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ABSTRACT 

7ke./>l^ 6uAjnJJ±e.d / o / i ituz. cUg/te^ 0/ docLo/i 0/ Philosophy 
i y 2-ohn n. Qaadlneji (Q/iaduate. Sociely), Se.ptejrd£A. 1988, 
ti±Ied "N&w Syntkdilc Stn.cdLe.gie.6 touxi/td/> Ce.phaloia>aiy> 
alkaloJxU". 

Michael a l k y l a t i o n , w i t h methyl a c r y l a t e , of nitrocyclohexenes 

bearing f u n c t i o n a l i z e d aromatic s u b s t i t u e n t s a t the 2-position, was 

found t o be h i g h l y s t e r e o s e l e c t i v e . Subsequent d i s s o l v i n g metal reduc­

t i v e c y c l i z a t i o n was h i g h l y e f f i c i e n t , and these two steps thus provided 

a s t e r e o s p e c i f i c entry t o a s u b s t i t u t e d 1-azaspirocyclic system, r e l a t e d 

t o the cephalotaxine skeleton. 

A p p l i c a t i o n of t h i s methodology t o trans-4-(3,4-dimethoxy-6-carbo-

methoxymethylphenyl)-5-nitrocyclohexene afforded spirolactam ester 6-

(3,4-dimethoxy-6-carboraethoxymethylphenyl)-2-oxo-l-azaspiro[4.5]dec-8-

ene. On reduction w i t h DIBAL-H at -78°C, t h i s c y c l i z e d i n high y i e l d , 

w i t h high s t e r e o s e l e c t i v i t y t o the corresponding 3-benzazepine-2-ol 

system. 

S i m i l a r methodology w i t h trans-4-(3,4-methylenedioxy-6-nitrophenyl) 

-5-nitrocyclohexene, allowed f o r a formaldehyde i n s e r t i o n r e a c t i o n to 

provide a 1,3-benzodiazepine analogue. 

Preliminary studies hold promise f o r allowing m o d i f i c a t i o n of the 

cyclohexene r i n g t o known pre-targets of cephalotaxine. 

These f i n d i n g s b r i n g the s y n t h e t i c strategy towards providing a 

competitive route to (-) cephalotaxine, and also a range of analogues, 

i n c l u d i n g the unknown 11-aza and lO-hydroxy-8-oxo systems. 
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INTRODUCTION TO 
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1.1 Occurrence and d i s t r i b u t i o n 

Ce.ph.al.otaxjj.yb a l k a l o i d s are a s t r u c t u r a l l y unique class of a l k a l o i d s , 

i s o l a t e d from c o n i f e r s of the genus Ce.ph.aI.otaKa.^ ^ the only genus of 

the f a m i l y Cephalotaxaceae of the order Coniferae. 

There are e i g h t known species of t h i s genus, C,h.ajinJjigtoaia, 

C .mannJJ., C-^opJuineJ-i C,halnan.ejiAly!>, CwlAy^oalai C.oLiveju., C. tance-O-laJia 

A T - - 2 
and L.. 6AM.im.6.u>, 

Though these evergreen shrubs are l a r g e l y n a t ive to Eastern Asia, -

the l a s t s i x of the above being indigenous only t o China - C/ia/iAungtoala 

and C.mannJJ. are found i n the western United States, western Canada, 
3 

nor t h east Argentina and western Uruguay, as w e l l as south east Asia . 
A l l species of Ce.phal.otax.ui are found mostly i n humid va l l e y s and f o r e s t s , 

p r e f e r r i n g e l e v a t i o n s between 100 m and 2000 m. 

Since 1963, eighteen a l k a l o i d s of the Ce.phatotaxu/> series have been 

i s o l a t e d from e x t r a c t s of these p l a n t s . The most widespread being the • 

parent a l k a l o i d , cephalotaxine, 1, obtained from seven of the species. 

These a l k a l o i d s f a l l i n t o two general categories; ( i ) those r e t a i n i n g 

the cephalotaxine nucleus, bearing an ester side chain, 2-9, and 

( i i ) those i n v o l v i n g m o d i f i c a t i o n s of the parent r i n g system, w i t h or 

witho u t a c y l s u b s t i t u e n t s , 10-19. 

The discovery i n 1961 t h a t a l k a l o i d e x t r a c t s of C, hajvilngtonla 

were a c t i v e against sarcoma 180 tumour'^, prompted the considerable 

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

of 1-19 over the f o l l o w i n g two decades. 

By the end of the 1960s, the four 'harringtonine' esters of 

cephalotaxine, 2-5, had been i s o l a t e d , and t h e i r s t r u c t u r e s established^ ̂ . 

A l l these esters were found to e x h i b i t antitumour a c t i v i t y , furthermore, 

none of the a l k a l o i d s i n v o l v i n g a modified r i n g system e x h i b i t s s i g n i f i ­

cant antitumour a c t i v i t y . 

- 2 



< 
7. R = H (-) cephalotaxine 

R = 

2 Harringtonine 

HO 

R = 

U)2Me 
5 Deoxyharringtonine 

R = 

CX32Me 

.̂ Homoharringtonine 

R = 

HO 

H0't\;02Me 

5 I s o h a r r i n g t o n i n e 

<5 R = Ac Acetyl-cephalotaxine 

7 R = Ac (+)Acetyl-cephalotaxine 

HO 
0 

'••c'-
8 R = OH Is o h a r r i n g t o n i c acid 

I 
9 R = H Deoxyharringtonic acid 
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70 R = OH Epicephalotaxine 

77. R = =0 cephalotaxinone 

< 

73 R = Me Drupacine 

R = H Demethylneodrupacine 

< 

< 

72 Demethylcephalotaxinone 

< 

P X = H2 R^= R^= OH 
ll-hydroxycephalotaxine 

1.6 

17 

X = H^ R̂ =OH R-̂  fj 
4-hydroxycephalotaxine 

X = 0 R^= R^= H 
cep halotaxinamide 

HO 0 

18 Demethyl cephalotaxine 79 Hainansine 

U n f o r t u n a t e l y , the a l k a l o i d content of Ce.pha£otax.u-b plants i s low, 
g 

and s u p p l i e s of p l a n t m a t e r i a l are l i m i t e d . Further, of the t o t a l alka­

l o i d e x t r a c t , only a small percentage generally c o n s t i t u t e s the a c t i v e 

h a r r i n g t o n i n e s . For example, i n C. ^o/Liunai, t h i s v aries from 0.02% 

of the ro o t a l k a l o i d e x t r a c t s to 0.7% of l e a f e x t r a c t s . The r i c h e s t 

source of h a r r i n g t o n i n e s appears to be the roots of C. hcLZ/xingtonia, 
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35.5% of whose a l k a l o i d e x t r a c t i s harringtonines - though t h i s i s an 

exceptional example. 

A program of c u l t i v a t i n g Ce.phalota>cu6 plants as a source of h a r r i n g -

tonine i s f u r t h e r hampered by the slow growth r a t e of these p l a n t s . So 

despite the development of a large-scale e x t r a c t i o n procedure, the v i a ­

b i l i t y of i s o l a t i o n of n a t u r a l l y occurring h a r r i n g t o n i n e s as a major 

long term source i s l i m i t e d . 

Consequently, a t t e n t i o n has become d i r e c t e d towards s y n t h e t i c routes 

to the cephalotaxine nucleus, and to the a c y l morety appropriate f o r 

subsequent e l a b o r a t i o n t o s y n t h e t i c h a r r i n g t o n i n e s . Later i n t h i s chapter, 

we w i l l review i n some d e t a i l s y n t h e t i c approaches t o the cephalotaxine 

nucleus through t o J u l y 1988, and b r i e f l y review p a r t i a l synthesis of 

h a r r i n g t o n i n e s from cephalotaxine. 

1.2 S t r u c t u r e determination of cephalotaxine 

The parent a l k a l o i d , cephalotaxine, 1, was f i r s t i s o l a t e d by Paudler 

et a l i n 1963, from C. hajuilngtonla and C. ^oaixuneJ.. On the basis of 

t h e i r spectroscopic analyses, these workers p r o v i s i o n a l l y assigned the 

s t r u c t u r e 20. Several years l a t e r , Powell et a l ^ revised t h i s s t r u c t u r e , 

l a r g e l y on the basis of the o l e f i n i c s i n g l e t i n the proton NMR spectrum, 

suggesting e i t h e r s t r u c t u r e 21 or 1, 

OMe 

20 21 
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The s t r u c t u r a l iassignment was p a r t l y resolved by Abraham et a l i n 

1969, whose X-ray s t r u c t u r e analysis of cephalotaxine methiodide indicated 

s t r u c t u r e /. However, t h e i r methiodide turned out t o be racemic, though 

t h e i r s t a r t i n g cephalotaxine was o p t i c a l l y a c t i v e . This racemisation of 

cephalotaxine - r e q u i r i n g i n v e r s i o n of four c h i r a l centres - was r a t i o n a ­

l i z e d by p o s t u l a t i n g a series of macrocyclic e q u i l i b r i a , i n which a l l 

f o u r c h i r a l centres,could achieve planar geometry (as cations or double 

bonds, or through amine lone p a i r i n v e r s i o n ) . 

S i m i l a r behaviour was l a t e r observed during s y n t h e t i c approaches t o ­
l l 12 

ward cephalotaxine ' , and t h i s lends credence to postulated biosynthetic 

pathways (see 1.5). 
The absolute c o n f i g u r a t i o n was determined f i v e years l a t e r by 

13 
Arora et a l , from; an X-ray study of the p-bromobenzoate of cephalotaxine, 

14 and f u r t h e r c o n f i r m a t i o n was provided by these workers l a t e r study 

on cephalotaxine i t s e l f . Thus, n a t u r a l (-) cephalotaxine was assigned 

the 3S, 4S 5R c o n f i g u r a t i o n . 

1.3 Antitumour a c t i v i t y 

i Experimental systems 

Although a l l f o u r h a r r i n g t o n i n e e s t e r s , 2-5, show some antitumour 

a c t i v i t y , h a r r i n g t o n i n e , 2 , and homoharringtonine have been most 

i n v e s t i g a t e d , by v i r t u e of t h e i r higher a c t i v i t y . 
4 15 

A number of studies i n the l a t e 1970s ' of the e f f e c t s of these 

e s t e r s on experimental tumour systems, produced a large body of inform­

a t i o n on t h e i r range of a c t i v i t i e s , t o x i c i t y and mode of a c t i o n . I t was 

found t h a t homoharringtonine was o v e r a l l the most e f f e c t i v e , a c t i v e 

against a range of cancers i n c l u d i n g P388 lymphocytic leukemia, L1210 

lymphoid leukemia, |Lewis lung carcinoma, L615 and L7212 leukemias, 

sarcoma 180, walker carcinoma 256, colon tumour 38, epidermoid carcinoma 

of the nasopharynx; acute myelocytic leukemia, acute monocytic leukemia, 

: - 6 -



2 8 
erythroleukemia and B16 melanoma ' . 

Harringtonine appears t o have a s i m i l a r range of a c t i v i t y , but i s 

i n general less potent, though t h i s i s i n pa r t dependent on experimental 

c o n d i t i o n s . 

i i P r e - c l i n i c a l studies 

The promising experimental tumour studies led to p r e - c l i n i c a l and 

c l i n i c a l e v a l u a t i o n s , i n both China and the United States, by the early 

1980s^. 

The i n v e s t i g a t i o n s i n p r e - c l i n i c a l t r i a l s w i t h harringtonine and 

homoharringtonine (e.g. on tumour implanted mice), were p a r t i c u l a r l y 

encouraging i n r e l a t i o n t o colon 38 tumour and P388 leukemia. Homo­

ha r r i n g t o n i n e e f f e c t e d complete tumour i n h i b i t i o n , and cures, against . 

colon 38 tumour, which i s r e s i s t a n t t o most c l i n i c a l antitumour agents. 

I t also showed higher a c t i v i t y against P388 leukemia than the vinca 

a l k a l o i d s , v i n c r i s t i n e and v i n b l a s t i n e , showing moderate a c t i v i t y even 

against v i n c r i s t i n e and e l l i p t i c i n e r e s i s t a n t P388 l i n e s . I t was also 

as e f f e c t i v e against cytosine arabinose r e s i s t a n t l i n e s , as against non-

r e s i s t a n t l i n e s . 

F urther, homoharringtonine showed a strong synergism w i t h the 

c l i n i c a l agent 5 - f L u o r o u r a c i l , combination therapy leading to cures 

against P388 l i n e s which n e i t h e r agent alone can cure. 

Harringtonine 'and homoharringtonine vvrere both found a c t i v e against 

L1210 leukemia and 'B16 melanoma, i n mice, both showing greater a c t i v i t y 

than the vinca a l k a l o i d s . 

i i i C l i n i c a l studies 

Phase I c l i n i c a l t r i a l s commenced i n China and the U.S.A. i n 1977, 

and both h a r r i n g t o n i n e and homoharringtonine were found to be e f f e c t i v e 

w i t h p a t i e n t s s u f f e r i n g from e i t h e r lymphocytic or non-lymphocytic 

- 7 -



leukemia. Several t r i a l s found up to 75% of p a t i e n t s experienced some 

degree of remission, w i t h as many as 20% showing complete remission. 

Combination therapy w i t h h a r r i n g t o n i n e or homoharringtonine, and 

ar a b i n o s y l c y t o s i n e v i n c r i s t i n e or prednisone, also showed reasonable 

r e s u l t s against leukemias, i n t r i a l s i n China. 

Phase I t r i a l s also show t h a t the t o x i c i t y of homoharringtonine or 

h a r r i n g t o n i n e , means t h a t treatment i s more e f f e c t i v e l y administered as 

a s e r i e s of small doses, or by continuous infusion''"^, than by l a r g e r , 

less frequent doses. 

The promising r e s u l t s of Phase I t r i a l s , has le d t o current Phase I I 

t r i a l s i n both China and the United States of America. 

i v T o x i c i t y 

I n a l l these s t u d i e s , the t o x i c i t y of ha r r i n g t o n i n e and homoharring­

to n i n e has been an important, dose l i m i t i n g c o n s i d e r a t i o n . The main 

t a r g e t organs are the g a s t r o i n t e s t i n a l t r a c t , the heart, hematopoietic 

organs, and bone marrow, w i t h quoted LD^Q values i n the region of 5mg/kg. 

Notably, the most a c t i v e esters are the most t o x i c , homoharringtonine 

and h a r r i n g t o n i n e being 2-4 times more t o x i c than deoxyharringtonine and 

i s o h a r r i n g t o n e , and the e s s e n t i a l l y i n a c t i v e unnatural esters are at 

l e a s t a hundred times less t o x i c . 

v Mode of a c t i o n 

I t has been established t h a t i n h i b i t i o n of p r o t e i n and DNA bi o ­

synthesis i n the c e l l , are the mechanisms accounting f o r the antitumour 
2 3 8 

a c t i v i t y of the ha r r i n g t o n i n e s ' ' . 
Studies to determine at what point i n the biosynthesis i n h i b i t i o n 

occurs, are a t v a r i a 

but not e l o n g a t i o n , 

however, concluded 

nee. Several studies have i n d i c a t e d t h a t i n i t i a t i o n , 

of p r o t e i n synthesis was i n h i b i t e d . Another study, 

t h a t there was no i n h i b i t i o n of p r o t e i n biosynthesis 



i n i t i a t i o n , but chain elongation was prevented by a c t i o n blocking 
4 

peptide bond fo r m a t i o n , as w e l l as amino acyl RNA binding . 

I n h i b i t i o n of DNA biosynthesis appears t o r e s u l t from competitive 

binding t o DNA polymerase a, rather than any' damage t o the DNA template 

f o r r e p l i c a t i o n . RNA biosynthesis i s unaffected by harringtonines. 

1.4 Str u c t u r e a c t i v i t y r e l a t i o n s h i p s : Unnatural esters 

The c o r r e l a t i o n of s t r u c t u r a l features w i t h b i o l o g i c a l a c t i v i t y , i s 

important not only f o r understanding how the harringtonines function, but 

c l e a r l y also f o r the design of synth e t i c analogues l i k e l y to e x h i b i t 

s i m i l a r , or even improved a c t i v i t y . 

The r o l e of the cephalotaxine r i n g skeleton i n a c t i v i t y of i t s esters, 

has been postulated t o be r e l a t e d to i n t e r a c t i o n w i t h b i o l o g i c a l hosts 

v i a the ' t r i a n g u l a r ' arrangement of the n i t r o g e n , and the oxygens on 

r i n g E ( c f . general enzymic b i n d i n g ) . The r o l e of side chain f u n c t i o n ­

a l i t y i s as yet unclear. 

Amongst the h a r r i n g t o n i nes, i t seems clear t h a t the hydroxyl group 

f u r t h e s t from the cephalotaxine nucleus i s of some .importance, and that 

the length of the side chain i s of much less s i g n i f i c a n c e . Thus, both 

h a r r i n g t o n i n e and homoharringtonine show comparable l e v e l s of a c t i v i t y , 

w h i l e deoxyharringtonine ( w i t h no d i s t a n t hydroxyl group) i s approximately 

h a l f as a c t i v e , and is o h a r r i n g t o n i n e , 5 , ( w i t h the hydroxyl group closer 

to the nucleus) i s an order of magnitude less a c t i v e . 
t 

I t i s also evident t h a t the C2 c o n f i g u r a t i o n i s important, as the 

ha r r i n g t o n i n e C2 epimer (S c o n f i g u r a t i o n ) i s at l e a s t two orders of 

magnitude less a c t i v e than the n a t u r a l isomer. 

However, the i n a c t i v i t y of cephalotaxine alone, cephalotaxine acetate 

( w i t h a n o n - c h i r a l ester f u n c t i o n ) and the d i e s t e r of the dic a r b o x y l i c 

acid side chain, obtained from harringtonine h y d r o l y s i s , shows that a 

combination of s t r u c t u r a l , and stereochemical, features - some residing 



i n the a c y l moiety and some i n the cephalotaxine nucleus - are j o i n t l y 

r esponsible f o r a c t i v i t y . 

A l a r g e number of unnatural cephalotaxine esters have been synthesized, 

i n an attempt t o c l a r i f y s t r u c t u r a l requirements f o r a c t i v i t y . Of the 

f i f t y or so of these esters reported, w i t h a diverse range of fu n t i o n a -

l i t i e s , only 22-28 have shown any a c t i v i t y a t a l l . A l l these esters are 

at l e a s t an order of magnitude less a c t i v e than har'ringtonine or homo-

h a r r i n g t o n i n e . 

3 
Ph 

22 

25 

23 R' = H 

24 R = CH2CH2CHMe2 

Et02C-CC^ 

26 

28 

Some. unnaixuiaJL Q./iiMJi Aide, chain.''! 

U n f o r t u n a t e l y , these f i n d i n g s have not appreciably c l a r i f i e d - s t r u c t u r e 

a c t i v i t y r e l a t i o n s h i p s , as there are no-obvious s t r u c t u r a l features 

common t o these unnatural e s t e r s , or d i r e c t l y relevant to the na t u r a l 

e s t e r s . So, the design of simpler, p o t e n t i a l l y a c t i v e cephalotaxine 

d e r i v a t i v e s i s as yet d i s t a n t . 

- 10 



1.5 B i o s y n t h e s i s of Cuphctlotcvca/i a l k a l o i d s 

The occurrence of a l k a l o i d s of the s t r u c t u r a l l y r e l a t e d homoery-

t h r i n a s e r i e s i n p l a n t s of the CuphaJ-oiaxiJui genus, e.g. schelharameridine, 

29^'^, and the dimethoxy systems, w i l s o n i n e , 37^, f o r t u n e i n e , 30^^, and 
19 

2-epicephalofortuneine, 32 , suggests a common b i o s y n t h e t i c precursor 

to both classes of a l k a l o i d . 

29 R = R = Me 

30 R - R = -CH2-

MeO. 

31 

Good evidence has been produced f o r a b i o s y n t h e t i c pathway to the 
20 21 

r e l a t e d e r y t h r i n a a l k a l o i d s , e.g. e r y t h r a l i n e , 33, from t y r o s i n e ' , 

v i a 1 - b e n z y l i s o q u i n o l i n e d e r i v a t i v e , e.g. 34 " followed by o x i d a t i v e i n t r a molecular c o u p l i n g of macrocylic i n t e r m e d i a t e s , e.g. dibenzazonine, 35 ̂3 

< 

MeO-

MeO 

MeO 

33 

94 
On t h i s basis, F i t z g e r a l d et a l " p o s t u l a t e d a s i m i l a r biosynthetic 

o r i g i n of homoerythrina a l k a l o i d s from a l - p h e n e t h y l i s o q u i n o l i n e pre-
95 

cursor, which Powell" subsequently observed, could provide entry to 

cephalotaxine intermediates 38 and 39, by an a l t e r n a t i v e r i n g closure of 

dibenzacine, 36i. (scheme I ) 

- 11 



SCHEME I 

R^O OFT 

Homoerythrina 
a l k a l o i d s 

57 

HO CO2H 

cephalotaxuy^ 

a l k a l o i d s 

a = R " = H R2= R^= Me 

b R^ = R^ = R'* = Me R ^ = H 

However, subsequent i n v e s t i g a t i o n s have not confirmed the i n t e r -

mediacy of a macrocyclic r i n g closure s t e p " though they have confir.-:;ed 

a 1 - p h e n e t h y l i s o q u i n o l i n e l i k e precursor, derived from one molecule of 
"̂8 30 31 

t y r o s i n e and one of phenylalanine" ' ' . Biomimetic s y n t h e t i c studies 

(see l a t e r ) have, however, given some support to a macrocyclic intermediate, 

B i o s y n t h e t i c studies have also now established -̂0 and ^'1 as l i k e l y 

i n t e r m e d i a t e s , and have shown t h a t cephalotaxine and cephalotaxinone are 

b i o g e n e t i c a l l y interchangeable, w i t h deraetnyl d e r i v a t i v e s being b i o -

s y n t h e t i c a l l y derived from e i t h e r of these. 

Studies on the biosynthesis of the e s t e r side chains of the 

- 12 



27 31 
h a r r i n g t o n i n e s , have i n d i c a t e d they are derived from L-leucine ' 

1.6 Synthetic approaches t o Cephalotaxine 

The unusual r i n g system of the Ce-phcLlotcvai/i a l k a l o i d s , and the 

promising antitumour a c t i v i t y of i t s n a t u r a l l y o ccurring e s t e r s , has 

r e s u l t e d i n considerable s y n t h e t i c e f f o r t s being d i r e c t e d towards the 

t o t a l synthesis of cephalotaxine, since the e a r l y 1970s. 

Five t o t a l syntheses of (±)-cephalotaxine have been reported to date, 

along w i t h a v a r i e t y of p a r t i a l l y successful s y n t h e t i c approaches. We 

w i l l review the completed t o t a l syntheses i n some d e t a i l , and b r i e f l y 

cover those as yet incomplete syntheses. 

The f i r s t two t o t a l syntheses were reported simultaneously i n 1972, 
32 

employing completely d i f f e r e n t s y n t h e t i c s t r a t e g i e s 

i Weinreb and Auerbach synthesis 
33 34 

The f i r s t key s y n t h e t i c step i n t h i s s y n t h e t i c strategy ' (which 

i s o u t l i n e d i n scheme I I ) , was the e a r l y , e f f i c i e n t c o n s t r u c t i o n of the 

7-membered r i n g , by Lewis acid catalysed c y c l i z a t i o n of the amide-aldehyde 

4-2, under very m i l d c o n d i t i o n s . The r e s u l t i n g 3-benzazepinone, 43, was 

reduced w i t h LAH t o the enamine intermediate, which proved to be 
moderately unstable.; 

:4-, was also an intermediate t a r g e t f o r several other This enamine, 4 

groups whose routes t o 44 are o u t l i n e d i n scheme I I I 11,35,36 
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SCHEME I I 

0 OHC 

A 

I V 

MeO 
56 

V I 

< 
72 

43 1 = 0 

44 X = H 

45 

v i i . v i i i (±) cephalotaxine, 7 

i l-prolinol/K2C03, i i DMSO/DCC (5 5 % ) , i i i BF3.Et20 ( 8 7 % ) , 
i v LAH (100%), V pyruvic a c i d - e t h y l chloroformate mixed anhydride (73%) 
v i Mg(MeO)2 ( 5 8 % ) , v i i (MeO)2 CMe2/pTsOH (4 5 % ) , v i i i NaBH^ (8 5 % ) . 
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SCHEME I I I 

46 

..(47 R = H 
11 

^48 R = COCH2CI IV , V 

50 5/ /1\ 

X1,1V,V 

V l l l , 

52 53 54 

i Rh/Al202/H2(75%), i i ClCOCH^Cl/Et^N ( 8 2 % ) , i i i hv ( 2 5 % ) , i v LAH (65%), 
V Hg(0Ac)2, V i (CF2C02)0/SnCl^ ( 8 8 % ) , v i i H2/C, v i i i MeMgl, i x pTsOH (70%), 

X hv/Et^N ( 4 6 % ) , x i H2/Pt02. 

A l l these routes proceed v i a the 
fused tetrahydrobenzazepine, 55, which 0 

i s then oxidized to 44 by mercuric acetate. 

- 15 -



A common problem w i t h a l l these routes, was f i n d i n g a successful 

method f o r r i n g E a n n u l a t i o n . A number of s u b s t i t u t e d enamine intermed­

i a t e s f a i l e d t o c y c l i z e . Eventually, the dicarbonyl intermediate, 45, 

(obtained by a c y l a t i o n of 44 w i t h the mixed anhydride of pyruvic acid 

and e t h y l c h l o r o f o r m a t e ) was found to undergo intramolecular Michael c y c l i ­

z a t i o n , using magnesium methoxide as base, probably v i a the r i g i d , magne­

sium-chela ted enolate, 56, 

The r e s u l t i n g p e n t a c y c l i c system, 72,thus obtained, i s a c t u a l l y the 
racemate of the n a t u r a l l y occurring a l k a l o i d , demethylcephalotaxinone. 

This was conveniently methylated, under thermodynamic c o n t r o l , to pro­

vide racemic cephalotaxinone, 11, i n moderate y i e l d . 

Thus, the enamine intermediate, 44, had been conveniently elaborated 

to cephalotaxinone i n only three steps. Proceeding v i a demethylcephalo­

taxinone, which has no benzylic proton, allows the r e l a t i v e stereo­

chemistry of benz y l i c and s p i r o centre t o be c o r r e c t l y established, 

under the c o n d i t i o n s of thermodynamically c o n t r o l l e d methylation. The 

f i n a l step, v i z the borohydride reduction of (±)-cephalotaxinone, 11, 
25 

t o (±)-cephalotaxine, 1, i s known t o be s t e r o e s p e c i f i c 

i i Semmelhack et a l synthesis 

A conceptually d i f f e r e n t , convergent, s y n t h e t i c strategy was reported 
37 38 33 3A by Semmelhack et a l ' , concurrent w i t h Weinreb's ' approach. 

Semmelhack et a l constructed the 1-azaspirocyclic subunit, 63, 

i n several steps from p y r r o l i d o n e , and 63, reacted w i t h 64 t o provide 

the immediate cephalotaxinone precursor, 65 (scheme I V ) . The key step i n 

the synthesis of azaspirocycle 63, i s the modified a c y l o i n condensation 

of 60 to give 61, 

O v e r a l l , the p i v o t a l s y n t h e t i c step i s the p h o t o c y c l i z a t i o n of the 

enolate of 65, which occurs s t e r e o s p e c i f i c a l l y to provide (±)-cephalo-

taxinone, i n very high y i e l d . The s t e r e o s p e c i f i c i t y i s accounted f o r 

through a combination of the s t e r e o e l e c t r o n i c requirements of the eno-
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l a t e n u c l e o p h i l e and aromatic e l e c t r o p h i l e , and the r i g i d i t y of the s p i r o 

c e n t r e . Enantiomer 66/1 provides ( + )-cephalotaxine, while enantiomer 6iB 

provides (-)-cephalotaxine, hence racemic cephalotaxine i s obtained. 

Semmelhack et a l then reduced (±)-cephalotaxinone s t e r e o s p e c i f i c a l l y 

t o (±)-cephalotaxine, using DIBAL-H. 

66A 

OMe 
OMe 

66B 

SCHEME IV 

N. 

57 

P 

11 
5S P = H 

59 p = Mê COC-

0 0 

Me02C C02Me 

60 

V l l 

V I 

Me3SiO' 0SiMe3 

63 62 61 
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I X 

64 

(±) cephalotaxine, 7 
X I 

OMe 

(11) 

i a l l y l magnesium bromide ( 8 4 % ) , i i Me COCON (95%), i i i 0 , 
i v Ag20/base, v (MeO)3CH/H+ ( 6 0 % ) , v i Na-K, Me^SiCl, v i i Br2/-78°C, 
v i i CH2N2 ( 5 0 % ) , i x 63 ( 7 0 % ) , x hv/KOBu'^ ( 9 4 % ) , x i DIBAL-H (76%) 

S u r p r i s i n g l y , i t was not u n t i l 1986 t h a t the next t o t a l synthesis 

reached completion, though a number o f p a r t l y completed syntheses were 

r e p o r t e d i n the meantime. Since then, two f u r t h e r t o t a l syntheses have been 

p u b l i s h e d . This demonstrates the heightened i n t e r e s t i n these a l k a l o i d s 

over recent years. 

.39 
i i i Hanaoka et a l synthesis 

These workers' s t r a t e g y , r e p orted i n 1986"^^ ( o u t l i n e d i n scheme V) 

s t a r t s from the dimethoxy compound 67, leading to both cephalotaxine, 1, 

and the 3,4-dimethoxy analogue, 79. 
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SCHEME V 

0 

67 

X l l 

^72 R=R=Me 
v i \ 

.^74 

70 

i v v(*7/) 

0 

69 

R=R=H 

v i i - / 4 R_R=_CH2-

76 or 75 

v i i i 

i x i 

MeO OMe 

•75 R=R=Me X=0 

'76 R=R=Me X=H, 

. ̂ j77 R-R=--CH2- X = 0 

"75R-R=_CH2- X = 

cephalotaxine (91%) or dimethoxycephalotaxine (/8%) 
/ 79 

i PPA/55°C ( 7 4 % ) , i i 2,3-dichloroprop-l-ene ( 9 1 % ) , i i i 150°C (97%), 
i v NaBH^ (100%), v 90% .H2S0^, 55°C ( 6 9 % ) , v i BBr2/-78°C (7 9 % ) , 
v i i CH2Br2/KF ( 3 3 % ) , v i i i iodosobenzene ( 8 0 % ) , i x LAH (85 % ) , x pTsOH, 
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The benzazepine r i n g i s established e a r l y , by acid catalysed e l e c t r o -

p h i l i c c y c l i z a t i o n of the amide-acid, 67. This i s a strategy, t h e r e f o r e , 

conceptually s i m i l a r t o Weinreb's synthesis, which proceeds v i a the 

s t r u c t u r a l l y r e l a t e d intermediates 43 and 44. 

The key steps f o r r i n g E annulation are the Claisen rearrangement 

of 69 t o 70, and the subsequent s t e r e o s p e c i f i c acid catalysed o l e f i n 

c y c l i z a t i o n of alcoh o l intermediate 71 t o 72. I t i s important to note 

t h a t t h i s l a t t e r step i s the key stereochemical step, and not the Claisen 

rearrangement which introduces only one (racemic) stereocentre. 

Intermediate 72 can then be modified t o the n a t u r a l methylenedioxy 

f u n c t i o n a l i t y , by boron t r i b r o m i d e demethylation t o the catechol, 73, 

f o l l o w e d by i n s e r t i o n of the methylene bridge w i t h dibromomethane, t o 

provide the methylenedioxy•system, 74, i n moderate y i e l d . 

O xidative m o d i f i c a t i o n of the cyclopentanone r i n g E of 72, or 74, 

then leads s t e r e o s p e c i f i c a l l y t o 75-or 77, r e s p e c t i v e l y , as the bulky 

oxidant a t t a c k s from the l e a s t hindered face. 

F i n a l conversion of these intermediates t o (±)-3,4-dimethoxy-

cephalotaxine, 79 , and (±)-cephalotaxine, /, r e s p e c t i v e l y , i s then e a s i l y 

achieved i n two steps, i n good y i e l d s . 

Although Hanaoka's synthesis i s longer than Weinreb's, the extremely 

good y i e l d s f o r many of Hanaoka's conversions, compared w i t h the moderate 

y i e l d s of Weinreb's steps, means t h a t the o v e r a l l y i e l d of (±)-cephalota-

•xine from Hanaoka's t e t r a c y c l i c intermediate, 68, i s 10% over nine steps, 

compared t o 16% from Weinreb's e l a b o r a t i o n of -^^to (±)-cephalotaxine i n 

only three steps. The only reason Hanaoka's route to (±) cephalotaxine 

i s o v e r a l l lower y i e l d i n g than Weinreb's, i s the poor y i e l d (33%) f o r 

methylene bridge i n s e r t i o n i n t o catechol 73. 

The l a s t year (mid-87 t o mid-88) has seen two new, elegant, t o t a l 

syntheses. The f i r s t of these i s an intramolecular n i t r o s o c y c l o a d d i t i o n 
40 

approach , reported by Fuchs et a l 
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i v Fuchs e t a l synthesis 

The Fuchs group's o r i g i n a l e f f o r t s had been d i r e c t e d towards i n t r a -
41 

molecular Michael s p i r o c y c l i z a t i o n of the intermediate 80 , u t i l i z i n g 

w e l l known methodology f o r h i s t r i o n i c o t o x i n precursors (see 2 . 1 , i ) . 

However, [4,4] s p i r o c y c l i z a t i o n attempts on 80 proved f r u i t l e s s . 

80 

The a l t e r n a t i v e s t r a t e g y (scheme VI) envisaged from r e l a t e d pre­

cu r s o r s , was a [4 + 2]n c y c l o a d d i t i o n of the n i t r o s o d e r i v a t i v e of 83 

w i t h the i n t e r n a l diene. This would construct r i n g C, and an e a s i l y 

m o d i f i a b l e r i n g D, and was expected, from precedents, t o occur i n a 

s t e r e o s p e c i f i c manner, leading t o c i s r i n g E f u s i o n t o r i n g C, i . e , via 

int e r m e d i a t e 84. 

However, the c y c l o a d d i t i o n provided an isomeric mixture, which on 

subsequent N-O cleavage w i t h sodium-mercury amalgam, mesylation and then 

i n t r a m o l e c u l a r amide a l k y l a t i o n , y i e l d e d a 2:1 mixture of the cephalotaxine 

precursor, 88, and the diastereomer, 89, r e s p e c t i v e l y . 

Fuchs observes t h a t the minor isomer must a r i s e from intramolecular 

c y c l o a d d i t i o n v i a geometry 85, w i t h the dieneophile adding from the 

opposite face t o the t e t h e r i n g moiety, which i s unprecedented among 

in t r a m o l e c u l a r c y c l o a d d i t i o n s . 

A f u r t h e r a t t r a c t i v e f e ature of t h i s synthesis i s th a t by proceeding 

v i a demethylcephalotaxine, both c y c l o a d d i t i o n products can be taken 

through to (±)-cephalotaxine. Reduction of the double bond and lactam 

carbonyl f u n c t i o n a l i t i e s of 88 and 89 , followed by deprotection of the 

1,2-cis d i o l , then Swern o x i d a t i o n , leads to demethylcephalotaxinone, 12, 

The loss of the benzylic proton r e s u l t s i n the r e l a t i v e stereochemistries 
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SCHEME VI 

81 

84 

( 
0 

V 0 

- 0 
0 

Q 

11 , i i i Q 

< 

8 2 X 

83 X 

OBO = 

CONHOH 

56 87 
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86 + 87 
V , V I , V l l 

88 (46%) 89 (23%) 

V l l l , I X , X , X I 

< 
X l l . X l l l 

— ^ { - ) cephalotaxine, 1 

12 (60%) 

i t-BuLi , i i pTsOH, i i i NH2OH, i v HIO^, v Na-Hg/EtOH, v i MsCl/Et^^^-
v i i NaH, v i i i H2/Pd, i x BH^.THF, x HCl, x i Swern o x i d a t i o n , x i i pTsOH, 
x i i i NaBH^ ( 9 7 % ) , 

of both precursors leading to a s i n g l e racemic intermediate, 72, which 

i s then converted to (±)-cephalotaxine by e s s e n t i a l l y the same method-
33 34 

ology employed by Weinreb et a l ' 

V Keuhne et a l synthesis 
4'? 

A f i f t h t o t a l synthesis has been presented r e c e n t l y , and has 
A 3 

now been published (scheme V I I ) . 

The f i r s t key step i n t h i s approach i s the novel o x i d a t i v e rearrange­

ment of b i c y c l i c enamide , 90 to the s p i r o p i p e r i d o n e , 91, which proceeds 

i n good y i e l d . 
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The mechanism postulated by Kuehne et a l , involves two rearrangement 

pathways from the b r i d g i n g a c e t a l carbocation intermediate, 98, v i a 

e i t h e r 99 or 7 0 0 , t o the c a t i o n i c s p i r o intermediate 7 0 7 . This then 

adds a c e t a t e , and i s then converted t o the keto system, 9 7 . Support f o r 

both rearrangement pathways, was provided by l a b e l l i n g s t u d i e s . 

^. 91 

100 101 

I n t r o d u c t i o n of the double bond i n the carbocy c l i c r i n g ( t o become 

r i n g E) i s achieved e f f i c i e n t l y i n two ways. These two methods share 

the common s i l y l enol ether i n t e r m e d i a t e 7 0 2 , which i s e i t h e r converted 

t o the s e l e n y l e t h e r , 7 0 3 , and then o x i d a t i v e l y deselenated to 92, or 

d i r e c t l y o x i d i z e d t o 9 2 by palladium diacetate and q u i n o l i n e . (The 

o v e r a l l y i e l d s being 8 8 % and 9 2 % r e s p e c t i v e l y ) . 

Me35i 

7 0 3 7 0 2 
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SCHEME V I I 

90 

93 R=H 

94 R=A ,c 

V I 

96 

V l l 0 

91 

92 

97 

11 or 111 
or i v 

i PbC0Ac)^(80%), i i (a) Me^Sil/HMD, (b) PhSeCl, ( c ) HIO^ ( 8 8 % ) , 
i i i (a) Me3SiI/HMD, (b) PO(OAc),/quinoline (92%), i v ( b i s b e n z o n i t r i l e ) P d C l 2 ' 
( 6 8 % ) , V Al (OPr^)3/^PrOH (100%), v i PcKPPh^)^, v i i CF^CO^H.viii SnCl^(100%), 
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Meerwein-Pondorff red u c t i o n of the a ,3-unsaturated ketone, 92, i s 

presumed t o provide r e l a t i v e stereochemistry w i t h hydroxyl and lactam 

f u n c t i o n a l i t i e s t r a n s . A f t e r a c e t o l y s i s , closure of r i n g C i s then 

achieved i n two ways, most e f f i c i e n t l y by Lewis acid catalysed c y c l i -

z a t i o n w i t h t i n t e t r a c h l o r i d e . 

The cyclopentanone r i n g E i s then modified v i a s i m i l a r methodology 
40 

t o t h a t employed by Fuchs et a l 

O v e r a l l , Kuehne's s t r a t e g y has the a t t r a c t i v e features of an e f f i c ­

i e n t , novel rearrangement entry of the ringD-ringE a z a s p i r o c y c l i c moiety, 

and a m i l d , q u a n t i t a t i v e , s t e r e o s p e c i f i c entry t o the 3-benzazepine r i n g C. 

v i Biomimetic approaches 

A number of i n v e s t i g a t i o n s d i r e c t e d towards biomimetic cephalotaxine 

synthesis, have been reported t o be p a r t l y successful, though these do 

not appear t o have been c a r r i e d t o the f i n a l t a r g e t . 
44 45 

Kupchan e t a l ' converted the h y p o t h e t i c a l biogenetic intermediate 

1-phenethyl t e t r a h y d r o i s o q u i n o l i n e , 70^ t o 205 by intramolecular oxidative 

c o u p l i n g . This was r i n g expanded by treatment w i t h base, t o 106, then 

elaborated t o i n t e r m e d i a t e 707 i n four steps, i n ca. 70% o v e r a l l y i e l d 

(scheme V I I I ) . 

O x i d a t i o n w i t h potassium f e r r i c y a n i d e then provided the coupled 

product 3SIL, the assumed b i o s y n t h e t i c precursor of cephalotaxine (see 

1.5). U n f o r t u n a t e l y , the y i e l d of t h i s step was only 10%. Other attempts 
t o convert intermediate 707 t o 35^ , led e i t h e r to 108a^, or a mixture 
of 7M'a and. 705-^^^. 

v i i Other s y n t h e t i c routes i n progress 

Several other groups are also c u r r e n t l y t r y i n g to synthesize cepha-
48 

l o t a x i n e . H i l l and co-workers are i n v e s t i g a t i n g routes v i a the same 

1-azaspirocyclic intermediate as we have prepared (see 2.2), i n c l u d i n g 

possible a z i r i d i n i u m expansion methodology (see 3 . 1 . i v ) . - 26 -



SCHEME V I I I 

NCOCF^ 

MeO 

MeO 

104 

OMe 

i i i , i v , V T ^ v i 
< 

705 

11 

OMe 

707 706 

v i i 

OMe 

i VO2/CF2CO2H, i i NaOH, i i i NaBH^, i v (CF3CO2) 0, v CH2N2, 

v i Pd/H2 , v i i K3Fe(CN)g (1 0 % ) . 
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Raucher's group*^^ are i n v e s t i g a t i n g methodology v i a [3,3] sigma-

t r o p i c rearrangement of intermediates l i k e 709 t o 7 70 , t o construct an 

a p p r o p r i a t e l y f u n c t i o n a l i z e d a z a s p i r o c y c l i c subunit, w i t h the f a c i l i t y to 

then c o n s t r u c t r i n g C. 

CONMe, 

709 770 

Further development of e l e c t r o n - i n i t i a t e d p h o t o c y c l i z a t i o n of 

immonium s a l t s (see 2 . 1 . v i i ) by Mariano et a l ^ * ^ , has provided the 

promising cephalotaxinone intermediate 7 72 from immonium s a l t 77 7. 

C02Et 

^ 3 u 0 2 C ^ 

777 

MS C02Et 

3U0LC 

772 

51 52 

P r i o r t o these r e p o r t s , Godleski et a l ' published a hi g h l y e f f i c ­

i e n t synthesis of a 1-azaspirocycle r e l a t e d t o cephalotaxine (see 2 . 1 . i i ) , 

but have not reported any f u r t h e r progress. 
53 

S i m i l a r l y , Bryson et a l reported the synthesis of another 

1-aza s p i r o c y c l i c i n t e r m e d i a t e , s t i l l r e q u i r i n g r i n g C closure to es t a b l i s h 

the basic cephalotaxine r i n g system, though t h i s route does not appear 

to have been developed f u r t h e r (see 2 . 1 . i x ) . 
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v i i i Conclusion 

The i n t e n s i v e e f f o r t s of many groups towards the t o t a l synthesis of 
cephalotaxine over the l a s t decade, seem l i k e l y t o provide a considerable 
number of e f f i c i e n t routes to t h i s t a r g e t . 

With such a v a r i e t y of s o l u t i o n s t o the s y n t h e t i c challenges of the 

cephalotaxine r i n g system, i n hand, the development of 'second generation' 

syntheses - p a r t i c u l a r l y w i t h a view to e f f e c t i n g asymmetric synthesis -

should begin t o emerge during the next decade. 

1.7 P a r t i a l syntheses of harringtonines 

I t i s the h a r r i n g t o n i n e s 2 -5, and not the parent a l k a l o i d , 1, 

which show antitumour a c t i v i t y (see 1.3), so much e f f o r t has been d i r ­

ected towards p a r t i a l syntheses of these esters from cephalotaxine. 

A v a r i e t y of approaches are now a v a i l a b l e f o r the conversion of 

cephalotaxine t o any of i t s four antitumour e s t e r s , which we w i l l here 

only b r i e f l y review. U n f o r t u n a t e l y , few of these are asymmetric, and 

thus separation of diastereomers i s usually r e q u i r e d . 

I n i t i a l attempts a t a c y l a t i o n of cephalotaxine w i t h a f u l l y formed 
7 54 

ac i d s u b s t i t u e n t , were uniformly unsuccesful ' , probably due to the 

s t e r i c hindrance of the cephalotaxine hydroxyl group. Thus, the following 

approaches established the a c y l bond to the nucleus e a r l i e r i n the con­

s t r u c t i o n of the side chain, which was then elaborated to the appro­

p r i a t e h a r r i n g t o n i n e f u n c t i o n a l i t y . 

i Deoxyharringtonine 

This d e r i v a t i v e , 3, having the simplest of the ester side chains, 

was the f i r s t t o y i e l d to p a r t i a l synthesis. Mikolajczak^^ and co-workers 
r 

reported the reasonably short route to deoxyharringtonine and i t s C2 

epimer, summarized i n scheme IX. 
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SCHEME IX 

COCOCI 
0 

COCeph 

Zn/BrCH2C02Me 

^ 

775 
3 + C2' epimer 

i i H a r r i n g t o n i n e 

Two d i f f e r e n t general approaches t o p a r t i a l synthesis of h a r r i n g ­

tonine have been repo r t e d , both i n v o l v i n g p r o t e c t i o n of the C7' hydroxyl 

group, one as c y c l i c ether, and the other as c y c l i c a c e t a l . These 

s t r a t e g i e s , commencing from e i t h e r 114^^ or 776 are o u t l i n e d i n scheme 

X, both p r o v i d i n g h a r r i n g t o n i n e along w i t h i t s C2' epimer. 

SCHEME X 

iMe Dcc/Cp xr ^ / ^ ' ^ e 
> X ><; i HOAc/HCl 

^ rOCeph i i Zn/BrCH2C02Me ^0 

1H 

H 

775 

Cp 

•CCeph 

0 

OBz 

. ^ . 1) MeO /MeOH 
COCeph H^/pd 

epimer 

0 
77; 

Throughout schemes IX to X I I I , 'Cp' r e f e r s to parent cephalotaxine, 7 , 
and 'ceph' to the cephalotaxyl nucleus attached to the ester acyl oxygen, 
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i i i Homoharringtonine 

This ester i s undergoing the most extensive p r e - c l i n i c a l and c l i n i c a l 

t r i a l s , so v i a b l e p a r t i a l synthesis of t h i s a l k a l o i d i s of p a r t i c u l a r 

importance. 

