
HETEROCYCLES, Vol 27, No 1 ,  1988 

A~sia Azzouzi, Ebnique mfour, Jean-Claude Grmin*, and Roland m s o n  

Labratoire de Chimie et Ricchimie des Substances Naturelles, U.A. C.N.H.S. 485, 

Universlt6 de Clemnt 11, B.P. 45, 63170 Aubiere, France 

Rbstmct - A series of 1-azabicycloix.y.01alkanes has teen synthesized usiq an 

intrnolecular photoreduction ma ction. The m e t m l q y  mnsists of a rqioselective 

abstraction ot  an hydrqen @to the nitrqen ot  an amlde by the triplet Tlin. r*) of a 

cartonyl derivative. 

A lot of bicyclic alkaloids exhibit an important biological activity ; their m m a n  structure is 

characterized by 1-azahicyclo(x.y.o)alkane skeleton. Amow ther products the Senecio alkaloids 
iisoretronecanol 1) mntain a pyrmlizidine system arxl possess antileukemlc an l  antimitotic 

activities1 ; there are also the indolizidine skeleton which is the m n  structural teature ot 
2 the pm~liotoxin A aml R , these alkaloids possess an influence on the d i m  and potassim: flows 

thrqh the cellular m r a n e  ; a thin1 class at ccnpounds are the lupin alkaloids ilupinine 2 1 
w h ~ h  possess a quinolizidine mtif ischaoe 11. 

Several mthodolqies were used to synthesize these alkaloids ; in our approach the s e d  riq is 

created in a photochemical step based cn  the intrmlecular photoreduction of a cahnyl group by 

an or a lactam. This reaction 1s equivalent to the regioselective fomtion of a C-C tond u 

to the nitrqen of an amide group icf. Scheme 21. 

Arylketones are easily photoreducd by various hydrogen d o m r s  such as alcohols, ethers, 

mines.. . 3-9 This reaction. which possesses a very well knam mechanisn, has received a great 

attention in synthetic applications8-10. The mst studied reaction in the intramolecular version is 

the NORRISH type I1 reaction : 7-hydrqen abstraction % a six -red transition state1'. In the 

absence ot hydrogen in the yosition, the hydrogens in the 2'. 613, even long distance 

position14, are efficiently abstracted to lead to three, five or laqe -red rings. 

k-2 already reported that the hydqen o to the nitrqen ot an amide group was easily abstracted by 

the n, n* excited triplet state of an aryl ketone in the r position. Such a reaction was implicated 
15 in the synthesis of 1-azabicycloix.2.01alkanes series . 



In the sam way, the abstraction of an hydqen o to the nitqen of an amide grmp by an o - 
ketoester chmmaphore was the key step in the total synthesis of lsoretmnecanol 1- alkaloid) 
16 

he wish to reprt here a mthcd to access to I-azabicyclo(x.y.ola1kanes based on the intramlecular 

abstraction of the hydrqen a to the nitecgen of an amide function by a carbony1 derivative 

chmropbre in a 6 or r position. 

he studled this reaction by using models 2 (abstractable H in o position ot a lactam group) ami 5 
(abstractable H in o position ot an amide group). 

Irradiation ot these molecules (3 and 5) -Id afford products 3" and 6" a biradical 

intemdiatr (x and CI. This mthdolaJy allars the intrcduction on the created riq of a 
tertialy alcohol group in a 6 ps~tion to the nitrqen atom. Thls mtif is present in various 

natural prcducts (puniliotoxins...) which possess impartant biolcglcal propertie~'~*~% 

RESULTS AND DISNSSIUU 

The startmg materials were easily obtained by using adapted literature procedures. 

a )  Fornation of 5 - m e r e d  rings 

Irradiation (mediun pressure mercury laq, Pyrex glass vessel) of a deoxygenated salution of 1-(3- 

oxo-3-~hcnylpm~yll-2-pyrmlidone 2 in acetonitrile led to lactams and 3 in 75 % yield (Table 

11. structures of g and 2 were elucidated by classic spctroscopic mthcds. Ir spctra showed 

absorption bands due to hydroxyl group at 3580 an-' (free OH1 and to carbonyl gmup ot tive 

membered ring lactam at 1680 on'. 'ti-~nr spectrun of the mixture of diastereoisaners exhibited a 

multiplet at 3.8 ppn attributed to the three protons a to the nitrqen ot the aide group. 

In the sam way, irradiation of the substrates Jb and g led to the bicyclic q u n d s  *, and 

4c. x. - 
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In each case, the photocyclisation afforded a mixture of two dlasterai-rs which were separated 

by sillca gel chmnatography. 
1 Their stereochemistry was detemined in h~qh field H - m  by the nsasur-nt of solvent eftects on 

the hydrqen of the ring junction induced by the vicinal hydroxyl group of the tertiary alcohol. 

The mst important effects are obtaiml for the couple of solvents chloroform - pyridme ; they are 
generally negative and their absolute values decrease rapidly vlth raving the hydroxyl group and 

the observed hydrogen19. 
1 The hydrqen of the riq junction was easily identitied by H - m  (250 MHz) : rt appared as a 

quadruplet between 3.5 and 4.0 pp. This method has already l y n  use2 for the determination of 
15 structures of I-am bicyclo (x.2.01 alkanes . The validity of the methcd has been confirmed in 

this case by XX mlecular diffraction. 'Itus, the measured solvent effect 6~~~~ is abut -50 Hz for 

the "cis" isarera and about zero for the "trans" i-r. 
he observed that the iscmrs ratio depended on the size of the lactam ring. In the case of strained 
prducts (s and z) the preponderant isaner was the m t  c r d  ccqmund ; a similar obsemation 

had already h n  done for analog rm~ecules~~. Ebst of the literature results which concern the 

photocyclisation of 1,4diradicals iNOKRISH typ I1 reaction) also shar that the prepnderant 

isomer is the mst craxled one 13a'm. This observation is very difficult to rationalize. in 

particular, no explanation based on the stability of the formed prducts can te given. 

