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Abstract

T h e  sy n th e s is  and p hotochem istry  o f a  num ber of 

ary lid en ecy c lo a lk a n o n e  oxim e e th er s  h a s  b e e n  in vestiga ted . Irradiation o f E,E- 

2 -b e n z y lid e n e c y c lo p e n ta n o n e  ox im e O-allyl e th er  resu lts  in rapid E-Z 

isom érisa tion  around th e  carbon-n itrogen  d ou b le  bond a cco m p a n ie d  by s low er  

E-Z isom érisa tion  around th e  carbon-carbon  d ou b le  bond, y ield ing four 

geom etr ica l isom ers w hich h a v e  b e e n  iso la ted  and ch a ra cter ised  . This 

in d ica tes  that isom érisation  around th e  carbon-n itrogen  d ou b le  bond is the  

m ore fa c ile  p r o c e ss . P ro lon ged  irradiation in m ethanol le a d s  to th e  form ation  

of 2 ,3-d ih yd ro-1H -cyclop en ta[b ]q u in o lin e , involving a 671-electron  

p h otocyc lisa tion  p r o c e ss  via an  u n iso la ted  dihydropyridine interm ediate  

fo llow ed  by elim ination of allyl a lcoh ol.

T h e s c o p e  of the cyc lisa tion  h a s  b e e n  in v estig a ted  with a s e r ie s  of 

a ry lid en ecy c lo a lk a n o n e  oxim e O -m ethyl eth ers. Substitu tion  at th e  arom atic  

ring with a m ethyl or m ethoxy  group a lso  y ie ld s th e  e x p e c te d  p h o to cy c lised  

product on  irradiation, w hilst substitution  with chloro or nitro grou p s d o e s  not. 

Irradiation of furylidene and 1 -naphthylidene d eriva tives y ie ld s  n ew  

h e tero cy c lic  co m p o u n d s and irradiation of the c y c lo h e x a n o n e  derivative y ie ld s  

1 ,2 ,3 ,4 -tetrah ydroacrid in e.

H eating o f 2 -d ip h en y lm eth y len ecy c lo p en ta n o n e  ox im e O -m ethyl eth er  

un d er reflux in e th y len e  g lycol y ie ld s no products w hilst irradiation y ie ld s  the  

e x p e c te d  qu inoline derivative indicating that th e  cyc lisa tion  is so le ly  a  

p h otoch em ica l and not a  therm al p r o c e ss .
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1. Introduction: The Photochemistry of the 
Carbon-Nitroqen Double Bond
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1.1 Introduction

C om p ou n d s contain ing  a carbon-n itrogen  d ou b le  bond u n d ergo  a w ide  

variety o f p h otoch em ica l reaction s. In 1 9 7 2  W etterm ark first attem pted  to 

group t h e s e  d iv erse  re a ctio n s1 and in 1 9 7 7  two rev iew s w ere  p u b lish ed  d ea lin g  

with th e  photochem istry  of ¡m ines2 and of co m p o u n d s conta in ing  a carbon-  

nitrogen  d ou b le  bond in g e n e r a l3. T h e  follow ing su rvey  c o n c e n tr a te s  on the  

literature from 1 9 7 7  onw ard s in w hich tim e m uch investigation  h a s  b e e n  carried  

out in th e  area . M any of the p h otoch em ica l transform ations reported are m ore  

d eta iled  in vestiga tion s o f p h otoch em ica l reaction s prev iou sly  reported. O thers  

su c h  a s  th e  aza-d i-7 i-m ethane rearrangem ent and th e  cyclod im erization  of 

im ines had not prev iou sly  b e e n  reported. T h e photochem istry  of N -o x id es  and  

n itrones and that of iminium sa lts  h a v e  b e e n  ex c lu d ed  for th e  m ost part s in c e  

their transform ations h a v e  b e e n  w ell rev iew ed 4 '5.

1.2 Excitation

U n con ju gated  alkyl im ines sh o w  two absorption  b a n d s in th e  ultraviolet 

region  of th e  spectrum ; a  band at 2 4 0n m  a s s ig n e d  a s  an n - 7i* transition and a 

band at 180nm , o f a greater intensity, a s s ig n e d  a s  a  tz-ti* transition1’2 . 

C onjugation of th e  carbon-n itrogen  d ou b le  bond greatly a lters th e  spectrum  

s in c e  th e  %-%* transition will b e  sh ifted  to longer w a v e le n g th s  and su b m erg e  

b a n d s d u e  to n-rc* transitions. B an d s appearing  in th e  2 40n m  region  of the  

spectrum  o f con ju gated  im ines m ay b e  u n am biguously  a s s ig n e d  a s  %--k* s in c e  

their extinction  co effic ien ts  are m uch greater than th o s e  e x p e c te d  for n-rc* 

transitions.
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C om p ou n d s contain ing  a carbon-n itrogen  d ou b le  bond, w h ere  the  

d ou b le  bond is not fixed in a ring sy stem , readily u nd ergo  p h otoch em ica l E-Z 

iso m ér isa tio n 1'3. In sim ple ¡m ines th is isom érisation  is short lived and the  

carbon-n itrogen  d ou b le  bond will therm ally re isom er ise , at am bient 

tem p eratu res, back  to the therm ally m ore favoured  isom er. T h e  carbon-  

nitrogen  d ou b le  bond of ox im es and, particularly, ox im e e th ers  sh o w  m uch  

grea ter  configurational stability, m aking them  m ore attractive ca n d id a tes  for 

m ech a n istic  p h o tostu d ies .

T h e m ech an ism  for E-Z p h oto isom erisa tion  o f th e  carbon-n itrogen

d o u b le  bond, w h eth er  by planar inversion, rotation or a  com bination  of the two 

(S c h e m e  I), provided s o m e  con troversy3. In the ground (S q) s ta te  th e  favoured

m ech a n ism  is inversion  s in c e  th e  rotational m ech an ism  in vo lves s c is s io n  of the  

d ou b le  bond. H ow ever, in the ex c ited  s ta te  the d ou b le  bond ch aracter  is 

red u ced  th u s allow ing the rotational m ech an ism  to b e c o m e  a  possib ility . 

S e v e r a l w orkers h a v e  in vestiga ted  theoretica lly  the m ech a n ism  of the  

p h otoch em ica l E-Z isom érisation  around th e  carbon-n itrogen  d ou b le  bond of 

s im p le  im ines and  it is now  c lear  from their resu lts that th e  rotational 

m ech a n ism  is th e  favoured  p r o c e s s 6'9. Both N ish im oto and co -w ork ers6 and  

Ertl and L esk a 7 h a v e  ca lcu la ted  the optim ized  g e o m e tr ie s  o f m ethanim ine, the  

parent com p ou n d  of th e  im ine group, in th e  ground and th e  S-j s ta te s  (Fig. 1 ). 

Both w orkers sh o w  sim ilar sym m etr ies for the S i  sta te . It can  b e  s e e n  that in 

th e  S-i s ta te , th e  optim ized  geom etry  h a s  a 90° twist around th e  carbon-  

nitrogen  d ou b le  bond. Furtherm ore, ca lcu lation  of th e  en erg y  variation on  

rotation or inversion  y ie ld s  the potential cu rves (Fig. 2) w hich sh o w  that th e  y 
variation is m ad e  m ore e a s ily  than th e  \\/  variation in both th e  S 1 and  T  ̂ s ta te s  

in contrast with th e  resu lts  ob ta in ed  for the ground s ta te  S 08 Substitution of a 

m eth y len e  proton with a p henyl8 or vinyl9 group, or with fluorine7 d o e s  not

1.3 E.Z photoisomerisation
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affect th e  m ech a n ism .

R O  , M —  pi

V

, N - Rinversion 
R H

N R /R

H V   ̂ > = N

(E) rolall°" '  * R N^ R, H (Z)
H &y

SC H E M E I

(\|/=angle of inversion, y=ang!e of rotation)

1

0-1071

N
H

112

0-1296

121 r* 126c 1\  0-1113

H H

H

1 0 1091

N  ■<------ CNH=124°

0-1296

123 ĉ .,0-1114

H 110° 'H

So $ 1

Fig.1. The optimized geometry of methanimine in the S0 and S1 states (bond
lengths in nm)7.

A lthough in m ost c a s e s  E-Z isom érisation  around th e  carbon-n itrogen  

d o u b le  bond  is a  two w ay  p r o c e ss  involving e s ta b lish m en t o f a  p hotostationary  

s ta te 2-3 , a  num ber o f e x a m p le s  h a v e  a p p ea red  in th e  literature reporting o n e  

w a y  p h oto isom erisa tion  around the carbon-n itrogen  d ou b le  b o n d 10’13. U nder  

direct or s e n s it is e d  irradiation th e  E- isom er o f 2 -b en zoy lp yrid in e-4 -  

nitrop h en ylh yd razon e (1) u n d er g o e s  irreversib le isom érisa tion  to th e  Z- 

isom er, w h e r e a s  th e  E- isom er o f 3 -ben zoy lp yrid in e-4 -n itrop h en y lh yd razon e (2)

4



u n d e r g o e s  reversib le  p h o to isom erisa tion 10. T he lack o f p h otoch em ica l activity 

of th e  Z- isom er o f (1) ca n  b e  attributed to hydrogen  bonding p resen t in the  

ground and ex c ited  s ta te s  s in ce , w h en  a hydrogen  bond c o n n e c ts  two % 
s y s te m s , there is an  in c r e a se  in the rate of internal con version , resu lting in a 

sh orten in g  o f th e  e x c ited  s in g let (S-|) lifetime and th erefore a q u en ch in g  of

photoreactivity.

F ig .2 . Potential curves for energy variation on rotation (y) or inversion (\\i) of the
low lying states of methanimine8.

On triplet s e n s it is e d  irradiation, th e  Z- isom er of N -m eth oxy-1-(2 -  

anthryl)-ethanim ine (3) u n d er g o e s  o n e  w ay  p h oto isom erisa tion  to the E- 

iso m e r 11. This h a s  b e e n  attributed to the localization  of excitation  m ostly on

5



th e  a n th ra cen e  n u c leu s  o f E-(3) resu lting in rotational isom érisation  of the  

a n th ra cen e  n u c le u s  around the s in g le  bond ( s-trans to s -c /s )  in the exc ited  

s ta te  in p referen ce  to th e  isom érisation  from E- to Z- around th e  d ou b le  bond.

O ne w ay  E-Z p h oto isom erisa tion  h a s  a lso , surprisingly, b e e n  reported  

on irradiation of th e  E- isom er o f th e  acety l derivative o f aceton itro lic  acid  (4, 

R = N 0 2 , R 1=M e) w hich g iv e s  100%  isom érisation  to the Z- iso m er12. T his is in

con trast to th e  sim ilar acety l derivatives of the a -ch loro -ox im e (4, R=CI, R 1=Ph) 

w hich u n d e r g o e s  com p etin g  E-Z isom érisation  to g iv e  a photostationary sta te  

of E- and Z- isom ers o f 1 .5 :1 13.

A num ber of reports h a v e  a p p ea red  in the literature con cern in g  the  

ph otoch em istry  o f a ,p -u n sa tu r a te d  oxim e e th e r s14' 17. It had prev iou sly  b e e n  

reported  that th e  E ,E - isom er of b e n z y lid e n e a c e to n e  oxim e O -m ethyl eth er  

(E ,E -(5)) u n d e r g o e s  isom érisa tion  only around the carbon-carbon  d ou b le  bond, 

with no  isom érisa tion  occurring around the carbon-n itrogen  d ou b le  b o n d 18. It 

h a s  now  b e e n  sh ow n  that E ,E -(5) u n d er g o e s  isom érisation  around both the  

carb on -carb on  and carbon-n itrogen  d ou b le  b on d s, and that carbon-n itrogen  

d o u b le  bond isom érisa tion  is th e  m ore facile  p r o c e ss , both under direct and  

triplet s e n s it is e d  irradiation14. T h e photostationary s ta te  o f th e  four iso m ers at

6



equilibrium  on direct irradiation w a s  4 6 :1 7 :3 :3 4  for iso m ers E ,E -(5), Z ,E -(5), 

E ,Z -(5) and Z ,Z -(5) resp ective ly .

OMe
—  N

Z-(3)

hu
(Sens)

E-(3)

r 1n o c o c h 3
> = n '

R

E-(4)

,1

N
R OCOCH3

Z-(4)

Ph Ph
V V

N N
R OMe R

OMe

E .E - Z,E-

/" / -
Ph ^ > = N  Ph > = N

R 7 OMe R

OMe

(5) R =M e

(6 ) R=H

E,Z- Z,Z-

D irect irradiation o f th e  E ,E -isom er o f  1 -m eth oxy im in o-3 -p h en y l-2 -p rop en e  

(E ,E -(6 )) a lso  le a d s  to  isom érisation  around both d ou b le  b o n d s to g iv e  a
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p h otostationary s ta te  product ratio of 3 7 :3 1 :6 :2 6  for E ,E -(6), Z ,E -(6), E,Z-(6) 

and  Z ,Z -(6) re sp ec tiv e ly 15. Tokum aru h a s  ca lcu la ted  th e  quantum  y ie ld s  for 

th is d irect p r o c e ss  (F ig .3a ) and h a s  con c lu d ed  that, a s  well a s  isom érisation  

around individual d ou b le  b on d s, isom érisation  m ay occu r  around both d ou b le  

b o n d s s im u ltan eou sly  (ex cep t in th e  c a s e  o f Z ,E -(6) to E ,Z-(6)). On triplet 

s e n s it is e d  irradiation of E ,E -(6) it w a s  s e e n  that th e  quantum  yield  for the  

form ation of a g iven  isom er w a s  similar, irrespective o f th e  starting isom er, and  

c o n c lu d ed  that isom érisation  o ccu rs via a com m on triplet in term ed iate16 (Fig  

3b).

E ,E -(6)
0-31

Z ,E -(6)

0 0 4

E ,E -(6) ° - V  Z ,E-(6)

J  V  ™ /  to-

W4I  \ m  r
E,Z -(6) Z,Z-(6)

0 1 7  006

42

05

(a) (b)

Fig.3. Quantum yields for the isomérisation of (6) on (a) direct15 and (b)
triplet16 sensitised irradiation.

T h e p hotochem istry  o f (E )-p -ion on e  oxim e O-Ethyl e th er  (7) h a s  a lso  

b e e n  s tu d ie d 17. Direct irradiation o f E ,E -(7) y ie ld s  th e  geom etrica l isom ers  

E ,Z -(7) and Z ,Z -(7) a lon g  with Z ,E -(8) and Z,Z-(8), form ed by a 1 ,5 -h yd rogen  

shift, E ,Z -(7) and Z ,E -(8) b e in g  the primary photoproducts. Triplet s e n s it is e d  

irradiation o f E ,E -(7) how ever, y ie ld s  a  mixture of th e  four geom etrica l iso m ers  

of (7) a s  photoprodu cts, with differing ratios at th e  photostationary sta te  

a ccord in g  to  the s e n s it is e r  u sed . It w a s  co n c lu d ed  that E-Z isom érisation  on  

direct irradiation o ccu rs  ex c lu s iv e ly  from th e s in g le t exc ited  s ta te  s in c e  th e
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triplet ex c ited  s ta te  product Z ,E -(7) is not form ed on  direct irradiation. T h e  

addition o f ethyl iodide, w hich e n h a n c e s  s in g let to triplet in tersystem  crossin g , 

d o e s  not alter th e  com p osition  o f photoproducts on  direct irradiation.

N
OEt

N

Z ,E -(7) OEt

N
I

OEt

^  OEt 
N

Z,Z-(7)

OEt
N N

I
OEt

B a a s  and C erfontain and co-w orkers h a v e  stu d ied  th e  p hotochem istry  of 

a  s e r ie s  o f a -o x o  ox im es, e th ers  and a c e ta te s 19'22. O xim e ethyl e th er  (9a), 

w hich  e x is ts  in th e  s-trans conform ation, u n d e r g o e s  triplet s e n s it is e d  E,Z 

isom érisa tion  (from th e T 1 (n-%*) s ta te ) to yield th e  Z isom er w hich h a s  b e e n

found to ex ist preferentially  in a slightly non p lanar s-cis conform ation19'20, 

w h ile  c o m p o u n d s that p o s s e s s  m ore bulky grou p s at R 1 and R2 (9b ,c) a lso  

u n d ergo  E,Z isom érisa tion  but yield Z isom ers in th e  s-trans conform ation20. 

On direct irradiation (À,>300nm) E,Z isom érisation  a lso  occu rs, but is 

a c c o m p a n ie d  by com p etin g  p h otod ecom p osition  (probably from th e  S-| ( n - 71*)

e x c ited  s ta te ) and in th e  c a s e  of (9c), a  com p etin g  y-hydrogen  abstraction

9



(T ype II) p r o c e ss , by th e  carbonyl function, fo llow ed  by ring c lo su re  yield ing  

cyclob u tan o l derivatives, a lso  occu rred 21.

Irradiation of a -o x o  o x im es  (1 0 b -e  and j) and (1 1 a ) and  the a -O x o  oxim e  

a c e ta te s  (1 2 b -e  and j) and (11b) led  to E-Z isom érisa tion  with eventu al 

form ation of a  photostationary sta te , th e  ratio o f w hich d e p e n d e d  on the  

structure o f th e  a -o x o  ox im e function22. T h e E iso m ers o f th e  a -o x o  ox im es  

(1 0 a , f-i), and the a -o x o  oxim e e s te r s  (1 2 a ,f  and h) and (1 3 a -c ) did not 

p h o to iso m er ise . All o f th e  a -o x o  oxim e e s te r s  stu d ied  p h o to d e c o m p o se d  

readily w hile the a -o x o  o x im es  did not p h o to d e c o m p o se  to an y  sign ificant 

extent. On irradiation at shorter w a v e le n g th s  (A,=254nm) the  

p h o tod ecom p osition  o f a -o x o  ox im e e th er s23'24 and e s te r s 25 w a s  found to b e  

far m ore rapid and involved  radical form ation via initial n itrogen -oxygen  bond  

c le a v a g e .

(9) a; R1=R2=Me 
b; R1=Ph, R2=Me 

c; R1=Pr', R2=Bu'

O
s-cis-(E)s-trans-(E)

s-trans-(Z)

O
s-c/'s-(Z)
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R2 OH
' V

° = < , 
R1

N

OMe

1 9 ) r \  i, R1=Me, R2=CH?Ph
d; R -Me, R -  ,  *

w  j, R1=R2=Ph
e; R1 = <3 , R2=Ph

(1 0 ) (1 2 ) (13 )

a ,R 1=R2=Me f, R1=Et, R2=Me a; R=COEt, R1=R2=Me

b; R1=Ph, R2=Me g, R1=Me, R2=H b; R=COPh, R1=R2=Me

c; R1 =Me, R2=Ph h, R1 =Me, R2=Et c; R=COEt, R1 =Me, R2=CH2Ph

OR
E- (11 ) Z- (11 )

a; R=H 
b; R=Ac

C erfontain  h a s  a lso  stu d ied  th e  e ffe c ts  of ster ic  control on the  

p h otoch em ica l E-Z isom érisation  of the carbon-n itrogen  d ou b le  bond in so m e  

overcrow d ed  a -o x o  ox im e e th er s26. T h e s e  co m p o u n d s m ay b e  divided into two  

c la s s e s :  (a) w h ere  th e  E- isom er is therm ally favoured  e.g. (14) and (b) th o se  

w h ere  th e  Z- isom er is therm ally favoured  e.g. (15). T h e p h oto isom erisation  

p r o c e e d s , a s  with other a -o x o  oxim ino com p ou n d s, from triplet s ta te s  having  

n-%* ex c ited  character via a rotation m ech an ism . For th e  oxim e e th ers  in the  

first group e.g. (14), th e  potential free  en erg y  su r fa c e s  o f th e  exc ited  triplet and  

th e  ground s ta te  are a lm ost mirror im a g es , in th e  s e n s e  that th e  m axim um  of 

th e  ground (S 0) s ta te  b e tw e e n  th e  tw o geom etrica l iso m ers roughly c o in c id e s  

with th e  minimum of th e  triplet (T ^  s ta te  (Fig 4). T h e p h otoch em ica l E-Z
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isom erisa tion  of (14) therefore p r o c e e d s  from th e exc ited  triplet s ta te  o f E -(14)  

and Z -(14), fo llow ed  by rapid relaxation  by tw isting to th e  triplet potential 

minimum. At th is s ta g e  in tersystem  cro ss in g  from th e tw isted  triplet to the  

tw isted  ground s ta te  o ccu rs and th is th en  u n d e r g o e s  partition to th e  two  

geom etr ica l isom ers yield ing a photostationary s ta te  o f E -(14)/Z -(14) of 

approxim ately  0 .6 . With the s e c o n d  group, su ch  a s  (15), th ere  is, in addition, a 

ster ic  e ffec t in the E- isom er in the region  o f 1 2 0 -1 8 0 °  twist o f th e  carbon  

nitrogen  d ou b le  bond d u e  to the interaction b e tw e e n  th e  o t y p e  lon e  pair 

e le c tr o n s  o f the m ethoxyim ino o x y g en  and th e  ad jacen t m ethyl su b stitu en ts  

(F ig .5). T h e  cu rv es thus ob ta in ed  for (15), a s  a typical a -o x o  oxim e eth er  o f the  

s e c o n d  group (F ig .4 ) sh o w  that th e  relaxation of th e  ex c ited  triplet s ta te  of the  

E- isom er h a s  a free  en erg y  o f activation  and will thus b e  retarded and its rate 

of in tersystem  cro ss in g  to the ground s ta te  will b e  in crea sed . M ore importantly, 

th e  partitioning o f th e  tw isted  ground s ta te  (form ed by in tersystem  cro ssin g  

from th e  triplet ex c ited  sta te ), will now  strongly favour the Z -isom er. 

C o n se q u en tly  the photostationary s ta te  of th e  E -(15)/Z -(15) is 0 .0 6 .

For a s e r ie s  o f ot-bis(oxim e O -m ethyl ether) a lk a n e s  su c h  a s  (16 ) or (17) 

triplet s e n s it is e d  irradiation le a d s  only to E ,Z -isom erisation . D irect irradiation 

le a d s  to E ,Z -isom erisation  and a lso  to s o m e  p h otod ecom p osition  resu lting from  

n itrogen -oxygen  bond h o m o ly s is27.

Me Me

(14) R=H

(15) R=M e
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MeO

N Me

<
Me N

I
OMe

(16)

Fig.4. Proposed ground and triplet state free energy surfaces for (15), solid 
lines, and (14), broken lines, plotted as a function of twist about the C-N bond. 
The dotted line represents the free energy due to steric repulsion in the ground 
state of (15), The free energies of both Z-(15) and Z-(14) were arbitrarily 
chosen to be zero26.
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/ M e

Fig.5. Orientation of the o-type ione-pair of the methoxyimino oxygen in an 
overcrowded E-a-oxo oxime ether26.

1.4 Hydrogen Abstraction

Im ines h a v e  a red u ced  ten d e n c y  to inter- and intra-m olecular hydrogen  

abstraction  w h en  com p ared  to th o se  co m p o u n d s contain ing  the carbonyl 

ch rom op h ore2 '3. It h a s  b e e n  s u g g e s te d  that d eactivation  by rapid rad ia tion less  

d e c a y  to th e  ground sta te  m ay a cco u n t for this low activity28 and that the  

p r e s e n c e  o f a  lo w est %-%* T1 s ta te  m ay a lso  b e  a factor for certain  im in es29.

H ow ever s o m e  e x a m p le s  of hydrogen  abstraction  by th e  n itrogen  atom  of the  

im ino-chrom ophore w ere  know n2-3, and further reports h a v e  a p p ea red  in the  

literature30-35.

B en zo p h en o n e im in e  (1 8 )30 is red u ced  to diphenyl m eth a n e  (19 ) on  

irradiation. It h a s  b e e n  p rop osed  that (19 ) is form ed via initial addition of 

hydrogen , ab stracted  from so lven t, a c r o ss  the d ou b le  bond, to y ield  the  

corresp on d in g  am in e (20 ) fo llow ed  by carbon-n itrogen  bond c le a v a g e  (S c h e m e  

II). Indeed  irradiation of am in e (20) a lso  y ie ld s  (19). A sim ilar resu lt w a s  s e e n  

for flu oren on eim in e  w hich p hotofragm ents m ore rapidly31.

C om p ou n d s contain ing  an imino chrom op hore m ay a lso  und ergo  

photoalkylation  via an  initial h ydrogen  abstraction  p r o c e s s 32-35. T h us for 

ex a m p le  pyrim idin-2-one (21) y ie ld s  addition product (22) on  irradiation in
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b e n z e n e  conta in ing  diethyl eth er  (S c h e m e  III)32. O ther e x a m p le s  include the  

addition o f cyc lic  o lefin s  to N -acety ld ip h en y lm eth y len eam in e  (23 ) to form

(2 4 )33, and the addition of an ilin es to p -b en zoq u in on ed iim in e  d eriva tives (25)  

to form (2 6 )34, via sim ilar m ech an ism s.