The reported routes t o homoharringtonine are s t r a t e g i c a l l y s i m i l a r 

t o those reported f o r deoxyharringtonine, i n v o l v i n g a-keto acid c h l o r i d e 

i n t e r m e d i a t e s , and Reformatsky methodology t o introduce C2' f u n c t i o n a l i t y . 

The two major routes, commencing w i t h o l e f i n 118 and k e t a l 720 respect­

i v e l y , are o u t l i n e d i n scheme X I . 

SCHEME XI 

0 

R COCl 

118 R= Me2C=CH2-

720 R= 0~P 
M e - ^ 

R= 0 0 

M e ^ ^ 

Cp 

- > R -'^'^^^^COCepl-

722 
b R= Me2C=CH2-

11,111 
/ 
/ 11 

i Zn/BrCH.^C0^Me 

i i Ĥ O', i i i MeMgl 
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i v I s o h a r r i n g t o n i n e 

Two s i m i l a r routes have been reported, both proceeding from the 

deoxyharringtonine i n t e r m e d i a t e , 77J, d i f f e r i n g mainly i n the choice of 

carbonyl a l k y l a t i n g agent and hydroxy' p r o t e c t i n g group (scheme X I I ) . 

SCHEME X I I 

03z 
Zn/ 3, COjMe 

:eph 

BzO'''''^302Me 

123 

H2/Pd 

HO 
775 

LDA 

OCeph 

. - Ceph 

HO'n\:o2Me 

Me 

124 

V Asymmetric syntheses of deoxy- and homoharringtonine 

A t o t a l l y s y n t h e t i c source of ha r r i n g t o n i n e esters w i l l only r e a l l y 

become v i a b l e when asymmetric syntheses of both cephalotaxine, and 

asymmetric i n t r o d u c t i o n of the ac y l moiety, have been achieved. 

To date, several asymmetric p a r t i a l syntheses of cephalotaxine 

esters have been reported. 

The f i r s t s t r a t e g y involves s t e r e o s e l e c t i v e a d d i t i o n of the c h i r a l 

( + ) - R - a - s u l f i n y l ester anion, 125, to e i t h e r 113 or 779(intermediates 

above f o r deoxyharrihgtonine and homoharringtonine syntheses), which can 

then be elaborated to the n a t u r a l deoxyharringtonine and homoharringtonine 

stereoisomers, (Scheme X I I I ) , 

- 32 -



SCHEME X I I I 

Me 

OH 

>-"^-4^0Ceph 

7 2 6 

1,11,111 

0 
7 2 5 

-CO^Bu 

127 

I V , 1 

11,111 

i Al-amalgam, i i CF3CO2H, 

i i i CH2N2, i v H+-H,,0 

An a l t e r n a t i v e a s y m m e t r i c s y n t h e s i s o f h o m o h a r r i n g t o n i n e has a l s o 

been a c h i e v e d by anl a p p a r e n t l y minor m o d i f i c a t i o n o f t h e approaches above 

( 1 . 7 . i i i ) , u s i n g a f r e e c a r b o n y l a t C7'. The Reformatsky a l k y l a t i o n of 

th e C2' c a r b o n y l i n ^ 

- 33 -
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This remarkable s t e r e o s p e c i f i c i t y was accounted f o r by invoking a 

crown ether l i k e arrangement of the dicarbonyl ester 725, one of the 

possible geometries p r o v i d i n g a b e t t e r cage-like complexation t o the 

z i n c , and t h i s allowis only f o r pro-R a t t a c k on the a-keto f u n c t i o n a l i t y . 

Thus, only the n a t u r a l C2' epimer i s obtained. 

v i Conclusion 

These r e p o r t s hold good promise f o r the f u t u r e development of e f ­

f i c i e n t asymmetric p a r t i a l syntheses of a l l the h a r r i n g t o n i n e s . This 

then only leaves the major challenge of an ' asymmetric synthesis of 

cephalotaxine, t o provide a t r u e t o t a l synthesis of the n a t u r a l l y occur­

r i n g h a r r i n g t o n i n e s i 

1.8 Retrosynthetic a n a l y s i s of cephalotaxine 

The main s t r u c t u r a l features of the cephalotaxine skeleton are; 

(1) the 1-azaspirocyclic subunit (fused annular t o a 3-benzazepine r i n g , 

w i t h defined stereochemical requirements), (2) the c e n t r a l 3-benzazepine 

r i n g , and (3) the o x i d i z e d cyclopentene r i n g . 

The key 'higher l e v e l ' features c e n t r a l t o t h i s r e t r o s y n t h e t i c 

analysis, are; (1) the r e c o g n i t i o n of the three stereocentres, and more 

s p e c i f i c a l l y , the i d e n t i f i c a t i o n of the r e l a t i v e stereochemistry of two 

of these centres common t o r i n g s C and E, (2) the t o p o l o g i c a l consequences 

of t h i s r e l a t i v e stereochemistry, coupled w i t h the r i g i d i t y of the s p i r o 

c e n t r e , leading to a pronounced bowl shape of cephalotaxine, 1, and 

t h e r e f o r e p e n t a c y c l i c s y n t h e t i c precursors. 

That t h i s topology might be important t o the f e a s i b i l i t y of c e r t a i n 

steps i n the r i n g synthesis, should be considered, i t i s c e r t a i n l y 

important t o the stereochemistry of i n t r o d u c i n g the hydroxyl functiona­

l i t y : i t i s t h i s bowl geometry which d i r e c t s s t e r e o s p e c i f i c reduction 
' 25 of the carbonyl t o the required hydroxyl c o n f i g u r a t i o n 
I - 34 -



The design of our s y n t h e t i c strategy hinged on the i d e n t i f i c a t i o n 

of a v e r s a t i l e a z a s p i r o c y c l i c intermediate of general form 736/ w i t h the 

necessary f u n c t i o n a l i t y f o r possible e l a b o r a t i o n towards r i n g C and E. 

136 
R=H, 2C fragment 

R̂  = 2C fragment, H 

X = 0,H„ 

There are two types of such intermediate, v i z those a r i s i n g from 

C-aryl disconnection ( a ) , and those from C-N disconnection ( b ) . These 

intermediates represent d i f f e r e n t s t r a t e g i e s , which, however, r e t r o -

s y n t h e t i c a l l y converge w i t h intermediates 133a and 133S- (scheme XIV). 

The intermediates 133 are p i v o t a l t o both the s i g n i f i c a n t stereo­

chemical, and consequently t o p o l o g i c a l , r e t r o s y n t h e t i c considerations of 

t h i s general s t r a t e g y . 

The r e l a t i v e stereochemistry of 133, w i t h n i t r o and aromatic groups 

t r a n s (which then determines the r e l a t i v e stereochemistry of these centres 

throughout the envisaged s y n t h e s i s ) , could be derived from c i s or trans 

134, as Michael a d d i t i o n t o 134 should be s t e r e o c o n t r o l l e d on the basis 

of s t e r i c considerations (see 2.2). 

The m o d i f i c a t i o n o f r i n g E, from the cyclohexene of our e a r l i e r 

devised intermediates, towards the a p p r o p r i a t e l y f u n c t i o n a l i z e d cyclo-

pentene, i s not addressed i n the r e t r o s y n t h e s i s of scheme X I . The pos­

s i b i l i t i e s a v a i l a b l e w i l l be covered i n chapter 5. However, t h i s problem 

has been a s s i s t e d , since the outset of our work, by the v a r i e t y of i n t e r ­

mediate r i n g E systems t h a t have now been c a r r i e d through to cephalotaxine 

r i n g E ' ' . Hence, we have a v a r i e t y of pre-targets through which to 

d i r e c t r i n g E e l a b o r a t i o n . 
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SCHEME XIV 

< 

OMe 

757 

753 a R =H 
d R =CH2Y 

.0 

^0 

OMe 

< 

75-̂  

•R 

NO. 

755 
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1.9 Cephalotaxine analogues 

The i n v e s t i g a t i o n of s y n t h e t i c cephalotaxine r i n g analogues has 

seen l i t t l e work, the only notable r e p o r t s being the syntheses of 3,4-
39 43 dimethoxycephalotaxine and 8-oxo-fephalotaxine , described i n the 

l a s t two years. 

The types of m o d i f i c a t i o n which are worth e x p l o r i n g , f a l l i n t o two 

major categories: (1) those w i t h novel s u b s t i t u t i o n i n any of the r i n g s , 

and, (2) those i n v o l v i n g changes i n r i n g s i z e , or i n t r o d u c t i o n of extra 

r i n g heteroatoms. 

Category (1) c l e a r l y involves a wide range of analogues, w i t h sub­

s t i t u t i o n possible i n r i n g s C,D, or E, and also on the aromatic nucleus. 

Also w i t h i n t h i s category i s the cephalotaxine regioisomer, 131a, which 

could then provide an a l t e r n a t i v e s eries of isomeric harringtonines, 

1371, f o r stud^r. 

W i t h i n category (2) there are c l e a r l y a number of r i n g size v a r i a ­

t i o n s t h a t are possible, and t h a t may be of i n t e r e s t . Prime targets would 

be 6- or 8-membered r i n g C, 6-membered r i n g D, and 6-membered r i n g E, 

which w i l l a l l be discussed f u r t h e r i n the relevant sections of f o l l o w i n g 

chapters. 

F u r t h e r , of some i n t e r e s t i s the i n t r o d u c t i o n of an e x t r a hetero-

atom i n one of the r i n g s , the most f e a s i b l e being r i n g C. This i s an 

area we have touched upon, and w i l l be discussed i n chapter 4. 

The p o s s i b i l i t y of modifying our sy n t h e t i c scheme to y i e l d a range 

of i n t e r e s t i n g analogues, i s one of the underlying aims of the work 

described here. 

With the recent f l u r r y of new s y n t h e t i c approaches, to cephalotaxine, 

i t i s expected t h a t the next few years w i l l witness increasing reports of 

s y n t h e t i c a l l y modified cephalotaxine r i n g systems. 
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CHAPTER TWO 

7-AZASPIROCYCLIC RING SYSTEMS: 

REVIEW OF METHODOLOGY AND 

DISCUSSION OF RESULTS 
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2.1 I n t r o d u c t i o n - Synthetic approaches t o azaspirocycles 

A z a s p i r o c y c l i c r i n g systems are present i n a v a r i e t y o f n a t u r a l 

products, other than Cff-phatotaxaA a l k a l o i d s . These include the 1-

azaspiro [5.5] undeeane e r y t h r i n a ^ ^ a l k a l o i d s (e.g. 55), the 1-azaspiro 

[ 6 . 5 ] dodecane homoerythrina (e.g. 57) and p h e l l i b i l i d i n e a l k a l o i d s 

(e.g. p h e l l i b i l i d i n e 755), the 1-azaspiro [5.4] decane spirobenzyl i s o -
62 

q u i n o l i n e s (e.g. 797) and the 1-azaspiro [4.4] nonane brevianamide 

a l k a l o i d s (e.g. brevianamide A, 759), and other fused i n d o l e a l k a l o i d s 

e.g. austamide 140^^'^'' and a r i s t o t e l i n e 141^^. 

MeO-' 
759 

7-̂7 

N " " 0 

Simple b i c y c l i c a z a s p i r o c y c l i c a l k a l o i d s which are of c u r r e n t 

i n t e r e s t i n c l u d e , most i m p o r t a n t l y , the 1-azaspiro [5.5] undecane 

h i s t r i o n i c o t o x i n s '̂''̂ ^ and the 2-azaspiro [5.5] undecane nitramine 
69 ' 

a l k a l o i d s . However, t h e i r apparent s t r u c t u r a l s i m p l i c i t y b e l i e s 

considerable s y n t h e t i c challenges. 
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Since the mid-1970s, a number of new approaches to 1-azaspirocyclic 

r i n g systems have been developed, motivated l a r g e l y by the unusual 

n e u r o p h y s i o l o g i c a l p r o p e r t i e s of h i s t r i o n i c o t o x i n 7-̂ 2, and i t s d e r i v a t i v e , 

p e r h y d r o h i s t r i o n i c o t o x i n 143. 

142 143 

Consequently, most reported s y n t h e t i c e f f o r t s have been directed 

towards the 1-azaspiro [5.5] nonane skeleton of these a l k a l o i d s , or the 

1-azaspiro [ 4 . 4 ] nonane framework of ce-phalotaxuA, and brevianamide 

a l k a l o i d s . 

Some a t t e n t i o n has also been focused on the 2-azaspiro [5.5] 

undecaae n i t r a m i n e a l k a l o i d s , nitramine 144, isonitramine 7-̂ 5 and 

s i b i r i n e 7-̂ 6, l a r g e l y due t o t h e i r s i m p l i c i t y and t h e i r r e l a t i o n s h i p to 

the h i s t r i o n i c o t o x i n s . However, we w i l l not consider t h i s work i n any 

d e t a i l . 

OOH HO-" 

MeN 

144 145 146 

A range of methodologies have been employed, many of which are 

motivated by achieving! s t e r e o s p e c i f i c i t y i n the formation of the s p i r o -

c e n t r e , f a c i l i t a t i n g the p o s s i b i l i t y of asymmetric i n d u c t i o n . Therefore 

i t i s not s u r p r i s i n g t h a t both intramolecular c y c l o a d d i t i o n s , and r e -
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arrangements have been employed. Other types of methodology have i n ­

cluded c a t a l y t i c a l l y - a s s i s t e d i n t r a m o l e c u l a r Michael a d d i t i o n s , metal-

a s s i s t e d amine-olefin c y c l i z a t i o n s , as w e l l as the extension of iodo-

c y c l i z a t i o n reactions^*^ t o s p i r o c y c l i z a t i o n s . These, and other approaches, 

are now considered i n t u r n . 

i I n t r a m o l e c u l a r Michael c y c l i z a t i o n s . 

K i s h i et al^''' r e p o r t e d the acid-catalysed Michael c y c l i z a t i o n of 

araido-enone 1^1, w i t h some degree of s t e r e o s e l e c t i o n , p r o v i d i n g a 2:1 

r a t i o of ?48:749, reversed by basic e q u i l i b r a t i o n t o a 1:4 r a t i o . 

A s i m i l a r acid c a t a l y s e d c y c l i z a t i o n of the amino-enone, 150, gener­

ated i n s i t u , t o the spiroamine, /5/, was ef f e c t e d i n 94% y i e l d by 

Magnus et a l ^ ^ . 

R = b u t y l X=0 

"̂"̂  R = b u t y l X= n-pentyl 

750 R = H X = 

75^. R' - Bu 
749 fl - — Bu 

73 
I n c l o s e l y r e l a t e d work, Corey et a l found no s t e r e o - s e l e c t i o n i n 

74 

the uncatalysed c y c l i z a t i o n of 7 52 to 753, while Godleski et a l reported 

t h a t t r i m e t h y l s i l y l i o d i d e catalysed c y c l i z a t i o n of 754 provided 755 

s t e r e o s e l e c t i v e l y . '< 
An attempted extension of t h i s methodology to the synthesis of a 

1-azaspiro [4.4] nonane precursor of cephalotaxine proved unsuccessful 
40 
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s 

0 

HCH2Ph 

75-5 75^ 755 

On 

I n t e r e s t i n g l y , Semmelhack et a l found t h a t azaspirocycle 6Z 

was r e a d i l y polymerized. They postulated t h a t the z w i t t e r i o n i c form 

75/5 underwent a r e t r o - M i c h a e l r e a c t i o n t o 757, which was subsequently 

polymerized. 

OMe 

756 757 65 755 

S i m i l a r l y , they suggest th a t i n s t a b i l i t y of 65 i s due t o a r e l a t e d 

r e t r o - M i c h a e l e l i m i n a t i o n t o 75(5, 

i i Metal assisted c y c l i z a t i o n s 

Metal assisted s p i r o c y c l i z a t i o n of substrates 759, c l e a r l y r e l a t e d 

t o those above, has provided entry not only to the 1-azaspiro [5.5] 

OAc . 
760a n = 3 m = 4 

g n = 3 m = 3 
c n = 2 m = 4 

n = 2 m = 3 
V / 

759 

undecane skeleton, HOci, but also to the 1-azaspiro [4.5] - and 1-azaspiro 

[5.4 ] - decanes 760̂ !. and 760c r e s p e c t i v e l y , and 1-azaspiro [4.4] nonane. 7606^ skeletons 51,52 
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S i m i l a r l y , Cariruthers et a l ^ ^ have r e c e n t l y found palladium (0) 

catalysed c y c l i z a t i o n of amino-cyclohexyl acetate 759^ (n = 3, m = 4 ) , 

to azaspirocycle 760a/ t o proceed smoothly i n moderate y i e l d . 

This methodology has been extended t o the synthesis of the cephalo-

t a x i n e i n t e r m e d i a t e , 767, by these workers, the c y c l i z a t i o n step i t s e l f 

being q u a n t i t a t i v e . Though f u r t h e r progress i s yet to be reported, t h i s 

approach holds the p o s s i b i l i t y of leading t o an enantioselective synthe­

s i s , u t i l i z i n g the p o t e n t i a l of a l l y l palladium complexes f o r asymmetric 
,̂ . 76a76b synthesis . 

OMe 

< 

767 762 

A z a s p i r o c y c l i z a t i o n of a cyclohexadienylium i r o n t r i c a r b o n y l com­

plex, 762, followed by o x i d a t i v e decomplexation and h y d r o l y s i s , has 

also provided entry t o the 1-azaspiro [5.5] undecane r i n g system, 765^^. 

i i i Halo and m e r c u r i c y c l i z a t i o n s 

The m e c h a n i s t i c a l l y s i m i l a r methodologies of m e r c u r i c y c l i z a t i o n and 

i o d o c y c l i z a t i o n , provide another entry to azaspirocycles, w i t h the 

p o s s i b i l i t y of s t e r e o s e l e c t i o n . 

The m e r c u r i c y c l i z a t i o n of the amino-olefin 764 provides some se l e c t i o n 

of 765 over 766^^'^^i while i o d o c y c l i z a t i o n of 767 leads to good selec­

t i v i t y , p r o v i d i n g the s i n g l e azaspirocycle 168 

A r e l a t e d , but uncatalysed, r e a c t i o n i s the s p i r o c y c l i z a t i o n of 

the epoxide 769, susceptible to att a c k by the amine i n t e r n a l nucleophile 

( c f . the a c t i v a t e d double bond of 767 i n h a l o c y c l i z a t i o n ) . This reaction 

i s also s t e r e o s e l e c t i v e i n a f f o r d i n g 770, 

43 -



i HgCl2 

i i NaBH 

(63:37) 

764 765 766 

PhCH2HN 

6R 
768 1 = 1 

X = OH 

PhCH2HN 

769 

OR 

i v Acyliminium c y c l i z a t i o n s 
81 8i2 

Evans et a l ' used a 'formate a c t i v a t e d ' e x o c y c l i c o l e f i n as 

i n t e r n a l nucleophile t o a t t a c k the endocyclic acyliminium double bond 

of 777 , p r o v i d i n g a m i x t u r e of s p i r o c y c l i c products 772 and 775. 

N 

777 775 (30%) 772 (40%) 

S i m i l a r a c t i v a t e d o l e f i n c y c l i z a t i o n s onto a c y l iminium i n t e r -
83 84 

mediates have also been reported by Schoeraaker et a l ' , while the 
analogous acid c a t a l y s e d c y c l i z a t i o n s of exocyclic enamines onto imines 

85 
has been reported by Corey et a l , i n the c y c l i z a t i o n of 77-!̂  to 775. 
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o 
77^ 775 

C y c l i z a t i o n s o f o l e f i n s onto i n t e r n a l iraine or imdnium f u n c t i o n a ­

l i t i e s have also been: reported i n the synthesis of spi r o b e n z y l i s o q u i n o l i n e s . 

These proceed v i a r i n g opening of a benzocyclobutane, the r e s u l t i n g 

double bond - a c t i v a t e d by v i r t u e of the i n s t a b i l i t y of the o-quinonoid 

int e r m e d i a t e - then a t t a c k i n g the imine or irainiura carbon. 

For example, t h e unstable 776 opens t o the r e a c t i v e o-quinonoid 

777. Assistance from the hydroxyl group i s then suggested t o aid nucleo-

p h i l i c a t t a c k on the imi n e , generating azaspirocycle 7 7S^^'^^. 

Analogously, t h e in t e r m e d i a t e iminium o-quinonoid system 779 

undergoes s p i r o c y c l i z a t i o n to 750, by a s i m i l a r process. 88,90 

MeO 

MeO 
HO-

K 
MeO OMe 
776 

NMe 

( t o 750) 

MeO (ytAe 
779 

MeO OMe 

( t o 775) 

775 R H X = 0 

Me X = CH. 
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V In t r a m o l e c u l a r c y c l o a d d i t i o n s 

The use of 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 s i s p a r t i c u l a r l y a t t r a c t i v e , 

because of the w e l l - d e f i n e d stereochemistry of such c y c l i z a t i o n s . 

C y c l o a d d i t i o n o f n i t r o n e s t o o l e f i n s have been used e.g. f o r 78.7^ 

752^^ and 783 t o a m i x t u r e of 784 and 785^^. The l a t t e r compound was then 

converted t o the simple l-azaspirocycle 756, 

787 R = E 

755 R = H 

(R=E) 

(R=H) 

784 785 

v i Rearrangements 

One of the e a r l i e s t syntheses of a h i s t r i o n i c o t o x i n d e r i v a t i v e , 

r e p o rted by Corey e t a l , u t i l i z e d the Beckmann rearrangement of the 

c a r b o s p i r o c y c l i c oxime 7S7, t o the spirolactam 788, 

HON 

757 

H 

'Bu 

755 

- 46 -



A s i m i l a r approach t o both the 1-azaspiro [ 5 . 5 ] undecane and 1-

azaspiro [5.4] decane skeletons, by t h i o n y l c h l o r i d e induced Beckmann 
94 

rearrangement, had been reported previously by H i l l e t a l , though 

y i e l d s were poor. 
This Beckmann rearrangement methodology has been l a t e r used i n the 

95 

synthesis of s u b s t i t u t e d 1-azaspiro [5.5] undecanes 

A v a r i e t y of o t h e r rearrangement approaches t o azaspirocycles have 

been reported since the mid-1970s. The novel base induced rearrangement 
of an intermediate iminium s a l t , from treatment of 7^9 w i t h bromine, 

96 
leads t o system 790 i n poor to moderate y i e l d s 

R R 
759a R=R=Me 

759^ R=R=H 

Me 

A 
R R 790a 58% 

790^ 20% 

S p i r o b e n z y l i s o q u i n o l i n e a l k a l o i d s , c o n t a i n i n g a benzo-fused 1-

azaspiro [5.4] decane s u b s t r u c t u r e , have also been obtained by r e -
97 98 99 arrangements. Approaches t o oc h r o b i r i n e , corydaine , fumaricine , 

raddeamine, 7 97,^*^^ and yenhusomine, 792,''̂ ^̂  a l l proceed v i a photo-

rearrangement of a phenol betaine intermediate 795, t o y i e l d fused 

a z i r i d i n e i s o q u i n o l i n e s ; a z i r i d i n e opening then leads to the spiro 

fused products. 

/9/ R= HO— 

7 92 R= HO 

795 
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A completely d i f f e r e n t rearrangement t o a sp i r o b e n z y l i s o q u i n o l i n e 

occurred when DIBAL-H reduced 794 t o 795^°^ 

An elegant approach t o 1-azaspirocycles, was reported by Overman et 
102 

a l , i n v o l v i n g i n s e r t i o n of cyclohexanone i n t o 7 96, y i e l d i n g i n t e r ­

mediate 797, which underwent a [3,3] sigmatropic rearrangement, (a c a t i -

onic aza-Cope rearrangement) a f t e r treatment w i t h a l k y l i o d i d e , as the 

key step. The f i n a l c y c l i z a t i o n involved the Mannich reaction of the 

rearranged i n t e r m e d i a t e 795, t o y i e l d 799 i n 70% o v e r a l l y i e l d . 

797 

799 

v i i Photochemical routes 

A few photochemical routes to 1-azaspirocycles have been reported, 

other than the phot:o rearrangements to s p i r o b e n z y l i s o q u i n o l i n e s described 

above. 

48 



One approach u t i l i z e s a [2+2]n a r e n e - o l e f i n c y c l o a d d i t i o n , con­

v e r t i n g 200 to 207, which then undergoes rearrangement t o the azaspiro-

cycle 202 103.104^ 

N 
H 

200 

Ph 

R 

202 

Another approach i n v o l v i n g photo-promoted intramolecular nucleo-

p h i l i c a t t a c k on an iminium f u n c t i o n a l i t y , y i e l d s spiroaraine 20-̂  from 

203 105 

hv/MeOH 
.OMe 

{CH2)n 

204 

S i m i l a r l y , i s o q u i n o l i n i u m s , 205, undergo e l e c t r o n t r a n s f e r induced 

p h o t o s p i r o c y c l i z a t i o n t o s p i r o i s o q u i n o l i n e s 207, v i a intermediate 

d i r a d i c a l s 206 106,107 

hv MeO 
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v i i i Quaternization'. v i a inte r m o l e c u l a r Michael a d d i t i o n 

The use of i n t e r m o l e c u l a r Michael a d d i t i o n s t o construct the 

quater n a r y c e n t r e , precursory t o s p i r o c y c l i z a t i o n , has also been used, 

both g e n e r a l l y t o y i e l d model azaspirocycles, and m o r e ^ s p e c i f i c a l l y to 

y i e l d 2 - a z a s p i r o c y c l i c n i t r a m i n e analogues. 

P a r t i c u l a r l y r e l e v a n t t o the present work, i s an e a r l y report t h a t 

the a l k y l a t i o n of the anion of nitr o c y c l o a l k a n e s w i t h methyl a c r y l a t e , 

f o l l o w e d by hydrogenolysis, gave good y i e l d s of the 1-azaspirocycles 

209 and 270^^^'^^^ (see chapter 6 ) . 

NO2 ^ 

205a n = 4 

205^ n = 5 270 n 

Subsequently, t h i s methodology - i n c l u d i n g an intermediate homolo­

g a t i o n - was a p p l i e d to the nitrocyclohexonone k e t a l 27 7, providing the 
1 • r c c - i ji - , r 3 110 ,111 1-azaspiro [ 5 . 5 J undecane, ^1i 

S i m i l a r methodology has also r e c e n t l y been applied t o synthesis of 
42 

spir o f u s e d p o r p h y r i n - p y r r o l i d o n e type compounds 

277 275 
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i x Miscellaneous methodologies 

Amongst other general approaches t o azaspirocyclic r i n g systems 
53 

one of p a r t i c u l a r relevance t o our work was reported by Bryson et a l . 

The general amine i n s e r t i o n - Dieckmann c y c l i z a t i o n methodology of 274-^ 

275, has been extended t o amines 276 and 277 t o provide good y i e l d s of 

cephalotaxine and dimethoxy-cephalotaxine precursors 275 and 279. 

113,114 

27̂ ^ 
0 C02Me 
275 

276 R-R=-CH2-

277 R=R=Me 

RoXX^^ 
0 C02Me 

275 R-R=-CH2-

R=R=Me 

Other s p i r o c y c l i z a t i o n s u t i l i z i n g Dieckmann closure r e a c t i o n s , have 

included the c y c l i z a t i o n of 220 t o 227̂ ''''''. 
Intramolecular n u c l e o p h i l i c displacement w i t h amide anions has 

-96 
also been employed, e f f e c t i n g s p i r o c y c l i z a t i o n of 222 to 225 

NaH/HMPA 

0 

220 227 
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MsO 
NaH 

OMe 

222 225 

E l e c t r o p h i l i c c y c l i z a t i o n s have provided entry to c e r t a i n benzo-

fused l - a z a s p i r o c y c l e s . For example, strong acid catalysed c y c l i a l k y l a -

t i o n of 22-!̂  y i e l d s the azaspirocycle 225 i n good yiel d ^ ' ^ ^ ' 

S i m i l a r l y , a c i d catalyzed c y c l i a l k y l a t i o n , e.g. of enamide 226, 

has also provided a general route to e r y t h r i n a a l k a l o i d s ~ e.g. 227, 

which c o n t a i n a f u r t h e r fused s p i r o i s o q u i n o l i n e s t r u c t u r e . 

M e O ^ ^ ^ ^ 

MGO 

c .H^so , /50°c MeO 
> 

MeO 

22^ 225 

^ ^ ° W ^ 0 H3P0^ MeO 

M e O ^ - ^ ^ ^ ^ ^ ^ ' 
0 

226 227 

Pictet-Spengler type r e a c t i o n s have also provided occasional 
121 

e n t r y t o azaspirocycle c o n t a i n i n g a l k a l o i d s , e.g. e r y t h r i n a - and spiro-

benzylisoquinoline"''^^ '̂̂ ^ a l k a l o i d s . 
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X 2-Azaspirocycles 

2-Azaspirocyclic compounds are f a r less common among n a t u r a l products 

than 1-azaspirocycles, and consequently there have been f a r fewer reports 

o f s y n t h e t i c methodologies f o r c o n s t r u c t i o n of 2-azaspirocycle based 

r i n g systems. 

Reported approaches have included intramolecular l i i t r o n e cyclo-
125 

a d d i t i o n s , e.g. 225->-229 i n t r a m o l e c u l a r n i t r i l e oxide c y c l o a d d i t i o n s 

e.g.250->257^'^^, thermal rearrangements e.g.252^-255 Michael a d d i t i o n q u a t e r n i z a t i o n s , followed by reductive c y c l i z a t i o n , e.g. 2^4^255 
. . u 1 ,129-132 A number of other recent methods have also appeared 

128 

225 229 

250 

255 

0 
CN 

)H 

0 
H 

254 255 
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2.2 Construction of the s p i r o centre 

Our general r e t r o s y n t h e t i c strategy f o r constru c t i o n of azaspiro­

c y c l i c i n t e r m e d i a t e , 757, and i t s dimethoxy analogue, 256, has been 

described above (see 1.8). 

The f i r s t intermediates i n t h i s scheme are the 3-nitrostyrenes 

257 and 255, which are r e a d i l y a v a i l a b l e by a d d i t i o n - condensation 
133-137 

r e a c t i o n of the corresponding aldehyde w i t h nitromethane anion , 
138 139 

as are a wide v a r i e t y of analogues ' 

RO-

RO-

757a R-R=-CH2- X=0 

757^ R-R=-CH2- X=H2 

256a R=R=Me X=0 

256^ R=R=Me X=H^ 

257 R-R=-CH2-

255 R-R= .Me 

The nitromethane anion i s gen e r a l l y generated by the use of amines, 
140 

e i t h e r as the f r e e base , or as the hydrochloride i n the presence of 
141 

potassium carbonate, l i b e r a t i n g the f r e e amine i n s i t u . The reaction 

occurs s l o w l y , but e f f i c i e n t l y , a t room temperature. 

The r e a c t i o n i s a two step process, proceeding with high trans 

s t e r e o s p e c i f i c i t y , , because of the lower energy t r a n s i t i o n s t a t e f o r 

a n t i p e r i p l a n a r , E2, e l i m i n a t i o n from rotamer A r e l a t i v e to rotamer B 
( f i g . l ) . 

OH 

Ar I H 
H 

"0 ^ .,N02 TRANS 

B 

Ug. 7 -
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The next envisaged s y n t h e t i c step was the c o n s t r u c t i o n of a s i x -

membered r i n g E v i a c y c l o a d d i t i o n methodology. The c y c l o a d d i t i o n of 3,4-

rae thylenedioxy - 6 - n i t r o s t y r e n e , 257, w i t h butadiene, has been used as 
143 144 

an e a r l y step i n approaches to phenanthridine analogues, ' and 
145 

l y c o r i n e . S i m i l a r r e a c t i o n s have also been reported w i t h simple 
146 

s u b s t i t u t e d butadienes and n i t r o s t y r e n e 257 . Reported y i e l d s have 

been ca. 60-70%, r e a c t i o n g e n e r a l l y r e q u i r i n g elevated temperatures f o r 

prolonged periods, w i t h up to t e n - f o l d excess of diene. 

We have used the known butadiene s y n t h e t i c e q u i v a l e n t , butadiene 

sulphone (3 - s u l p h o l e n e ) ^ ^ ^ , f o r c y c l o a d d i t i o n t o both 257 and 255, 

l a r g e l y due to the convenience of using a stable s o l i d , rather than 

gaseous butadiene. Butadiene s u l p h o n e c h e l e o t r o p i c a l l y eliminates s u l ­

phur dioxide t o generate butadiene i n s i t u , i n the temperature range 

(110°C - 130°C) r e q u i r e d f o r the c y c l o a d d i t i o n r e a c t i o n i t s e l f . 

F u rther, t h i s m o d i f i c a t i o n provided a s i g n i f i c a n t improvement i n 

y i e l d s of 259 and 2^0over the l i t e r a t u r e procedures, and required only . 

ca. three e q u i v a l e n t s of sulphone reagent. 

The trans geometry of 6-nitrostyrenes i s known t o be preserved i n 
148 

Diels-Alder c y c l o a d d i t i o n s . A racemic mixture of trans cycloadducts 

t h e r e f o r e r e s u l t s , because, c l e a r l y , the t r a n s i t i o n states f o r a d d i t i o n 

t o e i t h e r Re or Si face of the dieneophile, are degenerate. 

The trans geometry i s c l e a r l y evidenced by 250MHz 'H NMR decoupling 

experiments on the dimethoxy analogue, 2^0; these data also provide some 

u s e f u l assignments ( f i g . 2 ) . Decoupling of the H^-H^ region of methylene 

resonances, collapses the s i g n a l (4.9-5.0ppm) to a simple doublet, 

w i t h J = l l . l H z , c o n s i s t e n t only w i t h an a n t i c o n f i g u r a t i o n . 
3 D 

239 R-R= -CH - (92%) _ ? -'2 
R=R= Me (90%) 

55 -



Confirmation of methylene assignments i s provided by decoupling of 

the b e n z y l i c H (3.3-3,4ppm), where upon the u p f i e l d methylene m u l t i -

p l e t (2.3-2.5ppm) i s s i m p l i f i e d t o an AB l i k e spin system. 

The next s y n t h e t i c step i s the key step i n c o n s t r u c t i n g the quater­

nary c e n t r e , which i s t o become the s p i r o centre. 

The anions from secondary n i t r o a l k a n e s , e.g. 259 and 240, are known 
149 

to be good Michael donors, r e a c t i n g w i t h acceptors bearing no a or p 
, ^. ^ 150-152 . . , . V 153-157 . , i ^ • s u b s t i t u e n t s . A v a r i e t y of bases have been employed m 

these r e a c t i o n s , and r e c e n t l y the use of DBU has extended the u t i l i t y 

of t h i s r e a c t i o n , by a l l o w i n g e f f i c i e n t a d d i t i o n t o s u b s t i t u t e d Michael 
156 

acceptors-

As a consequence of n i t r o n a t e planarity'''^^ the stereochemistry 

a t the a s i t e i s l o s t , and a l k y l a t i o n e i t h e r w i t h r e t e n t i o n or i n v e r s i o n , 

i s p o s s i b l e . I n the case of our n i t r o c y c l o a d d u c t , 239 , the anion, C, 

i s s t a b i l i z e d as n i t r o n a t e , D, which a Michael e l e c t r o p h i l e , e.g. 

methyl a c r y l a t e , can a t t a c k , trans t o the bulky aromatic group y i e l d i n g 

247, ar c i s t o t h i s group y i e l d i n g 242 ( f i g . 3 ) 

Ar E 

247 

242 

llg 3 

Using t r i t o n B as the base, and methyl a c r y l a t e as the Michael 

acceptor, good y i e l d s (80-90%) of an a d d i t i o n product were obtained. 

A l l p h y s i c a l and spectroscopic data i n d i c a t e d the product to be of a 
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s i n g l e r e l a t i v e s t e r e o c h e m i s t r y j thus i n d i c a t i n g the Michael reaction 

t o be h i g h l y s t e r e o s e l e c t i v e . 

As the ester c h a i n i s la r g e r than the n i t r o group, we expected 

p r e f e r e n t i a l Michael a l k y l a t i o n trans t o the bulky aromatic s u b s t i t u e n t , 

l e a d i n g t o stereochemistry 2^1, The high s t e r e o s p e c i f i c i t y i n favour of 

2^7 was indeed confirmed by X-ray s t r u c t u r e a n a l y s i s of a d e r i v a t i v e of 

7i7a. 

The h i g h l y s t e r e o s p e c i f i c establishment of the quaternary centre 

of 2^1, now allowed c o n s t r u c t i o n of the a z a s p i r o c y c l i c intermediates 

1^1, by r e d u c t i o n - c y c l i z a t i o n methodology. 

The hydrogenation s t r a t e g y employed by H i l l et a l and Moffet et a l , 

f o r such c y c l i z a t i o n s , i s c l e a r l y i n a p p l i c a b l e i n our case, as reten­

t i o n of r i n g E u n s a t u r a t i o n i s e s s e n t i a l to allow f u r t h e r r i n g E modi­

f i c a t i o n . However, t h e use of reducing metal c o n d i t i o n s w i t h activated 

zinc dust^^^'^^^ and h y d r o c h l o r i c a c i d , l e d t o e f f i c i e n t s p i r o c y c l i z a t i o n 

t o lactams 131a and236a ( 9 1 % and 72% y i e l d s r e s p e c t i v e l y ) , i n i t i a l l y 

confirmed by the c h a r a c t e r i s t i c five-membered r i n g lactam carbonyl 

s t r e t c h a t v 1690 cm~^ i n the IR spectrum. CO ^ 

To confirm beyond doubt the r e l a t i v e stereochemistry p r o v i s i o n a l l y 

assigned above f o r 247, we obtained a s i n g l e c r y s t a l X-ray s t r u c t u r e of 

t h i o l a c t a m , 253. (We were also i n t e r e s t e d i n the general conformation 

r e s u l t i n g from s p i r o f u s i o n ) . This X-ray ana l y s i s confirmed our predicted 

r e l a t i v e stereochemistry ( f i g . 4 ) . 

th-Lolaciam, 253 
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2«3 Spirolactam m o d i f i c a t i o n and redu c t i o n 

The standard reagants f o r reduction of amides and lactams, are 

l i t h i u m aluminium hydride ( L A H ) o r d e r i v a t i v e s e.g. LiAlH(QMe)^'^^^. 

Simple Y-lactams, e.g. 243^^^, fused ^-lactams, e.g. 244 and simple s p i r o -

lactams, e.g. 18^^, have a l l been e f f i c i e n t l y reduced w i t h LAH. Several 
167 

other d i r e c t methods are a v a i l a b l e , v i z aluminium hydride, AlH^ » 
sodium acyloxyborohydride^^°, TiCl^-NaBH^^^^, TiCl^-LAH^^^ and d i i -

173 
sobutylaluminium hydride (DIBAL-H) 

J T '"OH 
'3u 

244 

Our i n i t i a l attempts t o reduce spirolactam 737a w i t h LAH, under a 

v a r i e t y of c o n d i t i o n s ( c u l m i n a t i n g w i t h one weeks' r e f l u x i n THF), 

returned 70-80% of unchanged lactam. Subsequently, changing the solvent 

from potassium d r i e d THF t o d i e t h y l ether r i g o r o u s l y d r i e d over sodium 

then LAH, r e s u l t e d i n clean, repeatable r e d u c t i o n to spiroamine 24^ i n 

>90% y i e l d . The dimethoxy lactam, 236a, was reduced t o 246 under the 

same c o n d i t i o n s , i n s i m i l a r y i e l d . The required r e a c t i o n times of be­

tween 48 hours and 96 hours ( f o l l o w i n g the r e a c t i o n by t . l . c . ) i n d i c a t e 

a remarkable resistance of 7 37a and 236a t o reduction. 

R'CH 

245 R-R= -CH. 

246 R=R=Me 

2 -.'<r^2 

R = Me.Et 

247 X = Cl 

248 X = OR 

249 X = SR 

I n d i r e c t methods of r e d u c t i o n have been developed v i a s u b s t i t u t e d 

iminium s a l t s of type 247 248 1^^,176 177,1/8^ 
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reduced i n good y i e l d s , under mi l d c o n d i t i o n s , w i t h e i t h e r sodium boro-

hydride or sodium cyanoborohyride. 

Alongside our attempts a t LAH reduction of 1-31 a, we decided to ex­

p l o r e a l t e r n a t i v e t h i o i m i n i u m methodology, which had proved successful 

w i t h lactams which had been d i f f i c u l t t o reduce w i t h LAH. Okuraura et 

^^179,180 ^^^^ unable t o completely reduce 250 w i t h LAH. However, 

th i o i m i n i u m iodide s a l t , 257, was e a s i l y reduced w i t h sodium borohydride, 
181 

or a c i d i c sodium cyanoborohydride, t o the amine 252 , by Sundberg et a l 

SMe 

C02Me 

250 X = 0 

252 X = H^ 
255 

Amides can be converted t o thioamides, using phosphorus pentasul-
,.,182-184 , , ,185,186 i u . f phide , or Lawesson s reagant as the sulphur t r a n s f e r source, 

187 

e i t h e r thermally or u l t r a s o n i c a l l y . We found t h a t using phosphorus 

pentasulphide gave b e t t e r y i e l d s of thiol a c t a m , 253, from lactam 1.31a 

than d i d Lawesson's reagant, 
13 

To allow f u r t h e r assignment of C data f o r t h i o l a c t a m , 253, and so 

to a i d our assignments f o r other spirofused systems, a DEPT spectrum 

was obtained ( f i g . 5 ) . The most u s e f u l information t h i s provides i s 

t h a t the s p i r o carbon can d e f i n i t e l y be i d e n t i f i e d at 69ppm (absent i n 

DEPT), and the benzylic carbon i d e n t i f i e d at ca. 46ppra. 

Treatment of 253 w i t h methyl iodide gave near q u a n t i t a t i v e y i e l d s 

of methiodide s a l t , 25'r> However, r e a c t i o n of 254 w i t h e i t h e r sodium 

borohydride under n e u t r a l c o n d i t i o n s , or sodium cyanoborohydride under 

a c i d i c c o n d i t i o n s , r e s u l t e d i n modest y i e l d s of a m a t e r i a l , whose spec­

t r a l data were i n c o n s i s t e n t w i t h a simple amine product. 
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0/ thlolactam, 253 

The mass spectrum of t h i s product showed a molecular i o n at m/e = 301 

i n E I , and m/e = 302 i n C I , and no mass peak corresponding t o the amine, 

245. Further, the 250MHz 'H NMR showed a s i n g l e t (three protons) at 
13 

ca. 2.5ppm, and the C NMR showed seventeen d i s c r e t e peaks. A l l data 

are c o n s i s t e n t w i t h r e t e n t i o n of the thiomethyl group. 

SMe SMe 

2^4 
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On the basis of these data, a p r o v i s i o n a l s t r u c t u r a l assignment as 

t h i o l a c t i m e t h e r , 255, was made, the product of simple deprotonation of 

s a l t 25-^. High r e s o l u t i o n mass s p e c t r a l analysis confirmed a molecular 

formula consistent w i t h t h i s s t r u c t u r e . 

This unexpected r e s u l t , coupled w i t h our successful reduction w i t h 

LAH by t h i s stage, t e r m i n a t e d our i n v e s t i g a t i o n s of t h i s reduction 

methodology. 

2.4 Summary 

A h i g h l y s t e r e o s e l e c t i v e , high y i e l d i n g entry to our key 1-azaspiro-

c y c l i c intermediates has been developed. The r e l a t i v e stereochemistry 

obtained, w i t h the aromatic s u b s t i t u e n t , and nitrogen f u n c t i o n a l i t y i n 

a c i s arrangement, i s t h a t required f o r the cephalotaxine skeleton. 

However, the b e n z y l i c proton can be e q u i l i b r a t e d i n the f i n a l syn­

t h e t i c stages, at l e a s t a t the cephalotaxinone stage, so the importance 

of the s t e r e o s p e c i f i c i t y does not l i e only i n i t s relevance t o the f i n a l 

t a r g e t stereochemistry. I t s importance l i e s perhaps more i n the r o l e 

o f . t h i s c i s geometry i n favourable r e a c t i o n stereochemistry f o r the 

formation of r i n g C. 

2.5 Future analogues 

A v a r i e t y of possible m o d i f i c a t i o n s , i n both r i n g s i z e and func­

t i o n a l i t y , of r i n g s D and E can be envisaged on the general basis of 

the above methodology (chapter 2.2). Ring D homologation has been 

u t i l i z e d i n analogous simple 1-azaspiro [5.5] undecanes by several 
111,112 

groups 

A wider v a r i e t y of r i n g E analogues are p o t e n t i a l l y a v a i l a b l e . Sub­

s t i t u t e d analogues could be obtained using s u b s t i t u t e d butadienes or 
1 Q Q _ _ 1 Of) 

butadiene sulphones . O f more p o t e n t i a l s i g n i f i c a n c e , i s the pos­

s i b i l i t y of using a c h i r a l diene which, coupled with the strong r e g i o -
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191 192 

c o n t r o l exerted by the n i t r o group ' , could lead t o r e g i o s e l e c t i v e 

products, of the absolute stereochemistry appropriate to (-) cephalotaxine. 

These, and other p o s s i b i l i t i e s , w i l l be more f u l l y discussed below. 
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CHAPTER THREE 

3-BENZAZEPINES : APPROACHES 

TOWARDS CEPHALOTAXINE RING C 

VIA ELECTROPHILIC CYCLIZATION 
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3.1 Synthetic methodology f o r 3-benzazepines : Review 

The tetrdiydro-3-benzazepine r i n g system i s common to three major 
194 

classes of a l k a l o i d s ; the isopavine, rheadan and ce.phalotaxa/> a l k a l o i d s , 

a l l of which probably share a 1-phenethylisoquinoline as biogenetic 

precursor (see 1.5). 

Consequently, over a number of years, considerable e f f o r t has been 

d i r e c t e d towards synthesis of the 3-benzazepine r i n g system. This has 

defined many v i a b l e intermediates t h a t are s u i t a b l e f o r elaboration to 

t h i s r i n g system. However, these l a r g e l y f a l l w i t h i n only a few mechan­

i s t i c approaches, the vast m a j o r i t y being based on e l e c t r o p h i l i c aromatic 

s u b s t i t u t i o n as the key c y c l i z a t i o n step. Beyond t h i s there are some 

re p o r t s of a z i r i d i n e r i n g expansion methodologies ( s t r i c t l y not a 

c y c l i z a t i o n approach), and of syntheses based on C-N bond formation f o r 

r i n g c l o s u r e , as w e l l as several photochemical approaches. 