The rate of the reaction depends m the slze of the startlq lactam ; it decreases when the slze of 

the lactam increases (2-pyrrolidone, 2-piprldone, ~saprolactm). A similar effect was already 

noted atout the rate of the bhlecular photoreduction of tenzophenone by lactmsZ1. 

Simultaneously, the yields decrease with the appearance of photadegradation prcducts which becare 
22 

preponderant in the case of )menbe& r-i- coqxxnds . 
Modification of ch-hore was then considered ; thus, irradiations of methylketone g and ester 

3e were studied in order to access to new intewiates in the total synthesis of Dicyclic - 
alkaloids. 

Ketone g and ester & possess a phota'henical behavior very different fran that of arylketones 2, 
3b and ; in particular their mlecular extinction coefficients are very lar abve 3a, nm, and - 
consequently these ch-hores require particular conditions of irradiation : use of a liquid 

filter systnn cutting off the radiations bela* 280 m to avoid absorption ot the chr-hore 

lactam. 

The mthylketone g is inert whatever the conditions of irradiation (Fyrex glass, quartz glass or 

liquid filter s y s m  with a mediun pressure lmrcury lamp used as source). 
No excellent results are k- mncernlng the abstraction of hyd-ns o to the nit-" ot an 

amide group by a chr-hore methylketone (even in the mst Eavourable case : N3RRISH t ~ p e  I1 

reactlon15). In our example, tvo unfavourable data are mnjqated  : abstractable hydrogens in6 

psition isevenmenbered transition state) and use of a methylketone as ch-hore which exhibits 

a lar absorption a& 280 m. 

The pbtoreduction of esters is not well docurrnted in literature, few examples only mention the 

photoreaction of mnofunctional~zed m l e c u ~ e s ~ ~ ' ~ ~ .  mese mlecules absorb near 200 m. 

In our case, it is not possible to irradiate the ester around 200 m which is the absorption 

m e  of the lactam. 

%he i m r  in which the hydrogen of the ring junction and the hydmxyl grmp are "cis" .is called 
"cis" - isnet-, the other being called '"trans" isarer. 



'sable 1 : Ahstraction of hydrqlens in 6 and E positions by phenyl and nethyl ketones. 

cm,pounrls n H yielda ( % )  Yield ( 8 )  

a Isolated and uncptimized yields. 
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Table 2 - Chemical s h l f t s  (in Hz a t  250 MHz) in CWl3 and C5H5N 

I - 

- 



b) Formation of 6menbered rings 

Substrates being required for this study have to possess a protected o position to avoid 

abstraction of hydrogens in this position. 

We mnsidered the conpounds 5 in which the a psition is protected by a carbony1 group which 
noreover activates the hydrcgens o to the nitrcgen a m .  

These substrates were easily prepared by qpening the corresponding lactone and oxidizing the 

intercediate almhol. 

Irradiation (similar mnditions as in the precedent paragraph) of a dwxygenated solution of 1-14- 

oxc-4-phenylbutyryl pyrrolidine g in t-butylalmbl led to lactams 2 and & in 57 $ yield. The 

structures of products vere elucidated by spectrosmpic methods : Ir spectra s h w d  absorption 

bands due to the hydrrnyl g-p at 3590 &' (free M1) and to the carbnyl of a six-mmkred riw 

lactam at 1635 kl. The 'H-- spectra of diastereaivmeic mixture s h w d  a aultiplet at 3.85 ppn 

attributed to the hydrcgen oE the ring junction. 

The stereochemistry of the substrates 1 and 8 had been determined by reaswing the solvent effects 
CD2I 1 
Ac5,,5i in high field H-mu, as tor the mmpxnds 4 and 2, the preponderant i m r  was the lrost 

crouded mopound ("e isaner). 
GOOd results were obtained mnceming the irradiation of the s e v e n e r e d  riw 1 % )  which led to 

the bicyclic -und (7c.S) in a 77 % overall yield. On the other hand, the irradiation of 

substrates g and 5 did not afford the desired quirolizidine system, the starting material 

undergoing a photcdegradatim. 

Canpounds and 6 f  led to desired bicyclic cmpunds in la, yields ; the reaction only occurred 

when a filter solution cutting off belar 280 mn was used. 

In conclusion, we adjusted a general method for accedirq to heterobicyclic mqmunds. In our 

approach, the semnd ring had been created by an intramolecular photoreduction of a carbony1 

derivative by an amide or a lactam group. 

This reaction mnstitutes an efficient method to generate azabicyclic system possessing a nitrogen 

atan in the ring junction. 

We tried to increase the applicability of this reaction by =hawing the arylketone chmropbre with 

the nethylketone and ester . I\e did m t  get any satisfying results because the lar photoreactivity 

of the substrates. 

However. we have to mention the excellent reactivity of thew-keto ester group, beiw used with 

success in the total synthesis of isoretronecanol16. 

c )  Irradiation ot 3-benzoyl and 3-phenacyl lactams. 

The access to azabicyclo(x.y.z)alkanes (~$0) has been studied using this irethcdolcgy. In these 

examples, the ch-hore arylketone has to be fixed on the lactam riq. he w e r e  interested in the 

substrates 2, intramlecular abstraction of the activated hydrogen a to the nitrogen a m  if 

foil-d by cyclizatiun would lead to brieged caxpunds of type 10 (Schense 3) .  
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Examination of nolecular mdels s h s  that the abstraction of hydcqen o to the nitqen is only 

pssible when the rrolecules are in prticular confomtions. Hovevet-, there is a canptition 
between such an abstraction and a I abstraction implicated in a lJORnISH type I1 reaction which is a 

very efficient p r e s s .  

