ml/2:l) at 0°C 

w e r e treated with formalin (0.09ml, 1.1mm) for 2 h . The 

s o l v e n t was removed at reduced p r e s s u r e , the oily residue 

taken up in chloroform and extracted with water (3 x 20ml) 

and brine (20ml). Removal of the solvent at reduced 

p r e s s u r e and c h r o m a t o g r a p h y (CHC1 3 eluant) of the residue 

(402mg) gave (i) N-Methyl-N-(4-f 3 - ( 2 - n i t r o - 3 - h y d r o x v -

p r o p y l ) 1 i n d o l y l l q l y c i n e ethyl ester (189) (68mg, 19%) as a 

p a l e yellow o i l . (Found: C , 53 .38; H , 5.94; N , 11.43 

C 1 6 H 2 1 N 3 O 5 . 0 . 2 5 C H C 1 3 requires C , 53.44; H , 5.87; N , 

1 1 . 5 1 % ) ; m / e 335 (M +) and 305 ( M + - C H 2 0 ) ; m a x . (thin 

film) 3 4 1 0 , 1 7 3 0 , and 1 5 6 0 c m " 1 ; S (CDClj) 8.30 (1H, br s , 

indole NH) , 6.40-7.05 (4H, m , Aril), 5.32 (1H, m , CHNC> 2) , 

4.14 (2H, q , J 7 . 5 H z , O C H 2 C H 3 ) , 3.70-4.00 (5H, m , N C H 2 C O , 

C H 2 O H ) t 3.39 (2H, d , J 8 H z , C E 2 A r ) , 2.76 (3H, s , N C H 3 ) , 

and 1.23 (3H, t , J 7 . 5 H z , C H 2 C H 3 ) and (ii) N - M e t h y l - N - { 4 -

[ 3 - ( 2 - n i t r o - 2 - h y d r o x y m e t h y l - 3 - h y d r o x y p r o p y l ) ] i n d o l y l } -

g l y c i n e e t h y l ester (190), (160mg, 40%) as an o i l . 

(Found: M + 3 6 5 . 1 5 8 2 , c
1 7 H 2 3 N 3 0 6 requires 3 6 5 . 1 5 8 7 ) ; m / e 

365 ( M + ) , 335 ( M + - C H 9 0 ) , 3 1 8 , and 306; g m a x . (thin film) 
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3 4 0 0 , 3 2 8 0 , 1 7 3 5 , and 1 5 4 0 c m " 1 ; S (CDC1 3) 8.82 (1H, br s , 

indole NH) , 6.80-7.16 (4H, m , A r E ) , 3.53-4.40 (12H, m , 

O C H 2 C H 3 , C H 2 O H x 2 , N C E 2 C O , A r C H 2 ) , 2.86 (3H, s , N C H 3 ) , 

and 1.27 (3H, t , J 7 . 5 H z , C H 2 C E 3 ) . 

(ii) S o d i u m m e t h o x i d e and p a r a f o r m a l d e h y d e m e t h o d : - A 

suspension of p a r a f o r m a l d e h y d e (118mg, 3.94mm) in D . M . F . 

(8ml) containing N - m e t h y l - N - { 4 - [ 3 - ( 2 - n i t r o e t h y l ) ] i n d o l y l } -

glycine ethyl ester (155) (1.1973g, 3.94mm) and sodium 

m e t h o x i d e (15mg) was warmed to 70°C under argon until a 

clear solution w a s formed (about 10 m i n u t e s ) . The cooled 

solution was diluted with ethyl acetate (150ml), extracted 

with water (5 x 100ml) and brine (50ml). Removal of the 

solvent at reduced pressure and c h r o m a t o g r a p h y (CHC1 3 

eluant) gave N - m e t h y l - N - { 4 - [ 3 - ( 2 - n i t r o - 3 - h y d r o x y p r o p y l ) ] -

indolyljglycine ethyl ester (189) (903mg, 68%) identical 

by t . l . c . , 1 H n . m . r . and i . r . with the m a t e r i a l described 

a b o v e . N - M e t h y l - N - { 4 - { 3 - ( 2 - n i t r o - 2 - h y d r o x y m e t h y l - 3 -

h y d r o x y p r o p y l ) ] i n d o l y l l g l y c i n e ethyl ester (190) (235mg, 

16%) was also i s o l a t e d . 

An a d d i t i o n a l quantity of the m o n o h y d r o x y m e t h y l a t e d 

p r o d u c t (189) was obtained by treating the b i s h y d r o x y -

m e t h y l a t e d m a t e r i a l (190) (235mg, 0.65mm) with sodium 

m e t h o x i d e (10mg) in D . M . F . at 70°C for 10 m i n u t e s . Work 

up as described above followed by chromatography (CHC1 3 

eluant) gave the m o n o h y d r o x y m e t h y l a t e d p r o d u c t (189) 

(91mg, 42% or 75% overall from (155)) and b i s h y d r o x y -

m e t h y l a t e d product (190) (116mg, 5 0 % ) . 

N-Methyl-N-(4-f 3-(2-n i t r o - 3 - h v d r o x v p r o p v l ) 1 i n d o l v l ) -

valine M e t h y l Ester (191a.b) - N - M e t h y l - N - { 4 - [ 3 - ( 2 - n i t r o -

ethyl) ]indolyl}valine m e t h y l ester (162) (34.7mg, 0.10mm) 

was treated with p a r a f o r m a l d e h y d e (3.1mg, 0.10mm) and 

sodium m e t h o x i d e (catalytic portion) according to the' 

above p r o c e d u r e . C h r o m a t o g r a p h y (CHC1 3 eluant) of the 

residue after work up gave the p r o d u c t (191a,b) (20mg, 

55%) as an o i l . Treatment of the residual m a t e r i a l with a 

further catalytic q u a n t i t y of sodium m e t h o x i d e resulted in 

a further yeild of (191a,b) (total yield 2 5 m g , 70%) . It 
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was n o t found possible to separate the d i a s t e r e o m e r i c 

m i x t u r e by c h r o m a t o g r a p h y . (Found: M + 3 6 3 . 1 7 8 9 , 

C 1 8 H 2 5 N 3°5 r e < 3 u i r e s 363.1794); m / e 363 (M +) , 334 ( M + - C H O ) , 

and 274 ( M + - C 2 H 3 N 0 3 ) ; V m a x . (thin film) 3 4 2 0 - 3 5 0 0 , 1 7 3 5 , 

1 5 6 0 , 1 1 8 5 , 1 0 9 5 , and 1 0 4 5 c m " 1 ; S ( C D C 1 3 , 2 5 0 M H z , 

d i a s t e r e o m e r i c m i x t u r e ) , 8.10 (1H, br s , indole NH) , 

6.84-7.17 (4H, m , ArH) , 4.55 and 4.11 (1H, m , N 0 2 C H ) / 

3.72-4.09 (5H, m , C H 2 C H ( N 0 2 ) C H 2 O H , N C E C O ) , 3.58 and 3.50 

(3H, s , O C E 3 ) , 2.83 and 2.80 (3H, s , NCE3)r 2.35 (1H, m , 

(CH- 3) 2CE)/ 1 - 1 5 (3H, D , J 7 . 5 H Z , CE3CH) , 1.07 (3H, d , J 

7 . 5 H z , CH3CH), and 0.94 (3H, m , ( C E 3 ) 2 C H ) . 

N - ( 4 - f l - M e t h y l - 3 - ( 2 - n i t r o - 3 - h v d r o x v p r o p v l ) 1 indolvll-

valine Methyl Ester (192a.b) - N - { 4 - [ l - m e t h y l - 3 - ( 2 - n i t r o -

e t h y l ) ] i n d o l y l } v a l i n e m e t h y l ester (165) (770mg, 2.3mm) 

and p a r a f o r m a l d e h y d e (70mg, 2.3mm) in D . M . F . (4ml) _ 

containing sodium m e t h o x i d e (10mg) were warmed at 70°C for 

10 m i n u t e s , cooled and w o r k e d up as described a b o v e . 

C h r o m a t o g r a p h y (CHC1 3 eluant) gave the product (192a,b,) 

as two enantiomeric m i x t u r e s . (Found: C , 51.29; H , 6.03; 

N , 9.43; C 1 8
H 2 5 N 3° 5 0 * 6 C H C 1 3 requires C , 51.39; H , 5.93; 

N , 9.66; Found: M + 363.1803 , c i a H 2 5 N 3 0 5 r e c 2 u i r e s 

3 6 3 . 1 7 9 4 ) ; m / e 363 (M +) , 334 (M -CHO) , and 274 

( M + - C 2 H 3 N 0 3 ) ; V m a x . (thin film) 3 5 9 0 , 1 7 2 5 , 1 6 0 0 , 1 5 7 5 , 

1 5 4 0 , 1 4 9 5 , 1 4 5 0 , 1 4 3 0 , 1 4 1 0 , 1 3 8 0 , 1 3 6 0 , 1 2 9 0 , 1 2 5 5 , 

1 2 0 5 , 1 1 5 5 , 1 0 4 5 , 9 0 0 , and 7 2 0 c m " 1 . Careful 

chromatography ( C H C l 3 / p e t r o l 72:28 then C H C l 3 / p e t r o l 74:26 

eluant) gave the two pure enantiomeric mixtures referred 

to as 'more p o l a r 1 (192b) and 'less polar 1 (192a) from 

their t . l . c . b e h a v i o u r . (i) Less polar (192a) S (CDCI3, 

250MHz) 7.05 (1H, d d , J 7 . 6 , 8 H z , 6 - H ) , 6.73 (2H, s + d , J 

8Hz", 2-H and 7 - H ) , 6.23 (1H, d , J 7 . 6 H z , 5 - H ) , 4.94 (1H, 

m , C H N 0 2 ) , 3.95-4.06 (4H, m , A r N H , C E 2 O H and N C E C O ) , 3.73 

(3H, s, OCE3), 3.65 (3H, s, NCE3), 3.58 (2H, d, J 7Hz, 

A r C E 2 ) , 3.24 (1H, br s , OH) r 2.20 (1H, s e p t e t , J 6 . 7 H z , 

( C H 3 ) 2 C E ) r 1.11 (3H, d , J 6 . 7 H z , CH3CH) , and 1.03 (3H,_ d , 

J 6 . 7 H z , CE3CH). (ii) M o r e polar (192b) $ (CDCI3, 250MHz) 

7.05. (1H, d d , J 7 . 5 , 8 . 8 H z , 6 - H ) , 6.74 (1H, d , J 8 . 8 H z , 
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7 - H ) , 6.72 (1H, s , 2 - H ) , 6.24 (1H, d , J 7 . 5 H z , 5 - H ) , 5.05 

(1H, m , C H N 0 2 ) , 4.87 (1H, br s , ArNfi), 3.96-4:04 (3H, m , 

C E 2 0 , N C E C O ) , 3.72 (3H, s , O C E 3 ) '
 3 , 6 4 { 3 H ' S f ' 3 - 6 2 

(1H, d d , J 6 . 2 5 , 1 5 . 5 H z , ArCE) / 3.50 (1H, d d , J 7 . 5 , 

1 5 . 5 H z , ArCE) / 3.08 (1H, br s , OE) , 2.22 (1H, m , ' 

(CH 3) 2CE)r 1.12 (3H,. d, J 6. 8Hz, CE3CH) , and 1.05 (3H, d, 

J 6.8Hz, CE3CH). 
N - M e t h y l - N - f 4 - r 3 - ( 2 - n i t r o - 3 - ( 2 - t e t r a h v d r o p v r a n v l -

o x y ) p r o p y l ) 1 i n d o l y l l g l y c i n e Ethyl Ester (196) - A solution 

of N - M e t h y l - N - { 4 - [ 3 - ( 2 - n i t r o - 3 - h y d r o x y p r o p y l ) ] i n d o l y l } -

g l y c i n e ethyl ester (189) (994mg, 3 . 0 m m ) , d i h y d r o p y r a n 

(500mg, 6mm) and pyridinium tosylate (262mg, 1.05mm) in 

d i c h l o r o m e t h a n e 1 0 0 (20ml) was stirred overnight at room 

t e m p e r a t u r e . After extraction with water (3 x 50ml) and 

b r i n e (50ml) and removal of solvent at reduced pressure 

the residue was chromatographed ( C H C l 3 / p e t r o l 4:1 eluant) 

to give compound (196) (1.07g, 86%) as an o i l . (Found: C , 

5 7 . 3 7 ; H , 6.92; N , 9.25; C 2 1 H 2 g N 3 0 g 0 . 2 C H C 1 3 requires C , 

57.43; H , 6.64; N , 9.48%; Found: M 4 1 9 . 2 0 6 0 , C 2 i H 2 9 N 3°6 

requires 419.2056); m/e 419 ( M + ) , 346 ( M + - C 3 H 5 0 2 ) , 2 7 1 , 

and 199: V m a x . (thin film) 3 4 1 0 , 1 7 4 0 , 1 5 4 8 , 9 1 0 , and 

7 3 0 c m " 1 ; % (CDC1 3) 8.36 (1H, br s , indole N H ) , 6.69-7.05 

(4H, m , ArE) r 5.36 (1H, m , C E N 0 2 ) , 4.57 (1H, m , OCEO) , 

4.10 (2H, q , J 7 H z , O C E 2 C H 3 ) , 3.36-4.00 (4H, m , (OCE 2 x 

2 ) , 3.77 (2H, s , N C E 2 C O ) , 3.36 (2H, d , J 7 H z , A r C E 2 ) , 2.82 

(3H, s , N C E 3 ) , 1.35-1.80 (6H, m , C E 2 C E 2 C E 2 ) / and 1.19 (3H, 

t , J 7 H z , C H 2 C E 3 ) . 

N - r 4 - f l - M e t h y l - 3 - ( 2 - n i t r o - 3 - ( 2 - t e t r a h v d r o p y r a n v l -

o x y ) p r o p y l i n d o l y l ) v a l i n e M e t h y l Ester (198a.b) - N-{4-

[ l - M e t h y l - 3 - ( 2 - n i t r o - 3 - h y d r o x y p r o p y l ) ] i n d o l y l } v a l i n e 

m e t h y l ester (192a,b) (diastereomeric m i x t u r e , 1 9 0 m g , 

0.52mm) was treated in the same manner as described above 

w i t h dihydropyran (84mg, 1mm) and pyridinium tosylate 

(59mg, 0 . 2 5 m m ) . C h r o m a t o g r a p h y ( C H C l 3 / p e t r o l 9:1 eluant) 

gave the p r o d u c t (198a,b) (200mg, 86%) as a yellow o i l . 