Ph h  hu  Ph
= N -----------►

Ph

Ph
(18)

N - H
Ph CH3OH Rh ^

N — H + »CH2OH

PhCH2 + NH3-CH20  m ----------
(1 9 ) polymer CH3OH

Ph2CH + .N H 2

SC H EM E II

hu
Ph

Ph

Ch+ NH2 + CH20

(20 )

R
N N

II
R'

(21)

hu

Diethyl
Ether

+ h 3c c h o c h 2c h 3

SCHEM E
HN N

R

h 3 c c h o c h 2 c h 3

(22)

Interestingly, th e  phenanthrid ine (27) u n d e r g o e s  photoaddition  of 

d ich lo ro a ce tic  acid  a c r o ss  the carbon-n itrogen  d ou b le  bond but th e  authors  

h a v e  p ro p o sed  that addition o ccu rs via protonation o f th e  n itrogen  fo llow ed  by 

n u cleop h ilic  attack (S c h e m e  IV), rather than via a radical m ech a n ism  (addition  

of radical s c a v e n g e r s  d o e s  not a ffect th e  co n v ersio n )36.
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> = N ^ .  
Ph O

(23 )

Ph Me
Ph

Ph-
Me

O

(24)

N C 02Et NMe--

N C 02Et R

(25 ) (26)

ho

CI2CHCOOH

(27 )

+ CI2CHCOO‘

SC H E M E IV

+ CI2CHCOO-

o
II

o c c h c i2
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1.5 Azirine Photochemistry

A zirines (28 ) readily und ergo  carbon-carbon  bond c le a v a g e  from the  

n-7t* s in g le t s ta te  to form nitrile y lid es  (29), highly reactive  in term ed iates, which  

in turn react with dipolarophilic groups, gen era lly  via a 1 ,3-d ipolar  

cycloadd ition , to form h e te r o c y c le s3. T his a llow s a usefu l sy n th e tic  approach  to  

quite co m p lex  h eterocyc lic  com p ou n d s. Addition is b e liev ed  to b e  con certed  

and  to occu r  from interaction of th e  h ig h est o ccu p ied  m olecu lar orbital (HOMO) 

of th e  nitrile y lide with th e  low est u n occu p ied  m olecu lar orbital (LUMO) of the  

dipolarophile. T h e d e g r e e  o f reactivity o f the nitrile y lide is th erefore  govern ed  

by th e  ex ten t o f stab ilisa tion  of the transition s ta te  by th is interaction.

Addition of m ethanol to th e  nitrile y lide (29) p r o c e e d s  with 

reg io sp ec ific ity  to g ive  a lkoxyim ines (30 ) indicating that in th e  HOMO of the  

nitrile ylide, e lectron  d en sity  is greater  at the d isubstitu ted  than the  

trisubstituted carbon.

Ar
=-N

(28 )

ho
A r - C  =  N = < ^

(2 9 a )

CH3OH

Ar R 1

> = N
H

OCH.

R*

A r— C =  N

(29b )

(30)

A  variety  o f d ipolarop h iles u n d ergo  cycloadd ition  to th e  nitrile y lid es  and  

th e  reg io se lec tiv ity  is d e p e n d e n t on the polarization of th e  LUMO of the  

d ip o larop h ile3. T h us m ethyl m ethacrylate, w h ere  th e  term inal co effic ien ts  are  

n early  th e  sa m e , y ie ld s  two reg io iso m ers (31 ) and (32 ) on  irradiation with
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azirine (28 ), w hilst m ethyl acrylate, w h ere  the term inal coeffic ien t of the  

u n su b stitu ted  carbon is greater, y ie ld s  only o n e  (33).

Ar
hu \ /  R2

H2 C=CHCOOCH3

Ar
= -N

(33 )
COOCHc

R 1 Rz

(28)
Ar

hu

H2 C=C(CH3)COOCH3

Ar

(31 )

\  c h 3 

c o o c h 3

R 1

c h 3 7  

c h 3c o o c
(32 )

N u m erou s further e x a m p le s  o f this typ e o f addition h a v e  a p p ea red  in the  

literature37'45. T hus, for exam p le , irradiation of azirine (34 ) in th e  p r e s e n c e  of 

th iazo lin oth ion e  (35 ) y ie ld s  cy c lo a d d u cts  (36) and (37 ) a lon g  with (38), form ed  

by p h otoch em ica l isom érisation  of (3 7 )37. Azirine (34) u n d e r g o e s  preferential 

cycload d ition  to th e  carbon-carbon  d ou b le  bond o f 1 ,4 -n ap th oq u in on e  (39, 

R=H) to form cyc load d u ct (40), w hilst with th e  2 ,3-d im eth yl substitu ted  

n ap th oq u in on e  (39 , R=C H 3), cycloadd ition  preferentially o ccu rs  at th e  carbon-

o x y g e n  d ou b le  bond, form ing cyc load d u ct (41). This e ffect is a g a in  exp la in ed  

by d iffe r en ce s  in th e  polarization o f th e  LUMO of the d ipolarop h ile38. Pfoertner  

h a s  u tilised  th e  1 ,3-d ipolar add itions of az ir in es to s y n th e s is e  com p ou n d s  

w hich h a v e  potential b io logica l activity39-40. P adw a h a s  a lso  reported the  

n ovel [3+3] photocycload d ition  o f azirine (34) with fu lv en e  (42) to g ive  

cy c lo a d d u ct (43 ) a s  th e  major product a long with sm all am ou n ts o f cyc load d u ct  

(4 4 )46.
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Ph

Me Me

(35)

Ph Ph

(34 ) C36Ì (37)

(38)

o hu

R Me
Ph

+ X :
N

R=H

Me

(39 )

(40) 

Me O

(34 ) hu
R=Me

(41)

Me Me
V
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P ad w a h a s  in v estig a ted  intram olecular cycloadd ition  reaction s o f nitrile 

y lid es  bearing appropriate su b stitu en ts  and h a s  found that the photoproducts  

form ed d e p e n d  greatly  on  th e  nature of th e  su b stitu en t47-50. For a se r ie s  of 

az ir in es  bearing unsaturated  ortho su b stitu en ts  on th e  arom atic ring, the  

intram olecular reaction  m ay p ro ceed  to g iv e  either 1 ,1 - or 1 ,3 -  

c y c lo a d d u c ts47'48. T h u s irradiation of the 2H -azirine (45, R=H) y ie ld s  the 1 ,3 -  

cyc load d u ct (46 ) a s  th e  s o le  photoproduct, w hilst irradiation of the dim ethyl 

derivative (45, R=M e) ex c lu s iv e ly  y ie ld s  the 1 ,2 -cy c lo a d d u ct (4 7 )47.

H

hu

R=H

hu

R=Me

Me Me
V

H

P ad w a h a s  p ro p o sed  that the m od e of addition m ay b e  d u e  to the  

g eom etry  o f th e  nitrile ylide. T h o se  co m p o u n d s bearing e lectron  re lea s in g  

su b stitu en ts , su c h  a s  th e  m ethyl groups, in th e  C -3 position  o f th e  nitrile y lide  

h a v e  p re feren ce  for a ben t geom etry  m aking th e  nitrile y lide m ore carb en e-lik e, 

e .g . (48), and facilitating form ation o f th e  1 ,1 -cy c lo a d d u ct w hilst th o se  

c o m p o u n d s dihydro su b stitu ted  at the C -3 position  g iv e  nitrile y lid es  (4 9 ) with a  

m ore linear geom etry , y ield ing  th e  1 ,3 -cy c lo a d d u c ts47.
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Sim ilarly a 1 ,1 -cyc load d u ct (50) w a s  form ed on  irradiation of the

dim ethyl 2H -azirine (51, R=H). H ow ever irradiation o f th e  corresp on d in g  

ca b o x y la te  (51, R =C O O C H 3) y ie ld s th e  1 ,3 -cy c lo a d d u ct (52 ) indicating that the

p r e s e n c e  o f an e lectron  withdrawing group on th e  d ou b le  bond a lso  a ffec ts  the  

o u tco m e  of the intram olecular cycloadd ition  reaction 48.

hu

Me Me
N /

(50)

Me Me

Irradiation o f th e  azirine (53) y ie ld s  pyrrole (54 ) a s  th e  only identifiable  

photoproduct, form ed by 1 ,3 -p h otocycload d ition , fo llow ed  by air oxidation49.

P ad w a  h a s  a lso  reported that azir in es (55 , R=CI, Br, O C O C H 3, O C O Ph)

u n d ergo  a  1 ,4 -su b stitu en t shift on  irradiation to form a z a b u ta d ie n e s  (56 ) w hilst 

(55 , R =O M e) only affords (57 ) by 1 ,3-addition  o f th e  nitrile y lide a c r o ss  the
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carbon-n itrogen  d ou b le  bond o f th e  starting azirine and  h a s  co n c lu d ed  that the  

ability o f (55 ) to u n d ergo  th e  1 ,4 -su b stitu en t shift is a  function o f leav in g  group  

ability50 (S c h e m e  V).

(53) (54)

Ph

CHoR
(55)

hu
Ph

R=CI, Br,
OCOMe,
OCOPh

H

CH--

Ph H

> = N - <
R CH'

(56)

H Ph

hu Ph
\ -

H <
r = o c h 3

= = N = < (
H3COCH2 N pg

c h 2o c h 3

SC H EM E V

c h 2o c h 3

(57)
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1.6 Rearrangements involving Substituent Migration

A lthough the d i-u -m eth an e rearrangem en t o f 1 ,4 -d ie n e s  w a s  a well 

e s ta b lish e d  reaction 51, and p ,y-unsaturated  carbonyl c o m p o u n d s had b e e n  

sh ow n  to u n d ergo  an a n a lo g o u s  oxa-d i-7w n eth an e rearran gem en t52, it is only  

recen tly  that th e  corresp on d in g  p ,y-unsaturated  a z a -a n a lo g u e s  h a v e  b e e n  the  

su b ject of p h otoch em ica l in vestiga tion 53-70. A rm esto, H orspool and co-w orkers  

h a v e  s in c e  sh ow n  that an  aza-d i-7r-m ethane rearrangem en t d o e s  occu r and  

h a v e  thoroughly in vestiga ted  the s c o p e  of the p r o c e s s 53-67. Initially it w a s  

sh o w n  that im ine (58, R 1=Me, R2=H, R3=CH 2Ph) u n d er g o e s  rearrangem en t on

direct irradiation to cyc lop rop an e  (59), w hilst triplet s e n s it is e d  irradiation lea d s  

to h igher y ie ld s  and it h a s  b e e n  p ro p o sed  that rearrangem en t o ccu rs via 

excita tion  of th e  1 ,1 -d iphenyl a lk en e  m oiety follow ing a path a n a lo g o u s  to the  

di-71-m ethane and oxa-di-7t-m ethane p r o c e s s e s  (S c h e m e  VI)53'54. T he  

resu ltant ¡m ines u n d ergo  facile  hydrolysis to a ld e h y d e s  (60). T he  

corresp o n d in g  p ,y-unsaturated  a ld e h y d e s  do not undergo an eq u iva len t oxa-d i-  

7r-m ethane rearrangem en t but rearrange via a 1 ,3  acyl m igration71. T hus the  

im ino su b stitu ted  d erivatives g iv e  a co n v en ien t route to th e  cy c lo p ro p a n es.

C h an g in g  th e  nature of th e  su b stitu en ts  greatly  a ffec ts  th e  e ffic ien cy  of 

th e  cyclisa tion . Im ines bearing phenyl su b stitu en ts  at th e  central carbon  atom  

(58 , R 1=Ph) c y c lise  far m ore readily than the corresp on d in g  dim ethyl 

su b stitu ted  ¡m in es55. T his m ay b e  th e  resu lt o f the greater stab ilisin g  e ffect o f  

th e  phenyl su b stitu en ts  on  th e  diradical in term ediate (61), a llow ing for m ore  

efficien t 'unzipping' o f th e  interm ediate (62). Phenyl substitution  at the imino- 

carb on  atom  (58 , R2=Ph) sh ifts th e  a b so r b a n c e  of th e  imino ch rom op hore to 

lon ger  w a v e le n g th s , allow ing it to co m p ete  with that o f th e  diphenyl a lk en e  

m oiety. Irradiation of th e  phenyl su b stitu ted  derivative y ie ld s  a large num ber of 

p h otop rod u cts w hich m ay b e  d u e  to Norrish type 1 c le a v a g e  o f the imino 

grou p 55

23



± •

/ \  . 
Ph Ph

N

(63)

Electron
Transfer

/ \  
Ph Ph

N

R1, . R1

Ph

r
Ph N 

(61 )

SC H EM E VI

R1V R 1

'N
Ph Ph R"

(62)

Ph Ph R

Rz

(60)

T h e  nature of th e  su b stitu en t at nitrogen p lays an  important roie in the  

cyc lisa tion . It h a s  b e e n  p r o p o sed  that e lectron  transfer from th e  nitrogen lone  

pair to th e  diphenyl a lk e n e  m oiety  m ay result in form ation o f radical 

cation /rad ical an ion  (63 ) w h ich  m ay then  d e c a y  to th e  ground sta te , thus  

dim inish ing th e  e ffic ien cy  o f th e  rearrangem en t56. C om p ou n d s contain ing  

g rou p s w h ich  ca n  p reven t th is e lectron  transfer th erefore  u n d ergo  cyclisa tion



m ore readily. Im ines (6 4 a -c ) w ere  s e e n  to b e  com p aratively  m ore efficient 

com p ared  to im ines (6 4 d ,e ). Im ines (6 4 a -c ) are e ither c a p a b le  of direct or 

hom ocon ju gative  orbital overlap  with the nitrogen lone pair, w hilst im ines  

(6 4 d ,e )  do not h a v e  or h a v e  a  d im in ished  ten d e n c y  to this possib ility54. In the  

aryl su b stitu ted  im ines (64f-i) w hich  are c a p a b le  o f direct overlap  with the  

nitrogen  lon e  pair e lec tron s, ch a n g in g  the nature o f th e  su b stitu en t in c r e a s e s  or 

d e c r e a s e s  th e  availability of th e  nitrogen lone pair to u n d ergo  e lectron  transfer  

to  th e  d ip h en y la lk en e  m oiety56. p -C yan o  derivative (64i), in w hich the  

availability is least, g iv e s  a thirty tw o fold e n h a n c e m en t in y ield  ov er  the p - 

m eth oxy  derivative (64f), in w hich availiability of th e  lo n e  pair is g rea test. For 

th e  benzy l im ines (64j-m ), c a p a b le  of h om oconju gative interaction with the  

n itrogen  lo n e  pair, constructin g  a H am m ett plot o f quantum  yield  O , a g a in st  a + , 

a m ea su r e  of th e  e lectron  withdrawing potential of th e  arom atic ring, g a v e  

e x c e lle n t  linearity, with in creasin g  quantum  yield  occurring with in creasin g  

e lec tro n  withdrawing ability o f th e  su b stitu en t (i.e. d e c r e a s in g  availability of 

nitrogen  lon e  pair to u n d ergo  e lectron  transfer to th e  d ip h en y la lk en e  group)57.

Me Me

(64 ) a; R=PhCH2 f; R=p-MeOC6H4 j; R=p-MeC6 H4CH2

g; R=p-CIC6H4 k; R=p-CIC6H4CH2

h; R=tt7-MeOC6H4 I; R=ati-FC6H4CH2

b; R=Ph 
c; R=PhCHMe 
d; R=PhCH2CH2 

e; R=i-Pr
¡1 R-p-CNC6H4 mj R-p-CFgCQH4CH2

O xim es55 and oxim e e th e r s68, w hich h a v e  low ion isation  potentia ls, 

g en era lly  d o  not u n d ergo  th e  aza-d i-7t-m ethane rearrangem en t (with the  

ex c ep tio n  o f a  cyclic  ox im e, s e e  (75 ) p a g e  30). Addition o f boron trifluoride to



ox im e (65), to form th e ox im e/B F 3 com p lex  (66) w hich  h a s  a greater  ion isation  

potential than (65), d o e s  facilitate th e  aza-d i-7t-m ethane rearrangem en t58. 

H ow ever in this c a s e  th e  major product on irradiation w a s  found to b e  the  

d ih y d ro isoxazo le  (67). It is b e lie v e d  that th is m ay b e  form ed by e lectron  

tran sfer from the d ip h en y la lk en e  m oiety  to th e  imminium sa lt fo llow ed  by 

cyc lisa tion  and form ation o f b oran e (68 ) w hich th en  u n d er g o e s  fa c ile  oxidation  

and hydrolysis (S c h e m e  VII).

Me Me

Ph Ph OH

(65 )

BF,

SC H EM E VII

ho
Di”7i-

Methane HO BF,

hu

Ph BF,

O xim e a c e ta te s  (64 , R=O Ac) w hich h a v e  a greater  ion ization  potential 

than o x im es  do u n d ergo  an aza-d i-7r-m ethane59>60 and th ey  do s o  with a 

g rea ter  e ffic ien cy  than th e  corresp on d in g  im ines. S e m ic a r b a z o n e s  (64, 

R =N H C O N H 2) and b e n z o a te s  (64, R=O Bz), a lso  u n d ergo  rearrangem en t with

th e  b e n z o a te s  b ein g  m ore efficient aga in  than th e  corresp on d in g  a c e ta te s 61.
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T h e m ost s u c c e s s fu l rearrangem en t occurred  with th e  trifluoroacetate  

d erivative (64, R =O C O C F3) w hich g a v e  th e  corresp on d in g  cyc lop rop an e

derivative in 90%  yield after only ten  m inu tes62. H ow ever irradiation of th e  

k etox im e trifluoroacetate derivative (69. R =O C O C F 3) le a d s  to a

photofragm entation  reaction  b e lie v e d  to involve s in g le  e lectron  transfer  

fo llow ed  by hydrogen  abstraction  from the C -2 m ethyl group62. Further 

in vestiga tion  sh o w e d  that th e  acety l, b en zoy l and tosy l h y d ra zo n es (64, 

R =N H C O M e, N H CO Ph, and N H -Tosyl resp ective ly ), u n d ergo  a com p etin g  

n ovel cyc lisa tion  to form d ihydropyrazoles, w hilst th e  2-m ethyl to sy lh yd razon e  

(69 , R =N H -T osyl) y ie ld s  ex c lu s iv e ly  th e  corresp on d in g  d ihydropyrazole63. T h e  

p yrazo le  product is b e lie v e d  to b e  form ed via th e  pathw ay outlined in S c h e m e  

VIII, involving s in g le  e lectron  transfer, ring c lo su re  and back  e lectron  transfer  

(BET)63

R e p la c e m e n t o f th e  phenyl grou p s on th e  a lk en e  m oiety with other  

su b stitu en ts , with a v iew  to th e  sy n th e s is  of the cyc lic  c o m p o n en ts  o f pyrethroid  

in se c t ic id e s  h a s  b e e n  in v estig a ted 64'65. O xim e a c e ta te  (70, R 1= C 0 2Me,

R2=M e) u n d e r g o e s  th e  aza-d i-7 i-m ethane rearrangem ent. H ow ever on  

rep lacin g  th e  m ethyl group with a proton at the C -5 position  (70, R 1= C 0 2Me,

R2=H), no rearran gem en t o ccu rs and irradiation only g iv e s  E ,Z -isom erisation  

p rod u cts64 a s  d o e s  th e  cy a n o  derivative (70, R 1=CN, R2=H)65. A lthough the  

p r e s e n c e  o f the e lectron  withdrawing group at C-5, a llow ing for an  e lectron  

transfer p r o c e ss  to b e c o m e  ava ilab le  again , cou ld  a cco u n t for th is d eactivation , 

rep la cem en t by acetoxym eth y l (70, R 1=CH2O CO M e, R2=H) or m ethoxym ethyl

Me Me

A
Ph Ph R

(69)
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grou p s (70, R 1=CH 2OM e, R2=H) sh ou ld  d e c r e a s e  the affinity o f th e  group  

tow ards e lec tro n s. H ow ever in th e s e  c a s e s  too, on ly  E .Z -isom erisation  o ccu rs  

and  no cyc lisa tion  w a s  n o ted 65. D eactivation  is a lso  unlikely to b e  c a u s e d  by a 

fre e  rotor e ffec t a s  had b e e n  originally p r o p o se d 64-65, s in c e  th e  C -5 m on o­

phenyl derivative (70, R 1=Ph, R2=H) u n d e r g o e s  s u c c e s s fu l aza-d i-rc-m ethane  

rearrangem en t, w hilst th e  cycloh exy l a n a lo g u e  (70 , R 1=C 6H ^ , R2=H) w hich

w ould  h a v e  eq u iva len t ster ic  h indrance to rotation d o e s  not66. It is therefore  

likely that th e  ability o f the substituent at C -5  to s ta b ilise  the in term ed iate  

biradical after cyc lisa tion  p lays an important role in th e  s u c c e s s  or failure o f the  

aza-d i-7r-m ethane p r o c e ss .

A
Ph Ph NH

COPh - o

Ph

-O  Ph

O

SC H EM E VIII

Me Me

R1 R * OAc
(70 )
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Finally, irradiation of th e  C -4 phenyl su b stitu ted  p ,y-unsaturated  sy stem

(71 ) d o e s  not lead  to an  aza-d i-7t-m ethane rearrangem ent, but in stead  g iv e s

(72 ) via a  1 ,3 -acy l m igration67. T h is m ay b e  exp la in ed  by the preferential 

form ation o f th e  m ore sta b le  biradical (73 ) over  the le s s  s ta b le  (74), resu lting in 

rearran gem en t to (72 ) (S c h e m e  IX).

Me Me

Me Me

SC H E M E IX <4---------
x  Ph

Mo Mo OAc OAc

T h e aza-d i-7 i-m eth an e rearrangem en t h a s  a lso  b e e n  reported  to occu r  in 

cyc lic  s y s te m s . T h us oxim e (75 ) rearran ges to (76) through a p ro p o sed  s in g le t  

ex c ited  s ta te 69, w hich  is in contrast to  A rm esto  and H orspool's resu lts  w h ere  

rearran gem en t w a s  s e e n  to occu r  via an  ex c ited  triplet. H etero cy c le  (77 ) a lso  

u n d e r g o e s  aza-d i-7t-m ethane rearrangem en t to y ield  th e  rearranged  product 

(7 8 )70.
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NOH NOH

hu

R

(77 , R=H or Me)

hu

It h a s  b e e n  found that irradiation of th e  2 -a z a b u ta -1 ,3 -d ie n e s  (79) 

resu lts  in th e  form ation o f 3 -o x a z o lin e s  (80), via a 1 ,2 -b en zo y l m igration  

p r o c e s s  d efin ed  a s  a  1 ,3-d ioxa-di-7t-m ethane (S c h e m e  X, path a )72. T his is 

b e lie v e d  to b e  th e  first ex a m p le  o f a  p r o c e ss  resu lting in 1 ,2-m igration  a c r o ss  

an o x y g e n  atom . T h e  4 -a lk o x y a z a d ie n e s  (81) w hich can n ot u n d ergo  su ch  a  

m igration yield  only E ,Z -isom erisation  products thus ruling out th e  alternative  

pathw ay involving carb on -oxygen  bond sc is s io n , cyclisa tion  and recom bination. 

(S c h e m e  X, path b )73. T h e rearrangem en t h a s  b e e n  found  to b e  

conform ationally  d ep en d en t, i.e. d e p e n d e n t on th e  ability o f th e  nitrogen lone  

pair to  overlap  with th e  en o l e s te r  m oiety and und ergo  s in g le  electron  

tran sfer74. A z a d ie n e s  (79) h a v e  an  extrem e twist arround th e  C (3)-N  bond  

allow ing overlap . A z a d ie n e s  (82, R =Ph or Me), w hich are flat and  h a v e  full 

conjugation  b e tw e e n  th e  imino and enol eth er m o ie ties  u n d ergo  only E,Z- 

isom erisa tion . T h e  interm ediately  tw isted  a z a d ie n e s  (83a -d ) bearin g  a methyl 

su b stitu en t at C -3 either do not y ield  photoproducts (a s  in the c a s e  o f (83a ,b ))  

or (a s  in th e  c a s e  of (8 3 c ,d ))  y ield  a b en zoy l m igrated photoproduct (84) on  

direct irradiation (the b en zoy l group h ere  b e in g  th e  principal ab sorb in g  m oiety).

30



S e n s it is e d  irradiation o f th e s e  co m p o u n d s le a d s  to E ,Z -isom erisation . W hen  

th e  e lectron  transfer s te p  is s u p r e s se d  by protonation of nitrogen, the  

a z a b u ta d ie n e s  (79) u nd ergo  a  p h otoch em ica l M annich type reaction  resu lting  

in cyc lisa tion  to isoq u in o lin on e  d erivatives (8 5 )75. Irradiation of (79 ) in the  

p r e s e n c e  o f high con cen tra tion s of c y c lo o c ta -1 ,3 -d ie n e  y ie ld s  c y c lo a d d u cts76.

Ph
Ph N = < (

Ph hu
O Ar

Ph

path a 
O A,>280nm

(79 )

\  huXpath b A

Ar

Ph

: ^ . Ph 

.  Ph

Ph O

Ar=Ph 

SC H E M E  X

Ph

Ph Ph

PhCO + ¿ ' ^ ^ / N -;̂ P h PhCO + j j  • \  ph 
Ph ':

Ph Ph 0  Ph

R10

Ph
Ph N = < C

> = <  R
Ph

(81 , R 1=M e or PhC H 2 )

Me O
Ph

(84 , R =P h or Me)

Ph
Ph N

> = <  Pl1 
O H

> = °
R
(82, R =P h or Me)

Ph
R N = < ^

) = <  Ph 
O Me

> = °

1(83) R R 1 
a Me Me 
b Ph Me 
c Me Ph 
d Ph Ph

T h e a z a p e n ta p h e n y lb u ten o n e  (86) h a s  b e e n  found to u nd ergo  a  1 ,5 -acy l 

m igration on  irradiation to yield products (87) and (8 8 )77.
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1.7 Photorearranqements of Five Membered Heterocvcles containing a 

Carbon-Nitroqen Double Bond

T h e photochem istry  of five m em b ered  h eterocyc lic  com p ou n d s  

con ta in in g  a carbon-n itrogen  d ou b le  bond h a s  b e e n  th e  su b ject o f m uch  

in vestigation , and the products form ed are d e p e n d e n t on  a num ber of factors  

including w a v e len g th  o f irradiation, ring substitution  and so lven t.