1) 3-Eenzoyl lactams 9a and 9b 

Irradiation (mdim pressure mercury imp. Pyrex) of a deoxygenated solution of 2 and led to 

opening prcducts and (Schene 4). 

structures of and were elucidated by the exminatim of spctrosmpic data : Ir spectra 

s M  absorption bands at 1675 6' due to the aliphatic amide arrl at 1690 an-' attributed to the 



1 aeanat ic  ketone. The H - m r  s p c t r a  exhibited h r ~ d  s i y l e t s  about 15.0 p p  due t o  t h e  proton of 

t h e  en01 group and a s i y l e t  a b u t  4.0 p p  m r r e s p o n d i y  t o  the  protons u t o  the  c a r b n y l  group 

of the  ketone form. 

These r e s u l t s  sha, t h a t  : 

1 - NORRISH type 11 reac t ion  occurs with e t f ic iency and the  a j r l  ketone group can adopt an a x i a l  

mnformation, allowing the  H abstraction.  

2 - m l y  sc i s s ion  products of the  1,4 b i r ad i ca l  were isolated,  may be due t o  the  t l e x i b i l i t y  of t h e  
3 

m l e c u l e s  which a l l w s  the  overlap of the sp o r b i t a l  of the  r ad i ca l  and of the sp o r b i t a l s  o t  the  

cen t r a l  C-C bnr l  (c f .  r e f .  R p. 120). 

3 - hhen there  is canpet i t ion  between a NOllRISH type 11 reaction and a 6ahs t r ac t i on  of an hydrcgen 

(al thocqh i t  i s  ac t iva ted  by an amide group, c f .  B) p r i o r i t y  is in favor ot NOMISH type I1 

reaction. 

2 )  3-Phenacyl lactams 9c and 90 

I r r ad i a t i on  ( s imi l a r  cordi t ions  as  precedent) of a dwxygenated so lu t ion  of and i n  t- 

butylalcohol afforded s imi l a r ly  ompunds and x b  acoonpanied with acetophewne (Schem 5) .  

fl 
PhCCH, 

0 
II 

PhCCH, 

s t ruc tu re s  of g and % were elucidated by mnparison with l i t e r a t u r e  spectroscopic data.  

12a and resul ted  f r m  a NORRISH t y p  11 reaction.  so, when 7 abs t rac t ion  is possible,  it occurs - 
even i f  severa l  o ther  c o n f o m t i o n s  o t  s t a r t i n g  m t e r i a l s  would f a c i l i t a t e  6 or E abs tmc t ion  of 

t h e  hydrogen ac t iva ted  by t h e  lactam group. 

As f o r  precedent prcducts and IIJ, NORRISH type II reac t ion  occurs with the  s c i s s ion  at t h e  

i n t e l m d i a t e  1.4 b i radica l .  
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Melting p i n t s  were determined u s i m  a a i c h e r t  ho t  s t age  apparatus and are unmrrected.  moton  

nuclear magnetic resonance spec t r a  were remrded on J e o l  CMH and Cmeca 250 s[=ctrcmeters. C a d m -  

13 nuclear m q n e t i c  resonance spec t r a  were run m a J e o l  tX60 spec tmre t e r .  Chemical s h i f t s  are 

r emrded  as 8-values ( p a r t s  per mil l ion1 r e l a t i v e  t o  t e t r ane thy l  s i l a n e  as t h e  i n t e r n a l  reference 

standard. A ~ r k i n - ~ l m e r  377 inst-nt was used t o  d e t e m n e  i r  spectra.  Uv s p c t r a  were recorded 

u s i q  a Cary 15  spec t rane ter .  Analyses were p r to rmed  by t h e  Micmanalysis  Central  Serv ice  of t h e  

LNRS. Merck Kieselgel  60PF254 m t e d  on g l a s s  p l a t e s  was used f o r  a m l y t i c a l  c l c m n t q r a p h y .  

I r r ad l a t l ons  were performed i n  a Wrex o r  quar tz  g l a s s  ve s se l  using a medim pressure  mercury 1- 

(PHILIPS 2% W ) .  The reac t i on  mixture was f lushed with a stream o f  dry n i t rcgen  t o  c m v e  oxygen. 

1-13+~3-phenylpropylllactm ( % I ,  ( 3b )  and (3c )  were prepared acmrding  t o  t he  l i t e r a t u r e  
25 

procedure . 

A mixture of l-(diethylrnethyl)amniw3-buta~ne (5.7 g ,  0.02 m l ) ,  2-pyrmlidone(l.7 g ,  0.02 m1) 

and ~ t o l u e n e s u l f o n i c  a c id  (0.05 g )  was refluxed i n  dry  xy l em (10  mll f o r  4 h. The so lvent  was 

evaporated t o  g ive  a res idue  whlch was leached with methylem chlor ide .  washed with water and d r i ed  

over N a 2 q  Evap ra t i on  of the  solvent  afforded g 11.1 g .  35 $1 ; ir (an-') 1720 and 1680 ; '1,- 

nmr (CCC13) 6 2.2 Is, 3H, CH3CO), 2.7 (m, 2H, CH21UII), 3.5 (m, 4H. CH2-tW). 

To a s t i r r e d  so lu t ion  of 2-pyrrolidone (15.5 g ,  0.18 ml) and Tr i t on  B (1.05 ml) m dioxan I W  ml) 

was added d r o p i s e  m t h y l  a c ry l a t e  (15 g ,  0.17 m1). T k  r e su l t i ng  so lu t i on  was s t i r r e d  a t  ram 

t-rature f o r  72 h and a c i d ~ f i e d .  Evap ra t i on  of w l a t i l e s  gave t h e  crude product which was 
-1 

d i s t i l l e d  under vacua t o  g ive  2 (22 (1. 72 % )  ; b ~ , , . ~  9 0 ' ~ .  ir (on I 1740 and 1702 ; '~-nmr 

(CCt13) 6 3.6 (m, 4H. CH2-NCO), 3.75 ( 5 ,  3H. C02Me). 