(Found: M + 4 4 7 . 2 3 8 0 , C
2 3

H 3 3 N 3° 6 requires 447.2369); m / e 

447 ( M + ) , 3 6 3 , 3 4 5 , 3 2 0 , 3 0 4 , 2 7 4 , 2 2 9 , and 213; V max 
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(thin film) 3 4 4 0 , 1 7 3 5 , 1 6 1 0 , 1 5 8 0 , 1 5 5 0 , 1 5 0 4 , 1.465, 

1 4 4 0 , 1 4 2 0 , 1 3 7 0 , 1 3 4 5 , 1 2 9 0 , 1 2 6 0 , 1 2 0 0 , 1 1 6 5 , 1 1 3 0 , 

1 0 7 0 , 1 0 3 0 , 9 6 5 , 9 1 0 , and 7 4 0 c m " 1 ; S (CDC1 3) 6.54-6.93 

(3H, m , Arfl), 6.15 (1H, d , J 7 . 5 H z , 5 - H ) , 5.15 (1H, m , 

CflN0 2), 4.53 (1H, m , OCflO), 3.26-4.20 (7H, m , 

ArCfl 2CH(N0 2)Cfl 20, NCflCO, O C f l 2 C H 2 ) , 3.69 (3H, s , OCfl 3), 

3.59 (3H, s , NCfl3) 2.16 (1H, s e p t e t , J 6 . 5 H z , (CH 3) 2Cfl), 

1.36-1.76 (6H, br m , Cfl2Cfl2Cfl2), 1.05 (3H, d,- Cfl 3CH), and 

0.98 (3H, d , Cfl 3CH). 

The less polar enantiomeric m i x t u r e (192a) (122mg, 

0.33mm) was treated in the. same way with dihydropyran 

(44mg, 0.5mm) and pyridinium tosylate (20mg, 0.1mm) to 

give the p r o d u c t (198a) (143mg, 97%) identical by t . l . c . 

and 1 H n . m . r . with the above p r o d u c t . 

Reduction of 3 - ( 2 - N i t r o e t h y l ) i n d o l e s to 3 - ( 2 - A m i n o ) -

indoles - G e n e r a l Procedure - A solution of the 

a p p r o p r i a t e 3 - ( 2 - n i t r o e t h y l ) i n d o l e (1M) and cobalt (II) 

chloride hexahydrate (2M) in m e t h a n o l (4ml/mm) or 

T . H . F . / m e t h a n o l 1:1 (4ml/mm) was cooled to 0°C and treated 
112 

over 5 m i n u t e s with sodium borohydride (10M) . The 

black solution was stirred for 30 minutes at 0°C and 30 

minutes at room temperature and worked u p . If there was 

no 2 - t e t r a h y d r o p y r a n y l o x y ether present in the m o l e c u l e , 

the black suspended m a t e r i a l was dissolved by the addition 

of 6N H C 1 , neutralised w i t h excess ammonium h y d r o x i d e , the 

solution extracted with ethyl acetate (3 times) and the 

combined o r g a n i c phases w a s h e d with water and evaporated 

at reduced p r e s s u r e . If the m o l e c u l e contained a 2-tetra-

h y d r o p y r a n y l o x y ether m o i e t y , the reaction mixture was 

diluted w i t h ethyl a c e t a t e , extracted with brine (twice), 

water (4 times) and brine and the solvent removed at 

reduced p r e s s u r e . In either case the p r o d u c t could be. 

purified by chromatography ( E t 2 N H / E t O H / C H C l 3 ) although 

p u r i f i c a t i o n w a s not g e n e r a l l y n e c e s s a r y . 

N-Methyl-N—f4-f3-(2-aminoethvl)1indolyllalycine Ethyl 

Ester (202) - N - M e t h y l - N - { 4 - [ 3 - ( 2 - n i t r o e t h y 1 ) ] i n d o l y l } -

glycine ethyl ester (155) (248mg, 0.82mm) was reduced 
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according to the general procedure with cobalt (II) 

chloride hexahydrate (3 8 7 m g , 1.64mm) and sodium 

b o r o h y d r i d e (312mg f .8.2mm) to give the p r o d u c t (202) 

(185mg, 82%) homogeneous by t . l . c . (Found: M + 2 7 5 . 1 6 3 8 , 

C 1 5 H 2 1 N 3 0 2 requires 2 7 5 . 1 6 3 4 ) ; m / e 275 (M +) , 2 4 6 , and 173; 

V m a x , (thin film) 3 4 8 0 , 3 3 7 0 , and 1 7 4 5 c m " 1 ; S (CDC1 3) 

9.05 (1H, br s , indole N H ) , 6.65-7.05 (4H, m , A r £ ) , 4.06 

(2H, q , J 7 . 5 H z , O C H 2 C H 3 ) , 3.74 (2H, s , N C H 2 C O ) , 2.96 (6H, 

m , A r C H 2 C H 2 N H 2 ) ,
 2 - 8 0 < 3 H ' s ' N C H 3 ) / and 1.25 (3H, t , J 

7 . 5 H z , C H 2 C H 3 ) . 

H y d r o l y s i s of 3 - ( 2 - A m i n o e t h y l ) i n d o l e Amino Acid Esters 

and P r e p a r a t i o n of 3 H - P y r r o l o - f 4 , 3 , 2 - g , h 1 1 , 2 , 4 , 5 , 6 , 8 -

h e x a h y d r o - l - m e t h y l - 1 , 4 - b e n z o d i a z o n i n - 3 - o n e s z n e r a l 

P r o c e d u r e - The a p p r o p r i a t e 3 - ( 2 - a m i n o e t h y l ) i n d o l e a m i n o 

acid ester (1M) in aqueous ethanol (1:2) (4ml/mm) 

containing IN NaOH (lml/mm) was stirred at room 

t e m p e r a t u r e overnight (glycine ethyl ester derivatives) or 

refluxed 36 h • (valine m e t h y l ester derivatives) . The 

s o l v e n t w a s removed at reduced p r e s s u r e and the amino acid 

sodium s a l t , so f o r m e d , dried overnight at room 

t e m p e r a t u r e in vacuo over phosphorous p e n t o x i d e . 

The c r u d e , dry amino acid sodium salt (1M) was 

d i s s o l v e d in D . M . F . (2mg/ml) and treated with diphenyl-
fi 7 

p h o s p h o r y l a z i d e 0 (1.1M) and triethylamine (1.5M) at room 

t e m p e r a t u r e under argon for 72 h . The solvent w a s removed . 
at reduced pressure and the residue taken up in ethyl 

a c e t a t e / w a t e r . The organic phase was w a s h e d v/ith water (4 

times) and b r i n e , s o l v e n t removed at reduced p r e s s u r e and 

the residue c h r o m a t o g r a p h e d to give the desired 

h e x a h y d r o - 1 , 4 - b e n z o d i a z o n i n - 3 - o n e . 

3 H - P y r r o l o f 4 . 3 , 2 - q , h 1 - l . 2 . 4 . 5 . 6 , 8 - h e x a h v d r o - l - m e t h v l -

1 . 4 - b e n z o d i a z o n i n - 3 - o n e (12) - N - M e t h y l - N - { 4 - [ 3 - ( 2 - a m i n o -

ethyl) ]indoly1}glycine ethyl ester (202) (60mg,. 0.22mm) 

was" h y d r o l y s e d according, to the g e n e r a l p r o c e d u r e to give 

N - m e t h y l - N - { 4 - [ 3 - ( 2 - a m i n o e t h y l ) ] i n d o l y l l g l y c i n e sodium 

salt (210) (58mg, 98%) as a pale brown glass & ( D
2°) 

6.95-7.46 (4H, m , A r E ) , 4.23 (2H, s , N C H 2 C O ) , 3.28 (4H, m , 

C H 2 C H 2 ) , 3.16 (3H, s , N C H 3 ) . 
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The amino acid sodium salt (210) (58mg, 0.21mm) was 

cyclised according to the general p r o c e d u r e and gave after 

c h r o m a t o g r a p h y (CHC1 3 eluant) the product (12) (27mg, 57%) 

as a colourless f o a m . (Found: M + 2 2 9 . 1 2 1 4 , c i 2 H i 5 N 3 ° 

requires 229.1214)? m / e 229 ( M + ) , 1 1 9 , and 117; V m a x . 

(thin film) 3 4 7 5 , 3 4 0 0 , 3 2 9 0 , 1 6 5 5 , 1 6 1 0 , 1 5 4 5 , 1 5 0 0 , 

1 4 7 0 , 1 4 4 5 , 1 4 2 5 , 1 3 5 5 , 1 2 3 5 , 1 2 2 5 , 1 1 8 5 , 1 1 6 0 , 1 1 0 0 , 

1 0 4 0 , 1 0 2 5 , 9 0 5 , and 7 3 0 c m " 1 ? S ( C D C 1 3 , 2 5 0 M H z , 50°C) 8.13 

(1H, br s , indole N H ) , 7.04-7.15 (2H, m , 6-H and 7 - H ) , 

6.88 (1H, d , J 2 . 2 H z , 2 - H ) , 6.78 (1H, d , J 6 . 1 H z , 5 - H ) , 

6.21 (1H, br s , C O N H ) , 3.80 (4H, m , Cfl 2NHCO, NCfl 2CO), 3.24 

(2H, t , J 6 H z , ArCfl 2), and 2.97 (3H, s , NCfi 3). 

'3H-Pyr rolo- f 4.3.2-g.hi-1.2 .4 .5 .6 .8-hexahydro-8-

g e r a n y l - l - m e t h y l - 1 . 4 - b e n z o d i a z o n i n - 3 - o n e (211) 

3 H - P y - r o l o [ 4 , 3 , 2 - g , h ] - l , 2 , 4 , 5 , 6 , 8 - h e x a h y d r o - l - m e t h y 1 - 1 , 4 -

b e n z o d i a z o n i n - 3 - o n e (12) (22.4mg, 0.12mm) and g e r a n y l 

chloride (30mg, 0.15mm) in D . M . F . (0.5ml) were added to a 

stirred suspension of sodium hydride (6mg, 50% d i s p e r s i o n 

in o i l , 0 . 1 3 m m , w a s h e d with petrol) at 0 C and stirred for 

a further 2 h . After dilution with e t h e r , the organic 

phase v/as extracted with water (5 x 15ml) and b r i n e , the 

s o l v e n t removed at reduced p r e s s u r e and the residue 

c h r o m a t o g r a p h e d (CHC1 3 eluant) to give compound (211) 

(18.2mg, 41%) as a colourless s o l i d . R e c r y s t a l l i s a t i o n 

gave the a n a l y t i c a l sample m . p . 173-174°C ( C H C l 3 / p e t r o l ) . 

(Found: C , 75.30? H , 8.54? N , 11.39; C 2 3 H 3 1 N 3 0 requires C , 

75.58? H , 8.55? N , 11.50%; Found: M + 3 6 5 . 2 4 5 8 , C 2 3 H 3 1 N 3 0 

requires 3 6 5 . 2 4 6 7 ) ; m / e 365 (M +) and 228 ( M + - C i g H 1 7 ) ; V 

m a x . (thin film) 1 6 4 4 , 1.425, 1 2 0 0 , and 7 3 5 c m " 1 ? S ( C D C 1 3 , 

250MHz) 7.12 (1H, d d , J 8 , 8 . 5 H z , 6 - H ) , 6.99 (1H, d , J 

8 H z , 7 - H ) , 6.77 (1H, s , 2 - H ) , 6.75 (1H, d , J 8 . 5 H z , 5 - H ) , 

6.27 (1H, br t , N H C O ) , 5.35 (1H, t , J 6 . 8 H z , =Cfl), 5.06 

(1H, m , =Cfl), 4.60 (2H, d , J 6 . 8 H z , NCfl 2), 3.68-4.06 (4H, 

br m , NCfl 2CO, N C f l 2 C H 2 ) , 3.17-3.32 (2H, br t , A r C f l 2 C H 2 ) , 

2.95 (3H, s , N C K 3 ) , 2.08 (4H, m , allylic Cfl 2), 1.80 (3H, 

s , a l l y l i c Cfl 3), 1.68 (3H, s , a l l y l i c Cfl 3), and 1.59 (3H, 

s , allylic Cfl-0. 
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N-Methyl-f4-f 3 - ( 2 - a m i n o - 3 - h v d r o x v p r o D v l ) 1 indolvll- : 

g l y c i n e Ethyl Ester (203) - N - M e t h y l - N - { 4 - [ 3 - ( 2 - n i t r o - 3 -

h y d r o x y p r o p y l ) ] i n d o l y l } g l y c i n e ethyl ester (189) (34rag, 

0.1mm) was reduced w i t h cobalt (II) chloride and sodium 

b o r o h y d r i d e according to the g e n e r a l p r o c e d u r e to give the 

amino alcohol (203) (21mg, 6 8%) as an o i l . (Found: M + 

3 0 5 . 1 7 3 0 , C 1 6 H 2 3 N 3 0 3 requires 3 0 5 . 1 7 3 9 ) ; m / e 305 ( M + ) , 246 

( M + - C 2 H 5 N O ) , and 173 ( M + - C 2 H 5 N 0 - C 3 H 5 0 2 ) ; * m a x . (thin 

film) 3 1 0 0 - 3 4 0 0 , 1 7 2 0 , 1 5 6 5 , 1 4 2 0 , 1 3 4 0 , 1 1 8 0 , 1 0 2 0 , 895, 

and 7 2 0 c m " 1 ; £ (CDC1 3) 6.56-7.10 (5H, m , ArHr and indole 

NH) , 4.13 (2H, q , J 7 H z , O C H 2 C H 3 ) , 3.73 (2H, s , N C E 2 C O ) , 

2.80-3.55 (8H, m , A r C E 2 C E ( N f i 2 ) C E 2 O E ) , 2.80 (3H, s , N C E 3 ) / 

and 1.23 (3H, t , J 7 H z , C H 2 C E 3 ) . 

H y d r o l y s i s and cyclisation of N - M e t h v l - N - f 4 - f 3 - ( 2 -

amino-3-hydroxypr'opyl) 1 indolvllalvcine Ethyl Ester (203) -

The amino alcohol (203) (21mg, 0.06 8ram) was hydrolysed 

w i t h aqueous ethanolic sodium hydroxide (0.068mm) 

according to the g e n e r a l p r o c e d u r e to give the sodium salt 

(20mg, 1 0 0 % ) . T r e a t m e n t with d i p h e n y l p h o s p h o r y l azide and 

t r i e t h y l a m i n e according to the general c y c l i s a t i o n 

p r o c e d u r e gave a single product (13) after work u p , whose 

crude i . r . revealed an absorption at 1 6 4 0 c m " 1 C O N E and no. 
a b s o r p t i o n at 1 7 1 0 c m " 1 corresponding to lactone f o r m a t i o n . 

It was not p o s s i b l e to purify this p r o d u c t by 

c h r o m a t o g r a p h y . 