For iso x a z o le s  tw o primary p h o to p r o c e sse s  h a v e  b e e n  noted; ring 

contraction  to a z ir in es  or rearrangem ent to u n sta b le  k eten im in e in term ed iates. 

Ullm an and S in gh  first d em on stra ted  that the rearrangem en t o f th e  iso x a z o le  

(89 ) p r o c e e d s  via an  iso la b le  azirine interm ediate (90 ) w hich m ay und ergo  

p h otoch em ica l ring ex p a n s io n  to revert to th e  starting iso x a z o le  (89 ) or to the  

o x a z o le  (91) d ep en d in g  on  the w avelen g th  of irradiation78. T h e form ation of 

th e  iso x a z o le  h a s  b e e n  s u g g e s te d  to occur from th e cab on yl n-rc* s ta te  w hilst 

o x a z o le  form ation h a s  b e e n  p rop osed  to occu r from th e azirine n-rc* sta te .

Phr 253-7nm
N

Ph

Ph O

(89)

>300nm

\
O Ph 

(90)

253-7nm
'fl

Ph O Ph 

(91 )

V arious further e x a m p le s  of this type o f photorearrangem nt h a v e  b e e n  

reported  in th e  literature79-84. B e n z iso x a z o le s  (92 ) u n d ergo  rearrangem en t to
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b e n z o x a z o le s  (93), but in th e s e  c a s e s  it p roves im p o ssib le  to iso la te  the  

p ro p o sed  sp iroazirine in term ed iates (94 ) d u e  to their therm al instability. 

H ow ever on irradiation of b e n iso x a z o le  (92, R =Ph), at low  tem perature, 

G rellm ann and T au er h a v e  found IR and UV sp e c tr o sc o p ic  e v id e n c e  for its 

in term ed iacy79.

hu

R

N

(92 )  
R =P h, Me, H

(94) (93)

S a u e r s  and co  w orkers h a v e  found that on  irradiation of a  s e r ie s  o f 4 -  

a c y lis o x a z o le s  (95) a variety o f photoprodu cts m ay b e  form ed80. Isom eric  

is o x a z o le s  (96 ) m ay b e  form ed from rotation and ring c lo su re  of th e  diradical 

(97 ) form ed on  n itrogen -oxygen  bond hom olysis. A lternatively th e  diradical 

m ay form th e  2/-/-azirine in term ed iate (98) which m ay in turn form o x a z o le s  (99)  

and (1 0 0 ) by ring ex p a n sio n . An u n iso la ted  k eten im in e w a s  a lso  form ed and  

th is h a s  b e e n  rationalised  by initial form ation o f an e lectron ica lly  distinct 

v ersio n  o f th e  diradical (97).

K eten im ine form ation on  irradiation h a s  a lso  b e e n  reported in a num ber  

of other iso x a z o le  s y s te m s . Irradiation of iso x a z o le  (1 0 1 ) in m ethyl 

c y c lo h e x a n e  fo llow ed  by hydrolysis y ie ld s am ide (1 0 2 ) via k eten im in e (103 )  

form ation85. It h a s  b e e n  p ro p o sed  that this m ech an ism  is favoured  in non  

hydroxylic so lv e n ts  s in c e  irradiation in m ethanol le a d s  to rearrangem en t to the  

e x p e c te d  o x a zo le .

It h a s  b e e n  found that on  irradiation of iso x a z o le s  bearing hydrazinic
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su b stitu en ts  at the 4  or 5 p osition s, product form ation resu lts  from ring c lo su re  

of th e  in term ed iates with th e  h yd azin ic  rather than th e  k eto n e  group86-90. For 

ex a m p le  irradiation of (1 0 4 ) y ie ld s  (1 0 5 ) and (1 0 6 ) e x p e c te d  from an azirine  

in term ediate, a lon g  with (1 0 7 ) w h o se  p r e s e n c e  m ay only b e  exp la in ed  by 

form ation o f a n itrene in term ed iate with a 1 ,2-sh ift o f th e  m ethyl group86.
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N
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hu Rz
Rv

N
O«

(97)

A
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R1 R2

(101)

hu

^NCHg
h 2 o

NHCH.

(1 0 3 ) (102)

Me

N
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H Ph
Me N. I H Me

Y  [  +
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N O 
hu H
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Ph
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N O 
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(104)
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+
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Ph
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In p yrazo le  photochem istry  th e  form ation of photoprodu cts via 2 H- 
in term ed ia tes is a cco m p a n ied  by product form ation via 2 ,5 -b on d in g  fo llow ed  by 

a 'walk' of th e  h eteroa tom 91-93. Irradiation o f pyrazo le  (108 , R=H or D) y ie ld s  

im id a zo le s  (1 0 9 ) from 2 ,5 -b o n d in g  to (110 ) fo llow ed  by heteroatom  'walk' to 

(1 1 1 ) and  ring op en in g , w hilst product (1 1 2 ) is form ed by the ring contraction  

ring e x p a n s io n  reaction  via (113 ) sim ilar to that of th e  is o x a z o le s 91 (S c h e m e  

XI). Irradiation of (108 , R=M e) a lso  le a d s  to the form ation o f (1 1 4 ) and (115 )  

w hich  m ay b e  exp la in ed  by a further 'walk' s tep  w hich g iv e s  a  m ore sta b le  

in term ed iate  (1 1 6 ) with m ethyl substitution  at the polar carbon-n itrogen  d ou b le  

bond rather than at the b rid geh ead  position.

SCH EM E XI
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CN
hu
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R NMe 
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CN

N
R /
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(110)
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N

N
Me

(1 0 9 )

R

► MeN r
N

CN

R=Me

( 111 )

N

N CN 
Me

NC
hu N

(112)

N
Me

(1 1 5 )

N

N
Me

(1 1 4 )

CN

Me
N

CN

^ = N

(1 1 6 )

In 1 ,2 ,4 -o x a d ia z o le  d erivatives photorearrangem ent to th e  1 ,3 ,4 -  

o x a d ia z o le s  is d e p e n d e n t on  th e  substitution at th e  3 -p o sitio n 94'95. Irradiation
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o f d er iva tives  bearing a primary or se co n d a r y  am ino or a hydroxyl group (117 , 

X=NH, NR or 0 )  at C -3 y ie ld s  th e  corresp on d in g  1 ,3 ,4 -o x a d ia z o le  (118). 

H ow ever irradiation of other d eriva tives su ch  a s  (1 1 9 , R =N M e2 or O M e) g ive

th e  o p e n  chain  com p ou n d s (120). This d ifferen ce  m ay b e  exp la in ed  by 

tau tom érisation  of th e  o x a d ia z o le  to  (121 ) fo llow ed  by ring contraction to  

d iazir in es (1 2 2 ) and ring ex p an sion . Indeed o x a d ia zo lin -3 -o n e  (1 2 3 ) y ie ld s the  

iso m er ic  o x a d ia zo lin -2 -o n e  (1 2 4 ) on irradiation. T h o se  co m p o u n d s u n ab le  to 

u n d ergo  su c h  tautom érisation  yield  only so lv en t ad d u cts b e lie v e d  to b e  form ed  

by initial heterolytic  n itrogen -oxygen  bond c le a v a g e  fo llow ed  by addition to the  

zw itterion ic (1 2 5 ) or n itrene (1 2 6 ) interm ediate.

X
,X H  . X  \

N hü N ---------
NH 

N
A / N  NH

Ph O Ph O

(1 1 7 ) (121 )
Ph O

(122)

N  N

P h ^ ' O  XH

N  NH
* * - - - - - - - - - - - - - - - - - -  I I

Ph O ' X
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Ph O Ph O - + Ph O ^  PhCONH R
(1 1 9 )  (1 2 5 ) (1 2 6 ) MeOH

N
I

OMe
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„ O Me

M f  hu N V '
/ N. *  J L ,

Ph O Me Ph O O

(123) (124)
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On irradiation th e  3 -sty ry l-1 ,2 ,4 -o x a d ia zo le  (1 2 7 ) h a s  b e e n  found to 

u n d ergo  E .Z -isom erisation  around th e  carbon-carbon  d ou b le  bond to (128 )  

fo llow ed  by cyclisa tion  to y ield  th e  qu inoline derivative (1 2 9 )96. It h a s  b e e n  

p ro p o se d  that th is in term ed iate is form ed via initial n itrogen -oxygen  bond  

c le a v a g e  to (1 3 0 ) rather than via a 67r-electron e lec tro cy c lic  ring c losu re .

H Ph

H

H

hu

Me

<
H

Ph

N

(1 2 8 )
hu

MeCOHN

1.8 Photo-Beckmann Rearrangement

T h e p h oto-B eck m an n  rearrangem en t of cyclic, and particularly, steroidal 

o x im e s  h a s  b e e n  e x te n s iv e ly  stu d ied  and a num ber o f gen era l points m ay b e  

m a d e  ab ou t the rearrangem en t. T h e  steroidal o x im es  gen era lly  yield two  

lactam  iso m ers on  irradiation, with th e  lactam  ob ta in ed  by m igration of th e  m ore  

su b stitu ted  carbon b ein g  slightly  m ore favoured . Sm all am ounts of th e  parent 

k e to n e  are a lso  norm ally form ed on irradiation and se co n d a r y  products arrising 

from th e  lactam s or k e to n e s  m ay a lso  occur. T h e rearrangem en t p r o c e ed s  

from th e  oxim e s in g le t ex c ited  sta te , a lm ost certain ly via an oxaziridine  

in term ed iate  w hich is a g a in  exc ited  to the s in g let s ta te  and then  rearran ges to  

g iv e  la cta m s97 (S c h e m e  XII).
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T h e lactam s form ed, with few  ex c ep tio n s  ( s e e  below ), sh o w  retention  of  

chirality indicating that no  c le a v a g e  o f ring bond to g iv e  diradical or zw itterionic  

in term ed ia tes occu rs. T h u s for exam p le  5 a -c h o le s ta n -1 -o n e  oxim e (1 3 1 ) y ie ld s  

lactam  (132), n ovel lactam  (1 3 3 ) and parent k e to n e  (1 3 4 ) on irradiation97. 

O ther e x a m p le s  in clu d e th o s e  o f c h o le s ta n -4 -o n e  o x im e s97, c h o le s ta n -6 -o n e  

o x im e s 98, c h o le s ta n -3 -o n e  o x im e s99, n o rc h o le s ta n -3 -o n e  o x im e100-101 and the  

o x im e s  o f cam phor and fe n c h o n e 102.

T h e a d v a n ta g e  o f p h otoch em ica l over n on -p h otoch em ica l B eckm ann  

rearran gem en t is that p h o to ly sis  lea d s  to the form ation of two lactam s w hilst 

therm al m eth od s yield  only o n e  isom er (for ex a m p le  in the c a s e  o f (131), 

lactam  (1 3 2 ) is th e  s o le  therm al lactam  product). T h is a llow s a c c e s s  to lactam s  

that m ay not b e  p repared  by therm al B eckm ann rearrangem ent. An excep tion  

to th is is for th e  stero id a l a ,p -u n sa tu r a te d  o x im e s103. Irradiation of th e  c h o le s t-  

5 -e n -7 -o n e  ox im e (1 3 5 ) y ie ld s  lactam  (1 3 6 ) but n o n e  of th e  isom eric  lactam



(137 ). A lthough th e  r e a so n s  for th e  reg io se lec tiv ity  o f th e  reaction  is not clear, 

a s te r e o e le c tr o n ic  factor is likely to play an  important role.

(1 3 1 )

(1 3 3 )

(1 3 7 )

That no  diradical or zw itterionic in term ed iates are form ed by a - s c is s io n  

of th e  oxazirid ine in term ed iate  m ay b e  d em on stra ted  in th e  c a s e s  o f th e  p ,y -  

cyclopropyl ox im e (1 3 8 )104 and th e  p ,y -u n satu rated  ox im e (1 3 9 )105.
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Irradiation o f (1 3 8 ) g iv e s  e x p e c te d  lactam  products, with no products arising  

from a - s c i s s io n .  C yclopropylcarbinyl rad icals readily iso m er ise  to allylcarbinyl 

rad icals, th u s if a - s c i s s io n  had occurred, products arising from o p en in g  of the  

cy c lo p ro p a n e  ring w ould  b e  e x p e c te d  (S c h e m e  XIII)104. Irradiation o f (139), 

w hich  is co n sid er e d  to b e  particularly su sc e p tib le  to a - s c i s s io n  into biradical or 

ion ic s p e c ie s  w hich w ould  g e n e r a te  sta b ilised  allyl rad icals or ion s (140 ), aga in  

g a v e  lactam  products but no products arising from a - s c i s s io n 105.
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H ow ever th ere  are a num ber of e x c ep tio n s  to th e  ab o v e , found  in o x im es  

in w hich a n on -b on d in g  interaction or strain in the m o lecu le  w ould b e  e x p e c te d
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by th e  form ation of th e  oxazirid ine interm ediate. O -A cetyl a n d rosteron e  oxim e  

(1 4 1 ) u n d e r g o e s  p h oto-B eck m an n  rearrangem en t with lo s s  o f chirality to y ield  

lactam  iso m ers (1 4 2 ) and (143), p resum ab ly  form ed by a - s c i s s io n  of the  

oxazirid in e in term ed iate (1 4 4 ) to (1 4 5 )106. A  sim ilar lo s s  o f chirality h a s  b e e n  

s e e n  in a steroidal cy c lo b u ta n o n e  oxim e (1 4 6 )107. C y c lo h e x a d ien o n e  oxim e  

(1 4 7 ) h a s  b e e n  s e e n  to u n d ergo  heterolytic  a - s c i s s io n  on irradiation to y ield  a 

variety o f p h o top rod u cts108.

H
*=radical or ion

(1 4 0 )

T h e a ,p -u n sa tu ra ted  oxim e (1 4 8 ) d o e s  not u n d ergo  a p h oto-B eckm an n  

rearran gem en t on  irradiation in m ethanol, but y ie ld s  iso x a zo lin e  (1 4 9 ) a lon g  

with parent k e to n e  and m ethanol a d d u cts109. Form ation o f (1 4 9 ) h a s  b e e n

AcO'
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e x p la in ed  by hydroxyim ino-proton transfer to th e  tw isted  carbon-carbon  dou b le  

bond to g e n e r a te  a  carbocation , fo llow ed  by bond c le a v a g e  and an  

intram olecular 1,3-d ipolar addition.

I
OH

(1 4 6 )
(1 4 7 )

hu %

N
(1 4 9 )

1.9 Photocvcloaddition

Unlike carb on -carb on  and  carb o n -o x y g en  d ou b le  b ond s, 

p h otocycload d ition  to th e  carbon-n itrogen  d ou b le  bond is not often  

e n c o u te r e d 2 -3. K och p ostu la ted  that [2+2] cycloadd ition  o ccu rs  only w h en  the  

carb on-n itrogen  d ou b le  bond h a s  a low en erg y  %-n* sta te , w hilst th o s e  with a  

low  e n e r g y  n - 7 t *  ex c ited  s ta te  do not und ergo this reaction  but y ield  reductive  

photod im érisation  p rod u cts110.

[2+2] P h otocyc load d ition s o f o lefin s  to th e  carbon-n itrogen  d ou b le  bond  

m o st com m only  occu r  in tw o c la s s e s  of com p ou n d s. T h e first is th o s e  

c o m p o u n d s  w h ere  the carbon-n itrogen  d ou b le  bond  is con stra in ed  in a  ring 

sy s te m  with o n e  en d  of th e  imino linkage a ttach ed  to  a h eteroa tom 111-112 a s  in 

th e  addition o f in d en e  (1 5 0 ) to th e  carbon-n itrogen  d ou b le  bond of th e  3 -

42



p h e n y liso x a z o lin es  (151 , R=CN or C O O C H 3), to y ield  th e  a ze tid in e  (1 5 2 ) from  

th e  n-n* s in g le t s ta te 111.

ho

(1 5 0 )

T h e s e c o n d  c la s s  o f co m p o u n d s is th o s e  w h ere  th e  carbon-n itrogen  

d o u b le  bond is con ju ga ted  with a  carbonyl group. N ish io  h a s  e x te n s iv e ly  

stu d ied  [2+2] photocycloadd ition  to the carbon-n itrogen  d ou b le  bond  of 

q u in o x a lin -2 -o n es  (153 , X = 0 ) , and b e n z o x a z in -2 -o n e s  (153 , X=NH, NM e or 

NEt), with a variety  o f o le f in s113-117. P h otocycload d ition  of th e  qu inoxalin -2-  

o n e s 113 and b e n z o x a z in -2 -o n e s 114 with e lectron  d efic ien t o lefin s  su c h  a s  

acrylonitrile (1 5 4 , R 1=H, R2=CN) or m ethyl m ethacry late  (154 , R 1=M e, 

R2= C 0 2Me), le a d s  to th e  reg io sp ec ific  (in no c a s e s  could  th e  h ea d  to h ead

reg io iso m er  b e  d e tec te d ), but n o n -s te r e o sp e c if ic  form ation o f the  

corresp on d in g  [2+2] ad d u ct (155) in varying y ield s. T his situation  con trasts  

with that o f th e  P atern o-B uch i reaction  w h ere k e to n e s  are found not to und ergo  

p h o to cy c lo a d d itio n s with e lectron  defic ien t o le f in s118. T h e q u in o x a lin -2 -o n es  

and  b e n z o x a z in -2 -o n e s  w ere  a lso  s e e n  to u n d ergo  [2+2] photocycload d ition  to 

a num ber of aryl a lk e n e s  (154 , R 1=H, Me, Ph; R2=Ar).

N R

h o

R1

= < 2  R2

(153) (154)
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That m ost of t h e s e  p h otocyc load d ition s p ro ceed  with lack of 

stereo sp ec ific ity , y ield ing two s te r e o iso m e rs , h a s  lead  N ish io  to s u g g e s t  that 

th e  form ation of the a ze tid in e s  m ay a r ise  by th e  initial interaction of the  

q u in o x a lin -2 -o n es  or b e n z o x a z in -2 -o n e s  in th e  triplet sta te , with th e  olefin, 

form ing an  ex c ip lex  w hich p r o c e e d s  via a diradical in term ediate (1 5 6 ) to yield  

the final products. (S c h e m e  XIV).

N ish io  h a s  a lso  reported [2+2] photocycloadd ition  to occu r  on  irradiation 

of 5 ,6 ,7 ,8 -te trah yd ro -3 -p h en y lq u in oxa lin -2 (1 /-/)-on e116 (1 5 7 ) and  pteridine- 

2 ,4 ,7 -tr io n e s117 (1 5 8 ) in th e  p r e s e n c e  of o lefin s, to y ield  th e  corresp on d in g  

a ze tid in e s . (1 5 9 ) and (1 6 0 ) resp ective ly , but h a s  found that m on ocyclic  pyrazin- 

2 -o n e s  do  not u n d ergo  photocycloadd ition  r e a c tio n s116.

O ther r e se a r c h e r s  h a v e  a lso  reported sim ilar [2+2] photocycloadd ition  

rea ctio n s to occur. K eten e  (1 6 1 ) h a s  b e e n  found to u n d ergo  addition a c r o ss  

carb on -n itrogen  d ou b le  b o n d s to form lactam  d er iv a tiv es119. T h us 3- 

trifluorom ethylquinoxalin-2(1/-/)-one (1 6 2 ) y ie ld s  the corresp on d in g  

a z e tid in e -2 -o n e  (1 6 3 )119a.

<
R

► [Exciplex]

(1 5 3 )

(1 5 4 )

(155) (156)

SCHEME XIV
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G olan k iew icz  h a s  sh ow n  that d in u cleo tid e  a n a lo g u e s , in w hich uracil and  

azau racil are c o n n e c te d  by a  trim ethylene chain  (1 6 4 ), u n d ergo  an  

intram olecular [2+2] photocycloadd ition  to form a z e tid in e s  (1 6 5 )120.
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NH hu
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N O
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[2+2] P h otocyc load d ition s of o lefin s  to th e  carbon-n itrogen  d ou b le  bond  

se ld o m  occu r o u ts id e  o f th e  first tw o c la s s e s  o f com p ou n d s. H ow ever, Ohta  

h a s  sh ow n  that th e  carbon-n itrogen  d ou b le  bond of phenan th rid ines, su ch  a s  

(166 ), u n d e r g o e s  addition to e lectron  rich o lefin s, su ch  a s  (167 ), in b e n z e n e , to  

yield  th e  addu ct (1 6 8 )121. On irradiation in e th an ol the a z o c in e  derivative (169)  

w a s  form ed. Irradiation o f a ze tid in e  (1 6 8 ) in eth anol a lso  y ie ld ed  (169 )  

indicating that th e  p hotocycloadd ition  reaction  is th e  first s te p  in th e  form ation  

of a z o c in e  (1 6 9 ) in eth anol.

Interm olecular p h otocyc load d ition s of o lefin s to an imino group , w h ere  

th e  carbon-n itrogen  d ou b le  is not con stra in ed  in a ring sy ste m  h a v e  not b een  

reported. This is not suprising  s in c e  th ere  w ould b e  s to n g  deactiva tion  by 

p r o c e s s e s  su c h  a s  bond rotation. N ico la id es  h a s  h o w ev er  reported an  

in tram olecular [2+2] photocycloadd ition  of th e  carbon-carbon  and carbon-  

nitrogen  b o n d s o f the oxim e (170), form ing a zetid in e  (171 ) in g o o d  yield, w h ere  

only  o n e  en d  o f th e  d ou b le  bond is fixed  in a ring122.

Ar
hu

Me

(1 6 7 )

Benzene

(1 6 6 )
hu

Ethanol

(169)

h u

Ethanol
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c h c o o c 2 h 5

r NOCH3
h o  

 1
Benzene

(1 7 0 ) (1 7 1 )

P hotod im érisation  o f co m p o u n d s contain ing  a carbon-n itrogen  doub le  

b ond  rarely occu rs. Original c la im s that a  1 ,3  d iazetid in e  w a s  form ed by a 

[2+2] photodim erization  of b e n z a ld e h y d e  cycloh exy lim in e had b een  

d issp r o v e d 2-3.

P a illou s h a s  s in c e  sh ow n  that 2 -p h e n y lb e n z o x a z o le s  (1 7 2 ) und ergo  

s u c c e s s fu l  in term olecular [2+2] p h otod im érisation s to y ield  1 ,3 -d ia ze tid in es  

(1 7 3 )123'124 in high y ield s. That th e  products form ed are th e  1 ,3  d erivatives  

an d  not th e  corresp on d in g  1 ,2  derivatives, h a s  b e e n  proved  by X-ray  

a n a ly s is 125. T h e e ffic ien cy  of th e  d im érisation  d e c r e a s e s  on  go in g  from th e 2 -  

p h e n y lb e n z o x a z o le  (1 7 2 , R=H) to th e  4-fluorophenyl derivative (172 , R=F), and  

a g a in  on  g o in g  from the 4-fluorophenyl to th e  4 -ch lorop h en yl derivative (172 , 

R=CI), w hich  a lso  u n d er g o e s  a com p etin g  p h o to d eh a lo g en a tio n  reaction  to  

y ield  2 -p h e n y lb e n z o x a zo le . N o photod im ers w ere  form ed on  irradiation of the  

4-b rom op h en y l (172 , R=Br) or 4 -iod op h en y l (172 , R=l) d erivatives, th e s e  

c o m p o u n d s  on ly  und ergoing  th e  p h o to d eh a lo g en a tio n  reaction . T his result 

m ay b e  d u e  in part to d e c r e a s in g  solubility in the s e r ie s  of com p ou n d s, s in c e  

th e  yield  o f th e  d im érisation is con cen tration  d ep en d en t. T h e  sim ilar 4 -  

c y c lo a lk y lid en e -o x a zo l-5 (4 /-/)-o n es  su c h  a s  (1 7 4 ) h a v e  b e e n  s e e n  to und ergo  

s u c c e s s fu l  photod im érisation  in th e  solid  s ta te  to y ield  th e  corresp on d in g  

d ia zetid in e  ((1 7 5 ) in th e  c a s e  o f irradiation of (1 7 4 ))126.

P a illou s h a s  s u g g e s te d  that th e  photod im érisation  o f 2 -  

p h e n y lb e n z o x a z o le  (172 , R=H) m ay b e  of p o ss ib le  u s e  in th e  co n v ersio n  o f  

radiant e n e r g y  to h ea t s in c e  th e  dim érisation is a lm ost in sta n ta n eo u sly

c h c o o c 2 h 5

o c h 3
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rev ersed  on  addition o f tra c e s  o f trifluoroacetic acid  or p -to lu en esu lp h o n ic  acid  

with liberation of e n e r g y 124. T his p h otoch em ica l /  therm al reaction  sh o w s  long  

term recyclability, with up to e igh ty  rep ea ted  p h otoch em ica l /  therm al c y c le s  

a c h ie v e d  b efore  th e  concentration  of p h e n y lb e n z o x a z o le  (1 7 2 ) w a s  too  low  for 

dim érisation  to  occu r  (i.e . w h en  residual concentration  o f (1 7 2 ) w a s  

approxim ately  1 0 '2M).

hu

C6H12

Me

(1 7 4 )

hu

Solid
S ta te

T h e  fluorinated  A M sopropylidene cycloh exylim in e (176 , R=CH 2F) a lso  

u n d e r g o e s  photod im érisation , to y ield  d iazetid in e  (1 7 7 )127. H ow ever the  

parent com p ou n d  (1 7 6 , R=M e) d o e s  not d im erise  on  irradiation.
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R .C6H 11
C — N

hu

Acetone

(1 7 6 ) (177 )

C om p ou n d s contain ing  a carbon-n itrogen  d ou b le  bond h a v e  a lso  b e e n  

s e e n  to u n d ergo  [4+4] p h otocyclod im erisa tion s in th e  so lid  s ta te 128. T h us 2 -  

p yrazin on e  (1 7 8 ) y ie ld s  dim er (1 7 9 ) on  irradiation in th e  so lid  sta te , h o w ev er  in 

b e n z e n e  or m ethanol so lu tion  no su ch  dim érisation  ta k e s  p lace.