I r r ad i a t i on  of 1-(3-Uxo-3-phenylpro~l~-2-wr011aone 3a 

A &oxygenated so lu t ion  of & (1 g )  i n  a c e t o n i t r i l e  (1% m l )  was i r r ad i a t ed  f o r  6 h i n  a Wrex 

g l a s s  ve s se l  uslw a mdilnn pressure rrercury 1- IPHILIPS 250 W ) .  The solvent  was e v a ~ o r a t e d  and 

t h e  res idue  c h r m t q r a p h e d  on a s i l i c a  g e l  mlunn.  Elution with CH.,Cl7/%WI (95-5) gave : - - 
- 1-aza-2-ox@fi-hydroxy-6-phenyl bicyclo 13.3.0) m t a n e  10.6 g ,  60 % I  ; mp 162'C (ace tone) ;  ir 

Ion-') 3580, 3340 and 1680 ; '~-mnr (2W MHz. CWl3) 6 7.2 15H. m, a m . ) .  3.9 (broad s, l H ,  

OH, exch. with 020), 3.8 ( 1 H .  dd, C ~ ( C M l P h 1  ; '~-rmr (250 MHz, C5H5N) 6 7.5 (5H. m ,  arm.), 4.0 

( 1 H .  broad s ,  O i l ) ,  3.8 ( 1 H .  dd, CK(0M)Ph)  ; 13~-m (CCt13) 6 177.4, 142.9, 80.2, 70.7, 40.5 Id ) ,  

32.8, 22.35. 

Anal. Calcd. f o r  C13H15N02 : C, 71.86 ; H ,  6.96 ; N, 6.45. F w d  : C, 71.80 ; H, 7.05 ; N, 6.38. 

- 1-aza-2-0x0-6-hydroxy-6-phenyl bicyclo 13.3.0) octane 2 10.15 g ,  15 %) ; mp 19boC (acetone);  ir 

(on-') 3580, 3340 and 1680 ; ' ~ -mr  (253 EWz, CCC13) 6 7.2 15H. m ,  a m . ) ,  3.8 (1H. broad s, OH, 

exch. with U20), 4.13 ( l H ,  dd, CF(M1)Ph)  ; '~-rmr (253 MHz, C H N) 6 7.5 15H, m, a m . ) ,  3.9 (IH, 
5 5 

broad s, OH, exch. with 0201, 4.13 (1H. dd, C s ( M 1 ) P h )  ; 1 3 ~ - m , r  (CCC1 ) 6 176.1, 142.35, 77.8, 
3 

70.9, 41.45 ( d ) ,  33.9, 17.35. 

Anal. Calcd. for C13H15N02 : C, 71.86 ; H .  6.96 ; N ,  6.45. Found : C, 71.82 ; 11, 7 . m  ; N ,  6.40. 



Irradiation of 1-(3-Oxw3-phenvlproW11-2-piperi&ne 3b 

A dwxygenated solution of g (1 g) in acetonitrile (1% mll was irradiated for 29 h. The solvent 

was evaporated and the residue chmtqraphed on a silica gel mlmn. Elution with CH C1 /bleOH 
2 2 

195-5) afforded : 

- 1-aza-2-oxo7-hydroxy-7-phenyl bicyclo (4.3.0) m a n e  g (0.17 g, 18 $ 1  ; mp 185-186% (acetone) 

; ir (6') 3580 and 1628 ; '~-nmr (250 MHz, CCCl31 6 7.2 (5H, m, arm.), 5.7 (1H. bmad s, OH, 

exch. with U201, 3.6 I3H. m), 2.0 (8H. m) ; '~-mr (2% MHz. C5H5NI 6 7.3 (5H, m, arm.), 5.8 (IH, 

S, OH), 3.9 (lH, dd, CK(CH1Ph) ; 13~-mr lCUI131 6 171.4, 143.8, 81.6, 68.3. 44.6, 38.4, 31.4, 

24.95, 20.6. 

Anal. Calcd. for C14H17m2 : C, 72.70 ; H, 7.41 ; N, 6.M. Found : C, 72.78 ; H, 7.51 ; N, 6.01). 

- l-aza-2axo7-hydroxy-7-phenyl bicyclo (4.3.01 nonane 2 (0.275 g, 27 % )  ; mp 205'C (acetone) ; 

ir (on-') 3580 and 1629 ; '~-nnr (250 MH , CCCl31 6 7.4 1514, m, am.), 5.3 (1H. broad s, CH), 3.7 
1 I3H. ml, 2.0 I8H. m) ; H-nnr 12% MHz, C N Nl 6 7.5 I5H. m. arm.), 5.4 (1H. s, 01%). 3.7 (3H. m), 5 5 

2.0 (8H. "1) ; 13c-rpnr (CZ13) 6 171.8, 142.7, 80.6, 69.1, 44.2, 38.2, 31.3, 21.5, 20.85. 

Anal. Calcd. for C H rKl . C, 72.70 ; H, 7.41 ; N, 6.06. Found : C; 72.84 ; H, 7.12 ; N, 6.23. 14 17 2 ' 

Irradiation of 1-(3-Oxo3-phenylprcpvl) rCaprolactam 3E 

A deoxygenated solution of (1 g) in acetonitrile (150 mll was irradiated for 12 h using a Miurn 

pressure mercury l a q  (PHILIPS 4a) Wl. The solvent was evaporated and the residue chrmtcgtaphed 

on a silica gel mlmn. Elution with CH2C12/PW (95-5) gave : 

- 1-aza-2dxo-8-hydroxy-8-phenyl bicyclo (5.3.01 decane (0.07 g, 7 %I ;r@ 134DC(acetone); ir 

(&'I 3580 and 1614 ; 'H-- (2% MHz, CDC13) 6 7.4 l5H, m, am.). 4.5 (1H. broad 5 ,  OH, exch. 
1 with D20), 2.7 13H with lH, dd, ~ ( O H l P h l ,  1.7 (6H, m) ; H - m  (250 W k ,  C5H5NI 6 7.5 ISH, m, 

am.), 4.6 (1H. s, M I ,  2.9 (1H. dd, CpXOHIPhl, 1.8 (6H. ml ; 13~-m (CDCl3) 6174.6, 143.6, 

82.5, 69.2, 44.3, 39.8. 38.0, 29.4, 27.9, 23.2. 