N-Methyl-N-f 4-f 3 - ( 2 - a m i n o - ( 2 - t e t r a h y d r o p y r a n y l o x y ) -

p r o p y l ) ! i n d o l y l l a l v c i n e Ethvl Ester (204) - N - M e t h y l - N -

( 4 - [ 3 - ( 2 - n i t r o - ( 2 - t e t r a h y d r o p y r a n y l o x y ) p r o p y l ) ] i n d o l y l } -

g l y c i n e ethyl ester (196) (229mg, 0.54mm) was reduced v/ith 

c o b a l t (II) chloride and sodium b o r o h y d r i d e according to 

the general p r o c e d u r e to give compound (204) (158mg, 76%) 

as a pale brown o i l . No further purification after 

a q u e o u s w o r k u p was n e c e s s a r y . An analytical sample was 

p r e p a r e d by chromatography ( C H C l 3 / E t O H / E t 2 N H , 84:15:1): 

(Found: M + 3 8 9 . 2 3 0 5 , C 2 1 H 3 1 N 3 0 4 requires 339.2314); m / e 

389 ( M + ) , 246 ( M + - C 7 H 1 3 N 0 2 ) , and 173 ( M + - C 7 H 1 3 N 0 2 - C 3 H 5 0 2 ) ; 

^ m a x . (thin film) 3 4 6 0 , 3 3 0 0 , 1 7 3 0 , 1 5 7 0 , 1 5 0 0 , 1 4 4 0 , 
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1 3 7 0 , 1 3 4 5 , 1 2 1 0 , 1 1 1 5 , 1 0 2 0 , and 7 4 5 c m " 1 ; £ (CDC1 3) 9.36 

(1H, br s , indole N H ) , 6.60-7.03 (4H, m , ArE)t 4.50 (1H, 

br s , O C E O ) , 4.07 (2H, q , J 7 H z , O C E 2 C H 3 ) , 3.13-4.00 (5H, 

m , C H 2 C E ( N H 2 ) C E 2 C H 2 O C E 2 C H 2 ) , 3.73 (2H, s , N C E 2 C O ) , 

2.75-3.04 (5H, m + s , A r C E 2 / N C E 3 ) / 2.73 (2H, br s , N E 2 ) / 

1.45-1.70 (6H, br m , C E 2 C E 2 C E 2 ) , and 1.22 (3H, t , J 7 H z , 

C H 2 C E 3 ) . 
3H-Pyrrolo-f 4 .3,2-q.hl-1.2.4,5,6.8-hexahvdro-5-f(2-

tetrahydropyranyloxy)methyl1-1.4-benzodiazonin-3-one (212) 

- The amino alcohol (204) (13 8mg, 0.35mm) was hydrolysed 

to the sodium salt (124mg, 93%) and cyclised according to 

the usual procedure to g i v e , after chromatography, the 

desired tricyclic product (212) (71mg, 63%) as an o i l . 

(Found: M + 3 4 3 . 1 8 8 8 , C ^ g H ^ N ^ requires 343.1896); m/e 

343 ( M + ) , 2 6 0 , 258 ( M + - C 5 H 9 0 ) , and 171; V m a x . (thin film) 

3 4 6 0 , 3 3 7 0 , 1 6 4 0 , 1 4 9 2 , 1 4 3 0 , 1 3 5 0 , 1 2 3 0 , 1 1 1 0 , 1 0 2 0 , 900, 

and 7 2 0 c m " 1 ; S ( C D C 1 3 , 250MHz) 8.34 (1H, br s , indole Nfl), 

7.02-7.13 (2H, m , 7-H and 6 - H ) , 6.84 (1H, d d , J 1 . 5 , 

6 . 5 H z , 5 - H ) , 6.76 (1H, m , 2 - H ) , 6.28 (1H, br d d , J 7 , 

1 6 H z , N H C O ) , 4.62 (1H, m , O C E O ) , 3.74-3.93 (4H, m , O C E 2 x 

2) 3.47-3.62 (3H, m , N C E C H 2 , N C E 2 C O ) , 3.05-3.20 (2H, br m , 

A r C E 2 ) , 2.96 (3H, s , N C E 3 ) , and 1.45-1.90 (6H, br m , 

C E 2 C E 2 C E 2 ) • 

Deprotection of 3H-Pvrrolo-f4,3,2-g,h1-1,2.4,5 >6,8-

hexahydro-5-f(2-tetrahydropyranyloxv)methyl1-1-methyl-l,4-

benzodiazonin-3-one (13) - The protected tricyclic indole 

(212) (45mg, 0.13mm) was treated in ethanol (1ml) with 3N 

HC1 (1ml) at 0°C for 20 minutes and at room temperature 

for 1 h . The solution was diluted with ethyl acetate 

(30ml), basified with sodium hydroxide solution and the 

organic phase extracted with water (3 x 30ml) and brine 

(30ml). Removal of solvent at reduced pressure gave 

3H-pyrrolo-[4,3,2-g,h]-1,2,4,5,6,8-hexahydro-5-[(hydroxy-

methyl] -1-methyl-l,4-benzodiazonin-3-one (13) (22.4mg, 

59%) as an essentially pure glass insoluble in standard 

organic solvents. (Found: M + 259.1314, c i 4 H i 7 N 3°2 

requires 259.1321); m/e 259 ( M
+
) , 228 (M+-CH..O) , 2 1 5 , 1 8 5 , 
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1 7 1 , and 117? V m a x . (thin film) 3 3 0 0 - 3 4 5 0 , 1 6 4 0 , 1 4 5 0 , 

1 3 8 0 , 1 2 1 5 , 1 0 8 0 , 1 0 4 5 , 8 8 0 , and 7 6 0 c m " 1 ; £ ( ( C D 3 ) 2 S O , 

2 5 0 M H z , 102°C), 10.50 (1H, br s , indole N H ) , 6.92-7.08 

(3H, m , Aril) r 6.69 (1H, d d , J 1 . 5 , 6 . 5 H z , 5 - H ) , 6.58 (1H, 

d , J 7 . 2 H z , N H C O ) , 4.25 (1H, br s , O H ) , 3.45-3.60 (3H, m , 

C H C H 2 O H ) , 2.95-3.05 (4H, m , ArCfl 2, NCfl 2CO), and 2.86 (3H, 

s , N C H 3 ) . At room temperature the absorption due to 

N C H 2 C O is a sharp singlet at 5 3.32 but NCfl3 is very 

b r o a d . 

R e a r r a n g e m e n t of Lactam (13) to the Lactone (193) -

3 H - P y r r o l o - [ 4 , 3 , 2 - g , h ] - 1 , 2 , 4 , 5 , 6 , 8 - h e x a h y d r o - 5 - ( h y d r o x y -

m e t h y l ) - 1 - m e t h y l - l , 4 - b e n z o d i a z o n i n - 3 - o n e (13) (10mg, 

0.039mm) was w a r m e d to 85°C, under argon w i t h s t i r r i n g , in 

ethanol (2ml) and c o n c . HC1 (2ml) o v e r n i g h t . After 

cooling the solution was diluted with ethyl a c e t a t e , the 

s o l u t i o n basified with sodium hydroxide and the organic 

phase extracted with water (3 x 20ml.) and brine (20ml) . 

R e m o v a l of the solvent at reduced pressure and 

c h r o m a t o g r a p h y ( C H C l 3 / E t O H / E t 2 M H 89:10:1 eluant) gave 

3 H - p y r r o l o - [ 4 . 3 , 2 - h , i ] - 1 , 2 , 4 , 5 , 6 , 7 , 9 - h e p t a h y d r o - 6 - a m i n o - l -

m e t h y l - 1 , 4 - b e n z o x e c i n - 3 - o n e (193) (6.7mg, 6 7 % ) . No 

m o l e c u l a r ion was o b t a i n e d . V m a x . (thin film) 3 3 3 0 , 

3 2 5 0 , 1 7 2 0 . 1 5 9 5 , 1 5 6 0 , 1 4 9 0 , 1 4 2 5 , 1 3 6 5 , 1 3 4 0 , 1 2 0 0 , 

1 1 0 0 , 1 0 2 0 , and 7 4 0 c m " 1 . A t t e m p t e d d e t e r m i n a t i o n of the 
1 H n . m . r . spectrum in ( C D 3 ) 2 S O at elevated temperatures 

gave d e c o m p o s i t i o n of m a t e r i a l . No m e a n i n g f u l spectrum 

w a s obtained at room t e m p e r a t u r e . 

N-14 — f1-Methy1-3-(2-amino-3-(2-tet rahvdropyranyloxy)-

p r o p y l ) 1 i n d o l y l ] v a l i n e M e t h y l Ester (206a.b) Reduction of 

N - { 4 - [ 1 - M e t h y 1 - 3 - ( 2 - n i t r o - 3 - ( 2 - t e t r a h y d r o p y r a n y l o x y ) -

p r o p y l ] i n d o l y l } v a l i n e m e t h y l ester (198a,b) (88mg, ,20mm) 

according to the general p r o c e d u r e gave the desired 

d i a s t e r e o m e r i c m i x t u r e of amines (206a,b) as a yellow oil 

(66mg, 79%) w h i c h required no further p u r i f i c a t i o n . 

(Found: M + 4 1 7 . 2 6 3 7 , C 2 3
H 3 5 N 3°4 requires 417.2627); m/e 

417 (M +) , 3 7 5 , 2 7 4 , and 215? V m a x . (thin film) 3440 , 
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3 3 8 0 , 1 7 3 0 , 1 6 1 0 , 1 5 8 0 , 1 0 7 0 , 1 0 3 0 , 9 7 0 , 9 0 0 , and 7 2 5 c m " 1 ; 

S (CDC1 3) 6 . 5 5 - 6 . 9 8 (3H, m , A r E ) , 6.09 (1H, d , J 8 H z , 

5 - H ) , 4.58 (1H, br s , O C E O ) , 2.97-4.13* (10H, m , 

C E 2 C E ( N E 2 ) C E 2 0 f Cfi 2
0' N C E C°) r 3.66 (3H, s , O C E 3 ) / 3.61 

(3H, s , N C E 3 ) , 2.17 (1H, m , ( C H 3 ) 2 C E ) / 1.40-1.76 (6H, m , 

C E 2 C E 2 C H 2 ) t and 1.10 (6H, 2 superimposed d o u b l e t s , 

( C E 3 ) 2 C H ) . 

R e d u c t i o n of the less polar enantiomeric m i x t u r e 

(198a) (148mg, 0.33mm) gave the amine (206a) w i t h o u t 

- i s o m e r i s a t i o n as an oil (127mg, 92%) which required no 

further p u r i f i c a t i o n . This m a t e r i a l was i n d i s t i n g u i s h a b l e 

by t . l . c . and 1 H n . m . r . with the above m a t e r i a l . 

cis and trans 3H-Pyrrolo-f4.3.2-g.hi-1,2.4 .5.6,8-
hexahydro-5-f(2-tetrahydropyranyloxy)methyl!-8-methyl-2-
(1-methylethyl)-1.4-benzodiazonin-3-one (213a/fr) 

Hydrolysis of the d i a s t e r e o m e r i c m i x t u r e of amines 

(206a,b) (23mg, 0.063mm) with sodium hydroxide and 

cyclisation of the crude sodium salt (26.6mg, 100%) 

according to the general p r o c e d u r e , gave the desired 

tricyclic products (213a,b) (17.9mg, 74%) after 

c h r o m a t o g r a p h y ( C H C l 3 / p e t r o l eluant) as an o i l . (Found: 

M + 3 8 5 . 2 3 6 9 , C 2 2 H 3 1 N 3 0 3 requires 3 8 5 . 2 3 6 5 ) ; m / e 385 (M +) , 

300 ( M + - C 5 H g O ) , 2 1 4 , 213 and 1 7 1 . Careful chromatography 

( C H C l 3 / p e t r o l 4:1) of the m i x t u r e of the d i a s t e r e o i s o m e r s 

(213a,b) gave in equal q u a n t i t i e s (i) the less polar 

e n a n t i o m e r i c m i x t u r e c o m p o u n d (213a) as a c r y s t a l l i n e 

s o l i d . R e c r y s t a l l i s t i o n gave the analytical sample m . p . 

17 9-180°C (MeOH) (Found: C , 68.03; H , 8.18; N , 10.84 

C 2 2 H 3 1 N 3°3 r e < 3 u i r e s c ' 6 8 . 0 3 ; H , 8.11; N , 1 0 . 9 0 % ) ; 6 m a x . 

(thin film) 3 3 8 0 , 3 3 2 0 , 1 6 5 0 , 1 5 4 5 , 1 4 9 0 , 1 4 6 0 , 1 4 4 0 , 

" 1 4 1 0 , 1 3 8 0 , 1 3 5 0 , 1 3 2 0 , 1 3 0 0 , 1 2 4 5 , 1 2 1 0 , 1 1 2 0 , 1 0 6 0 , 

1 0 4 0 , and 7 5 0 c m " 1 ; S ( ( C D 3 ) 2 S O , 2 5 0 M H z , 122°C) 6.98 (3H, 

m , ArE)/ 6.65 (1H, m , ArE)/ 4.56-4.61 (3H, m , O C E O , 

OCNHCHNCE) / 4.11 (1H, br s , NEAr) , 3.81 (1H, m , NCE 0 ) , 

3.59-3.75 (2H, m , C E 2 0 ) , 3.67 (3H, s , N C E 3 ) , 3.37-3.52 

(2H, m , O C E 2 C H 2 ) , 3.13 (1H, d d , J 4 . 6 , 1 4 . 6 H z , ArCE)/ 2.94 

(1H, d d , J 6 . 5 H z , ArCE)/ 2.21 (1H, m , ( C H 3 ) 2 C E ) / 1.46-1.84 
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(6H, m , C E 2 C E 2 C E 2 ) r 1 . 1 8 (3H, d , J 6 . 6 H z , CE3CH), and 0.97 

(3H f d , J 6 . 6 H z , C H 3 C H ) ; (ii) t h e m o r e p o l a r e n a n t i o m e r i c 

m i x t u r e (213b) as an o i l . V m a x . (thin film) 3 3 7 0 , 3 3 0 0 , 

1 6 6 5 , 1 6 1 0 , 1 5 7 0 , 1 5 4 5 , 1 4 9 0 , 1 4 7 0 , 1 4 4 0 , 1 4 1 0 , 1 3 7 0 , 

1 3 2 0 , 1 2 5 0 , 1 2 2 0 , 1 1 9 5 , 1 1 6 0 , 1 1 2 0 , 1 0 7 0 , 1 0 3 0 , and 

750cm""
1
; & ( ( C D 3 ) 2 S O , 2 5 0 M H z , 122°C) , 6 . 8 6 - 6 . 9 2 (3H, m , 

ArE)/ 6.60 (1H, m , ArE)/ 6.42 (1H, d d , J 6 . 9 , 2 1 H z , N H C O ) , 

4.67 (1H, br s , O C E O ) , 4.40 (1H, br m , OCNHCE)/ 3 . 8 1 - 3 . 9 4 

(3H, m , Cfl 2ONCECO), 3.65 (3H, s , N C E 3 ) , 3 . 4 6 - 3 . 6 3 (2H, m , 

C E 2 0 ) , 3 . 2 1 (1H, d d , J 4 . 9 , 1 4 . 6 H z , A r C E ) , 2.95 (1H, d d , J 

5 . 1 , 1 4 . 6 H z ) , 2.14 (1H, m , ( C H 3 ) 2 C E ) , 1 . 4 4 - 1 . 8 0 (6H, m , 

C E 2 C E 2 C E 2 ) / 1 . 1 1 (3H, d , J 6 . 6 H z , Cfi 3CH), and 0.93 (3H, d , 

J 6 . 6 H z , C H 3 C H ) . 