(1 7 8 ) (1 7 9 )

1.10 Photohvdrolvsis

O xim es (1 8 0 , R=H) and oxim e O -m ethyl e th er s  (180 , R=M e) h a v e  b e e n  

found to u n d ergo  p h otoh yd rolysis to their parent carbonyl co m p o u n d s (1 8 1 ) on  

irradiation in a q u e u s  so lu tio n 129. Irradiations w ere  carried out at 4°C  to red u ce  

th e  possib ility  o f therm al hydrolysis and irradiation tim es w ere  kept short to 

avoid  th e  possib ility  o f a  com p etin g  p hoto-B eckm an n  rearrangem ent. 

P h otoh yd ro lysis  o f o x im es  in acid ic  or b a s ic  so lu tion  is b e lie v e d  to occu r  via an  

oxazirine in term ed iate  (1 8 2 ) sim ilar to that form ed in th e  photo-B eck m an n  

rearrangem en t, w hilst photohyd rolysis o f o x im es  in neutral so lu tion , and of 

ox im e e th ers  is b e lie v e d  to occur via interm ediate (1 8 3 ) form ed by addition o f a 

w ater m o le c u le  a c c r o s s  the carbon-n itrogen  d o u b le  bond. T h e o-hydroxy
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su b stitu ted  arom atic o x im e  and  ox im e eth er  (184 , R=H or M e) form  o x a z o le s  

(1 8 5 )  on  irradiation in a q u e u s  so lu tion , b e liev ed  to b e  v ia  initial form ation o f an  

iso x a z o le  fo llow ed  by rearran gem en t ( s e e  rearran gem en ts o f five  m em b ered  

h e te r o c y c le s )130.

Ar

R

H+ or OH' 
R=OH

■ = N  vvQR

Ar

o 

(1 8 2 )

H

R 1

(1 8 0 )
A r ? H H

N
OR

(1 8 3 )

Ar

R 1

^ > = o  + h 2 n o h

(1 8 1 )

hu

(1 8 5 )
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1.11 Electrocvclic Photorearranqements

T h e p h otorearrangem ent o f n itrogen  h e te r o c y c le s  to their D ew ar form s, 

via intram olecular 47c-electron e lec tro cy c lic  ring c losu re , a p p e a r s  to b e  a 

g en era l p h e n o m e n o n 3 . C h am b ers and O gata  h a v e  in vestiga ted  the  

p h otorearran gem en ts  o f substitu ted  pyrid ines and h a v e  found that th e  products  

form ed d e p e n d  on  the nature o f the ring su b stitu e n ts131"135. It a p p e a r s  that, in 

gen era l, th e  2 -a z a -sk e le to n  is preferred over  the 1 -a za -sk e le to n . For exam p le  

pyridine derivative (1 8 6 ) rearran ges to both th e  1 -a za - (1 8 7 ) and 2 -a z a -  (188)  

D ew ar form s with a ratio of 99:1 in favour of th e  2 -a z a - iso m e r 131. H ow ever  

irradiation of the pyridine (189 ) y ie ld s  the 2 -a za -D ew a r  pyridine (1 9 0 ) a long  

with th e  two a z a p r ism a n e s  (191 ) and (1 9 2 )132. A zap rism an e (1 9 1 ) is form ed  

from cyc lisa tion  of (190 ), but aza p r ism a n e  (1 9 2 ) can n ot b e  a c c o u n ted  for by 

cyc lisa tion  o f th e  e x p e c te d  1 -a za -D ew a r  pyridine (193 ) s in c e  th is w ou ld  yield  

th e  a z a p r ism a n e  isom er (194). It h a s  th erefore b e e n  p ro p o sed  that (193), 

w hich co n ta in s  four bulky perfluoroalkyl su b stitu en ts  on  the cy c lo b u te n e  ring, is 

initially form ed, but rearran ges to (195), w hich only co n ta in s th ree  o f the  

perfluoroalkyl grou p s on  the c y c lo b u ten e  ring, to re lieve  ster ic  strain. 

A za p r ism a n e s  are su b se q u e n tly  form ed by cyclisa tion  of (1 9 5 ) (S c h e m e  XV). A 

sim ilar rearran gem en t h a s  b e e n  reported for tetrach loropyridazine (1 9 6 ) which  

rea rra n g es to tetrach loropyrazin e (1 9 7 ) on  irradiation, via rearrangem en t of its 

D ew ar form 136.

R F R

hu

F R R

(1 8 6 ) R=CF(CF3)2 (1 8 7 ) 99% (188) 1 %
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SC H EM E XV

a=GFoCRaf b=CFo, 
c=CF(CF3)2

b - ' ' T \ b

(1 9 0 )

N

(1 9 3 )

i

C c

(1 9 1 )

c a
(1 9 5 )

N

(1 9 4 )

b(̂ N b

c a
(1 9 2 )

Cl

Cl

(1 9 6 ) (197 )

On irradiation, 2-m ethylp yrid ines (198), su b stitu ted  in th e  s id e  chain , 

u n d ergo  rearran gem en t to  th e  corresp on d in g  an ilin es (1 9 9 ) and (2 0 0 )133-135. 

T h e rearran gem en t a g a in  in vo lves initial form ation of th e  2 -aza-D ew ar-p yrid in e  

(2 0 1 )  in term ed iate  w hich iso m e r ise s  to (2 0 2 ) in polar so lv en t. T his  

in term ed iate  th en  u n d e r g o e s  ring op en in g  to  g iv e  a zw itterionic or diradical 

in term ed iate  (2 0 3 ) w h ich  su b se q u e n tly  u n d er g o e s  ring c lo su re  to  y ield  the  

co rresp o n d in g  a n ilin es  (S c h e m e  XVI)133. Interm ediate (2 0 2 ) h a s  b e e n  

iso la ted , and  on  irradiation a lso  form s a n ilin es  (1 9 9 ) and (2 0 0 )134. A lthough no

52



e v id e n c e  is ava ilab le  for the form ation of the s p e c ie s  (2 0 3 ) th e  o b serv ed  

rearran gem en t and th e  form ation o f two photoprodu cts (1 9 9 ) and (2 0 0 ) on  

irradiation of m ethyl su b stitu ted 133 and deuterium  la b e lled 135 derivatives  

s u g g e s t s  its interm ediacy.

N 2 CH2R
7

(1 9 8 )

* c h 2r

N

2 NHo
3

(1 9 9 )

^ R  

'' NH

(201) (202)
hu

6,7-bonding

1,4-
bonding

5 \  î *
3 2

(2 0 3 )

< ■

CHR

NH u 1,5r7 bonding

c h 2r

4 N
7

hu

3

N 2 CH2R

® H

4,7-bonding
r T

1 R

4 n h 2

(200)

A sim ilar zw itterionic in term ed iate h a s  b e e n  p ro p o sed  for the  

p h o to ch em ica l rea ctio n s  of o x a z in o n e s  (204 ) w hich are  aga in  b e lie v e d  to  

initially p h o to iso m er ise  to their D ew ar form s (2 0 5 ) w hich th en  u n d ergo  ring 

o p e n in g  to  th e  zw itterion (2 0 6 )137. T h is m ay th en  ring c lo s e  to ultim ately yield
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th e  starting m aterial (2 0 4 ) or th e  p h oto isom er (2 0 7 )137 (w here R=Ar), or, a s  in 

th e  c a s e  of th e  t-butyl derivative (204 , R=t-butyl), m ay p h otofragm ent138 

(S c h e m e  XVII).

P yrim id inones m ay a lso  u n d ergo  rearrangem en t to their D ew ar isom ers. 

N ish io  h a s  stu d ied  the p h otoch em ica l reaction s of pyrim id in -2-ones and h a s  

found  that their p h otoch em ica l reaction s are d e p e n d e n t on  substitu tion  at th e  2 -  

an d  4 - ring p osition s. Irradiation of /V-aryl-2,4-dim ethyl139 (208 , R =R 1=M e) or 

d ip h en y l140 (208 , R =R 1=Ph) pyrim idin-2-ones, y ie ld s th e  corresp on d in g  2 -o x o -  

1 ,3 -d ia z a b ic y c lo h e x e n e s  (209 ) but irradiation o f the u n su bstitu ted  pyrim idin-2- 

o n e  (2 0 8 , R = R 1=H) y ie ld s  the ring o p e n e d  product (2 1 0 )141, form ed by 

c le a v a g e  o f th e  bond a- to th e  carbonyl function (T ype I c le a v a g e )  to form an  

iso c y a n a te  in term ed iate w hich su b se q u e n tly  m ay trap an  a lcoh o l m olecu le . 

T h e  d ia z a b ic y c lo h e x e n e s  (2 0 9 ) form su b stitu ted  q u in o lin es  on  heating , via 

rearran gem en t and su b se q u e n t  elim ination of iso cy a n ic  a c id 140. 4 -(3 -E th oxy-  

propyl)-pyrim id in-2-ones (208 , R =(CH 2)3 0 Et, R 1=M e) aga in  form cy c lised

prod u cts (2 0 9 ) but a lso  u n d ergo  a  com p etin g  y-hydrogen  abstraction  (T ype II 

c le a v a g e )  to form th e  photoelim ination  product (2 1 1)142.
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R 1 \
Ar

(210) (2 0 9 )

Me
(211)

Y am azaki h a s  a lso  reported that pyrim id in-4-ones (2 1 2 ) form D ew ar type  

in term ed ia tes (2 1 3 ) on irradiation143"153. A lthough t h e s e  h a v e  proved difficult 

to iso la te  d u e  to their fa c ile  therm al reversion  to (212), a  num ber h a v e  b e e n  

iso la ted  an d  ch a ra c te r ise d 143. Irradiation of the 6-[(m ethoxycarbonyl)m ethyl]- 

d erivative (212 , R =R 1=M e, R2=CH2C O O M e) y ie ld s  two products, th e  E- and Z-

iso m ers  o f th e  en a m in e  isom er of the D ew ar type pyrim idin-4-one (214 , E- and  

Z -)143. T h e  therm al reaction s of th e  D ew ar type in term ed iates o f th e  pyrimidin- 

4 -o n e s  h a v e  b e e n  exam in ed  in m eth an o l144'145, m ethylam ine/d iethyl 

e th er 146-147, m eth an ol/sod iu m  m eth o x id e145, liq. am m onia/d iethyl e th er145’148, 

a c e tic  a c id 149’151, w a ter152’153 and hydrogen  su lp h id e /w ater153, and the  

products form ed h a v e  b e e n  s e e n  to d e p en d  greatly on  th e  so lv e n t u sed .

Form ation of D ew ar form s m ay a lso  h a v e  s ig n ifica n ce  in the  

p h o to rea ctio n s o f th e  DNA n u c leo tid e  b a s e  c y to s in e  (2 1 5 )154. On irradiation 

c y to s in e  (2 1 5 ) and s o m e  of its d e iv a tiv es  h a v e  b e e n  found to undergo  

p h otoch em ica l isom érisa tion  to ureidoacrylonitriles (2 1 6 ) a g a in  via a D ew ar  

typ e  in term ed iate  (2 1 7 ) w hich su b se q u e n tly  u n d er g o e s  ring op en in g  to (216).



Further work n e e d s  to b e  d o n e  to e sta b lish  if th is p r o c e s s  a ls o  o ccu rs in the  

DNA of irradiated ce lls .

R

hu

R1
N N

(2 1 3 )

(212)
R=Me
R1=Me
R2 =CH2COOMe

COOMe
E -(214)

M
Me

N ' NH

^   ̂COOMe

Z -(2 1 4 )

° ^ / NW NH2

H N ^

(2 1 5 )

O .  .N .  .NHo 
h u  1 ^  ^  ¿X Q

HN

(2 1 7 )

H9N CN

(2 1 6 )

D ia z e p in e s  u n d ergo  sim ilar intram olecular 471-electron e lec tro cy lic  ring 

c lo su r e s  to th o s e  o f th e  s ix  m em b ered  nitrogen h e ter o c y c le s , y ield in g  pyrazole  

d er iv a tiv es155'156. For ex a m p le  d ia zep in e  (2 1 8 ) y ie ld s  p y ra zo le  (2 1 9 ) on  

irradiation in m eth a n o l155. Sim ilarly the b icyclic  en im in e  (2 2 0 ), on  irridiation, 

form s th e  n ovel tricyclic isom er  (221 )157. 1 ,4 -B e n z o x a z e p in s  (2 2 2 )  h a v e  b een  

s e e n  to u n d ergo  a  co m p a ra b le  cyclization  to th e  gen era lly  u n sta b le  derivatives  

o f (2 2 3 )158
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(220)

R

ho

ho

ho

Me Me

(221)

Q
o

(2 2 3 )

67t e lectron  e lec tro cy c lic  p h otocyc liza tion s involving th e  carbon-n itrogen  

d o u b le  bond  with th e  form ation of a  n e w  carbon-carbon  bond  are  w ell know n3 

an d  further e x a m p le s  h a v e  b e e n  reported159' 161. For e x a m p le  arylim ines (224 )  

p h o to c y c lise  to q u in o lin es (225 ), in an a n a lo g o u s  reaction  to th e  s tilb e n e -  

p h en a n th ren e  isom érisation , and  th e  authors h a v e  reported that addition of 

boron trifluoride e th era te  p rom otes th is p h o to cy c liza tio n 159.

ho

R"

H ow ever it is on ly  recen tly  that reports o f an  a n a lo g o u s  photocyclization
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involving a term inal nitrogen atom , with th e  form ation o f a  n ew  carb on -n itogen  

bond, h a v e  b e e n  reported. C oop er  and Irwin first reported that irradiation of 

th e  c is-o le fin  (2 2 6 ) in th e  p r e s e n c e  o f iod ine y ie ld s  qu inolin e (2 2 7 )162. Glinka 

h a s  sh ow n  that irradiation of th e  p h e n y lb e n z y lid e n e a c e to n e  oxim e (2 2 8 ) resu lts  

in com p etin g  p h otocyclisa tion  reaction s to form the p h en a n th ren e  (2 2 9 ) and the  

q uinolin e (2 3 0 )163. Irradiation in non polar so lv e n ts  favou rs p h en an th ren e  

form ation w hilst irradiation in acid ic  m ethanol sto n g ly  favours quinoline  

form ation.

(2 2 8 )
1. hu

-------
2. -H20

Me

N OH

(2 2 9 )

N Me

(2 3 0 )

Sim ilarly oxim e b e n z o a te s  (2 3 1 ) w ere  a lso  s e e n  to p h o to cy c lise  to form  

q u in o lin es  (2 3 2 )164, a s  w ere  so m e  y-m ethoxyim ino-a ,|3 -unsaturated  

ca rb o x a m id es  (233), form ing fu sed  quinoline ca rb o x a m id es (2 3 4 )165. T h e



relative ineffic ien cy  o f th is photocyclization  m ay b e  d u e  to th e  facile  E,Z- 

isom erisa tion  in th e  m o le c u les . In b en z y lid e n e c y c lo a lk a n o n e  ox im es, su c h  a s

(2 3 5 ), th e  d ou b le  b o n d s are fixed in th e  required c iso id  conform ation, and  

corresp on d in g ly  th e  y ie ld s  of th e  p h o to cy c lised  products (2 3 6 ) are m uch  

im p roved 166. T h e s e  rearran gem en ts m ay h a v e  s o m e  syn th etic  utility in the  

form ation of su b stitu ted  q u in o lin es not readily a tta in ab le  by norm al syn th etic  

m eth od s.

Ph

hu  
 1
-BzOH

R

OMe

(2 3 3 )

hu

-MeOH

N

O r ' '  NEt; 

(2 3 4 )

(2 3 5 )

hu

-H2°

(2 3 6 )

A p h otocycliza tion  sim ilar to the a b o v e  h a s  b e e n  reported for s o m e  1 ,4 -  

d ia z a -1 ,3 -d ie n e s  (2 3 7 ) to  form q u inoxalin e d eriva tives (2 3 8 ) on irradiation161.
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(237, R=AcorBz) (238)

P h o to cy c lisa tio n s  involving carbon-n itrogen  bond form ations h a v e  a lso  

b e e n  reported  in th e  a d e n in e  derivative (2 3 9 ) to form (2 4 0 )167, and  the  

q u in oxa lin e  (2 4 1 ) w hich rapidly form s (2 4 2 ) on  irradiation168. H ow ever  

irradiation of th e  structurally sim ilar (243 , X = 0 ) , w hich b ea rs  an  ortho m ethyl 

group only g iv e s  co n v ersio n  to th e  sp iro com p ou n d  (244 , X = 0 ) , in low  y ie ld 169. 

Sim ilarly (2 4 3 , X=CH 2) g iv e s  (244 , X=CH 2) on  irradiation170.

o

hu

(239) (240)
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B attersby and co-w orkers h a v e  utilised  an  187t e lectron  p h otoch em ica l 

e lectrocyc liza tion  step , involving the carbon-n itrogen  d ou b le  bond, in the  

sy n th etic  preparation o f s o m e  ch lorin s171' 173. For ex a m p le  irradiation o f (245), 

in th e  p r e s e n c e  o f TFA and H unig's b a se , g iv e s  chlorin (2 4 6 ) in g o o d  yield, 

p resum ab ly  via a  tautom érisation  s te p 171.

Me OMe

E lectrocyclic  ring o p en in g  reaction s m ay a lso  occu r on  irradiation of 

certain  co m p o u n d s conta in ing  the carbon-n itrogen  d ou b le  bond and a num ber  

o f e x a m p le s  o f th is type o f photoreaction  h a v e  b e e n  reported in the  

literature174’177. For ex a m p le  irradiation of th e  o x a z in e  (2 4 7 ) le a d s  to a 

reversib le  ph otoch rom ic  reaction  involving an  e lec trocyc lic  ring o p en in g  

s t e p 174. T h e  b is-in d azo lop yrid azin e  (2 4 8 ) u n d e r g o e s  ring o p en in g  on  

irradiation in a lco h o lic  solu tion , to the p ro p o sed  in term ed iate (249 ), fo llow ed  by 

addition o f so lv e n t to  y ield  (2 5 0 )175.
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huor A

1.12 Photooxygenation

T h e principal rea ctio n s  o f the carbon-n itrogen  d ou b le  bond with s in g le t  

o x y g e n  can  b e  d iv id ed  into tw o groups; th e  [2+2] addition o f o x y g en  a c r o s s  the  

d o u b le  bond fo llow ed  by c le a v a g e  o f th e  resu lting carbon-n itrogen  s in g le  bond  

to y ield  th e  parent k eton e , and th e  [4+2] addition o f o x y g en  to  nitrogen  

con ta in in g  h e tero cy c lic  co m p o u n d s contain ing  a  carbon-carbon  d o u b le  bond  a  

to th e  carb on -n itrogen  d o u b le  bond.
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A num ber o f w orkers h a v e  exam in ed  the reaction s with s in g le t o x y g en  of 

co m p o u n d s contain ing  n on -cyc lic  carbon-n itrogen  d ou b le  b o n d s and h a v e  

found  that th e  reaction  d e p e n d s  on  th e  nature of th e  su b stitu en t on  th e  nitrogen  

a to m 178' 181. T h e  gen era l reaction  in vo lves [2+2] addition o f s in g le t ox y g en  

a c r o s s  th e  carbon-n itrogen  d ou b le  bond fo llow ed  by c le a v a g e  to the  

corresp on d in g  k eto n e  and  nitroso com p ou n d s (S c h e m e  XVIII).

1 ° j OR \ hu *
C = N  — R ---------- ► R1 C x

R1 '  1 o 2 R1 R

R=OH, O’ , OAlkyl, 
NR2 , OCONHAr.

SC H EM E XVIII

r1\
C =  0  + ONR

O xim es su ch  a s  th o s e  o f p -to lu a ld eh yd e  and p -m e th y la ce to p h e n o n e  are, 

in gen era l, un reactive  to s in g let o x y g e n 178 a lthou gh  a  sm all am ount o f parent 

k eto n e  h a s  b e e n  iso la ted  from the irradiation o f b e n z o p h e n o n e  o x im e179 and  

p ro lon ged  irradiation (> 1 0 0  hrs.) o f c y c lo h e x a n o n e  o x im e180 with s in g let  

o x y g en . H ow ever ox im ate  an ion s, which are m ore e lectron  rich than ox im es, 

u n d ergo  relatively  rapid c le a v a g e  to the parent k eton e. T hus d y e -se n s it is e d  

p h o to oxygen ation  o f p -to lu a ld eh y d e  oxim e or p -m eth y la ce to p h e n o n e  ox im e in 

the p r e s e n c e  o f b a s e  y ie ld s  p -to lu a ld eh yd e  and p -m e th y la ce to p h en o n e  

r e sp e c t iv e ly 178. F ew  ox im e e th ers  h a v e  b e e n  stu d ied  but b e n z o p h e n o n e  

o x im e O -m ethyl e th er 179 and c y c lo h e x a n o n e  oxim e O -m ethyl e th er180 do yield  

th e  e x p e c te d  k e to n e s  on  p h otooxygen ation , slightly m ore rapidly than th e  

corresp on d in g  ox im es, a s  do a  variety of ox im e c a r b a m a te s180.

In th e  c a s e  of h y d ra z o n e s  p h otooxygen ation  products d e p e n d  on the  

tem peratu re o f p h o to ly sis . At red u ced  tem perature (-78°C ) N ,N -d isubstitu ted
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h y d r a z o n e s  are quite readily  p h o to o x y g en a ted  with s in g le t  o x y g en  to y ield  the  

corresp on d in g  k e to n e s 178-181. H ow ever at room  tem perature, h y d ra zo n es  

b earin g  an a-C -H  bond to th e  h yd razon e  carbon u n d ergo  a-ox id ation  to y ield  a  

variety  of products d ep en d in g  on  th e  nature o f su b stitu en ts  and so lv e n t181, 

w hilst th o s e  bearing n o  a-C -H  bond do  not u n d ergo  photooxidation  

r e a c t io n s178. Erden and  K eefe  and  co-w orkers h a v e  p ro p o sed  that an  

exo th erm ic  s ta g e  is required prior to c le a v a g e  w hich  w ould  b e c o m e  

p r o g r e ss iv e ly  d isfavou red  at h igher tem p eratu res com p ared  to th e  rate o f a- 
oxidation  re a ctio n s178. T h ey  h a v e  s u g g e s te d  a  g en era l s c h e m e  to e n c o m p a ss  

t h e s e  resu lts  (S c h e m e  XIX).

c —c = N —N
/

l
\

— c — C = N — N
+

Room Temp. 
R=H

-78°C

C — C — N =  N +
I I \

R O — O"

• o 9h
/

C . *  N - - N\ w  \
C

N —
C — C — N
I I I

R 0  — 0

OOH
I

C — C =  N

SC H EM E XIX

■C— C 
I \  

R

+ 0 = N —N
/

\
I

I OOH
I

C = C — N — N
/

I
\
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T h ere  h a v e  b e e n  a num ber o f reports o f [4+2] addition o f s in g let ox y g en  

to  n itrogen  contain ing  h e te r o c y c le s  to g ive  en d o p e r o x id e s . Markham and  

S a m m e s  first reported that m eth y len e  b lue s e n s it is e d  oxygen ation  of p yrazin es

(2 5 1 ) and pyrim idines (2 5 2 ) y ie ld s  th e  corresp on d in g  1:1 ad d u cts, the s ta b le  

(2 5 3 ) and u n stab le  (2 5 4 ) re sp ec tiv e ly 182.

R1

ho  
------- ►

OR 

(2 5 3 )

R .  „ OEt O

I T  R S o  o n

M
Me Me

(2 5 2 ) (2 5 4 )

ho MeOH

R 1

(2 5 5 )

N ish io  and  co-w ork ers h a v e  reported a n a lo g o u s  reaction s for pyrazin-2- 

o n e s 183-185. M eth ylen e B lue se n s it is e d  oxygen ation  of N -substitu ted  pyrazin- 

2 - o n e s  (255 , R=M e or Et) in d ich lorom ethan e resu lts  in th e  form ation of th e  

[4+2] cy c lo a d d u ct (2 5 6 ) w hilst irradiation in m ethanol y ie ld s  th e  en d o p ero x id e  

(2 5 7 ) form ed by addition o f m ethanol a c r o ss  the carbon-n itrogen  d ou b le  bond  

of (2 5 6 )183. H ow ever p h otooxygen ation  of th e  N -unsu bstitu ted  p yra z in -2 -o n es
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(255 , R=H), under th e  s a m e  cond itions, le a d s  to co m p lex  m ixtures of 

p rod u cts184. Irradiation in th e  a b s e n c e  of s e n s it is e r  y ie ld s  a ce ta m id e  

d er iv a tiv es  (2 5 8 )185. Form ation of t h e s e  d eriva tives can  b e  rationalised  by 

initial form ation of en d o p ero x id e  (2 5 6 ) with th e  p yrazin -2 -on e  acting a s  its own  

se n s it ise r . This is fo llow ed  by o x y g e n -o x y g en  bond s c is s io n , elim ination of a  

nitrile derivative and addition o f a lcoh o l and rearrangem en t (S c h e m e  XX).