From a r e t r o s y n t h e t i c p o i n t of view, the overwhelming m a j o r i t y of • 

methods a v a i l a b l e , are based on disconnection 'a' rather than 'b' or 

'c' ( f i g . 6 ) . 
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i E l e c t r o p h i l i c c y c l i a l k y l a t i o n s 

The intermediates f o r e l e c t r o p h i l i c c y c l i a l k y l a t i o n possess, 

n e c e s s a r i l y , f u n c t i o n a l i z e d e t h y l s u b s t i t u e n t s on the nitr o g e n atom 

which i s t o be included i n the r i n g . There are b a s i c a l l y s i x types of 

such intermediates t h a t have proved successful f o r c y c l i z a t i o n s to the 

3-benzazepine r i n g , w i t h the general s t r u c t u r e s 257-266. These w i l l 

now be b r i e f l y considered i n t u r n . 

R = H, 
a l k y l , 
t o s y l , 
R-̂ =OH 
Cl 
4 

R = Me.Et 

R'=R' X Y 

257 -CH2- CH2CI h 
255 Me It II 

259 -CH2- 0 

260 Me I I It 

267 -CH2- CR̂ R̂ OH H2 

262 Me 11 

265 -CH2- COR̂  

264 Me I I 

265 -CH2- CH(0R^)2 
266 Me 

The 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 c y c l i z a t i o n of N-2-chloroethyl-

phenethylamine d e r i v a t i v e s , 257/ 255, requires very f o r c i n g conditions 

f o r e f f i c i e n t r e a c t i o n , t y p i c a l l y i n v o l v i n g a day or so at elevated 

temperatures ('̂ 1̂80°C)•''̂ ^ ^ Nonetheless, t h i s approach has received 

much a t t e n t i o n , p a r t i c u l a r l y i n the pharmaceutical i n d u s t r y , when scale 

up t o la r g e q u a n t i t i e s i s necessary. 

S i m i l a r l y , N-2-chloroacetamide phenethylamine d e r i v a t i v e s , 259, 260, 

have proved s u i t a b l e substrates f o r F r i e d e l - C r a f t s c y c l i z a t i o n ^ ^ ^ . 

However, these also r e q u i r e long r e a c t i o n times and elevated temperatures. 

A p a r t i c u l a r l y common approach to the 3-benzazepine r i n g system 

has involved the c y c l i z a t i o n of N-2-hydroxyethyl phenethylaraines, 267, 
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262, under ac i d c a t a l y s i s . Almost a l l reported examples of t h i s type 

of c y c l i z a t i o n have u t i l i z e d systems where R''' i s hydrogen or an a l k y l 
2 

group, and R i s an aromatic s u b s t i t u e n t . Thus, the general c y c l i z a t i o n 

substrate i s of form 267, 

MeO 

MeO 

MeO 

MeO 

267 265 269 

A wide v a r i e t y of s u b s t i t u t i o n patterns have been employed, and 

the commonest r e a c t i o n c o n d i t i o n s use polyphosphoric acid (PPA), 

hydrobroraic a c i d or t r i f l u o r a c e t i c - s u l p h u r i c acid mixtures, as the 
, T ,201-213 c a t a l y s t 

For example, complex p o l y c y c l i c system 269, w i t h a spiro fused 3-

benzazepine analogous t o the cephalotaxine r i n g system, i s prepared 

from 265, i n which again there i s a phenyl s u b s t i t u e n t a to the hydroxy 
215 

group 

While t h i s methodology provides quite, an e f f i c i e n t route, i t has 

two d i s t i n c t disadvantages; (1) i t appears to require an aromatic group 

a t o the hydroxy f u n c t i o n t o s t a b i l i z e the intermediate c a t i o n i c elec-

t r o p h i l e , and (2) s t r o n g l y a c i d i c c o n d i t i o n s are necessary. Hence, i t s 

a p p l i c a b i l i t y t o s t r u c t u r a l l y v a r i e d benzazepine syntheses, or those 

bearing l a b i l e f u n c t i o n a l i t y , i s l i m i t e d . 
Polyphosphoric acid catalysed c y c l i a l k y l a t i o n of carboxylic acids 

216 
onto aromatic r i n g s , i s w e l l known i n carbocyclic chemistry . I t has 

217-219 
provided e f f i c i e n t e n try to six-membered , as w e l l as seven-

220 221 222 membered ' and eight-membered carbocyclic r i n g s , e.g. 270 and 

277. 

This approach has also found some use i n analogous heterocyclic 

s y n t h e s i s , f o r example i n the preparation of the reduced isoquinolone 
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270 277 

223 2 2A-
272 ' . This methodology has been used f o r c o n s t r u c t i o n of the 3-
benzazepine r i n g , s p e c i f i c a l l y i n the preparation of the cephalotaxine 

38 

intermediate 68 (see 1 . 6 . i i i ) . I n general, these c y c l i z a t i o n s require 

temperatures above ambient, and i n some cases as high as 100°C. 

Other strong acids, such as methanesulphonic a c i d , have also effected 
225 

such e y c l i z a t i o n r e a c t i o n s . At l e a s t i n carbocyclic systems , 
cone, s u l p h u r i c a c i d has been used t o c y c l i z e the corresponding methylester 

226—228 

t o isoquinolones , though no examples of a p p l i c a t i o n t o 3-benzaze­

pines have been found. 

In 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 a c y l a t i o n v i a acid c h l o r i d e interme-
3 

d i a t e s of type 263,264 (R =C1) seems i n i t i a l l y an obvious approach to 3-

benzazepine r i n g c o n s t r u c t i o n , w i t h the p o t e n t i a l t o proceed under 

r e l a t i v e l y m i l d r e a c t i o n c o n d i t i o n s . 

C y c l i a l k y l a t i o n of a c i d c h l o r i d e s t o carbocyclic systems i s sue-
o 22Q 230 

c e s s f u l a t temperatures i n the 0-25 C range ' . However, one 

drawback i s t h a t very high d i l u t i o n techniques have been required to 
o b t a i n good y i e l d s of l a r g e r than six-membered r i n g s ( e s p e c i a l l y e i g h t -,.231,232 membered) 

As an approach to 3-benzazepines t h i s has been i n v e s t i g a t e d over a 

number of years, and i t was observed t h a t at r e a c t i o n temperatures much 
above 0°C, r a p i d loss of carbon monoxide occurred, leading to isoquin-

233-236 

o l i n e s as major r e a c t i o n products, ra t h e r than 3-benzazepines 

However, i t was subsequently reported that low r e a c t i o n temperatures, 

t y p i c a l l y -70°C, w i t h excess aluminium c h l o r i d e , could lead t o good - 67 -



237-239 

y i e l d s of 3-benzazepinones . S i m i l a r low temperature r e a c t i o n , at 

-10°C, was used t o e f f i c i e n t l y c y c l i z e 275 t o the benzofused 3-benzazepine 
274 240 

275 274 275 

I t i s re l e v a n t t o note t h a t 275 i s c y c l i z e d e f f i c i e n t l y to the 3-

benzazocine analogue by F r i e d e l - C r a f t s r e a c t i o n , i n dichloromethane at 
241 

r e f l u x . Thus, the competitive loss of carbon monoxide appears only 

t o be important when there i s a favourable r e a c t i o n pathway t o a s i x -

membered r i n g a v a i l a b l e . 

Another type of e l e c t r o p h i l i c c y c l i a l k y l a t i o n involves the use of 

2-carbon fragments on n i t r o g e n , f u n c t i o n a l i z e d as d i a l k y l a c e t a l s , or 

f r e e aldehydes. This methodology i s widely used i n i s o q u i n o l i n e syntheses, 

mineral a c i d catalysed c y c l i z a t i o n of a c e t a l s , e.g. 276, being the basis 
2A2 2^3 2A6 of the Pomerantz-Fritz and Bo b b i t t syntheses of is o q u i n o l i n e s . 

Use of boron t r i f l u o r i d e as Lewis acid c a t a l y s t has also been extensively 
247 

used t o c y c l i z e a c e t a l s , and the corresponding f r e e aldehydes have 
248—251 

been c y c l i z e d w i t h mineral acids, t o t e t r a h y d r o i s o q u i n o l i n e s 

This methodology has found some use i n the synthesis of 3-benzaze-

pines^^^ ^ ^ ' ^ j and Lewis acid catalysed c y c l i z a t i o n of dimethylacetals^^^ i s one of the commonest routes of entry t o isopavine a l k a l o i d s 

e.g. 277^278. 

258,194 

NR 

EtO 

NMe 

MeO—r ^Ph 
OMe 

NMe 

. / 0 

MeO 

278 
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i i Photochemical c y c l i z a t i o n s 

A number of photochemical approaches t o 3-benzazepines have been 

developed, some being u t i l i z e d f u r t h e r i n s y n t h e t i c s t u d i e s towards 
259 

cephalotaxine. Haloaryl-enolate p h o t o c y c l i z a t i o n s have been speci­

f i c a l l y a pplied t o c o n s t r u c t i o n of the cephalotaxinone 3-benzazepine 
37 38 

r i n g by Semmelhack's group ' ( 1 . 6 . i i ) . 

A r e l a t e d class of p h o t o c y c l i z a t i o n s of a r y l h a l i d e s onto enamide, 

enamino or enamido-ketones, has also provided some reasonably e f f i c i e n t 
260 

e n t r i e s t o 3-benzazepine containing systems 
261 262 

For example, Snieckus et a l ' have shown t h a t 279 and 280 can 

be photocyclized to 2S7 and 282 r e s p e c t i v e l y . S i m i l a r l y , the enamido 

ketone 253 and enamino-ketone 284 can be photocyclized t o 3-benzazepines 

^^^263,264 265,266^ P h o t o c y c l i z a t i o n can al s o be effected i n 
analogous systems w i t h the halogen located on the enamino6 o l e f i n carbon. 

267 
Thus both 257a and 2871 provide the same 3-benzazepine, 255 

MeO 

279 

MeO 

MeO 

250 252 

MeO 

MeO 

hv/NEt, MeO 

MeO 

253 255 
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MeO 

M e O ^ - ' ^ ^ B r 

254 

NH 

256 

287 

MeO 

MeO 

a X=H Y=I (38%) 

i X=I Y=H (50%) 

A d i f f e r e n t photochemical s t r a t e g y , v i z the p h o t o c y c l i z a t i o n of N-

c h l o r o a c e t y l phenethylamine d e r i v a t i v e s , was thoroughly i n v e s t i g a t e d by 

Witkop e t a l i n the l a t e 1960s. However, i n few cases d i d good y i e l d s 
268 

of 3-benzazepines r e s u l t , as more complicated deep-seated photo-
269-272 

rearrangements t o unusual c y c l i c products competed . Further 

complications r e s u l t from f o r m a t i o n of isomeric 3-benzazepines, as shown 

by a c o l l a t i o n of r e s u l t s f o r various substrates ( f i g . 7 ) j 

NH -H 

^ Rl=R2=0Me R^=R^=H 

I R =R^=R^=0Me R =H 
1 '\ L 

c R =R =0H R =R =H 

d R̂ =OH R^=R^=H R^=C02H 

27% 

10% 

70% 

6% 
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However, analogous p h o t o c y c l i z a t i o n of N-methyl-3,4-dimethoxy 

phenethylamine, or the 3,4-methylenedioxy N-methyl system, provided 
273 

moderate y i e l d s of the primary isomeric 3-benzazepine . The r e l a t e d 

t e r t i a r y amide, 48. s i m i l a r l y provided moderate y i e l d of the p o t e n t i a l 

cephalotaxine intermediate - ^ 9 ( s e e 1 . 6 . i ) . 

i i i C-N bond forming r i n g closures 

Methodologies f o r c o n s t r u c t i o n of 3-benzazepines from precursors 

bearing a f u n c t i o n a l i z e d 2-carbon fragment on the aromatic r i n g - C-N 

bond for m a t i o n being the key c y c l i z a t i o n step - have been much less 

u t i l i z e d than the aryl-carbon bond forming c y c l i z a t i o n s , of the ' d i s ­

connection a' s t r a t e g i e s above. 

This i s probably due, i n large p a r t , t o the ready a v a i l a b i l i t y of 

simple phenethylamines bearing 2-carbon, f u n c t i o n a l i z e d , fragments 

s u b s t i t u t e d onto n i t r o g e n . Thus, as we have seen above, most simple 3-

benzazepine syntheses c o n s t i t u t e d i f f e r e n t types of c y c l i a l k y l a t i o n s onto 

the aromatic nucleus. Consequently, syntheses of more complicated 3-

benzazepine c o n t a i n i n g systems have been d i r e c t e d towards intermediates 

of these general types. 

The use of C-N bond formation as the c y c l i z a t i o n step, has found 

a v a r i e t y of uses i n t e t r a h y d r o i s o q u i n o l i n e syntheses. The types of 
274 

r e a c t i o n s u t i l i z e d include amide anion-mesylate displacement , amide-
a c i d , and amide-alcohol condensations, and several other less 

T 279-281 common examples 

A few a p p l i c a t i o n s of these, and other, methodologies to 3-benzaze­

pine synthesis have been reported. Condensation of amino acids 289a-

282 283 

259c ' being the most u t i l i z e d , r e f l u x i n g i n high b o i l i n g solvents 

a f f o r d i n g good y i e l d s of 3-benzazepinones 290a-290c. However, i t i s 

worth n o t i n g t h a t 3-benzazepines are harder t o prepare than the 1- or 

2- isomers using t h i s approach. 

- 71 -



C02H 

259 

Q R=R=R^=H 

I R=R=MeO R^=H.CH2Ph 

c R-R= -CH2- R^=H,CH2Ph 

290 

Amino-aldehydes, e.g. 297 , have been thermally c y c l i z e d to 3-benza-
284 

zepines , e.g. 2 9 2 , and amino-ketones have been c y c l i z e d by strong 
285 

bases, e.g. 295->-294 ^ a re a c t i o n which has been a p p l i e d to synthesis 
286 287 

of the 3-benzazepine rheadan a l k a l o i d s by Brossi and co-workers ' 

Amino-acids, 2 5 9 , can also be r e d u c t i v e l y c y c l i z e d with borane, 
288 

d i r e c t l y p r o v i d i n g the parent 3-benzazepines, 295 

< NHMe ^ 

MeO 

295 

OMe 

(84%) 

OMe 

294 

RO 
NR' 

295 R=R=Me,-CH2-
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Reductive c y c l i z a t i o n of araino-esters has also provided a highly 

e f f i c i e n t , s t e r e o s e l e c t i v e , entry t o the 3-benzazepinone skeleton. 

Sodium borohydride reduction of amino-ester 296 y i e l d i n g the cyclized 
289-290 

racemic product, 297. i n very high y i e l d . The high stereoselec-
291 

t i v i t y being accounted f o r on the basis of Cram's r u l e , f o r hydride 

a t t a c k on rotamer 296a, 

J L Jl NHMe 

0 Ph HO Ph 

296 297 

MeHN. 

Me02C 
296 a 

MeO 

i v A z i r i d i n e - a z i r i d i n i u m r i n g expansion s t r a t e g i e s 

A completely d i f f e r e n t approach to 3-benzazepine r i n g formation i s 

based on a number of m e c h a n i s t i c a l l y r e l a t e d f u s e d - a z i r i d i n e or fused-

a z i r i d i n i u m r i n g openings. As such, t h i s general approach does not 

c o n s t i t u t e a c y c l i z a t i o n methodology, but r a t h e r the expansion of already 

e x i s t e n t i s o q u i n o l i n e type r i n g s to 3-benzazepines. 

Ring expansions of simple fused a z i r i d i n i u m s a l t s were f i r s t r e -
292 293 

ported i n the e a r l y 1960s by Leonard et a l ' . Subsequently, t h i s 

methodology was applied t o i s o q u i n o l i n e fused a z i r i d i n i u m s a l t s e.g. 

29S, ^̂ '̂  299"^^^ and 300 to f u r n i s h v a r i a b l e y i e l d s of 3-benzazepines 

(the l a t t e r example pr o v i d i n g 82% y i e l d of r i n g expanded product). 

Ring expansions w i t h nucleophiles, e.g. methoxide, were found to be more 
297 

favourable f o r r i n g expansion, than reductive a z i r i d i n i u m r i n g opening 
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298 

^ CIO/ 

MeO OMe 

500 

299 

Ring expansions of i s o q u i n o l i n e fused a z i r i d i n e s have also recently 

found use as a route t o 3-benzazepines, p a r t i c u l a r l y i n synthetic ap-
298-300 

preaches to the rheadan a l k a l o i d s , e.g. 50/->-(±) c i s - a l p i n i g e n i n e , 
302a and (±) c i s - a l p i n i n e , 302i. Related expansions have been effected 

301 302 299 e i t h e r p h o t o l y t i c a l l y , under acid c a t a l y s i s ' , w i t h e t h y l c h l o r o -
. 303 ^ , , , . 304 formate , or by hydrogenolysis 

a R=H 

I R=Me 

OMe 

N 

MeO 

502 

A number of r e p o r t s of rearrangement expansions of spirobenzyliso-

q u i n o l i n e s , '^^^, l e a d i n g t o the 3-benzazepines, 50-^305,306^ ^^^^ 

y i e l d , have appeared which were then elaborated to rheadan alkaloids"^*^^' 

308 

These reactions were brought about e i t h e r r e d u c t i v e l y by acidic 

zinc {303a a.ni.303i), or th e r m a l l y (503c). M e c h a n i s t i c a l l y , they were 

a l l postulated to proceed v i a fused a z i r i d i n i u m interniediates s t r u c t u ­

r a l l y a k i n to the a z i r i d i n e s , 507 . Biomimetic studies have indicated a 
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r e l a t i o n s h i p of these r i n g expansions to biosynthesis of rheadan a l k a l o i d 
309 

precursors . 

505 

a R=Me R^=R^=H X=Y=0 

I R=R=-CH2- R^=R^=H X=Y=0 

c R^=R=Me Y=H, R̂ =OMe X=H,OMs 

50^ 

V Miscellaneous other 3-benzazepine syntheses 

A number of other miscellaneous methodologies have been employed, i n 

the c o n s t r u c t i o n of the 3-benzazepine system. 

There i s one example of a 'disconnection'b' type strategy f o r entry • 

to the 3-benzazepine skeleton of readan a l k a l o i d s , the key step being 

i n t r a m o l e c u l a r a t t a c k of the amide a anion of 505 on the aromatic alde-

310 

hyde , subsequent l a c t o n i s a t i o n providing reasonable o v e r a l l y i e l d 

of 506. 

NCOPh 

Et O2C 

DMSO 

MeO 

MeO 

305 

NCOPh 
(56%) 

Hydrogenation of dibenzylcyanides e.g. 507 a f f o r d s d i r e c t l y the 

f u l l y saturated 3-benzazepine, 50Sa^^^"-^^-^, while treatment w i t h hydro-

bromic acid i n a c e t i c a c i d , (followed by sodium acetate) y i e l d s imides. 

e.g. 505^. 314 
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L i 
^̂ ^̂ -̂ N CN 

307 308 a X=H 

I 1=0 

315 
Beckmann rearrangement of the oxime of 6-tetralone , and Schmidt 

316 
rearrangement of 3 - t e t r a l o n e d i r e c t l y , have both provided modest 
y i e l d s (20-30%) of 3-benzazepinone. 

More r e c e n t l y , an example of an e f f i c i e n t entry t o the 3-benzazepinone 
317 

system, 5/7 has been described ; acid catalysed c y c l i z a t i o n of 509 

y i e l d s spirodienone intermediate 570, which i n two steps rearranges and 

rearomatizes to 577. 

MeO 

509 

0^ 
0 

NMe 

570 577 

v i Conclusion 

Several other 3-benzazepine syntheses employed d i r e c t l y i n the 

synthesis of cephalotaxine, or of intermediates d i r e c t e d towards i t s 

synthesis, have not been discussed here. These are described elsewhere 

i n chapters 1 and 4. 

3.2 Cyclopentaphenanthridine analogues 

i Discussion 

We have discussed (1.9) the importance of r i n g size cephalotaxine 

analogues, and the relevance of possible m o d i f i c a t i o n s of our general 
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s y n t h e t i c s t r a t e g y towards t h i s aim. 

The key r o l e of r i n g C i n determining the geometry of the cephalotaxine 

skeleton, suggests t h a t a l t e r n a t i v e sizes of t h i s r i n g are of some i n t e r e s t . 

I n p a r t i c u l a r , the widespread occurrence of the t e t r a h y d r o i s o q u i n o l i n e 
318 319 

framework i n n a t u r a l l y occurring a l k a l o i d s ' and the v a r i e t y of 

sy n t h e t i c methods a v a i l a b l e t o t h i s system, po i n t towards six-membered 

r i n g C as aniobvious analogue. This i s also of i n t e r e s t because of the 

b i o s y n t h e t i c l i n k s between t e t r a h y d r o i s o q u i n o l i n e d e r i v a t i v e s and 
320 

ce.phaJ.otajcu6 and c l o s e l y r e l a t e d a l k a l o i d s (see 1.5). 

Our intermediate spiroaraine, 24-7, c o n t a i n i n g e s s e n t i a l l y a 2-

phener.nylamine s t r u c t u r e , should allow f o r e l a b o r a t i o n to a t e t r a -
321-322 

hydroisoquinoline system, v i a standard Pictet-Spengler c y c l i z a t i o n 
This i s e s s e n t i a l l y a s p e c i a l case of the Mannich r e a c t i o n , i n v o l v i n g 

323 

r e a c t i o n of 2-phenethylamines and aldehydes or acetals . The mechanism 

proceeds v i a an intermediate imine or iminium s a l t , which undergoes 

Mannich-like e l e c t r o p h i l i c c y c l i z a t i o n onto the aromatic nucleus. I t 

i s p a r t i c u l a r l y successful w i t h aromatic n u c l e i bearing a c t i v a t e d sub-

s t i t u e n t s , u s u a l l y proceeding under acid catalysis"^^^. However, w i t h 
325 326 

phenolic systems, the r e a c t i o n may occur under n e u t r a l or basic , 

c o n d i t i o n s . 

We found t h a t r e a c t i o n of spiroamine 245 w i t h formaldehyde, under 

h y d r o c h l o r i c acid c a t a l y s i s , afforded good y i e l d s of the cyclopenta-

phenanthridine, 572. S i m i l a r l y , the dimethoxyspiroamine, 246, was 

c y c l i z e d t o the analogue 575, 

572 R=R= -CH2-

575 R=R=Me 
(70-75%) 

- 77 -



The ease and e f f i c i e n c y of t h i s c y c l i z a t i o n i s p a r t l y a consequence 

of the r e l a t i v e stereochemistry of the spiroamines, '?'̂5 and^^S. Molecular 

models i n d i c a t e t h a t a c i s arrangement of the amino and aromatic func­

t i o n a l i t i e s , leads t o a favourable i s o q u i n o l i n e conformation i n the pro­

duct, w h i l e a trans arrangement would lead t o a s i g n i f i c a n t l y more 

s t r a i n e d six-membered r i n g . That t h i s i s , indeed, a s i g n i f i c a n t con­

s i d e r a t i o n i n systems c o n t a i n i n g a r i g i d s p i r o f u s i o n , i s evidenced by 

the successful Pictet-Spengler c y c l i z a t i o n of 57'̂  to 575 , and recovery 

of the t r a n s isomer, 576, unchanged under the same conditions 215 I n 

c o n t r a s t , the t r a n s , non-spirofused, system 577 i s r e a d i l y cyclized t o 
325 

the i s o q u i n o l i n e analogue 57S 

MeO 

MeO 
57-̂  575 576 

577 

This may be of importance, not only w i t h regard t o six-membered 

r i n g C f o r m a t i o n , but t o the possible e f f e c t s of s t r a i n on seven-membered 

r i n g formation from spirofused precursors, (see 2.4). 

• As compound 572 i s our f i r s t p entacyclic cephalotaxine analogue, 

we were i n t e r e s t e d i n a d e t a i l e d look at the NMR c h a r a c t e r i s t i c s of 

t h i s m a t e r i a l . 
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The 250MHz proton NMR showed the geminal protons, H and H, as an AB 
a D 

system centred a t ca. 3.8ppm (a c h a r a c t e r i s t i c s h i f t f o r these isoquinoline 

methylene protons) ( f i g . 8 ) . This confirms a s i n g l e r e l a t i v e molecular 

c o n f i g u r a t i o n , r e s u l t i n g i n a s i n g l e d i a s t e r e o t o p i c r e l a t i o n s h i p between 

and Ĥ ,̂ and consequently the observed s i n g l e AB spin system. The 

la r g e geminal coupling constant of J^^ = - lAHz, i s c h a r a c t e r i s t i c of • 

protons on a centre adjacent to unsaturation, f u r t h e r confirming these 

as the new methylene bridge protons. 

o/ 572 

13 

To help w i t h f u r t h e r assignments, a DEPT C spectrum of 572 was 

obtained ( f i g . 9 ) , and compared w i t h the DEPT spectrum o f thiolactam, 

255 ( f i g . 5 ) . 

This comparison showed t h a t the two new methylene carbons - the 

bridge t o the aromatic r i n g , and the reduced, p y r r o l i d i n e methylene -

are those resonating a t 54.6ppm and 53.3ppm. The p o s i t i o n of the 
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b e n z y l i c methine carbon was confirmed i n the 40-45ppm region, and the now 

s u b s t i t u t e d aromatic carbon, absent i n f i g . 8 , was seen t o be t h a t r e ­

sonating at c a . l l 9 ppm i n the thi o l a c t a m spectrum. 
13 

These data allowed c l e a r e r i n t e r p r e t a t i o n of C NMR changes during 

c o n s t r u c t i o n of a seven-membered r i n g C (see chapter 4 ) . 

CH, CH3 

1 .'3 
1 13 
PPM 

133 93 33 63 58 
— 1 — 

53 2a 

7 5 
/LCJ 9 DiPT "C ApaciyiuM of. 372 
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The presence of the basic amino n i t r o g e n i n 572 and 575^ may r e s u l t 

i n complications during the intended m o d i f i c a t i o n of r i n g E. Consequently 

p r o t e c t i o n of t h i s n i t r o g e n i s d e s i r a b l e , most e a s i l y by quaternization 

t o the hydrochloride or raethiodide s a l t s . We chose the methiodide, 579a 

which was obtained i n very good y i e l d by treatment of the amine 572 

w i t h methyl i o d i d e . As i o d i d e i s a p o t e n t i a l nucleophile which may i n t e r ­

f e r e during r e a c t i o n s on r i n g E, exchange w i t h the non-nucleophilic 

hexafluorophosphate anion was e f f e c t e d w i t h aqueous hexafluorophosphoric 

a c i d , p r o v i d i n g 579^ i n q u a n t i t a t i v e y i e l d . 

379 a X = I 

I X = PF. < 

The favoured n i t r o g e n geometry i s expected t o be as i n d i c a t e d , w i t h 

the methyl group p o i n t i n g away from the s t e r i c a l l y c l u t t e r e d 'top face'. 

However, while t e r t i a r y a l k y l ammonium centres are c o n f i g u r a t i o n a l l y 

s t a b l e , and numerous isomeric mixtures have been resolved since the 
327 

t u r n of the century , i o d i d e ions can e f f i c i e n t l y f a c i l i t a t e racemiza-

t i o n by e q u i l i b r a t i n g v i a f r e e amine. The obtained quaternized stereo-
328 

chemistry can be determined by e i t h e r k i n e t i c or thermodynamic c r i t e r i a 

While s t r u c t u r a l l y r e l a t e d a l k a l o i d s such as l y c o r i n e and 6-
329 

dihydrocaranine, y i e l d mixtures of both n i t r o g e n stereochemistries,' 

the r i g i d geometrical c o n s t r a i n t s at n i t r o g e n , r e s u l t i n g from the s p i r o ­

f u s i o n of our cyclopenta-phenanthridine, suggest t h a t the a l t e r n a t i v e -

ammonium stereochemistry would i n v o l v e s i g n i f i c a n t l y more s t r a i n i n 

both the f i v e - and six-membered r i n g s of the i n d o l a z i d i n e subunit, to 

a degree where only one stereochemistry w i l l be observed. 



i i Future m o d i f i c a t i o n s 

The only development of t h i s s e c t i o n of work which i s of i n t e r e s t , 

i s t o a s c e r t a i n the degree of s t e r e o s e l e c t i v i t y possible - r e s u l t i n g 

from the conformational c o n s t r a i n t s r e s u l t i n g from the r e l a t i v e stereo­

chemistry and r i g i d s p i r o f u s i o n - w i t h i n c r e a s i n g l y bulky aldehydes i n 

P i c t e t - Spengler r e a c t i o n s . 

Models would suggest increasing preference f o r the r e l a t i v e stereo-

.chemistry of 520. 

520 
< 

R 

S t e r e o s e l e c t i v i t y i n Pictet-Spengler type syntheses of isoquinolines 
330 331 

has been the subject of a number of recent p u b l i c a t i o n s ' 

3.3 E l e c t r o p h i l i c aromatic s u b s t i t u t i o n s t r a t e g i e s 

With the e f f i c i e n t c o n s t r u c t i o n of the 1-azaspirolactam 7.57a/ and 

1 - a z a s p i r o p y r r o l i d i n e , 2-̂ 5, intermediates now achieved (2.2, 2.3), a 

range of s y n t h e t i c e l a b o r a t i o n s towards r i n g C became possible. The 

approaches f a l l broadly, w i t h i n the general c a t e g o r i z a t i o n i d e n t i f i e d 

a t the s t a r t of t h i s chapter, v i z : 

i e l e c t r o p h i l i c c y c l i z a t i o n 

i i photochemical c y c l i z a t i o n 

i i i C-N bond forming r i n g closure 

i v three-membered r i n g expansion 

E s s e n t i a l l y a l l our s y n t h e t i c e f f o r t s have been w i t h i n c a t e g o r i e s ( i ) 

and ( i i i ) , and so only b r i e f mention of possible s t r a t e g i e s w i t h i n the 

remaining two categories w i l l be given. 



Our approach based on category ( i i i ) methodology w i l l be discussed 

i n chapter 4. The bulk of discussions here w i l l thus be r e l a t e d to 

p o t e n t i a l e l e c t r o p h i l i c annulation (category ( i ) ) . 

S p i r o - p y r r o l i d i n e , 2^5, and spiro-lactam, 757a, o f f e r d i f f e r e n t 

' p a r a l l e l ' p o s s i b i l i t i e s , represented schematically by equations 1 and 

2 r e s p e c t i v e l y ( f i g . 1 0 ) . 

245,2^6 

757 

eq 1-

e q 2 

525 52^ 

X = 0,H2 

Y = CH^Cl, CH2OH, CO2H, Cdci, CHO, CH(0R)2 

Z = 0, OR 

llg 70 

i S p i r o - p y r r o l i d i n e d e r i v a t i v e s 

Entry t o intermediates of type 527 should be r e a d i l y provided by 

re a c t i o n of ̂'̂ 5 w i t h s u i t a b l y f u n c t i o n a l i z e d acid c h l o r i d e s . Our i n i t i a l 

t a r g e t s were d e r i v a t i v e s 526^ which were both obtained i n >95% 

y i e l d , by r e a c t i o n of w i t h e i t h e r c h l o r o a c e t y l c h l o r i d e , or methyl-

o x a l y l c h l o r i d e , i n presence of t r i e t h y l a m i n e . 

D e r i v a t i v e 525 i s e s s e n t i a l l y a N-2-chloroacetyl-phenethylamine, 

and should thus be a s u i t a b l e substrate f o r F r i e d e l - C r a f t s c y c l i z a t i o n 
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t o the 3-benzazepinone, 527. I t i s also a p o t e n t i a l substrate f o r 

Witkop p h o t o c y c l i z a t i o n ( 3 . 1 . i i ) . 

245 

CICOCH2CI 

MeO^CCOCl 

525 

526 

X = CH2CI 

X = C02Me 

NH 
MeO 

CI 
260 (R = H) 

MeO 

MeO-'^^^^V^ 
328 

0 

However, model studies on the N-2-chloroacetyl-phenethylamine, 260(^=}i) 

f o l l o w i n g the general procedure of Nair and Malik^*^*^, led only to good 

recovery (>70%) of uncyclized 260 a f t e r chromatography. Consequently, 

p r e p a r a t i o n of 525 was not scaled up, and F r i e d e l - C r a f t s c y c l i z a t i o n w i t h 

525 was not attempted. 

Two possible approaches t o r i n g C from intermediate 526 were en­

visaged. F i r s t l y , s a p o n i f i c a t i o n t o amido-acid 329a, followed by acid 

catalysed i n t r a m o l e c u l a r aromatic a c y l a t i o n . Secondly, conversion of 

529a t o the acid c h l o r i d e 329(L, followed by F r i e d e l - C r a f t s a c y l a t i o n . 

329 a X = OH 

^ X = CI 
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But concurrent w i t h our i n i t i a l p u b l i c a t i o n describing the synthesis 

of spiro-lactam 757a, H i l l ' s group published^^ an e s s e n t i a l l y i d e n t i c a l 

route t o t h i s compound. I n t h e i r paper, H i l l e t a l reported t h a t a t ­

tempts a t Lewis a c i d catalysed c y c l i z a t i o n of e i t h e r 529a or 529^ were 

unsuccessful. This r e p o r t f u r t h e r discouraged us from continuing t h i s 

l i n e of i n v e s t i g a t i o n . 

Approaches v i a d e r i v a t i v e s 527 (x = H2) seemed more promising, 

as many of the ' c l a s s i c a l ' approaches t o 3-benzazepines (see 3.1.i) 

proceed v i a t h i s s o r t of intermediate. 

550 X = CH(0Et)2 

557 X = C02Et 

552 X = CH2OH 

555 X = CH2CI 

With a view t o possible boron t r i f l u o r i d e c y c l i z a t i o n of the d i e t h y l 

a c e t a l , attempts were made t o N-alkylate w i t h bromoacetaldehyde 

d i e t h y l a c e t a l , using sodium hydride or n-butyl l i t h i u m as base. Use of 

the l a t t e r l e d t o a product mixture of a t l e a s t three m a t e r i a l s , while 

use of the former base d i d lead t o i s o l a t i o n of some m a t e r i a l , possibly 

product 550, from IR and NMR evidence. However, y i e l d s were i n the 

region of only 20-25% and attempts t o optimize t h i s have not yet been 

followed up. 

I n c o n t r a s t , s p i r o p y r r o l i d i n e 2^5 was very e f f i c i e n t l y N-alkylated 

using bromoethylacetate, w i t h potassium carbonate as base i n presence 

of 18-Crown-6. The product amino-ester, 557, was obtained pure i n >99% 

y i e l d f o l l o w i n g column chromatography. 

While attempts a t s a p o n i f i c a t i o n of 557 to the amino acid involved 

some p u r i f i c a t i o n problems, the ester was cleanly reduced to the amino-

a l c o h o l 552, i n 99% y i e l d , by LAH. 

As described above ( 3 . 1 . i ) , acid catalysed c y c l i z a t i o n of 2-hydro-



oxyphenethylamine-type systems, has almost e x c l u s i v e l y been effected 

on substrates possessing aromatic s u b s t i t u e n t s a to the hydroxy group 

e.g.267. I n 552 there i s no such a - s u b s t i t u e n t , and i t i s possible 

t h e r e f o r e , t h a t competition from c y c l i z a t i o n v i a the more stable secon­

dary carbocation, 554, w i l l complicate any products obtained. 

554 

I n f a c t , i t was found t h a t treatment of 552 w i t h PPA at room temp­

e r a t u r e f o r 20 hours, led t o i s o l a t i o n of only a small percentage of 

m a t e r i a l , suggested by mass s p e c t r a l data, and t . l . c , to be l a r g e l y 

unchanged a l c o h o l . Reaction a t elevated temperatures l e d only t o a com­

plex mixture by t . l . c . , possibly due t o side reactions, i n c l u d i n g open-
332 

i n g o f the methylenedioxy r i n g under such hot a c i d i c conditions. 

Other attempts a t acid catalysed c y c l i z a t i o n , e.g. w i t h methane-

sulphonic acid/phosphorus pentoxide, also proved f r u i t l e s s . 

We then turned t o dehydrative c y c l i z a t i o n w i t h phosphorus oxychloride, 

which a f f o r d e d a s i n g l e product, p r o v i s i o n a l l y assigned on the basis of 
13 

i t s mass spectrum (m/e = 310) and C NMR (which showed a new peak at 

44 ppm (C-Cl) r e p l a c i n g t h a t a t ca. 65 ppm (C-OH)), as the 2-chloroethyl 

d e r i v a t i v e , ^^3 (ca. 70% y i e l d ) , r a t h e r than the intended c y c l i z e d 

product. 

This thus appears t o be q u i t e a convenient route to t h i s p o t e n t i a l 

F r i e d e l - C r a f t s c y c l i z a t i o n s u b s t r a t e , though t h i s has not been developed 

f u r t h e r , as other c y c l i z a t i o n methods appeared more promising (see 

3.3.i and 4.1). 

i i Spiro-lactam d e r i v a t i v e s 

The development of possible routes t o r i n g C v i a e l e c t r o p h i l i c 

c y c l i z a t i o n of N-substituted spiro-lactaras, i s more desirable than 
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approaches v i a N-substituted s p i r o - p y r r o l i d i n e d e r i v a t i v e s , because the 

amide f u n c t i o n a l i t y c o n s t i t u t e s e f f e c t i v e ' p r o t e c t i o n ' of the basic 

amino n i t r o g e n . This may prove important i n subsequent modifications of 

r i n g E, where some steps may be base s e n s i t i v e . 

A number of methods are a v a i l a b l e f o r the N - a l k y l a t i o n of amides, 

e s s e n t i a l l y i n v o l v i n g deprotonatlon w i t h strong base to the amide anion, 

which then n u c l e o p h i l i c a l l y displaces, f o r example, a halogen from the 

a l k y l a t i n g agent 

The use of a sodium dispersion i n toluene, or a l c o h o l i c a l k a l i 

metal hydroxides, as bases f o r these r e a c t i o n s , has been known f o r over 

a century. Subsequently, sodium hydride has also found use as the base 
333 33A 

i n t h i s type of r e a c t i o n ' 

More r e c e n t l y , the use of a l k a l i metal hydroxides, i n phase trans­

f e r catalysed r e a c t i o n s w i t h t e t r a - a l k y l ammonium s a l t s has been devel-

335—337 
oped « Potassium f l u o r i d e on a c t i v a t e d alumina has proved an 

338—340 
e f f i c i e n t heterogeneous base , f a r more a c t i v e than KF i t s e l f , or 

341 

KF on other supports such as s i l i c a , c e l i t e or molecular sieves. For 

KF-alumina^ r e a c t i o n on the alumina surface probably forms potassium 

aluminate and potassium hydroxide as the species responsible f o r the 
342 

high basic a c t i v i t y 

Our i n i t i a l attempts at a l k y l a t i o n of 1-azaspirolactam 757a were 

w i t h 2-bromochloroethane as b i f u n c t i o n a l a l k y l a t i n g agent, w i t h prefer­

e n t i a l displacement of bromide expected t o y i e l d the N-2-chloroethyl 

lactam 555. However, the use of potassium hydroxide, e i t h e r as hetero­

geneous powder, or as a 50% s o l u t i o n , w i t h tetrabutylammonium bromide 

or tetrabutylammonium hydrogen sulphate as phase t r a n s f e r c a t a l y s t , under 

a v a r i e t y of c o n d i t i o n s , led i n a l l cases to good recovery of lactam 

131a. I n several cases, t . l . c . and mass spectra suggested some a l k y l a ­

t i o n may have occurred, but only i n very low y i e l d . 
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S i m i l a r l y , the use of sodium hydride, or potassium f l u o r i d e on 

a c t i v a t e d alumina, as bases, l e d t o , a t best, low y i e l d s of al k y l a t e d 

m a t e r i a l s , along w i t h several other products. 

Subsequently, N - s u b s t i t u t i o n u t i l i z i n g bromotertbutylacetate as 

a l k y l a t i n g agent was attempted ( i t i s considerably more e'lectrophilic than 

simple haloalkanes), w i t h potassium t e r t - b u t o x i d e as-base. I n i t i a l 

a t t e i i i p t s ' a t e f f e c t i n g t h i s conversion a t ambient temperatures i n DMF, 

le d only t o good recovery of uns u b s t i t u t e d lactam, 737a. However, per­

forming the r e a c t i o n i n t e r t - b u t y l a l c o h o l a t r e f l u x , led t o 60% y i e l d 

of the N-substituted lactam t e r t - b u t y l e s t e r , 556/ and 40% recovery of 

s t a r t i n g lactam, completely separated by chromatography. 

By i n c r e a s i n g the molar r a t i o of both base and a l k y l a t i n g agent, to 

greater than two equivalents per lactam, the y i e l d of a l k y l a t e d lactam 

was improved t o , r e p r o d u c i b l y , >98%. 

555 X=CH2C1 

/-556 X=C02^Bu 

540 X=C02Me 

557 X=C02H 

338 X=CHO 

i v ^ 339 X=CH20H 

i MeOH/H"'", i i NaOH/EtOH, i i i DIBAL-H/-78°C, i v LiBH^-ether 

The lactam e s t e r , 556, o f f e r e d entry t o a range of intermediates, 

bearing a f u n c t i o n a l z i e d two carbon s u b s t i t u e n t on ni t r o g e n , as p o t e n t i a l 

c y c l i a l k y l a t i o n substrates, analogous t o the t e r t i a r y amino intermediates, 

550-555, above ( 3 . 3 . i ) . 

Based on the c y c l i z a t i o n s t r a t e g i e s t o 3-benzazepines, i n v o l v i n g 

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 , reviewed above ( 3 . 1 . i ) , our ta r g e t i n t e r ­

mediates were the lactam-acid, 557, lactam-aldehyde, 555, and lactam-

a l c o h o l , 559. 

The s e l e c t i v e reduction of esters i n the presence of amides can be 

achieved under mi l d c o n d i t i o n s w i t h l i t h i u m borohydride. However, the 
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r e a c t i v i t y of t e r t - b u t y l esters i s much less than t h a t o f , f o r example, 
343 

methyl e s t e r s . Thus, the t e r t - b u t y l e s t e r , 336, was converted to 

the methyl e s t e r , 340, by t r a n s e s t e r i f i c a t i o n , e s s e n t i a l l y q u a n t i t a t i v e l y . 

Ester 340 was then e f f i c i e n t l y reduced t o the lactam alcohol-^^? , by 

treatment w i t h l i t h i u m borohydride i n ether (75-80%). This ester, 340, 

was also converted t o the lactam acid 337 by s a p o n i f i c a t i o n w i t h a l c o h o l i c 

sodium hydroxide (ca. 85% y i e l d ) , and to lactam-aldehyde 338 by t r e a t ­

ment w i t h DIBAL-H a t -78°C (ca. 60%). 

Pre l i m i n a r y i n v e s t i g a t i o n s of PPA catalysed c y c l i z a t i o n of the acid 

337, or a l c o h o l 339, were unsuccessful. Small y i e l d s of m a t e r i a l were 

obtained, f o r which mass s p e c t r a l data were not consistent w i t h c y c l i ­

z a t i o n of e i t h e r t o the S-benzazepine skeleton. However, t h i s i s not 

basis enough t o r u l e out the possible use of these intermediates, p a r t ­

i c u l a r l y the lactam-acid 537, as there are a wide v a r i e t y of. catalysed 

r e a c t i o n s yet t o be t e s t e d . 

We next chose t o attempt c y c l i z a t i o n using the aldehyde, 338. As 

described above ( 3 . 1 . i ) , the mineral or Lewis acid catalysed c y c l i -

a l k y l a t i o n of d i a l k y l a c e t a l s , or f r e e aldehydes, of amino systems 

r e l a t e d t o lactam ^^^^ has found some s p e c i f i c uses f o r c o n s t r u c t i o n of 

3-benzazepine r i n g s . Also, lactam-aldehydes r e l e v a n t t o 338 have been 

c y c l i z e d under Lewis acid c a t a l y s i s , i n the synthesis of cephalotaxine 

precursors ( 1 . 6 . i ) . 

Though both a c e t a l s and aldehydes react s i m i l a r l y , the former do 

not n e c e s s a r i l y proceed v i a an intermediate f r e e aldehyde. Rather, the 

protonated intermediate 341 can c y c l i z e d i r e c t l y to 342. 

EtO +OEt 
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Treatment of our lactam-aldehyde w i t h boron t r i f l u o r i d e d i -

e t h y l e t h e r a t e as Lewis a c i d , provided a complex mixture. However, t . l . c , 

showed one p a r t i c u l a r l y mobile component, and t h i s could be almost com­

p l e t e l y separated by column chromatography. 

The IR spectram of t h i s m a t e r i a l showed a si n g l e carbonyl absorp­

t i o n a t v^^ 1708 cm ^ , and the mass spectrum showed a molecular i on 

at m/e = 295. I t s 250MHz proton NMR spectrum showed two sharp aromatic 

s i n g l e t s , each i n t e g r a t i n g as s i n g l e protons ( f i g . 1 1 ) . On t h i s basis 

a p r o v i s i o n a l s t r u c t u r a l assignment as the 3-benzazepine 343 was made. 

343 

llg 7 7 pn.olori 

Nm ol 343 
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Further support f o r t h i s assignment was provided by the two doub­

l e t s at ca. 7 ppm and ca. 5.6ppm, appearing to' c o n s t i t u t e an AX spin 

system. This i s c o n s i s t e n t w i t h the expected p o s i t i o n s and couplings of 

the enamide protons. The coupling constant, J^^ ~ l l H z , i s also consis­

t e n t w i t h values f o r c i s s u b s t i t u t e d double bonds. 

13 

The C NMR DEPT spectrum showed s i x carbons bearing an odd number 

of protons, i n the 108 - 130 ppm regions ( f i g . 1 2 ) , which i s again con­

s i s t e n t w i t h s t r u c t u r e 343, w i t h two unsubstituted aromatic s i t e s , and 

four unsaturated methine carbons. 

The benzylic methine shows at 44.6 ppm, and the methylene carbons 

of r i n g s D and E show i n the 28-33 ppra region (the peak at 33 ppm i s 

suggested to be two c o i n c i d e n t peaks, as i t i s p a r t i c u l a r l y intense i n 
1 3 

the proton-decoupled C NMR). 

CH , CH-: 

I £11 MO 911 OH 711 

73 
/Cty 12 DcP/ C ^[XLUWU. C/ 3 

S0 ay 311 
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U n f o r t u n a t e l y , changing r a t i o s of Lewis a c i d , or r e a c t i o n time, 

d i d not s i g n i f i c a n t l y improve the y i e l d of t h i s product above 14%. 

Therefore, i t does not appear t o be a v i a b l e entry t o the desired 3-

benzazepine system, at t h i s stage. 