T h e h y d r o l y s i s of the less p o l a r e n a n t i o m e r i c m i x t u r e 

of a m i n e s (206a) (127mg, 0.30mm) and c y c l i s a t i o n of the 

s o d i u m s a l t so formed g a v e a single p r o d u c t (73mg, 64%) 

c o r r e s p o n d i n g to the less p o l a r t r i c y c l i c e n a n t i o m e r i c 

m i x t u r e (213a) . 

3 H - P y r r o l o - f 4 . 3 , 2 - g , h 1 - 1 > 2 . 4 . 5 . 6 . 8 - h e x a h y d r o - 5 - h y d r o x y -

m e t h y l - 8 - m e t h y l - 2 - ( 1 - m e t h y l e t h y l ) - 1 , 4 - b e n z o d i a z o n i n - 3 - o n e 

(125a,b) - (i) The trans t r i c y c l i c t e t r a h y d r o p y r a n y l ether 

(213a) ( 6 . 2 m g , 0.016mm) was w a r m e d to 65°C in m e t h a n o l 
115 

(2ml) c o n t a i n i n g 4 - t o l u e n e s u l p h o n i c acid for 4 h . T h e 

r e a c t i o n was cooled to room t e m p e r a t u r e , the s o l v e n t 

v o l u m e reduced by one half and c o o l e d to -30°C for 24 h . 

trans 3 H - P y r r o l o - [ 4 , 3 , 2 - g , h ] - 1 , 2 , 4 , 5 , 6 , 8 - h e x a h y d r o -

5 - h y d r o x y m e t h y l - 8 - m e t h y 1 - 2 - ( 1 - m e t h y l e t h y l ) - 1 , 4 - b e n z o -

d i a z o n i n - 3 - o n e (125a) ( 4 . 2 m g , 87%) was isolated by 

c e n t r i f u g a t i o n as a m i c r o c r y s t a l l i n e c o l o u r l e s s solid m . p . 

271.5-272.5°C. (Found: M + 3 0 1 . 1 7 8 5 , c i 7 H 2 3 N 3 0 2 r e q u i r e s 

3 0 1 . 1 7 9 0 ) ; m / e 301 ( M + ) , 2 8 3 , 2 7 0 , 2 5 6 , 2 2 7 , 2 1 3 , 1 9 8 , 

1 8 5 , 1 7 1 , and 1 4 4 ; V m a x . (nujol m u l l ) 3 4 1 0 , 3 3 5 0 , 3 3 1 0 , 

1 6 3 8 , 1 5 5 0 , 1 5 1 5 , 1 4 9 5 , 1 4 1 5 , 1 3 7 5 , 1 3 5 5 , 1 2 5 0 , 1 2 1 5 , 

1 0 4 0 , and 7 5 5 c m " 1 ; £ ( ( C D 3 ) 2 S O , 2 5 0 M H z , 142°C) 6.94 (3H, 

m , ArE)/ 6.63 (1H, d d , J 2 . 5 , 6 . 0 H z , 1 1 - H ) , 6.06 (1H, br 
s , 4 - H ) , 4.38 (1H, m , 5 - H ) , 3.69 (3H, s , 8 - N C E d ) , 3 . 4 8 

111 
(3H, m , 2,1 - H ) , 3.03 (2H, ABX s y s t e m , J a n 1 5 . 5 H z , J a v 
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5 . 4 H z , J B X 7 . 2 H z , c o l l a p s e s . t o an AB system J 15.5Hz oh 

irradiation at 4 . 3 8 , 6 - H ) , 2.21 (1H, m , l l : L - H ) , 1.14 

(3H, d , J 6 . 5 H z , 2 1 1 ) , and 0.96 (3H, d , J 6 . 5 H z , 3 1 : i - H ) . 

A t room temperature additional resonances w e r e observed at £ 

4.87 (1H, t , J 5 . 5 H z , C H 2 O H ) and 4.78 (1H, d , J 6 . 8 H z , 

Nfl) . 

(ii) The cis t e t r a h y d r o p y r a n y l ether (213b) (9.1mg, 

0.024mm) was treated with a catalytic quantity of 

4 - t o l u e n e s u l p h o n i c acid as described a b o v e . On completion 

of the r e a c t i o n , the reaction mixture was cooled to room 

temperature and diluted with ethyl acetate (30ml). 

Extraction with sodium b i c a r b o n a t e (2 x 20ml) and w a t e r (2 

x 20ml) and evaporation of the solvent at reduced p r e s s u r e 

gave cis 3 H - P y r r o l o - [ 4 , 3 , 2 - g , h ] - 1 , 2 , 4 , 5 , 6 , 8 - h e x a h y d r o -

5 - h y d r o x y m e t h y l - 8 - m e t h y l - 2 - ( 1 - m e t h y l e t h y l ) - 1 , 4 - b e n z o -

d i a z o n i n - 3 - o n e (125b) (6.8mg, 96%) as a yellow c r y s t a l l i n e 

s o l i d . R e c r y s t a l l i s a t i o n gave a sample suitable for X - r a y 

c r y s t a l l o g r a p n i c analysis (Appendix 4) m . p . 216-218°C 

(EtOH) . (Found: M + 3 0 1 . 1 7 9 1 , C
1 7 H 2 3 N 3 C > 2 requires 

3 0 1 . 1 7 9 0 ) ; m / e 301 ( M + ) , 2 8 3 , 2 7 0 , 2 5 6 , 2 2 7 , 2 1 3 , 1 9 8 , 

1 8 5 , 1 7 1 , and 144; V m a x . (nujol mull) 3 3 3 0 , 3 3 2 0 , 3 2 0 0 , 

1 6 3 5 , 1 5 6 0 , 1 5 5 0 , 1 5 2 5 , 1 4 8 5 , 1 4 6 5 , 1 4 4 0 , 1 4 1 5 , 1 3 8 0 , 

1 3 3 5 , 1 2 8 0 , 1 2 6 0 , 1 2 1 0 , 1 0 6 0 , and 7 5 0 c m " 1 ? S ( ( C D 3 ) 2 S O , 

2 5 0 M H z , 139°C) 6.89 (3H, m , a r o m a t i c s ) , 6.58 (1H, d d , J 

2 . 0 , 7 . 2 H z , 1 1 - H ) , 6.27 (1H, br s , 4 - H ) , 3.54-3.80 (4H, m , 

2 , 5 , 1 1 1 1 - H ) , 3.66 (3H, s , 8 - N C H 3 ) , 3.20 (1H, p a r t ABX 

system J A B 1 3 . 6 H z , J ^ 4 . 1 H z , 6 - H , the remainder of this 

system is masked by H 2 0 ) , 2.14 (1H, m , 1 1 : 1 - H ) , 1.09 (3H, 

d , J 6 . 5 H z , 2 1 1 - H ) , and 0.94 (3H, d , J 6 . 5 H z , 3 1 : L - H ) . 

N - M e t h y l - N - ( 4 - i n d o l y l ) g l y c i n e H y d r o c h l o r i d e (222) -

N - M e t h y l - N - ( 4 - i n d o l y l ) g l y c i n e ethyl ester (113) (930mg, 

4mm) was stirred o v e r n i g h t at room temperature in ethanol 

(8ml) containing IN sodium hydroxide (4ml, 4 m m ) . The dark 

green s o l u t i o n was evaporated at reduced p r e s s u r e , the 

residue taken up in w a t e r , extracted with d i c h l o r o m e t h a n e 

(3 x 2 0 m l ) , acidified with IN HC1 (8ml, 8 m m ) , filtered and 

solvent r e m o v e d . The glycine hydrochloride salt (222) 
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(790mg, 86%) was isolated as a brown f o a m . V m a x . (nujol) 

3 4 0 0 , 3 2 0 0 , 1 7 4 0 , 1 4 0 0 , 1 3 7 5 , and 1 3 4 0 c m " 1 ; £ (D 20) 

6.80-7.40 (5H, m , ArE)/ 4.43 (2H, s , N C E 2 C O ) , and 3.20 

(3H, s , N C E 3 ) . 

d l - f N - M e t h y l - N - ( 4 - i n d o l y l ) g l y c y l l s e r i n e M e t h y l Ester 

(221) - A solution of N - M e t h y l - N - ( 4 - i n d o l y l ) g l y c i n e hydro-

chloride (222) (216mg, 0 . 9 m m ) , 3 L serine m e t h y l ester 

h y d r o c h l o r i d e 7 5 (186mg, 1.2mm) , d i c y c l o h e x y l c a r b o d i i m i d e 

(270mg, 1.3mm) and triethylamine (250mg, 2.5mm) in 

d i c h l o r o m e t h a n e (5ml) containing 4 - N , N - d i m e t h y l a m i n o -
118 

p y r i d i n e (12mg, 0.09mm) was stirred at room 

temperature o v e r n i g h t . After filtration to remove 

p r e c i p i t a t e d d i c y c l o h e x y l u r e a , the solution was extracted 

w i t h water (3 x 20ml) and evaporated at reduced p r e s s u r e . 

The residue on chromatography (CHCl^ eluant) gave the 

d i p e p t i d e (221) (171mg, 62%) as a light green o i l . (Found 

M + 3 0 5 . 1 3 7 0 , C 1 5 H 1 9 N 3 0 4 requires 305.1375); m / e 305 ( M + ) , 

287 ( M + - H 2 0 ) , and 259; V m a x . (thin film) 3 3 4 0 , 1 7 3 5 , 

1 6 5 5 , 1 2 1 0 , and 7 4 5 c m " 1 ; S (CDC1 3) 8.62 (1H, br s , indole 

NH) , 8.06 (1H, d , J 8 H z , CONH) / 6.93-7.10 (3H, m , ArE)/ 

6.40-6.60 (2H, m , ArE)/ 4.67 (1H, m , N C H C H 2 O H ) , 3.89 (5H, 

br s , C 0 2 C E 3 / C H C E 2 O H ) , 3.68 (2H, s , N C E 2 C O ) , and 2.91 

(3H, s , N C E 3 ) . 

dl- f N - M e t h v l - N - (4-indolvl) alvcvll O - t - B u t v l d i m e t h v l s ilyl 

Serine M e t h y l Ester (227) - The dipeptide m e t h y l ester 

(221) (100mg, 0.33mm) ±-butyldimethylsilyl chloride (60mg, 

0.40mm) and t r i e t h y l a m i n e (60mg, 0.60mm) w e r e stirred in 

d i c h l o r o m e t h a n e (2ml) containing 4 - N , N - d i m e t h y l a m i n o 

p y r i d i n e (5mg) at room t e m p e r a t u r e o v e r n i g h t . The 

solution was diluted with d i c h l o r o m e t h a n e , extracted v/ith 

w a t e r , the solvent removed at reduced pressure and the 

residue c h r o m a t o g r a p h e d ( C H C l 3 / E t O H , 97:3 eluant) to give 

the silyl ether (227) (117mg, 85%) as an o i l . (Found: M + 

4 1 9 . 2 2 3 9 , C 2 1 H 3 3 N 3 0 4 S i requires 419.2240); m / e 421 (M + + 

2 ) , 3 9 1 , and 364; V m a x . (thin film) 3 3 7 0 , 3 3 0 0 , 1 7 4 5 , and 

1 6 6 5 c m " 1 ; S (CDC1 3) 8 . 8 5 , (1H, br s , indole Nfl), 8.16 (1H, 

d , J 8 H z , N E C O ) , 7 . 0 0 - 7 . 1 8 (3H, m , ArE)/ 6.50-6.65 (2H, m , 
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A r E ) , 4.81 (1H, m , CONHCE)/ 3.95-4.12 (4H, m , NCfl 2CO and 

C E 2 0 ) , 3.72 (3H, s , COCE3)/ 2.96 (3H, s , N C E 3 ) , 0.80 (9H, 

s , C ( C E 3 ) 3 ) , and 0.10 (6H, s , S i ( C E 3 ) 2 ) . 

dl-(N-Methyl-N-f 4-(1-trimethylsilvl)indolvllqlvcvllO-t-
Butyldimethylsilyl Serine Methyl Ester (228) - A solution 

of E l [N-Methyl-N-(4-indolyl)glycylJi-butyldimethylsilyl 
serine m e t h y l ester (227) (19Bmg, 0 . 4 5 m m ) , chlorotri-

methylsilane (73mg, 0.68mm) and triethylamine (90mg, 

0.90mm) were stirred together in dichloromethane 

containing 4-N,N-dimethylaminopyridine (10mg) for 8 d a y s . 

Dilution with d i c h l o r o m e t h a n e , extraction with water (3 x 

20ml) and brine (20ml), removal of solvent at reduced 

pressure and chromatography (CHCl^ eluant) gave the 

product (228) (38mg, 17%) as an o i l . (Found: M + 4 9 1 . 2 6 4 4 , 

C 2 4 H 4 1 N 3° 4 S i 2 r e < 3 u i r e s 491.2635); m/e 491 (M +) , 4 3 5 , 419 

( M + - S i ( C H 3 ) 3 ) , and 231; ? m a x . (thin film) 3 3 7 0 , 1 7 4 0 , 

1 6 6 8 , 1 5 7 0 , 1510,- 1 4 8 0 , 1280 , 1 2 5 5 , 9 0 5 , 845, and 8 3 0 c m " 1 ; S 

(CDC1 3) 8.12 (1H, d , J 9 H z , lactam N E ) , 7.02-7.20 (3H, m , 

ArE)/ 6.60-6.73 (2H, m , ArE)/ 4.84 (1H, m , CONHCE)/ 

3.95-4.14 (4H, m , N C E 2 C O and C E 2 © ) / 3.77 (3H, s , O C E 3 ) / 

3.00 (3H, s , N C E 3 ) / 0.83 (9H, s , (Cfi 3) 3C), 0.60 (9H, s , 

N S i ( C E 3 ) 3 ) / and 0.10 (6H, s , Si(Cfl 3) 2). 
M e t h y l - 2 - f N - m e t h y l - N - ( 4 - i n d o l y l ) g l y c y l a m i d o l a c r y l a t e 

1 1 9 

(229) - (i) Mitsonubu p r o c e d u r e : - Diethyl azodi-

carboxylate (73mg, 0.42mm) and triphenylphosphine (110mg, 

0.45mm) were added to a stirred solution of E l - [ N - m e t h y l -

lT-(4-indolyl) glycyl] serine m e t h y l ester (221) (52mg, 

0.17mm) 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 o i l . (Found: M + 2 8 7 . 1 2 7 1 , c i 5 H 1 7 N 3 0 3 requires 

287.1270); m / e 287 (M +) , 1 7 3 , 1 5 9 , 1 4 4 , 1 3 1 , and 117; V 

m a x . (thin film) 3 3 0 0 - 3 3 8 0 , 1 7 2 0 , 1 6 8 2 , 1 6 3 0 , 1 5 8 0 , 1 5 1 0 , 

1 4 3 5 , 1 3 6 5 , 1 3 2 5 , 1 2 0 0 , 9 0 5 , and 7 3 0 c m " 1 ; £ (CDC1 3) 9.63 

(1H, br s , lactam NH) , 8.84 (1H, br s , indole NH) , 

6.98-7.12 (3H, m , ArE)/ 6.50-6.74 (2H, m , ArE and =Cfl), 

6.42 (1H, m , 3-H) , 5.91 (1H, br s , =CE) / 3.96 (2H, s , 
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NCH2CO) f 3 . 7 6 ( 3 H , s , O C H 3 ) , a n d 2 . 9 7 ( 3 H , s , NCH 3 ) . ( i i ) 

H e t h a n e s u l p h o n y l c h l o r i d e / t r i e t h y l a m i n e p r o c e d u r e : - T h e 

dipeptide (221) (81mg, 0.28mm) in dichloromethane (2ml) 

was treated in turn with triethylamine (100mg, 1mm) and 

m e t h a n e s u l p h o n y l chloride «(35mg, 0.3mm) at room 

t e m p e r a t u r e . The solution was stirred for 1 h , diluted 

w i t h chloroform and extracted with water (3 x 20ml) and 

brine (20ml) followed by removal of solvent at reduced 

p r e s s u r e to give the product (229) (80mg, 100%) 

essentially pure by t . l . c . and ^H n . m . r . The product had 

identical ^H n . m . r . , i.r. and t . l . c . properties as the 

compound prepared by Mitsonubu's p r o c e d u r e . 

