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Abstract  : A highly convergent approach has been developed for the construction of various nitrogen 
heterocycles using as the key step the intermolecular addition of an cz-ketonyl radical onto a suitably protected 
allylic or homoallylic amine. © 1999 Elsevier Science Ltd. All rights reserved. 

Piperidines, pyridines, azepines, and related structures are ubiquitous in alkaloids and in man-made 

substances possessing biological activity. 1 The importance of these nitrogen heterocyclic derivatives to the 

pharmaceutical industry has spurred a great amount of research, and numerous methods have been devised 

for their construction. 2 In the course of our work on the radical chemistry of xanthates, we have found that 

radicals with a variety of substituents can be generated and captured in an i n t e r m o l e c u l a r  fashion with an 

unact ivated,  preferably unhindered, olefin. 3 We now have found that by combining the intermolecular radical 

addition with an ionic cyclisation, a convergent and highly flexible approach to a plethora of nitrogen 

containing 6- or 7-membered heterocyclic structures can be easily implemented. 
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If the starting xanthate is derived from a ketone, as in 1, and if the olefin contains a protected amine in 

the allylic position as in 2, then the adduct, 3, following modification or removal of the xanthate group, can 

be made to close upon itself, leading in an easy manner to a tetrahydropyridine structure 5, as summarised in 

Scheme 1. The tetrahydropyridine 5 can then be reduced into a piperidine 6 or oxidised to a pyridine 

derivative 7; alternatively, a Mannich reaction on intermediate 4 gives a piperidine 8 with a different 
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substitution pattern. For simplicity, only a minimum of substituents has been included but the substrates can 

of course contain many more appendages or ring structures. 

R ~ I  SCSOEt 

1, 9, 10, 11 
a: R=H 
b: R=MeO R B ~ ' ~ . .  ta ~ 
c: R=Br ~ l la  (74%) 

l lb  (60%) 
l le  (70%) 

NPhth O 9a (82%) 
Cat. lauroyl peroxide ~ NPhth 9b (70%) 

cyclohexane R . . ) ~ . ~  SCSOEt 9e (70%) 
or 1,2-dichloroethane 

n-Bu3SnH 
AIBN 

1) NH2NH2.H20, MeOH Benzene 
2) NaBH4, EtOH I ~  
3) BzC1, aq. K2CO3, CH2C12 ~ NPhth 

S c h e m e  2 

10a (82%) 
10b (93%) 
10e (72%) 

In a preliminary study adducts 9a-c 4 were prepared by radical addition of the xanthates derived from 

the corresponding ~-bromoacetophenones onto N-allyphthalimide in good yield (Scheme 2). The xanthate 

moiety in the adducts was then reductively removed using n-BuaSnH in benzene to give 10a-c. Finally the 

cleavage of the phthalimide group 5 with hydrazine afforded the corresponding cyclic imines which were 

reduced in situ to piperidines with sodium borohydride in absolute ethanol, and converted for convenience 

into benzamides l l a - c  in 60%-75% overall yield. 

A 3 .  R' '3b(90%) RI RI SCSOEt 12 
IC "m v y NHBoc 13c(80%) I l l ,  

R. . . .K~ 1 Cat. lauroyl peroxide R.. .x. .~ SCSOEt 13d (80%) 
cyclohexane 

1, 12, 13, 14, 15, 16, 17 or 1,2-dichloroethane 
b: R=MeO, RI=Me 
c: R=Br, RI=H 
d: R=Ph, RI=H 

n-Bu3SnH, AIBN, Benzene 
or 

1) NH2CH2CH2NH2, EtOH 
2) DBU, THF 

p-NO2C6H4F or Mel 

R . , , ~  O~,,CF3 l) CF3CO2H, CH2CI 2 Q R. R. 
~ t ~ . ~ , v , N  .RI 16bY=SMe(63%) 2)(CF3CO2)EO, THF ~ ~ ~ ' J ~ (  

"~J" y ~ R l  16dl6CY=SAr (60%) ~ Y = S A r  (52%) I ~ ' r  v e NHB°o 
v -y 17dY=H (68%) R " ~  Y 

14b Y=SMe (80%) 
14c Y=SAr (67%) 
14d Y=SAr (70%) 
15d Y=H (62%) 