Treatment of lactam-aldehyde 338w±th 4-6M hydrochloric acid pro­

vided a crude product, shown by t . l . c . t o be l a r g e l y one m a t e r i a l . 

This showed a s i n g l e carbonyl peak i n the IR spectrum at v^^ = 1663 cm ̂  

and a strong a l c o h o l i c 0-H s t r e t c h a t 3460 cm ^ . The CI mass spectrum 

showed an M+1 peak at m/e = 314, and a major peak at m/e = 296 (corres­

ponding t o lo s s of wa t e r ) . I n the EI spectrum the only high mass peak 

was a t m/e = 295. These data, combined w i t h two proton aromatic i n t e ­

g r a t i o n i n the 250 MHz 'H NMR, suggested the 3-benzazepinol s t r u c t u r e 

344. 

344 n 
OH 

The crude y i e l d of t h i s m a t e r i a l was ca. 80-90%, but scale-up, 

e f f i c i e n t p u r i f i c a t i o n and f u l l s t r u c t u r a l , c o n f i r m a t i o n ( i n c l u d i n g 

hydroxy carbon stereochemistry), have yet t o be completed. 

i i i Summary 

A range of s p i r o - p y r r o l i d i n e and spiro-lactam d e r i v a t i v e s , bearing 

f u n c t i o n a l i z e d two carbon s u b s t i t u e n t s on n i t r o g e n , have been prepared, 

several i n very good y i e l d . These o f f e r p o t e n t i a l f o r a wide range of 

e l e c t r o p h i l i c c y c l i a l k y l a t i o n e n t r i e s to the basic 3-benzazepine skeleton 

of cephalotaxine. C u r r e n t l y , two of the lactam d e r i v a t i v e s appear to 

have provided 3-benzazepine products, though unambiguous s t r u c t u r a l con­

f i r m a t i o n and y i e l d o p t i m i z a t i o n are s t i l l awaited. The f u l l scope of 

a v a i l a b l e methodologies towards 3-benzazepine r i n g closure, using these 

i n t e r m e d i a t e s , i s f a r from having been exhausted. 

- 9:; 



CHAPTER FOUR 

ALTERNATIVE APPROACHES TO RING C 

3-BENZAZEPIN-2-0L and 

1,3-BENZODIAZEPINE ANALOGUES 
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4.1 Approaches t o r i n g C v i a C-N bond forming r i n g closure 

We have reviewed above (3.1) the general s t r a t e g i e s a v a i l a b l e f o r 

3-benzazepine formation, and have reported progress, based on e l e c t r o -

p h i l i c c y c l i a l k y l a t i o n , towards c o n s t r u c t i o n of the .".3-banzazepine r i n g 

C of our t a r g e t cephalotaxine intermediates ( 3 . 3 ) . 

Here, we w i l l describe work towards our desired 3-benzazepine i n t e r ­

mediate, based on the r e t r o s y n t h e s i s envisaged v i a 750 and 132 (scheme 

XIV, 1.8) ['category i i i ' methodology ( 3 . 1 ) ] . 

Our intended r i n g forming r e a c t i o n w i l l i n v olve some form of C-N 

bond for m a t i o n . The few reported examples of t h i s approach t o 3-benza-

zepines have been described ( 3 . 1 . i i i ) , the m a j o r i t y u t i l i z i n g amine-

e s t e r , amine-acid or amine-aldehyde condensations. 

i Strategy 

I m p l i c i t i n our e a r l i e r r e t r o s y n t h e t i c analysis (scheme XIV) i s 

t h a t t h i s approach w i l l r e t a i n the key s t e r e o s p e c i f i c a z a s p i r o c y c l i z a t i o n 

steps described above (2,2) 

Our f i r s t c o n s i d e r a t i o n was whether t o introduce the two carbon 

fragment on the aromatic r i n g a t the s t a r t of the synthesis, or subsequent 

to s p i r o c y c l i z a t i o n . The l a t t e r approach would most e a s i l y be achieved 

by chloromethylation of lactam 131ato '345, followed by cyanation and 
344 

h y d r o l y s i s - e s t e r i f i c a t i o n , t o a f f o r d the p o t e n t i a l l y more v e r s a t i l e 

lactam-ester, 346. U n f o r t u n a t e l y , standard chloromethylation attempts 

on 131a, w i t h formaldehyde-hydrogen c h l o r i d e , led only t o good recovery 

of unchanged lactam, 131a, Chloromethylation was also unsuccessful with 

the precursor nitrocyclohexene, 239, 

131 

345 X = CI 

•q 346^- C02Me 
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SCHEME XV 

RO 

RO 

3^7 

1 I 
348 CO^Me 

C02Me 

COoMe 

3-benzazepine 

i MeN02/K2C03 

5^7-550 a R = R = -CH2-
^ R = R = Me 

557 R' = R' = Me 
, i i butadiene sulphone, i i i Me a c r y l a t e / t r i t o n - B , i v Zn/HCl 

Thus, we approached the synthesis commencing w i t h a s t a r t i n g material 

already bearing a two carbon aromatic s u b s t i t u e n t (see scheme XV), The 

required aldehyde, 347a, i s not commercially a v a i l a b l e , and neither i s the 

precursor 352. However, the acid of the dimethoxy analogue of 3?2, viz 

353a, i s a v a i l a b l e , and was therefore chosen. I t was converted t o the 

e s t e r , 353& , i n near q u a n t i t a t i v e y i e l d by a c i d i c methanol. Conversion 

to the n a t u r a l methylene dioxy f u n c t i o n a l i t y can be achieved at a l a t e r 

stage i n the synthesis. 
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^ ^ 352 R' = R' = -CH2- R = Me 
^- _ 555 a R' = R' = Me R = H 

^ ^ ^ R' = R' = Me R = Me 

i i Discussion 

Our f i r s t s y n t h e t i c requirement was the fo r m y l a t i o n of 555i t o the 

aromatic aldehyde, 347&. . A number of methods are av a i l a b l e f o r the 

i n t r o d u c t i o n of aldehydic f u n c t i o n a l i t y i n t o aromatic systems. The 
345 346 

o r i g i n a l method was the c l a s s i c a l Gatterman f o r m y l a t i o n ' , and v a r i ­

a t i o n s upon it-3'^6,347 349^ using an HCN/HCl mixture under Lewis acid 

c a t a l y s i s . The Gatterman-Koch f o r m y l a t i o n using instead CO and HCl, 
s p e c i f i c a l l y f a i l s w i t h phenolic ether substrates. The Adams modifica-

350 351 

t i o n ' , generating zinc c h l o r i d e as the Lewis acid i n s i t u , appears 

t o have more p a r t i c u l a r a p p l i c a b i l i t y t o f o r m y l a t i o n of phenolic ethers. 

However, our attempts at using various adaptations of t h i s r e a c t i o n 

system, r e s u l t e d i n extremely crude product mixtures. 
353 

Vilsmeier-type f o r m y l a t i o n w i t h dimethylformamide or N-methyl-
353 336 

fo r m a n i l i d e , and phosphorus oxychloride, i s another approach 

a p p l i c a b l e t o a c t i v a t e d systems l i k e phenol ethers. However, again we 

found t h i s method t o provide very crude product mixtures, and a more 

e f f i c i e n t , cleaner method was th e r e f o r e sought. 
357 

Two a t t r a c t i v e methods are the use of formyl f l u o r i d e , a power­

f u l f o r m y l a t i n g agent, or Lewis acid catalysed r e a c t i o n w i t h dichloromethyl 
358 

methylether. The l a t t e r i s reported t o have much wider scope than any 
other aromatic f o r m y l a t i o n nethodology, and appears to be both e x p e r i -

359 
mentally m i l d and clean 

We found t h a t using t i t a n i u m t e t r a c h l o r i d e as the Lewis acid cata-

l y s t , r e a c t i o n of 553^ w i t h dichloromethyl methyl ether, led only to 

recovery of crude s t a r t i n g m a t e r i a l , 555^. However, on changing the Lewis 

acid t o aluminium t r i c h l o r i d e , y i e l d s of 80-90% of the c r y s t a l l i n e 
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aldehyde, 347t, were obtained. The r e a c t i o n proved p a r t i c u l a r l y expedient, 

as r e c r y s t a l l i s a t i o n from d i e t h y l ether a t -78°C provided a n a l y t i c a l l y pure 

product, w i t h minimal loss of m a t e r i a l . The r e a c t i o n could also be scaled-

up t o provide 10-15 g batches of aldehyde. 

The use of potassium f l u o r i d e as base f o r the condensation of 347i. 

w i t h nitromethane, under e s s e n t i a l l y the same conditions which were suc­

c e s s f u l w i t h 6 - n i t r o p i p e r o n a l ( 4 . 2 . i i ) , r e s u l t e d i n repeatably poor 

y i e l d s (ca 40%) of 348i.. Potassium carbonate as c a t a l y t i c base, under 

r e f l u x c o n d i t i o n s , l e d t o a very crude product mixture, from which only 

ca.30% of n i t r o s t y r e n e d e r i v a t i v e 348&. was i s o l a t e d . 

Use of the standard procedure successful w i t h piperonal, (see 2.2), 

though lengthy, ( t a k i n g 3-4 days to go to completion, as judged by t . l . c ) , 

had the advantages of p r o v i d i n g reasonable y i e l d s (70-75%) of 3481, of 

s u f f i c i e n t p u r i t y t o be used d i r e c t l y f o r the subsequent c y c l o a d d i t i o n 

r e a c t i o n . 

The use of butadiene sulphone as butadiene synt h e t i c equivalent 

(see 2.2), again proved convenient f o r c y c l o a d d i t i o n t o 348&. However, 

a number of i n i t i a l d i f f i c u l t i e s i n o b t a i n i n g reasonable y i e l d s were 

encountered, but a m o d i f i c a t i o n of the work-up used previously f o r 249, 

repeatably afforded s a t i s f a c t o r y y i e l d s (70-75%) of 349&., s u f f i c i e n t l y 

pure f o r f u r t h e r use. 

Michael a d d i t i o n of methyl a c r y l a t e t o the anion of 349S., proceeded 

under the con d i t i o n s u t i l i z e d previously ( 2 . 2 ) , to a f f o r d a si n g l e major 

product ( t . l . c . ) . This was obtained as a white powder i n 75-88% y i e l d , 

a f t e r chromatography of the crude r e a c t i o n mixture, w i t h f u r t h e r p u r i f i ­

c a t i o n by r e c r y s t a l l i z a t i o n from d i e t h y l ether at -78°C, i f necessary. 

By analogy w i t h compound 241, the s i n g l e product, 550fi , must possess 

the s i n g l e r e l a t i v e stereochemistry i n d i c a t e d (scheme XV). 

The e l a b o r a t i o n of intermediate 350(1 towards constru c t i o n of rings 

C and D could now be approached. The most obvious approach to r i n g D, 
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i s t o employ the r e d u c t i v e c y c l i z a t i o n methodology successful w i t h 

analogous systems 241a and 241H ( 2 . 2 ) . 

Under the standard c o n d i t i o n s of these previous zinc-hydrochloric 

a c i d r e d u c t i o n s , a poor y i e l d o f a white powder (ca. 25%) was i s o l a t e d : 

from mass s p e c t r a l and IR data, t h i s was p r o v i s i o n a l l y assigned the lactam-

a c i d s t r u c t u r e , 351a. The lactam carbonyl absorption being more consis­

t e n t w i t h a y-lactam r i n g , than the possible isomeric Z-lactam, 555 
361 

as we would expect from e n t r o p i c f a c t o r s determining r i n g closure 

This acid,557<2, could be converted to i t s methyl e s t e r , 557^, i n >90% 

y i e l d by r e f l u x i n g i n a c i d i c methanol. However, the poor y i e l d of 557a 

could not be s i g n i f i c a n t l y improved, probably l a r g e l y due t o the low 

s o l u b i l i t y of the lactam-acid 557a causing e x t r a c t i o n problems. 

C02Me 555c 

I t was t h e r e f o r e decided t o avoid b a s i f i c a t i o n at elevated temper­

a t u r e , and the crude a c i d i c r e a c t i o n mixture was instead b a s i f i e d w i t h 

c o l d aqueous a l k a l i . This then provided a white s o l i d , whose s p e c t r a l 

c h a r a c t e r i s t i c s suggested i t t o be e t h y l ester 557c, t r a n s e s t e r i f i c a t i o n 

of the methyl e s t e r occurring under the r e a c t i o n c o n d i t i o n s . The y i e l d 

a t t h i s stage was now 90% from the n i t r o - d i e s t e r , 550. 

The lactam C=0 s t r e t c h a t v ca. 1690 cm ^ i s again consistent 
max ° 

only w i t h a smaller r i n g lactam ( c f . five-membered lactam analogue256a 

[ 2 . 2 ] ) , (v f o r a seven-membered lactam expected 40-50 cm 'lower). 

The r e d u c t i v e c y c l i z a t i o n of 550 i s thus completely r e g i o s e l e c t i v e i n 

c o n s t r u c t i o n of r i n g D, w i t h no competitive c y c l i z a t i o n to 353^-. 

With the c o n s t r u c t i o n of r i n g D, and a f u n c t i o n a l i z e d two carbon 

fragment attached t o the aromatic r i n g , a number of p o s s i b i l i t i e s were 
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a v a i l a b l e f o r C-N bond formation t o give the r i n g C appropriate t o the 

cephalotaxine s k e l e t o n . Possible approaches could u t i l i z e e i t h e r the 

lactam n i t r o g e n , or the reduced amine n i t r o g e n , as i n t e r n a l n u c l e o p h i l e , 

i n d e r i v a t i v e s of 357. For example, the carbethoxy group of 357c could 

be converted t o a more favourable leaving group, e.g. t o s y l a t e , t o be 

d i s p l a c e d by an i n t e r n a l n i t r o g e n n u c l e o p h i l e . 

MeO 

MeO 

35^ 

MeO 

MeO 
355^ I 

Lactams undergo halogen a s s i s t e d intramolecular c y c l i z a t i o n s onto 

o l e f i n s , the use of N-nucleophiles i n general being of c u r r e n t i n t e r e s t , 
361 

However, e n t r o p i c f a c t o r s would favour c y c l i z a t i o n of l a c t a m - o l e f i n 

354 t o 355<zrather than 355IL so such a s t r a t e g y was ruled out. 

The a l t e r n a t i v e s t r a t e g y devised f o r formation of the seven-membered 

r i n g , i s o u t l i n e d i n scheme XVI. This scheme envisages r e d u c t i o n of the 

357< 

i DIBAL-H/-78°C 

i i pTs0H/H0(CH2)20H, 

i i i LAH, i v H + 

SCHEME XVI 

1 , 1 1 
MeO 

MeO 

....,356 X = 0 iii/^^° 
^357 X * H 

MeO 
358 

I V 
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e t h y l ester t o aldehyde, p r o t e c t i o n of t h i s aldehyde, and LAH reduction 

of the lactam t o y i e l d s p i r o p y r r o l i d i n e intermediate 557. Deprotection 

of the aldehyde was then hoped t o allow f a c i l e condensation to enamine 

358. The route was p a r t i c u l a r l y a t t r a c t i v e , despite i n v o l v i n g several 

steps, as the three steps p r i o r to c y c l i z a t i o n should a l l proceed very 

e f f i c i e n t l y . 

However, treatment of ester 557c w i t h DIBAL-H at -78°C, under essen­

t i a l l y the same c o n d i t i o n s successful i n reducing the t e r t i a r y lactam-

e s t e r , 557, (3.3) t o the corresponding aldehyde, 338, l e d , repeatably, 

only t o the recovery of small q u a n t i t i e s of m a t e r i a l from b i s u l f i t e 

e x t r a c t i o n . This was d i f f i c u l t to r a t i o n a l i z e unless the ma j o r i t y of 

m a t e r i a l was non-aldehydic. Though unchanged ester was recovered i n 

small q u a n t i t y , i s was considered l i k e l y t h a t most of the ester had been 

reduced t o the aldehyde, presumably then undergoing f u r t h e r r e a c t i o n i n 

s i t u . 

Consequently, b i s u l f i t e e x t r a c t i o n of the r e a c t i o n mixture was 

replaced by washing w i t h b r i n e , and then i s o l a t i n g a l l materials from the 

organic medium. Using 1.4 equivalents of DIBAL-H, the i s o l a t e d product 

mixture consisted of two m a t e r i a l s , one suggested by t . l . c . t o be un­

changed e s t e r , 557c. The IR of the crude mixture showed a new carbonyl 

a b s o r p t i o n a t v^^ 1670 cm"'', i n c o n s i s t e n t w i t h an aldehyde group, and a 

st r o n g , sharp band at 3280 cm ^ , possibly due t o an i n t r a m o l e c u l a r l y 

bonded hydroxyl group. Careful chromatographic separation returned. 

ca.40% of unchanged e s t e r , 557c, and ca.40% y i e l d of a second m a t e r i a l . 

The IR of t h i s new m a t e r i a l showed a s i n g l e carbonyl peak at 1670 cm ^, 

and the sharp band at 3280 cm \ 

An unexpected observation was the complete absence of any lactam 

N-H s t r e t c h a t ca. 3200 cm~^, confirmed by 250 MHz proton NMR data. 

These i n i t i a l observations suggested t h a t c y c l i z a t i o n had occured onto 

the lactam n i t r o g e n . 
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The E I mass spectrum showed two major ions, at m/e = 329 and 311, 

c o r r e l a t i n g w i t h ions at m/e = 330 and 312 i n the CI mass spectrum. 

These data are consistent w i t h a p r e l i m i n a r y s t r u c t u r a l assignment as 

359, ( l o s s of water accounting f o r the lower of the mass peaks above). 

A r i g i d fused p o l y c y c l i c framework i s also consistent w i t h the large 

number of notably sharp bands i n the product IR spectrum, r e l a t i v e to 

a c y c l i c precursors. 

Further c o n f i r m a t i o n of s t r u c t u r e 359 was provided by carbon-13 NMR 
13 

d a t a , which showed appearance .of a peak at ca. 72 ppm. DEPT C NMR 

( f i g . 1 3 ) a lso confirmed t h i s carbon bears an odd number of hydrogens, 

c o n s i s t e n t w i t h a secondary a l c o h o l i c carbon, as expected f o r c y c l i z e d 

product 359. The above data, coupled w i t h s a t i s f a c t o r y elemental analysis 

l e d t o a d e f i n i t e s t r u c t u r a l assignment as 359. By increasing the r a t i o 

o f DIBAL-H used t o 2.1 e q u i v a l e n t s , 80-90% y i e l d of 359^, and 5-10% r e ­

covery of 357c, could be obtained a f t e r column chromatography. 

a R = OH 

'0 ^ R = mil I OH 

I t i s of f u r t h e r note, t h a t a l l the spectroscopic evidence (and 

t . l . c . ) i n d i c a t e the c y c l i z e d product to be of a si n g l e r e l a t i v e stereo­

c h e m i s t r y . This r e a c t i o n i s t h e r e f o r e s t e r e o s p e c i f i c i n i n t r o d u c t i o n of 

the new stereocentre formed on c y c l i z a t i o n . 

The r e a c t i o n probably proceeds v i a a lactam-aldehyde intermediate, 

360, c y c l i z a t i o n occurring through an aluminium monocoordinated, or 

c h e l a t e d , complex, i n which the aldehyde carbonyl i s a c t i v a t e d to nucleo-

p h i l i c a t t a c k by the lactam n i t r o g e n . On t h i s basis, we r a t i o n a l i z e d 

t h a t e i t h e r type of complexation would s t r o n g l y disfavour intermediates, 
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i . e . 367 or 362, leading t o the r e l a t i v e stereochemistry 359a, due to 

the considerable s t e r i c bulk of the coordinating diisobutylaluminium 

group. The geometry involved i n these intermediates, coupled w i t h the 

r i g i d i t y imparted by s p i r o - f u s i o n , would r e s u l t i n extreme s t e r i c i n t e r ­

a c t i o n s between the organo-metallic group, and the lactam r i n g ( f i g . 1 4 ) . 

I n c o n t r a s t , intermediates 363 or 36'î  are f a r less s t e r i c a l l y hindered, 

as the b u l k y l organoaluminiura group i s i n the open, unhindered "back 

face'' of the molecule ( f i g . 1 4 ) . Therefore, i f t h i s i s indeed the general 

mechanistic p i c t u r e , we would expect to observe s t e r e o s e l e c t i v i t y i n 

favour of the r e l a t i v e c o n f i g u r a t i o n of 359^, 

An a l t e r n a t i v e , though less l i k e l y , mechanism could proceed via 

the imide 365, i n which the stereochemistry would be determined by 

hydride t r a n s f e r from DIBAL-H t o one of the carbonyl groups. 
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567 

/ N'-'O 

562 

llg 14 

DIBAL-H i s known to r e g i o s e l e c t i v e l y monoreduce c y c l i c imides to 

a-hydroxy lactams, and to reduce carbonyls by hydride t r a n s f e r to Che 
363 

l e a s t hindered .carbonyl face . So, should such a mechanism be involved 

we should observe high s t e r e o s e l e c t i o n i n favour of 559a. 

To confirm unambiguously t h a t the product was the desired 3-benzaze-

p i n o l r i n g , 559£, and t o i d e n t i f y the r e l a t i v e c o n f i g u r a t i o n at the alco­

h o l i c carbon, an X-ray s t r u c t u r e was obtained. This data, of course, 
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also gave us an i n s i g h t i n t o the conformation of t h i s novel h e t e r o c y c l i c 

system. 

The X-ray data confirm the s k e l e t a l s t r u c t u r e , and confirm t h a t the 

c y c l i z a t i o n .is h i g h l y s t e r e o s e l e c t i v e i n favour of isomer 559^ ( f i g . 1 5 ) -

the p r e d i c t e d product stereochemistry from the coordinated aldehyde 

i n t e r m e d i a t e , 565 or 364. An 'edge on' view ( f i g . 1 6 ) shows also t h a t 

the hydroxyl group consequently points away from the 'bowl' region en­

closed by the aromatic and lactam r i n g s . The 3-benzazepine r i n g shows 

buckling about the a x i s of the two carbons e i t h e r side of the ni t r o g e n . 

15 X-/iay AiAuciiuie. o/ 559^ ; viaw piom aioue. i&nz£ne. aUng 

f_ig 16 X-/iay ^iyiuctiuiG. o^^59'i : view in [ilaiic. o/ tdiizem ling 
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A f u r t h e r observation i s t h a t t h i s r e l a t i v e c o n f i g u r a t i o n allows 

f o r hydrogen bonding between the hydroxyl and lactam carbonyl groups, 

forming a favourable c h a i r - l i k e six-raerabered r i n g . I n c o n t r a s t , the 

a l t e r n a t i v e c o n f i g u r a t i o n at the hydroxyl bearing carbon, would involve 

a much more t w i s t e d six-membered r i n g i f such hydrogen bonding were to 

occur. This s t r u c t u r e 3591, i s consistent w i t h the observed sharp OH 

s t r e t c h a t 3280 cm ^ i n the IR spectrum, c h a r a c t e r i s t i c of constrained 

i n t r a m o l e c u l a r hydrogen bonding. This i s also evidenced by non-bonded 

i n t e r a t o m i c distances and bond angles. 

0 0 

366 

While lactam-acid or amide-acid condensations w i t h dicyclocarbo-
364 

d i i m i d e are known routes t o s m a l l , e.g. 3-lactam and medium lactams, 
363 

e.g. b i c y c l i c imide 366 , reductive lactam-ester c y c l i z a t i o n s w i t h 

hydride reagents are r a r e . Treatment of lactam-ester 367 w i t h LAH i n 

THF a t r e f l u x , was reported t o provide the b i c y c l i c f u l l y reduced amine 

368 . Reaction a t -70°C yielde d a complex mixture of a l l the possible 

r e g i o - and stereo isomeric a-hydrpxy lactams, 369-372, and the reduced 

a c y c l i c product 373, i n 18% y i e l d . I n contrast t o t h i s , o u r reaction of 

DIBAL-H w i t h 357c provides a s i n g l e regioisomeric product a-hydroxy 

lactam, 359i., and no p a r t l y reduced a c y c l i c m a t e r i a l . Further, we are 

e f f e c t i n g a seven-membered r i n g a n n u lation, which i s less favourable 

than the five-merabered r i n g annulation described above. 

Also, we found t h a t r e a c t i o n of lactam-ester 557c w i t h LAH i n THF 

at r e f l u x , provided a s i n g l e m a t e r i a l (by t . l . c ) , w i t h a molecular ion 

c o n s i s t e n t w i t h the f u l l y reduced, uncyclized amino alcohol 374. This 

i s i n sharp c o n t r a s t t o the e f f i c i e n t reductive five-membered r i n g closure 
366 

of 367 under the same cond i t i o n s described above 
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Me02C 

LAH/reflux 

\ L A H / - 7 0 ° C 

56S 

369 R = HO 377 R = HO 373 

370 R = HO 372 R = HO 

T r i a l r e a c t i o n s of 359^: w i t h LAH, under prolonged r e f l u x i n THF, 

y i e l d e d l a r g e l y one product ( t . l . c . ) i n d i c a t e d by mass sp e c t r a l data t o be 

the expected amine 575. 

. However, m o d i f i c a t i o n of r i n g E would be b e t t e r undertaken while 

r e t a i n i n g the lactam f u n c t i o n a l i t y of 559£. LAH reduction to the amine 

w i l l be u t i l i z e d a t an appropriate stage i n the el a b o r a t i o n of r i n g E. 

MeO 

MeO 
HN 

565 X = X' = 0 

575 X = X' = H2 

376 X = OH X' = 0 
57-̂  
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Attempts t o convert the a-hydroxy lactam, 359^, t o the imide, 36'^, 
367 

using chromium t r i o x i d e - p y r i d i n e , have so f a r led only to good recovery 

of unoxidized 359^. 

i i i Summary 

This methodology has provided novel entry t o the 3-benzazepine r i n g 

system, under very m i l d c o n d i t i o n s , i n good y i e l d w i t h very high stereo-

s p e c i f i c i t y . The s t e r e o s p e c i f i c i t y i s explained by invoking lactam 

n u c l e o p h i l i c a t t a c k on an aluminium coordinated i n t e r n a l aldehyde. Ana­

logous use of bulky organo-aluminium coordinated aldehydes, to c o n t r o l 

i n t e r m o l e c u l a r carbon nucleophile a d d i t i o n s i n an anti-Cram fashion, i s 
368 

of some c u r r e n t i n t e r e s t 

4.2 Aza-cephalotaxine analogues 

Much i n t e r e s t i n the synthesis of benzazepine containing r i n g systems 

has been motivated by the range of p h y s i o l o g i c a l properties e x h i b i t e d by 

some of these a l k a l o i d s . S i m i l a r l y , benzodiazepine containing r i n g 

systems - though much r a r e r i n n a t u r a l products - also f r e q u e n t l y show 

i n t e r e s t i n g b i o l o g i c a l p r o p e r t i e s . For example the 1,3-benzodiazepine 
369 370 

neothramycin antitumour a n t i b i o t i c s ' , and the 1,4 benzodiazepine 
371 

sedatives chlorodiazepoxide and diazepam (dominating the US sedatives 

market). 

There have been no reports of s y n t h e t i c work d i r e c t e d towards aza-

cephalotaxine analogues. We considered these an obvious class of i n t e r ­

e s t i n g analogues, t h a t could be r e a d i l y obtained by minor modifications 

of our s y n t h e t i c s t r a t e g y . 
i 1,3-benzodiazepines 

There have been f a r fewer reported s y n t h e t i c approaches to benzo­

diazepines than t o benzazepines, and 1,3-benzodiazepines, i n p a r t i c u l a r , 
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have been l i t t l e i n v e s t i g a t e d . 

Among such approaches, thermal a z i r i d i n e r i n g opening has been 
372 

r e p o r t e d f o r the conversion of 377 to the 1,3-benzodiazepine 378 , 

and condensation c y c l i z a t i o n s , e.g. 379 t o 380, have been claimed i n early 
373 

l i t e r a t u r e . More r e c e n t l y , condensation c y c l i z a t i o n has been reported 

i n forming the one carbon bridge between the n i t r o g e n atoms, i n the closure 

of 381 t o 382^'^^, and 383 to 384^'^^. 
Ph 

577 ^ 

Ph 

^ i f NH 

^7S H ^0 

^ x x — C O 2 H 

NHPh 

579 H I 
AC2O 

LOJ 

380 

Nl-U 
^(j:OMe POCI3 

557 382 

NHCOMe 

Formation of t h i s one carbon bridge, from substrates already con­

t a i n i n g the r e q u i s i t e carbon containing f u n c t i o n a l i t y , i s also a v a i l a b l e 

from copper ( I ) oxide promoted reaction of carbylamines e.g. 555^556 . 

More s i g n i f i c a n t l y , a number of methodologies i n v o l v i n g one carbon 

i n s e r t i o n s i n t o diamines, or amine-amides, have been developed. The 
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CU20 (favoured by 

bulky R) 
386 

i n s e r t e d carbon sources have included carbon monoxide, thiocarbonyl 
377 378 

c h l o r i d e , c a r b ondisulphide and N,N-dicarbonyldimidazole ' . Such 

r e a c t i o n s w i t h the dibenzannelated system 387, have provided entry to the 

benzo-l,3-diazepines 555^^^, 559^^° and 590-^®^'^^-^. 

5S7 
388 X=0 

559 X=S 

The use of aldehydes, i n c l u d i n g formaldehyde, has also been reported 
u u ^- • Dn^375,384 , . ., 30,385 f o r i n s e r t i o n i n t o both diamines e.g. 397 and amine-amides 59^ , 

t o y i e l d 1,3-benzodiazepines 393 and 394̂  r e s p e c t i v e l y . 

NHMe NMe 

59̂ ^ 
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i i Progress towards aza-cephalotaxine 

We considered t h a t adaption of the general methodology described 

e a r l i e r ( 2 . 2 ) , commencing w i t h 6 - n i t r o p i p e r o n a l i n place of piperonal, 

should provide an approach to 1,3-benzodiazepine cephalotaxine analogues, 

v i a an i n s e r t i o n c y c l i z a t i o n step. We thus embarked on the synthetic 

approach o u t l i n e d i n schemer>/II As we s t a r t e d t h i s work, the condensation 

of 6 - n i t r o p i p e r o n a l w i t h nitromethane, using potassium f l u o r i d e as base 

(dehyd r a t i n g the intermediate 3-hydroxy n i t r o compound wi t h acetic 
386 

a n h y d r i d e ) , was reported . I n our hands, these conditions provided 

very good y i e l d s of n i t r o s t y r e n e 596(s 9 0 % ) , of s u f f i c i e n t p u r i t y -
SCHEME XVII 

0 

< 

CH2OH 

599 X=0 

X =H, 
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^01 
PhCHO 402 = 

I R = 

lUiiiiiPh 

— — Ph 

599 HCHO 
< 

403 400 

i MeN02/KF/Ac20, i i butadiene sulphone, i i i Methyl a c r y l a t e / t r i t o n - B , 

i v Zn/HCl, V LAH 

f r e q u e n t l y a n a l y t i c a l - t o use d i r e c t l y . 

The d i n i t r o cyclohexenyl cycloadduct 597 was then obtained i n 75-80% 

y i e l d , by the standard r e a c t i o n w i t h butadiene sulphone. Michael addi­

t i o n w i t h methyl a c r y l a t e proceeded smoothly t o provide the d i n i t r o 

e ster 398 i n 86% y i e l d . Based on our reasoning i n chapter 2, the single 

product obtained i s assigned the r e l a t i v e stereochemistry, as shown i n 

s t r u c t u r e 398. This i s c o n s i s t e n t w i t h a l l spectroscopic and chromato­

graphic evidence. Compound 595 is'our key intermediate f o r constructing 

the 5 membered r i n g D, and the 1,3-benzodiazepine r i n g C. 

Our next step, d i s s o l v i n g metal r e d u c t i v e c y c l i z a t i o n of 595', could 

y i e l d e i t h e r Y-lactam 599, or the isomeric azocine 400. However, the 

formation of five-membered r i n g s i s considerably favoured over competition 

from eight-membered r i n g c l o s u r e . We thus expected s e l e c t i v e formation 

of the d e s i r e d amino-lactam 599. Indeed, r e d u c t i o n of 595, w i t h zinc-

h y d r o c h l o r i c a c i d , a f f o r d e d s e l e c t i v e l y the five-membered lactam product 

599. The r e a c t i o n was, however, f a r less clean than the analogous 

c y c l i z a t i o n s ( 2 . 2 ) , producing a considerable q u a n t i t y of dark red coloured 
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by products ( p o s s i b l y intermolecular r e a c t i o n products?). Nonetheless, 

55-60% y i e l d s of a n a l y t i c a l l y pure product 599 were obtained a f t e r 

chromatography.. 

Confirmation of the y-lactam s t r u c t u r e 599 was provided by the IR 

spectrum, which showed a s i n g l e lactam carbonyl at v 1690 cm~^ , con-
max 

s i s t e n t w i t h a small r i n g lactam . (Medium r i n g lactams, such as an e i g h t -

membered system, would have v , C=0 a t lower frequency.) Comparison of 
max 

13 

C NMR s h i f t s w i t h those f o r the analogous raethylenedioxyspirolactam 7 57a 

( 2 . 2 ) , show s p e c i f i c a l l y the presence of the low i n t e n s i t y s p iro carbon 

a t 60.2 ppm, compared t o 59.9 ppm f o r 131a ( 2 . 2 ) . LAH reduction of 599 

provided moderate y i e l d s of the diamine -̂ 07 . 

A number of approaches to i n s e r t i n g a one-carbon bridge between the 

n i t r o g e n s of 599 or 4:07 are a v a i l a b l e (see 4 . 2 . i ) . Attempts at i n s e r ­

t i o n of a simple methylene bridge i n t o 407 > by r e a c t i o n w i t h formaldehyde, 

l e d t o a complex m i x t u r e , which appeared t o decompose on attempted chroma­

tography. The use of simple aldehydes, leading t o 2-substituted benzo­

diazepines, was t h e r e f o r e considered. 
387 

S t i r r i n g ^01 w i t h benzaldehyde i n ethanol , provided, a f t e r chroma­

tography, a mixture of two m a t e r i a l s , one of which was a minor component. 

Notably, the CI mass spectrum of the mixture showed a s i n g l e , very i n ­

tense molecular i o n at m/e = 361: t h i s i s consistent w i t h the benzodiaze­

pine s t r u c t u r e ^OZ. The s i n g l e mass observed suggests t h a t the second 

m a t e r i a l i n the mixture i s isomeric. Presumably, therefore both d i a -

stereomers ^02a and ^OZi. are obtained - they could possibly be separated 

by f u r t h e r chromatography. Assignment of s t r u c t u r e ^02a as the major 

product, could be made on s t e r i c grounds. 

This i s i n c o n t r a s t to the s t e r e o s e l e c t i v i t y ( i n i n t r o d u c t i o n of 

f u n c t i o n a l i t y at the 2 p o s i t i o n of the seven-membered r i n g ) , observed 

i n the DIBAL-H induced c y c l i z a t i o n t o 559^ ( 4 . 1 . i i ) . 

A p r e l i m i n a r y r e a c t i o n of lactam-amine 599 w i t h f o r m a l i n at r e f l u x , - 112 -



provided a mixture of two m a t e r i a l s , the major of which was obtained as 

a white s o l i d . I t showed a molecular i o n at m/e = 299, w i t h no peak at 

m/e - 287 (shown by s t a r t i n g m a t e r i a l ) i n the CI mass spectrum. The IR 

spectrum showed a much simpler NH region, w i t h loss of the amide N-H 

abs o r p t i o n , and s a t i s f a c t o r y elemental analysis was obtained. These 

data suggest t h a t formaldehyde i n s e r t i o n has occurred, pr o v i d i n g the 1,3-

benzodiazepine d e r i v a t i v e , 403, 

Though t h i s work i s a t an e a r l y stage, i t appears t o hold promise 

as a route t o a v a r i e t y of aza-cephalotaxine analogues- and u l t i m a t e l y 

aza-cephalotaxine i t s e l f - based on a 1,3-benzodiazepine r i n g C. 

An a l t e r n a t i v e s t r a t e g y towards c o n s t r u c t i o n of a diazepine r i n g C, 

had envisaged formation of t h i s r i n g p r i o r to r i n g D c y c l i z a t i o n . We had 

hoped r e d u c t i o n Of d i n i t r o - e s t e r would provide the diamino-alcohol 

^04^ then a l l o w i n g possible i n s e r t i o n reactions between the two primary 

amino groups. 

Reaction of 595 w i t h LAH, gave a dark red mixture, from which an 

i n t e n s e l y yellow, s i n g l e m a t e r i a l was obtained by column chromatography. 

The mass spectrum of t h i s product showed a molecular i o n a t four mass 

u n i t s lower than t h a t expected f o r 404, but consistent w i t h diaza s t r u c ­

t u r e 405. 

The 250 MHz proton NMR spectrum was consistent w i t h e i t h e r 404 or 

405 (assuming NH exchange f o r 404), but chemical evidence i n d i c a t e d we 

di d not have the diamino s t r u c t u r e 404: r e a c t i o n w i t h a c i d i c formaldehyde 

or sodium hydroxide and dibromomethane, l e d only t o good recovery of the 

s t a r t i n g m a t e r i a l . High r e s o l u t i o n mass s p e c t r a l data confirmed the mole­

c u l a r formula c o n s i s t e n t w i t h azaphenanthridine 405. Thus, reductive 

d i a z o t i z a t i o n - analogous t o aromatic amine couplings - had occurred i n 

reasonable y i e l d (ca. 65%) t o a f f o r d the unexpected d i a z o c y c l i c 405. 
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i i i Summary 

Adaptation of the a z a s o i r o c y c l i z a t i o n methodology described above 

( 2 . 2 ) , s t a r t i n g from .6-nitropiperonal, has provided diaza intermediates 

599 and 400, which p r e l i m i n a r y i n v e s t i g a t i o n s i n d i c a t e allow entry t o a 

range of aza-cephalotaxine analogues - a class of analogues as yet 

u n i n v e s t i g a t e d . 
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CHAPTER FIVE 

PROGRESS TOWARDS 

FIVE MEMBERED RING E 
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5.1 M o d i f i c a t i o n s of r i n g E 

With the e f f i c i e n t , s t e r e o s p e c i f i c c o n s t r u c t i o n of the azaspirocyclic 

moiety ( 2 . 2 ) , and the m i l d , high y i e l d i n g e n t r y t o the 3-benzazepine 

r i n g c e n t r a l t o cephalotaxine (4.1) both achieved, the only remaining 

s y n t h e t i c h u r d l e i s appropriate e l a b o r a t i o n of the cyclohexene r i n g E 

towards the o x i d i z e d cyclopentene r i n g E of the t a r g e t . The necessary 

r i n g c o n t r a c t i o n should provide a f u n c t i o n a l i z e d cyclopentane intermediate, 

s u i t a b l e f o r m o d i f i c a t i o n t o the r e q u i s i t e r i n g E f u n c t i o n a l i t y . Two 

general s t r a t e g i e s are a v a i l a b l e v i z ( i ) r i n g opening - r i n g closure; 

( i i ) rearrangement - c o n t r a c t i o n . 

The most recent t o t a l syntheses of cephalotaxine reported, have 

a s s i s t e d t h i s challenge, as they provide the cyclopentanone r i n g E of 72 

or 7 , or the 1,2-cis d i o l r i n g E of ̂ 06 or 407-^'^, as pre-targets 

through which t o ro u t e our r i n g E m o d i f i c a t i o n s , to y i e l d a formal t o t a l 

s y n t h e s i s . However, other methodologies are also being considered. 

406 X = H2 

72 R=R=Me 

74 R=R=-CH2- 0 

-^07 X = 0 

i Ring opening-ring closure s t r a t e g i e s 

There are two basic r i n g opening-ring closure r e t r o s y n t h e t i c s t r a t e g i e s 

from cyclopentenone r i n g E pre-targets 4 34[^ci. 72 or74) or from cyclo­

pentene p r e - t a r g e t s 408. The former of these r e l a t e s formally to the 

d i e s t e r , •^09, and the l a t t e r t o the dialdehyde 410, as r i n g opened 

d e r i v a t i v e s , so they are e s s e n t i a l l y convergent routes. 

O x i d a t i v e r i n g opening of c y c l i c o l e f i n s , can be effected d i r e c t l y 

on the unsaturated s u b s t r a t e , or the t r a n s - or c i s - l , 2 - d i o l d e r i v a t i v e s . 

Ozonolysis i s perhaps the most w e l l known of these methods and can lead 

- 1 1 6 -



434 

CO2R 

-̂ 55 + regioisomer 409 

CHO 

408 410 

388 

to e i t h e r d i a c i d or dialdehyde products , by u t i l i z i n g o x i d a t i v e or 

reductive^(e.g. Zn/HCl or Et^PO ) work-ups r e s p e c t i v e l y . The u t i l i t y 

of o z o n o l y s i s i s g e n e r a l l y l i m i t e d by scale-up problems, and variable 

y i e l d s , p a r t i c u l a r l y on reductive work-up (though DMS-MeOH appears to be 

389 
e f f e c t i v e ) . D i r e c t o x i d a t i o n of o l e f i n i c substrates t o d i a c i d s , can 

390 
also be achieved using Lemieux-von Rudloff conditions (periodate s a l t , 
c a t a l y t i c potassium permanganate), or w i t h potassium permanganate, and 

391 392 quaternary ammonium s a l t s , or dicyclohexyl-18-Crown-6 as phase 

t r a n s f e r c a t a l y s t . 

Attempts a t o x i d a t i o n of lactam 131a using Lemieux-von Rudloff pro­

cedures, ( w i t h v arious solvent m i x t u r e s ) , l e d t o complex product mixtures. 

Treatment of the crude product mixture w i t h a c i d i c methanol, or dimethyl-

sulphate and sodium carbonate, i n the hope of p u r i f y i n g the d i a c i d as i t s 

d i e s t e r , l e d only t o four or more major m a t e r i a l s (by t . l . c ) , which could 

not be separated. 

O x i d a t i o n attempts w i t h potassium permanganate and dicyclohexyl-18-

Crown-6 ( 5 % molar c a t a l y s t through to s t o i c h i o m e t r i c ) i n benzene on the 

n i t r o c y c l o h e x e n e 259, or the lactam 757a, l e d s i m i l a r l y to complex mixtures 

The r e a c t i o n mixture had darkened over ca. 10 minutes, i n d i c a t i n g oxida­

t i o n was o c c u r i n g . I n t h i s ease, p a r t i a l separation of the products a f t e r 
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e s t e r i f i c a t i o n was achieved, and the 250 MHz proton NMR data suggested 

e s t e r f u n c t i o n a l i t i e s , but also the presence o f fragmentation products, 

probably due t o o v e r - o x i d a t i o n . 

The use of periodate s a l t s or p e r i o d i c a c i d i s perhaps the most 
393 

commonly used d i o l cleavage method . I n c y c l i c systems, both the c i s -
and t r a n s - 1,2-diols are o x i d a t i v e l y cleaved t o the dialdehyde i n good 

394 
y i e l d , under m i l d c o n d i t i o n s (though the c i s - d i o l reacts f a s t e r ) . Other 
reagent systems have also been reported t o e f f i c i e n t l y cleave d i o l s 

395 396 vi z a c i d i c sodium bismuthate , lead t e t r a - a c e t a t e , pyridinium 

chlorochromate , and polymer supported periodate 

I n i t i a l l y , we decided t o u t i l i z e the t r a n s , - 1 , 2 - d i o l d e r i v a t i v e of 

239 or 757a as substrates f o r o x i d a t i v e clearage to the dialdehyde systems, 

This was l a r g e l y because the t r a n s - d i o l can e a s i l y be obtained from the 

epoxide, which we required also f o r a t t e m p t i n g rearrangen;ent .-contraction 

of r i n g E ( 5 . 1 . i i i ) . 
402 403 A v a r i e t y of epoxidation reagants are known , but MCPBA i s 

c u r r e n t l y the reagent of choice f o r e p o x i d a t i o n of i s o l a t e d o l e f i n s , 
404 

though t h i s may soon be replaced by magnesium monoperoxyphthalate 

On t r e a t i n g 239 and 757a w i t h MCPBA i n chloroform, the epoxides ^77 

and 412 were obtained as white s o l i d s , i n >90% y i e l d s a f t e r chromatography. 

< 
-̂  7 7 4 12 

Notably, i n both cases, the epoxide was obtained as a mixture of two 

isomers ( n e a r l y c o i n c i d e n t on t . l . c . , but occassionally p a r t l y separable 

by column chromatography). These are presumably the two possible epoxides 

derived from peracid a d d i t i o n from e i t h e r face of the double bond, e.g. 

•̂ 75 and 414 from the lactam 7 5 7a. Carbon-13 N">IR data of the mixture of 
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^75 0 414 0 

isomers i n d i c a t e d l i t t l e s e l e c t i o n between these isomers, consistent w i t h 
405 

the r e l a t i v e i n s e n s i t i v i t y of peracids t o s t e r i c influences 

Treatment o f epoxides -̂ 77 and •1̂ 72 w i t h 1 % aq. sulphuric acid pro­

vided the expected*^^^ t r a n s - 1 , 2 - d i o l s , 475 and 416 i n 80-90% y i e l d s . 

The t r a n s - 1 , 2 - d i o l , 415, had also been obtained from the s t a r t i n g o l e f i n 

259, by r e a c t i o n w i t h hydrogen-peroxide and formic a c i d , i n ca.60% 

y i e l d . HQ HO 

< 

Periodate clearage of d i o l s i s usually c a r r i e d out a t , or below, am­

b i e n t temperature^*^^, i n a v a r i e t y of p r o t i c solvents'^^^. A water-

methanol m i x t u r e proved most convenient f o r d i s s o l v i n g lactam-diol'^76 

But, treatment of 416 w i t h p e r i o d i c acid under progressively more v i g ­

orous c o n d i t i o n s - i n c l u d i n g 48 hours a t 50°C - led t o y i e l d s of d i a l d e ­

hyde (as judged by proton NMR i n t e g r a t i o n ) between 10% and 30%. In 

c o n t r a s t , t r i a l r e a c t i o n of trans-cyclohexane-1,2 d i o l using the mildest 

c o n d i t i o n s a p p l i e d to 416, gave >90% crude y i e l d of adipaldehyde. A 

probable e x p l a n a t i o n i s t h a t a combination of the r i g i d i t y of the s p i r o -

f u s i o n , coupled, most i m p o r t a n t l y , w i t h the aromatic substituent 'locking' 

the r i n g ' s c h a i r conformation, constrains the hydroxyl groups i n a r i g i d 

a n t i p e r i p l a n a r arrangement. This makes formation of the intermediate 

periodate complex very d i f f i c u l t to achieve, on s t e r i c grounds. Trans-

cyclohexane-1 , 2 - d i o l can react v i a a l t e r n a t i v e r i n g conformations that 
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b r i n g the hydroxyl groups i n closer proximity. For 416 r e a c t i o n v i a the 

corresponding b o a t - l i k e intermediates i s k i n e t i c a l l y less achievable. 