Anal. Calcd. for C15H19N02 : C, 73.44 ; H, 7.81 ; N, 5.71. Found : C, 73.56 ; H, 7.70 ; N, 5.81. 

- l-aaa-2axo8-hydroxy-8-phenyl bicyclo 15.3.01 decane & (0.W g, 8 %I ;mp 155-15bDC(acetonel; ir 

(&'I 3580 and 1622 ; 'H-- (2% MHz, CCC13) 6 7.5 I5H. m, arm.), 3.8 (3H with 1H. dd. Cg- 
C(OH)Phl, 3.5 IlH, brmd 5 ,  OH, exch. with D201, 2.3 (4H, m), 1.8 (611, ml ; l~-nmr (2% MHz, C H N) 5 5 
6 7.6 (5H, m. am.). 4.0 (IH, dd, C~(0H)PhI. 4.2 (1H. m), 3.7 IlH, s, CH), 2.3 l4H, ml, 1.8 (6H, 

m) ; 13c-m (CDC13) 6 174.5, 143.1, 83.1, 69.0. 45.4, 39.3, 38.2, 29.0, 27.5, 23.0. 

Anal. Calcrl. for Cl5Hl9No2 : C, 73.44 ; H, 7.81 ; N ,  5.71. Found : C, 73.51 ; H, 7.75 ; N, 5.79. 

According to the literature procedure26, a solution of v-phenyl y-butyrolactone (one equivalent) 

and mine (one equivalent) in water (80 % solution1 was refluxed far 4 h. Then, the mixture was 

chilled and extracted with mthylene chloride. Organic layers were mnbineted, washed with water 

and dried over Na2S04. Evaporation of the solvent afforded the desired mmpound and purification by 

chrmtqraphy colunn (silrca gel1 afforded pure prcduct isolated as an oil. 

90 % yield ; Ir (&I) 3300 and 1615 ; '~-nmr (CLC13) 6 7.2 (5H, " 8 ,  arm.), 5.0 (1H. s, OH, exch. 

with D201. 4.7 (lH, t, CE(OHlPh), 3.2 (4H, m, CH2Nl, 2.1 I8H. m, pyrrolidinr ring). 'H-rmr (CKl31 
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67 .2  (5H. m, a r m . ) ,  5.0 (IH, s ,  M1, exch. with D20), 4.7 I l H ,  t ,  CH_(OH)Ph), 3.2 (4H. rn. CH2N), 

2.1 (8H, m, py rml id ine  r i ng ) .  

90 % y i e ld  ; ir I&') 3350 and 1615 ; '~-mr (CLC13) 6 7.3 (5". m ,  a r m . ) ,  4.7 ( 1 H .  t ,  Ctj-W), 4.0 

( l H ,  s, OH, exch. with D20), 3.45 I4H. m, CH2N). 2.3 (4H. m ) ,  1.58 (6H, m, p i p r i d i n e  riIy). '11- 

mr ICLCl3) 6 7.3 (5H, rn, a m . ) ,  4.7 (IH, t, CE(m)Ph) ,  4.0 ( I H ,  s ,  MI, exch. with U 2 0 ) ,  3.45 (4H, 

m, CH2N), 2.3 (4H. m), 1.58 (6H. m, p i p r i d i n e  r i ng ) .  

95 8 yie ld  ; ir (an-I1 3300 and 1610 ; '~-rn (CW13) 6 7.35 15H. m. arm.), 4.8 I l H ,  t ,  Cs(OH)Ph). 

4.7 (lH, s, OH, exch. with u p ) ,  3.5 (4H. m, C H ~ J ) ,  2.3 (4H, m), 1.55 (8H, m,  m i n e  r i n g ) .  

85 % y i e ld  ; i r  l m - l )  3400 and 1630 ; l ~ -mnr  ICCCl3) 6 4.0 I l H ,  m .  MI, exch. with D20). 3.8 (1H. 

m, CH(M1)CH3), 3.45 (4Ht m, CH2V), 2.45 (2H. t ) .  1.9 (6H. m, p y r m l i d i n e  r i n g ) ,  1.65 I3H. d ,  CH3). 

89 8 y i e ld  ; i r  (on-!) 3400 and 1635 ; ' H - m  (CLCl3) 6 3.8 ( 1 H .  m, C~(DH)CH3), 3.5 (5H. m ,  CH2N 

and OH exch. with D a ) ,  2.45 ( Z H ,  t ) ,  1.8 (2H, m ) ,  1.6 (6H, m, piper id ine  r i n g ) ,  1.2 (3H. d ,  CH ) . 
2 3 

91 8 y i e ld  ; Ir (~ rn -~ )3400  and 1630 ; 'H-rau (CLTl3) 6 3.7 (1H. m. C ~ ( O H ) C H ~ ) ,  3.5 (5H. m ,  CH2N 

and OH exch. with U20), 2.5 (2H. t ) ,  1.6 (10H. m, m l n e  r i n g ) ,  1.2 (3H. d ,  CH ) 
3 '  

1 - ( 4 ~ e 4 - p h e n y l b u t v W ) a m i n e  

Canpounds &, E, &, g, & and 6 f  were cbtained i n  gmd y i e ld s  (75 t o  85 %) as o i l s  using Jones 

reagent (chronic  a c i W s u l f u r i c  ac id)27  fm mrres~ondlng a l & l s , r e s p c t l v e l y .  