N-Methyl-N- f 4- (7-geranyl) indolvll glycine Ethyl Ester 
(239) - A solution of geraniol (92mg, 0.6mm) in 

dichloromethane (2ml) was t r e a t e d , a t room temperature 

w i t h triethylamine (70mg, 0.7mm) and m e t h a n e s u l p h o n y l 

chloride (68mg, 0.6mm) for 10 m i n u t e s . N-Methyl-N-[4-

indolyl]glycine ethyl ester (113) (116mg, 0.5mm) was then 

added and the solution stirred for 5 h . After dilution 

with dichloromethane the solution was extracted with water 

(3 x 100ml) and brine (10ml), the solvent removed at 

reduced pressure and the residue chromatographed 

( C H C l 3 / p e t r o l 1:3 e l u a n t ) . The p r o d u c t (239) (12mg, 6.5%) 

was isolated as a light brown o i l . (Found: M 3 6 8 . 2 4 7 5 , 

C 2 3 H 3 2 N 2°2 r e c 2 u i r e s 368.2464); m / e 368 (M +) , 3 0 9 , and 295 

(M - C 3 H 5 0 2 ) ; * m a x . (thin film) 3 4 6 0 , 1 7 3 5 , 1 6 0 0 , 1 5 0 0 , 

1 4 4 5 , 1 3 7 0 , 1 2 1 0 , 1 1 9 0 , 1 0 2 0 , 900, and 730cm" 1? £ ( C D C 1 3 , 

250MHz) 8.18 (1H, br s , indole, NH) , 7.12 (1H, t , J 2 . 8 H z , 

2 - H ) , 6.58 (1H, t , J 2 . 8 H z , 3 - H ) , 6 . 8 9 , 6.51 (2H, A B q , J A B 

7 . 5 H z , 5-H and 6 - H ) , 5.09 (2H, m , = C H ) , 4.21 (2H, q , J 

7 . 3 H z , O C H 2 C H 3 ) , 4.14 (2H, s , N C H 2 C O ) , 3.52 (2H, d , J 

6 . 7 H z , N C H 2 C H = ) , 3.06 (3H, s , NCH3)' 2 , 1 0 ( 4 H ' m ' a l l Y l i c 

C H 2 ) , 1.80 (3H, s , allylic CH3)/ 1.69 (3H, s , allylic 

C H 3 ) , 1.60 (3H, s , allylic C H 3 ) r and 1.27 (3H, t , J 7 . 3 H z , 

OCH2CH 3). 
Indole-4-methanol - M e t h y l indole-4-carboxylate (88) 

(10.5g, 60mm) in T . H . F . (150 ml) at 0°C was treated with 
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lithium aluminium hydride (2.28g, 60mm) in T . H . F . (100ml). 

After stirring at 0°C for 2 h an a d d i t i o n a l p o r t i o n of 

l i t h i u m aluminium h y d r i d e (500mg, 13mm) was a d d e d , the 

s o l u t i o n w a r m e d to 60°C for 4 h and stirred at room 

t e m p e r a t u r e o v e r n i g h t . E x c e s s lithium aluminium hydride 

w a s d e s t r o y e d by the c a r e f u l a d d i t i o n of water and the 

s o l u t i o n filtered to remove a l u m i n i u m s a l t s . Solvent was 

removed at reduced p r e s s u r e , the residue taken up in 

d i c h l o r o m e t h a n e , dried (MgSO^) and solvent again removed 

a t reduced p r e s s u r e . The p r o d u c t (8.80g, 99%) was 

i s o l a t e d as a pale yellow solid and required no further 

p u r i f i c a t i o n . V m a x . (nujol) 3 4 8 0 , 3 4 2 0 , 3 3 4 0 , 1 5 0 0 , 

1 4 3 5 , 1 4 1 0 , 1 3 4 0 , 1 1 5 5 , 1 1 1 0 , 1 0 5 0 , 1 0 2 5 , 9 8 5 , 9 1 0 , and 

7 3 0 c m " 1 ? £ ( C D C 1 3 ) 8.47 (1H, br s , indole N H ) , 6.87-7.20 

(4H, m , ArH) , 6.47 (1H, m , 3 - H ) , 4.80 (2H, s , ArCH^OH) , 

and 2.33 (1H, br s , O H ) 6 5 . 

I n d o l e - 4 - c a r b o x a l d e h v d e (249) - I n d o l e - 4 - m e t h a n o l 

(8.8Gg, 59.9mm) and a c t i v a t e d m a n g a n e s e d i o x i d e (30g, 

A l d r i c h ) w e r e stirred together for 14 h at room 

t e m p e r a t u r e . An a d d i t i o n a l p o r t i o n of activated m a n g a n e s e 

d i o x i d e (30g) was then added and stirring c o n t i n u e d for a 

further 48 h . F i l t r a t i o n and r e m o v a l of s o l v e n t gave the 

c a r b o x a l a e h y d e (249) (8.05g, 92%) as a pale y e l l o w s o l i d . 

No further p u r i f i c a t i o n of the p r o d u c t was r e q u i r e d , m/e 

145 ( M + ) , 144 ( M + - l ) , 1 2 7 , and 126? V m a x . (nujol) 3 4 8 0 , 

1 6 7 0 , 1 5 7 0 , 1 5 0 0 , 1 4 8 5 , 1 4 4 0 , 1 4 2 0 , 1 3 9 0 , 1 3 5 0 , 1 2 6 5 , 

1 2 2 5 , 1 1 5 5 , 1 1 1 0 , 1 0 7 5 , 1 0 2 5 , 9 0 5 , and 7 3 0 c m " 1 ; S (CDC1 3) 

1 0 . 2 8 (1H, s , C H O ) , 7 . 5 0 - 7 . 7 2 (2H, m , A r H ) , and 7.07-7.40 

(3H, m , A r H ) 6 5 . 

E t h y l (E) - 3 - ( 4 - i n d o l y l ) p r o p e n o a t e (248) - Indole-4-

c a r b o x a l d e h y d e (249) (8.05g, 55.5mm) and [ (carboethoxy)-

m e t h y l e n e ] t r i p h e n y l p h o s p h o r a n e (28g, 80mm) w e r e stirred 

t o g e t h e r in T . H . F . (240ml) for 72 h . The s o l v e n t was 

removed at reduced p r e s s u r e and the residue 

c h r o m a t o g r a p h e d ( C H C l 3 / p e t r o l 3:7 W a t e r s HPLC) to g i v e the 

p r o d u c t (248) (10.6g, 88%) as a pale yellow s o l i d . 

R e c r y s t a l l i s a t i o n gave a c o l o u r l e s s sample m . p . 
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69.5-70.5°C (EtOAc/petrol) (lit. 72-73.5°C 6 5)? m/e 215 

(M +)? v m a x . (nujol) 3 3 4 0 , 1 6 8 0 , 1 6 2 0 , 1 1 8 0 , and 7 4 5 c m * 1 ; £ 

(CDC1 3) 8.42 (1H, br s , indole N H ) , 6 . 5 5 , 8.05 (2H, A B q , 

J A B 1 6 H z , C E - C E ) , 7.07-7.47 (4H, m , ArE)/ 6.75 (1H, m , 

3 - H ) , 4.28 (2H, q , J 6 . 5 H z , O C E 2 C H 3 ) , and 1.33 (3H, t , J 

6 . 5 H z , C H 2 C E 3 ) . 

E t h y l ( E ) - 3 - ( 4 - f 1 - ( 4 - t o l u e n e s u l p h o n v l ) 1 indolvl1-

p r o p e n o a t e (251) - To a stirred suspension of sodium 

hydride (60mg, 50% in o i l , w a s h e d with p e t r o l , 1.2mm) in 

D . M . F . (3ml) , ethyl(E)-3-r(4-indolyl)propenoate (248) 

(215mg, 1mm) and 4 - t o l u e n e s u l p h o n y l chloride (190mg, 1mm) 

w e r e a d d e d . After stirring for 20 h at room temperature 

the reaction m i x t u r e was diluted with e t h e r , extracted 

w i t h water (5 x 50ml) and b r i n e (50ml), the solvent 

removed at reduced pressure and the residue 

c h r o m a t o g r a p h e d ( C H C l 3 / p e t r o l ) to give (i) E t h y l ( E ) - 3 -

f 4 - f l - ( 4 - t o l u e n e s u l p h o n Y l ) 1 i n d o l y l l p r o p e n o a t e (251) (65mg, 

18%) as a s o l i d . R e c r y s t a l l i s a t i o n ( C H C l 3 / p e t r o l ) gave 

the a n a l y t i c a l sample m . p . 129.5-130°C (Found: C , 65.09; 

H , 5.18; N , 3 . 7 9 ; C 2 0 H 1 9 N S O 4 requires C , 65.02; H , 5.18; 

N , 3.79%); V m a x . (nujol) 1 7 1 4 , 1 6 3 5 , 1 5 9 5 , 1 5 2 0 , 1 4 7 8 , 

1 4 2 5 , 1 4 1 5 , 1 3 7 0 , 1 3 6 0 , 1 3 1 0 , 1 3 0 0 , 1 2 9 0 , 1 2 6 5 , 1 1 8 0 , 

1 1 7 0 , 1 1 6 0 , 1 1 2 0 , 1 0 8 0 , 9 0 5 , and 7 3 0 c m " 1 ; S (CDC1 3) 

7.30-8.00 (6H, m , ArE)/ 6 . 4 0 , 7.73 (2H, A B q , J A B 1 6 H z , 

A r C H - C H C O ) , 7.10 (2H, .5 A B q , J 9Hz) , 6.79 (1H, d , J 

3 . 5 H z , 3 - H ) , 4.20 (2H, q , J 7 H z , O C E 2 C H 3 ) , 2.30 (3H, s , 

A r C E 3 ) , and 1.33 (3H, t , J 7 H z , OCH 2Cfl 3). (ii) Ethyl(E)-

3 - ( 4 - i n d o l y l ) p r o p e n o a t e (248) (91mg, 42%) identified by 1 H 

n . m . r . , i.r. and t . l . c . 

1 - ( 4 - t o l u e n e s u l p h o n y l ) 4 - b r o m o i n d o l e (250) 

4 - B r o m o i n d o l e (101) (1.62g, 8 . 3 m m ) , 4 - t o l u e n e s u l p h o n y l 

chloride (3.14g, 16.5mm) and potassium c a r b o n a t e (4.416g, 
134 

32mm) were w a r m e d to reflux in b u t a n o n e under argon for 

5 h . After c o o l i n g " t h e solution was diluted w i t h ethyl 

a c e t a t e , extracted with" water (5 x 50ml) and brine (50ml) 

and solvent removed at reduced pressure to give the crude 

crystalline p r o d u c t . R e c r y s t a l l i s a t i o n gave compound 

274. 



(250) (2.015g, 70%) m . p . 119.5-120°C (EtOAc/petrol) 

(Found: C , 51.34; H , 3.43? N , 4.00? S , 9.32 C 1 5 H 1 2 N C > 2 S B r 

requires C , 51.44? H f 3.45? N , 4.00? S f 9.15%); m/e 3 5 1 , 

349 (M +) , 196 ( M + - C ? H 7 0 2 S ) , 1 9 4 , and 155; V m a x . (thin 

film) 1 5 9 5 , 1 5 6 0 , 1 5 2 0 , 1 4 7 0 , 1 4 1 0 , 1 3 7 0 , 1 3 5 0 , 1 2 8 0 , 

1 2 2 0 , 1 1 9 0 , 1 1 6 0 , 1 1 2 5 , 1 0 9 0 , 995, 9 0 0 , 8 1 0 , and 7 2 5 c m " 1 ? 

£ (CDC1 3) 7 .43-7 .90 (4K, m , Arfi), 6 .90-7 .30 (4H, m , ArH) , 

6.59 (1H, d , J 4 H z , 3 - H ) , and 2.27 (3H, s , ArCfi 3) . 

Reaction of 1 - (4-Toluenesulphonyl)-4-bromoindole (250) 

with Ethyl A c r y l a t e - 1 - ( 4 - T o l u e n e s u l p h o n y l ) - 4 - b r o m o i n d o l e 

(250) (3 0 8 m g , 0 . 8 8 m m ) , p a l l a d i u m (II) a c e t a t e (20mg, 

0 . 0 8 8 m m ) , t r i p h e n y l p h o s p h i n e (92mg, 0 . 3 5 m m ) , t r i e t h y l a m i n e 

(100mg, 1mm) and ethyl a c r y l a t e (0.13ml) w e r e warmed to 

100°C in acetonitrile (2ml) under argon for 48 h 1 3 3 . The 

dark s o l u t i o n was evaporated at reduced p r e s s u r e and the 

residue chromatographed (CHCl^/petrol 7:3 eluant) to give 

e t h y l ( E ) - 3 - { 4 - [ l - ( 4 - t o l u e n e s u l p h o n y l ) ] i n d o l y l } p r o p e n o a t e 

(251) (102mg, 34%) identical by 1 H n . m . r . , i ^ r . and t . l . c . 

with the p r e v i o u s l y d e s c r i b e d m a t e r i a l . 

E t h y l - 3 - ( 4 - I n d o l y l ) p r o p a n o a t e (257) - A solution of 

E t h y l ( E ) - 3 - ( 4 - i n d o l y l ) p r o p e n o a t e (248) (215mg, 1mm) in 

ethanol (40ml) containing 10% Pd/C (30mg) was stirred at 

room t e m p e r a t u r e under one atmosphere of h y d r o g e n until 

hydrogen u p t a k e ceased (about 4 h) . The solution was 

filtered (celite pad) and the solvent removed a t reduced 

pressure to give the p r o d u c t (257) (216mg, 100%) as an oil 

that was not purified f u r t h e r . m/e 217 (M +) , 143 

( M + - C 3 H 6 0 2 ) , and 130 ( M + - C 4 H 7 0 2 ) ? S (CDC1 3) 8.35 (1H, br 

s , indole NH) , 6.70-7.30 (4H, m , Arfi), 6.50 (1H, m , 3 - H ) , 

4.12 (2H, q , J 7 H z , OCfi 2CH 3) , 3.25 (2H, t , J 6 . 5 H z , 

C H 2 C H 2 C O ) , 2.73 (2H, t , J 6 . 5 H z , A r C f i 2 C H 2 ) , and 1.21 (3H, 

t , J 7 H z , C H 2 C f i 3 ) . 