Use of the corresponding c i s - 1 , 2 - d i o l '̂7 7 should obviate the prob­

lems encountered w i t h the t r a n s - 1 , 2 - d i o l , 416 as the hydroxyl groups of 

-̂7 7 w i l l be 'locked' i n a close arrangement, where periodate complexa-

t i o n i s r e a d i l y achieved. Several methods are a v a i l a b l e f o r the c i s -

h y d r o x y l a t i o n of o l e f i n s . The Prevost r e a c t i o n , using iodine and s i l v e r 

•acetate'^^^, or t h a l l i u m ( I ) a c e t a t e ^ ' ' ' i n wet a c e t i c acid has found 

some use. We found, however, t h a t using iodine and s i l v e r acetate, w i t h 

the nitrocyclohexene d e r i v a t i v e 259, le d only t o mixtures of products, 

whose IR spectra d i d not suggest s i g n i f i c a n t amounts of the desired d i o l . 

While basic potassium permanganate, and tetra-alkylammonium perman-
411 

ganates also y i e l d c i s - d i o l s , osmium t e t r o x i d e o x i d a t i o n has proved 
412 

the most general and e f f i c i e n t of c i s - h y d r o x y l a t i o n methodologies 
A number of v a r i a t i o n s u t i l i z i n g c a t a l y t i c osmium t e t r o x i d e w i t h a primary 

413 
oxidant have been developed ( i n c l u d i n g now an asymmetric reagent sys-

414 415 tem ) , of which we chose the general methodology of van Rheenen et a l 

w i t h N-methylmorpholine oxide as primary oxidant. 

Changing the solvent system from water-acetone t o acetone-tert-

butanol was necessary due to the poor s o l u b i l i t y of spirolactam 757a 

i n acetone or water. Reaction of spirolactam 757a using ca.1% molar 

osmium t e t r o x i d e s o l u t i o n (90% aq. t e r t - b u t a n o l ) , l e d repeatedly to r e l a ­

t i v e l y poor y i e l d s of the c i s - d i o l , "̂ 77 (ca. 40%). However, s i m i l a r 

r e a c t i o n w i t h the N-alkylated d e r i v a t i v e , 337 ^ led to y i e l d s of 85-95% 

of the corresponding c i s - d i o l 418a. This may be due to the poor solu­

b i l i t y c h a r a c t e r i s t i c of lactam 757a being exacerbated by the d i o l func­

t i o n a l i t y ( c f . trans d i o l - i n s o l u b i l i t y ) leading to e x t r a c t i o n d i f f i c u l ­

t i e s . The f i n d i n g t h a t e x t r a c t i o n w i t h b o i l i n g e t h y l acetate gave some 

y i e l d improvement, supported t h i s explanation. 

I t i s noteworthy t h a t both c i s d i o l s 417 and 475a appear to be 
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s i n g l e isomers (from t . l . c . and spectroscopic d a t a ) . We would expect to 

observe s e l e c t i v i t y i n favour of the isomers shown as the ' a l t e r n a t i v e ' 
416 

isomers would r e q u i r e the intermediate osmate ester , or osmium organo-
417 

m e t a l l i c l o c a t i n g the l arge osmium centre i n the hindered region close 

t o the lactam r i n g . 

a R=Me 

^R=H 

417 CO^R 

Attempts to confirm t h i s stereochemistry by observing an NOE e f f e c t 

between H and H, , H?- methylene protons, proved f r u i t l e s s , I t would be a D D 

i n t e r e s t i n g t o provide chemical evidence f o r t h i s predicted stereochem­

i s t r y . Corey-Nicolaou lactonization^'''^ of acid 418i. should provide 

lactone 79 while the a l t e r n a t i v e c i s - d i o l stereochemistry should p r o h i b i t 

c y c l i z a t i o n , as the product lactone, 420 , would be extremely s t r a i n e d . 

However, these reactions have not yet been attempted. 

HO HO 

< 
419 420 

Reaction of the c i s - d i o l 417, under the conditions unsuccessful with 

the corresponding t r a n s - d i o l , 416, above, provided a crude o f f - w h i t e 

s o l i d . Proton NMR was consistent w i t h dialdehydic f u n c t i o n a l i t y (from 

aldehyde proton and methylene dioxy proton i n t e g r a t i o n s ) , the y i e l d of 

crude dialdehyde, 421, being 98%. Dialdehydes are frequently unstable to 

p u r i f i c a t i o n , and thus the crude m a t e r i a l was used d i r e c t l y . 
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OHC OHC. 

^22 

< 

The major problem c o n f r o n t i n g i n t r a m o l e c u l a r a l d o l condensation of 

421, i s how t o c o n t r o l the regiochemistry of c y c l i z a t i o n . Of the two 

pos s i b l e r e g i o i s o m e r i c products, 422 and 423, the former i s t h a t required 

f o r the r i n g E p r e - t a r g e t 408. Several examples of r e g i o c o n t r o l l e d i n t r a ­

molecular a l d o l condensation t o cyclopentene-l-carboxaldehydes have been 
419 

re p o r t e d . Woodward et a l r e g i o s e l e c t i v e l y obtained 424 from the 
corresponding dialdehyde, using c a t a l y t i c p i p e r i d i n e acetate. More 

420 421 
r e c e n t l y , I n u b i s h i et a l ' have c y c l i z e d dialdehyde 425^0 regio-
isomer 426, w i t h e i t h e r basic alumina or c a t a l y t i c p i p e r i d i n e acetate. 

420 421 

Fur t h e r , these workers ' found t h a t treatment of dialdehyde 42^ 

w i t h excess p y r r o l i d i n e acetate i n a polar solvent eg methanol, led to 

8:1 s e l e c t i v i t y i n favour of the a l t e r n a t i v e regioisomer,'^27. A regio-
s e l e c t i v e t o s i c a c i d catalysed a l d o l c y c l i z a t i o n has also r e c e n t l y been 
reported 

424 

OAc 

CHO 

426 C02Et 

CHO 
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420 I n u b i s h i e t a l considered t h a t w i t h c a t a l y t i c p i p e r i d i n e acetate, 
the p i p e r i d i n e enamine of the less hindered aldehyde, 428, i s formed, 
and then n u c l e o p h i l i c a l l y a ttacks the remaining fre e carbonyl; loss of 
the imminium s u b s t i t u e n t then provides the l e s s hindered aldehyde product 
426. Basic alumina provides the same regioisomer simply because the anion 
of the l e a s t hindered methylene group i s p r e f e r e n t i a l l y formed. With 
excess p y r r o l i d i n e acetate, they concluded t h a t the i n i t i a l l y formed 
immonium s a l t , 4-29 (which rearranges t o enaraine 428 i f only c a t a l y t i c 
a cetate i s used), i s the major r e a c t i n g species. I n t h i s case the carb-
anion of the more hindered methylene group becomes the major nucleophile, 
r e s u l t i n g i n the more hindered aldehyde, 427, 

428 

426 

429 

These r e p o r t s a i d us i n p r e d i c t i n g and choosing the regiochemistry 

of a l d o l c y c l i z a t i o n of our dialdehyde, 421. I f we assume t h a t the 

methylene group bonded to the quaternary s p i r o centre i s more hindered 

than t h a t l i n k e d t o the t e r t i a r y benzylic c e n t r e , then we would expect 

treatment of 427 w i t h basic alumina, or c a t a l y t i c p i p e r i d i n e acetate, to 

provide predominantly regioisomer 422. 

We found t h a t slowly passing a chloroform s o l u t i o n of dialdehyde, 

421 , through a basic alumina column, provided a s i n g l e m a t e r i a l ( t . l . c . ) 

Spectroscopic data were consistent w i t h an a l d o l product, and high reso­

l u t i o n mass s p e c t r a l a n a l y s i s confirmed t h i s . Attempts t o confirm the 
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expected regiochemical assignment as 422, by observing an NOE enhancement 

between the aldehyde and benzylic protons, have so f a r produced no sat­

i s f a c t o r y r e s u l t s . 

I f t h i s r e g i o c h e m i s t r y , 422, can be confirmed, by using the 3-

benzazepinol analogue, 3596., described i n chapter 4, we are w i t h i n s t r i k i n g 

d i s tance of a f o r m a l t o t a l synthesis, v i a the p r e - t a r g e t s 406a and 4061 

r e p o r t e d by Fuchs et a l ^ ^ and Kuehne et a l ^ " ^ . 

i i Rearrangement-contraction s t r a t e g i e s 

Both c y c l i c o l e f i n s and c y c l i c fused epoxides are known to undergo 

rearrangements w i t h r i n g c o n t r a c t i o n . T h a l l i u m ( I I I ) t r i n i t r a t e (TTN) 

o x i d a t i v e rearrangement of c y c l i c o l e f i n s occurs very r a p i d l y i n raethanolic 

s o l u t i o n , p r o v i d i n g the corresponding r i n g c o n t r a c t e d carboxaldehyde i n 

good y i e l d , Reaction of TTN w i t h nitrocyclohexene d e r i v a t i v e 239 

provided a crude product, whose NMR and mass s p e c t r a l data were incon­

s i s t e n t w i t h e i t h e r rearranged aldehyde 430, or i t dimethyl a c e t a l , 431, 

CHO 

NO2 
430 431 

Our i n t e r e s t then turned towards the w e l l known epoxide to carbonyl 
424 

rearrangements, catalysed p r i m a r i l y by Lewis a c i d s ( b o r o n - t r i f l u o r i d e 
e t h e r a t e , magnesium bromide or aluminium c h l o r i d e ) , but also by a v a r i e t y 

425 

of miscellaneous reagants . There are s e v e r a l examples of fused epox­

ides y i e l d i n g r i n g contracted carboxaldehydes as the major product. For 

example, cyclohexene oxide can be e f f i c i e n t l y r i n g contracted with l i t h i u m 
426 

b r o m i d e - t r i b u t y l p h o s p h i n e oxide i n benzene , or w i t h l i t h i u m bromide-

alumina i n t o l u e n e ^ ^ ^ . - 124 



Our p r e l i m i n a r y attempts a t boron t r i f l u o r i d e dimethyl etherate 

catalysed rearrangement, of mixtures of isomeric epoxides 413 and 414, 

have y i e l d e d mixtures of a number of products. Stereoelectronic con­

s i d e r a t i o n s would suggest the two epoxides, 4-13 and 414, should lead t o 

a l t e r n a t i v e carboxaldehyde s u b s t i t u t i o n c o n f i g u r a t i o n . The above f i n d i n g , 

i . e . more than two products (none being epoxides), does not i n d i c a t e only 

two diastereomers. Further, s i m i l a r r e a c t i o n of one epoxide also gave 

sever a l products (by t . l . c . ) . However, f u r t h e r i n v e s t i g a t i o n s i n t h i s 

area would s t i l l be worthwhile. 

i i i Summary and f u t u r e work 

A c i s - h y d r o x y l a t i o n , periodate clearage, a l d o l condensation metho­

dology appears t o have provided entry t o a s i a p l e regioisomeric cyclo-

pentenecarboxaldehyde product. From precedents, t h i s i s expected to 

be the regioisomer appropriate f o r e l a b o r a t i o n i n t o known cephalotaxine 

r i n g E p r e - t a r g e t s . 

The use of c a t a l y t i c osmium t e t r o x i d e w i t h sodium periodate as 
428-430 

primary o x i d a n t , f o l l o w i n g precedents , should shorten f u r t h e r the 

o v e r a l l s y n t h e t i c scheme. 

Oxidation of dialdehyde intermediates e.g. ^̂ '̂ , to the corresponding 

d i a c i d , (or perhaps d i r e c t o l e f i n cleavage t o y i e l d a d i a c i d ) , i s worth 

pursuing. This would then allow f o r Dieckmann type c y c l i z a t i o n of the 

corresponding d i e s t e r w i t h potassium t e r t - b u t o x i d e , an established. route 
431 432 

to carbethoxy-cyclopentanones ' . This i s a t t r a c t i v e because r e g i o -

c o n t r o l i s not important, as both regioisomers of type 432 and 433 can 

be decarboxylated to the same cyclopentanone r i n g E intermediate, 434, 
39 

which has already been elaborated to cephalotaxine r i n g E f u n c t i o n a l i t y 

I t a l s o a v a i l s other possible s t r a t e g i e s , t o be discussed below. 
.CO9R 

^ 433 
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6.1 Model Azaspirocycles 

i Synthesis of model spirolactams 

Our i n i t i a l problems i n cleanly reducing the spirolactam 131a (2.2), 

l e d us t o i n v e s t i g a t e the behaviour of model spirolactams. The obvious 

s t r a t e g y t o adopt f o r synthesis of model spirolactams, was the applica­

t i o n of the Michael a l k y l a t i o n - r e d u c t i v e c y c l i z a t i o n methodology (2.2), 

t o simple n i t r o c y c l o a l k a n e s . 

,(CH2)n. 

C O ^ e 
NO2 2* 

209-^=4 

270 n=5 

205a n=4 

208i n=5 

We found t h a t nitrocyclohexane and nitrocyclopentane were both 

e f f i c i e n t l y converted t o the respective spirolactams, 209 and 270 , using 

t h i s approach. Subsequently, good precedent f o r t h i s type of strategy 

was f o u n d ^ * ^ ^ ' u s i n g hydrogenolysis t o e f f e c t reductive c y c l i z a t i o n of 

20Sa and t o 209 and 270 r e s p e c t i v e l y . Unfortunately, hydrogenolysis 

i s c l e a r l y i n a p p l i c a b l e t o our cephalotaxine intermediates, though we 

f i n d z i n c - h y d r o c h l o r i c acid to be an e f f i c i e n t a l t e r n a t i v e reductive 

c y c l i z a t i o n system. 

i i Reduction and f u n c t i o n a l i z a t i o n of model spirolactams 

As we had found w i t h spirolactara, 131a ( 2 . 3 ) , LAH i n i t i a l l y provided 

i n c o n s i s t e n t r e s u l t s w i t h the model spirolactam, 2/0. Consequently, we 

embarked upon a t h i o l a c t i m i n i u r a route, i n the hope of f i n d i n g more e f ­

f i c i e n t , milder reducing c o n d i t i o n s . Many of these reactions were then 

c a r r i e d out using 737a ( 2 . 3 ) . 
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Conversion of the lactam 2/0 to the t h i o l a c t a m , 43i, was effected 

i n good y i e l d w i t h phosphorus pentasulphide, and treatment of 435 w i t h 

methyl i o d i d e ( i n the d a r k ) , afforded near q u a n t i t a t i v e y i e l d s of the s a l t 

^ I f the me t h y l a t i o n r e a c t i o n i s not protected from l i g h t , a yellow 

t o orange, r a t h e r than white, product i s obtained. 

As described above ( 2 . 3 ) , hydride r e d u c t i o n of thioamide methiodide 

s a l t s i s known t o y i e l d amines under mi l d c o n d i t i o n s . However, t r e a t ­

ment of 436 w i t h sodium borohydride y i e l d e d a crude m a t e r i a l , whose mass 

s p e c t r a l and IR c h a r a c t e r i s t i c s were i n c o n s i s t e n t w i t h amine 43> ( c f . 

r e a c t i o n of t h i o l a c t a m methiodide, 2'>4, i n chapter 2.3). The s t r u c t u r a l 

assignment of the major product as t h i o l a c t i m ether, 438^ was confirmed 

by deprotonation of 436 w i t h aqueous potassium carbonate to y i e l d 4 38, 

i d e n t i c a l by IR and mass s p e c t r a l data w i t h the product above. Further 

s t r u c t u r a l c o n f i r m a t i o n was provided by proton NMR, showing a three pro­

ton s i n g l e t a t 2.28 ppm due to the S-methyl group, carbon-13 NKR evidencing 

the unsaturated carbon a t 166.9 ppm, and the absence of an N-H s t r e t c h 

i n the IR spectrum. 

MeS ] X 

^35 X=S 

437 X=H2 

T h i o l a c t i m e t h e r s , e.g. 438, are p o t e n t i a l l y v e r s a t i l e i n t e r m e d i a t e s , 

as t h e B-carbon i s s u s c e p t i b l e t o e l e c t r o p h i l i c a t t a c k and the a carbon 

t o n u c l e o p h i l i c a t t a c k . The use o f b i f u n c t i o n a l r e a g a n t s b e a r i n g both 

e l e c t r o p h i l i c and n u c l e o p h i l i c f u n c t i o n a l i t i e s , has thus p r o v i d e d an 
479 

a n n u l a t i o n s t r a t e g y o n t o t h i o l a c t i m e t h e r s 

R e a c t i o n o f 138 w i t h p y r r o l i d i n e a f f o r d e d a s i n g l e product (as 

judged by t . l . c . ) . T h i s was as s i g n e d as t h e pr o d u c t o f n u c l e o p h i l i c 

d i s p l a c e m e n t o f t h e t h i o m e t h y l group v i z t h e amidine 439, on the basi s 
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of h i g h r e s o l u t i o n mass s p e c t r a l data, and the absence of the S-methyl 

resonance i n i t s 250 MHz proton NMR. However, a pure sample of t h i s 

product was not obtained. 

While i n v e s t i g a t i n g these r e a c t i o n s , we found t h a t r i g o r o u s l y d r i e d 

d i e t h y l ether as s o l v e n t , l e d t o reproducible reduction of spirolactam 

'̂ .̂'̂  t o s p i r o p y r r o l i d i n e ^37(80% y i e l d ) . These experimental conditions 

were then s u c c e s s f u l l y applied t o spirolactam, 131a (2.3). 

The s p i r o p y r r o l i d i n e , 437, so obtained, could be a l k y l a t e d w i t h 

e t h y l bromoacetate, using potassium carbonate as base. This provided the 

N-2-carbethoxy-spiropyrrolidine,^'^^O , i n y i e l d s of ca. 99%. This method­

ology was then applied t o s i m i l a r success, t o the s p i r o p y r r o l i d i n e 245, 

( 3 . 3 . i ) . 

EtOsCCHjN 

440 

i i i Future work 

Methodologies f o r synthesis of s u b s t i t u t e d 1-azaspirocycles i s an 

area of some c u r r e n t i n t e r e s t (see 2.1), and more p a r t i c u l a r l y , stereo-

s p e c i f i c or e n a n t i o s p e c i f i c approaches are keenly being i n v e s t i g a t e d . 

E x t r a p o l a t i o n of the h i g h l y s t e r e o s p e c i f i c Michael a l k y l a t i o n of 

the s u b s t i t u t e d nitrocyclohexene, 239 ( 2 . 2 ) , t o B - c h i r a l n i t r o c y c l o -

alkanes, should provide an e n a n t i o s p e c i f i c route t o s u b s t i t u t e d 1-aza­

s p i r o c y c l e s , provided the 3-substituent i s s u f f i c i e n t l y bulky. N i t r o ­

cyclohexane d e r i v a t i v e s 441 and 442 would y i e l d stereoisomers 443 and 

444 r e s p e c t i v e l y ( w i t h ( S ) - and (R)- quaternary configurations r e s p e c t i v e l y ) , 

Racemic 3 - s u b s t i t u t e d n i t r o c y c l o a l k a n e s should s t e r e o s p e c i f i c a l l y provide 

the corresponding racemate. 
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441 X = R -

^A2 X = R'" 

443 

NO2 

444 

The u t i l i t y of such an approach f o r asymmetric synthesis i s c l e a r l y 

l i m i t e d by the problems of o b t a i n i n g e n a n t i o m e r i c a l l y pure 3 - c h i r a l n i t r o 

cycloalkanes ( s i n g l e 3 c o n f i g u r a t i o n ) . 

A p o t e n t i a l l y more v i a b l e s t r a t e g y f o r e n a n t i o s e l e c t i v e azaspiro-

c y c l i c syntheses i s the use of homochiral k e t a l nitrocycloalkanes e.g. 

445. These could r e s u l t i n good asymmetric i n d u c t i o n t o provide 446, 

r e d u c t i v e c y c l i z a t i o n followed by removal of the c h i r a l a u x i l l i a r y 

p r o v i d i n g the e n a n t i o m e r i c a l l y pure 1-azaspirolactam, 447 . 

445 446 
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7.1 I n t r o d u c t i o n - General Methods 

Me l t i n g p o i n t s were recorded on a Ko f l e r hot-stage microscope apparatus, 
and are uncorrected. I n f r a - r e d spectra were recorded on Perkin Elmer 577 
and 457 spectrophotometers. Proton NMR and carbon-13 NMR spectra, were 
recorded on a Bruker AC 250 instrument, operating at 250.134 MHz f o r 
protons and 62.896MHz for thecarbon nucleus. Chemical s h i f t s given i n ppm 
are r e l a t i v e t o t e t r a m e t h y l s i l a n e as i n t e r n a l standard. Mass spectra were 
obtained on a VG 7070E instrument, operating at 70eV, w i t h i o n i z a t i o n 
modes as i n d i c a t e d . 

T . l . c . data were obtained using Merck pre-coated alumina (0.2 mm), 

or Merck pre-coated s i l i c a (alumina backed) sheets (0.2mm). Alumina 

sheets were used • Unless otherwise sta t e d . For column 

chromatography, Merck Alumina ( A c t i v i t y I I to I I I ; 70-230 mesh) or Merck 

S i l i c a gel (70-230 mesh) were employed, as i n d i c a t e d . 

Throughout, 'dry' or ' f r e s h l y d i s t i l l e d ' solvent r e f e r s to d i s t i l ­

l a t i o n from the f o l l o w i n g agents, under a n i t r o g e n atmosphere:- d i e t h y l 

ether (sodium metal, then LAH), THF (sodium metal, then LAH), chlorocarbons 

^^2*^5^' berizsrie (sodium m e t a l ) , toluene (sodium metal and/or LAH), 

a c e t o n i t r i l e (CaH^), t - b u t a n o l (anhydrous K^CO^), methanol (magnesium 

methoxide). 

A c t i v a t e d zinc dust r e f e r s to BDH Analar zinc powder, pre-treated 

w i t h aq.HCl^^^'^^^ 
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7.2 Experimental Procedures 

i CHAPTER 2 

7/10^4-7-^3, 4-me6'ii//e/i£rî o-<:̂ /3Â //̂ y'-2-/ẑ i/ioaiAg/Le (237) was prepared 
135 

f o l l o w i n g the l i t e r a t u r e procedure from piperonal and the anion of 
133 o 

nitromethane i n 97% y i e l d , m.pt. 161-164 C (from ethanol) ( l i t . 158 C). 

//Lan.6-1 -(3,4-dJjaeJJioKyph^yl)-2-nJJjLoeth&rie. (238) prepared analog­

ously t o compound ^̂ "̂  from 3,4-dimethoxybenzaldehyde, was obtained i n 92% 

y i e l d , m p 143-144.5°C (from methanol) (Lit.-^^° 140°C). 

T/ianA-4-(3, 4-rrLeJJiylejiiidJ.OKyph^yl)-5-nltn.ocya£ohej^^ (239) A mixture 

of compound 237 (10.0 g, 0.05 mol), butadiene sulphone (31.0 g, 0.25 mol), 

hydroquinone (0.35 g) and dry toluene (150 ml) was placed i n a bomb (400 ml 

c a p a c i t y ) and heated a t 130°C f o r s i x days. The crude product mixture was 

f i l t e r e d and the f i l t r a t e evaporated - i / i vacuo t o leave a gum which was 

ex t r a c t e d w i t h b o i l i n g ether (ca. 500 m l ) . This e x t r a c t was f i l t e r e d and 

evaporated and the residue was r e c r y s t a l l i s e d from methanol, w i t h cooling 

t o 0°c, t o y i e l d pure product 239, as l i g h t tan c r y s t a l s , (11.8 g, 92%) mp 

99 - 101°C ( l i t . - ^ ^ ' ^ ' - ^ ' ^ ^ 97-99°C). Yields are not s i g n i f i c a n t l y reduced 

when the r e a c t i o n i s scaled up three f o l d . 

7/ian6-4-(3, 4~dM7ieJJio^yph&ny£)-5-nli/LOcyc£.o1i&xejie. (240) was prepared 

analogously t o 239, from compound 23S and butadiene sulphone, and i s o ­

l a t e d as a l i g h t tan c r y s t a l l i n e s o l i d , 90% y i e l d (from methanol) mp 

115-117°C. Calculated f o r Ĉ Ĥ̂ N̂Ô  C 63.9, H 6.5, N 5.3; found C 63.8, 

H 6.6, N 4.8%; m/e 263 ( E l ; M+); v (KBr) 3050, 2962, 2942, 2920, 2840, 
max 

1595, 1545, 1525, 1466, 1448, 1440, 1425, 1375, 1335, 1262, 1240, 1216, 

1192, 1150, 1030, 862, 830, 770, 773, 715, 689, 670 and 642 cm~i; 6^^(0001^) 
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6.79-6.75 (3H,m), 5.81-5.68 (2H,m), 4.90 ( I H , m), 3.85 (3H, s ) , 3.82 (3H,s) 

3.31 ( I H , ra), 2.76 (2H, m) and 2.43 (2H, m); 6^(00013) 148.8, 148.0, 

132.3, 126.3, 122.3, 119.1, 111.2, 110.5, 87.2, 55.5, 43.5, 32.9 and 31.0 

ppm. Methoxy carbons coincident a t 55.5 ppm. 

4-f2-Ca/iionieJJioxy&thy.lJ-5-f 3, 4-mjeJihyL2niijdlox:yphejrLyl)-4-ajJjioc.y^ 

(241a) - To a s t i r r e d s o l u t i o n of compound -^-'9(10.0 g, 0.04 mol) dissolved 

i n a mixture of i - b u t a n o l (200 ml) and THF (100 ml) was added seque n t i a l l y 

methyl a c r y l a t e (3.9 g, 0.04 mol) and A'-benzyltrimethylammonium hydroxide 

( T r i t o n B) (2.0 ml, 4 mmol). This mixture was s t i r r e d a t 20°C under n i t r o ­

gen f o r 48 hrs during which time the mixture darkened and some s o l i d pre­

c i p i t a t e d . The solvent was evaporated In vacuo and the residue extracted 

w i t h ether (3 x 300 m l ) ; the e x t r a c t s were f i l t e r e d and washed seque n t i a l l y 

w i t h ( i ) d i l u t e h y d r o c h l o r i c acid (300 m l ) , ( i i ) 10% sodium hydroxide s o l ­

u t i o n (300 m l ) , ( i i i ) water (2 x 300 m l ) . The ether layer was then dr i e d 

(MgSO^) and evaporated. Addition of cyclohexane t o the r e s u l t i n g s o l i d 

and/or r e c r y s t a l l i s a t i o n from methanol afforded product 241a, l i g h t tan 

c r y s t a l s , (12.3 g, 92%) mp 98-100°C. Calculated f o r C^^H^gNOg C 61.3, 

H 5.7, N 4.2; found C 61.6, H 5.7, N 4.0%. m/e 286 ( E l . M'*"-N02) 

or 287 ( C I ) , M"̂  333 absent; V ( n u j o l ) 1735, 1530, 1352, 1315, 1250, 
in 3.x 

1210, 1180, 1170, 1030, 979, 956, 930, 899, 830, 815, 662 and 646 cm"^ 

6^(0001^) 6.75-6.60 (3H, m), 5.9 (2H, s ) , 5.8 (2H, m). 3.7 (3H, s ) , 

3.4 ( I H , d, J = 6.9 Hz), 2.8-2.1 (8H, m); 6^(0001^) 172.3, 147.6, 146.8, 

133.3, 126.0, 124.0, 121.7, 108.1, 107.9, 100.9, 91.9, 51.7, 46.3, 31.9, 

30.7, 28.5 and 27.5 ppm. 

4-(2-CanAonLe±ho>cyeJAyl)-5-(3, 4-d-vmJJ\ox.yph^yl)-4-rLltzocycloh^iine. 

(241i.) - This compound was prepared analogously t o 241a from 240 , and 

i s o l a t e d i n 75% y i e l d , mp 86-89°C (from methanol). Calculated f o r 

'^18"23^°6 ^ " ^ ^ " ^ '̂̂ ^̂  
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m/e 303 ( C I , M"''-N0^), M"*" 3'̂ 9 absent; v ( n u j o l ) 1735, 1608, 1586, 1535, 

1329, 1298, 1266, 1236, 1205, 1185, 1157, 1149, 1035, 1008, 980, 870, 837, 

820, 773, 720 and 663 cm"^; 6^^(00013) 6.76-6.74 (3H, m), 5.91-5.81 (2H, m), 

3.83 (3H, s ) , 3.80 (3H, s ) , 3.67 (3H, s ) , 3.45 (I H , d, J = 6.3 Hz) and 

2.81 -2.16 (8H, m); ^^(CDCl^) 172.3, 148.5, 148.3, 132.0, 126.1, 123.9, 

120.3, 111.3, 110.8, 91.9, 55.5, 51.7, 46.2, 31.7, 30.7, 28.5 and 27.7 ppm 

6-(3,4-neJJiy£jZJxe.cLloKyphejxyt)-2-oxo-1-a^a^pJjLo[4.5]<i^c-8-efi& (131a) -

N i t r o e s t e r 241a (24.5 g, 0.07 mol) was dissolved i n a mixture of absolute 

ethanol (600 ml) and concentrated h y d r o c h l o r i c acid (100 m l ) ; to t h i s 

s o l u t i o n was added, w i t h s t i r r i n g , zinc dust (80 g) ( a c t i v a t e d by pre-

treatment w i t h h y d r o c h l o r i c a c i d ) i n p o r t i o n s , causing the temperature of 

the mixture t o r i s e t o ca. 60°C. The mixture was then r e f l u x e d w i t h s t i r ­

r i n g f o r 15 h r s , and wh i l e s t i l l hot, f i l t e r e d la vacuo y i e l d i n g a clear 

green f i l t r a t e which was b a s i f i e d w i t h 20% aqueous sodium hydroxide solu­

t i o n (ca. 300 ml) and then r e f l u x e d f o r a f u r t h e r 3 hrs. The hot, basic 

s o l u t i o n was f i l t e r e d and evaporated -in vacuo nearly t o dryness when the 

residue was dissolved i n water (700 ml) and extracted i n t o chloroform (3 x 

300 m l ) . The organic l a y e r was washed s e q u e n t i a l l y w i t h ( i ) 10% aqueous 

h y d r o c h l o r i c a c i d (300 m l ) , ( i i ) 10% sodium c h l o r i d e - 10% sodium carbon­

ate s o l u t i o n (300 m l ) , ( i i i ) water (300 ml) and then d r i e d (MgSO^) and 

evaporated -In vacuo to y i e l d a s t i c k y s o l i d , which, on washing w i t h ether 

gave compound 737a as a white powder (9.6 g, 96% crude y i e l d ) . Further 

washing w i t h ether and/or acetone yielde d pur_e compound 737a (18.1 g, 91%) 

mp 179-181°C. Calculated f o r Ĉ Ĥ̂ N̂Ô  C 70.9, H 6.3, N 5.2; found C 70.7, 

H 6.5, N 4.9%; m/e 271 ( E I ) , 272 ( C I ; M"^); v ( n u j o l ) 1675, 
max 

1480, 1302, 1255, 1232, 1094, 1033, 931, 852, 845, 820, 815, 766 and 691 

cm"S 6„(CDC1^) 7.58 (NH, s ) , 6.81 ( I H , s ) , 6.75 (2H, s) 5.90 (2H, s ) , 

5.8-5.6 (2H, m) and 2.8-1.4 (9H, m); 6^(0001^) 178.0, 147.2, 146.2, 134.6, 

126.9, 124.2, 121.6, 108.6, 107.8, 100.6, 59.9 (s p i r o - C ) , 47.9, 39.7, 
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32.1, 30.0 and 29.8 ppm. 

6-(3, 4'Dim£jJio>cyphenyl)-2-OKO-1 -a^a^pJjio[4.'~>]d£.c.-8-ejxe. (236a) - This 

compound was prepared from 241 analogously t o compound 131a and was i s o ­

l a t e d as a white powder i n 72% y i e l d , mp 134-136°C (from acetone). Calcu­

l a t e d f o r C^^H2^N02 C 71.1, H 7.3, N 4.9; found C 71.3, H 7.8, N 4.4% 

m/e 228 ( C I ) , 287 ( E I ; M^); v (KBr) 3160, 3012, 2905, 1690, 
ni3.x 

1589, 1510, 1460, 1370. 1310, 1265, 1238, 1160, 1141, 1035, 800, 767, 670 

and 648 cm"^ 6^(0001^) 6.83-6.81 (3H, m), 6.44 ( I H , s, NH), 5.86 (I H , m), 

5.70 ( I H , m), 3.86 (3H, s ) , 3.85 (3H, s ) , 2.80 (I H , t , J = 7.7 Hz), 2.5-

1.9 (6H, m), 1.85 ( I H , m) and 1.45 ( I H , m); 6(.(CDCl3) 177.8, 148.6, 148.0 

133.3, 127.1, 124.6, 120.8, 111.4, 110.9, 59.8, 55.7. 47.8, 39.7, 32.3 and 

30.0 [probably two carbons at 630.0ipn by analogy w i t h compound 757a ] . 

6-(3, 4-nzihylj^TiejdJ-0>cyphejiyt-2-tlxlo-1 -azaApJ^ (253) -

To a s t i r r e d s o l u t i o n of lactam 757a (1.4 g, 5.2 mmol) i n dry toluene or 

dry benzene (100 ml) under n i t r o g e n was added phosphorus pentasulphide 

(3.0 g, 6.5 mmol) and the mixture was heated a t r e f l u x f o r 3 hrs, then 

cooled and d i l u t e sodium hydroxide s o l u t i o n added t o r a i s e the pH t o ca. 9 

whence a t h i c k yellow suspension formed. The mixture was extracted i n t o 

toluene-petroleum ether (bp 40-60°C) (2:1 v/v) (3 x 100 ml) and the com­

bined e x t r a c t s washed s e q u e n t i a l l y w i t h 100 ml portions of ( i ) 10% sodium 

c h l o r i d e s o l u t i o n , ( i i ) 10% sodium carbonate s o l u t i o n and ( i i i ) water, 

and then d r i e d (MgSO^) and evaporated in vacuo to leave a s o l i d which was 

r e c r y s t a l l i s e d from toluene to a f f o r d colourless c r y s t a l s of compound 253 

(1.15 g, 80 % ) , mp 157-160°C. Calculated f o r C^^H^^N02S C 66.9, H 5.9, 

N 4.9, S 11.2; found C 67.3, H 6.2, N 4.7, S 11.6%, m/e 287 ( E I ) , 288 (CI; 

M+). V (KBr) 3130, 1500, 1480, 1238, 1220, 1162, 1045, 942, 858, 781 

and 680 cm",^'5^(CDCl2) 9.35 ( I H , s, NH) 6.80 (I H , s ) , 6.75 (2H, s ) , 5.92 

(2H, s ) , 5.85-5.68 (2H, m) and 2.68-1.82 (9H, m); 6^(00013) 
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146.4, 133.7, 127.1, 123,9, 121.6, 108.6, 108.0, 100.7, 69.0, 47.7, 42.4, 

38.3, 34.1, and 30.1 ppm. 

6-(3,4--ne±hyl&n&dlo)cyphj&ny£)-1-aza^plyio[4-.5]djzc-8-ej^ (131&-) -To a 

s t i r r i n g suspension o f l i t h i u m aluminium hydride (3.3 g, 86 mmol) i n 

r i g o r o u s l y d r i e d ether ( d i s t i l l e d s e q u e n t i a l l y from sodium and l i t h i u m 

aluminium hydride) under nit r o g e n was added lactam 757a (3.2 g, 11.8 ramol) 

i n p o r t i o n s over 0.5 h a t a rate s u f f i c i e n t t o maintain gentle r e f l u x . 

The r e a c t i o n mixture was then heated and s t i r r e d a t r e f l u x f o r 4 days, 

then cooled and t r e a t e d w i t h water (6 ml) and 20% sodium hydroxide s o l u ­

t i o n (9 m l ) . The mixture was warmed t o room temperature, f i l t e r e d and the 

f i l t r a t e washed s e q u e n t i a l l y w i t h ( i ) 20% sodium hydroxide s o l u t i o n (50 ml) 

and ( i i ) water (50 m l ) , then d r i e d (MgSO^) and evaporated at reduced pres­

sure t o y i e l d compound 131£. as a viscous, pale yellow o i l (2.73 g, 90%) 

Calculated f o r ̂ i^i^^^2 ^ ^ ^ 257.14158; found 

C 75.2, H 7.6, N 5.)4%, m/e 257.13917; v (neat) 3320, 3020, 2960, 2895, 

2830,.1608, 1505, 1487, 1437, 1409, 1373, 1332, 1292, 1245, 1125, 1110, 

1046, 940, 870, 812, 730, 666 and 560 cm'^; djI^CDClg) 6.97 ( I H , s, NH), 

6.8-6.7 (3H, m), 5.89 (2H, s ) , 5.84 ( I H , m), 5.69 ( I H , m), 2.94 (2H, t , 

J = 6.42 Hz), 2.74 ( I H , t , J = 6.03 Hz), 2.4 (2H, m), 2.07 (2H, m) and 

1.8-1.5 (4H, m); ^(.(CDCl^) 147.3, 146.0, 137.8, 127.5, 126.1, 121.9, 109.0, 

107.6, 100.7, 62.0, 47.2, 45.0, 37.4, 36.7, 31.6 and 24.9 ppm. The 

hyd r o c h l o r i d e s a l t of amine (18a) was obtained from the amine and 5 M 

h y d r o c h l o r i c a c i d a f t e r 0.5 hrs at room temperature, as a white s o l i d , 

mp ca. 200°C (dec) Calculated f o r CJ^H2QC1N02 C 65.4, H 6.8, N 4.8; found 

C 65.1, H 6.5, N 4.2%. 

6-( 3, 4-DJjnatho.'cyphejiyl)-1 -a2.a'ip.bzo[ ]de.c-8-ejie. (236i) - This com­

pound was prepared from lactam 236a, under the same conditions as com­

pound 757^, and i s o l a t e d as an o i l ( y i e l d varied between 80-90%). 
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Calculated f o r C,^H„„NO„ m/e 273.17288; found m/e 273.16895. v (neat) 
11 IS I max 

3020, 2940, 2895, 2830, 1587, 1506, 1A45, 1260, 1235, 1145, 1033, 810, 

766, 695 and 655 cra"^ Sj^CCDCl^) 7.04 ( I H , s,, NH), 6.87-6.74 (3H, m), 

5.83 ( I H , m), 5.67 ( I H , m), 5.67 ( I H , m), 3.83 (6H, s ) , 2.90 (IH, t , J = 

6.39 Hz), 2.74 ( I H , t , J = 6.26 Hz), 2.45 (2H, m) and 2.13-1.47 (7H, m); 

6^(CDCl2) 147.8, 146.9, 136.1, 127.1, 125.5, 120.4, 111.5, 110.0, 61.4, 

55.2, 46.6, 44.5, 37.1, 36.1, 31.1 and 24.3 ppra. The hydrochloride s a l t 

of amine (18b) was prepared from the amine and 5 M hydrochloric acid, white 

s o l i d , mp ca.- 200°C (dec). Calculated f o r Ĉ -̂ H2̂ C1N02 C 54.9, H 7.8, 

N 4.5; found C 65.8, H 8.2, N 4.3%. 

6-(3, ^-ndLhyLzrLadJ.0Kyph&nyl)-2-m.2JJxyJtU^ 4, 5]cLzca-1, 8-

cLiene. hydA-O-ioducLe. (254) - Thiolactam, 253, (1.53 g, 5.3 mmol) was dissolved 

i n dry THF (130 ml) and methyliodide (6.7 g, 47 ramol) was added w i t h s t i r ­

r i n g . The s o l u t i o n r a p i d l y turned golden and a p r e c i p i t a t e of s a l t 254 

began t o form w i t h i n 0.5 h r s . A f t e r s t i r r i n g f o r 15 hrs at 20°C the 

mixture was evaporated i n vacuo and the s o l i d was washed w i t h ether (20 m l ) , 

f i l t e r e d and d r i e d t o y i e l d compound 254^ a pale yellow s o l i d (1.99 g, 

87%) mp 185-186.5°C. Calculated f o r C^^H2QNSI C 47.6, H 4.7, N 3.3; 

found e 47.5, H 4.5, N 3.0%; v^^^ (KBr) 3430 (broad), 3030, 2990, 2910, max 
2780, 1575, 1505, 1490, 1448, 1240, 1040, 930, 855, 818 and 680 cm"^ 

6^(CDCl3) 6.88-6.72 (3H, m), 5.95 (2H, s ) , 5.82-5.70 (2H, m), 3.4 (I H , m), 

3.2 ( I H , m), 2.7 (3H, s, SCH^), 2.6-1.8 (8H, m);6 ^{CDCl^) 198.5 (i=N), 

149.8, 149.0, 134.3, 128.4, 124.3, 123.2, 109.9, 109.5, 102.7, 77.4, 49.6, 

38.7, 37.9, 33.4, 30.6 and 16.0 ppm. 

6-(3, 4-ne.tkyl£n&dlo^yphenyl)-2-m£JMyWilo-1-aza'ip.l/io[4. 5]de.ca- 1,8-

cLicne. (255) - S a l t , 254, (244 mg, 0.56 mmol) was dissolved i n dry t e t r a -

hydrofuran (100 ml) and sodium borohydride (38 mg, 1.0 mmol) was added. 

A f t e r 2. hrs when the s o l u t i o n was cle a r and col o u r l e s s , 20% sodium 
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hydroxide s o l u t i o n (75 ml) was added and two layers l e f t t o separate. The 

THF l a y e r was c o l l e c t e d , d r i e d (MgSO^) and evaporatedin vacuo t o leave 

a g e l a t i n o u s , c l e a r o i l (80 mg, 47%). Calculated f o r Q,^-j]A^^S>Q^ m/e 

301.11365; found 301.11435; v (CDC1„-CC1,) 3020, 2890, 1585, 1500, 

1485, 1440, 1315, 1250, 1230, 1100 and 1045 cra"^6 ^(CDClg) 6.70-6.60 (3H, 

m), 5.90 (2H, s ) , 5.91-5.71 (2H, m), 2.80 ( I H , m), 2.64 ( I H , m), 2.47 (3H, 

s, S-CH^), 2.35-2.10 (4H, m), 1.92 ( I H , m) and 1.55 (2H, m); 6^(0001^) 

172.3 (C=N), 147.5, 146.3, 136.5, 127.2, 125.2, 122.2, 109.3, 107.6, 

100.8, 77.2, 49.6, 40.3, 38.2, 35.2, 31.1 and 13.7 ppm. 

8, 9-neJJiytenejdlo>cy-1, 4, 4a, 5, 6, 1 Ot-hjzxahydA.ocycJ.opejTJia[e.]phenanthMJjcU^ 

(312) - Amine 7311 (3.0 g, 11.7 mmol) was added t o a mixture of 37% 

f o r m a l i n s o l u t i o n (60 ml) and 20% aqueous hydrochloric acid (120 m l ) . A f t e r 

3 hrs a t r e f l u x the mixture was b a s i f i e d w i t h 20% sodium hydroxide s o l u t i o n , 

e x t r a c t e d i n t o chloroform and the chloroform e x t r a c t was dri e d and evapor-
t 

ated t o y i e l d a yellow s o l i d which was r e c r y s t a l l i s e d from methanol (a d d i ­

t i o n of water t o a saturated methanol s o l u t i o n assisted c r y s t a l l i s a t i o n of 

the product) t o y i e l d compound 372; a white s o l i d , (2.38 g, 75%) mp 88-90°C, 

Calculated f o r C^yU^gm^ C 75.8, H 7.1, N 5.2; found C 76.2, H 7.2, N 4.9% 

m/e 270 ( C I ; M+); (KBr) 3020, 2890, 2770, 1480, 1435, 1365, 1322, max 
1312, 1270, 1234, 1205, 1158, 1130, 1112, 1040, 932, 845 and 656 cm"^ 

6^(CDCl2) 6.97 ( I H , s ) , 6.66 ( I H , s ) , 5.90 (2H, s ) , 5.65 ( I H , m), 5.4 (IH, 

m), 3.93 ( I H , d, J = 13.5 Hz), 3.67 ( I H , d, J = 13.5 Hz), 3.10 ( I H , m), 

2.78-2.54 (4H, m), 1.95-1.86 (3H, m), and 1.64-1.52 (3H, m); 6^ 146.4, 

145.3, 132.7, 129.6, 126.6, 123.9, 107.1, 105.6, 100.7, 61.4, 54.6, 53.3, 

40.8, 36.6, 33.3, 25.5 and 23.1 ppm. 

8, 9-Diirie.tAoKy-l, 4, 4a, 5, 6, 10i-/xe.KahycLzocyclopenta[z]phjmanihyudlna 

(313) - By analogy w i t h the preparation of compound 312, amine 236i 

y i e l d e d compound 313, 65% white powder, mp 121-124°C (from methanol-water). 
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Calculated f o r C^gH23N02 C 75.8, H 8.1, N 4.9; found C 75.4, H 8.4, N 4.2%; 

m/e 286 (CI;M+); V (KBr) 1610, 1512, 1464, 1366, 1344, 1320, 1283, 

1220, 1208, 1191, 1131, 1120, 1105, 1058, 861, 743 and 669 cm"^ 6„(CDC1^) 
n 3 

6.70 ( I H , s ) , 6.66 ( I H , s ) , 5.63 ( I H , m), 5.38 ( I H , m), 3.91 ( I H , d, J = 

13.7 Hz), 3.83 (3H, s ) , 3.82 (3H, s ) , 3.75 ( I H , d, J = 13.7 Hz), 3.01 (IH, 

m), 2.87-2.67 (3H, m), 2.54-2.47 ( I H , ra), 1.93-1.86 (3H, m), 1.66-1.56 (3H, 

m); 6^(CDCl3) 147.1, 146.5, 130.5, 127.7, 126.0, 123.4, 109.5, 108.1, 60.6, 

55.5, 53.5, 52.0, 40.3, 35.9, 30.8, 25.1 and 22.1 ppm. 
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i i CHAPTER 3 

N-ni&±hyl-8, 9-nie.thytenejcUo^y-l, 4, 4a, 5, 6,10t-kejcah.y(irioc.ycJLopen±a[e.] 

phiznanihnMiinJjm. -!>alt/>: (a) IocLide.(3T9a) - To a s o l u t i o n of amine, 312, 

(0.2 g, 0.75 mmol) i n dry methanol (20 m l ) , was added methyl iodide 

(640 mg, 4.5 mmol), and the mixture heated at r e f l u x f o r 4 hrs. The 

methanol and excess methyl iodide were then removed in vacuo^ the 

crude product washed w i t h d i e t h y l ether, y i e l d i n g methiodide s a l t , 579a 

(300 mg, 95%) as a pale yellow powder mp 201-202°C. Calculated f o r 

C^gH22N02l C 51.55, H 5.4, N 3.4; found C 51.48, H 5.7, N 3.0%. 