R

o  OR

o  **
NHR

(2 5 8 )

-R 1CN

SCHEM E

A sim ilar [4+2] addition reaction  to th o s e  o f th e  six  m em bered  

h e te tr o c y c le s  h a s  b e e n  reported for th e  o x a z o le s  (2 5 9 ) w hich form the u n stab le  

e n d o p ero x id e  a d d u cts  (2 6 0 ) on  R o s e  B en gal s e n s it is e d  oxygen ation  

at -5 0 °C 186.

R
hu

-50°C

(259) (260)
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2.A: The Photochemistry of 
2-Benzvlidenecvclopentanone Oxime Ethers
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2.A.1 Introduction

Unlike th e  photochem istry  o f 1 ,3 -d ie n e s 187-188, th e  photochem istry  of 

a ,p -u n sa tu ra ted  co m p o u n d s conta in ing  th e  carbon-n itrogen  d ou b le  bond h a s  

not b e e n  th e  subject o f e x te n s iv e  investigation . Tokum aru and co-w orkers  

h a v e  in v estig a ted  the p hotochem istry  o f th e  b e n z y lid e n e a c e ta ld e h y d e  oxim e 0 -  

m ethyl e th er  sy ste m  (E .E -6 )15-16. D irect irradiation lea d s  to th e  esta b lish m en t  

of a  p h otostationary s ta te  of the four iso m ers (S c h e m e  XXI), th e  com p osition  of 

w hich is th e  s a m e  irrespective o f starting isom er15. D eterm ination of the  

quantum  y ie ld s  sh o w s that carbon-nitrogen , carbon-carbon  and concurrent 

carb on -n itrogen  \ carbon-carbon  d ou b le  bond isom érisation  ta k e s  p la c e  but th e  

iso m er iza tio n s w ere  found not to occu r  via a s in g le  com m on  interm ediate  

(F igu re 3a , p a g e  8). H ow ever m ea su rem en t of th e  quantum  y ie ld s  on triplet 

s e n s it is e d  (2 -a cety ln a p h th a len e) irradiation o f the four iso m ers o f (6) sh o w s  

that h ere  isom érisation  m ust take p la c e  via a com m on interm ediate, the  

quantum  y ie ld s  for th e  form ation of an y  g iven  isom er b ein g  a lm ost the sa m e  

irresp ective  of th e  isom er irradiated (F igure 3b, p a g e  8 )16.

An investigation  of th e  photochem istry  o f th e  structurally sim ilar 

b e n z y lid e n e a c e to n e  oxim e O -m ethyl eth er  (5) found that, again , E-Z 

isom érisa tion  occurred  around both carbon-carbon  and carbon-n itrogen  d ou b le  

b o n d s (S c h e m e  XXII)14. Direct irradiation of the E,E isom er (E ,E -5) led to the  

Z,E isom er (Z ,E-5) b e in g  form ed a s  th e  s o le  photoproduct during th e  early  

s t a g e s  of th e  reaction . P ro lon ged  irradiation o f (E ,E -5) a lso  led  to form ation of 

th e  Z,Z and  E,Z isom ers, (Z .Z-5) and (E ,Z-5) resp ective ly . Isom érisation  

around th e  carbon-n itrogen  d ou b le  bond w a s  therefore co n c lu d ed  to b e  m ore  

efficien t than isom érisation  around the carbon nitrogen d ou b le  bond in the  

m o lecu le . T h e s a m e  photostationary s ta te  product ratio w a s  rea ch ed  

irresp ective  o f w h eth er  (E ,E -5) or (Z ,E-5) w a s  irradiated. Triplet (p- 

m eth o x y a c e to p h e n o n e ) s e n s it is e d  irradiation a lso  led to m ore efficient
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isom érisa tion  around th e  carbon-n itrogen  d ou b le  bond, a c c o m p a n ied  by th e  

s lo w er  isom érisa tion  around th e  carb on -carb on  d ou b le  bond.

PhV
N

OMe

(E .E -6)

hu

Ph
/ "

N
OMe

(E ,Z-6)

hu
PhV OMe

N

(Z ,E-6)

hu

/  \
Ph X= N

(Z.Z-6)

OMe

SC H EM E XXI

Ph
V

NS
Me OMe

(E .E -5)

hu Slow

hu

Fast

Ph
OMe

> = N
Me

(Z .E-5)

hu Slow

Ph ; > = N
Me OMe

(E .Z-5)

SC H EM E XXII

Ph > = N
Me

OMe

(Z.Z-5)

U nlike in th e  transoid  configuration , b u ta -1 ,3 -d ie n e s  in th e  c iso id
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conform ation  u n d ergo  e lec tro cy c lic  ring c lo su re  to y ield  c y c lo b u te n e s  on  

irradiation (S c h e m e  XXIII)188.

/ CH3

hu

/ C H 3

bond

CHo

J hu

hu rotation electrocyclic 
ring closure

s -trans-cis s -trans-trans s-cis-trans

SC H EM E XXIII

C onstrain ing th e  b u ta -1 ,3 -d ien e  Chrom ophore in th e  c iso id  conform ation  

fa cilita tes  th e  cyclisa tion . T hus 1 ,2 -d im eth y len ecy c lo p en ta n e  (2 6 1 ) y ie ld s  the  

b ic y c lo h e p te n e  (2 6 2 ) in a lm ost quantitative y ie ld 189.

(2 6 1 ) (2 6 2 )

It w a s  th erefore o f in terest to stu d y  the e ffe c ts  of irradiation on  a sy stem  

con ta in in g  an  a ,p -u n sa tu ra ted  carbon-n itrogen  d ou b le  bond con stra in ed  in the  

c iso id  configuration . 2 -B e n z y lid e n e c y c lo p e n ta n o n e  oxim e O-allyl e th er  (263)  

w a s  c h o s e n  a s  the com p ou n d  for initial p h otoch em ica l in vestigation  for a 

num ber o f r e a so n s . O xim e e th ers  sh o w  a high d e g r e e  o f configurational 

stability and  th u s a llow  e a s ie r  sep ara tion  and characterisation  o f iso m e r s3. 

T h e b e n z y lid e n e  derivative of cy c lo p e n ta n o n e  is readily prepared  by 

c o n d e n sa tio n  of b e n z a ld e h y d e  and cy c lo p en ta n o n e , and con ta in s a  sim ilar a ,p -  

u n satu rated  b a ck b o n e  to that o f th e  conform ational ly m obile  

b e n z lid e n e a c e to n e  ox im e eth er  (5) stu d ied  p rev iou sly14. T h e  ox im e O-allyl 

eth er  w a s  c h o s e n  s o  a s  to in v estig a te  any p o ss ib le  bond form ing interaction
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(su ch  a s  [2+2] addition to form (2 6 4 ) or (2 6 5 )) b e tw e e n  th e  ex c ited  a , [3- 

unsatu rated  ch rom op hore and th e  carbon-carbon  d ou b le  bond  o f th e  allyl 

group.

H2 C:CHCH2 0 ^
n

Ph Ph

(2 6 3 ) (264 ) (2 6 5 )

2.A.2 Synthesis of 2-Benzvlidene Cvclopentanone Oxime O-Allvl Ether

T h e sy n th e s is  o f b e n z y lid e n e c y c lo p e n ta n o n e  oxim e O-ally! e th er  (2 6 3 ) is 

outlined  in S c h e m e  (XXIV). B e n z y lid en ec y c lo p en ta n o n e  (2 6 6 ) w a s  prepared  

by initial preparation (without iso lation ) o f the m orp h o lin e-en am in e of 

c y c lo p e n ta n o n e  (2 6 7 ) fo llow ed  by co n d e n sa tio n  with b e n z a ld e h y d e , with 

a z e o tro p ic  rem oval o f water, u sin g  to lu e n e  a s  so lven t. S u b se q u e n t  acid  

hyd rolysis an d  extraction y ie ld ed  b e n z y lid e n e c y c lo p e n ta n o n e  (2 6 6 ) in -6 3 %  

yield . T his m ethod  is sim ilar to that o f Birkofer et. a l.190, with th e  e x c ep tio n s  

that th e  en a m in e  w a s  not iso la ted  and that to lu en e  rather than b e n z e n e  w a s  

u s e d  a s  so lven t. E n on e  (2 6 6 ) h a s  prev iou sly  b e e n  prepared  by addition of 

b e n z a ld e h y d e  to an e th a n o lic  so lu tion  of c y lo p en ta n o n e  conta in ing  sodium  

h yd rox id e191 or sod ium  tert-a m y la te192 a s  b a se . H ow ever t h e s e  m eth o d s h ave  

d isa d v a n ta g e s . U se  o f sod ium  hydroxide ten d s  to lead  to better  form ation of 

2 ,5 -d ib e n z y lid e n e c y c lo p e n ta n o n e 191a, w hich w a s  not form ed to an y  great  

ex ten t by th e  en a m in e  m ethod. U se  o f sod ium  fe/f-am ylate  w a s  not reported to 

g iv e  th e  d ib en zy lid en e  derivative but lower y ie ld s  o f (2 6 6 ) w ere  recorded  

(~ 4 5 % )192.

It w a s  originally in tend ed  to prepare the oxim e O-allyl e th er  of (2 6 6 ) from

(263)
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th e  corresp on d in g  ox im e (235) fo llow ed  by O -allylation u sin g  allyl brom ide. 

T h e ox im e (2 3 5 ) w a s  prepared  by a gen era l p roced u re for th e  preparation of 

o x im es o f w ater in so lu b le  k e to n e s  by reaction  with hydroxylam ine  

hydrochloride u sin g  pyridine a s  b a s e 193. On follow ing the oxim ation reaction  

by TLC, tw o products w ere  s e e n  to b e  form ed, o n e  of w hich w a s  greatly  in 

e x c e s s  o f th e  other. On recrystallisation  on ly  the major co m p o n en t rem ained, 

identified  a s  b en z y lid e n e c y c lo p e n ta n o n e  ox im e (235). S in c e  two g eom erica l 

iso m ers  m ay b e  form ed on  oxim ation of cy c lo p e n ta n o n e  it is b e lie v e d  that the  

s e c o n d , u n iso la ted , co m p o n en t w a s  th e  other isom er.

Allylation o f the oxim e (235 ) h o w ev er  proved difficult. R ea ctio n  of the  

oxim e with allyl brom ide using  p o tassiu m  carb on ate  a s  b a s e  g a v e  on ly  a  poor  

yield  o f the ox im e eth er  (263 ) (~25% ). U se  o f other b a s e s  su c h  a s  sodium  

hydroxide proved  eq u a lly  inefficient probably d u e  to th e  low solubility  of the  

sod iu m  sa lt o f th e  oxim e (235 ) (the sod ium  sa lt p recip ita tes from so lu tion  on  

form ation). It w a s  th erefore d ec id ed  to prepare a lly loxyam ine hydrochloride  

(2 6 8 ) and react this directly with b e n z y lid e n e c y c lo p e n ta n o n e  (2 6 6 ) in th e  h o p e  

of a ch iev in g  greater  y ield  of th e  oxim e eth er  (263).

Major and  H edrick had prev iou sly  reported the preparation of 

N -m ethoxy- and N -eth oxyam in es by th e  acid  hydrolysis o f the  

corresp on d in g  N -alkoxyphthalim id es194 and it w a s  d e c id ed  to ad ap t this 

m ethod  for th e  preparation of a lly loxyam ine hydrochloride (2 6 8 ). N- 

ally loxyphthalim ide (2 6 9 ) w a s  prepared  by allylation o f N -hydroxyphthalim ide  

(2 7 0 ) with allyl brom ide using  p o tassiu m  carb on ate  a s  b a se . Acid hydrolysis  

w a s  a c h ie v e d  by h eatin g  the phthalim ide product (269 ) under reflux in 6M 

hydrochloric acid . A lthough th is form ed the d esired  am in e hydrochloride (268)  

it proved  difficult to purify th e  product d u e  to its hygroscop icity . A ttem pted  

recrysta llisa tion  from eth an ol w a s  not very su c c e ss fu l, with poor recovery  of 

product (268).
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H

HON

N

(2 6 7 )  

PHCHO 

H+

(2 7 0 )

H2C:CHCH2Br
\ k 2c o 3

(2 6 9 )

HONH 2 /  (2 6 6 )

Ph CIH3NOCH2CH:CH2 + 

(268 )

Ph

(2 3 5 ) - H2C:CHCH2ON
H2C:CHCH2Br

\ k 2c o 3 Ph

(2 6 3 )

SC H EM E XXIV

COOH

COOH

C o n seq u en tly  th e  m elting point determ in ed  w a s  low er than that previou sly  

record ed  in th e  literature195 and  it proved  im p o ssib le  to record an  infrared
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spectrum of (268). However the proton N M R  spectrum confirmed the proposed 

structure and use of the crude amine hydrochloride (268) for the preparation of 

the oxime O-allyl ether (263) of benzylidenecyclopentanone (266) was found to 

yield the expected product. The preparation of allyloxyamine hydrochloride 

had previously been reported from the reaction of allyl bromide with 

K 0 N ( S 0 3K )2195

Preparation of the oxime ether (263) was then carried out using 

conditions similar to those for the preparation of the oxime (235) of 

benzylidenecyclopentanone (266), by reaction of one equivalent each of 

benzylidenecyclopentanone (266) and allyloxyamine hydrochloride (268) in 

ethanol using pyridine as base. The yield from this reaction proved far higher 

than that for the O-allylation of benzylidenecyclopentanone oxime (235). On 

following the reaction by TLC only one product was seen. It had been 

expected that, since two oxime ether isomers were possible, both would be 

formed to a greater or lesser extent on oximation. However only one isomer, 

subsequently identified as the E,E-isomer of benzylidenecyclopentanone oxime 

O-allyl ether (E,E-263), by NMR, IR and microanalysis, was isolated. The 

product, (E,E-263), was purified by recrystallisation. The formation of only one 

isomer may be explained by the greater steric hindrance to the formation of the 

corresponding Z-isomer (Z,E-263) arrising from the more bulky allyl group.

CH c h 2 — o

(E.E-263)
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The proton and carbon-13 N M R  spectra agreed with the proposed 

structure. The proton N M R  spectum shows three signals in the range 5 1.86- 

2.79ppm corresponding to the three methylene groups of the cyclopentane ring 

of (E,E-263). The signal at 8 2.79ppm, as well as showing coupling to the other 

methylene group at 8 1.86ppm, also shows a smaller, long range, coupling to 

the benzylidene group vinylic proton, indicating that this signal corresponds to 

the methylene group adjacent to the carbon-carbon double bond. In the range 

§ 4.69 to 6.08ppm four signals from the protons of the allyl group appear. The 

multiplet at 5 4.69ppm is from the protons of the methylene group attached to 

the oximino-oxygen atom. Three multiplets appear in the range 8 5.25- 

6.08ppm: a doublet of multiplets at 8 5.25ppm from the proton H b (with the c/s- 

coupling constant to H a of 10.5Hz), a doublet of multiplets at 8 5.35ppm from 

the proton H c (with the larger trans-coupWng constant to H a of 17.2Hz) and a 

multiplet at 8 6.08ppm from the proton H a. The signals in the range 8 7.26- 

7.30ppm correspond to aromatic protons and the benzylidene group vinylic 

proton. The carbon-13 spectum shows three upfield signals in the range 8 

22.64-31.38ppm due to the saturated carbons of the cyclopentane ring, a 

signal at 8 75.16ppm from the allylic carbon attached to the oximino oxygen 

atom, eight signals in the range 8 117.36-137.24ppm due to vinylic and 

aromatic carbons and a signal at 8 162.69ppm from the oximino carbon atom.

Benzylidenecyclopentanone (266) formed on condensation has a 

melting range corresponding to that of the E- rather than the Z- isomer196, and 

it seems unlikely that the carbon-carbon double bond underwent isomerisation 

during the oximation reaction step. It is most likely that, since only one product 

is formed on reaction of (266) with allyloxyamine hydrochloride (268), that the 

product has the E- configuration around the carbon-nitrogen double bond due 

to the greater steric hindrance to formation of the corresponding Z-isomer. 

Confirmation of the E,E- configuration for this isomer became possible at a later

75



stage of the project from analysis of the spectral data of all four geometrical 

isomers of (263).

2.A.3 Photochemistry of E.E-2-Benzvlidenecvclopentanone Oxime O-Allvl 

Ether fE.E-263) in Ethvl Acetate 

2.A.3.1 Photochemistry

E,E-benzylidenecyclopentanone oxime O-allyl ether (E.E-263) was 

irradiated, using ethyl acetate as solvent, with Pyrex filtered light (X>300nm). 

The photochemical reaction was followed by both Thin Layer Chromatography 

(TLC) and Gas Chromatography (GC). However TLC proved less useful since 

it failed to separate all of the products seen to be formed by G C  analysis. 

Rapid formation of one photochemical product (PP1), accompanied by slower 

formation of two other photoproducts, (PP2) and (PP3), was noted. On 

prolonged irradiation a photostationary state was achieved.

Preparative separation of the starting material and photoproducts proved 

difficult. Although G C  gave good separation, no preparative G C  was available 

and an alternative method had to be used. As with the analytical TLC, 

preparative RCC, (radial centrifugal chromatography) using a Chromatotron 

system, failed to separate two of the photochemical products formed, (PP2) and 

(PP3). Good separation using HPLC also proved difficult, and only one of the 

components of the photolysis mixture (PP3) could be separated from the others 

satisfactorily. Fortunately, the component (PP3) that could be separated from 

the others by HPLC was one of the two that could not be separated by TLC and 

so a separation method combining the two techniques was used. The starting 

material (E.E-263) and one of the photoproducts (PP2) were thus isolated by 

use of the Chromatotron system, whilst the remaining two components of the
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photolysis mixture, (PP1) and (PP3), contained in the third Chromatotron 

fraction, were subsequently isolated by use of preparative HPLC.

From the spectra and microanalytical data recorded for the three 

photoproducts, it was clear that they were all geometrically isomeric with the 

starting material, i.e. they were the three isomers (E,Z-263), (Z,E-263), and 

(Z,Z-263). The proton spectra of the four isomers are shown in Figures 6-9 

and summarised in Table 1. Since the three photoproducts, (PP1)-(PP3), were 

oils, assignment of configuration by X-ray crystal structure determination was 

impossible and an alternative procedure had to be employed.

All of the spectra showed signals in the range 5 1.7-2.8ppm 

corresponding to the protons attached to the saturated carbons of the 

cyclopentane ring. However in both the second and third photoproducts, (PP2) 

and (PP3), the signals due to the protons adjacent to each of the double bonds 

had merged. A  merging of the signals was noted for two of the protons of the 

allyl group in (PP3). However the most striking difference between the spectra 

was the chemical shift of the benzylidene group vinylic proton (which could be 

identified in each case by its long range coupling to the methylene group of the 

cyclopentane ring in the C O S Y  spectrum and by the concurrence of the 

coupling constants of the two groups). In the E,E-isomer (E,E-263) the signal 

for the benzylidene group vinylic proton was located at 5 7.30ppm amongst a 

signal from aromatic protons. However the signal for the benzylidene group 

vinylic proton of the first photoproduct (PP1) showed a downfield shift to 6 

8.11 ppm. The second and third photoproducts, (PP2) and (PP3), both showed 

an upfield shift of this proton signal to around 5 6.7ppm. This could indicate 

that both of these isomers have the same configuration around the carbon- 

carbon double bond, and therefore, since the starting isomer (E,E-5) had the E- 

configuration around the carbon-carbon-double bond, that the second and third 

photoproducts, (PP2) and (PP3), have the Z-configuration around the
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carbon-carbon double bond. However such an assignment would be very 

speculative.

Table 1

Chemical Shifts of the Protons of the Four Geometrical Isomers of 

Benzylidene-cyclopentanone Oxime O-Allyl Ether (263).

E,E-263 Z,E-263

(PP1)

E.Z-263

(PP2)

Z,Z-263

(PP3)

C H 2C H 2C H 2 1.86ppm 1.73 1.83 1.89

C H 2C=N 2.63 2.45 2.70 2.66

c h 2c= c 2.79 2.69

o c h 2 4.96 4.60 4.63 4.25
H H

C = C 
H C H 2

5.25 5.17 5.27 4.92

H H 
C = C 

H C H 2

5.35 5.30 5.35

c h 2=ch- 6.08 6.00 6.08 5.36

Benzylidene- 

vinylic proton

7.42 8.11 6.62 6.72

Aromatic

protons

7.26 (2H), 

7.36 (2H) and 

7.42 (1H)

7.18 (1H) and 

7.29 (4H)

7.29 (3H) and 

7.99 (2H)

7.27 (5H)

2.A.3.2 Determination of the Configurations of the Four Geometrical 

Isomers of 2-Benzvlidenecvclopentanone Oxime O-Allvl Ether (263)

Little work has been done on the assignments of configurations of 

oximes, though a number of general N M R  studies have been carried out with a
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view to establishing trends in the 13C and 15N N M R  spectra of oximes197-200. 

Hawkes et al. recorded the 13C - N M R  spectra of a range of ketoximes and found 

that the chemical shifts of the carbons a to the oximo-carbon atom vary quite 

significantly depending on the orientation of the substituent at nitrogen on the 

carbon-nitrogen double bond197. Thus when the oximino-oxygen atom was 

orientated towards an a-carbon atom, the chemical shift of the a-carbon was 

found to be between 3 and 9ppm lower than in the opposite orientation. Some 

examples of this are given in Table 2.

Table 2

13C Chemical Shifts of the a-Carbon Atoms of some Oximes197.

c a (ppm) C b (ppm)
H O

N
II

H 3 C  —  C C H 2 - P h
a b

13.0 28.9

O H

n '
II

H 3 C  — C C H 2 - P h
a b

18.9 21.7

H O
N

......

31.9 48.8

n ^ o h

a / /.<x
35.2 40.0

r \  0H
L / = n

b

27.1 30.6

Other researchers found that the signals of the a-carbon atoms of the
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Z- isomers of oximes are shifted significantly downfield on addition of Eu(dpm)3 

shift reagent198. The E- isomers are either unaffected or experience upfield 

shifts. Krivdin and co-workers have measured the carbon-carbon coupling 

constants between the oximino carbon and the a-carbon of a series of oximes. 

They have found that, when the oxime has the a-carbon syn to the lone pair of 

the oximino nitrogen, the coupling constants are more than 6Hz greater than 

those with the anti configuration199. For example the a-carbon of 

cyclopentanone oxime (271) syn to the nitrogen lone pair has a coupling 

constant of 45.7Hz compared with 38.9Hz for the a-carbon anti to the nitrogen 

lone pair. However the measuring of carbon-carbon coupling constants 

(INADEQUATE Spectroscopy) has drawbacks due to the the low natural 

abundance of the 13C isotope. It therefore requires very high sample 

concentration and long accumulation times.

J=389Hz

(271)

The assignment of the configurations of the four geometrical isomers of 

(263) was achieved using nuclear Overhauser effect (NOE) difference N M R  

spectroscopy. The N O E  experiment involves the saturation of one proton 

resonance of a compound by applying a decoupling field at that proton's 

resonance frequency. As a result of dipolar interactions, the populations of the 

energy levels of other protons in close proximity, though not necessarily 

coupled, may be altered. This may cause an increase or decrease in their 

signal intensity. If a proton spectrum is recorded immediately after saturation 

of the proton resonance, and the original spectrum is then subtracted, the 

change in signal intensities may be seen. The maximum possible N O E
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enhancement between two protons is 50%. There are however two general 

principles which must be borne in mind in relation to the application of N O E  

spectrocopy: i) the observation of an N O E  enhancement between two protons 

does not, on its own, provide sufficient evidence that they are 'close' (NOE 

enhancements are dependent on the other sources of relaxation open to a 

proton) and ii) the absence of an N O E  enhancement between two protons does 

not, on its own, provide sufficient evidence that they are 'far apart' (indirect 

negative effects may be in operation which may cancel out any direct, positive, 

NOE)201. Therefore determination of the configurations of the four isomers of 

(263) requires N O E  difference spectra to be recorded for all four isomers.

N O E  Enhancements in E,E-2-Benzvlidenecvclopentanone Oxime O-Allvl Ether 

(E.E-263)

All of the proton resonances of (E,E-263) (shown in Table 1) were 

successively saturated, and the difference spectra were recorded. No N O E  

enhancement of any signal was noted on saturation of the signals at 5 1.86, 

2.63, 4.96, 5.25, 5.35, 6.08 or 7.26ppm except for those protons directly 

coupled to that saturated. However saturation of the signal at 6 2.79ppm (the 

methylene group adjacent to the carbon-carbon double bond) gave a 14.2% 

enhancement of the aromatic protons (believed to be the ortho-protons) at 5 

7.42ppm. W h e n  the reverse was carried out, and the aromatic protons at 5 

7.42ppm were saturated, an N O E  enhancement of 10.8% was seen for the 

protons at 2.79ppm (Figure 6).