G e n e r a l Procedure for the 3 - ( 2 - M i t r o e t h y l a t i o n ) of 
94b 

4-Carbon Substituted Indoles - The a p p r o p r i a t e 

4 - s u b s t i t u t e d indole (1M) was stirred in d i c h l o r o m e t h a n e 

(3ml/mm) with n i t r o e t h y l e n e (2M) in the d a r k , under argon 

until the reaction was shown to be complete by t . l . c . 
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Solvent was then removed at reduced pressure and the 

residue chromatographed (CHCl^/petrol eluant) to give the 

p r o d u c t . Analytical samples were prepared by 

recrystallisation. 

Methyl-f4-f3-(2-Nitroethvl)1indolylicarboxvlate (258) -

M e t h y l indole-4-carboxylate (88) (531mg, 3mm) was treated 

according to the general procedure with nitroethylene 

(440mg, 6mm) for 48 h . Removal of solvent and 

chromatography (CHC1 3 eluant) gave compound (258) (173mg, 

23%) as a crystalline s o l i d . Recrystallisation gave the 

analytical sample m . p . 102-102.5°C (CHCl 3/petrol) (Found: 

C , 58.15; H , 4.88; N , 11.33 C 1 2
H 1 2 N 2° 4 requires C , 58.06; 

H , 4.87; N , 11.29%); m / e 248 (M +) , 2 0 1 , and 170; N m a x . 

(thin film) 3 4 7 0 , 1 7 1 2 , and 1 5 5 2 c m " 1 ; S (CDC1 3) 8.53 (1H, 

br s , indole N H ) , 6.90-7.73 (4ff, m , A r H ) , 4.61 (2H, t , J 

7 H z , C H 2 N 0 2 ) , 3.90 (3H, s , O C H 3 ) r and 3.54 (2H, t , J 7 H z , 

A r C H 2 ) . 

Ethyl(E)-3-f 4-f3-(2-Nitroethy1)1indolylIpropenoate 

(255) - Ethyl(E)-3-(4-indolyl)propenoate (248) (2.15g, 

10mm) was treated v/ith nitroethylene (1.46g, 20mm) 

according to the general p r o c e d u r e . Chromatography 

(CHCl 3/petrol eluant) of the dark residue after removal of 

solvent from the reaction mixture gave compound (255) as 

an orange yellow crystalline solid (1.0888g, 38%) . 

Recrystallisation gave the analytical sample m . p . 

117.5-119°C ( C H 2 C l 2 / p e t r o l ) (Found: C , 62.25; H , 5.55; N , 

9.63 C , 5 H 1 6 N 2 0 4 requires C , 62.49; H , 5.59; N , 9.72%); m / e 

288 (M ) , 2 5 5 , and 197; V m a x . (nujol) 3 3 1 0 , 1 6 9 0 , 1 6 2 5 , 

1 6 1 0 , and 1 5 4 0 c m " 1 ; £ (CDC1 3) 8.30, 6.40 (2H, A B q , J A B 

1 5 H z , C H S C H ) , 8.10 (1H, br s , indole N H ) , 7.0-7.45 (4H, m , 

ArH) / 4.65 (2H, t , J 6 . 7 H z , C H 2 N 0 2 ) , 4.28 (2H, q , J 7 H z , 

O C H 2 C H 3 ) , 3.59 (2H, t , J 6 . 7 H z , A r C E 2 ) / and 1.34 (3H, t , J 

7 H z , C H 2 C H 3 ) . 

Ethyl-3-(4-T3-(2-nitroethvl)1indolyl)propanoate (256) -

Ethy1-3-(4-indolyl)propanoate (257) (216mg, 1mm) was 

treated with nitroethylene (140mg, 2mm) according to the 

general procedure for 23 h . Chromatography (CHCl 3/petroi 

4:1 eluant) gave compound (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 C ^ H ^ N ^ 

requires C , 62.06; H , 6.25; N , 9.65%); m / e 290 ( M + ) , 2 4 3 , 

and 170? V m a x . (thin film) 3 4 1 0 , 1 7 2 3 , and 1 5 4 9 c m " 1 ? £ 

(CDC1 3) 8.35 (1H, br s , indole NH) , 6.82-7.25 (4H, m , 

Arfi), 4.63 (2H, t , J 6 . 7 H z , Cfi 2N0 2), 4.18 (2H, q , J 6 . 8 H z , 

O C f i 2 C H 3 ) , 3.60 (2H, t , J 6 . 7 H z , A r C f i 2 C H 2 N 0 2 ) , 3.27 (2H, m , 

Cfi 2CO), 2.70 (2H, A r C f i 2 C H 2 C O ) , and 1.24 (3H, t , J 6 . 8 H z , 

CH 2 Cfi3) • 

Reduction of E t h v l - 3 - f 4 - f 3 - ( 2 - n i t r o e t h v l ) 1 i n d o l v l l -

P r o p e n o a t e - A solution of e t h y l - 3 - { 4 - [ 3 - ( 2 - n i t r o e t h y l ) ] -

i n d o l y l } p r o p e n o a t e (255) (300mg, 1.04mm) in ethanol (25ml) 

containing 10% Pd/C (50mg) was stirred at room t e m p e r a t u r e 

under h y d r o g e n at a t m o s p h e r i c p r e s s u r e until the uptake of 

gas was complete (about 2 h ) . The s o l u t i o n w a s filtered 

(celite pad) and solvent removed at reduced p r e s s u r e to 

give e t h y l - 3 - { 4 - [ 3 - ( 2 - n i t r o e t h y l ) ] i n d o l y l } p r o p a n o a t e (256) 

(298mg, 99%) identical by 1 H n . m . r . , i.r. and t . l . c . with 

the p r e v i o u s l y described c o m p o u n d . 

E t h y l - 3 - f 4 - f 3 - ( 2 - a m i n o e t h y 1 ) 1 i n d o l y l } p r o p a n o a t e (247) -

A solution of e t h y l - 3 - { 4 - [ 3 - ( 2 - n i t r o e t h y l ) ] i n d o l y l } -

p r o p a n o a t e (256) (290mg, 1mm) was reduced w i t h c o b a l t (II) 

chloride and sodium b o r o h y d r i d e according to the general 

p r o c e d u r e to give compound (247). Chromatography 

( C H C l 3 / E t O H / E t 2 N H 80:20:0.5 eluant) gave the a n a l y t i c a l 

sample (220mg, 85%) as an o i l . (Found: C , 6 8.99; H , 7.82? 

N , 10.68 c i 5 H 2 0 N 2°2 s q u i r e s C , 69.20; H , 7.74? N , 

1 0 . 7 6 % ) ; m / e 260 (M +) and 231 ( M + - C H 3 N ) ? V m a x . (thin 

film) 3 4 6 0 , 3 4 0 0 , 3 3 6 0 , 1 7 2 0 , 1 6 1 0 , 1 5 7 0 , 1 4 2 0 , 1 3 7 0 , 

1 3 4 0 , 1 2 9 0 , 1 2 8 0 , 1 2 6 0 , 1 1 8 5 , 1 1 5 5 , 1 0 5 0 , 1 0 3 0 , 9 0 5 , and 

7 3 0 c m " 1 ? % (CDC1 3) 9.48 (1H, br s , indole N H ) , 6.60-7.17 

(4H, m , Arfi), 4.05 (2H, q , J 7 H z , O C f i 2 C H 3 ) , 3.03-3.40 (2H, 

m , Cfi 2CO), 2.97 (4H, m , ArCfi 2Cfl 2NH 2), 2.40 (2H, m , ArCfl 2), 

1.70 (2H, br s , Nfi 2), and 1.20 (3H, t , J 7 H z , CH 2Cfi 3). 

3H-Pyrrolo-f 4 , 3 , 2 - a . h i - 1 . 2 , 4 . 5 . 6 . 8 - h e x a h y d r o - 4 -

b e n z a z o n i n - 3 - o n e (15) - E t h y l - 3 - { 4 - [ 3 - ( 2 - a m i n o e t h y l ) ] -

i n d o l y l } p r o p a n o a t e (247) (148mg, 0.57mm) was hydrolysed to 

277. 



the amino acid sodium salt (260) (142mg, 96%) isolated as 

a pale brown g l a s s . C y c l i s a t i o n of the amino acid sodium 

salt (43mg, 0.16mm) with d i p h e n y l p h o s p h o r y l azide 

according to the general p r o c e d u r e gave after 

c h r o m a t o g r a p h y ( C H 2 C 1 2 -> C H 2 C l 2 / E t O H 9 6 : 4 , 1% i n c r e m e n t s , 

100ml each increment) the tricyclic product (15) (16mg, 

47%) as a colourless solid insoluble in standard organic 

s o l v e n t s . An analytical sample was prepared by 

r e c r y s t a l l i s a t i o n m . p . 282-282.5°C v/ith sublimation 

(EtOH). (Found: C., 7 2 . 7 3 ; H , 6.65; N , 12.89 C ^ H - ^ ^ O 

requires C , 72.87; H , 6.59; N , 1 3 . 0 7 % ; Found: M + 2 1 4 . 1 1 1 3 , 
C 1 3 H 1 4 N 2 ° r e c 3 u i r e s 2 1 4 . 1 1 0 6 ) ; m / e 214 (M +) and 156 

(M - C 2 H 4 N O ) ; V m a x ; (nujol) 3 3 0 0 , 1 6 3 5 , 1 4 7 5 , 9 0 0 , and 

7 3 0 c m " 1 ; % ( ( C D 3 ) 2 S O , 2 5 0 M H z , 122°C) 10.44 (1H, br s , 

indole NH) , 7.19 (1H, d d , J 1 . 1 , 7 . 8 H z , 7 - H ) , 7.01 (1H, d , 

J 2 . 5 H z , 2 - H ) , 6.94 (1H, d d , J 7 . 2 , 7 . 8 H z , 6 - H ) , 6.76 (1H, 

d d , J 1 . 1 , 7 . 2 H z , 5 - H ) , 6.43 (1H, br s , N I C O ) , 3.46 (2H, 

m , C O N H C H 2 C H 2 , sharpened by decoupling of N H C O ) , 3.22 (2H, 

t , J 6 . 7 H z , C O C H 2 C H 2 ) , 3.03 (2H, t , J 5 . 8 H z , N C H 2 C H 2 A r ) , 

and 2.54 (2H, t , J 6 . 7 H z , A r C H 2 C H 2 C O ) . 

3H-Pyrrolo-f 4 . 3 , 2 - q . h i - 1 . 2 . 4 . 5 . 6 , 8 - h e x a h y d r o - 8 - g e r a n y 1 -

4 - b e n z a z o n i n - 3 - o n e (261) - To a stirred suspension of 

sodium hydride (4mg, 50% s u s p e n s i o n in oil washed with 

p e t r o l , 0.087mm) in D . M . F . (0.5ml) a solution of 

3 H - p y r r o l o - [ 4 , 3 , 2 - g , h ] - 1 , 2 , 4 , 5 , 6 , 8 - h e x a h y d r o - 4 - b e n z a z o n i n -

3 - o n e (15) (15mg, 0.07mm) and g e r a n y l chloride (14mg, 

0.081mm) in D . M . F . (0.5ml) was added at room t e m p e r a t u r e . 

Stirring v/as continued for 3 h and the brown solution 

diluted w i t h ethyl a c e t a t e . The organic phase v/as 

extracted w i t h water (5 x 20ml) and brine (20ml), the 

s o l v e n t removed and the residue chromatographed ( C H 2 C 1 2 -> 

C H 2 C l 2 / E t O H , 49:1 e l u a n t ) . The p r o d u c t (261) (20mg, 60%) 

was isolated as a colourless s o l i d , - from v/hich the 

a n a l y t i c a l sample was prepared by recrystallisation m . p . 

106-107°C (EtOAc/petrol) (Found: C , 78.68; H , 8.47; N , 

7.95 C 2 3 H 3 0 N 2 O requires C , 7 8 . 8 2 ; H , 8.63; N , 7.99%; 

Found: M + 350.2356 ( T O H T O I - O requires 350.2358); m / e 350 
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(M +) and 214 ( M + - C 1 0 H l g ) ; V m a x . (thin film) 1 6 4 5 , 1 4 3 0 , 

9 0 0 , and 7 2 0 c m " 1 ? % ( ( C D 3 ) 2 S O , 2 5 0 M H z , 140°C), 7.20 (1H, 

d , J 7 . 4 H z , 7 - H ) , 6.99 (1H, d d , J 7 . 5 , 7 . 4 H z , 6 - H ) , 6.97 * 

(1H, s , 2 - H ) , 6.81 (1H, d , J 7 . 5 H z , 5 - H ) , 6.40 (1H, br s , 

NfiCO), 5.36 (1H, t , J 6 . 5 H z , =CE)/ 5.10 (1H, m , = C E ) , 4.65 

(2H, d , J 6 . 5 H z , N C E 2 ) / 3.46 (2H, m , C O N H C E 2 C H 2 ) , 3.23 

(2H, t , J 6 . 9 H z , C H 2 C H 2 C O ) , 3.04 (2H, t , J 6 . 2 H z , 

A r C E 2 C H 2 M ) , 2.55 (2H, t , J 6 . 9 H z , A r C E 2 C H 2 C O ) , 2.09 (4H, 

m , allylic. C E 2 ) , 1.80 (3H, s , allylic C H 3 ) / 1.65 (3H, s , 

allylic C E 3 ) , and 1.59 (3H, s , allylic C E 3 ) . 

279. 



Rgfprpnces to Results. Discussion and Experimental 
1 . M . Takashima and H . S a k a i , B u l l . A g r i c . C h e m . 

S Q C . Jgn.f 1 9 6 0 , 21, 6 4 7 . 

2 . M . Takashima and H . S a k a i , B u l l . A g r i c . C h e m . 

S o c . J p n . . 1 9 6 0 , 21, 6 5 2 . 

3 . M . T a k a s h i m a , H . Sakai, and K . A r i m a , A a r i c . 

B i o l . C h e m . . 1 9 6 2 , 2 1 , 6 6 0 . 

4 . M . T a k a s h i m a , H . S a k a i , R . M o r i , and K . A r i m a , 

A a r i c . B i o l . C h e m . . 1 9 6 2 , 21, 669. 

5 . H . N a k a t a , H . H a r a d a , and Y . H i r a t a , Tetrahedron 

L^tt.f 1 9 6 6 , 2 5 1 5 . 