(b) kex.a^o/iopko.6pkatz (319&.) - Methiodide s a l t 379a^ (50 mg, 0.12 mmol), 

was dissolved i n water (15 m l ) , and t o t h i s s t i r r i n g s o l u t i o n was added 

excess hexafluorophosphoric a c i d , r e s u l t i n g i n an immediate white p r e c i p i ­

t a t e . A f t e r 5 mins, t h i s p r e c i p i t a t e was f i l t e r e d o f f , washed w i t h cold 

water and d r i e d i n vacuo, t o provide hexafluorophosphate 319^ (50 mg, 96%) 

as a white powder. Calculated f o r C^gH22N02PFg C 50.23, H 5.20, N 2.89; 

found C 49.97, H 5.17, N 3.26%. 

/^-(2-cAlo/ioac^y£.)-3,4-cUm^lhoxyphenMjtAyIamUne. (260):- To a s o l u t i o n 

of 3,4-diniethoxyphenethylamine (4.5 g, 0.025 mol) i n d i e t h y l ether (150 ml) 

w i t h t r i e t h y l a m i n e (10 m l ) , at -10°C, was added c h l o r o a c e t y l c h l o r i d e (4.5 g, 

0.04 mol) i n d i e t h y l ether (50 m l ) , dropwise w i t h e f f i c i e n t s t i r r i n g , over 

2 h r s , under N2. A f t e r completion of t h i s a d d i t i o n , the mixture was 

allowed t o warm t o r . t . o vernight. The r e a c t i o n mixture was then poured 

i n t o a c i d i c (H2S0^) i c e water (150 ml, pH 3) and shaken vigoro u s l y , then 

e x t r a c t e d w i t h chloroform ( 3 x 150 m l ) . The combined e x t r a c t s were then 

washed s e q u e n t i a l l y w i t h ( i ) 5% aq. sodium hydroxide (2 x 100 m l ) , ( i i ) 

IM h y d r o c h l o r i c a c i d (100 ml) ( i i i ) water (100 m l ) , d r i e d (MgSO^), f i l t e r e d 

and evaporated. The r e s u l t i n g sandy coloured s o l i d was column chromato-

graphed (alumina column, 20 x 4 cm) e l u t i n g w i t h chloroform, t o y i e l d the 
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amide, 260 (4.44 g, 70%) as a pale brown s o l i d mp 85-86.5°C. Calculated 

f o r C,„H,,N0„C1 C 55.92, H 6.21, N 5.44, CI 13.8; found C 56.36, H 6.45, 
i z i b 3 . 

N 5.10, CI 14.2%; v (KBr) 3230, 3072, 2995, 2935, 2828, 1639, 1577, 

1510, 1460, 1433, 1418, 1334, 1259, 1238, 1204, 1157, 1139, 1038, 1026, 

942, 853, 802, 761, 693, 630, 577, 440 cm"\ 

N-(2-cA£o/ioace.ty£.)-6-(3, 4-rri^tAylejiejcLlo>cyph£ny£)-1 -azaAp-uio[4. 5]de.c-

8-ejie. (325) - To a s t i r r i n g s o l u t i o n of amine '̂̂ ,̂ (O.lg, 0.4mmol) i n 

d i e t h y l ether (40 m l ) , cooled t o -15°C, was added, under N^, chloroacetyl 

c h l o r i d e (62 mg) i n d i e t h y l ether (8 m l ) , over several minutes, r e s u l t i n g 

i n r a p i d formation of a white p r e c i p i t a t e . The mixture was then allowed 

t o warm t o r . t . , poured i n t o a c i d i c (H2S0^) i c e water (75 ml, pH3), and 

ex t r a c t e d w i t h chloroform (3 x 70 m l ) . The combined e x t r a c t s were washed 

s e q u e n t i a l l y w i t h ( i ) 5% aq. sodium hydroxide (2 x 100 m l ) , ( i i ) IM HCl 

(50 m l ) , ( i i i ) brine (50 m l ) , d r i e d (MgSO^), f i l t e r e d and evaporated, 

t o y i e l d crude amide 325 (115 mg, 89%) as an o f f - w h i t e s o l i d , which 

was not obtained a n a l y t i c a l l y pure, but was characterized spectroscopically, 

m/e 333 ( E I , M"^), 334 ( C I ) ; v (KBr) 3020, 2960, 2890, 1655, 1481, 1438, 
[n3.x 

1395, 1330, 1248, 1230, 1178, 1150, 1115, 1094, 1037, 930, 858, 802, 

662 cm"^; 6^(CDCl3) 6.77-6.6 (3H, m), 5.91 (2H, d, J = 3.62 Hz), 5.82 (2H, 

s ) , 3.87 ( I H , br, s ) , 3.68-3.44 (3H, br s ) , 2.8 ( I H , br, s ) , 2.45 (2H, m), 

2.22-2.03 (3H, m), 1.8-1.6 (3H, m); ^^(CDCl^) 164.96, 147.6, 146.3, 137.2, 

126.96, 125.5, 121.9, 108.7, 107.9, 100.8, 68.4, 49.0, 47.6, 44.2, 40.5, 

34.2, 31.8, 21.7 ppm. 

N-(2-cayiAome.ihoxyaoe.iy.lJ-6-(3, 4-m.elAylanecLioxyphenyIJ-1 -aza'!)poiof4. 5J 

de.c-8-tme., (326) - To a s t i r r i n g s o l u t i o n of amine 245, (0.5 g, 1,9 mmol) 

i n d i e t h y l ether (40 ml) and t r i e t h y l a m i n e ( 1 ml), at ca, -15°C, was 

added me t h y l o x a l y l c h l o r i d e (0,33 g, 3,1 mmol), i n d i e t h y l ether (8 ml), 

i n small p o r t i o n s over 1 hr, The r e s u l t i n g white suspension was allowed 
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t o warm t o r . t . o v e r n i g h t , was poured i n t o a c i d i c (H2S0^) i c e water (100 ml, 

pH3) and ext r a c t e d w i t h chloroform (3 x 150 m l ) . The combined extracts 

were washed s e q u e n t i a l l y w i t h ( i ) 10% aq. K2CO2 (200 m l ) , ( i i ) brine (lOOml), 

d r i e d (MgSO^), f i l t e r e d and evaporated t o y i e l d amide-ester 52(5(0.66 g, 

99%) as a white s o l i d mp 105-107°C m/e 343 ( E I , M"*"), 344 ( C I ) ; Calculated 

f o r C^gH2^N0^ C 66.47, N 6.12, H 4.08; found C 66.43, H 6.29, N 3.83%; 

V (KBr) 3022, 2967, 2890, 2775, 1742, 1660, 1502, 1488, 1443, 1418, 
ni3.x 

1378, 1255, 1213, 1160, 1122, 1102, 1048, 985, 971, 944, 906, 876, 853, 

818, 764, 748, 732, 718, 705, 682, 658, 523, 508, 440, 418, 362 cm"^; 

6 (CDCl^) 6.8-6.5 (3H, m), 5.8 (2H, s ) , 5.7 (2H, m), 3.7 (3H, s ) , 3.5-3.2 
n J 

(3H, m), 2.9-2.6 ( I H , t , J =16Hz), 2.5-2.3 (2H, m), 2.2-2.0 ( I H , m), 

1.9-1.5 (4H, m),; 6^(CDCl3) 163.4, 160.2, 147.6, 146.2, 136.6, 126.7, 

125.2, 121.8, 108.5, 107.7, 100.6, 68.4, 52.0, 48.8, 46.6, 40.1, 32.7, 

31.4, 21.8 ppm, 

N-caMJleJJioxyeJJiyl-6-(3, 4-rmiAyLm£dlox.yphLejiyt)-1-az.aipjjio[4, 5 JcLzc-

8-&ne. (331) - A mixture of amine 245, (4.37 g, 0.017 mol), K2CO2 (2.54 g,. 

0.018 mol), bromoethylacetate (3.00 g, 0.18 mol), and 18-Crown-6 (50 mg, 

0.2 mmol) under dry n i t r o g e n , i n f r e s h l y d i s t i l l e d a c e t o n i t r i l e (300 ml), 

was heated at r e f l u x f o r 18 hrs. The r e a c t i o n mixture was cooled and 

f i l t e r e d , the solvent removed la uacuo, and the crude residue chromato-

graphed (alumina column, 25 x 4 cm), e l u t i n g w i t h 1:1 hexanes-ethyl acetate. 

The pure amino-ester 557 (5.81g, 99%) was obtained as a white s o l i d on 

prolonged d r y i n g under high vacuum mp 72-74°C. m/e 343 ( E I , M"^), 344 (CI) 

Calculated f o r C2QH25NO^ C 69.97, H 7.29, N 4.08; found C 70.30, H 7.52, 

N 3.19%; V (neat) 3060, 3023, 2956, 2866, 2815, 2767, 2695, 1738, 1652, 

1623, 1604, 1505, 1487, 1446, 1419, 1378, 1254, 1244, 1194, 1164, 1139, 

1126, 1107, 1042, 962, 940, 935, 913, 876, 847, 805, 729, 712, 692, 667, 

641, 535 cm"^ 6^(CDCl3) 7.24 ( I H , s ) , 6.86 ( I H , d ) , 6.68 (I H , H, J = 7.9Hz), 

5.9 (2H, d, J = 8Hz), 5.85-5.72 (2H, m), 4.25-4.1 (2H, m), 3.61-3.56 (lH,d, 
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J = 16.7 Hz), 3.14-2.98 (2H, m), 2.6 ( I H , t , J=6.2 Hz), 2.49-2.32 (3H, m), 

2.15 (2H, s ) , 1.9-1.81 ( I H , m), 1.66-1.26 (5H, m), 1.27-0.92 ( I H , m); 

(CDCl^) 172.6, 146.9, 145.6, 137.8, 126.2, 126.4, 122.4, 109.8, 107.1, 

100.4, 63.2, 60.1, 55.1, 53.6, 50.4, 40.2, 33.6, 31.6, 22.8, 14.1 ppm. 

N-(2-hydjiOKy2ihyl)-6-(3, 4-m£.thylerLedlox.yphenyl)-1 -az.aApla.of 4.5]cLe.c 

-8-eiie. (332) - To a s t i r r i n g suspension of LAH (480 mg, 20 mmol) i n r i g o r ­

ously d r i e d , f r e s h l y d i s t i l l e d d i e t h y l ether (50 m l ) , was added amino-

ester (483 mg, 1.4 mmol) i n small p o r t i o n s over 5 mins. The mixture 

was heated at r e f l u x f o r 24 h r s , and was then cooled to ca. -5°C i n an 

i c e / s a l t bath. Water ( 1 ml) was added dropwise, w i t h e f f i c i e n t s t i r r i n g , 

over 45 mins, followed by aq. sodium hydroxide (30% 3 ml) i n portions over 

20 mins. This mixture was then s t i r r e d and allowed t o warm t o r . t . over 

2 hrs and the s o l u t i o n f i l t e r e d from the inorganic residues. Water (25 ml) 

was added t o the f i l t e r e d s o l u t i o n , and was extracted w i t h d i e t h y l ether 

(3 X 50 m l ) . The combined e x t r a c t s were washed s e q u e n t i a l l y w i t h ( i ) 20% 

aq. Na2C02 (30 ml) ( i i ) b r i n e (30 m l ) , d r i e d (MgSO^), f i l t e r e d and evap­

orated t o leave amino-alcohol, 332 (420 mg, 99%) as a t h i c k colourless 

o i l . The product showed no s i g n i f i c a n t i m p u r i t i e s by t . l . c , but could 

be f u r t h e r p u r i f i e d by column chromatography (alumina column, 31 x 2 cm) 

e l u t i n g w i t h 3:2 e t h y l acetate-hexanes, r e t u r n i n g 402 mg (95%) of a t h i c k 

o i l , assigned s t r u c t u r e 332 from s p e c t r a l data, m/e 302 ( E I , M"*" + 1 ) , 

302 ( C I ) ; 6j^(CDCl3) 6.8 ( I H , s ) , 6.65 (2H, m), 5.8 (2H, s ) , 5.75 (2H, s ) , 

3.44-3.3 (2H, m), 3.0 ( I H , t , J = 8.2Hz), 2.6 ( I H , t , J= 5.5Hz), 2.52-2.11 

(6H, m), 1.93-1.82 (2H, m), 1.61-1.5 (2H, m), 1.25-1.18 ( I H , m); 6^(CDCl3) 

147.4, 145.9, 138.3, 127.5, 126.6, 122.4, 109,1, 107.7, 100.8, 63.8, 60,1, 

52.8, 52.1, 49.2, 39.9, 32.4, 31.8, 22,1 ppm 

N-(2-chlo/ioiiihyl)-6-(3, 4-me.thylejie.cU.0Kyphejiy£)-1 -aza^pJjiol4, 5]de.c-

8-ejie. (333) - To a s o l u t i o n of amino-alcohol 332 (65 mg, 0,2 mmol) i n 
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toluene ( 5 ml) was added phosphorus oxychloride, and the mixture heated 

a t r e f l u x f o r 24 h r s . The cooled r e a c t i o n mixture was then poured i n t o 

water (10 ml) and s t i r r e d thoroughly. This mixture was b a s i f i e d with aq. 

sodium hydroxide (10%, 5 m l ) , and extracted w i t h chloroform (3 x 40 ml). 

The combined e x t r a c t s were washed w i t h brine (20 m l ) , d r i e d (MgSO^), 

f i l t e r e d and evaporated. The crude product was chromatographed (alumina, 

column 42 x 1.5 cm) e l u t i n g w i t h 2:1 cyclohexane-ethyl acetate, to y i e l d 

a pale o i l (56 mg, 69%), p r o v i s i o n a l l y assigned as c h l o r i d e from 

mass s p e c t r a l and NMR data. Elemental analysis could not be obtained, 

m/e 319 ( E I , M"^), 320 ( C I ) ; 6^(CDCl3) 147, 145.9, 138.2, 128, 126.6, 122.3, 

109.6, 107.4, 100.6, 64.1, 54.5, 53.6, 50.6, 44.0, 40.3, 32.5, 31.9, 

22.7 ppm. 

N-c:aAAot&jdiA.LLio>cyrrLeihy£-6-(3, 4-riieJJiytenejiioKypk&ny£.)-2-OKO-.1 -aza/>pjjio 

[4.5]de.c-8-en2. (336) - To a s t i r r i n g s o l u t i o n of lactam 757a (3.07 g, 

11.3 mmol), i n f r e s h l y d i s t i l l e d t e r t - b u t a n o l (150 m l ) , at 45°C, was added 

potassium t e r t - b u t o x i d e (2.67 g, 23.8 mraol), and the mixture warmed to 

70°C t o complete d i s s o l u t i o n . To t h i s s o l u t i o n was added bromo-tert-

b u t y l a c e t a t e (4.85 g, 24.9 mmol), i n one p o r t i o n , where upon a beavy white 

p r e c i p i t a t e formed almost immediately. The mixture was then heated at 

80°C f o r 15 h r s , and the t e r t - b u t a n o l then removed In vacuo . To the 

residue was added water (50 m l ) , and t h i s was extracted w i t h dichloromethane 

(3 X 150 m l ) . The combined e x t r a c t s were washed w i t h b r i n e (50 m l ) , dried 

(MgSO^), f i l t e r e d and evaporated t o leave a gum. Chromatography (alumina 

column, 20 x 4.5 cm) e l u t i n g w i t h e t h y l acetate, provided N-alkylated 

product 556 (4.2 g, 97%) as a white s o l i d ; mp 126-128°C; m/e 385 ( E I , M"̂ ), 

330 ( C I , M''"-isobutenyl). Calculated f o r C22H2yN0^ C 68 39 H 7 26 N 3 86-

found C 68.00, H 7.12, N 3.94 %; v (KBr) 3130, 2985, 1745, 1690, 1488 

1443, 1415, 1388, 1367, 1255, 1235, 1559, 1040, 940, 850, 810, 778. 745, 

670 cm" ^; 6^^ (CDCl^) 6.7-6.5 (3H, m), 5.88 (2H, s ) , 5.82-5.69 (2H, m), 

- 145 -



4.12-4.03 ( I H , d, J = 17 Hz), 3.36-3.26 ( I H , d, J = 8.7 Hz), 2.8-2.7 ( I H , 

t , J = 6.6 Hz), 2.5-2.2 (4H, m), 2.1-1.98 (3H, m), 1.86-1.74 ( I H , m), 

1.37 (9H, s ) ; 6^(CDCl2) 176.3, 168.7, 147.9, 146,7, 135.0, 127.1, 125.5, 

122, 108,7, 108.5, 101,1, 81.7, 63.3, 48.6, 44.6, 35.9, 34.2, 31.4, 29.3, 

18.0 ppm, 

N-caA&.ot&MJihxtoKymeJihyt-6-(3, 4-dJjnjziJxoKyphen.y£)-2~ox.o-1 -az.a/>pZn.o[4. 5] 

dLe,c-8-ejxe, (323) [R = Ke, Y = C02'^Bu], was prepared analogously t o , 

s t a r t i n g from 236a (1.1 g, 3.8 mmol), i n t - b u t a n o l (50 m l ) , w i t h potassium 

t e r t - b u t o x i d e (871 mg, 7.8 mmol), and br o m o t e r t - b u t y l acetate (1.51 g, 

7.74 mmol). Chromatography (alumina column, 25 x 2 cm), e l u t i n g w i t h 

e t h y l acetate a f f o r d e d the product as a white s o l i d (1.47 g, 96%), mp 

126-127°C; m/e 401 ( E I , M"^), 346 ( C I , M"^-isobutenyl). Calculated f o r 

C„„H„,N0^ C 68.83, H 7.73, N 3.49- found C 68.48, H 7.87, N 2.92%;V 

(KBr) 3075, 3025, 2970, 2925, 2831, 1740, 1688, 1590, 1517, 1461, 1413, 

1368, 1336, 1260, 1250, 1240, 1224, 1149, 1027, 900, 862, 852, 830, 758, 

742. 662 cm~^ 6jj(CDCl3) 6.81-6.71 (3H, m), 5.9-5.77 (2H, m), 4.22-4.1 

( l H , d , J=17.2Hz), 3.85 (6H, s ) , 3.5-3.43 ( I H , d, J = 1.7 Hz), 2.87-2.81 

( I H , t , J = 7.3 Hz), 2.56-2.31 (4H, m), 2.12-1.69 (4H, m), 1.44 (9H, s) ppm, 

N-can&.omdUxoKymj2.thyl-6-(3, 4-mj2±hylefiexlloKyph^yl)2-ox.o-J-aza^p.uio[4, 5] 

de.c-8-ejie., (340) - T e r t - b u t y l ester 336 (2,78 g, 7.2 mmol) was dissolved 

i n analar methanol (300 m l ) , and cone. H2S0^ ( 2ml) added. The mixture 

was heated a t r e f l u x f o r 20 hrs, and then most of the methanol was removed 

In vacuo. VJater was then added (100 m l ) , and then the combined e x t r a c t s 

were washed s e q u e n t i a l l y w i t h ( i ) 10% aq. Na2C02 (2 x 30 ml) ( i i ) brine 

(50 m l ) , d r i e d (MgSO^), f i l t e r e d and evaporated. The crude product was 

chromatographed (alumina column, 15 x 3 cm) e l u t i n g w i t h e t h y l acetate, to 

y i e l d methyl e s t e r 340 (.2.48 g, 100%) as a white powder, mp 119-120°C; 

m/e 343 ( E I , M"^), 344 ( C I ) ; Calculated f o r C^gH2^N0^ C 66.47, H 6.12, 
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N 4.08; found C 66.03, H 5.94, N 3.73%; v (KBr) 3020, 2895, 1752, 1690, 
1113. X 

1503, 1487, 1440, 1412, 1385, 1340, 1308, 1252, 1237, 1210, 1176, 1118, 

1098, 1037, 930, 811, 668 cm"^ ; 6 fj(CDCl3) 6.75-6.61 (3H, m), 5.94 (2H, 

s ) , 5.91-5.76 (2H, m), 4.22, 4.15 ( I H , d, J= 17.4 Hz), 3.69 (3H, s ) , 3.49, 

3.39 ( I H , d, J = 17.8 Hz), 2.88-2,83 ( I H , t , J= 6.9 Hz), 2,54-2,28 (4H, m), 

2,18-2.08 (2H, m), 1,98-1,84 ( I H , m), 1.72-1,58 (IH, m); 6^(CDCl3) 176.4 

170,0, 147.9, 146,8, 135.0, 127,1, 125.3, 122.0, 108.6, 108.4, 101,1, 63.5, 

52.2, 48.4, 43.6, 35.5, 34.1, 31.4, 29.2 ppm. 

N-hycbioxycaAAome.ihyt-6-(3, 4-nie.thy£ene£LioKyph.eiiyl)-2-oxo-1 -azcupl/io 

[4.5]cLe,c-8-&rL(i (337) - Methyl ester 340 (1.115 g, 3.25 mmol) was d i s ­

solved i n ethanol (30 ml) and potassium hydroxide (2.20 mg, 3.93 mmol) 

added. The mixture was r e f l u x e d f o r 10 hrs, cooled and evaporated. To 

the residue was added aqueous ac i d (pH2) u n t i l the mixture was a c i d i f i e d 

t o t h i s pH. This was extracted w i t h e t h y l acetate (3 x 100 m l ) , the com­

bined e x t r a c t s washed w i t h brine (50 m l ) , d r i e d (MgSO^), f i l t e r e d and 

evaporated t o y i e l d lactam-acid, -̂̂ ^ (850 mg, 80%) as an o f f white powder, 

which was not obtained a n a l y t i c a l l y pure; mp 70,5-73°C; m/e 283 ( E I , M"'"-46), 

330 ( C I ) ; Calculated f o r C^gH^^NO^ C 65.65, H 5,78, N 4.26 m/e329.12632 ; 

found C 63.72, H 6.13, N 3.63%, m/e 329.11114; v (KBr) 3480, 2900, 

1735, 1635, 1487, 1440, 1283, 1170, 1035, 928, 870, 850, 810, 655, 580 cm~^ 

6-(3, 4-rmtAy£eiiecLLOxyph£jiy£.)2-OKO-1 -aza/ip-iyiof4, 5JcLe.c-8-ene.-1-cJAanal 

(338) - Methyl ester 340 (1.698 g, 4.95 mmol) i n f r e s h l y d i s t i l l e d toluene 

(30 ml) was cooled t o -78°C, and DIBAL-H (4.5 ml, 1.5 M. s o l u t i o n ) was 

added i n 1 ml p o r t i o n s at ca. 10 min i n t e r v a l s . A f t e r t h i s a d d i t i o n was 

complete, the mixture was s t i r r e d a t - 78°C f o r a f u r t h e r 3 hrs. I t was 

then quenched w i t h saturated aq. sodium b i s u l f i t e (50 m l ) , and allowed to 

warm t o r . t . , s t i r r i n g f o r 2 hrs. The b i s u l f i t e layer was c o l l e c t e d , and 

the organic phase extracted w i t h f u r t h e r b i s u l f i t e s o l u t i o n (2 x 50 ml). 
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These e x t r a c t s were combined, washed w i t h d i e t h y l ether (20 m l ) , and then 

b a s i f i e d t o pH8-9 by c a r e f u l a d d i t i o n of 20% aq. Na2C0^ i n small portions 

over 1 hr. The aqueous phase was then extracted w i t h e t h y l acetate (3 x 

150 m l ) , the combined e x t r a c t s washed w i t h brine (30 m l ) , d r i e d (MgSO^), 

f i l t e r e d and evaporated. The product was washed w i t h ether, which was 

removed under high vacuum t o y i e l d aldehyde 338 (812 mg, 56%) as an o f f 

white powder; which was not a n a l y t i c a l l y pure; mpt 79-81°C; m/e 313 ( E I , 

M"^), 314 ( C I ) , Calculated f o r C^gH^gNO^ C 66.85, H 6.69, N 3.90, m/e313,13408 

; found C 65.07, H 6.81, N 2,93%, m/e313,12770 ; v (KBr) 3023 

2900, 1732, 1685, 1507, 1491, 1443, 1412, 1385, 1341, 1306, 1254, 1240, 

1178, 1100, 1041, 933, 860, 813, 670 cm"^ 6j^(CDCl2) 9.44 (CHO, s ) , 

6,77-6,61 (3H, m), 5.96 (2H, s ) , 5.9-5.57 (2H, m), 4.25, 4.18 ( I H , d, 

J = 18.3 Hz), 3,5, 3.43 ( I H , d, J = 17,8 Hz), 2,91-2.85 ( I H , t , J = 6.6Hz), 

2,58-2.51 ( I H , m), 2.32-2,22 (2H, m), 2.18-1.99 (2H, m), 1,95-1.86 (IH, m), 

1,77-1,63 ( I H , m), 1.25-1,18 ( I H , m), ppm 

N-(2-hycLrioxiy eJJiy£)-6-(3, 4-rnjzthy£izn.exLio)cypk^yl)-2-OKO-1 - azd^p^yiof4,5] 

dLe,o-8-ejxj2. (339) ~ To s t i r r i n g methyl e s t e r , 5-̂ 0 , (234 mg, 0.68 mmol) i n 

d i e t h y l ether (10 ml) was added l i t h i u m borohydride (30 mg, 1.4 mmol), 

and the mixture s t i r r e d f o r 20 h r s . D i e t h y l ether (50 ml) and water (15 ml) 

were added, and the mixture poured i n t o a separating f u n n e l . A f t e r r e ­

moving the ether phase, the aqueous phase was extracted w i t h f u r t h e r 

d i e t h y l ether (2 x 50 m l ) , and the combined e x t r a c t s were washed w i t h 

b r i n e (15 m l ) , d r i e d (MgSO^), f i l t e r e d and evaporated. On standing under 

d i e t h y l ether (5 m l ) , then vacuum d r y i n g , the lactam-alcohol 339 (157 mg, 

74%) was obtained as a white s o l i d , 

m/e 316 ( E I , M \ I ) , 316 ( C I ) ; v (KBr) 3460, 3030, 2908, 1168, 1508, 1489, 

1444, 1408, 1342, 1310, 1253, 1248, 1218, 1180, 1040, 932, 865, 854, 813, 

778, 665 cm"S 6 ,/CDClJ 6,74-6,59 (3H, m), 5,93 (2H, s ) , 5,82 (2H, s ) , ri J 
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3.71-3.66 ( I H , m), 3.56-3.42 (2H, m), 3.02-2.95 ( I H , m), 2.86-2.81 ( I H , m), 

2.5-2.24 (3H, m), 2.14-2.0 (2H, m), 1.91-1.72 ( I H , m), 1.65-1.50 ( I H , m), 

1.23-1.11 ( I H , ra), 0.91-0.84 ( I H , m); 6(.(CDCl3) 177.9, 147.6, 146.5, 134.8 

126.8, 124.9, 121.7, 108.2, 100.8, 64.3, 62.4, 60.2, 48.0, 45,4, 36.5, 

34.1, 31.5, 29.3 ppra. 

1, 8-ni&thy£ejxejdu.ox:y-cycJ.ohexeno[3, 4-6.]-(2-py/uioLidono)[1., 5-a]-2, 3-

(UhydLn.Q-3-liejxzaze.pinj2. (343) - To a s t i r r i n g s o l u t i o n of lactam-aldehyde 

338 (218^ mg, 0.7 mmol), i n dry chloroform (10 ml) was added boron t r i -

f l u o r i d e dimethyletherate (2 m l ) . The mixture was s t i r r e d a t r . t . , then 

poured i n t o water (5 m l ) , and the organic phase separated. This was 

washed w i t h 5% aq. K2CO3 (10 m l ) , d r i e d (MgSO^), f i l t e r e d and evaporated. 

S i l i c a g el t . l . c . showed several m a t e r i a l s , the most intense of which was 

more mobile than the ot h e r s . Chromatography ( s i l i c a g e l column, 30 x 1.5 cm), 

e l u t i n g w i t h e t h y l acetate provided the mobile product as a white powder 

(28 mg, 14%) mp 155-58°C m/e 295 ( E I , M"^), 296 ( C I ) ; Calculated f o r 

C,QH,^NO„ m/e 295.12084; found m/e 295.03494, V (KBr) 2910, 1842, i o i / J max 

1708, 1664, 1560, 1508, 1490, 1445, 1376, 1350, 1332, 1279, 1242, 1200, 

1183, 1162, 1081, 1035, 997, 937, 929, 869, 848, 821, 790, 773, 749, 677, 

648, 458, 448 cm"^; 6jj(CDCl3) 7.0, 6.96 ( I H , 4, J = 10.6 Hz), 6.78 ( I H , 

s ) , 6.65 ( I H , s ) , 5.94-5.89 (2H, m), 5.60-5.57 ( I H , d, J = 10.5 Hz), 

6.5 ( I H , m), 2.9-2.4 (6H, m), 2.1-1.6 (4H, m); 6^(CDCl3) 174.3, 146.9, 

131.0, 127.1, 126.4, 120.4, 110.4, 109.9, 108.7, 101.8, 68.7, 45.2, 33.1, 

29.3, 29.0; Peaks at 146.9 and 33.1 probably both two coincidant peaks. 

6^DEPT (CDCI3) (CH2CH3) 126.4, 125.7, 119.7, 109.7, 109.2, 108.1, (CH2) 

44.6, 33.1, 29.3, 29.0 ppm methylene dioxy peak shows in v e r t e d due t o 

method of p u l s i n g . 
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7, 8-(''l&thy£jzn&dloxy-cycJ.oh&x&rie.[3, 4-tJ-(2-py/iyio£ldono)f1, 5-a]-4-

hydA.oxy-2,3, 4,5-tziA.ahyclyio-3-i£Jizaze.pirie., (344) - Lactam-aldehyde, 338 

(60 mg, 0.2 mmol) was dissolved i n methanol (10 m l ) , and 6M hydrochloric 

a c i d (40 ml) added. The mixture became yellow and was s t i r r e d a t r . t , 

f o r 48 h r s . The methanol was removed in. vacuo, and the re s i d u a l aqueous . 

s o l u t i o n b a s i f i e d w i t h aq. sodium hydroxide (2M), and saturated w i t h sodium 

c h l o r i d e . This was ext r a c t e d w i t h e t h y l acetate (3 x 50 ml ) , and the com­

bined. e x t r a c t s washed w i t h brine (20 m l ) , d r i e d (MgSO^), f i l t e r e d and 

evaporated t o y i e l d a white f l u f f y s o l i d (56 mg , 93%), t e n t a t i v e l y assigned 

s t r u c t u r e from s p e c t r a l data; mpt 141-144°C; m/e 313, 295 ( E I , M"̂, 

M"^-18); 314, 296 ( C I ) ; Calculated f o r C^gH^gNO^ m/e 295.12084. ^^^^^ ^/^ 

295.12240 ; V (KBr) 3430, 2890, 1665, 1500, 1487, 1445, 1412, 1378, 
1113 X 

1350, 1249, 1100, 1036, 930, 860, 810, 654 cm'^; 6j^(CDCl2) 6.79-6.65 (2H, 

m), 5.94-5.71 (4H, m), 3.45 ( I H , m), 2.86-1.67 ( I I H , m) ;&^{CJ)C1^) 173.7, 

146.2, 133.6, 130.3, 126.4, 125.7, 119.7, 109.7, 109.2, 108.1, 101.1, 

68.1, 44.6, 32.4, 29.7, 28.6, 28.3 ppm. Two coincident peaks at 146.2 ppm. 

i Calculated f o r loss of water from molecular i o n . 
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i i i CHAPTER FOUR 

3, 4-dJjn£jJioxy-ccLn£.onieJihox:ynieJJiy£. Sumzjzne, (353t):- 3,4-Dimetho-

xyphenylacetic a c i d , 555a (20 g, 0.1 mol) was dissolved i n methanol 

(350 m l ) , and concentrated sulphuric a c i d (15 ml) added. The mixture 

was heated a t r e f l u x f o r 20 h r s , cooled, and most of the methanol 

removed in. vacuo. Water (100 ml) was added t o the residue, which was 

ex t r a c t e d w i t h 1:1 e t h y l a e e t a t e - d i e t h y l ether (3 x 300 m l ) . The 

combined e x t r a c t s were washed s e q u e n t i a l l y w i t h ( i ) 20% aq. Na2C03 

(2 x 200 m l ) , ( i i ) b r i n e (100 m l ) , then d r i e d (MgSO^), f i l t e r e d and 

evaporated. Prolonged d r y i n g in vacuo y i e l d e d e s t e r , 555^ (20 g, 93%) 

as a pale golden o i l , of s u f f i c i e n t p u r i t y f o r f u r t h e r use. Calculated 

f o r C^jH^^O^ C 62.86, H 6.67; found C 63.09, H 7.12%; v^^^ (neat) 

2989, 2943, 2827, 1734, 1602, 1589, 1511, 1461, 1437, 1418, 1263, 

1156, 1028, 950, 891, 841, 808, 788, 762, 703, 600, 538 cm"\ 

3,4-dijrielhoKy-6-cajdLoTwetho>cymjeiAyl ILenzaldehyde. (3411) - To a 

s o l u t i o n of dimethoxyphenylacetic methyl e s t e r , 3536., (15.1 g, 0.072 mol) 

i n r i g o r o u s l y d r i e d dichloromethane (300 m l ) , cooled t o -10°C under 

n i t r o g e n , was added aluminium c h l o r i d e (19.8 g, 0.148 mol), i n small 

p o r t i o n s over 5 minutes, w i t h e f f i c i e n t s t i r r i n g . To the r e s u l t i n g 

deep red s o l u t i o n , was then added dichloromethylmethyiether (12 g, 0.099mol), 

dropwise over one hour. S t i r r i n g was maintained at -5°C f o r another 

hour, whereupon the s o l u t i o n became very deep green. The s o l u t i o n 

was then allowed t o warm t o room temperature, and was then warmed at 

35°C f o r 30 minutes, before being allowed t o s t i r at 20°C overnight. 

The deep green s o l u t i o n was then poured portionwise onto i c e water 

(400 ml) and shaken v i g o r o u s l y , f o r 5-10 mins, during which time 

exothermic r e a c t i o n melted much of the i c e . The aqueous layer was 

separated, and e x t r a c t e d w i t h dichloromethane (3 x 250 m l ) , and the 
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combined organic phases were washed s e q u e n t i a l l y w i t h ( i ) 5% aq. 

(3 X 100 m l ) , ( i i ) b r i n e (100 m l ) , The organic s o l u t i o n was then 

d r i e d (MgSO^), f i l t e r e d and evaporated y i e l d i n g a deep orange gum. 

Washing t h i s w i t h c o l d (-20°C) d i e t h y l ether (3 x 20 ml) yielded 

aldehyde 3471 (13,3 g, 78%) as a dark orange s o l i d , mpt 99,5-101,5°C. 

Calculated f o r C^2^14°5' ^ ^' " 5.88%, found C 60,36%, H 5.81%; 

m/e 238 ( E I M"^), 239 ( C I ) ; v„_. (KBr) 3020, 2940, 2850, 2745, 1735, 

1688, 1610, 1578, 1535, 1460, 1440, 1410, 1390, 1360, 1342, 1298, 

1284, 1253, 1218, 1190, 1178, 1128, 1011, 993, 900, 878, 848, 795, 

763, 712, 590 cm"^; 6̂ ^ (CDCl^) 10,06 (CHO, s ) , 7.36 ( I H , s ) , 6.79 

(I H , s ) , 4.01 (2H, 2 ) , 3.96 (3H, s ) , 3.95 (3H, s ) , 3,71 (3H, s ) ; 

6^(CDCl3) 190,4, 171,3, 153,1, 148,1, 130,3, 127.2, 114.2, 113.8, 

56.0, 55.9, 52,0, 37,7 ppm. 

7/ian^-1 -(3, 4-cUmeJAoxy-6-caA£.om£jthoKyniethy.^pheuy£)-2-nliyio 

(3481) - To a suspension of aldehyde, 3471, (10.8 g, 42.4 mmol), 

potassium carbonate (238 g, 1.7 mmol) and methylamine hydrochloride 

(303 mg, 4.49 mmol), i n methanol, was added nitromethane (5 ml, excess), 

and the mixture s t i r r e d a t room temperature f o r 96 hr s , during which 

time a heavy yellow p r e c i p i t a t e formed. The mixture was then cooled 

t o -5°C, d i l u t e d w i t h methanol (5 ml ) , and the yellow s o l i d f i l t e r e d 

o f f . The s o l i d was washed w i t h p o r t i o n s of cold water and d r i e d , 

y i e l d i n g 3481 as a yellow powder (8.80 g, 74%); mpt 121-122°C; m/e 

281 (EI,M'^), 282 ( C I ) ; Calculated f o r C^3H^^N0^ C 55.52 %, H 5.39%, 

N 4.98%; found C 55.84%, H 5.54%, N 4.83%; v (KBr) 3108, 2957,2918, 
[113 X 

1735, 1603, 1528, 1497, 1467, 1441, 1331, 1278, 1230, 1220, 1205, 

1180, 1116, 1041, 1012, 980, 968, 903, 868, 839, 763, 737, 694, 584, 

543, 501 cm"^ 5 (CDCl^) 8.27, 8,22 (lH,d, J = 13Hz), 7,54, 7,48 (IH n 3 

d, J = 13 Hz), 7.0 ( I H , s ) , 6,8 (I H , s ) , 3,9 (8H, m), 3.77 (3H, s ) ; 

6^(CDCl3) 171.0, 152.5, 148.7, 136.3, 136.1, 129,8, 121.5, 114,0, 
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109.3, 56.1, 52.4, 38.3 ppm. 

kex^ne. f349&J - Nitrostyrene, 34^t, (4 g, 14.2 nunol), butadiene 

sulphone (15 g, 127 mmol), hydroquinone (0.3 g, 2,7 mmol) and toluene 

(75 ml), were charged i n a 150 ml s t e e l bomb, and heated at 135°C 

for 7 days. The cooled, dark mixture was f i l t e r e d and evaporated to 

yi e l d a dark gum. Re c r y s t a l l i z a t i o n from methanol (150 ml) provided 

349i. (3.5 g, 74%), as a pale brown c r y s t a l l i n e s o l i d , mpt 148.5 -

149.5°C; m/e 335 (EI,M''"), 353 (CI, +NHJ); Calculated for ^y^^^'^^ 

C 60.89%, H 6.27%, N 4.18%; found C 61.20%, H 6.48%, N 3.90%; 

V (KBr) 3035, 3003, 2956,. 2935, 2841, 1740, 1610, 1550, 1521, 

1470, 1453, 1443, 1377, 1277, 1251, 1231, 1210, 1188, 1103, 1090, 

1020, 1009, 877, 681, 668, 562, 508 cm"^ 6j^(CDCl2) 6.73 (IH, s ) , 

6.68 (IH, s ) , 5.84-5.75 (2H, m), 5.1-4.9 (IH, m), 3.93, 3.85 (IH, m), 

3.7 (3H, s ) , 3.6 (IH, d, J = 15.9Hz), 2.8 (2H, s ) , 2.58-2.51 (IH, m), 

2.33-2.17 (2H, m); 6j.(CDCl3) 172.2 148.0, 130.9, 127.0, 125.3, 122.5, 

114.1, 109.2, 87.2, 56.1, 55.9, 52.1, 39.2, 38.2, 33.2, 31.6 ppm. 

2-ccmAome.thoKyni&ihyl)-5(3, 4-cLirnjithoKy-6-caAJlome±hoKym&Jihylpheny£) 

~4—nliyioaycJ.oh&xejie. (350t) - To a s t i r r i n g solution of nitro-ester^'^5'^ 

(1.8 g, 5.4 mmol), i n tert-butanol (20 ml) and tetrahydrofuran (10 ml), 

was added methyl acrylate (1 g, 11.6 mmol) and triton-B (0.2 ml). The 

mixture was s t i r r e d at r . t . for 48 hrs, during which time the mixture 

darkened. The reaction mixture was then poured into dilute hydro­

c h l o r i c acid (25 ml) and chloroform (50 ml). The aqueous layer was 

separated and further extracted with chloroform (3 x 50 ml). The 

combined organic extracts were washed sequentially with 50 ml portions 

of ( i ) saturated Na2C02 ( i i ) brine, then dried (MgSO^), f i l t e r e d and 

evaporated to yield a golden gum. Column chromatography (alumina 
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column, 22 cm X 3 cm) eluting with 1:1 hexane-ethyl acetate provided 

diester, 3501, (1.97 g, 87%), as a white powder; mpt 100.5-101.5°C; 

m/e 421 ( E I , M"̂ ), 421 ( C I ) ; Calculated for C^i^^j^O^ C 59.86%, 

H 6.41%, N 3.33%; found C 60.03%. H 6.54%, N 2.86%: v (KBr) 2938 
max^ ^ 

2838, 1738, 1610, 1534, 1468, 1452, 1437, 1370, 1355, 1340, 1321, 

1303, 1280, 1204, 1175, 1100, 1064, 1041, 1008, 984, 905, 875, 828, 

755, 695, 658 cm"̂  ; 6^^(0001^) 6.89 (IH, s ) , 6.63 (IH, s ) , 5.97-

5.88 (2H, m), 4.04, 3.97 (IH, j = i 6 Hz), 3.87 (3H, s ) , 3.77 (3H, 

s ) , 3.69 (6H, s ) , 3.46-3.39 (IH, d, j = 16 Hz), 3.10, 3.02 (IH, d, 

J = 19 Hz), 2.78, 2.71 (IH, 4 J = 17 Hz), 2.53-2.14 (7H, m); 6^(00013) 

172.5, 172.3, 148.4, 147.9, 131.5, 127.1, 125.5, 123.3, 113.8, 110.5, 

91.3, 55.7, 52.1, 51.9, 41.1, 38.4, 33.1, 31.3, 29.2, 28.5 ppm. 

Methoxy methyls coincident at 55.7 ppm. 

6-f 3, 4-dijrieJAoxy-6-ca/iAom&ihoxym£jthytpheny-lJ-2-oxo[4. 5 J d & c - 8 -

ejne. f35Ii) - (a) To a s t i r r i n g solution of nitro-diester 550^ (0.5 g, 

1,19 mmol), in ethanol (20 ml) and cone. HCl (3.5 ml), was added 

activated zinc dust (3.3 g, excess) i n small portions over 15 mins, 

with considerable exotherm. The mixture was then heated at reflux 

for 20 hrs. The hot solution was then f i l t e r e d through c e l i t e to re­

move residual zinc, washed with hot ethanol (10 ml), basified to ca. 

pH 10 (25% aq. NaOH), and heated at reflux for a further 8 hrs. The 

cooled reaction mxiture was then a c i d i f i e d to pH3 (2M HCl) and ex­

tracted with ethyl acetate (3 x 100 ml). The combined extracts were 

washed with brine (30 ml), dried (MgSO^), f i l t e r e d and evaporated to 

yie l d 6-(3,4-dimethoxy-6-carbohydroxymethylphenyl)-2-oxo-l-azaspiro 

[4.5]dec-8-ene, j57a (157 mg, 38%), identified spectral data m/e 345 

( E I , M+), 346 ( C I ) ; ^ (KBr) 3400 (OH), 3220 (NH), 1715 (Acid C=0), 
rnsx 

1645 (lactam, C=0) cm~S (b) Crude lactam-acid, 351a, (50 mg, 0. 

14 mmol) was dissolved i n methanol (50 ml), and concentrated sulphuric 
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acid (0.5 ml) added. The mixture was heated at reflux for 20 hrs, 

then allowed to cool. Most of the methanol was then removed -in vacuo, 

and to the residue was added water (30 ml). This mixture was then 

extracted with dichloromethane (3 x 75. ml), and the combined extracts 

washed sequentially with 30 ml portions of ( i ) 20% aq. Na2C02, ( i i ) 

brine, then dried (MgSO^), f i l t e r e d and evaporated. Lactam-ester, 

351i: , (47 mg, 90%) was obtained as a white powder. (Overall yield 

from 550^, 34%); mp 163-165°C; m/e 359 ( E I , M"̂ ), 360 ( C I ) ; Calculated 

for C2QH25N0^ C 66.9, H 7.0, N 3.9; found C 66.7, H 7.0, N 3.2%; 

V (KBr) 3180, 3010, 2930,. 1850, 1738, 1687, 1607, 1516, 1437, 

1367, 1329, 1309, 1284, 1263, 1227, 1157, 1095, 1011, 895, 870, 758, 

665, 570, 520 cm"^; ^^(CDCl^) 178.2, 171.9, 148.2, 147.4, 132.2, 

127.6, 124.5, 113.5, 110.2, 60.4, 55.7, 52.1, 41.8, 40.8, 38.7, 31.5, 

30.9, 30.4 ppm. Methoxy carbons coincident at 55.7 ppm. Two aromatic 

carbons coincident at 110.2 ppm. 

6-(3, 4-dlm£JUxoxy-6-c<mtdLkoxyrnj^thytpkejrLyt)-2-oxo-1 ^ 5] 

de.c-8-ejie. (351c) - To a s t i r r i n g solution of nitro-diester 350t 

(1.013 g, 2.4 mmol) i n ethanol (50 ml) and concentrated hydrocloric 

acid (8 ml), was added activated zinc dust (9 g) in small portions 

over 20 mins, during which time the temperature rose to ca. 60°C. 