N O E  Enhancements in Z.E-2-Benzvlidenecyclopentanone Oxime O-Allvl 

Ether (PP1)

As with (E,E-263), all of the proton resonances of (PP1) (shown in Table 

1) were successively saturated and the difference spectra were recorded. No

81



N O E  enhancement of any signal was noted on saturation of the signals at 8 

1.73, 2.45, 5.17, 5.30, 6.00, 7.18 or 8.11 ppm except for those protons directly 

coupled to that saturated. As for the E,E-isomer, saturation of the signal from 

the methylene protons adjacent to the carbon-carbon double bond (6 2.69ppm), 

gave a 15.5% enhancement of the aromatic ortho-protons at 5 7.29ppm. The 

reverse was also seen, and a 7.3% enhancement of the methylene group 

protons at 5 2.69ppm was seen on saturation of the signal at 5 7.29ppm. In this 

isomer an extra, small, N O E  enhancement was also noted. Saturation of the 

signal from the vinylic proton (at 5 8.11 ppm) leads to a 1.7% enhancement of 

the proton signal at 5 4.60ppm (the allylic methylene group protons). However 

the reverse enhancement was found to be very low (<1 %) and was regarded as 

being unreliable (Figure 7).

N O E  Enhancements in E.Z-2-Benzvlidenecyclopentanone Oxime O-Allvl Ether 

(PP2)

As with the previous isomers, all of the proton resonances of (PP2) 

(shown in Table 1) were successively saturated and the difference spectra 

were recorded. No N O E  enhancement of any signal was noted on saturation of 

the signals at 5 1.83, 4.63, 5.27, 5.35, 6.08, 7.29 and 7.99ppm, except for those 

protons directly coupled to that saturated. Unlike the previous two isomers no 

enhancement of the signals of the aromatic ortho-protons was seen on 

saturation of the methylene protons adjacent to the carbon-carbon double bond 

(8 2.70ppm). Instead a 5.6% enhancement of the signal of the benzylidene 

group vinylic proton (at 8 6.62) was recorded. Saturation of the resonance of 

the benzylidene group vinylic proton led to a 7.0% enhancement of the ring 

methylene signal (Figure 8).
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N O E  Enhancements in Z.Z-2-Benzvlidenecvclopetanone Oxime O-Allvl Ether

(PP3)

Again, all of the proton resonances of (PP3) (shown in Table 1) were 

successively saturated and the difference spectra were recorded. No N O E  

enhancement of any signal was noted on saturation of the signals at 6 1.89, 

4.92, 5.36 and 7.27ppm, except for protons coupled to that saturated, as with 

the other geometrical isomers. Like the previous photoproduct (PP2) and 

unlike the starting isomer (E,E-5) and first photoproduct (PP1), N O E  

enhancements were seen between the benzylidene group vinylic proton and 

the methylene group protons adjacent to the carbon-carbon double bond. Thus 

saturation of the methylene group signal at 8 2.66ppm gave a 5.4% 

enhancement of the benzylidene group vinylic proton at 8 6.72ppm, whilst 

saturation of the benzylidene proton led to a reverse enhancement, of 5.7%, of 

the signal from the methylene group protons. Unlike any of the other isomers a 

small enhancement of the allylic methylene group signal intensity (at 8 

4.25ppm) was noted on saturation of the aromatic protons at 8 7.27ppm. The 

reverse enhancements of the aromatic protons on saturating the signal at 8 

4.25ppm were, however, less than 1 %  and could not be regarded as significant 

(Figure 9).

2.A.3.3 Discussion

A  summary of the N O E  enhancements is shown in Figure 10. Taken for 

each isomer separately, it is difficult to attach much significance to the NOE's 

recorded. However taken as a group, the results show much significance in the 

assignment of the configurations of the starting isomer (E,E-263) and the 

photoproducts. Both the starting isomer and (PP1) showed strong, two way, 

enhancements between the aromatic ortho-protons and the ring methylene 

protons. This indicated that the carbon-carbon double bond had the E-
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configuration in each of these two isomers bringing the aromatic and methylene 

group protons into close proximity. If the carbon-carbon double bond had the 

Z-configuration then no N O E  enhancement would be expected between these 

protons and indeed, for (PP2) and (PP3), no enhancement was noted. Both 

(PP2) and (PP3) showed N O E  enhancements between the benzylidene proton 

and the ring methylene protons. No N O E  enhancements between these two 

groups were recorded for the starting isomer (263) or for (PP1). This 

indicateted that the carbon-carbon double bond must be in the Z-configuration 

for (PP2) and (PP3).

Establishing the configurations of the carbon-nitrogen double bonds was 

more difficult since the NOE's recorded for the allyl group were much smaller. 

The low intensity of these NOE's is not surprising since the O-allyl group is 

mobile and not fixed in a conformation that would leave it permanently close to 

the other protons present in the molecule. For photoproduct (PP1) a small 

N O E  enhancement was recorded for the allylic methylene protons on saturation 

of benzylidene vinylic proton whilst no such saturation was seen in any of the 

other isomers. Therefore (PP1) was believed to have the Z-configuration 

around the carbon-nitrogen double bond and was believed to be the Z,E- 

isomer of 2-benzylidenecyclopentanone oxime O-methyl ether (Z,E-263). 

Consequently the starting material which also has the E-configuration around 

the carbon-carbon double bond was confirmed to be the E,E-isomer of (263). 

Photoproduct (PP3) shows a small N O E  enhancement of the allylic methylene 

protons on saturation of the aromatic ortho-protons and no such enhancement 

was seen in any of the other isomers. It was therefore believed that (PP3) is 

the Z,Z-isomer of 2-benzylidenecyclopentanone oxime O-methyl ether 

(Z,Z-263). Photoproduct (PP2), which had already been shown to have the Z- 

configuration around the carbon-carbon double bond, must therefore have 

been the E,Z-isomer (E.Z-263).
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ether (E,E-263).
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Fig. 7 NOe enhancements in Z,E-2-Benzylidenecyclopentanone oxime O-allyl

ether (Z,E-263).
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Further confirmation of these assignments of configuration around the 

carbon-nitrogen double bond was obtained by comparing the chemical shifts of 

the carbons a- to the oximino carbon for the four isomers of (263). The 

methylene a -  carbon of (E,E-263) was found at ô 27.6ppm whilst that of the 

corresponding Z-isomer (Z.E-263) is located 4.9ppm further downfield at 5 

32.5ppm. The methylene oc carbon of (E.Z-263) is found at 5 29.6ppm whilst 

that of the corresponding Z-isomer (Z,Z-263) is located 1.8ppm further 

downfield at ô 31.4ppm. These results for the oxime ether (263) fitted the 13C 

chemical shift pattern reported by Hawkes197 for the E- and Z- isomers of 

oximes, although in the case of the isomers (E,Z-263) and (Z.Z-263) the 

difference in chemical shift was small. (It was difficult to give a definitive 

assignment to the other a  carbon atoms in the four isomers since, being vinylic, 

they were found amongst the aromatic and other vinylic carbons. It could not 

be seen therefore whether Hawkes pattern also fitted these carbon 

resonances).

Having established the configurations of the three photoproducts formed 

on irradiation of (E,E-263), it was possible to examine the photochemistry of 

(E,E-263) in ethyl acetate more closely. The product formation profiles (by G C  

analysis) are shown in Figure 11. It can be seen that product formation 

involving isomérisation around the carbon-nitrogen double bond proceeds very 

rapidly, with the formation of the Z, E-isomer (Z,E-263) being detected at a very 

early stage in the photolysis. Formation of the E,Z isomer (E,Z-263) involving 

isomérisation around the carbon-carbon double bond, proceeds much more 

slowly, as does the formation of the Z,Z isomer (Z,Z-263). Rapid formation of 

product involving isomérisation around the carbon-nitrogen double bond 

accompanied by slower formation of product involving isomérisation around the 

carbon-carbon double bond on irradiation of (E,E-263) is similar to that seen on 

irradiation of benzylideneacetone oxime O-methyl ether (E,E-5)14. Therefore
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constraining the a,|3-unsaturated oxime ether system in the cisoid conformation 

does not appear to significantly affect the outcome of the photochemical

isomérisations.

Fig.10 Sum m ary o f the NMR data u sed  in the configurational assignm ent o f the 

isom ers o f 2-B enzylidenecyclopentanone oxime O-allyI e th er (263). 

P ercen tage figures indicate the NOE enhancem ent o f 1H NMR signals on 

saturation o f proton resonances. The chem ical shift values o f  the m ethylene  

carbon a tom s a  to the oximino carbons are also shown.
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No other products were detected on irradiation of (E,E-263) in ethyl 

acetate. The absence of [2+2] addition products (264) or (265), involving 

addition of the allylic carbon-carbon double bond to the vinylic carbon-carbon 

double bond, is perhaps not surprising, with the energy absorbed by the a,p- 

unsaturated chromophore being used in the more facile isomérisation around 

the carbon-nitrogen and carbon-carbon double bonds. Formation of (264) or 

(265) could only occur for (Z,E-263) or (Z.Z-263) and would require appropriate 

conformational orientation of the allylic carbon-carbon double bond with 

respect to the benzylidene group.

Likewise 47i-electron electrocyclic ring closure of the a,p-unsaturated 

carbon-carbon and carbon-nitrogen double bonds, to form (272), did not occur. 

Such closures are common in nitrogen containing heterocycles (see 

Electrocyclic Photorearrangements, page 51). For example the bicyclic 

enimine (220) and the 1,4-benzoxazepin (222) yield the ring closed products 

(221) and (223), respectively, on irradiation.

O C H 2 C H :C H 2

Ph
(272)

o
(220) (221)

R R

hu
►

(222 ) (2 2 3 )
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Time (min)

Fig.11 Product formation on irradiation o f  E ,E-2-benzylidenecyclopentanone  

oxim e O-allyl e th er  (E.E-263) in Ethyl A cetate. P ercen tage figures represent 

fraction o f each  com ponen t com pared to all com ponen ts o f the photolysis

mixture.

Lack of formation of any 4-n electron electrocyclic ring closed product on 

irradiation of (E.E-263) suggests that for such an electrocyclic process to occur 

the a,p-unsaturated carbon-nitrogen double bond must be contained within a 

ring system to prevent geometrical isomérisation from occurring.

92



2.A.4 Photochemistry of E,E-2-Benzvlidenecvclopentanone Oxime 0 -  

Allvl Ether (E.E-263) in Methanol

Using the same conditions as for the irradiation in ethyl acetate, E,E-2-

benzylidene cyclopentanone oxime O-allyl ether (E,E-263) was irradiated using

methanol as solvent the reaction again being followed by TLC and GC.

Formation of the Z,E isomer (Z.E-263) was again the most rapid photochemical

process noted. Isomérisation around the carbon-carbon double bond, to give

the E,Z isomer (E.Z-263), also occurred as did formation of the Z,Z isomer

(Z,Z-263). However, in contrast to irradiation in ethyl acetate, the gradual

formation of a fourth photoproduct (PP4) was noted (Figure 12). The

concentration of this fourth product steadily increased on continued irradiation,

at the expense of the four geometrical isomers of the oxime ether (263). Once

this new photoproduct (PP4) was the major component of the photolysis

mixture, irradiation was stopped. Separation of (PP4) from the four isomers of 
the oxime ether (263) proved straightforward since (PP4) had a much lower Rf

value on TLC than any of the isomers of (263) allowing facile separation by 

preparative chromatography. On analysis of spectral data recorded for (PP4), 

it was established that the new photoproduct was 2,3-dihydro-1/-/- 

cyclopenta[b]quinoline (236). The 1H -N M R  spectra showed the absence of the 

allyl group signals in the range 5 4.2-6.Oppm that were present in the four 

oxime ether isomers of (263). The three upfield signals from the methylene 

groups of the five membered ring were still present, as in the four isomers of 

(263), although they had been shifted slightly downfield (~0.4ppm), and 

appeared as a quintet and two regular triplets. The aromatic region differed 

greatly from that of the four isomers of (263) and showed five well resolved 

signals with an integration for one proton each. These signals appeared as two 

triplets, two doublets and a singlet, although slightly broadened. The 13C 

spectra showed twelve signals, three upfield corresponding to the methylene
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group carbon atoms, and nine in the aromatic region of the spectra. The N M R  

spectra were consistent with the structure proposed and a check of the 

literature showed that the N M R  spectra also agreed with those previously 

recorded for (236)202 as did the melting point203-.

Time (min)

Fig.12 Product formation on irradiation o f E ,E-2-benzylidenecyclopentanone  

oxim e O-allyl e th er (E,E-263) in Methanol. P ercen tage figures represent 

fraction o f each  com pon en t com pared to all com ponen ts o f the photolysis 

mixture.
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Formation of 2,3-dihydro-1/-/-cyclopenta[b]quinoline (236) on irradiation 

of (E,E-263) can be accounted for by initial carbon-carbon double bond 

isomérisation followed by 67r-electron electrocyclic ring closure of (E.Z-263) or 

(Z.Z-263) to the non isolated heterocycle (273) followed by elimination of allyl 

alcohol to yield (236) (Scheme XXV).

Allyl O,
N

hu

MeOH

(236)

hu -AllylOH

Allyl O

(E.Z-263) or (Z.Z-263)

hu

MeOH

S C H E M E  XXV

The presence of the dihydro heterocyclic intermediate (273) was not 

detected. However since the aromatic quinoline (236) would be more favoured 

than the non aromatic (273) it seems likely that (273) undergoes elimination too 

rapidly for its presence to be detected. The presence of allyl alcohol amongst 

the products was also undetected. However the G C  conditions used would not 

have been expected to separate allyl alcohol from the photolysis solvent 

(methanol), and any allyl alcohol present would have been lost during work up
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Photochemical 671-electron electrocyclic ring closure is a well 

established process204. Some of the first examples reported were in vitamin D 

chemistry205. For example previtamin D (274) undergoes electrocyclic ring 

closure to ergosterol (275).

of the photolysis mixture.

R

(274) (275)

Photochemical electrocyclic ring closures of the stilbene (276)-phenanthrene 

(277) type (Scheme XXVI) have been developed into a very useful general 

synthetic procedure204.

hu

trans-{276)

SCHEME XXVI

hu
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Photochemical 671-electron electrocyclic ring closures involving a 

carbon-nitrogen double bond have also been reported in the literature3. In an 

analogous reaction to the stilbene-phenanthrene conversion, /V-benzylidene- 

aniline (278) undegoes oxidative photocyclization to phenanthridine (279) in 

the presence of strong acid.

N
V

N

ho
H +

A A

(278) (279)

However photochemically induced 67r-electron electrocyclic ring closure 

involving a terminal nitrogen atom has been less well investigated and it is only 

relatively recently that reports have appeared in the literature162-166. Glinka 

has shown that irradiation of a-phenylbenzylideneacetone oxime (228) yields 

different products depending on solvent polarity (Scheme XXVII)163. In polar 

methanol, (228) undergoes electrocyclic ring closure to the terminal nitrogen 

followed by elimination to give the quinoline derivative (230). In non-polar 

decalin, (228) undergoes oxidative photocyclisation analogous to that of the 

stilbene-phenanthrene conversion to give the phenanthrene (229).

671-Electron electrocyclic ring closure to quinolines has also been 

reported for the a,p-unsaturated oxime benzoates (231 )164 and carboxamides 

(233)165, yielding quinolines (232) and (234) respectively. As was found with 

the 2-benzylidenecyclopentanone oxime O-allyl ether (263) system, in none of 

the three cases, (228), (231), or (233), were the expected intermediates, (280), 

(281) or (282) respectively, isolated.
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At the outset of the work on the 2-benzylidenecyclopentanone oxime 0- 

allyl ether system (263), no examples of photocyclisation involving a 

benzylidenecyclopentanone oxime system had appeared in the literature. 

However Olsen has since shown that a variety of benzylidenecylcoalkanone 

oximes, (235) and (283)-(288), undergo 671-electron electrocyclic ring closure to 

quinolines, (236), (289)-(294), on irradiation in methanol containing 1% 

sulphuric acid166. The photocyclisation reaction was found to proceed better 

for six and seven membered rings, (285) and (286), than for five and eight 

membered rings, (235) and (287), and was successful with methyl substitution 

on either ring, (286) and (287). The cyclisations were, however, unsuccessful 

using benzene or cyclohexane as solvent.

(235, n=1 ) 
(283, n=2) 
(284, n=3) 
(285, n=4)

hu

(236, n=1) 
(289, n=2) 
(290, n=3) 
(291, n=4)
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(286) a, R=H, R1=CH3
(287) b, R=CH3, R1=H

R

(292) a, R=H, R1=CH3
(293) b, R=CH3, R1=H

hu 
 ►

(294)

2.A.5 Effects of Solvent on the Photochemistry of E.E-2-Benzvlidene- 

cvclopentanone Oxime O-Allyl Ether (263-E.E)

Having seen the formation of the quinoline derivative (236) on irradiation 

of (E.E-263) in methanol, which had not occured on irradiation of (E,E-263) in 

ethyl acetate, it was of interest to investigate the relationship between the 

formation of quinoline (236) and the polarity of the solvent used for irradiation. 

Other researchers, who have noted quinoline formation from a,p-unsaturated 

oxime derivatives, have found varying solvent effects dependent on the nature 

of the oxime group substituent163-166. Simple a,p-unsaturated oximes appear 

to require polar or acidic solvents to give cyclisation on irradiation163-166. 

Glinka showed that quinoline formation on irradiation of a- 

phenylbenzylideneacetone oxime (228) only occurred on irradiation in 

methanol, irradiation in nonpolar decalin did not lead to quinoline (230) 

formation but instead gave (229)163. This is similar to the findings of Olsen 

who failed to produce useful amounts of tetrahydroacridine (289) on irradiation 

of benzylidenecyclohexanone oxime (283) using either benzene or 

cyclohexane as solvent166. Irradiation of (283) in methanol gave good yields of
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(289) whilst irradiation in methanol containing 1%  sulphuric acid further 

enhanced the yields. However oxime benzoates (231) have been found to give 

quinolines (232) on irradiation in relatively non polar dichloromethane164, whilst 

oxime acetates were found to give modest yields of quinolines on irradiation in 

hydrocarbon solvents166.

Time (min)

Fig. 13 Product formation on irradiation o f E ,E-2-benzyiidenecyclopentanone  

oxim e O-allyi e ther (E.E-263) in acetonitrile. Percentage figures represen t 

fraction o f each com ponent com pared  to all com ponents o f  the photolysis  

mixture.
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The lack of quinoline formation on irradiation of the oxime ether (E.E-263) in 

relatively polar ethyl acetate is in contrast to the findings of Elferink and Bos 

who reported cyclisation to occur on irradiation of the oxime O-methyl ether 

(233) in non-polar benzene165. However this difference in reactivity may be 

due to the presence of the carboxamide function in (233).

Irradiation of E,E-2-benzylidenecyclopentanone oxime O-allyl ether 

(263) in acetonitrile, the reaction being followed by GC, showed similar initial 

results to irradiation in methanol and ethyl acetate, with rapid formation of the 

Z,E-isomer (Z,E-263) involving isomérisation around the carbon-nitrogen 

double bond accompanied by slower formation of the E,Z and Z,Z isomers 

(E.Z-263) and (Z.Z-263) involving isomérisation around the carbon-carbon 

double bond. However, in contrast to the reaction in ethyl acetate, traces of 

quinoline derivative (236) could be detected by G C  on prolonged irradiation. 

The quinoline formation occurred much less rapidly than on irradiation in 

methanol. After ninety minutes of irradiation the concentration of (236) as a 

percentage of all components of the photolysis mixture was found to be only 

0.3% in acetonitrile whereas in methanol the quinoline (236) had been found to 

account for 8.3% of the photolysis mixture after the same period of irradiation.

Due to the slight acidity of methanol it was possible that the formation of 

quinoline (236) on irradiation of (E,E-263) may have been facilitated by 

protonation at nitrogen in (263) by the protons present in the photolysis 

mixture. Therefore (E,E-263) was irradiated in methanol containing 1% 

potassium carbonate to ascertain if this would have any effect on the course of 

the photochemical reaction. Although the reaction was not followed by GC, 

TLC analysis did show the formation of quinoline (236). G C  analysis after 

irradiation for 3 hours showed that the outcome of the photolysis of (E,E-263) in 

methanol had been unaffected by the presence of the potassium carbonate 

with quinoline (236) being a major component of the photolysis mixture. It can
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therefore be concluded that whilst cyclisation of the oxime ether (263) to 

quinoline (236) requires highly polar solvents, it does not require acidic 

conditions.

2.A.6 The Nature of the Excited State for the Photochemical Isomérisation 

and Cyclisation of 2-Benzvlidenecyclopentanone Oxime O-Allvl Ether 

(E.E-263)

Isolated carbon-nitrogen double bonds exhibit two bands in the 

ultraviolet region of the spectrum2. A  high intensity band occurs between 170- 

180nm and has been attributed to n-n* absorption, whilst a lower intensity 

band appears at longer wavelengths (230-260nm) and has been attributed to 

n-7t* absorption. Conjugation of the carbon-nitrogen double bond often causes 

the weak n-7t* absorption to be submerged by the more intense tc—7t* band. 

The four geometrical isomers of 2-benzylidene-cyclopentanone oxime O-allyl 

ether (263) all exhibit strong absorption in the region of 300nm in their UV 

spectra. From its intensity it is clear that this band cannot be attributed to an 

n-n* transition. Therefore it seems likely that the band at 300nm is the n -n *  

band of the conjugated a,p-unsaturated system which has submerged the n - 7 t *  

transition of the carbon-nitrogen double bond, n -n *  Transitions usually exhibit 

a bathochromic shift (shift to longer wavelength) in polar solvents compared to 

non polar solvents. However in the case of (E.E-263) no such shifts in the 

absorption bands were noted on recording the U V  spectrum in methanol, 

dichloromethane or heptane and therefore confirmation of the above 

assignments was not possible by this method.

Since n-7i* transitions are generally localised at the carbon-nitrogen 

double bond it is likely that 67t-electron electrocyclic ring closure of the a,p- 

unsaturated benzylidene system of (263) occurs from the n -n *  state. 

Electrocyclic ring closure of (263) was found to proceed on irradiation in
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methanol, very slowly on irradiation in acetonitrile, but not on irradiation in the 

less polar ethyl acetate and therefore an alteration of the energies of the 

ground to excited state transitions must occur on changing solvent. Protic and 

polar solvents usually interact with the lone pair of nitrogen-containing 

molecules to form van der Waals complexes or hydrogen bonds which usually 

have the effect of increasing the energy of the n-%* transition (although in the 

case of the four geometrical isomers of (263) it is impossible to see if such 

wavelength shift has occurred since the n-rc* transition is submerged by the 

stronger n-n* transition). Therefore the lack of cyclisation of the oxime ether 

system (263) in ethyl acetate may be due to (263) having a lowest energy n-n* 

transition in this solvent. On excitation to the slightly higher energy %-%* state, 

reaction from this state would have to compete with rapid internal conversion to 

the n-7r* state, making cyclisation unfavourable. In methanol it is possible that 

(263) has a lowest energy tz-%* state allowing cyclisation to occur. As has 

been proposed for the simpler acroleinimine (H2C=CHCH=NH), isomérisation

of the carbon-carbon double bond probaly occurs from the %-tz* state, whilst 

isomérisation of the cabon-nitrogen double bond may probably occur from 

either n-rc* or n-n* state206.

2.A.7 Photochemistry of E.E-2-Benzvlidenecvclopentanone Oxime O-Allyl 

Ether (E.E-263) in the Presence of Isoprene as Triplet Quencher

The determination of the multiplicities of the excited states from which 

(E,E-263) reacts to form its geometrical isomers (Z,E-263), (E.Z-263), and (Z,Z- 

263) and the cyclopentaquinoline (236) proved difficult by the use of triplet 

sensitisation experiments. Oxime ether (E,E-263) shows a very strong 

absorption band at X 302nm (e«27,000). The commonly used triplet sensitisers 

(benzophenone, acetophenone, p-methoxyacetophenone) have strongest 

absorption bands in the region of 260nm with their absorbance decreasing in
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the region of 300nm. The photolysis experiments carried out involved the use 

of Pyrex filtered light (A,>300nm). Therefore, since triplet sensitisation 

experiments require the triplet sensitiser used to absorb nearly all of the 

incident light, the concentration ratio of (E,E-263) to triplet sensitiser were 

found to be impractical. Even at shorter wavelengths the oxime ether (E.E-263) 

/ triplet sensitiser ratio would still have been unfavourable and would have 

made following the course of the photochemical reaction difficult and 

unreliable.

However the multiplicity of the excited state for the photochemical 

transformations of (E,E-263) could be determined by using a triplet quenching 

method. On excitation a compound (A) may undergo decay to the ground state 

or undergo reaction (Scheme XXVIII). Alternatively, after excitation intersystem 

crossing may occur between the excited singlet state (As) and the excited triplet 

state (A1). The compound in the excited triplet state may also subsequently 

undergo decay to the ground state or undergo reaction. W h e n  a triplet 

quencher (Q) is added to the photolysis mixture it may quench the excited state 

of the compound (A*) and prevent reaction from occurring. Therefore, 

increasing the concentration of the triplet quencher in the presence of the 

compound under investigation should decrease the amount of product formed 

per unit time from the photochemical reaction if the reaction is proceeding via a 

triplet excited state, whilst reactions proceeding from the singlet excited state 

(As) should be unaffected by the presence of added quencher.