S c h e m e  3 

In a second set of experiments, aiming at the elaboration of more complex structures, three radical 

adducts 13b-d were obtained in good yields using the more versatile N-Boc protected allylic amines 12.7 In 

one case, the xanthate group was removed with Bu3SnH leading to 15d; but for the others, it was cleaved 

into the corresponding thiol and either alkylated with methyl iodide to give 14b or converted into p- 

nitrophenylsulfides 14c and 14d. Cleavage of the carbamate afforded cyclic imines which were 

characterized 8 as their N-trifluoroacetenamides 16b-d and 17d, in fair overall yield. (Scheme 3). 
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, ~ . ~  NHB oc 
0 0 Ph  A...s soEt 

Cat. lauroyl peroxide j' R NHBoc 
cyclohexane X 

18, 19, 20 X=SCSOEt X=H 
a: R=cyclopropyl 18a (89%) 19a (88%) 
b: R=t-butyl 18b (85%) 19h (78%) 

[ n-Bu3SnH 

H i 
1 ) CF3CO2H, CH2CI2• R ~ P h  

2) NaBH 4, EtOH 

20a (61%) 
20b (85%) 

S c h e m e  4 

Although these first experiments were performed using aromatic ketones to show the feasibility of the 

process, this approach was readily extended to the aliphatic series as demonstrated by the synthesis of 

piperidines 20a-b, both obtained as single diastereomers (Scheme 4). The stereochemistry in the case of 

2 0 a  possessing the interesting cyclopropyl group was confirmed by a NOE experiment. 

~ , ~  1) CF3CO2H, CH2CI 2 
NHBoc 

2) NCS, CCI4 
Br" 21 

N MeONa 

MeOH 
22 (52%) 

S c h e m e  5 

The intermediate imines can also be oxidized into pyridines according to the methodology developed by 

de Kimpe et al .9 Thus, after dichlorination with N-chlorosuccinimide of the imine derived from 21, 

exposure to sodium methoxide in methanol afforded pyridine 22 in 52% yield (Scheme 5). 

Ph 
, ~ , J ' , ,  N. Bn 

. ~  Boc 
t-Bu SCSOEt 

Cat. lauroyl 
peroxide 

Cyclohexane 

p h ~  f SCSOEt 

26, 27 
a: R=Me 
b: R=p-MeOC6H4CH2 

O 
I(~ Boc Paraformaldehyde t - B u ~ " N "  Bn 

t _ B u ~ . ~ . ~ ( . ~  N. Bn ~" i i aq. HCI 
X Ph Ethanol ~, /k,~ Ph 

23 X=SCSOEt (58%)'-] n-Bu3SnH 
24 X=H (68%) ..~ AIBN 25 (60%) 

noc Dilauroyl peroxyde 

~ " " ~  N" R ~ ~ (1.6 eq.) " ~ N  
Cat. lauroyl Ph N "R Boc 1,2 Dichloroethane 

peroxide X 
cyclohexane 26a X=SCSOEt (66%) 

n'Bu3SnH L 26b X=SCSOEt (61%) .Me 
AIBN -- 27b X=H (82%) 29 (42%) Boc 

I Paraformaldehyde 1) aq. HC1, MeOH I 
aq. HC1, Ethanol 2) Paraformaldehyde / 

Ethanol 

28 (49%) 30 (71%) 
S c h e m e  6 

The flexibility of this strategy was further highlighted by combining the radical process with a Mannich 

reaction. 10 (Scheme 6) In this way azepine 2511 was obtained from reduced adduct 24 in 60% yield, 
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whereas 28 was derived from precursor 27b,  albeit in a lower yield (49%). Finally, the xanthate group in 

adduct 26a  was used to obtain tetralone 29 by a radical cyclisation onto the aromatic ring. 12 After  some 

experimentation, we found that the Mannich reaction in this example was best accomplished by first forming 

the hydrochloride salt of the amine following removal of the Boc group before treatment with formaldehyde. 

This allowed the efficient synthesis of the tricyclic derivative 30 in 71% yield. This compound,  which has 

been made with some difficulty in the past, 13,14 is an analogue of  cytisine, a potent acetylcholine receptors 

agonist. 

~ / N ~ N  Cytisine 

"H 

In summary  we have developed a convergent,  versatile strategy to access a wide range of  cyclic 

nitrogen structures. 15 The possibility of performing an intermolecular addition provides a simple way to 

bring together  an amine and a ketone function at a suitable distance to allow 6- or 7 -membered  ring 

formation. 
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