The mixture was then heated at reflux for 15 hrs. The hot solution 

was f i l t e r e d through C e l i t e to remove residual zinc, being washed 

through with g l a c i a l a c e t i c acid (ca. 25 ml), and evaporated to give 

a pale gum. To t h i s gum was added water (30 ml), and this was ex­

tracted with dichloromethane (3 x 100 ml). The combined extracts 

were washed sequentially with (a) saturated sodium bicarbonate (30 ml), 

(b) brine (20 ml), then dried (MgSO^), f i l t e r e d and evaporated to 

yie l d lactam-ester, 351c (790 mg, 91%), as a white powder; mp 

172.5-174.5°C; m/e 373 ( E I , M"*"), 374 ( C I ) ; Calculated for Ĉ Ĥ̂ yNÔ  
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C 67.56, H 7.24, N 3.7, m/e 373.18892 ; found C 66.72, H 6.95, N 3.2% 

m/e 373.18767; v (KBr) 3190, 3060, 3015, 2930, 2840, 1732, 1688, 
II13.X 

1608, 1518, 1450, 1310, 1288, 1263, 1228, 1159, 1097, 1050, 1011, 942, 

758, 665, 640, 520 cra"^ 

7, 8-cUmjejLho>cy-cyc£ohejcejio[3, 2-py/uiotijdoao)[7, 5-a]-4-kyd/iox.y-

2, 3, 4, 5-teJ:yiaAyd/LO-3-i£nzcLzep.ine. (359i) - To a solution of lactam-

ester357c (0.23 g, 0.62 mmol) i n freshly d i s t i l l e d , dry toluene (40ml) 

and dichloromethane (30 ml), cooled to -78°C, was added under nitrogen, 

DIBAL-H solution (0.9 ml, 1.5 M i n toluene, 1.35 mmol) i n small por­

tions over 45 mins. After addition was completed, the reaction mix­

ture was s t i r r e d for a further 2 hrs at -78°C, then quenched by ad­

dition of brine (30 ml), and warmed to r . t . over 30 mins. The aqueous 

layer was separated and extracted withethyl acetate (3 x 100 ml), 

and the combined organic phases then washed with brine (10 ml), dried 

(MgSO^), f i l t e r e d and evaporated. The crude product was adsorbed on 

..to alumina,, aad -coluraQ chromatography (alumina:column, •.30 x- i.5 cin) 

eluting with ethyl acetate, then 95:5 ethyl acetate -methanol provided 

unreacted lactam-ester (12 mg, 5%) further elution with 9:1 ethyl 

acetate-methanol then provided 3-benzazepinol, 359^ , (183 mg, 91%) as 

a white s o l i d ; mp 133-135°C, m/e 329, 311 ( E I , M"̂ , M"^-18), 330, 312 

( C I ) ; Analysis calculated for C H NÔ ; C 69.30%, H 6.99%, N 4.26%, 

found C 69.62%, H 7.32%, N 4.01%; v (KBr) 3270, 3020, 2970, 2925, 
in3x 

2875, 1665, 1608, 1518, 1460,1450, 1438, 1415, 1380, 1358, 1338, 

1310, 1298, 1280,1261 , 1222, 1212, 1199,1163 , 1112,1096 , 1074, 

1041, 1017, 978 , 940, 868, 856, 807, 783, 744,688, 662,633 , 590, 

528 cm"S 6^(CDCl3) 6.91 (IH, s ) , 6.73 (IH, s ) , 6.07-5.91 (2H, m), 

5.6 (IH, s ) , 3.88 (3H , s ) , 3.84 (3H, s ) , 3.21-3.15 (2H, m), 3.09-

3.01 (2H, m), 2.67 (2H, br, s ) , 2.45-2.3 (3H, m), 1.86-1.76 (3H, m); 

6, (CDCl^) 176.1, 147.6, 147.3, 131.0, 128.1, 127.9, 125.0, 114.3, 

112.3, 72.1, 65.0, 56.1, 55.8, 44.8, 39.6, 32.3, 31.5, 29.1, 28.8; 
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6^DEPT (CDCl) (CH^pH^) : .127.9, 125.1, 114.3, 112.3, 72.2, 56.1, 

55.8, (CH2) : 44.8, 39.7, 32.4, 31.6, 29.2, 28.9 ppm. 

7, 8-dlmjeJJioKy-cycioh&xeji'6[3, 4-i]-py/iA.oticUn.o[ 1,2-a]-2, 3, 4, 5-

te±/iahydA.o-3-&£nzaze.plrLe. (375) - To a s t i r r i n g suspension of LAH 

(200 mg, 5.3 mmol) in rigorously dried, freshly d i s t i l l e d THF (15 ml) 

was added O'-hydroxy-lactam, ^59^^ (30 mg, 0.1 mmol) at a rate s u f f i ­

cient to maintain gentle reflux. The s t i r r i n g mixture was then heated 

at reflux for 48 hrs. I t was then allowed to cool to r . t . , then 

further cooled i n an i c e - s a l t bath to ca. -5°C. Water (0.5 ml) was 

then cautiously added dropwise, with e f f i c i e n t s t i r r i n g , over 30 mins, 

followed by sodium hydroxide solution (aq. 30%, 1 ml) in portions 

over 20 mins. The mixture was then allowed to s t i r a further 1 hr, 

warming to 18°C. The resulting solution was then f i l t e r e d from the 

white inorganic residues, brine (10 ml) added, and the aqueous layer 

extracted with diethyl ether.(3 x 30 ml). The combined organic phases 

were then washed with brine (10 ml), dried (Na2S0^), f i l t e r e d and 

evaporated to yield a pale brown gum, tentatively assigned as amine 

375 (21 mg, 80%) from spectral data; m/e 300 ( C I ) ; v (KBr) 2958, 

2910, 1625, 1610, 1579, 1495, 1460, 1440, 1410, 1380, 1335, 1261, 

1095, 1041, 865, 800, 700., 658 cm~^; 

6-( 3, 4-cUjn£jtAoxy-6-[2-hydA.oxyejthyl]phcnyl)-1 -a^aApJjLof 4. 5]de.c-

8-ene. (374) - To a s t i r r i n g suspension of LAH (0.5 g, 13 mmol) in 

rigorously dried, freshly d i s t i l l e d THF (20 ml), was added lactam-

ester, ^57c (0.1 g, 0.3 mmol) at a rate s u f f i c i e n t to maintain gen­

t l e reflux. The reaction mixture was then heated at reflux for 48 hrs, 

before being allowed to cool to r . t . I t was then cooled to ca. -5°C 

in an i c e - s a l t bath, and water (0.2 ml) added dropwise over 30 min. 
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Sodium hydroxide solution (30% aq. 0.8 ml), was then added in portions 

over 15 mins. The mixture was then allowed to warm to r . t . , with 

s t i r r i n g , over 1 hr, and the solution then f i l t e r e d from the inorganic 

residues. Brine (10 ml) was added, and the mixture extracted with 

diethyl ether (3 x 30 ml), the combined extracts being washed with 

brine (10 ml), dried (Na2S0^), f i l t e r e d and evaporated, to yield a 

t . l . c . homogeneous gum, whose mass spectrum was inconsistent with a 

benzazepine and which was not further investigate d. m/e 319 ( E I , M++2), 

319 ( C I ) . 

1/ian^-T-(3, 4-fmihy£^e.cUo><:y-6~nliyiophenylJ-2-.iMyLoeMieiie, (396) 

- 6-nitropiperonal (10.3 g, 53 mmol), potassium fluoride (0.7 g, 

12 mmol), 18-Crown-6 (0-.29 g, 1 mmol) and nitroraethane (14.1 g, 

230 mmol), were s t i r r e d i n 2-propanol at room temperature for 5 hrs. 

Acetic acid (1 ml) was then added, and the 2-propanol and excess nitro- • 

methane evaporated -UT- vacuo. To the resulting crude orange solid 

was then added ac e t i c anhydride (100 ml) and sodium acetate (1.2 g, 

0.015 mol) > • The mixture was s t i r r e d at r . t . for 12 hrs, and then 

poured into ice water (100 ml). This was allowed to warm to r . t . 

with s t i r r i n g , and after several hours a yellow precipitate rapidly 

formed. This was f i l t e r e d and thoroughly washed --ith cold water, 

and dried i n . î GCizO; affording 596 as a yellow powder (11.38 g, 90%); 

mp 111-112.5°C. Calculated for Q,^Vi^]:\^0^ C 45.38, H 2.52, N 22.76; 

found C 45.08, H 2.42, N 11.53%; v (KBr) 3105, 3060, 2917, 1638, 
max ^ ^ ' 

1600, 1510, 1482, 1430, 1340, 1274, 1031, 975, 95", 913, 872, 857, 

809, 759, 735, 595, 557, 505 408 cm~^ ; 6̂  (CDCl, 8.53, 8.48 (lH,d, 
n J 

J = 13.5 Hz), 7.66 (IH, s ) , 7.41, 7.35 (IH, d, J = 13.5 Hz), 6.24 

(2H, s);fi (.(CDCl^) 152.4, 150.4, 143.6, 139.2, 135.7, 122.4, 107.6, 

106.5, 103.9 ppm. 
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7A.an^-4-(3, 4-rriethy£^ccl^oxy-6-nii/Lopheny£j-5-nJJ:^iocycJ.oh£X&ne. 

(307) - Compound 396 (9.7 g, 0.04 mol), butadiene sulphone (24.8 g, 

0.2 mol), hydroquinone (0.2 g, 1.8 mmol) and toluene (150 ml) were 

charged i n a 400 ml s t e e l bomb,, and heated at 130°C for 7 days. The 

cooled contents of the bomb were then f i l t e r e d and evaporated, 

yielding a dark gum. This was extracted with boiling diethyl ether 

(4 x 100 ml), the hot extracts being f i l t e r e d , then evaporated. The 

res u l t i n g tacky brown gum was then r e c r y s t a l l i z e d from methanol (100ml), 

affording tan c r y s t a l s of (9,5 g, 7 5 % ) . nip 135-136°C; m/e 292 

( E I , M^), CI (310, M + NHJ); Calculated for ̂ ^-^^'^'^b *̂  ̂ 3-^3' ̂  

4.11, N 4.59; found C 53.44, H 4.08, N 9.33% v (KBr) 3045, 3000, ' ' ' ' max ^ ' ' ' 

2905, 2850, 1618, 1555, 1505, 1.485, 1427, 1400, 1372, 1344, 1308, 

1251, 1220, 1198, 1161, 1118, 1040, 983, 932, 872, 821, 769, 724, 

677, 593, 563 cm"S <5 (CDCl^) 7.34 (IH, s ) , 6.83 (IH, s ) , 6.1 (2H, 

s ) , 5.81-5.76 (2H, dt, = 6.1, 10.2 Hz), 5.0-4.97 (IH, dt, 

= 6.2, = 10.2 Hz) 4.19-4.17 (IH, dt, J^. = 5.6, = 10.8 Hz), 

2.78-274 (4H, m); 6|.(CDCl3) 151.9, 147.0, 144.4, 131.3, 126.4, 122.6, 

106.1, 105.9, 103.1, 85.9, 38.7, 32.7, 31.5 ppm 

4-(2-caAA.omejthoxymeJJiyt)-5-(3, 4-m£jJiyljzn&cUok.y-6-rLiiyLopheny£)-

4-ru±yiocycloke.>c&ne, (398) - Compound 397 (1.92 g, 6.6 mmol) was dis­

solved i n THF (15 ml) and t-butanol (25 ml), methyl acrylate (0.75 g, 

8.7 mraol), and triton-B (0.5 ml.) added. The orange, solution rapidly 

darkened, and was s t i r r e d at r . t . for 48 hrs. The crude reaction 

mixture was evaporated onto alumina, and dried In vacuo. The mixture 

was then chromatographed (alumina column, 21 x 3 cm), eluting with 

hexanes, followed by 1:1 hexanes-ethyl acetate, affording 398 as a 

pale yellow-brown s o l i d (2.13 g, 86%); mp 130-132°C; m/e 332 ( E I , 

M -NO2), 396 (CI, M+NH^); Calculated for ^I-J^IQ^2^S ^ 53.97, H 4.76, 

N 7.41; found C 53.95, H 4.95, N 7.02%; v^^^ (KBr) 3080, 2946, 2916, 
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2888, 1730, 1614, 1530, 1508, 1490, 1441, 1389, 1349, 1319, 1289, 

1265, 1240, 1200, 1042, 930, 880, 823, 778, 762, 755, 670, 548 cm"S 

(CDCl^) 7.27 (IH, 2), 6.90 (IH, s ) , 6.09 (2H, s ) , 5.96-5.81 (2H, 

m), 4.48, 4.43 (IH, t , J = 11.6 Hz), 3.66 (3H, s ) , 2.92-2.18 (8H, 

m); ^^(CDCl3) 172.3, 151.3, 1.47.0, 145.3, 129.7, 126.2, 123.8, 107.8, 

105.8, 103.0, 91.1, 52.0, 38.8, 32.7, 30.7, 30.4, 28.4 ppm. 

. 6-f 3, 4-iTieJAy£.enejdloxy-6-nlt/Loph&nyIJ-2-ox:o-7-aza^p-l^ 4. 5 JcLe.c-

8-enA (399) - Dinitro-ester 398 (1.01 g, 2.7 mmol) was dissolved in 

ethanol (55 ml) and cone. HCl (6 ml). To t h i s s t i r r i n g solution was 

added activated zinc dust (5.8 g, excess) i n small protions over 

15 mins. The temperature rose to ca. 55°C, and the solution became 

a bright orange colour. This was then heated at reflux, for 12 hrs. 

The hot mixture was then f i l t e r e d through er pad of Ce l i t e , which was 

washed through with hot ethanol. The solution was then evaporated 

Jji vacuo^ 2Q7o aq. NaOH (50 ml) added, and t h i s then extracted with 

chloroform (3 x 100 ml). The combined organic extracts were washed 

with brine (50 ml), dried (MgSO^), f i l t e r e d and evaporated to yield 

crude399..as a pale orange, s o l i d (550 mg, 72%). Chromatography 

(alumina column, 30 x 3 cm), eluting with 25:5, through 9:1, to 4:1 

ethyl acetate-methanol, provided a pale pink s o l i d , showing impurity 

by IR and t . l . c . Repeated chromatography (alumina column, 20 x 3 cm), 

eluting with 9:1 ethyl acetate-methanol, provided pure J 399 (370 mg, 

55%) as a pale straw powder, mp 234-236°C; m/e 286 ( E I , M"̂ ), 287 ( C I ) ; 

Calculated for C,.H,oNoO„ C 67.13, H 6.29, N 9.79; found C 66.96, l b i o z J 
H 6.41, N 9.53%; v (KBr) 3420, 3388, 3350, 3242, 3031, 2919, 2879, 

ni3x 

1682, 1642, 1499, 1482, 1436, 1407, 1254, 1237, 1191, 1164, 1040, 

933, 873, 678, 608, 516 cm"V; 6^ (CDCl^) 177.6, 146.5, 144.0, 141.4 

138.6, 127.4, 125.0, 107.5, 107.3, 101.0, 60.2, 45.4, 40.6, 37.5, 

32.3, 30.3 ppm. 
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6, 7-irbe±hytenexLLoxy-cycl.oh&xeno[3, 4-c]-3-(3-hydLnoKyp/iopyl)-3, 4-

dlhydjioclnaoLine. (405) - LAH (0.8 g, 21 mmol) was suspended in 

diethyl ether (40 ml), and dinitro-ester 395 (500 mg, 1.3 mmol), 

added i n small portions over 5 mins. The mixture was then warmed to 

reflux, whereupon the suspension became a sandy brown colour, pro­

gressively changing to a deep maroon colour, over 1-2 hrs. After 

8 hrs reflux, the mixture was cooled i n an i c e - s a l t bath, and water 

(1 ml) added dropwise over 30 mins, 24% aq. NaOH (3 ml), was then 

added i n 3 portions over 10 mins. The resulting mixture was then 

s t i r r e d for 30 mins, during which time i t became a bright yellow 

colour. The yellow solution was f i l t e r e d off from the precipitate, 

which was washed with several portions of diethyl ether. The organic 

solution was washed with brine (15 ml), dried (MgSO^), and f i l t e r e d . 

Chromatography (alumina column, 26 x 2 cm), eluting with ethyl ace­

tate, followed by 9:1 ethyl acistate-methanol, provided the bright 

yellow "̂ 05 (240 mg, 65%) as a gum. i t could be temporarily s o l i d i f i e d 

by rapid evaporation of a diethyl ether solution -iji vacuo, but 

reverted to a gum on several hours standing. Calculated for CjgHj^gN202 

m/e 286.13172;. found m/e 286.12822; m/e = 287 ( C I ) ; V (KBr) 3400, 

3020, 2900, 1615, 1501, 1470, 1435, 1362, 1288, 1263, 1193, 1033, 

930, 860, 818, 739, 656 cm~^ ; (CDCI3) 7.25 (IH, s ) , 6.47 (IH, s ) , 

5.86 (2H, s ) , 5.52 (2H, s ) , 3.43-3.37 (2H, t, J = 5.8 Hz), 2.47-2.26 

(IH, m), 2.12-2.0 (2H, m), 1.91-1.81 (IH, ra), 1.65-1.46 (4H, ra). 1.1 

(IH, m); 6^ (CDCI3) 149.9, 146.7, 137.9, 126.1, 125.3, 122.0, 109.7, 

105.1, 101.8, 63.3, 62.9, 32.0, 31.1, 30.9, 27.1, 26.3 ppm. 

7, 8-nieJJiyi£rL&cLioxy-cyctohe^iejio[3, 4-d]-(2-py/uiotldorLo)[1, 5-c]-

1,2, 4,5-i^JyiahycUo-1, 3-&^zocU.az.e.p-uie. (403) - Lactam-amine 399 

(70 mg, 0.25 mmol) was dissolved i n ethanol (3 ml), and formaldehyde 

(0.3 ml, 3% aq. s o l " . ) was added. The mixture was st i r r e d at 20°C for 
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1 hr, then heated at reflux for 10 hrs. The cooled mixture was then 

evaporated In vacuo, and chromatographed (alumina column, 25 x 1.5 cm), 

'eluting with.ethyl acetate, to afford the 1,3-benzodiazepine derivative 

403 (52 mg, 71%) as a white s o l i d ; mp> 240°C; m/e 298 ( E I , M"̂ ), 299 

( C I ) ; Calcualted for C^7H^gN203 C 68.46, H 6.04, N 9.4; found C 68.36 

H 5.92, N 8.92%; v (KBr) 3018, 2693, 2892, 2873, 1690, 1483, 1412, 
niQx 

1308, 1257, 1190, 1172, 1153, 1118, 1084, 1039, 970, 932, 873, 852, 

837, 804, 790, 752, 720, 702, 643, 488 cm~^ (CDCl^) 172.5, 145.9, 

145.4, 143.4, 128.4, 126.1, 125.9, 109.1, 108.7, 100.9, 68.9, 61.5, 55.6, 

43.3, 30.4, 29.9, 29.0, 28.6 ppm. 

6-(3, 4-m£ihy£ejz&dJ.OKy-6-amJjiopkenyl)-1 -az.aApiA.o[4. 5 JcLe.c-8-ene. 

(401) - LAH (0.7 g, 18 mmol) was suspended in freshly d i s t i l l e d THF 

(35 ml), and lactam-amine 399 (233 mg, 0.8 mmol) added at a rate suf­

f i c i e n t to maintain gentle reflux. The mixture was then s t i r r e d at 

reflux, under nitrogen, for 56 hrs. The mixture was then cooled to 

ca. - 5°C, and water (1 ml) added dropwise, with e f f i c i e n t s t i r r i n g , 

over 30 mins. 30% aq. NaOH (3 ml) was then added in small portions 

over 10 mins. The mixture was s t i r r e d , while warming to r . t . , over 

2 hrs. The resulting solution was f i l t e r e d off the solid residues, 

and washed with 10% aq. Na2C03 (10 ml), then brine (10 ml). The 

organic solution was then dried (Na2S0^), f i l t e r e d and evaporated 

to y i e l d a pale brown gum, assigned structure 401 on the basis of high 

resolution mass spectral data (200 mg, 95%). T . l . c . evidence indicated 

a single major product. Calculated for ̂ ]^5^20^2^2 272.15248; 

found 272.14872; m/e 273 ( C I ) . 

7, S-nw.thylcnccLio-'cy-cyciohcKcnof 3, 4-d]-py/utolidlixo[ 1, 2-c]-2-

pkcnyl-1, 2, 4,5-tc±AahycUo-l, 3-iimzodia^cp-irL£. (402) - Assigned diamine 

401 (74 mg, 0.27 mmol) was dissolved in ethanol (3 ml), and benzalde-
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hyde (32 mg, 0.3 mmol) added. The mixture was s t i r r e d for 20 hrs 

at 20°C, then evaporated In vacua. Chromatography (alumina column, 

25 x 1.5 cm), eluting with 1:1 hexanes-ethyl. acetate, through to 

ethyl acetate, provided fractions containing two similar materials. 

The more, mobile material ( t . l . c , r f = 0.3 with 1:1 hexanes-ethyl 

acetate) appeared.to be by far the major product as judged by t . l . c . 

From mass spectral data the products were provisionally assigned as 

the insertion reaction isomers, 402a and 4021 (68 mgs, 70%). Cal­

culated for C23H2^N202 m/e 360.18378; found m/e 360,17442; m/e 361 

( C I ) . 
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i v CHAPTER FIVE 

. l/umA-l~(3, 4-n2£.tAytejzecUoxypheny.l)-2-ri-iJyio-4, 5-e.poxycycIohexarLe. (411) 

To a s t i r r i n g solution of 239 (595 mg, 2.4 mmol) i n dry dichloromethane 

(10 ml), was added MCPBA (700 mg, ca. 3.5 mmol) in dry dichloromethane . 

(10 ml), i n portions over 40 mins. The mixture was sti r r e d at ambient 

temperature for 18 hrs, during which time some precipitate deposited. 

The reaction mixture was then cooled to ca. -10°e in an ice-acetone bath, 

causing more m-chlorobenzoic acid to precipitate. This was f i l t e r e d , and 

the precipitate washed with cold dichloromethane (10 ml). The f i l t r a t e 

was washed sequentially with 10 ml protions of (a) saturated aq. sodium 

b i s u l f i t e ; (b) water, dried (MgSO^), and f i l t e r e d through a pad of MgSÔ . 

Evaporation yielded crude epoxide, 411 ^ as a pale yellow solid, with IR 

indicating presence of m-chlorobenzoic acid impurity (carbonyl stretch at 

V 1700 cm^). Column chromatography (alumina, 23 cm x 3.5 cm) eluting 
in 3.x 

with ethyl acetate afforded pure epoxide,'^7'' , as a mixture of isomers 

(412 mg, 65%), as a white powder; mp 121-123°C; m/e 263 ( E I , M"*"), 281 (CI, 

M+NHJ) . Calculated for Cj3H^3N05 C 59.32, H 4.94, N 5.32; found C 59.00, 

H 4.78, N 4.83%; v (KBr) 3005, 2910, 1609, 1547, 1504, 1486, 1440, . 
in 3.x 

1373, 1244, 1190, 1106, 1034, 925, 897, 876, 832, 806, 632, 409 cm"^ 6^ 

(CDCI3) 6.72-6.59 (3H, m), 5.92 (IH, s ) , 4.87-4.76 (IH, dt, = 4.5 = 

11.4 HZ), 3.42 (IH, s ) , 3.25 (IH, s ) , 3.13-3.01 (IH, dt, = 7, = 

11.8 Hz), 2.87-2.80 (IH, 4, J = 14 HzO, 2.49-2.4 (2H, m), 2.18-2.01 (IH, 

t, J =14 Hz); 6 (.(CDCI3) 148.3, 147.5, 133.2, 121.3, 108.9, 101.6, 86.4, 

53.3. 51.2, 43.8, 32.9. 31.5 ppm. 

6-(3, 4-me.thylejicd-ioKyphenyl)-8, 9-cpoKy-2-o>co-1 -aza^pi/Lo[4, '?Jdec-8-

ejze. (413, 414) - To a s t i r r i n g solution of spirolactam, 131a, (3.16 g, 

11,7 mmol) i n freshly d i s t i l l e d dichloromethane (35 ml), was added MCPBA 

(2.65 g, ca. 13 mmol) in dichloromethane (30 ml), in portions. The pale 
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yellow solution was s t i r r e d at ambient temperature for 15 hrs, then cooled 

to ca. -10°C, whereupon a white precipitate formed. The solution was 

f i l t e r e d , and washed sequentially with 10 ml protions of ( i ) 10% aq. sodium 

b i s u l f i t e , ( i d ) 10% aq. Na2C03, ( i i i ) brine, then dried (MgSO^), f i l t e r e d 

and evaporated. The crude epoxide was chromatographed (alumina column, 

27 cm X 4 cm), eluting with 85:15 ethyl acetate-methanol, to yield pure 

epoxide (3.12 g, 93%) as a mixture of isomers, ^75 and mp 150-153°C; 

m/e 287 ( E I , M"*"), 288 ( C I ) , ; Calculated for Ĉ Ĥ̂ N̂Ô  C 66.90, H 5.92, 

N 4.88; found C 66.87, H 6.03ra N 4.45%; v (KBr) 3000, 2970, 2930, 
max ^ ^ ' 

2890, 1690, 1483, 1439, 1397, 1247, 1185, 1094, 1028, 923, 863, 818, 800, 

701, 649, 610, 504, 458 cm~^; 6j^(CDCl3) 8.83 (NH, s ) , 6.79-6.63 (3H, m), 

5.94 (2H, s ) , 3.41-3.25 (2H, m), 2.75-2.69 (IH, dd, = 4.9, J2 = 12 Hz), 

2.5-1.63 (7H,.m), 1.29-1.13 (IH, m); 6^(CDCl3) 179.5, 147.8, 146.9, 133.5, 

122, 109.1, 108.4, 101.1, 59.8, 53.1, 50.4, 44, 40.4, 32.1, 30.5, 28.1 ppm. 

[7/ianA-4-(3, 4-m&ihylenMcUoxypheny£.)-5-nlt/LoJ-twnA-1, 2-cLihyd/ioxy 

cycloh&xanc (415) - To a s t i r r i n g mixture of 239(0.5g, 2 mmol) and formic 

acid (1 g), was added hydrogen peroxide ( I g , 30% aq.), and the mixture 

heated at 55°-60°C for 30 mins, over which period i t became homogeneous. 

Most of the formic acid was then removed -in vacuo, and the residue (raono-

formyl e s t e r ) hydrolysed by steam d i s t i l l a t i o n , c ollecting ca. 70 ml aq. 

formic acid. The water was then evaporated (from the d i s t i l l a t i o n flask) 

leaving a yellow-brown s o l i d . Column chromatography (alumina column, 

20 cm x 3 cm) eluting with 92:8 ethyl acetate-methanol provided trans-

d i o l , 415, (0.4 g, 70%) as a white s o l i d , mp 190-192°C; m/e 281 ( E I , M"*"), 

299 (C I , M+NHJ); Calculated for C^3H^5N0^ C 55.52, H 5.34, N 4.98; found 

C 55.76, H 5.39, N 4.63%; v (KBr) 3580, 3495, 3005, 2895, 1608, 1540, 

1491, 1440, 1401, 1378, 1353, 1245, 1210, 1108, 1090, 934, 871, 849. 840 

826, 760, 721, 688, 635, 438 cm"^; 6̂^ (CDCI3) 7.41 (IH, s ) , 7.36-7.32 (2H 

m), 6.55 (2H, ra), 5.65 (IH, dt, = 3.8, = 11.8 Hz), 4.6 (IH, s ) . 
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4.51 (IH, s ) , 4.19-4.08 (IH, 6t, Jg = 3.5, = 12.4 Hz), 3.18-3.07 (IH, 

t , J = 12.5 Hz), 2.89-2.44 (4H, m); (CDCI3) 147.2, 146.2, 133.9, 119.8, 

107.2, 106.5, 100.3, 86.3. 67.9, 67.2, 40.5, 33.4, 32.5 ppm 

6-(3, 4-m&thyt&nexlloxypheny£.)-iyLan-6-8, 9-cUAycUoxy-2-oxo-1-az.cu>p-i/LO 

[4,5]cLe.c-8-&n2. (416) - Lactam epoxides 413 and 414 (1.6 g. 5.6 mmol), 

were dissolved i n methanol (30 ml), and 1% aq. H2S0^ (20 ml) added. The 

mixture was s t i r r e d at r . t . for 10 hrs, then evaporated to yield a crude 

white s o l i d . Chromatogrpahy (alumina column, 20 x 3 cm) eluting with 4:1 

ethyl acetate-methanol, afforded pure trans-diol ^1 (> (1.52 g, 89%), as a 

white powder; mp 155-156°C, m/e 305 ( E I , M"*"), 306 ( C I ) ; Calculated for 

^16^29^°5 62.95, H 6.23, N 4.59; found C 62.92, H 6.63, N 4.29%; 

^ (KBr) 3395, 2930, 2895, 1660, 1500, 1490, 1443, 1411, 1285, 1255 
1113. X 
1042, 939, 828, 671, 520 cra"\ 

6-(3, 4~mjdthyl£ihzdJ,Qxyph£Jiyl)-cJj>-8, 9-dUhydLfioxy-2-oxo-1 -azaJ>pin.o 

[4.5]cLcc-8-ejie. (417) - Lactam 737a (0.99 g. 3.65 mmol) was dissolved in 

THF (5 ml), t-butanol (35 ml) and acetone (10 ml), and N-methylmorpholine-

N-oxide (442 mg, 3.78 mmol) added. To t h i s s t i r r i n g mixture was added 

osmium tetroxide (7 ml of 7 mg/ml solution in 90% aq. tert-butanol). After 

ca. 10 mins a s l i g h t darkening had occurred. The mixture was st i r r e d at 

30°C for 20 hrs, and then saturated aq. sodium b i s u l f i t e (15 ml) was 

added. The mixture was then s t i r r e d at r . t . for 30 mins, before being 

f i l t e r e d through C e l i t e . The resulting solution was evaporated, and acid 

brine (30 ml, pH 2) added. This was extracted with ethyl acetate (3 x 200 ml) 

and the combined extracts washed sequentially with 40 ml portions of (a) 

20% aq. Na2C03; (b) brine, dried (MgSO^), f i l t e r e d and evaporated to yield 

crude c i s d i o l , ^̂ 77̂  (420 mg, 38%), as a white s o l i d . Further extraction 
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with ethyl acetate, at reflux overnight, afforded a further 160 mg (14%) 

of crude d i o l . Column chromatography ( s i l i c a gel. column, 38 cm x 2 cm) 

eluting with 3:2 ethyl acetate-methanol, provided c i s - d i o l , '̂̂ '̂ , (510 mg, 

46%) as a white powder; mp 250.5 -252°C; m/e 305 ( E I , M"*"), 306 ( C I ) ; 

Calculated for C^^H^gNO^ C62.9,H6.2.N4.6; . ; found 

C 60.6, H 6.2, N 4.1% ; v (KBr) 3555, 3290, 3165, 2910, 
ni3X 

2860, 1664, 1500, 1488, 1395, 1318, 1262, 1190, 1103, 1068, 1046, 997, 

947, 835, 812, 797, 651, 530, 513 cm"^ 

N-(CaAJLomeJJiQ>cymeJihyt)-6-(3, 4-meJJiy£enecLLox.yphenyl)cj^-8, 9-dLihydA.0Ky 

-2-0X.0-1 -aza^p-ijio[4.'j]de.c-8-an£. (418a) - To a s t i r r i n g solution of N-

carbethoxy-lactam, 337, (0.5 g, 1.46 mmol) in acetone (10 ml), and t e r t -

butanol (20 ml), was added N-methylmorpholine N-oxide . (185 mg. 1.58 mmol), 

followed by osmium tetroxide (10 ml, 1 mg/ml 90% aq. tert-butanol solution). 

The mixture was s t i r r e d at 30-35°C for 36 hrs, after which time i t had 

darkened considerably. Saturated aq. sodium b i s u l f i t e (10 ml) was then 

added, the mixture s t i r r e d for 30 mins, then f i l t e r e d through Celite and 

evaporated in vacuo. To the residue was added ac i d i c (H2S0^) brine (20 ml, 

pH 1.5), which was then extracted with ethyl acetate (3 x 100 ml). The 

combined extracts were washed sequentially with 20 ml portions of ( i ) 10% 

aq. Na2C03, ( i i ) brine, dried (MgSO^). f i l t e r e d and evaporated to give 

c i s - d i o l 418a, (514 mg, 93%) as a white s o l i d , mp 85-87°C; m/e 377 ( E I , 

M"*"). 378 ( C I ) ; Calculated for C^gH2^N0^ C 60.5. H 6.1, N 3.7,'m/e 377.14745; 

found C 59.6, H 6.2, N 3.1%, m/e 347.15561 :v (KBr) 3400 3920, 1745, 
ni3x 

1665, 1487, 1438, 1411, 1247, 1220, 1035, 930, 848, 805, 744, 700, 643, 

505 cm'^; 6̂^ (CDCI3) 6.68 (IH, m), 6.5 (2H, m), 5.89 (2H, s ) , 4.67, 4.60 

(IH, d, J = 17.5 Hz), 4.06-3.65 (6H, m), 3.4 (2H, m), 3.1 (IH, t, J = 8.5 Hz), 

2.18-1.86 (7H, m), 2.31-1.22 (IH, m); 6̂ . (CDCI3) 177.2, 169.6, 147.8, 

146.8, 133.5, 1.22.0, 108.8, 108.5, 101.1, 67.8, 67.4, 66.2, 52.6, 46.4, 

45.4, 40.0, 35.7, 34.9, 29.1 ppm. 
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7-(laAJLoxaMehycLe.-6-(3, 4-meJAy£^ejoLioxyph&rLyt)2-oxo-1 -axa^pln.o[4, 4JuncljLc 

-7-ene. (422) - (a) To a s t i r r i n g solution of c i s - d i o l , 418a (212 mg, 

0.7 mmol) i n methanol (10 ml), was added periodic acid (135 mg, 0.7 mmol) 

i n water (5 ml). The mixture was s t i r r e d at r . t . for 2 hrs, then satu­

rated with sodium chloride, and extracted with ethyl acetate (3 x 75 ml). 

The combined extracts were washed with brine (20 ml), dried (MgSO^), f i l ­

tered and evaporated (at <40°C) -in vacuo ^ providing a gum, which on washing 

with diethyl ether and drying -in vacuq yielded crude dialdehyde, '̂'?7 

(208 mg, 98%) as a cream powder. The proton NMR showed two protons re­

sonating at 9.8 ppm. The crude product was not purified further (see 

5 . 1 . i ) , and was used d i r e c t l y (b) The crude dialdehyde, ̂ ^7 

(208 mg, 0.69 mmol) was dissolved i n chloroform (1 ml) and loaded onto a 

column of basic alumina (30 cm x 1.5 cm). I t was chromatographed (after 

allowing to stand on the column for 20 minutes), eluting with chloroform, 

to provide a single material, expected to be the aldol regioisoraer, 422 

(70 mg, 36%) as a gum. The product was obtained as an off white solid on 

t r i t u r a t i n g with diethyl ether, though on standing i t became a gum. 

Calculated for Ĝ Ĥ̂ N̂Ô  {H^+l) m/e 286.10793; found m/e 286.10279; 

6„ (CDCl^) 9.83 (CHO, s ) , 6.75 (IH, d, J = 7.9 hz), 6.5-6.39 (2H, m). n J 

5.94 (2H, s ) , 5.41 (IH, m), 2.57-2.45 (3H, m), 1.85-1.73 (4H, m); 

6^ (CDCI3) 200.5 177.1, 148.0, 146.7, 134.2, 121, 108.6, 101.2, 86.9, 

71.4, 56.6, 54.2, 40.7, 32.3, 26.6 ppm. Two aromatic carbons coincident 

at 108.6 ppm. 
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V CHAPTER SIX 

7-('2-C(2yzi.om£-6'iOA:z/̂ Mi/̂ y'-7-/iiiyioci/ĉ oA5xa/î  (208t) - Nitrocyclohexane 

(9.9 g, 0.08 mol) was dissolved i n a mixture of dry tetrahydrofuran (100 ml) 

and f-butanol (200 ml); methyl acrylate (6.6 g, 0.08 mmol) and Triton-B 

(3 ml) were added and the mixture was s t i r r e d at 20°C for 48 hrs. The 

solvents were removed Un vacuo and the residue extracted with ether (3 x 

100 ml); the combined extracts were washed sequentially with 50 ml portions 

of ( i ) IM HCl ( i i ) 20% aq. Ha^CO^ ( i i i ) water, then dried (MgSO^) and 

evaporated to yie l d an o i l which on d i s t i l l a t i o n afforded compound 208S. 

(14.1 g, 85% ,, bpt, 80°C at 0.5. ram Hg. Calculated for C^QH^^NO^ C 55.8, 

H 7.9, N 6.5; found C 55.8, H 8.2, N 6.3%; v (neat) 2940, 2861, 1743, 
max ^ > > > 

1537, 1445, 1350, 1305, 1203, 1175, 992, 897 and 845cm"^; 6^ (CDCl^) 3.82 

(3H, s ) , 2.5 (6H, m), 1.85 (5H, m) and 1.6 (3H, s ) ; 6̂  (CDCI3) 172.1, 90.7, 

51.3, 35.0, 33.7, 27.9, 24.7 and 22.4 ppm. 

2-0>co-1 -azcu>pl/io[4,5]cUcane. (210) - Nitroester 208^ (5.7 g, 0.027 mmol) 

was dissolved i n ethanol (200 ml) and cone, hydrochloric acid (30 ml). 

Activated zinc dust (20 g) was added i n portions with s t i r r i n g , and the 

mixture was s t i r r e d at refl u x for 16 hrs, then f i l t e r e d hot. The cooled 

f i l t r a t e was basified to pH 9 with 40% aqeous NaOH and then refluxed for 

a further 3 hrs. The mixture was again f i l t e r e d hot and evaporated. The 

residue was dissolved i n water (50 ml) and extracted into dichloromethane 

The organic layer was dried (MgSO^) and evaporated to yield compound 210 

as a white powder (3.0 g, 75%). Analytical samples 01210 mp 134-135°C 

(lit,-̂ °̂  mp 132.2-132.3°C) were obtained by vacuum sublimation (70 -90°C 

at 0.5 mm Hg) or column chromatography on Al^O^ (eluent ethyl acetate: 

methanol 4:1 v/v). Calculated for CgH^^NO C 70.6, H 9.8, N 9.2; found 

C 70.8, H 9.6, N 8.8%; Mass spec, m/e 153 (EI), 154 CI, M"̂ ); v„^^ (KBr) 
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3200, 2920, 2860, 1690, 1455, 1428, 1376, 1344, 1280, 1264, 1215, 1170, 

1005, 988, 935, 900, 850, 744, 653, 611 and 512 cm"̂  ; 6^ (CDCl^) 7.98 

(NH, s ) , 2.39 (2H, t ) , 1.88 (2H, t ) , 1.56-1.45 (10 H, m); 

6^ (CDCl^) 177.7, 59.5, 38.3, 32.7, 30.1, 25.2, 22.9 ppm 

2-7hio-1 -aza6p-iA.o[4.5]cUcan& (435) - A mixture of lactam 210 (0.8 g, 

4.7 mmol), phosphorous pentasulphide (2.4 g, 5.4 mmol) i n dry benzene (80 ml) 

was s t i r r e d at reflux for 3 hrs and then cooled to 0°C. The mixture was 

basified to pH 9 with 20% aq. NaOH to yield a yellow precipitate. The 

mixture was extracted with toluene-petroleum ether (2:1 v/v) and the or­

ganic layer washed sequentially with some portions of ( i ) NaCl solution, 

( i i ) 10% ̂ a^Od^ solution, ( i i i ) water, then dried (MgSO^) and evaporated 

to y i e l d the product as a white powder (0.89 g, 100%). Chromatography 

on an alumina column eluted with ethyl acetate:hexane mixtures (1:1 f o l ­

lowed by 1:5 v/v) gave thiolactam 435 (0.64 g, 73%) mp 144,5-146°C; Cal­

culated for CgĤ N̂̂  C 63.9, H 8.9, N 8.3; found C 63.3, H 9.0, N 7.9%; 

Mass spec, m/e 169 ( E I ) , 170 CI, M"̂ ); V (KBr) 3030, 3000, 2930, 2845, 
max 

1540 (C=S) 1445, 1418, 1370, 1340, 1292, 1258, 1180, 1105, 1076, 796 cm"'̂ ; 
(CDCI3) 9.52 (NH, s ) , 2.96 (2H, t ) , 1.99 (2H, t ) , 1.65 (6H, m) and 

1.44 (4H, m); 6̂. (CDCI3) 203.5,. 69.4, 45.1, 37.7, 34.9, 25.6 and 23.8 ppm. 

1 -Aza.6plA.o[4.5]de.cane.(437) - Lithium aluminium hydride (0.9 g) was 

suspended i n rigorously dried ether (25 ml) and lactam 210 (0.688 g, 4.5 

.mmol) was added i n small portions at a rate s u f f i c i e n t to maintain gentle 

r e f l u x . The mixture was then refluxed with s t i r r i n g for 72 hrs, and then 

cooled to -5°C. Water (1 ml) was added dropwise, followed by 20% aq. NaOH 

(3 ml) i n portions over 1 hr and then water (1 ml). The clear solution 

was f i l t e r e d and the organic layer washed sequentially with ( i ) 10% aq. 

Na2C02 ( i i ) NaCl solution, dried (MgSO^) and evaporated to yield compound 

^37 as a pale yellow o i l (0.5 g, 80%). Calculated for Ĉ Ĥ N̂ m/e 139.1361; 
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found 139.1346; v^^^ (neat) 3250, 2920, 2850, 1450, 1105 and 920 cm ^ 

6^ (CDCI3) 2.96 (2H, broad s, CĤ  adjacent to NH), 1.9 (2H, m and 1.7-1.2 

(13H, m); 6^ (CDCI3) 61.7, 45.2, 38.1, 36.5, 25.9, 25.4 and 23.9 ppm 

2-lhlo-1 -a^a^plA.o[4.5]d£.carLe.-S-m£jJxlocUxie. Acttt (436) - Thiolactam 435, 

(0.96 g, 5.7 mmol) was dissolved i n dry tetrahydrofuran (150 ml) and methy-

liodide (2.0 g, 14 mmol) was added. The solution was s t i r r e d at 20°C i n 

the dark for 18 hrs. The resulting precipitate was f i l t e r e d and washed 

with ether (50 ml) to afford pure methiodide sal t 436 (1.73 g, 98%) as a 

white powder mp 199-200°C; Calculated for C^^H^gNSI C 38.6, H 5.8, N 4.5; 

found C 38.3, H 6.0, N 4.2%; Mass spec m/e 184 (EI, M"̂ ); v (KBr) 3000, 
1113. X 

2920, 2858, 2800, 1590, 1452, .1400, 1348, 1263, 1182 and 1065 cm"^ 6„ 

(CDCl^) 3.24 (2H, t ) , 3.05 (3H, s ) , 2.43 (2H, m), 2.22 (2H, t ) and 1.90-

1.30 (8H, m) (NH not observed); 6̂  (CDCl^) 189.1, 37.1, 35.8, 31.7, 24.1, 

23.2 and 19.2 ppm (spiro carbon at ca. 77 ppm concealed by solvent peaks), 

2-nMylih-io-l-aza^p^of4.5]cUca-1 -em (438) - Salt 436 (1.6 g, 

3.4 mmol) was suspended i n ether (70 ml) to which 20% aqueous ^200^ solu­

t i o n (50 ml) was added, and the mixture was s t i r r e d at room temperature 

for 1 hr. The ether layer was separated and worked up as usual to afford 

compound 438 as a pale yellow l i q u i d (0.62 g, 99%), shown by t . l . c . ana­

l y s i s [AI2O2 plate, eluent hexane:ethyl acetate (1:1 v/v)] to be pure pro­

duct although satisfactory microanalytical data could not be obtained. 

Calculated for Ĉ Ĥ̂ N̂S C 65.6, H 9.3, N 7.65; m/e 183.1082; found C 62.7, 

H 8.9, N 6.6%, m/e 183.1038. v (neat) 2925, 2858, 1595, 1450. 1309, 
max 

1290, 1175, 1155, 1080 and 1055 cm~̂  ; 6̂  (CDCl^) 2.48 (2H, t ) , 2.28 (3H, 

s) and 1.68-1.23 (12 H, m); 6̂  (CDCl^) 166.9, 76.4, 37.7, 33.8, 25.6, 23.6 

and 13.6 ppm 
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1 -(1 -CjinJioeJJiox:ymjeJAy£)-1 -az.aAplAo[4.5]cLe.carie. (4-4-0) - Compound 457 

(209 mg, 1.5 imnol) was dissolved i n dry a c e t o n i t r i l e (20 ml) and anhydrous 

potassium carbonate (209 mg, 1.5 mmol), 18-Crown-6 (3 mg) and bromoethyl-

acetate (254 mg, 1.5 mmol) were added. The mixture was s t i r r e d and re-

fluxed under nitrogen for 24 hrs. The mixture was cooled, f i l t e r e d and 

evaporated.and the residue chromatographed on. an alumina column [eluant 

hexane:ethyl acetate (1:1 v/v)] to yi e l d a pale yellow o i l (335 mg, 99%). 

Satisfactory microanalytical data were not obtained, although a l l other 

data implied a pure sample. Calculated for Q,^^^^<d^ m/e 225.1729; found 

225.1667; v (neat 2940, 2860, 2800, 1760, 1450, 1370, 1180 and 1040 cm"̂  

(CDCI3) 4.24 (2H, q), 3.85 (IH, s ) , 3.42 (IH, s ) , 2.27-1.10 (19H, m); 

"5̂  (CDCl^) 172.0, 63.7, 60.5, 51.4, 50.3, 33.5, 32.3, 26.1, 24.2, 21.0 and 

14.2 ppm. 

1- (2-CaA&.omjeJAo>:yeJAy£)-1-nMjiocycXopejxtane. (208a) - This compound 

was prepared from nitrocyclopentane , analogously to compound 208L 

and isolated, as an o i l i n 88% y i e l d . Calculated for Ĉ Hĵ N̂Ô  C 53.7, 

H 7.5, N 7.3;. found C 54.0, H 7.6, N 7.3%; Mass spec, m/e 155 (M'^-N02); 

V (neat) 2960, 2880, 1743, 1538, 1440, 1360, 1200, 1180 and 845 cm~^; 
II13.X 

6^ (CDCI3) 3.65 (3H, s ) , 2.5 (2H, m), 2.1 (4H, s) and 1.8 (6H, m); 6̂  (CDCI3) 

172.6, 99.3, 51.8, 37.2, 34.4, 29.8 and .24.4 ppm 

2- OK.O-I-az.aApLn.ol4.4]de.cane. (209) - This compound was prepared from 

nitro-ester 208a, analogously to compound 270 i n 50% y i e l d , white powder, 

mp 127-129°C (af t e r sublimation), (lit.-̂ °̂  mp 125.6-126.2°C). Calculated 

for C„H,„N0 C 69.1, H 9.4, N 10.1; found C 68.9, H 9.6, N 9.6% Mass spec. 
o i J 

m/e 140 (CI, M"^); v (KBr) 3160, 3078, 2940, 2870, 1688, 1463, 1434, 
insx 

1380, 1260, 1035, 945, 930, 780, 645, 555, 520 and 420 cm"S (CDCl^) 

7.22 (NH, s ) , 2.32 (2H, t ) , 1.94 (2H, t ) and 1.65 (8H, m); 0^ (CDCI3) 
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177.9, 67.2, 39.1, 33.6, 31.0 and 23.1 ppm. 
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T.l Ring C 

Our methodology fo r construction of the seven-membered 3-benzazepine 

ring C (4.1), provides the unknown 8-oxo-lO-hydroxy ring D-ring C func­

t i o n a l i t y . Removal of the hydroxy group (e.g. by mesylation, base-

elimination and reduction), would yield the 8-oxo functionality, f i r s t 

reported i n 1988 by Kuehne et a l . 