mp 84-85-C (ether) ; ir ( k 1 ) 1 6 9 0  and 1630 ; uv (EtOH) )hyx (m) 240, 278 ; '~-nmr (CLS13) 6 7.7 

I5H. m. am.), 3.4 l6H. m). 2.7 (2H. t ) ,  1.9 (4H. rn, CH py r ro l i d ine  r i ng ) .  2 

mp 50-51°c ( e t h e r )  ; i r  (an-') 1690 and 1640 ; Ilv(EtOH) Amx (m)  240, 278 ; ' ~ - n n r  ICCCl3) 6 7.8 

(SH, m, a m . ) ,  3.5 (6H, m), 2.80 (ZH, m), 1.65 (6H, m, p i p r i d i n e  r i ng ) .  

i r  (an-') 1685 and 1625 ; uv IEtOH) A- (m) 240, 278 ; ' H - r n  ICCCl3) 6 7.75 (5H. m, a m . ) ,  

3.45 (6H. m), 2.8 I Z H ,  m). 1.65 l8H. m, m i n e  r i ng )  . 



ir (on-') 1725 awl 1645 ; uv (E~OH) E260 = 21, E.313 = 1.3 ; '~-mr (CCCl31 6 2.65 (4H, m, CH2NI, 

2.2 (3H. 5 ,  CH31, 1.9 1411. m, pyrrolidine ring). . 

ir 1725 and 1645 ; uv IE~OHI e260 = 21, e313 = 0.6 : 'H-- I C LK~~I 6 3.5 i4H. m, CH~NI, 

2.7 1411, ml. 2.2 13H. 5 ,  CH31. 1.6 (6H. m. pipridine rig). 

ir (&'I 1725 and 1645 ; uv (EtOHl eZhO = 26. c~~~ = 3 ; '~-rnr (CLX131 6 3.45 (4H. m, CH2NI. 

2.65 (4H, ml, 2.2 1311. s, CH31, 1.6 (8H, m, m i n e  ring). . 

A deoxyqenated solution of 12 g )  in t-butylalcohl (500 mll was ~rradiatrd for 24 h IPhillps 400 

kl. The solvent was evaporated and the residue chmtajraph ed on a silica gel colm. Elution 

with ethyl acetate afforded: 

- 1-aza-2ax-5-hydroxy-5-phenyl bicyclo 14.3.01 mnane (0.62 g .  31 %limp 173T (CH2C12-hexanel 

; ic (on-'1 3420 and 1635 ; 'H-mr (60 MHz, CCC131 7.4 15H. s, arm.). 4.2 (1H. s, OH, exch. with 
1 D201, 3.85 11H. t, CH-Nl, 3.5 (211, m, CH2-Nl. 2.3 (4H. rill. 1.7 14H. m. pyrrolidine ring) ; H-- 

(250 MHz), 6 (CDC131 3.82 11H. 4. C6-HI ; 6 lC51l5N1 4.01 IlH, q, C6-HI ; 13~-mr lCLCl31 6 169.7. 

144.0, 128.25, 127.5, 125.8, 73.55, 66.9, 45.2, 37.05, 30.15, 27.55. 22.2. 

Anal. Calcd for C14H17PK)2 : C, 72.7 ; H, 7.41 ; N, 6.06. Found : C, 72.51 ; H, 7.56 ; N, 6.27. 

- l-aza-2o.:r5-hydroxy-5-phenyl bicyclo 14.3.01 nmane (0.51 g, 26 81; mp 168-170°C (CH2C12- 

hexanel ; ir (nonoll 3420 and 1670 ; 'H-ranr 160 MHz, CCCl31 6 7.55 (5H. m, am.), 4.4 11H. s, M1, 

exch. with 1J201, 3.8 (lH, m. CH-Nl, 3.6 (2H, m, CH2Nl, 2.55 IZH, ml, 2.25 (2H. ml, 1.7 14H, m, 

pyrrolidme ring1 ; 'Il-rmr 1250 MHz1 6 lClXl31 3.72 (1H. q, C6-HI ; 6 IC5H5NI 3.73 (1H. q, C6-HIi 

13~-mc lCCCl31 6 169.3, 144.65, 128.4, 127.2, 124.9, 71.35, 67.05, 46.15. 34.8, 28.45, 26.25, 

21.85. 

Anal. Calcd for ClqH17N02 : C.72.70 ; H, 7.41 ; N. 6.06. mund : C, 72.34 ; H, 7.44 ; N, 6.12. 

Irradiation of 1-(4-Oxo-4-phenylb~t~ry1)hexamthyleneimine 6c 

A deoxygenated solution of & (2 g) in t.-butyl alcohol 1500 mll was irradiated for 28 h. The 

501vent was evaporated and the residue chrmtqraph ed on a sllica gel column. Elution with ethyl 

acetate afford& : 

- 1-aza-8-hydroxy-8-phenyl-11-0 bicyclo (5.4.01 undecane @ (0.56 g, 28 %I, np 159-161°C (CH2C12- 

hexanel ; ir ~ r n - ~ )  3380 and 1620 ; '~-mr (60 MHz, CDC13) 6 7.4 (5H. m, arm.), 3.85 12H. m, CH-N 
1 

and OH, exch. with D2U), 2.25 (4H. ml, 1.65 (BH, m, mine rlngl ; H rmr I250 MHz1 6 (CLKl3l 3.79 

(lH, t, C7-HI, 6 (C5H5N) 3.97 (lH, t, C7-HI. 13C-m ICEl3) 6 170.45, 146.1, 128.65, 127.45, 

125.45, 74.4, 65.75, 46.05, 33.7, 29.45, 28.95, 27.55, 25.9. 