A  series of samples for photochemical investigation was prepared, each 

containing a constant concentration of E,E-2-benzylidenecyclopentanone 

oxime O-allyl ether (E,E-263) (2.5x10~3M), but with different concentrations of 

the triplet quencher isoprene (H2C=C(CH3)CH=CH2), (0.0-1.0M). These

samples were placed in stoppered quartz tubes, degassed and irradiated 

simultaneously using a carousel apparatus. The carousel apparatus has the
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advantage of allowing a series of samples to be irradiated under identical 

conditions thus removing all other variables from the quenching experiment 

other than triplet quencher concentration. It was found by G C  analysis that 

after irradiation all of the samples contained the same ratios of the four 

geometrical isomers of (263) and the cyclopentaquinoline derivative (236), 

irrespective of the isoprene concentration. Although it is possible that the (E,E- 

263) is reacting from its triplet state and that the isoprene is failing to act as an 

efficient triplet quencher, this seems unlikely since even the solution containing 

the highest concentration of isoprene (1.0m) had the same product composition 

as the solution of (E,E-263) containing no isoprene. The result therefore 

strongly suggests that both the E,Z photoisomerisation and the intramolecular 

cyclisation are occurring from the singlet excited state on direct irradiation.

A  + hv — --- ► A® excitation

A s — --- ► A  + to.' fluorescence

A s — ------► A internal conversion

A s — --- ► P product formation

A s --- ► A* in tersystem  crossing

A ‘ --- ► A  + to)" phosph orescen ce

A ‘ --- ► P product formation

A ‘ + Q --- ► A  + Q ‘ quenching

(SCHEME XXVIII)

This result agrees with the findings of Padwa for the simpler 

acetophenone oxime O-methyl ether system (295), where it was proposed that 

on direct irradiation, carbon-nitrogen double bond isomérisation occurred from 

the singlet excited state since the direct irradiation of (295) could not be 

quenched even with high concentrations of the triplet quencher piperylene207.
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Other researchers who have reported photochemical 67t-electron 

eiectrocyclic ring closures in a,p-unsaturated systems containing a terminal 

carbon-nitrogen double bond have not investigated the multiplicity of the 

excited state from which cyclisation occurs. However in the analogous 

stilbene-phenanthrene photoconversion, cyclisation is also believed to proceed 

via an excited singlet rather than triplet state204. Irradiation of stilbene in the 

presence of azulene, an efficient quencher of triplet stilbene molecules, fails to 

prevent cyclisation from occurring208. On irradiation of 4-acetylstiibene (296) 

and 4-dimethyl-amino-4'-nitrostilbene (297), which contain groups which

increase the probability of S 1  ►  T 1 transitions, E-Z isomérisation occurs

normally but cyclisation to phenanthrenes does not occur209-210.

2.A.8 Mode of Ring Closure

Potentially, eiectrocyclic ring closures may proceed via either of two 

pathways, although in the case of ring closure of the oxime ether (263) to the 

quinoline derivative (236) the intermediate products would be indistinguishable. 

The terminal groups (in the case of (263), the =CHPh and the =NOAIIyl groups) 

may rotate in the same direction (in a conrotatory movement) or they may

Me

Z-(295)

Ph OMe
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rotate in opposite directions (in a disrotatory movement); these are shown in 

figure 14. Applying the frontier orbital approach, which predicts that a ground 

state electrocyclic reaction will occur from the highest occupied molecular 

orbital (HOMO), it can be seen from figure 14 for the (27i+27t;+2it) system 

present in (263) that, in order for a bonding interaction to occur between the 

terminal lobes of the \j/3 (HOMO) orbital, the reaction must proceed via

disrotatory ring closure (Fig. 14a). However, on excitation, an electron will be 

promoted to the lowest unoccupied molecular orbital (LUMO) (\j/4 in the case of

a 671-electron system) which then becomes the frontier orbital. Therefore in 

order for ring closure to proceed from the \j/4 orbital, the cyclisation must

proceed via the conrotatory mode, to allow a bonding interaction between the 

terminal lobes (Fig. 14b).

An alternative approach involves application of the 'aromatic transition 

state' concept, which does not depend on knowing the symmetries of the 

various molecular orbitals211. Here the transition state of the overlapping % 

orbitals is drawn putting in the + and - signs so as to minimise the number of 

sign changes in the participating orbitals. The transition state is then classified 

as being either a Möbius type, having an odd number of sign inversions, or a 

Hückel type, having an even number of sign inversions (sign inversions across 

the two lobes of p orbitals are not counted). For a photochemical reaction, 

systems containing (4n+2) electrons will be unfavourable if the transition state 

is of the Hückel type but will be favourable if the transition state is of the 

Möbius type (the rules are reversed for thermal reactions). For 67t-electron 

electrocyclic ring closures (these contain 4n+2 electrons, n=1) by the 

conrotatory mode, the transition state is of the Möbius type (containing an odd 

number (one) of sign inversions) (Fig. 15). Therefore the reaction would be 

predicted to be favourable.

108



(263)

%

LUMO

r p f f ? i
Conrotatory

Fig. 14. HOMO and LUMO orbitals for a (27t+2n^2n) sy s te m  showing the 

conrotatory and disrotatory m o d es  o f  ring closures.

Fig. 15 Transition sta te  for a 6n-electron sys tem  following the conrotatory m ode  

o f ring closure.
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It had been postulated that cyclisation of stilbenes on irradiation may not 

result from an excited state but rather from a vibrationally excited (hot) ground 

state212. The stereochemistry of the dihydrophenanthrene intermediate would 

give proof of the state from which the cyclisation occurs since, if ring closure 

occured from the ground state, it would do so via the disrotatory mode and the 

dihydrophenanthrene intermediate formed would have cis stereochemistry. 

Cyclisation from the excited state would proceed via the conrotatory mode and 

therefore the dihydrophenanthrene would be expected to have trans 

stereochemistry. Generally the cyclised intermediates formed on 6;c-electron 

electrocyclic ring closure cannot be isolated due to rapid oxidation or 

elimination, and so confirmation of the stereochemistry of the proposed 

intermediates proved difficult.

HO

/  \
\  /

hu

>=\ hu

S C H E M E  XXIX

HO OH
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However Doyle and co-workers have isolated the dihydrophenanthrene 

(298) formed on irradiation of the diethylstilbestrol (299) followed by 

tautomérisation (Scheme XXIX) which has been shown by 1H - N M R  studies to 

have the trans stereochemistry indicating that 671-electron electrocyclisations 

occurred from an excited, rather than a 'hot' ground, state213.

2.A.9 Photochemistry of 2-Benzvlidenecvclopentaone Oxime O-Methyl 

Ether(300)

Having discovered the intramolecular photochemical cyclisation reaction 

of the a,p-unsaturated oxime O-allyl ether system (263) it was of interest to 

determine whether changing the oxime ether group might also change the 

reactivity of the system. It was decided to attempt the photolysis of the 

corresponding 2-benzylidenecyclopentanone oxime O-methyl ether (300), to 

see if the photocyclisation would still proceed and to investigate the 

comparative efficiencies of quinoline formation between the two compounds.

2-Benzylidenecyclopentanone oxime O-methyl ether (300) was prepared 

by methylating the previously prepared 2-benzylidenecyclopentanone oxime

(235). Methyl iodide proved an inefficient methylating agent with mostly 

starting material (235) being recovered after reaction. However dimethyl 

sulphate proved far more efficient with a good yield of the desired oxime ether 

(300) being obtained (67%). It has previously been reported that méthylation of 

oximes may lead to N-methylation as a competing side reaction, dependent on 

the nature of reagents, the reaction conditions and the configuration of the 

oxime214. However none of the equivalent N-methylated nitrone product (301) 

was isolated on méthylation of (235).

2-Benzylidenecyclopentanone oxime O-methyl ether (300) was 

irradiated in methanol under conditions similar to those used for the 

corresponding oxime O-allyl ether (E,E-263). On following the reaction by TLC
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it was noted that initially two new spots were detected, whilst on further 
irradiation a new spot with the same Rf value as that of 2,3-dihydro-1 /-/-

cyclopenta[b]quinoline (236) was formed. As on irradiation of (E.E-263) the 

concentration of this grew until it was the major component of the photolysis 

mixture. Workup and comparison of spectral data confirmed that the product 

was indeed (236). No attempt was made to isolate the initially formed 

photoproducts since it was believed that these were the other geometrical 

isomers of (300). Some confirmation for this assumption can be gained from 

the fact that their concentrations increased initially but then levelled off and 

decreased on formation of (236). The yield of (236) on irradiation of the oxime 

O-methyl ether (300) (29%) was found to be slightly higher than on irradiation 

of the corresponding oxime O-allyl ether (E,E-263) (24%). However the course 

of the photochemical reaction appears to proceed very similarly for both (E,E- 

263) and (300).

M62SO4
 ►
NaOH

MeO
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2.B: The Scope of the Photocvclisation of 
Arvlidene Cvcloalkanone Oxime Ethers
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2.B.1 Scope of the Electrocyclisation of Arylidenecycloalkanone Oxime

O-Methvl Ethers

Several methods are known for the synthesis of quinolines, the most 

common of which involve the construction of the heterocyclic ring on a 

substituted benzene derivative215. The Skraup synthesis involves the heating 

of an aniline with glycerol and sulphuric acid, which acts as a dehydrating 

agent and an acid catalyst. Although the mechanism has not been established 

it is believed that the glycerol is dehydrated to acrolein which then undergoes 

conjugate addition to the aniline, yielding an intermediate which subsequently 

undergoes cyclisation, oxidation and dehydration to give the quinoline (Scheme 

XXX). The D oebner-von Miller synthesis is a variation which involves the use 

of a,(3-unsaturated aldehydes or ketones in place of glycerol to allow greater 

variation of the substitution pattern.

HT
HOCHoCHOHCHoOH --------- ► H2C=CHCHO PhNHo

* * -h2o  ^ " ------- ^

-H-

H

0H H+

H

S C H E M E  XXX

The C om bes synthesis involves the reaction of an aniline with a 1,3- 

diketone in the presence of acid to form a Schiff base which then undergoes 

diprotonation and dehydration to form the quinoline (Scheme XXXI).
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PhNH2 + RCOCH2COR

R ^ / >
OH

H R

S C H E M E  XXXI

The Friedlander synthesis involves the addition of an a-methylene 

ketone to an o-aminobenzaldehyde in the presence of base (Scheme XXXJI).

CHO
-h2o

+ RCH-jCOR --------- ►

NH' NH,
R1

-h2o

S C H E M E  XXXII

N R 1

Curran and Liu have synthesised substituted cyclopenta[b]quinolines by 

a novel [4+1] radical annulation method using 5-iodo-1-pentynes and phenyl 

isocyanides (Scheme XXXIII)202. Reaction proceeds via initial radical 

generation either by direct photolytic cleavage of the 5-iodo-1-pentyne (302) or 

by cleavage of hexamethylditin which may subsequently generate radical (303). 

Addition of radical (303) to the isonitrile generates radical (304) which then
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undergoes ring closure to (305), followed by cyclization to either of two 

positions on the aromatic ring. Radicals (306) and (307) may then undergo 

loss of a hydrogen radical to generate the cyclopenta[b]quinolines (308) and 

(309).

R

hu 
 ►

(Ms^Sn^
I

■ ^

: c =  n — \ - r 1

(302) (303)

+ Me3Snl

r ^ ^ r Rl

S C H E M E  XXXIII

However adaptation of these methods to produce aromatically 

substituted 2,3-dihydro-1H-cyclopenta[b]quinolines proves difficult, particularly 

for substitution at the 6- and 8- positions.
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To prepare 6- or 8- substituted 2,3-dihydro-1H-cyclopenta[b]quinolines via the 

Doebner-von Miller or Combes synthesis would require the use of anilines 

bearing m eta substituents. Consequently two different ortho positions would 

become available and cyclization would be expected to favour the formation of 

either the 6- or 8- isomer, or to produce a mixture of both the 6- and 8- 

substituted isomers. The radical annulation method of Curran and Liu 

produces a mixture of both the 6- and 7- isomers although the 7 substituted 

derivative is usually the major isomer202. Whilst the Friedländer method 

overcomes this problem, its use is limited by the difficulty in preparing o- 

aminocarbonyl compounds.

The photochemical cyclisation of benzylidenecyclopentanone oxime 

ethers therefore offers a potentially useful route to producing substituted 

cyclopenta[b]quinolines, particularly those bearing substituents at the 6- and 8- 

positions. Substituted arylidenecycloaikanones may be readily produced by 

condensation of the desired cycloalkanone with the appropriate aromatic 

aldehyde. It was therefore decided to investigate the photochemistry of a 

range of ortho and para substituted benzylidene cycloalkanone oxime ethers. 

Included in the study were compounds (310)-(317), the naphthylidene and 

furylidene cyclopentanone oxime ethers, (318) and (319), the cyclohexanone 

derivative (320) and 2-(diphenylmethylene)cyclopentanone oxime O-methyl 

ether (321).
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(310, R = N 0 2) 

(312, R=CI) 

(314, R=MeO) 

(316, R=Me)

(311, R = N 0 2) 

(313, R=CI) 

(315, R=MeO) 

(317, R=Me)

MeO^

MeO
N

2.B.2 Preparation of Arvlidenecycloalkanone Oxime O-Methvl Ethers 

(310H320)

Arylidenecyclopentanones (322a-j) were prepared by reaction of the 

desired aldehyde with the morpholine enamine of cyclopentanone (267). 

Benzylidenecyclohexanone (322k) was similarly prepared by reaction of the 

morpholine enamine of cyclohexanone (323) followed by reaction of this with 

benzaldehyde. Reaction times were significantly longer for preparation of the 

cyclohexanone derivatives (322k) and (323) than had been found for 

preparation of the corresponding cyclopentanone derivatives (267) and (266).
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This was probably due to the less rigid cyclohexane ring present. All other 

derivatives (322a-j) were prepared in similar reaction times. The lowest yield 

recorded was for the furylidene derivative (322j) which yielded only 37% after 

work up of the reaction mixture. The low yield on reaction appeared to be due 

to decomposition of furaldehyde on reaction since less than the expected 

quantity of water was collected on reaction of the morpholine enamine of 

cyclopentanone (267) with furaldehyde.

The IR, 1H and 13C - N M R  spectra of the arylidenecycloalkanones (322a-j) 

were asd expected for the proposed structures. The 13C - N M R  spectrum of 

benzylidenecyclohexanone (322k) shows one less carbon signal in the 

aromatic region than expected. However the 1H spectrum agrees with the 

proposed structure and it is likely that two of the carbons present in (322k) 

have identical resonances, and appear as one signal.

Oximes, (324a-j) and (283), were again prepared using hydroxylamine, 

and good yields were recorded for all derivatives. In none of the derivatives 

was the presence of two isomers detected after isolation and recrystallisation of 

the oxime product. Although no attempt was made to ascertain the 

configuration of the oximino function it is likely that, as with (235), the oxime 

group would form in the less hindered E- configuration.

The O-methyl ethers (310)-(320) of the oximes were prepared again 

using dimethyl sulphate. Yields were found to be acceptable and no nitrone 

products from N-methylation were isolated.

All of the arylidenecycloalkanone oxime ethers prepared, (310)-(320), 

show a strong absorption bands in the region 300nm ± 30nm. As with the 

oxime O-allyl ether (E,E-263) it is likely that these bands are from the n-n*  

transition of the conjugated a,p-unsaturated system with the band from the n-7r* 

transition being submerged by the more intense 71-71* band.
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S C H E M E  XXXIV

(322a), (324a), (310) n=1, Ar=o-N02C 6H 4

(322b), (324b), (311) n=1, Ar=p-N02C 6H 4

(322c), (324c), (312) n=1, Ar=o-CIC6H 4

(322d), (324d), (313) n=1, Ar=p-CIC6H 4

(322e), (324e), (314) n=1, Ar=o-MeOC6H 4

(322f), (324f), (315) n=1, Ar=p-MeOC6H 4

(322g), (324g), (316) n=1, Ar=o-MeC6H 4

(322h), (324h), (317) n=1 , Ar=p-MeC6H 4

(322i), (324i), (318) n=1,
Ar=

(322j), (324j), (319) n=1, Ar=

(322k), (283), (320) n=2, Ar=C6H 5
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2.B.3 Photochemistry of 2-(o-Nitrobenzvlidene)cvclopentanone Oxime 0 -

Methvl Ether (310) and 2-(p-Nitrobenzvlidene)cvclopentanone Oxime O- 

Methvl Ether (311)

Both 2-(o-nitrobenzylidene)cyclopentanone oxime O-methyl ether (310) 

and 2-(p-nitrobenzylidene)cyclopentanone oxime O-methyl ether (311) on 

irradiation gave rise to a large number of unisolated and uncharacterised 

products. Initially both compounds showed formation of two new spots on TLC, 

with TLC separations similar to those of the isomers of E,E-2- 

benzylidenecyclopentanone oxime O-allyl ether (263). However continued 

irradiation led to a steady increase in the number of products present in the 

photolysis mixture.

Kasha postulated that intersystem crossing between the S 1 and T 1 states 

occurs extremely efficiently in nitro substituted compounds216. In the stilbene- 

phenanthrene photoconversion, stilbenes bearing nitro substituents, such as 

(325), were found not to undergo cyclisation to phenanthrenes, and this has 

been attributed to this intersystem crossing209. It seems likely therefore that 

oxime ethers (310) and (311) would also undergo efficient intersystem crossing 

resulting in photochemical reaction from their triplet states and leading to 

formation of products from these states.

(325)

The photochemistry of aromatic nitro compounds is known to be quite 

complex217. The photoreactions of a nitro group can involve a number of 

reorganization and reduction stages involving intermediates which may
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subsequently undergo secondary photoreactions or dark reactions. In 

hydroxylic solvents aromatic nitro compounds (326) are known to undergo 

photolytic reduction to yield hydroxylamines (327)218 which may subsequently 

undergo further photochemical reaction to yield anilines (328) with minor 

amounts of azo- (329) and azoxy-benzenes (330), depending on the conditions 

(Scheme XXXV)218. Formation of hydroxylamines (327) has been accounted 

for by initial hydrogen abstraction by the lowest excited triplet state of the nitro 

compound followed by a series of dark radical reactions leading directly to the 

hydroxylamine (327)217. It is therefore possible that the numerous products 

formed on irradiation of the nitrobenzylidene-cyclopentanone oxime O-methyl 

ethers (310) and (311), may arise in part, from radical generation on photolysis.

3(ArN02)* ArN02H ArN(OH )2

(326)

ArNHOH
(327)

hu

ArNH2 *+ 

(328)

hu

-H20

ArNOH ■*— ArNO
ArN02H

ArN=NAr

(329)

hu

(sens)

hu

1r

ArN= NAr
4-
0

(330)

S C H E M E  XXXV

Aromatic nitro componds are also known to add across carbon-carbon 

double bonds to form 1,3,2-dioxazolidines, which may subsequently undergo 

photodecomposition mainly to carbonyl compounds and azobenzenes217. For 

example, a number of products are formed on irradiation of nitrobenzene (331) 

in the presence of 2-methylbut-2-ene (332) (Scheme XXXVI)219. Products
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formed are believed to result from initial addition of the nitro group of 

nitrobenzene (331) to the carbon-carbon double bond of 2-methylbut-2-ene 

(332) to form the unisolated 1,3,2-dioxazolidine (333) which may then undergo 

fragmentation to give the isolated products. 1,3,2-Dioxazolidine (334) has 

been isolated at low temperatures on photoreaction of aromatic nitro 

derivatives with cyclohexene220.

Me Me

c 6 h 5 n o 2  + > = <
Me H

(332)

hu

(331)

CH 3 COCH 3  * + -

+  c 6 h 5 n :

c 6H5N -N G 6H5

c eHs N"  X
Me

+ CH 3 CHO

Me

Me

Me

S C H E M E  XXXVI C6H5N NC6H5
Me \  O

Me

C6H5N

M

Me

-H

(333)

I
CH 3 COCH 3

+
c6h5Ns + 

o " T h
Me

I
Me

2C 6 H5 NHCOCH 3

It is possible therefore that some of the photochemical products formed 

on irradiation of ortho- and para-nitrobenzylidenecyclopentanone oxime O- 

methyl ethers (310) and (311) may have been due to intermolecular addition / 

fragmentation involving the nitro group of one molecule and the benzylidene 

carbon-carbon double bond of a second molecule.
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2.B.4 The Photochemistry of 2-(o-Chlorobenzvlidene)cvclopentanone 

Oxime O-Methvl Ether (312) and 2-(p-Chlorobenzvlidene)cvclopentanone 

Oxime O-Methvl Ether (313)

As on irradiation of the ortho- and para- nitro substituted derivatives of 

2-benzylidenecyclopentanone oxime O-methyl ether (310) and (311), none of 

the expected quinoline derivatives were recovered on irradiation of 2-(o-chloro- 

benzylidene)cyclopentanone oxime O-methyl ether (312) or 2-(p-chloro- 

benzylidene)cyclopentanone oxime O-methyl ether (313). The photochemical 

reactions of (312) and (313) were followed by TLC and a steadily increasing 

number of photoproducts was noted for both (312) and (313), with no 

appreciable amounts of any one product being formed. Due to the complex 

nature of the photolysis mixtures no attempts were made to isolate the products 

formed.

The lack of cyclisation of (312) and (313) was in contrast to the oxime 

benzoates (231, R=H, Cl, MeO, Me) where the nature of the substituent 

appeared to have little effect on the cyclisation of (231) to quinolines (232). 

Soumillion and De Wolf have found that on irradiation in methanol, 

chloroaromatic compounds (335) form both photosubstituted (336) and 

photoreduced products (337)221. They have proposed that both of these 

processes may occur via excimer formation from the triplet excited state of the 

chloroaromatic compound (Scheme XXXVII). The substitution product (336) 

may then be formed via addition to the radical-cation (Scheme XXXVII, path a), 

whilst the reduction product (337) may be formed via loss of chlorine from the



radical-anion followed by hydrogen abstraction (Scheme XXXVII, path b). 

Formation of the photoreduced product (337) is also believed to occur by 

homolytic cleavage of the singlet excited state of the aromatic chloride 

(Scheme XXXVII, path c).

ArOMe ArH
(336) (337)

S C H E M E  XXXVII

It has been reported that the presence of alkenes enhances the photoreactivity

of chloroaromatic compounds towards reductive dehalogenation in methanol

due to complexation between the alkene and the aromatic chloride222.

In the stilbene-phenanthrene photocyclisation the presence of a chloro-

substituent appears to decrease the rate of formation of photocyclised 

products. Although all the substituted triphenylethylenes (338, R=H, C H 3,

O C H 3 and Cl) undergo cyclisation to the corresponding phenanthrenes (339), 

the chloro substituted derivative (338, R=CI) was found to react slowest, whilst 

the presence of an electron releasing group on the aromatic ring (338, R=Me, 

MeO) increases reactivity over the unsubstituted derivative (338, R=H)223. It is 

therefore possible that the chloro-substituted derivatives, (312) and (313), are 

also lethargic towards 67r-electron photocyclisation, and that other more 

favourable product forming processes predominate.
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(338) R (339) R

i

Therefore the large number of products formed on irradiation of the 

chloro-bezylidenecyclopentanone oxime ether derivatives (312) and (313) in 

methanol may be due to photoisomerisation to their four geometrical isomers 

accompanied by reductive dehalogenation or substitution of chlorine by 

methanol. These products could then possibly undergo photocyclisation to 

quinolines although, due to the complex nature of the photolysis mixture it 

proved difficult to detect their presence. The presence of the benzylidene 

carbon-carbon double bond may possibly enhance the reductive 

dehalogenation, whilst any generation of radicals or radical-cations could lead 

to the formation of complex mixtures of biaryls as has been noted with other 

chloroaromatic compounds224.

2.B.5 The Photochemistry of 2-(o-Methoxvbenzvlidene)cvclopentanone 

Oxime O-Methvl Ether (314) and 2-(p-Methoxvbenzvlidene)cvclopentanone 

Oxime O-Methvl Ether (315)

2.B.5.1 2-(o-Methoxvbenzvlidene)cyclopentanone Oxime O-Methvl Ether (314) 

On irradiation of (314) in methanol three new spots appeared on TLC 

after a short period of irradiation. On further irradiation one of these 

compounds became the major component of the photolysis mixture at the 

expense of the starting material and the other products formed. On isolation



and characterisation this product was found to be the previously unreported 

8-methoxy-2,3-dihydro-1 H-cyclopenta[b]quinoline (340).

OMe

(340)

As required for (340), the 1H - N M R  spectrum showed four signals in the 

range 5 2.21-3.99ppm: a quintet (with an integration corresponding to two 

protons) at § 2.21 ppm corresponding to the central methylene group at C-2 of

(340); two triplets at 5 3.09 and 3.15ppm (integration: two protons for each 

triplet) corresponding to the methylene groups at C-1 and C-3 and a singlet at 5 

3.99ppm (integration: three protons) corresponding to the protons of the 

methoxy group. Four signals appeared in the aromatic region of the spectrum, 

an integrating for one proton, in agreement with the proposed structure: two 

doublets at 5 6.81 (J, 7.9Hz) and 7.61 ppm (J, 8.4Hz) corresponding to the 

aromatic protons at C-5 and C-7, a triplet at 6 7.51 ppm (J, 8.1Hz) 

corresponding to the proton at C -6 and a singlet at § 8.3ppm corresponding to 

the uncoupled proton at C-9. Although J5 6 and JQ 7 were not identical, the

difference between them was small (0.5Hz) and the signal from the proton at C- 

6 appeared as a regular triplet instead of the doublet of doublets which might 

have been expected had the difference in coupling constants been greater.

The 13C spectrum of (340) also agreed with the proposed structure with 

three signals in the range 5 23-35ppm corresponding to the three methylene 

group carbons (C-1, C-2 and C-3), a signal at 5 56ppm corresponding to the 

carbon of the methoxy group, and nine signals in the region 6 103-168ppm 

corresponding to the nine aromatic carbons present.
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2.B.5.2 2-(p-Methoxvbenzvlidene)cvclopentanone Oxime O-Methvl Ether (315)

The photochemistry of the para-methoxy substituted derivative (315) 

was found to be quite similar to that of the ortho substituted derivative (314). 