6 . H . H a r a d a , H . N a k a t a , and Y . H i r a t a , Nippon 

. Kagaku Z a s s h i , 1 9 6 6 , 31, 8 6 . 

7 . N . S a k a b e , H . H a r a d a , Y . H i r a t a , Y . T o m i i e , and 

I . N i t t a , Tetrahedron L e t t . . 1 9 6 6 , 2 5 2 3 . 

8. H . H a r a d a , N . Sakabe,- Y . H i r a t a , Y . T o m i i e , and 

I . N i t t a , Bull, C h e m . SPC. Jpn./ 1 9 6 6 , 3 £ , 1 7 7 3 . 

9. J . R u d d o c k , P h . D . T h e s i s , University of East 

A n g l i a , N o r w i c h , England, 1 9 8 0 . 

1 0 . J . H . Cardellina II, F - J . M a r n e r , and 

R . E . M o o r e , S c i e n c e . 1 9 7 9 , 2 0 4 . 1 9 3 . 

1 1 . The author would like to thank D r . J . Ruddock of 

the Chemistry D e p a r t m e n t , Pfizer Central 

R e s e a r c h , Sandwich, Kent for the generous 

donation of a sample of Teleocidin A . 

1 2 . D r . J . R u d d o c k , Chemistry D e p a r t m e n t , Pfizer 

Central R e s e a r c h , S a n d w i c h , K e n t . Personal 

c o m m u n i c a t i o n . 

1 3 . P . W u l f f , J . S . C a r l £ , and C . Christophersen, fL. 

C h e m . S o c . . Perkin T r a n s . I . 1 9 8 1 , 2 8 9 5 . 

1 4 . H - o . H o s h i n o , M . M i w a , H . F u j i k i , and 

T . Sugimura,. gjQchem. B iophys . Res. Commun. / 
1 9 8 0 , n , 842. 

1 5 . Y . K a n e k o , M . Y a t s u z u k a , Y . Endo and T . O d a , 

B i o c h e m . B i o p h y s . R e s . C o m m u n . . 1 9 8 1 , 1 0 0 . 8 8 8 . 

280. 



S . K u m e , M . Y a m a n a k a , Y . K a n e k o , T . K a r i y a , ' 

Y . H a s h i m o t o , A . T a n a b e , T . O h a s h i , and T . O d a , 

B i o c h e m . B l o p h y s . R e s . Cominun. . 1 9 8 1 , M l / 6 5 9 . 

H . F u j i k i , M . M o r i , M . N a k a y a s u , M . T e r a d a , and 

T . S u g i m u r a , B i o c h e m . B i o p h y s . Res,. CQIMnun. / 

1 9 7 9 , M , 9 7 6 . 

Y . I m a i , Y . K a n e k o , F . M a t s u z a k i , Y . E n d o , and 

T . O d a , B i o c h e m . B i o p h y s . R e s . C o m m u n . , 1 9 8 0 , 1 2 , 

9 2 6 . 

Y . Kaneko and Y . I m a i , Life S c i e n c e s . . 1 9 8 1 . 21/ 

1 5 7 1 . 

M . C o l l i n s and E . R o z e n g u r t , B i o c h e m . B i o p h y s . 

R e s . Conunun./ 1 9 8 2 , M l / 1 1 5 9 . 

H . S a k a m o t o , M . T e r a d a , H . F u j i k i , M . M o r i , 

M . N a k a y a s u , T . S u g i m u r a , and I . B . W e i n s t e i n , 

B i o c h e m . B i o p h y s . R e s . C o m m u n . . 1 9 8 1 , M l / 100-

K . U m e z a w a , I . B . W e i n s t e i n , A . H o r o w i t z , 

H . F u j i k i , T . M a t s u s h i m a , and T . S u g i m u r a , 

N a t u r e . 1 9 8 1 , 211, 4 1 1 . 

G . W i t z , B . D . G o l d s t e i n , M . A m o r u s o , 

D . S . S t o n e , and W . T r o l l , B i o c h e m . B i o p h y s . R e s . 

££mmun./ 1 9 8 0 , 1 2 , 8 8 3 . 

H . F u j i k i , M . M o r i , M . N a k a y a s u , M . T e r a d a , 

T . S u g i m u r a , a n d R . E . M o o r e , P r o c . N a t l . A c a d . 

S c i . U . S . A . . 1 9 8 1 , 11/ 3 8 7 2 . 

H . F u j i k i , T a i s h a . . 1 9 8 1 , M / 7 8 5 . 

T . S u g i m u r a , H . F u j i k i , M . M o r i , M . N a k a y a s u , 

M . T e r a d a , K . U m e z a w a , and R . E . M o o r e , C a r c i n o g . 

C o m p . S u r v . . 1 9 8 2 , 2 , 6 9 . 

G . Illuminati and L . M a n d o l i n i , A c c . C h e m . R e s . . 

1 9 8 1 , 11/ 9 5 . 

E . W a l t o n , F . W . H o l l y , and S . R . J e n k i n s , i*. 

O r g . C h e m . . 1 9 6 8 , 11/ 1 9 2 . 

J . B . H e s t e r . J r . , J . O r g . C h e m . . 1 9 6 4 , 21, 1 1 5 8 . 

281. 



See for example (a) S . M a s a m u n e , G . S . B a t e s , and 

J . W . C o r c o r a n , A n g e w . C h e m i e , I n t . E d . , E n g l . . 

1 9 7 7 , Ifi, 585 and (b) T . G . B a c k , T e t r a h e d r o n . 

1 9 7 7 , 21, 3 0 4 1 , for r e v i e w s . 

R . C . S h e p p a r d , C o m p r e h e n s i v e Organic C h e m i s t r y , 

E d . D . H . R . Barton and W . D . O l l i s , P e r g a m o n , 

1 9 7 9 , I , p . 3 2 1 . 

A . H . J a c k s o n , B . N a i d o o , and P . S m i t h , 

T e t r a h e d r o n . 1 9 6 8 , 21, 6 1 1 9 . 

G . C a s n a t i and A . P o c h i n i , J . C h e m . S o c . . C h e m . 

Q o x m u i - , 1 9 7 0 , 1 3 2 8 . 

K . J . B a i r d , M . F . G r u n d o n , D . M . H a r r i s o n , and 

M . G . M a g e e , H e t e r o c y c l e s . 1 9 8 1 , U L , 7 1 3 . 

P . G . Sammes and A . C . W e e d o n , J . C h e m . S o c . . 

Peckin T r a n s . I , 1 9 7 9 , 3 0 5 3 . 

E . Shaw and D . W . W o o l l e y , J . A m . C h e m . S o c . . 

1 9 5 3 , 21, 1 8 7 7 . 

S . P . Hiremath and S . S i d d a p p a , J. Indian C h e m . 

S o c . . 1 9 6 5 , 42/ 8 3 6 . 

S . M . P a r m e r t e r , A . G . C o o k , and W . B . D i x o n , JJL 

A m . C h e m . S o c . . 1 9 5 8 , M , 4 6 2 1 . 

H . P l i e n i n g e r , T . S u e h i r o , K . S u h r , and 

M . D e c k e r , C h e m . B e r . , 1 9 5 5 , M r 3 7 0 . 

J. Bakke, Acta. Chem. Scand. Ser. B.. 1974, 21, 

1 3 4 . 

(a) F . C . U h l £ , J. A m . C h e m . S o c . . 1 9 4 9 , 2 1 , 7 6 1 , 

(b) J . A . B a r l t r o p and D . A . H . T a y l o r , J . C h e m . 

1 9 5 4 , 3 3 9 9 , (c) H . N . Rydon and 

J . C . T w e d d l e , J. C h e m . Soc.. 1 9 5 5 , 3 4 9 9 . 

G . Berti and A . Da S e t t i m o , G a z z . C h i m . I t a l . , 

1 9 6 0 , M , 5 2 5 . 

See for e x a m p l e , L . L . M e l h a d o , J . O r g . C h e m . . 

1 9 8 1 , Al, 1 9 2 0 . 

T . Nagasaka and S . O h k i , C h e m . P h a r m . B u l l . . 

1 9 7 7 , 25./ -3023. 
M . S o m e i , S . I n o u e , S . T o k u t a k e , F . Y a m a d a , and 

C . K a n e k o , C h e m . P h a r m . B u l l . , 1 9 8 1 , 21, 7 2 6 . 

282. 



M . Somei and M . T s u c h i y a , C h e m . P h a r m . Bull.; 

1 9 8 1 , 2 1 , 3 1 4 5 . 

L . I. K r u s e , H e t r o c y c l e s , 1 9 8 1 , 1 £ , 1 1 1 9 . 

P . G . Gassman and T . J . van B e r g e n , J . A m . C h e m . 

1 9 7 3 , 1 1 , 5 9 1 . 

P . G . G a s s m a n , T . J . van B e r g e n , D . P . G i l b e r t , 

and B . W . C u e , J r . J . A m . C h e m . S o c . . 1 9 7 4 , 

5 4 9 5 . 

P . Z. Bedoiikian, J . A m . C h e m . S o c . . 1 9 4 4 , M / 

6 5 1 . 

E . L . W i c k , T . Y a m a n i s h i , L . C . W e r t h e i m e r , 

J . E . H o f f , B . E . P r o c t o r , and S . A . G o l d b l i t h , 

A g r i c . Food Chem., 1961, 1 , 289. 

F . H u e t , A . L e c h e v a l l i e r , M . P e l l e t , and 

J . M . Con^'a, S y n t h e s i s . 1 9 7 8 , 6 3 . 

H . Heaney and S . V . L e y , J . Chem. S o c . . Perkin 

Trans I . 1 9 7 3 , 499. 

H . O k a m u r a , i-i. M i u r a , and H . T a k e i , Tetrahedron 

Iififf., 1 9 7 9 , 4 3 . 

E . J . Corey and J . I. Shulman, J . O r g . C h e m . . 

1 9 7 0 , 3 1 , 7 7 7 . 

T . Izumi, K . E n d o , 0 . S a i t o , I . S h i m i z u , 

M . M a e m u r a , and A . K a s a h a r a , Bull. C h e m . S o c . 

J p n . , 1 9 7 8 , H , 6 6 3 . 

R . A . Holton and R . G . D a v i s , J . A m . C h e m . S o c . . 

1 9 7 7 , 1 1 , 4 1 7 5 . 

C . F . Winans and H . A d k i n s , J . A m . C h e m . S o c . . 

1 9 3 2 , 1 1 , 3 0 6 . 

L . F . Fieser and M . Fieser "Reagents for Organic 

Synthesis", Wiley Interscience, New Y o r k , 1 9 6 7 , 

1/ P 7 2 9 . 

W . E . Truce and F . M . P e r r y , J . O r g . C h e m . . 1 9 6 5 , 

M / 1 3 1 6 . 

C h e m . A b s . . 1 9 7 7 , 86, 29624t; A . D . Batcho and 

W . L e i m g r u b e r , U.S. P a t . . 3,976,639 (1976). 

H . M e e r w e i n , W . F l o r i a n , N . Schdn, and G . S t o p p , 

Ann. C h e m . . 1 9 6 1 , H I , 1 . 

283. 



U . H e n g a r t n e r , A . D . B a t c h o , J . F . B l o u n t , 

W . L e i m g r u b e r , M . E . L a r s c h i e d , and J . W . S c o t t , 

J. Org. Chem.. 1979, A A , 3748. 

A . P . K o z i k o w s k i , Hetrocycles f 1 9 8 1 , H , 2 6 7 . 

A . P . K o z i k o w s k i , H . i s h i d a , and Y - Y . C h e n , i t 

Org. C h e m . . 1 9 8 0 , 15, 3 3 5 0 . 

G . S . Ponticello and J . J . Baldwin, J . O r g . 

1 9 7 9 , 11/ 4003. 

T . S h i o i r i , K . N i n o m i y a , and S - i . Y a m a d a , J . A m . 

C h e m . S o c . . 1 9 7 2 , 11/ 6 2 0 3 . 

A . P . Kozikowski and M . N . G r e c o , J . A m . C h e m . 

S o c . . 1 9 8 0 , 1 1 2 , 1 1 6 5 . 

M . 0 . Terpko and R . F . H e c k , J . O r g . C h e m . . 1 9 8 0 , 

1 1 , 4 9 9 2 . 

E . N o e l t i n g , Chem,»ger./ 1 9 0 4 , H , 1 0 1 5 . 

Vogel's Textbook of Practical Organic C h e m i s t r y , 

4th Edition 197 8, L o n g m a n ' s , p 694. 

C . F . H u e b n e r , E . M . D o n o g h u e , A . J . P l u m m e r , and 

P . A . F u r n e s s , J . Med. C h e m . . 1 9 6 6 , 1 , 830. 

J . C . Sheehan and D - D . H . Y a n g , J . Am. C h e m . 

S o c . . 1 9 5 8 , M , 1 1 5 4 . 

C . S . M a r v e l , O r g . S y n . C o l l . V o l . 3 , E d . 

E . L . H o r n i n g , John Wiley and Sons L t d . , New 

Y o r k , 1 9 5 5 , p 848. 

M . Brenner and W . H u b e r , H e l v . C h i m . A c t a . . 1 9 5 3 , 

11/ 1 1 0 9 . 

M . Bergmann and L . Zervas, C h e m . B e r . . 1 9 3 2 , H , 

1 1 9 2 . 

R . K . O l s e n , J . O r g . C h e m . . 1 9 7 0 , H , 1 9 1 2 . 

F . W e y g a n d , W . S t e g l i c h , and H . T a n n e r , A n n a l e n . 

1 9 6 2 , H I / 1 2 8 . 

R . F . B o r c h , M . D . B e r n s t e i n , and H . D . D u r s t , i*. 

A m . C h e m . S o c . . 1 9 7 1 , 11/ 2 8 9 7 . 

G . W . G r i b b l e , P . D . L o r d , J . Skotnicki, 

S . E . D i e t z , J . T . E a t o n , and J . L . J o h n s o n , i ^ 

Am. Chem. Soc.. 1974, 11/ 7812. 

284. 



See for example (a) E . C . Ashby and J . J . L i n , 

Tetrahedron L e t t . , 1 9 7 5 , 4 4 5 3 , 

(b) R . K . B o e c k m a n , J r . and R . M i c h a l a k , J . A m . 

c h e m . S o c . . 1 9 7 4 , M r 1 6 2 3 , (c) S . M a s a m u n e , 

G . S . B a t e s , and P . E . G e o r g h i o u , J . A m . Chem-. 

1 9 7 4 , M r 3 6 8 6 , (d) Y . Sasson and J . B l u m , 

Tetrahedron L e t t . . 1 9 7 1 , 2 1 6 7 , (e) V . C a p l a r , 

G . Comisso and V . S u n j i c , S y n t h e s i s , 1 9 8 1 , 8 5 . 

R . Brettle and S . M . S h i b i b , J . C h e m . S o c . . 

P e r k i n . T r a n s . I . , 1 9 8 1 , 2 9 1 2 . 

C . J . P o u c h e r t and J . R . C a m p b e l l , T h e Aldrich 

L i b r a r y of N . M . R . S p e c t r a , 1 9 7 4 , V o l . 8 , Spectrum 

5 2 A . 