Anal. Calcd for C16HZlN02 : C, 74.10 ; H, 8.16 ; N, 5.40. Found C, 74.15 ; H, 8.26 ; N, 5.48 

- l -aza-8-hydroxy-8-~yl - l l -oxo  bicyclo 15.4.0) undecane (0.98 g, 49 %I, mp 171-172T ICH2Cl2- 

hexanel ; ir (an-') 3350 and 1620 ; '~-mr I60 MHz, CCCl31 6 7.4 (5H, m, am.), 4.25 IZH, m, CH-N 
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and OH, exch. with U201. 3.5 IlH, m, Ui-N), 2.5 15H. m), 1.4 (8H. m, mine rirql; 'H-- 1250 W z )  

6(CLC131 3.5 IlH, q, C7-HI ; 6(C5H5NI 3.77 (lH, q. C7-lil. l3C-- 1CWl3) 6 170.2, 145.25, 128.5, 

127.8, 126.1, 73.2, 68.75, 48.U5, 34.0, 28.05, 27.0, 26.35, 26.15, 25.9. 

Anal. Calcd for C16H21W2 : C, 74.10 ; H, 8.16 ; N, 5.40. Found : C, 74.04 ; H. 8.11 ; N, 5.44. 

Irradiation of 1-14axcr4-thylbutyryllpyrrolidine 6d 

A deonygenated solution of @ I2 g )  in t-butyl alcohol 1500 ml) was irradiated for 12 h in a quartz 

glass vessel usirq a r&rm pressure mercury lamp filtered by a solution ot Naar, 2H 0 (400 g )  and 
2 

W2W4 (1.2 q)  m distilled water (111. The solvent was then evaprated and the residue 

chranator~raph ed on a silica gel m l m .  Elutlon wth ethyl acetate afforded : 

- I-aza-2dxcr5-methyl-5-hydmxy bicyclol4.3.0lnonane 711 10.3 g ,  15 % ) ,  np 122-124'C IAcOEt-hexanel 

; ir  Ian-') 3400. 1625 ; 'H-N 160 NHz, CLC13) 6 3.5 (4H. m, 3H o of N and UH, exch. with D2U), 

2.4 16H.m). 1.15 13H. s . n e ) ,  1 3 ~ - r m r ~ ~ ~ ~ 1  I 6 168.5. 69.6. 66.6.45.9.36.9. 30.2, 27.3, 22.4, 3 
19.7. 

Anal. Cald for C9H15N02 : CI 63.88 ; H, 8.94 ; N, 8.28. Found:C, 63.89 ; H, 8.98 ; N .  8.31. 

- l-aza-2-oxo5-nethy1-5-hydroxy bicyclo(4.3.0lnonane (0.2 g .  10 %I, rrp 134-136'C (AcOEt- 

hexane) ; ir (6'1 3400 and 1625 : 'H-rmr (60 MHz, CCCl31 6 3.5 14H. m. CH-N and OH, exch. with 
2 

D201,2.4 12H. m ) .  1.9 16H, m), 1.3 (3H. s, Me): 13Crmr lCCCl31 6169.4. 67.2, 66.3, 45.8, 35.0. 

28.1, 26.4, 26.2, 22.0. 

Anal. Calcd for C 11 NO : C, 63.8R ; H, 8.94 ; N, 8.28. Found:C, 63.89 ; H, 8.99 ; ti, 8.30. 9 15 2 

Irradiation of 1-(4-Oxcr4-methylbutyry1lhexamthyleneimine 6f 

A deoxygenatpd solution of 6 f  (2 gl in t-butyl alcohol 1500 ml) was irradiated for 8 h (similar 

conditions as precedent). The solvent was evaporated and the residue chr-tcgraph ed on a slllca 

gel colunn. Elution with ethyl acetate afforded : 

- 1-aza-8-thyl-8-hydroxy-11-XO bicyclo (5.4.0) undecane Df 10.2 g ,  10 % ) ,  n p  83-85T (AcOEt- 

hexanel ; ir 3400 and 1625 ; lll-mr (60 MHz, CCCl I 6 4.2 IlH. m, CH-N), 3.3 (2H. m, CH-ti 3 
and OH. exch. with D~OI, 2.5 (3H.  r n ~ .  1.7 (IOH, m), 1.35 (313, s, .re). 13~-mmir ( C K ~  ) 6 169.5. 

3 
69.4, 67.0, 47.2, 31.1, 30.9, 2'3.0, 27.2. 27.0, 26.7, 25.9. 

Anal. Calcd for CllH19N02 : C, 66.97 : H ,  9.71 ; N, 7.1fl. Pound : C, 67.01 ; H, 9.75 ; N, 7.12 

I-aza-8athyl-8-hydroxy-11-0 bicyclo (5.4.0) undecane 10.3 g, 15 %I, 141-143'~ (A~oE~- 

hexme); ir (4') 3350 and 1620 ; l~--rmr 160 MHz, CCCl3I 6 4.3 (1H. m, 01-N), 3.9 (1H. s, Ofi, 

exch. with D201, 3.3 (1H. m, CH-N), 2.5 131, ml, 1.7 (10H. m), 1.25 L3H. s, Me1 ;13~-mr (CUC13) 6 

169.8, 69.9, 69.1, 48.1, 33.3, 30.2, 28.1. 26.7, 26.5, 2b.2, 26.0. 

Anal. Cald for C H PO . C, 66.97 ; ii. 9.71 : N. 7.10. Found : C, 66.99 ; H, 9.73 ; N. 7.13 1119 2 .  

To a solution at lithim diisoprcpylamide ([.MI I10 -1) in dry 'lHF 140 ml) was added at -7H°C, 

under a nitrcgen amsphere a solutmn of I-vethyl-2-pyrrolidone (1 g ,  10 mroll in dry mF (10 ml). 