While attempts to obtain the imide f u n c t i o n a l i t y by oxidation of 

3596- were unsuccessful (4.1), an alternative ring closure may provide 

t h i s unknown 8-oxo-lO-oxo substituion ( i . e . acid-lactam with DCC con­

densation). Further, DIBAL-H reduction of t h i s should regioselectively 

reduce one carbonyl (possibly i n the seven-membered r i n g ) , stereoselec-' 

t i v e l y . This would provide a route to the 8-oxo-lO-hydroxy system with 

the alternative 10 position r e l a t i v e stereochemistry. 

Larger r i n g C analogues of cephalotaxine are unknown. The appli­

cation of the methodology described e a r l i e r (4.1) to 3,4- methylenedioxy-

phenyl propionic acid, could provide a route to an eight-membered ring 

C cephalotaxine analogue. 

1.2 Ring D 

Methodology for six-membered lactam azaspirocycles, via Arndt-Eistert 

homologation of the intermediate ester, has been described (2.1). Four-

membered lactam azaspirocycles, however, are unknown; alkylation of 239 

with bromoethylacetate should provide an appropriate intermediate for 

3-lactam c y c l i z a t i o n , which would provide an interesting class of 

analogues. 

The use of substituted methyl acrylates (see 2.2) could provide 

ring D substituted analogues. However, the problem of stereocontrol 

arises, and the a l k y l a t i o n being a n t i to the aromatic group suggests 

l i t t l e l i k e l i h o o d of s e l e c t i v i t y in formation of new stereocentres. 
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1.3 Ring E 

Clearly, as we have yet to construct ring E with the functionality 

present i n cephalotaxine, i n i t i a l l y work should be directed towards this 

goal, following three basic approaches, v i z : 

( i ) modification of the available cyclohexene ring E; 

( i i ) a l t ernative strategies, constructing ring E early as a 

f i v e merabered ring; 

( i i i ) asymmetric synthesis of a cyclohexene or other, 

ring E; elaboration towards (-) cephalotaxine. 

i Modifications of cyclohexene ring E 

The general strategies available for entry to ring E pre-targets, 
39 40 43 

already elaborated to cephalotaxine ' ' , have been discussed above 

(5.1). Here, we w i l l b r i e f l y describe other possible approaches to ring 

opened intermediates, and an alternative modification of cyclopentanone 

pre-target, . 
a-ketols are available from cyclic olefins^"^"^, cycic l,2-diols^~'^'^'^^ 

436 

or fused epoxides , a l l f u n c t i o n a l i t i e s which have already been obtained 

for r i n g E(5.1). Mild oxidative cleavage of cyclohexane - ot-ketols, 

e.g. 448, to ring opened ester-aldehydes, e.g. 449, has been reported 

This methodology therefore provides a potential route to intermediates 

such as 450, o x i d a t i o n - e s t e r i f i c a t i o n then cyclization affording 3-keto-

ester 457, or direct cyclization of 450 potentially providing 6-keto-

aldehyde, 452. Both 451 and 452 should provide access to the unsubsti-

tuted cyclopentanone rin g E derivative. 
H H / 02Me rhr° /4-co2Me 

M--̂ -OH M-̂* Z ^ H \ 
H n 
448 449 450 
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Ar HN 

0 , 
R2 J k ^ R l ' = '°2^' 
^ ^52 R1=CH0 R^= H 

AT HNAD ^55 R1=R2^H 

39 
An alternative to the cyclopentanone modification of Hanaoka et a l , 

could be the application of Takeda's conversion of cyclohexanone to cyclo-
438 

hexa-1,2-dione , to the cyclopentanone r i n g . This methodology converts 

cyclohexanones to ot-ketols, with the second oxygen introduced at the less 

hindered a-position. In our intermediates, we might expect 453 to be 

converted to 454, tantomerizing to the further conjugated isomer 455. 

OH 

A / H N - \ 

454 

This i s f u n c t i o n a l i t y appropriate to demethylcephalotaxinone, 12, ring E 

intermediates of t h i s type have already been converted to cephalotaxine 

r i n g E . 

i i Alternative strategies for five-membered ring E 

The early construction of rin g E as a functionalized cyclopentane, 

would obviate modification of a cyclohexene rin g E. A number of general 

annulation approaches can be envisaged: below are described four general 

strategies, three of which have precedents. The f i r s t of these involves 

modification of any of our g-nitrostyrene intermediates (see 2.2, 4.1 

and 4.2), represented generally as 456, to the 3-keto n i t r o derivative 

457, (via e p o x i d a t i o n r e d u c t i v e opening then oxidation, or epoxide 

oxidative rearrangement, for example). Alkylation with 2,3-dichloro-l-

propene should then afford 458, which i s very closely related to Hanaoka's 
39 

intermediate 77 
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Ar HN 

^̂ 57 Rl=H R^ = C02Me 

'̂ 52 R1=CH0 R^= H 

39 
An alternative to the cyclopentanone modification of Hanaoka et a l , 

could be the application of Takeda's conversion of cyclohexanone to cyclo-
438 

hexa-l,2-dione , to the cyclopentanone r i n g . This methodology converts 

cyclohexanones to a-ketols, with the second oxygen introduced at the less 

hindered a-position. In our intermediates, we might expect 453 to be 

converted to 454, tantomerizing to the further conjugated isomer 455. 
OH 

454 

This i s f u n c t i o n a l i t y appropriate to demthylcephalotaxinone 72 ̂  ring E 

intermediates of t h i s type have already been converted to cephalotaxine 
. T,40 r i n g E . 

i i Alternative strategies for five-membered ring E 

The early construction of rin g E as a functionalized cyclopentane, 

would obviate modification of a cyclohexene rin g E. A number of general 

annulation approaches can be envisaged: below are described four general 

strategies, three of which have precedents. The f i r s t of these involves 

modification of any of our 3-introstyrene intermediates (see 2.2, 4.1 

and 4.2), represented generally as 456, to the 3-keto n i t r o derivative 

457, (via e p o x i d a t i o n r e d u c t i v e opening then oxidation, or epoxide 

oxidative rearrangement, for example). Alkylation with 2,3-dichloro-l-

propene should then afford 455, which i s very closely related to Hanaoka's 
39 

intermediate 71 
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456 

0 R 

Ar NO2 

457 R=H 
R=CH2C(C1)CH2 

Reduction of 458 to the alcohol, and acid catalysed cyclization ' 

should s i m i l a r l y y i e l d cyclopentanone intermediate, ̂ 59. 
439 

A related strategy i s a Robinson-type annulation to a cyclo­

pentanone. The nitrostyrene, 460^ should be available from an appropriate 

aromatic aldehyde and 4-nitro-butan-2-one. Conversion to the corres­

ponding 6-keto n i t r o intermediate, 461{see above), should then allow for 
439 

base-promoted cyclocondensation to cyclopentenone 462. 

Ar NO Ar NO2 
460 461 

Enamines, e.g. 1-aminobutadiene, undergo (non-concerted) cyclo-
440 

additions , being p a r t i c u l a r l y successful with nitrostyrene dieheophiles. 

Addition of 2,3-dimorpholino butadiene to 3-nitrostyrene provided, after 

hydrolysis, reasonable y i e l d of the amino-cyclopentanone,^0J . More 

recently, similar cycloaddition of the ct-ketoenamine to 3-nitrostyrene, 

yielded, a f t e r hydrolysis the C-hydroxy-cyclopentanone, 465, i n very good 

y i e l d (and as a single diastereomer) . The use of enamines 466a and 

466i^ could then provide mild entry to cyclopentanones 467a and '̂ ^̂ ^ 

respectively ( p o t e n t i a l l y diastereoselectively). 
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0 A 
463 

NR^ 

0 

0 
464 

Ph NO2 

R 
466 a R=CHO 

&. R=CH(0Me)2 

0 

y^'^^^ 467 a R1=H 
Ar NO' 

^ R =Me 

A partly convergent strategy can be devised, i n which dinitro-ester 

465 (prepared by monoalkylation of 1,4-dinitrobutane) condenses with a 

3-nitrostyrene derivative, 456, to yie l d 469. Intramolecular Michael 

c y c l i z a t i o n should then afford cyclopentones, 470a and 470^. Our reduc­

t i v e c y c l i z a t i o n methodology (see 2.2) should then yield 477, and oxida­

t i o n of 477 should provide cyclopentanone, 472 ̂ '̂̂  . 

465 R=H 
469 R= =CHAr 

Ar NO2 C02Me 

470 a R= ••inMN02 
^ R= ^ N O . 

Ai: HN 

477 X= 
472 X= 

i i i Asymmetric construction of E? 

Asymmetric approaches to cephalotaxine synthesis are a remaining 

challenge. A l l current syntheses provide racemic cephalotaxine (1.6). 

Asymmetric Diels-Alder reactions are of considerable current interest 

generally u t i l i z i n g c h i r a l a u x i l i a r i e s attached to the dieneophile, or, 

193 
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less commonly, the diene'^^^. With nitrostyrenes - which contain two 

prochiral o l e f i n carbons - asymmetric cycloaddition to a diene, requires 

H-face-selective addition to the diene, exo or endo s p e c i f i c i t y , and 

regiocontrol. 
440 

Nitroalkenes are known to be highly regioselective dieneophiles ' 
191 192 447 

' ' , and we might expect endo positioning of the aromatic group. 
H-Face-selectivity could be provided by an appropriate c h i r a l diene sub-
s t i t u e n t , p r e f e r e n t i a l l y 'shielding' one face of the diene. Trost et 
448 

a l have reported reasonably good ee (75-80%) i n addition of chiral 

dienes 473a and 473S,. to acrolein. They explained the face-selectivity 

from a combination of H-stacking effects and s t e r i c interactions. 

Taking i n t o account the regiospecifity and endo-selectivity expected, 

coupled with Trost's observations, we would require the (/̂ ) enantiomer, 

The favoured conformation of 474 could lead to cycloaddition pre­

f e r e n t i a l l y via t r a n s i t i o n state 475, yielding stereoisomer 476, con­

taining two asymmetric centres of configurations appropriate to natural 

(-) cephalotaxine. 
0 

OMe 
— ^ 1 1 1 1 w 

^ Ph 

X -473 X 

a R=H 
OMe ^ R= al k y l 

474 X = —^""Ph 
H 

Ar. 
/^NO^ 

0 
476 
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The Board of Studies i n Chemistry requires that each postgraduate 

research thesis contain an appendix l i s t i n g : 

1 a l l research colloquia, research seminars and lectures, 

arranged by the Department of Chemistry during the period 

of the residence as a postgraduate student. 

2 a l l research conferences attended, and papers presented 

•by the author, during the period when the research for 

the thesis was carried out. 

I I . 1 Lectures and Colloquia organised by the Department of Chemistry 

during the period October 1985 - July 1988 

17.10.85 * Dr. C.J. Ludman (University of Durham) 
"Some Thermochemical Aspects of Explosions" 

24.10.85 Dr. J. Dewing (UMIST) 
"Zeolites - Small Holes, Big Opportunities" 

30.10.85 * Dr. S.N. Whittleton (University of Durham) 
"An Investigation of a Reaction Window" 

31.10.85 * Dr. P. Timms (University of B r i s t o l ) 
"Some Chemistry of Fireworks" 

5.11.85 Prof. M.J. O'Donnell (Indiana-Purdue University, U.S.A.) 
"New Methodology for the Synthesis of Amino Acids" 

7.11.85 Prof. G.Ertl (Munich, W.Germany) 
"Heterogeneous Catalysis" 

14.11.85 * Dr. S.G.Davies (University of Oxford) 
" C h i r a l i t y Control and Molecular Recognition" 

20.11.85 * Dr. J.A.H. McBride (Sunderland Polytechnic) 
"A Heterocyclic Tour on a Distorted Tricycle - Biphenylene" 

21.11.85 Prof. K.H. Jack (University of Newcastle) 
"Chemistry of Si-Al-O-N Engineering Ceramics" 

28.11.85 Dr. B.A.J. Clark (Kodak Ltd) 
"Chemistry and Principles of Colour Photography" 

28.11.85 Prof. D.J. Waddington (University of York) 
"Resources for the Chemistry Teacher" 

15. 1.85 Prof. N. Sheppard (University of East Anglia) 
"Vibrational and Spectroscopic Determinations of the 
Structures of Molecules Chemisorbed on Metal Surfaces" 
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23. 1.86 * Prof. Sir Jack Lewis (University of Cambridge) 
"Some More Recent Aspects i n the Cluster Chemistry of 
Ruthenium and Osmium Carbonyls" 

29. 1.86 Dr. J.H. Clark (University of York) 
"Novel Fluoride Ion Reagents" 

30. 1.86 * Dr. N.J. P h i l l i p s (University of Loughborough) 
"Laser Holography" 

12. 2.86 Dr. J. Yarwood (Univeristy of Durham) 
"The Structure of Water i n Liquid Crystals" 

12. 2.86 Dr. O.S. Tee (Concordia University, Montreal, Canada) 
"Bromination of Phenols" 

13. 2.86 * Prof. R. Grigg (Queen's University, Belfast) 
"Thermal Generation of 1,3-Dipoles" 

19. 2.86 * Prof. G. Procter (University of Salford) 
"Approaches to the Synthesis of Some Natural Products" 

20. 2.86 * Dr. C.J.F.Barnard (Johnson Matthey Group) 
"Platinum Anti-Cancer Drug Development" 

26. 2.86 Ms. C.T i l l (University of Durham) 
"ESCA and Optical Emission Studies of the Plasma 
Polymerisation of Perfluoroaromatics" 

27. 2.86 Prof. R.K.Harris (University of Durham) 
"The Magic of Solid-State NMR" 

5. 3.86 * Dr. D.Hathway (University of Durham) 
"Herbicide S e l e c t i v i t y " 

5. 3.86 Dr. M. Schroder (University of Edinburgh) 
"Studies on Macrocyclic Compounds" 

6. 3.86 * Dr. B. Iddon (University of Salford) 
"The Magic of Chemistry" 

12. 3.86 Dr. J.M. Brown (University of Oxford) 
"Chelate Control i n Homogeneous Catalysis" 

14. 5.86 Dr. P.R.R. Langridge-Smith (University of Edinburgh) 
"Naked Metal Clusters - Synthesis, Characterisation, and 
Chemistry" 

9. 6.86 Prof. R.Schmutzler (Braunschweigh, W.Germany) 
"Mixed Valence Diphosphorus Compounds" 

23. 6.86 Prof. R.E.Wilde (Texas Technical University., U.S.A.) 
"Molecular Dynamic Processes from Vibrational Bandshapes" 

16.10.86 * Prof. N.N. Greenwood (University of Leeds) 
"Glorious Gaffes i n Chemistry" 

23.10,86 * Prof. H.W.Kroto (University of Sussex) 
"Chemistry i n Stars, Between Stars and in the Laboratory" 
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29.10.86 Prof. E.H.Wong ( U n i v e r s i t y of New Hampshire, U.S.A.) 
"Coordination Chemistry of P-O-P Ligands" 

5.11.86 Prof. Dbpp ( U n i v e r s i t y of Duisburg) 
"Cyelo-Additions and Cyclo-Reversions I n v o l v i n g Capto-Dative 
Alkenes" 

6.11.86 * Dr. R.M. Scrowston ( U n i v e r s i t y of H u l l ) 
"From Myth and Magic t o Modern Medicine" 

13.11.86 * Prof. S i r Geoffrey A l l e n (Unilever Research) 
"Biotechnology and the Future of the Chemical In d u s t r y " 

20.11.86 Dr. A. Milne and Mr. S. C h r i s t i e ( I n t e r n a t i o n a l Paints) 
"Chemical Serendipity - A Real L i f e Case Study" 

26.11.86 Dr. N.D.S. Canning ( U n i v e r s i t y of Durham) 
"Surface Adsorption Studies of Relevance to Heterogeneous 
Ammonia Synthesis" 

27.11.86 * Prof. R.L.Williams (M e t r o p o l i t a n Police Forensic Science) 
"Science and Crime" 

3.12.86 Dr. J. M i l l e r (Dupont Central Research, U.S.A.) 
"Molecular Ferromagnets:Chemistry and Physical Properties" 

8.12.86 Prof. T.Dorfmliller ( U n i v e r s i t y of B i e l e f e l d , W.Germany) 
"R o t a t i o n a l Dynamics i n Liquids and Polymers" 
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I l l 1 DATA- for 6-(3,4-METHYLENEDI0XYPHENYL)-2-THI0-l-AZASPIR0[4.5]DEC 
-8-ENE (253) 

C r y s t a l s y s t e m 

a/A 

b/1 

c/A 

d / d e g 

/^/deg 

<^/deg 

V/A^ 

S p a c e group 

Z 

Dc/gcm-3 

L i n e a r a b s . 
c oe f f . / cm-'̂  

F(OOO) 

Da t a C o l l e c t i o n 

M o n o c l l n i c 

12 .006(4) 

8.995(5) 

1 4 .032( 3 ) 

90.00 

67 .41(2) 

90.00 

1399.1 

P 2 l / n 

4 

1 . 364 

20. 108 

608 

CAD4 d l f f t a c t o m e t e r , Cu r a d i a t i o n , - 1.5418X, Lu-lO- s c a n mode 

S c a n w i d t h ( 0 . 8+0 . 1 5 t a n P ) * , Scan speed 1 . 3-6 . 7 7* m i n - 1 

Q a i n , ^ max/deg 3 , 65 

T o t a l Data 2671 

T o t a l Unique 2384 

T o t a l Observed (I?/3<rl) 1389 

Re f inement 

No. of p a r a m e t e r s 

W e i g h t i n g scheme 
c o e f f . g 

F i n a l R 

F i n a l Rw 

2 39 

0.0005 

0.0548 

0.0423 

- 189 -



TABLE I I I . A : BOND LENGTHS (A) f o r C,.H,^NO„S (^55) 

C ( 2 ) - S ( l ) 1. 6 5 7 ( 6 ) N ( 3 ) - C ( 2 ) 1. 320(5) 
C ( 6 ) - C ( 2 ) 1 . 5 0 3 ( 8 ) C ( 4 ) - N ( 3 ) 1. 470(5) 
H ( 3 ) - N ( 3 ) 0. 9 6 2 ( 4 7 ) C ( 5 ) - C ( 4 ) 1. 528(8) 
C ( 7 ) - C ( A ) 1 . 5 2 3 ( 7 ) C ( l l ) - C ( 4 ) 1. 562(7) 
C ( 6 ) - C ( 5 ) 1 . 5 2 1 ( 8 ) H ( 5 1 ) - C ( 5 ) 1. 004(40) 
H ( 5 2 ) - C ( 5 ) 0. 9 8 5 ( 3 9 ) H ( 6 1 ) - C ( 6 ) 0. 901(41) 
H ( 6 2 ) - C ( 6 ) 0. 9 1 8 ( 4 1 ) C ( 8 ) - C ( 7 ) 1. 495(7) 
H ( 7 1 ) - C ( 7 ) 1. 0 8 9 ( 4 0 ) H ( 7 2 ) - C ( 7 ) 1. 000(40) 
C ( 9 ) - C ( 8 ) 1. 3 1 0 ( 7 ) H ( 8 ) - C ( 8 ) 1. 017(46) 
C ( 1 0 ) - C ( 9 ) 1. 4 9 3 ( 7 ) H ( 9 ) - C ( 9 ) 1 . 016(45) 
C ( l l ) - C ( 1 0 ) 1. 5 2 9 ( 8 ) H ( 1 0 1 ) - C ( 1 0 ) 1. 068(39) 
H ( 1 0 2 ) - C ( 1 0 ) 0. 9 9 7 ( 4 0 ) C ( 1 2 ) - C ( l l ) 1. 509 ( 7 ) 
H ( l l ) - C ( l l ) 0. 9 8 1 ( 3 2 ) C ( 1 3 ) - C ( 1 2 ) 1. 408(6) 
C ( 2 0 ) - C ( l 2 ) 1. 3 9 0 ( 6 ) C ( 1 4 ) - C ( 1 3 ) 1. 363(6) 
H ( 1 3 ) - C ( I 3 ) 0. 9 4 4 ( 3 7 ) 0 ( 1 5 ) - C ( 1 4 ) 1. 387(6) 
C ( 1 8 ) - C ( 1 4 ) 1. 3 7 0 ( 6 ) C ( 1 6 ) - 0 ( 1 5 ) 1. 436(7) 
0 ( 1 7 ) - C ( 1 6 ) 1. 4 0 7 ( 7 ) H (1 6 1) - C ( 1 6 ) 0. 964(50) 
H ( 1 6 2 ) - C ( 16) 0. 9 1 9 ( 5 1 ) C ( 1 8 ) - 0 ( l 7 ) 1. 370(6) 
C( 1 9 ) - C ( 1 8 ) 1. 3 6 1 ( 7 ) C ( 2 0 ) - C ( 1 9 ) 1. 399(7) 
H ( 1 9 ) - C ( 1 9 ) 1. 0 3 5 ( 3 9 ) H ( 2 0 ) - C ( 2 0 ) 1. 008(39) 
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TABLE I I I . B : BOND ANGLES (DEG.) for Cj^Hj-7N02S (253) 

« ( 3 ) - C ( 2 ) - S ( l ) 1 2 7 . 3(4) C : 6 ) - C ( 2 ) - S ( l ) 125 2 ( 4 ) 

C ( 6)-C ( 2)-N(3) 1 0 7 . 5(4) c :4) -N ( 3)-C ( 2 ) 116 5 ( 4 ) 
B ( 3 ) - N ( 3 ) - C ( 2 ) 1 1 5 . 7 ( 3 0 ) c [ 4 ) - N ( 3 ) - H ( 3 ) 127 3 ( 3 1 ) 
C ( 5)-C(4)-N { 3 ) 1 0 1 . 7(4) c : 7 ) -C(4)-N ( 3 ) 110 5 ( 4 ) 
C ( 7 ) - C ( 4 ) - C ( 5 ) 1 1 2 . 2(4) c )-C ( 4)-N ( 3 ) 110 5 ( 4 ) 
C ( l l ) - C ( 4 ) - C ( 5 ) 1 1 4 . 2(4) c . 11 ) - C ( 4 ) - C ( 7 ) 107 7 ( 4 ) 
C ( 6 ) - C ( 5 ) - C ( 4 ) 1 0 5 . 7(4) H [51 ) - C ( 5 ) - C ( 4 ) 109 2 ( 2 4 ) 
H ( 5 2 ) - C ( 5 ) - . C ( 4 ) 1 1 0 . 5 ( 2 5 ) H [52 ) - C ( 5 ) - H ( 5 1 ) 107 9 ( 3 3 ) 
C ( 6 ) - C ( 5 ) - « ( 5 1 ) 1 1 2 . 4 ( 2 3 ) C [ 6 ) - C ( 5 ) - H ( 5 2 ) 111 2 ( 2 4 ) 
C ( 5 ) - C ( 6 ) - C ( 2 ) 1 0 5 . 3 ( 5 ) H [61 ) - C ( 6 ) - C ( 2 ) 108 1 ( 3 0 ) 
H ( 6 1 ) - C ( 6 ) - C ( 5 ) 1 1 2 . 3 ( 2 8 ) HI '62 ) - C ( 6 ) - C ( 2 ) 110 4 ( 2 7 ) 
H ( 6 2 ) - C ( 6 ) - C ( 5 ) 1 1 1 . 3 ( 2 9 ) H 62 ) - C ( 6 ) - H ( 6 1 ) 109 4 ( 4 1 ) 
C ( 8 ) - C ( 7 ) - C ( 4 ) 1 1 3 . 5 ( 5 ) H [71 ) - C ( 7 ) - C ( 4 ) 106 6 ( 2 1 ) 
H ( 7 2 ) - C ( 7 ) - C ( 4 ) 107 . 8 ( 2 4 ) HI 72 ) - C ( 7 ) - H ( 7 1 ) 106 2 ( 3 1 ) 
C ( 8 ) - C ( 7 ) - H ( 7 1 ) 1 1 2 . 5 ( 2 3 ) C( 8 ) - C ( 7 ) - U ( 7 2 ) 109 9 ( 2 4 ) 
C ( 9 ) - C ( 8 ) - C ( 7 ) 1 2 3 . 4 ( 6 ) HI 8 ) - C ( 8 ) - C ( 7 ) 117 1 ( 2 8 ) 
C ( 9 ) - C ( 8 ) - H ( 8 ) 1 1 9 . 4 ( 2 8 ) C( 10 ) - C ( 9 ) - C ( 8 ) 122 9 ( 6 ) 
H ( 9 ) - C ( 9 ) - C ( 8 ) 121 . 7 ( 2 8 ) C( 10 ) - C ( 9 ) - H ( 9 ) 1 1 3 4 ( 2 8 ) 
C ( 1 1 ) - C ( 1 0 ) - C ( 9 ) 1 1 3 . 0 ( 5 ) H( 10 l ) - C ( 1 0 ) - C ( 9 ) 11 2 5 ( 2 3 ) 
H ( 1 0 2 ) - C ( 1 0 ) - C ( 9 ) 109 . 8 ( 2 5 ) H( 10 2 ) - C ( 1 0 ) - H ( 1 0 1 ) 105 2 ( 3 2 ) 
C ( 1 1 ) - C ( 1 0 ) - H ( 1 0 1 ) 104 . 7 ( 2 3 ) C( 11 ) - C ( 1 0 ) - H ( 1 0 2 ) 1 1 1 2 ( 2 6 ) 
C ( l 0 ) - C ( l l ) - - C ( 4 ) 1 0 9 . 8 ( 4 ) C( 1.2 ) - C ( l l ) - C ( 4 ) 11 4 6 ( 4 ) 
C ( 1 2 ) - C ( l l ) - C ( 1 0 ) 1 1 2 . 8 ( 4 ) H( 11 ) - C ( 1 1 ) - C ( 4 ) 106 5 ( 2 0 ) 
H( 1 I ) - C ( 1 1 ) - C ( 1 0 ) 107 . 0 ( 2 0 ) C( 12 ) - C ( 1 1 ) - H ( 1 1 ) 105 5 ( 2 0 ) 
C ( 1 3 ) - C ( 1 2 ) - C ( l l ) 1 1 8 . 9 ( 5 ) C( 20 ) - C ( 1 2 ) - C ( l l ) 122 0 ( 5 ) 
C ( 2 0 ) - C ( 1 2 ) - C ( 1 3 ) 1 1 9 . 1 ( 5 ) C( 14 ) - C ( 1 3 ) - C ( 1 2 ) 1 I 7 6 ( 5 ) 
H ( 1 3 ) - C ( 1 3 ) - C ( 1 2 ) 1 1 9 . 1 ( 2 7 ) C( 14 ) - C ( 1 3 ) - H ( l 3 ) 123 1 ( 2 7 ) 
0 ( 1 5 ) - C ( 1 4 ) - C ( 1 3 ) 127 . 4 ( 5 ) C( 18 ) - C ( 1 4 ) - C ( 1 3 ) 122 6 ( 5 ) 
C ( 1 8 ) - C ( 1 4 ) - 0 ( 1 5 ) 109 . 9 ( 5 ) C( 16 ) - 0 ( 1 5 ) - C ( 1 4 ) 104 7 ( 5 ) 
0 ( 1 7 ) - C ( 1 6 ) - 0 ( 1 5 ) 1 0 8 . 8 ( 5 ) H( 16 l ) - C ( 1 6 ) - 0 ( 1 5 ) 107 1 ( 3 2 ) 
H ( 1 6 2 ) - C ( 1 6 ) - 0 ( 1 5 ) 105 . 0 ( 3 3 ) HI 16 2 ) - C ( 1 6 ) - H ( 1 6 1 ) 121 5 ( 4 9 ) 
0 ( 1 7 ) - C ( 1 6 ) - H ( 1 6 1 ) 104 . 6 ( 3 3 ) 01 17 ) - C ( 1 6 ) - H ( 1 6 2 ) 109 4 ( 3 4 ) 
C ( 1 8 ) - 0 ( 1 7 ) - C ( 1 6 ) 1 0 6 . 3 ( 5 ) 01 1 7 ) - C ( 1 8 ) - C ( 1 4 ) 110 0 ( 5 ) 
C ( 1 9 ) - C ( 1 8 ) - C ( 1 4 ) 121 . 6 ( 5 ) C( 19 ) - C ( 1 8 ) - 0 ( 1 7 ) 128 2 ( 5 ) 
C ( 2 0 ) - C ( 1 9 ) - C ( 1 8 ) 1 1 7 . 0 ( 5 ) H( 19 ) - C ( 1 9 ) - C ( 1 8 ) 12 1 3 ( 2 4 ) 
C ( 2 0 ) - C ( 1 9 ) - H ( 1 9 ) 1 2 1 . 7 ( 2 4 ) H< 20 ) - C ( 2 0 ) - C ( 1 2 ) 120 6 ( 2 4 ) 
C ( 1 9 ) - C ( 2 0 ) - C ( 1 2 ) 122 . 1 ( 5 ) H( 20 ) - C ( 2 0 ) - C ( 1 9 ) 11 7 3 ( 2 4 ) 
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111.2. DATA FOR 7,8-DIMETHOXY-CYCLOHEXENO [ 3,4-b ] - (2-PYRROLIDINO) [ 3 ,5-a ] 
-4-HYDR0XY-2,3,4,5-TETRAHYDR0-3-BENZAZEPINE (359^ ) 

C r y s t a l l o g r a D h i c S t u d i e s 

C r y s t a l d a t a : C/^H^jN/O^. M = 329.40, m o n c c l i n i c , ^ 
s p a c e g r o u p PZ^/c (No. 1 4 ) . a = 13.176(2), b = 7.094( 1 ) , c = 1 7.646( 2 ) A, 
^ = 1 0 1 . 5 5 ( 1 ) " , U - 1615.9(4) , 2 = 4, DC = 1.354 g c.1l•^ F(OOO) = 704. 
^ = 0.71069 A, JAiMo-K^} = 0.9 cm""', c r y s t a l s i z e (.73 x .32 x .45 mm). 

D a t a c o l l e c t i o n : U n i t c e l l p a r a m e t e r s and i n t e n s i t y d a t a were o b t a i n e d 
by f o l l o w i n g p r e v i o u s l y d e t a i l e d p r o c e d u r e s , u s m g a CAD4 d i f f r a c t o m e t e r 
o p e r a t i n g i n t h e ̂ '-29 scan mode, w i t h g r a p h i t e monochromated Mo-K^ r a d i a t i o r 
A t o t a l o f 2334 u n i q u e r e ^ ' l e c t i o n s were c o l l e c t e d (3 4̂  2 9"̂  50°). The 
segment o f r e c i p r o c a l space scanned was; i^] 0 15, (A) 0 -> 8, 
(X) -21 -» 21 : 

S t r u c t u r e s o l u t i o n and r e f i n e m e n t : The s t r u c t u r e was s o l v e d by the 
a p p l i c a t i o n o f r o u t i n e d i r e c t methods (SHELX-86 ti ) , and r e f i n e d by 
f u l l - m a t r i x l e a s t - s q u a r e s (SHELX-76C ) . A l l t h e ncn-hydrogen atoms 
were r e f i ned "an i s o t r o p i c a l 1 y . A l l hydrogen atoms, e x c e p t t h a t o1^ 
h y d r o x y l g r o u p , were p l a c e d i n t c c a l c u l a t e d p o s i t i c r s (C-H 0.95 A; U = 0, 

ref1nement 

H u r s t h o u s e , F 
Chem.Soc. , 1 9 

Jon e s , K.M.A. M a l i k a-'C G. W i l k i n s o n , 
1 0 1 , 4128. 

G.M. S h e l d r i c k . ShE-X-86 Program f o r Crysta'' S t r u c t u r e Solution', 
U n i v e r s i t y o f G o t t i n g e n . 1986. 

G.M. S h e l d r i c k , SHELX76 Program f o r C r y s t a l S t r u c t u r e D e t e r m i n a t i o n 
and r e f i n e m e n t . U n i v e r s i t y o f Cambridge, 19^5. 
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TABLE I I I . C 

Bond l e n g t h s (A) f o r C(19)H(23)N(1 ) 0 ( 4 ) 559^ 

C ( 1 ) - 0 ( 1 ) 1 .238(3) C(17)-0(2) 1 .412(4) 
C ( 1 2 ) - 0 ( 3 ) 1 .368(3) C(18)-0(3) 1 .425(3) 
C ( 1 3 ) - 0 ( 4 ) 1 .374(3) C(19)-0(4) 1 .405(4) 
C(1 )-N(1 ) 1 .354(4) C(4 )-N(1) 1 .485(3) 
C(17)-N(1 ) 1 .458(3 ) C(2 )-C(1) 1 .492(4) 
C ( 3 ) - C ( 2 ) 1 ,523( 5 ) C(4 )-C(3) 1 .550(5 ) 
C ( 5 ) - C ( 4 ) 1 .535( 5). C(9)-C(4) 1 .554(5) 
C ( 6 ) - C ( 5 ) 1 .496(4 ) C{ 7 )-C(6) 1 .327( 5 ) 
C ( 8 ) - C ( 7 ) 1 .504(5 ) C(9 )-C{8) 1 .535(5 ) 
C( 10 )-C(9 ) 1 .537( 5 ) Ct 1 1 )-C(10) 1 .403(4) 
C( 15 )-C( 1-0 ) 1 .391{4 ) C(12)-C(11) 1 .385(4) 
C( 1 3 ) - C ( 1 2 ) 1 .398(4) C(14)-C(13) 1 .378(4 ) 
C(1 5 ) - C ( 1 4 ; 1 .401(4 ) C(:6)-C(15) 1 .507(5 ) 
C(1 7 ) - C ( 1 5 ) 1 .519(5) H0(2)-0(2) 1 .01(4) 

TABLE I I I . D 

Bond a n g l e s (deg.) f o r 0(19 )H( 23 )N ( 1 )0( 4 ) 359« 

C ( 1 8 ) - 0 ( 3 )-C( 12) 117 .2(3) C( 19)-0(4)-C(13) 1 1 7 .3(3) 
C ( 4 ) - N ( 1 ) - C ( 1 ) 113 .4(3) C( 17)-N(1)-C(1 ) 1 1 9 .2(3) 
C( 17 )-N( 1 )-C(4) 126 .9(3) N(1)-C( 1)-0{1 ) 125 .4(3) 
C ( 2 ) - C ( 1 ) - 0 ( 1 ) 125 .7(3) C(2)-C(1)-N( 1 ) 108 .9(3) 
C ( 3 ) - C ( 2 ) - C ( 1 ) 102 .9(3) C(4)-C(3)-C(2 ) 104 .4(3) 
C ( 3 ) - C ( 4 ) - N ( 1 ) 99 .9(2) C(5)-C(4)-N(1 ) 112 .5(3) 
C ( 5 ) - C ( 4 ) - C ( 3 ) 110 .9(3) C(9)-C(4)-N( 1 ) 1 1 4 .4(3) 
C ( 9 ) - C ( 4 > - C ( 3 ) 110 .9(3) C(9)-C(4)-C(5 ) 108 .1(3) 
C ( 6 ) - C ( 5 ) - C ( 4 ) 1 11 .0(3) C(7)-C(6)-C(5 ) 123 .0(3) 
C ( 8 ) - C ( 7 ) - C ( 6 ) 123 .6(3) C(9)-C(8)-C(7 ) 1 1 1 .3(3) 
C ( 8 ) - C ( 9 ) - C ( 4 ) 107 .0(3) C(10)-C(9)-C(4) 1 1 4 .1(3) 
C ( 1 0 ) - C ( 9 ) - C ( 8 ) 112 .2(3) C(11)-C(10)-C(9) 121 .8(3) 
C( 15)-C( 10 )-C(9) 120 .0(3) C(15)-C(10)-C(11 ) l i s . .2(3) 
C( 12)-C{ 11 )-C(10) 122, .0(3) C(11)-C(12)-0(3) 124, .9(3) 
C( 13)-C( 1 2 ) - 0 ( 3 ) 115, .7(3) C(13)-C(12)-C(11 ) 119, .4(3) 
C ( 1 2 ) - C ( 1 3 ) - 0 ( 4 ) 115, .3(3) C(14)-C(13)-0(4) 124 , .6(3) 
C( 14)-C( 13 )-C(12) 119, .1(3) C(15)-C(14)-C(13) 121, .7(3) 
C ( 1 4 ) - C ( 1 5 ) - C ( 1 0 ) 119. .7(3) C(16)-C(15)-C(10) 12 1, .3(3) 
C( 16)-C( 15 )-C{14) 119. .0(3) C( 17)-C(15)-C(15) 114, .2(3) 
N(1)-C(17 ) - 0 ( 2 ) 111. ,8(3) C( 16 )-C(17)-0(2 ) 1 08. .8(3) 
C ( 1 5 ) - C ( 1 7 ) - N ( 1 ) 112. 8(3) HO(2)-0(2)-C(17) 1 09 , ,9(19) 
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TABLE I I I . E 
S e l e c t e d non-bonded d i s t a n c e s (A) for C(19)H(23>N(1)0(4) 

I n t r s m o l e c u l s r ; 

M ( l ) - 0 ( 1 ) 2.303 C ( 2 ) - 0 ( l ) 2.432 
H(21>-0(1) 2.831 H ( 2 2 ) - 0 ( l ) 2.658 
C<17)-0<1) 2.795 H(1.7)-0(l) 2.333 
N ( l ) - 0 ( 2 ) 2.376 C ( l ) - 0 ( 2 ) 3.265 
C ( 4 ) - 0 ( 2 ) 3.218 C(5)-0(2) 3.267 
H(52)-0(2) 2.685 C(15)-0(2) 2.822 
C<16)-0(2) 2.384 H(161)-0(2) 2.655 
H( 1 7 ) - 0 ( 2 ) 1.955 0 ( 4 ) - 0 ( 3 ) . 2.600 
C ( l l ) - 0 ( 3 ) 2.441 H ( l l ) - 0 ( 3 ) 2.649 
C ( 1 3 ) - 0 ( 3 ) 2.342 H(181)-0<3) 1,920 
H(182)-0(3) 1.985 H( 183)-0(3) 1.990 
C (12) -0 ( 4 ) 2.354 C(14)-0<4) 2.437 
H(14)-D(4) 2.643 H(191 )-C'(4) 1.929 
H ( 1 9 2 ) - 0 ( 4 ) 1.875 H(193'-0(4) 2,029 
C ( 2 ) - N ( l ) 2.317 H(21)-N(l) 2.834 
C ( 3 ) - N ( l ) 2.323 H(32)-N-: 1) 2.733 
C<5)-^^•l) 2.511 H(51)-N(1) 2.716 
H(52}-N(l> 2.687 C ( 9 ) - N ( l ) 2.554 
H'. 9>-N'1) 2.459 C(10)-N(l> 3,210 
C<15)-N(1> 3, 190 C(16 ) - N ( l ) 2,480 
H-: 162>-N( 1) 2.565 H(17]-N(l) 1,945 
.H0(2)-N( 1) 2.54f H ( 2 1 ) - C ( l ) 2.045 
H(22)-C(1> 2.045 C ( 3 ) - C a > 2,358 
H<32)-C(l) 2,769 C(4)-C<1> 2.374 
C ( 5 ) - C ( 1 ) 3.286 C(17>-C'1) 2.425 
H( 17)-C( 1 2. 407 H0';2''-C'l) 3,071 
H(31)-C(2) 2.068 H(32)-C'2> 2.068 
C( 4>-Cv2;' 2. 427 C<5)-C(2) 3.196 
K(51>-C(2> 2.895 H(22 >-H'.21 ) 1.568 
C(3>-H<21> 2.072 H(31 -H(21 > f, 2 ' V 
C(4)-.H(21) 2.836 H(51)-H(21> 2,558 
C(3)-H(22) 2.072 H(31)-H<22) 2,552 
H<32)-H(22) 2,258 C(5)-C(3) 2,540 
H(51)-C(3) 2,639 C(6)-C{ :) 3.103 
C<7)-C(3) 3,213 C(8)--:(3) 2,871 
H(82)-C<3) 2,57i C(9)-C(3) 2.556 
H{9)-C(3) 2.781 H':32)-HC31 ) 1.568 
C<4>-H(31) 2,092 C<. 5;'-H(.31> 2.568 
H(51)-H(31) 2.581 C<6)-H(31> 2.715 
C(7?-H(31> 2.805 C(8.^-HC31 ) 2.822 
H(82)-H(31) '>, 4 A A C ( 9) - H (31 ) 2,973 
C(4)-H(32) 2.092 C<8)-H(32) 2 ,926 
H\e2>-H(32) 2.311 C ( 9 - H 13 2 ) 2.586 
Hv9)-H(32) 2.50" H(51 )-C(-1) 2.059 
H'. 52)-':(4) 2,05? C'6)-C<4) 2.498 
C(7)-C<4:' 2.810 C ( 8 > - C ( 4 2. 482 
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ri(82>-C(4) 
C(10)-C(4) 
C(16)-C(4) 
H(6)-C(5) 
C<8)-C(5) 
C(10)-C(5) 
H(52)-H(51) 
H(6)-H(51) 
H(6)-H'.52) 
C(9)-H(52) 
H(7)-C<6) 
H(82)-C(6) 
C(10)-C(6) 
C(7)-H(6) 
H(81 ^-C(17^ 
C ( 9 ) - C ( 7 ) 
C<il)-C<7) 
C(8)-H<7) 
H(82)-H(7) 
C(10)-C(8) 
H ( l l ) - C ( 8 ) 
C(9)-H(81) 
C(10)-H(81) 
H ( l l ) - H ( 8 1 ) 
H(9)-H(82) 
H ( l l ) - C ( 9 ) 
C(16)-C(9) 
C(17)-C<9) 
C(15)-H(9) 
H(162)-H(9) 
C(12)-C(10) 
C(14)-C(10) 
H(162)-C(10) 
C(13.^-C(ll) 
C(15>-C(n ) 
H( 1 8 2 ) - C ( l l > 
C ( 1 2 ) - H ( l l ) 
H(182>-H(11 ) 
C<14)-Cvl2) 
C(18)-C(12) 
H<183)-C<12> 
r < 15) -C (13 
H(192)-C(13) 
C< 16>-C(l'^> 
C(19,>-C(14.> 
H ( l ? 3 ) - C ( l 4 .'̂ 
C (1 6 ) -,H ' 1 4 > 
C(1°)-H(14) 
H(l?5:'-H'. 14 ̂  
H( 1 6 2 ) - C <15' 
h'( 17 >-C(li ) 
C< i7.^-H< I f 1 ̂  
C(17)-H(162) 
H0(2;-C( i:^) 
H ( 1 8 2 ) - H ( 181 > 
H(133)-H':i82) 
H(193)-H(191 ) 

2.726 
2.59^ 
3.159 
2.129 
2.974 
2.985 
1.568 
2.340 
2.511 
2.740 
1.972 
3.008 
3.33? 
1.974 
a.030 
2.509 
3.150 
2.133 
2.512 
2.550 
2.474 
2.058 
2.624 
2.088 
2.313 
2,720 
2.943 
3.198 
2.639 
2.252 
2.439 
2.414 
2.714 
2.403 
2.397 
2.777 
2.032 
2.288 
2.393 
2.383 
2.631 
2.42:7 
2.479 
2.50f 
2.832 
2.807 
2.643 
2.550 
2.260 
2. 025 
2.038 
2.036 
2.035 
1 .992 
1.569 
1 .568 
1 .568 

H(9)-t<4) 2.075 
C(15)-C(4) 3.211 
C<17>-C(4) 2.633 
C( 7}-C<5.' 2.483 
C(9)-C(5) 2.500 
C(17.''-C<5) 3.344 
C<6)-H(51) 2.025 
C(6?-H(52) 2.025 
C(7)-H(52) 2.995 
C(10 )-K(52) 2.703 
C(8)-C(6) 2.496 
C(9)-C16> 2.835 
C( 11 >-C<6) 3.463 
H(7)-.HC&f 2.239 
H^82>-C(.7} 
C(10)-C(7) 3,183 
H ( l l ) - C { 7 ) 2.556 
H(81)-H(7) 2,363 
H(9)-C(8) 2.082 
C ( l l ) - C ( 8 ) 2.868 
H(82)-H(81 ) 1.568 
H(9)-H(81) 2.431 
C( l l ) - H ( 8 1 ) 2.598 
C(9)-H(82) 2.058 
C(11)-C(9) 2.570 
C(15)-C(9) 2.536 
H(162)-C(9) 2.768 
C(10)-H(9) 1.992 
C(16)-H(9) 2.725 
H ( l l ) - C ( 1 0 ) 2.049 
C(13)-C(10) 2.815 
C(16)-C(10) 2.527 
C(17)-C(10) 3.192 
C(14.»-C(ll) 2.747 
C ( 1 8 ) - C ( l l ) 2.817 
H(18 3 ) - C ( l l ) 2.787 
C(18)-H(11) 2.503 
H(183.>-H(1U 2.353 
C(15 )-C(12) 2.794 
H(182)-C(12) 2.657 
H':i4)-C<13) 2.027 
C(19)-C(13 ) 2.372 
H(193)-C(13) o, 728 
H(161)-C(14 ) 2.511 
H(192)-C<14 ) 2.757 
C(15)-H(14^ 2.043 
H( 161 .•'-H( 14'' 2.288 
H(192'-H(14) 2. 473 
H' 161>-C'15J 2.025 
Ci 17.''-C(15) 2.54t 
H( 162)-H<161> 1 .568 
H( 17)-H'; 161 ) 2.245 
H':i7)-H(162> 2.377 
Hn(2i-H(17; 2.286 
H' 1S3)-H(151> 1 .563 
.H( 1?2)-H(191 ) 1 .568 
HC1«3)-H(192) 1 . 568 
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