J - Y . Lalleraand and T . B e r n a t h , B u l l . S o c . C h i m . 

£jl., 1 9 7 0 , 4 0 9 1 . 

For example (a) A . B a r c o , S . B e n e t t i , 

G . P . P o l l i n i , and P . G . B a r a l d i , S y n t h e s i s , 

1 9 7 6 , 124? (b) W . C . Guida and D . J . M a t h r e , 

O r g . C h e m . . 1 9 8 0 , 42/ 3172? (c) I . H a s a n , 

E . R . M a r i n e l l i , L - C . C . L i n , F . W . F o w l e r , and 

A . B . L e v y , J . O r g . C h e m . . 1 9 8 1 , 42/ 157? 

(d) H . N i s h i , H . K o h n o , and T . K a n o , B u l l . C h e m . 

S O C . Jpn•r 1 9 8 1 , 5 A , 1 8 9 7 . 

J . G . Calzada and J . H o o z , O r g . S y n . , V o l . 5 4 , 

John W i l e y , L o n d o n , E d . R . E . I r e l a n d , 1 9 7 4 , p . 

6 3 . 

K . N i c k i s c h , W . K l o s e , and F . B o h l m a n n , C h e m . 

M . r 1 9 8 0 , 1 1 2 , 2 0 3 6 . 

T . I s i d a , T . A k i y a m a , K . N a b i k a , K . S i s i d o , and 

S . K o z i m a , B u l l . C h e m . S o c . J p n . . 1 9 7 3 , Air 2 1 7 6 . 

K . S i s i d o , K . N a b i k a , T . I s i d a , and S . K o z i m a , Jj. 

O r g a n o m e t . C h e m . . 1 9 7 1 , 3 2 , 3 3 7 . 

See "Heterocyclic C o m p o u n d s " , V o l . 2 5 , parts 

I - I I I , E d . W . J . H o u l i h a n , Wiley I n t e r s c i e n c e , 

1 9 7 2 , for extensive c o v e r a g e of this f i e l d . 

285. 



(a) M . S o m e i , Y . K a r a s a w a , and C . K a n e k o , C h e m . 

L e t t , . 1 9 8 0 , 813; (b) W . O p p o l o z e r , E . F r a n c o t t e , 

and K . B S t t i g , H e l v . C h i m . A c t a . 1 9 8 1 , M , 4 7 8 . 

D . A . Lyttle and D . I . W e i s b l a t , J . A m . C h e m . 

S o c . , 1 9 4 / , 2 1 1 8 . 

(a) H . R . Synder and J . A . M a c D o n a l d , J . A m . 

C h e m . S o c . . 1 9 5 5 , 2 2 , 1257; (b) S . G h o s a l , i.. 

Indian C h e m . S o c . . 1 9 6 4 , 1 1 , 4 9 6 . 

(a) A . P . K o z i k o w s k i and Y - Y . C h e n , J . O r g . 

C h e m . . 1 9 8 1 , i i , 5248; (b) D . R a n g a n a t h a n , 

C . B . R a o , S . R a n g a n a t h a n , A . K . M e h r o t r a , and 

R . I y e n g a r , J . O r g . C h e m . . 1 9 8 0 , H , 1 1 8 5 . 

J . I . - D e G r a w , J . G . K e n n e d y , and W . A . S k i n n e r , 

J . H e t e r o c y c l i c C h e m . . 1 9 6 6 , 2 , 9 . 

Y . M u r a k a m i , M . T a n i , K . T a n a k a , and Y . Y o k o y a m a , 

H e t e r o c y c l e s . 1 9 8 0 , 11/ 1 9 3 9 . 

R . Kreher and P - H . W a g n e r , C h e m . B e r . . 1 9 8 0 , H I , 

3 6 7 5 . 

A . P . K o z i k o w s k i and H . I s h i d a , H e t e r o c y c l e s . 

1 9 8 0 , 11/ 5 5 . 

G . K i n a s t and L - F . T i e t z e , A n g e w . C h e m i e . I n t . 

E d . E n g l . . 1 9 7 6 , 11/ 2 3 9 . 

G . A . Kraus and K . F r a z i e r , J . O r g . C h e m . . 1 9 8 0 , 

1 1 , 4 8 2 0 . 

The author wishes to express his g r a t i t u d e to D r . 

J . Ruddock of Pfizer Central Research for access 

to this program and for assistance in its u s e . 

D . S e e b a c h , A . K . B e c k , F . L e h r , T . W e l l e r , and 

E . C o l v i n , A n g e w . C h e m i e . I n t . E d . E n g l . . 1 9 8 1 , 

2 £ , 3 9 7 . 

R . H . M i t c h e l l . Y - H . L a i , and R . V . W i l l i a m s , i*. 

O r g . C h e m . . 1 9 7 9 , 11/ 4 7 3 3 . 

See for example (a) A . -Hosomi, M . Saito and 

H . S a k u r a i , Tetrahedron L e t t . . 1 9 8 0 , 2 1 , 355; (b) 

A . H o s o m i , H . H a s h i m o t o , and H . S a k u r a i , 

Tetrahedron L e t t . , 1 9 8 0 , 21/ 951; 

(c) Y . Y a m a m o t o , H . Y a t a g a i , Y . N a r u t a , and 

K . M a r u y a m a , J . A m . C h e m . S o c . . 1 9 8 0 , 1 0 2 . 7 1 0 7 . 

286. 



See for example H . G e r l a c h , and P . Kflnzler, Helv-; 

Chim. A c t a . 1 9 7 8 , £ 1 , 2 5 0 3 . 

W . E . N o l a n d , O r g . S y n . C o l l . V o l . 5 , E d . H . *E. 

B a u m g a r t e n , John W i l e y , L o n d o n , 1 9 7 3 , p 8 3 3 . 

(a) J . C . Sheehan and G . P . H e s s , J. A m . C h e m . 

S o c . . 1 9 5 5 , 2 2 , 1067? (b) Y . S . Klausner and 

M . B o d a n s z k y , S y n t h e s i s . 1 9 7 4 , 5 4 9 , and 

references t h e r e i n . 

(a) H . C . de M a u n y , B u l l . S o c . C h i m . F r . . 1 9 4 0 , 

2 / - 1 3 3 ? (b) H . H . Baer and F . K i e n z l e , C a n . J . 

C h e m . . 1 9 6 7 , A i r 9 8 3 . 

E . J . Corey and H . E s t r e i c h e r , J . A m . C h e m . S o c . . 

1 9 7 8 , IMLr 6 2 9 4 . 

(a) S . L . I o f f e , V . A . T a r t a k o v s k i i , and 

S. S. Novikov, Russ. Chem. Rev.. 1966, 11, 19? 
(b) H . J . Barber and E . L u n t , J . C h e m . S o c . . 

1 9 6 0 , 1187? (c) E . J . C o r e y , N . H . A n d e r s e n , 

R . M . C a r l s o n , J . P a u s t , E . V e d e j s , 

I . V l a t t a s , and R . E . ' K . W i n t e r , J . A m . C h e m . 

S o c . , 1 9 6 8 , M r 3 2 4 5 . 

A . Nose and T . K u d o , C h e m . P h a r m . B u l l . . 1 9 8 1 , 

2 1 , 1 1 5 9 . 

T . S a t o h , S . S u z u k i , Y . S u z u k i , Y . M i y a j i , and 

Z . I m a i , Tetrahedron L e t t . . 1 9 6 9 , 4 5 5 5 . 

S - K . C h u n g , J . O r g . C h e m . . 1 9 7 9 , 44./ 1 0 1 4 . 

(a) K . F . B e r n a d y , M . B . F l o y d , J . F . Poletto and 

M . J . W e i s s , J . O r g . C h e m . . 1 9 7 9 , M / 1438? 

(b) A . B o n g i n i , G . C a r d i l l o , M . O r e n a , and 

S . S a n d r i , S y n t h e s i s . 1 9 7 9 , 6 1 8 . 

E . J . C o r e y , H . N i w a , and J . K n o l l e , J . A m . C h e m . 

Sflfi., 1 9 7 8 , 110/ 1 9 4 2 . 

P. G. Gassman and W. N. Schenk, J. Org. Chem.. 
1 9 7 7 , 42./ 9 1 8 . 

J. E. Baldwin, J. Chem. Soc.. Chem. Commun., 
1 9 7 6 , 7 3 4 . 

B . Neises and W . S t e g l e c h , A n a e w . C h e m i e . , I n t . 

E d . E n g l . , 1 9 7 8 , M / 5 5 6 . 

287. 



0 . Mitsunobu, Synthesis. 1981, 1 . 

J . Szmuszkovicz, J . Am. Chem. Soc.. 1957, 12", 

2 8 1 9 . 

J . M . P a t t e r s o n , A . W u , C . S . K o o k , and 

W . T . S m i t h , J r . , J . O r g . C h e m . . 1 9 7 4 , 1 2 , 4 8 6 . 

S . Inada, K . N a g a i , Y . Takayanagi, and 

M . O k a z a k i , B u l l . C h e m . Soc. Jpn.. 1 9 7 6 , Alt 8 3 3 . 

S . Pttrro, A . P r y d e , J . Zsindely, and H . S c h m i d , 

Helv . Chim. Acta/ 1 9 7 8 , sit 2 6 6 . 

(a) W . N . W h i t e , D . G w y n n , R . S c h l i t t , C . G i r a r d , 

and W . F i f e , J . A m . C h e m . S o c . . 1 9 5 8 , M . , 3271? 

(b) H . L . Goering and R . R . J a c o b s o n , J . A m . 

C h e m . S o c . . 1 9 5 8 , M / 3 2 7 7 . 

(a)W. N . W h i t e and E . F . W o l f a r t h , J . O r g . C h e m . . 

1 9 7 0 , H , 2196? (b) H . K a t a y a m a , C h e m . P h a r m . 

Hill., 1981, 21, 2465. 

U . Svanholm and V . D . Parker, J . C h e m . S o c . . 

Perk in Trans I I . / 1974, 169. 

A . Sen and T - W . L a i , J . A m . C h e m . S o c . . 1 9 8 1 , 

1 0 3 . 4 6 2 7 . We would like to thank P r o f . Sen of 

the Chandlee L a b o r a t o r y , Department of C h e m i s t r y , 

The Pennsylvania State U n i v e r s i t y , University 

P a r k , Pennsylvania 16 802 for a generous supply of 

this c o m p l e x . 

H . J . R e i c h , "Oxidation in Organic Chemistry Part 

C " , E d . W . S . Trahanovsky, Academic P r e s s , 1 9 7 8 , 

p 6 9 8 . 

W . P . J a c k s o n , S . V . L e y , and A . J . W h i t t l e , fL. 

C h e m . S o c . C h e m . Coiwnun. . 1 9 8 0 , 1 1 7 3 . 

G . I. B o l e s t o v a , Z. N . P a r n e s , F . M . L a t y p o v a , 

and D . N . K u r s a n o v , Zh. O r g . K h i m . . 1 9 8 1 , 1 7 . 

1 3 5 7 . 

D . J . B e l l v i l l e , D . D . W i r t h , and N . L . B a u l d , fL. 

Am. Chem. Soc./ 1981, i l l / 718. 

W . Oppolzer and J . I . G r a y s o n , Helv. C h i m . A c t a . , 

1 9 8 0 , SI, 1 7 0 6 . 

288. 



1 3 3 . (a) B . A . P a t e l , C . B . Ziegler, N . A . C o r t e s e , 

J . E . P l e v y a k , T . C . Z e b o v i t z , M . T e r p k o , and 

R . F . H e c k , J . O r g . C h e m . . 1 9 7 7 , 4 2 , 3903? 

(b) R . F . H e c k , A c c . C h e m . R e s . . 1 9 7 9 , 1 2 , 1 4 6 . 

1 3 4 . D . D . E v a n s , A u s t . J . C h e m . . 1 9 7 3 , 22/ 2 5 5 5 . 

1 3 5 . J . B . M c K a y , R . M . P a r k h u r s t , R . M . S i l v e r s t e i n , 

and W . A . S k i n n e r , C a n . J . C h e m . . 1 9 6 3 , 41/ 2 5 8 5 . 

1 3 6 . Y . Watanabe and T . M u k a i y a m a , C h e m . L e t t . . 1 9 8 1 , 

4 4 3 . 

1 3 7 . Y - S . C h e n g , F . W . F o w l e r , and A . T . L u p o , J r . , 

A m . C h e m . S o c . . 1 9 8 1 , 122/ 2 0 9 0 . 

1 3 8 . S . D a n i s h e f s k y , A c c . C h e m . R e s . . 1 9 8 1 , 14/ 4 0 0 . 

1 3 9 . D . D . P e r r i n , W . L . F . A r m a r e g o and D . R . Perrin,' 

"Purification of Laboratory C h e m i c a l s " , P e r g a m o n , 

1 9 6 6 . 

1 4 0 . E . Hardegger and H . C o r r o d i , H e l v . C h i m . A c t a . . 

1 9 5 4 , 21/ 1 8 2 6 . 

289. 



Appendix 1(a) X-Ray Crystallographic Study of Teleocidin B 
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, CDCl- solvent). 
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Appendix 3 Teleocidin A: Nuclear Overhauser Effect Study 
(CDC1-, solvent) . 
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Appendix 3 (Cont.) 
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Appendix 4 X-Ray Crystallographic Analysis of the 
"Rearranged" cis Lactam (125b), 

296. 



Appendix 5 Variable Temperature 1H n.m.r. Study on the 
Rearranged trans Lactam (125a) ((CD3)2SO Solvent). 
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Appendix 6 Variable Temperature ^H n.m.r. Study on the 
Rearranged cis Lactam (125b) ((CDTOSO Solvent). 
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A p p e n d i x 7 V a r i a b l e T e m p e r a t u r e ^H n . m . r . Study on the 

Carbon L i n k e d A n a l o g u e (15) ((CD-J-SO S o l v e n t ) . 
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A p p e n d i x 8 B i o l o g i c a l Studies 

A recurring theme in this thesis has been the 

anticipated biological activity of the tricyclic m o d e l 

compounds (12), (13) and (15). It was f o u n d , h o w e v e r , 

that none of these compounds displayed any activity in a 

c a t t l e tick screen at Pfizer C e n t r a l R e s e a r c h , S a n d w i c h , 

K e n t . Teleocidin A (4) had p r e v i o u s l y been shown to be 

e f f e c t i v e in the same s c r e e n . Increasing l i p o p h i l i c i t y of 

(12) by introduction of a C-10 g e r a n y l unit to g i v e (211) 

was i n e f f e c t i v e . The rearranged tricyclic compounds 

(125a) and (125b) w e r e also i n a c t i v e . 

Prom these results it is evident that a b i o l o g i c a l l y 

active m o l e c u l e requires the following characteristics: 

(i) a hydrophilic 'northern region 1 lactam r i n g , (ii) a 

l i p o p h i l i c 'southern region 1 and (iii) a free indole NH 

p o s i t i o n . 

H H 

H H 

(12) ( 1 3 ) 

H H 
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