The mixture was stirred for 1 h at -78'C then a solution of knzoyl chloride (1.7 g, 12 -1) in 

dry THP I10 mll was added dropxise. nw reaction mlxture was then stirreo for 30 min at -7~'c. 

usual work up gave (0.74 g ,  36 % )  as an oil ; ir (an-') 1705 and 1690 ; 'H-rnr (CCC13) 6 7.4- 



9b was prepared by t h e  same procedure used f o r  . 9 was obtained i n  28 % y i e ld  as an o i l  ; i r  - 
(&'I 1650. 1630, '~-wr (CK1  I 6 7.3-8.2 15H, m ,  arm. I ,  4.5 ( 1 H .  ml, 3.35 (2H, m, CHpI ,  3.0 

3 
13H. 5 , W l ,  2.0 (4H,mI ; 13c-nmr (CKl31 6 198.5, 170.8, 167.0.136.4, 97 .1 ,49 .9 ,49 .7 ,  34.8, 

34.6, 25.5, 25.3, 22.8, 20.7. 

28 9c was prepared acmrdmq  t o  t he  l i t e r a t u r e  procedure . - 

9d was prepared acmrd i rq  t o  t he  sam procedure as  gc2R i n  97 8 y i e ld  and i so la ted  as an o i l  ; i r  - 
(an-') 1690 and 1655 ; , l ~ - n m r  ( C E 1  1 6 8.2-7.3 (5H, m, a r m . ) ,  3.9-3.06 (51i. ml. 2.9 (3H. 6 ,  N- 

3 
Elel, 2.3-1.5 (4H, ml ; 13~-mr lCLx331 6 199.7, 169.6, 138.1. 57.2, 41.9, 39.6, 36.1. 28.5. 23.5 ; 

ms :n/z ( % I  231 (M+' 601. 154 (51, 126 1501, 112 1101,  111 1111, 105 (901. 83 (151. 77 (251 : exac t  

mass Calcd f o r  Cl4HI7Nv2 : 231.1255. Found : 231.1256. 

I r r ad i a t i on  of 3-Wnzoyl-1-thyl-2-pyrrolidone 9.3 

A deoxyqenated so lu t lon  of ((132 g l  i n  t -butyl  alcohol (500 m l l  was i r r ad i a t ed  f o r  4 h. The 

so lvent  was evaporated and the  residue chranatcgraph ed by f l a s h  chrcmatqraphy. Elution with 

AcOEt/hexane 12-81 afforded: 

- N-Vinyl-3ox-3-phenyl propionic amiile (0.63 g .  48 81 as an o i l  ; ir (&I)  167U ; 'H-nnr 

(CKl31 6 15.0 I l H ,  m ,  Gii, exch. with 1D201, 6.5-8.4 (5H, m, a m . ) ,  5.9 (I t] ,  sl, 3.8-4.8 14H, m l ,  

3.35 a d  3.2 (3". s, w-Pel, 2.8-3.0 (1H.  rn) ; 13~-rmr (CIZl3) 6 193.1, 171.0, 166.0, 136.0, 126.0, 

94.5, 94.0, 84.R. 45.8. 

I r r ad i a t i on  of 3-Wnzoyl-1-thyl-2-piwridone 9b 

A deoxygenate? s a lu t i on  of 10.5 g l  ~n t-butyl alcohol (70 mll was i r r ad i a t ed  t o r  5 h. The 

sa lvent  was evaprated and the  residue c h r m a t q r a p h  e? by f l a s h  chrmtcr j raphy.  Elution with 

AcOEt/hexane (1-11 afforded : 

- N-Allyl-3-0x0-3-phenyl propionic amide L b  (3.2 g ,  40 % J  i so l a t ed  as an o i l  ; ir 1635 and 

1690; '1,-rmr lCCCl31 67.5-8.0 (5H. m, a r m . ) ,  5.0-6.0 ( 1 H .  ml, 4.1 (4H. ml, 3.0 and 2.9 (3". s, N- 

1 ; 13C-nnr (Cm13) 6 194.0. 171.5, 166.9, 136.2, 135.0, 133.6, 132.4, 130.7, 128.7, 128.4. 

125.9, 117.4, 117.1, 117.0, C4.7, 79.2, 78.5, 78.4, 77.1, 76.4. 75.5, 74.9, 52.9, 50.2, 46.0, 45.6, 

35.5, 33.7. 

I r r ad i a t i on  of I-~lethyl-3-phenacyl-2-pyrrolidone 9c 

A deoxygenated so lu t ion  of% (0.54 q1 i n  t-butyl a l m h o l  (70 m l J  was i r r ad i a t ed  t o r  7 h. The 

solvent  was evaporated and t he  residue c h r m t q r a p h e d  by f l a s h  chrcnlatography. Elution with e t h y l  

a c e t a t e  afforded: 
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- acetophenone 10.16g. 83 %) and Imethyl-3-pyrrolin-2- G(0.09 $1, 36 a). Spectrosmpic data 
29 are in a g r m n t  with literature . 

Irradiation of I-Methyl-3-phenacyl-2-piperidone 9d 

A deoxygenated solution of g (0.37 9) in t-butyl alcohol 170 ml) was irradiated for 7 h. The 

solvent wa5 evaporated and the residue chranatcgraphed by flash chr-tqraphy. Elution with ethyl 

acetate-hexane (6-4) aftomled : 

- acetophemme 10.1 g ,  50 % I  and l+thyl-5,6-dihydro-2-pyridone 10.06 g, 33 %) lsalated as an 

oil; ir (on-') 1620 and 1670 ; '13-rnr 1 ~ ~ 1 ~ )  66.3-6.8 (IH, m), 5.7-6 IIH, m), 3.45 IZH, t, C H ~ -  

N). 3.0 (3H. s, N-I*), 2.1-2.7 (2H. ml. 

i* thank Prof. Besserre of the "Centre Mional de Mesures Physiques" tor the lav field rmr 

masur-nts and Prof. Lattes and wrs Bon (Ihiversitf de Tarlousel for high fleld Nnr measurements. 
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