Initial irradiation led to the formation of three new spots on TLC analysis whilst 

further irradiation led to the gradual disappearance of the starting material and 

all but one of the products formed. Isolation and characterisation of this 

product showed it to be 6-methoxy-2,3-dihydro-1/-/-cyclopenta[b]quinoline

(341). The 1H and 13C - NMR spectra were found to agree with the proposed 

structure and with the spectra previously reported for (341) on preparation by 

the [4+1] radical annulation method202.

The 1H - N M R  of (341) is similar to that of the 8-methoxy derivative (340) 

in the region 8 2.20-3.93ppm, with a quintet at 5 2.20ppm corresponding to the 

methylene group protons at C-2, two triplets at 5 3.06 and 3.15ppm 

corresponding to the methylene group protons at C-1 and C-3, and a singlet at 

8 3.93ppm correponding to the protons of the methoxy group. In the region 8 

7.12-7.82ppm the proton signal pattern fitted that which would have been 

expected for the 6-substituted cyclopenta[b]quinoline (341), with four signals 

(integration for one proton each) corresponding to the four aromatic protons 

present in (341). A  doublet of doublets occurred at 8 7.12ppm with coupling 

constants of 8.8Hz and 2.2Hz corresponding to the proton at C-7. A  doublet 

was found at 8 7.37ppm corresponding to the proton at C-5 with a small m eta  

coupling to the proton at C-7 of 2.2Hz. At 8 7.62ppm a doublet was found 

corresponding to the proton at C-8, coupled to that at C-7 (J7 8, 8.8Hz) and at 8
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7.82ppm a singlet was found, corresponding to the proton at C-9. The 

presence of m eta coupling between the protons at C-5 and C-7 in (341) is 

interesting since it was not seen to occur in the 8-methoxy substituted 

derivative (340). The 13C spectrum shows three signals between 8 23 and 35 

ppm corresponding to the three methylene-group carbons, a signal at 6 56ppm 

corresponding to the methoxy group carbon, and nine signals in the range 8 

103-168ppm corresponding to the nine aromatic carbons present in (341).

Discussion

Both the ortho- and para-methoxy benzylidenecyclopentanone oxime 0- 

methyl ethers, (314) and (315) were converted on irradiation to the 

corresponding methoxy substituted quinoline derivatives, (340) and (341) 

respectively, faster than was found for formation of the unsubstituted derivative

(236) on irradiation of the oxime ether (300). The isolated yields were also 

greater than for the unsubstituted derivative (48% and 53% for (340) and (341) 

respectively). This is consistent with the supposition that the presence of an 

electron releasing substituent on the aromatic ring increases the reactivity of 

the 671-electron system towards electrocyclic ring closure. An effect similar to 

this has been seen in the methoxy substituted tetraphenylethylene (342)225.

OMe OMe OMe

8-4 : 1
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On irradiation, (342) undergoes cyclisation to form both 2-methoxy-9,10- 

diphenylphenanthrene (343) and 9-(p-methoxyphenyl)-10-phenylphenanthrene

(344), but with a product ratio of 8.4:1 in favour of the methoxyphenanthrene 

(343).

2.B.6 The Photochemistry of 2-(o-Methvlbenzvlidene)cvclopentanone 

Oxime O-Methvl Ether (316) and 2-(p-Methvlbenzvlidene)cyclopentanone 

Oxime O-Methvl Ether (317)

2.B.6.1 2-(o-Methvlbenzvlidene)cyclopentanone Oxime O-Methvl Ether (316) 

Irradiation of 2-(o-methylbenzylidene)cyclopentanone oxime O-methyl 

ether (316) in methanol led to the initial formation of three new spots on TLC, 

but further irradiation led to one of these becoming the major component of the 

photolysis mixture. On isolation and characterisation this product was found to 

be the previously unreported 8-methyl-2,3-dihydro-1/-/-cyclopenta[b]quinoline

(345).

Me

The N M R  spectra of the product (345) agreed with the structure 

proposed . The 1H - N M R  spectrum showed four signals in the range 8 2.21- 

3.16ppm: a quintet at 8 2.21 ppm (integration: two protons) corresponding to the 

central methylene group protons at C-2; a singlet at 8 2.65ppm (integration: 

three protons) corresponding to the methyl group protons; and two triplets
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between 5 3.10 and 3.16ppm, with an integration corresponding to two protons 

each, from the methylene group protons at C-1 and C-3. As required for 

quinoline (345), four one proton signals appear in the aromatic region of the 

spectrum: two doublets at 8 7.28 (J, 7.4Hz) and 7.87ppm (J, 8.4Hz) from the 

aromatic protons at C-5 and C-7, a triplet at 8 7.50ppm (J, 7.9Hz) from the 

aromatic proton at C -6 and a singlet at 8 8.1 ppm from the aromatic proton at C- 
9. As with the 8-methoxy derivative (340) the coupling constants J4 5 and J6 7

were not equivalent but the signal for the proton at C -6 still appeared as a 

regular triplet.

The 13C - N M R  spectrum shows four signals in the range 8 18-35ppm 

arising from the methylene carbons at C-1, C-2 and C-3 and the methyl group 

carbon. In the aromatic region nine signals appear between 8 126 and 167ppm 

from the nine aromatic carbons present in (345).

2.B.6.2 2-(p-Methvlbenzvlidene)cvclopentanone Oxime O-Methvl Ether (317)

The photochemistry of 2-(p-methylbenzylidene)cyclopentanone oxime 0- 

methyl ether (317) in methanol follows a similar pattern to that of the o-methyl 

derivative (316). TLC analysis shows the initial formation of three new spots 

with one of these becoming the major component of the photolysis mixture. 

This product was found to be the previously unreported 6-methyl-2,3-dihydro- 

1/-/-cyclopenta[b]quinoline (346).

As with the other quinoline derivatives prepared, the 1H-N M R  spectum 

agreed with the proposed structure. In the region 8 2.20-3.15ppm the spectrum
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of (346) is similar to that of the the 8-methyl substituted derivative (345) with 

four signals: a quintet at 5 2.20ppm corresponding to the protons from the 

central methylene group at C-2; a singlet at 5 2.54ppm from the methyl group 

protons; and two triplets between 5 3.07 and 3.15ppm from the methylene 

group protons at C-1 and C-3. The aromatic region of the spectrum showed 

four one proton signals: two doubets at 5 7.30 (J, 8.2Hz) and 7.63ppm (J, 

8.2Hz) from the protons at C-7 and C -8 and two singlets between 5 7.79 and 

7.85ppm from the aromatic protons at C-5 and C-9.

The 13C - N M R  spectrum shows four signals in the region 5 21-35ppm 

from the three methylene group carbons and the methyl group carbon. In the 

aromatic region of the spectrum nine signals appear in the range 5 125- 

168ppm corresponding to the nine aromatic carbons in (346).

Discussion

Both 2-(o-methylbenzylidene)cyclopentanone oxime O-methyl ether 

(316) and 2-(p-methylbenzylidene)cyclopentanone oxime O-methyl ether (317) 

underwent cyclisation more readily than the unsubstituted derivative (300). 

This again agrees with the expectation that the presence of an electron 

releasing substituent on the aromatic ring facilitates the cyclisation of the a,|3- 

unsaturated oxime ethers to the quinoline derivatives. However the 

photochemical cyclisations of (316) and (317) to the quinoline derivatives (345) 

and (346) proceeded more slowly than those of the ortho- and para-methoxy 

derivatives (316) and (317). Therefore, since methoxy groups are more 

electron releasing than methyl groups, it appears that increasing the electron 

releasing ability of the substituent further facilitates the cyclisation.
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2.B.7. The Photochemistry of 2-(1-Naphthvlidene)cvclopentanone Oxime

O-Methvl Ether (318)

2-(1-Naphthylidene)cyclopentanone oxime O-methyl ether (318) was 

irradiated in methanol under the standard conditions. On following the reaction 

by TLC three new spots had formed after a short period of irradiation, but after 

an irradiation time of only thirty minutes the spots corresponding to the starting 

material and two of the newly formed intermediates had disappeared leaving 

only one product remaining. Isolation and characterisation of the product 

showed it to be the previously unreported heterocycle 9,10-dihydro-8/-/- 

cyclopenta[b]benzo[f]quinoline (347)226.

2

The 1H and 13C N M R  spectra agreed with the structure proposed for 

(347). The proton N M R  spectrum showed two signals in the range 5 2.27- 

3.22ppm: a quintet at 5 2.27ppm corresponding to the methylene group at C-9 

and a multiplet at 8 3.20, which appeared as two overlapping triplets which 

corresponded to the two methylene groups at C -8 and C-10. The aromatic 

region of the spectrum gave a total integration for the expected seven protons 

and showed two triplets between 8 7.61 (J, 7.4Hz) and 7.66ppm (J, 7.4Hz) 

correponding to the protons at C-2 and C-3, a three proton multiplet between 8 

7.90 and 7.97ppm corresponded to the protons at C-1, C-4 and C-5, a doublet 

at 8 8.60ppm (J, 7.8Hz) corresponding to the proton at C-6, and a singlet at 8 

8.74ppm corresponding to the proton at C-11. The 13C spectrum showed three 

signals in the range 8 23-35ppm corresponding to the three saturated carbons
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at C-8, and C-10, and thirteen signals in the region 122-167ppm corresponding 

to the aromatic carbons.

The photochemical cyclisation of the naphthylidenecyclopentanone 

oxime ether (318) proved to be the most successful preparative photochemical 

cyclisation of the range of oxime ethers studied, with an isolated yield of (347) 

of 69%. Naphthalene is known to have less aromatic character than benzene. 

Quinoline formation on irradiation of any of the oxime ethers studied requires 

loss of aromaticity to form an intermediate, which then undergoes elimination of 

methanol to form quinoline. Therefore the increased reactivity of the

naphthalene derivative may be due to the decreased aromatic character of the 

naphthalene ring, allowing more facile formation of the non-aromatic 

intermediate (348).

(318)
i

ho

hu 
 ►
-MeOH

(347)
▲

-MeOH

OMe

(348)
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2.B.8 The Photochemistry of 2-Furvlidenecvclopentanone Oxime O-

Methvl Ether (319)

2-Furylidenecyclopentanone oxime O-methyl ether (319) was also found 

to undergo cyclisation to the corresponding quinoline on irradiation. As with 

the other oxime ethers studied initial irradiation led to the formation of two new 

spots on following the photolysis by TLC. However, after further irradiation one 

of these photoproducts became the major component of the photolysis mixture. 

Separation and characterisation of this product showed it to be the previously 

unreported heterocycle 6,7-dihydro-5/-/-furo[3,2-b]cyclopenta[e]pyridine 

(349)226. The 1H N M R  spectrum of (349) agreed with the proposed structure. 

In the region 5 2.15-3.02ppm the spectrum resembles that of the 

cyclopentaquinolines previously isolated with a quintet at 5 2.15 corresponding 

to the methylene protons at C-6, and two triplets between 5 2.97 and 3.02ppm 

corresponding to the methylene groups at C-5 and C-7. In the aromatic region, 

three one-proton signals appeared. Two doublets appeared at 5 6.84 (J, 

2.2Hz)and 7.70ppm (J, 2.2Hz) from the protons at C-2 and C-3 and a singlet 

was found at 8 7.51 ppm from the proton at C-8.

The 13C spectrum agreed with the proposed structure with three signals 

in the range 8 24-34ppm corresponding to the three methylene carbons at C-5, 

C -6 and C-7, and seven signals in the range 8 107-162ppm corresponding to 

the seven aromatic carbons present in (349).

(349)

Although furo[3,2-b]pyridine (350) has previously been prepared227 by a 

similar reaction to the Friedländer method (Scheme XXXVIII), the cyclopenta-
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derivative (349) has not been reported in the literature.

SCHEME XXXVIII

2.B.9 The Photochemistry of 2-Benzylidenecyclohexanone Oxime O- 

Methvl Ether (320)

2-Benzylidenecyclohexanone oxime O-methyl ether (320) was found to 

undergo photochemical cyclisation followed by elimination of methanol as had 

occurred on irradiation of the cyclopentanone derivative (300). On following 

the reaction by TLC it was seen that initial irradiation led to the formation of two 

new spots which were presumed to be due to the other geometrical isomers of

(320), although none of these were isolated. Further irradiation led to the 

formation of a third new spot which gradually increased in size at the expense 

of the starting material and the other initially formed products until it became 

the major component of the photolysis mixture. On isolation and 

characterisation this product was found to be the known heterocycle 1 ,2,3,4- 

tetrahydroacridine (289).

8 9 1

10

(289)

The NMR spectra of (289) agreed with the proposed structure. The 1H- 

NMR shows two multiplets between S 1.89 and 1.99ppm from the methylene
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group protons at C-2 and C-3, and two triplets between 6 2.98 and 3.13ppm

from the methylene group protons at C-1 and C-4. The aromatic region of the

spectra showed the expected five one-proton signals: two triplets at 5 7.43 (J,

8.0Hz) and 7.60ppm (J, 8.2Hz) from the protons at C-7 and C-6 respectively,

two doublets at 5 7.69 (J, 7.8Hz) and 7.97ppm (J, 8.4Hz) from the protons at C-

8 and C-5 respectively, and a singlet at 8 7.80ppm from the proton at C-9. 

Although the coupling constants J6 7, J7 8 and JQ 9 were not identical , the

differences between them were small and the signals from the protons at C-5 

and C-8 appeared as regular doublets and those from C-6 and C-7 appeared 

as regular triplets instead of the more complex patterns that would have been 

expected had the differences in coupling constants been greater. The 1H-NMR 

spectrum agreed with that previously recorded by Gagan and LLoyd for (289) 

(presumably at 60MHz)228.

The carbon-NMR spectrum also agrees with the proposed structure with 

four signals between 5 22.9 and 33.6ppm from the four methylene group 

carbons and nine signals in the range 5 125-160ppm from the nine aromatic 

carbons. The melting point of (289) also agreed with the literature value229.

Cyclisation of benzylidenecyclohexanone oxime O-methyl ether (320) to 

1,2,3,4-tetrahydroacridine (289) occurs more efficiently than does the 

corresponding cyclisation of the benzylidenecyclopentanone oxime ether (300), 

with an isolated yield of 43%. This result is similar to that found by Olsen for 

the corresponding benzylidenecycloalkanone oximes (235) and (289) where 

the cyclohexane derivative (289) gave a higher yield of cyclised product than 

the cyclopentane derivative (235)166.

1,2,3,4-Tetrahydroacridine (289) is not a new heterocycle. An 

adaptation of the Combes synthesis, for example, gives (289) in 54% overall 

yield from cyclohexanone (Scheme XXXIX). As with the prepartion of 

cyclopenta[b]quinoline derivatives the photochemical cyclisation method may
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provide a useful route to substituted acridines not readily accessible by 

classical methods.

HCONMe2

POCIo

CHO

(i) HOAc, heat

2PhNH

(ii) base

SCHEME XXXIX

2.B.10 Preparation of 2-(Diphenylmethvlene)cyclopentanone Oxime O- 

Methvl Ether (321)

2-Diphenylmethylenecyclopentanone (351) was prepared following the 

procedure of Sharp et al.230 The cyclopentanone ring carbonyl group of the 

ethyl ester of 2-cyclopentanone carboxylic acid (352) was initially protected by 

reaction with ethylene glycol to yield the 2 ,2-ethylenedioxycyclopentanone- 

carboxylate (353). Reaction of this with two equivalents of phenyl magnesium 

bromide yielded the tertiary alcohol (354) which was dehydrated without 

isolation to the desired 2-(diphenylmethylene)cyclopentanone (351). The 

reaction is inefficient with only a 24% yield of the desired product (351). 

Reaction of ketone (351) with hydroxylamine followed by subsequent 

méthylation of oxime (355) with dimethyl sulphate yielded oxime ether (321).
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(351)

The 1H-NMR spectra of the 2-(diphenylmethylene)cyclopentanone (351), 

its oxime (355) and oxime ether (321) were as anticipated. However the 13C- 

NMR spectrum of 2-(diphenylmethylene)cyclopentanone (351) and that of its 

oxime (355) both had one carbon signal missing from the unsaturated region of 

the spectrum. The spectrum of the oxime ether (321) displayed the required 

number of signals to agree with the structure proposed. It seems likely that two 

carbon signals in (351) and in (355) were poorly resolved and appeared as one 

signal.

2.B.11 Photochemistry of 2-(Diphenvlmethvlene)cvclopentanone Oxime 

O-Methvl Ether (321)

2-Diphenylmethylenecyclopentanone oxime O-methyl ether (321) was 

irradiated under the normal conditions using methanol as solvent. On following 

the reaction by TLC two products were seen to be formed on initial irradiation. 

On further irradiation one of the two photoproducts became the major 

component of the photolysis mixture at the expense of the starting material
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(321) and the other photoproduct. On isolation and characterisation this 

photoproduct was found to be the known heterocycle231 9-phenyl-2,3-dihydro- 

1/-/-cyclopenta[b]quinoline (356), formed by electrocyclic ring closure of the 

oxime ether (321) (Scheme XLI).

The NMR specra of (356) agreed with the proposed structure and that 

previously recorded for (356)202. As with the other cyclopenta[b]quinolines 

isolated three signals appeared in the range 8 2.16-3.24ppm of the 1H-NMR 

spectrum; a quintet at 8 2.16 corresponding to the central methylene group 

protons at C-2 and two triplets at 8 2.90 and 3.24ppm corresponding to the 

other two methylene groups at C-1 and C-3. The aromatic region was more 

complex than for the other cyclopentaquinolines isolated due to the extra 

phenyl group present in (356). In the region 8 7.36-8.08ppm three multiplets, 

with a total integration of eight protons, and a doublet with an integration of one 

proton appear. The multiplets appeared to be due to the overlapping aromatic 

signals and it was not possible to assign individual signals. The 13C spectrum 

shows three signals in the range 8 23-35ppm from the methylene group 

carbons at C-1, C-2 and C-3, and thirteen signals in the range 8 125-167ppm 

from the aromatic carbons present in (356).

Photochemical cyclisation of oxime ether (321) to form the quinloline 

(356) occurred much more rapidly in comparison to the photochemical 

cyclisations of the other oxime ethers studied. This is understandable since 

oxime ether (321) always has a phenyl ring correctly orientated towards the 

oxime ether group for cyclisation to occur, unlike the other oxime ethers studied 

where carbon-carbon bond isomerisation has to occur prior to achieving the 

appropriate orientation to permit cyclisation.
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SCHEME XLI

-MeOH

2.B.12 Thermolysis of 2-Diphenylmethyienecvclopentanone Oxime O- 

Methvl Ether (321)

It was possible that electrocyclic ring closure of 

2-benzylidenecyclopentanone oxime O-allyl ether (263) and the O-methyl ether 

(300) and its substituted derivatives (314)-(320) may have been a thermal 

rather than a photochemical process with the irradiation merely serving to 

provide an appropriately oriented aromatic ring via excited state E-»Z  

isomérisation around the carbon-carbon double bond of the benzylidene group. 

Although subsequent thermal and photochemical cyclisation would be expected 

to follow two different paths for ring closure (conrotatory and disrotatory 

respectively), the quinoline isolated would be the same from either. 

2-(Diphenylmethylene)cyclopentanone oxime O-methyl ether (321), which 

contains two aromatic groups at the carbon-carbon double bond, does not
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require geometrical isomérisation prior to ring closure. Therefore if cyclisation 

of the oxime ethers to quinolines were a thermal process, cyclisation might be 

expected to occur on heating of (321). Samples of (321) were heated under 

reflux in both methanol (the solvent used for the photochemical investigations; 

b.p. 65°C) and ethylene glycol (b.p. 196-198°C). No reaction of (321) was 

seen in either of the two solvents on following the reaction by TLC. After the 

samples had been heated and solvent removed, analysis of the crude residue 

showed it to contain only starting material (321) with no evidence of formation 

of the 9-phenyl-2,3-dihydro-1H-cyclopenta[b]quinoline (356). It was therefore 

concluded that cyclisation of the oxime ethers to the corresponding quinoline 

derivatives is a photochemical process.
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3. Experimental
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Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker 

AC-400 instrument operating at 400MHz for 1H-NMR and 100MHz for 

13C-NMR. All spectra were recorded using deuteriated chloroform as solvent 

unless otherwise stated (d=doublet, t=triplet, q=quartet, qn=quintet, 

m=multiplet).

Infrared spectra (IR) were recorded on either a Perkin Elmer 983G 

infrared spectrophotometer or a Nicolet 205 FT-IR spectrophotometer.

Ultraviolet spectra (UV) were recorded on a Hewlett Packard 8452A 

diode array UV-Vis. spectrophotometer. Units for extinction coefficients (s) are 

dm3 mol-1 cm-1.

Melting ranges were recorded using a Gallenkamp melting point 

apparatus.

Elemental analyses were carried out by the Microanalytical Laboratory at 

University College Dublin.

Thin layer chromatography (TLC) was carried out on silica gel TLC 

plates containing a fluorescent indicator (Riedel-de-Haen, DC-Cards Si F, layer 

thickness 0.2mm).

Radial centrifugal chromatography (RCC) was carried out using a 

Harrison Research model 7924T Chromatotron system using rotors coated with 

silica gel PF254 containing 5% calcium sulphate as binder. Light petroleum for

mobile phase had b.p. 40-60°C.

3.1 Introductory remarks
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High performance liquid chromatography (HPLC) was carried out using a 

Waters 510 HPLC pump and Waters ^bondpack C18 RCM cartridges with

15^m packing (RCM 8x10 cartridge for analytical work, and a Waters RCM 

25x10 cartridge for preparative work).

Gas chromatography (GC) was carried out using a Carlo Erba 

Strumentazione 4130 gas chromatograph fitted with a Quadrex Corporation 

fused silica capillary column (25m, .007 series methyl silicone, 0.32mm ID, 

1 .0(j.m film thickness).

Photochemical reactions were carried out using a water-cooled 

immersion well containing a Photochemical Reactors 400W  medium pressure 

mercury lamp fitted with a Pyrex filter (A,>300nm). All solvents for

photochemical reactions were high purity grade. All solutions for 

photochemistry were deoxygenated by passing a stream of nitrogen through 

the solution for 30 minutes prior to irradiation and a constant stream of nitrogen 

was bubbled through solutions during irradiation.
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3.2 Preparation of 2-Benzvlidenecyclopentanone (266)

Cyclopentanone (9.5cm3, 0.1 mole) and morpholine (8.7cm3, 0.1 mole) 

were placed in a 250cm3 round bottom flask containing toluene (100cm3). The 

mixture was heated under reflux with continuous azeotropic removal of water 

using a Dean and Stark apparatus, until a constant volume of water had been 

collected (1.8cm3, 1 hour). The reaction mixture was allowed to cool and 

benzaldehyde (10.2cm3, 0.1 mole) was then added. The mixture was again 

heated under reflux with removal of water, until a constant volume of water had 

again been collected, (1.7cm3, 2 hours). The reaction mixture was allowed to 

cool and transferred to a 250cm3 conical flask, a 1:1 mixture of conc. 

hydrochloric acid / water (50cm3) was added dropwise with stirring, and the 

mixture was then stirred for a further hour. The contents of the flask were 

transfered to a 250cm3 separating funnel, the acid layer was removed and the 

organic layer was washed with a 10% aq. sodium carbonate solution (100cm3) 

and water (2x100cm3). The organic layer was dried over anhydrous 

magnesium sulphate and the toluene was removed by rotary evaporation, 

yielding a dark coloured oil which solidified on cooling. The product was 

recrystallised twice from ethanol, yielding 2-benzylidenecyclopentanone (266), 

(10.8g, 63%), melting range 69-70°C (lit.192 71-72°C).

IR (KBr pellet): 3022, 2968, 2955, 2908 (aromatic and aliphatic CH), 1711 

(C =0), 1619, 1571, 1489, 1447, 1401, 1321, 1306, 1289, 1276, 1237, 1174, 

1078, 1028, 997, 932, 898, 869, 832, 818, 783, 751, 697 and 635cm-1.

1H-NMR: 5 2.03 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.41 (t, 2H, J=7.9Hz, CH2- 

C =0), 2.98 (t of d, 2H, Jt=7.1Hz, Jd=2.5Hz, CH2-C=C), 7.39 (m, 4H, aromatic 

and vinylic protons) and 7.53ppm (d, 2H, J=7.4Hz, aromatic protons).
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13C-NMR: 5 19.71, 28.88, 37.34 (cyclopentanone ring saturated carbons), 

128.23, 128.90, 130.06, 131.99, 134.99, 135.58 (aromatic and vinylic carbons) 

and 208.07ppm (C=0).

3.3 Preparation of 2-Benzvlidenecvclopentanone Oxime (235)

A mixture of 2-benzylidenecyclopentanone (235) (5g, 0.029moles) and 

hydroxylamine hydrochloride (5g, 0.072moles) was heated under reflux in a 

mixture of ethanol (50cm3) and pyridine (5cm3) for 1 hour. The mixture was 

cooled on an ice bath until the oxime crystallised from solution, and the solid 

was then removed by suction filtration and recrystallised from methanol, 

yielding yellow crystals of (235), (3.9g, 71%), melting range 127-129°C (lit.192 

129°C).

IR (KBr pellet): 3250 (broad, OH), 3099, 3022, 2955, 2927 (aromatic and 

aliphatic CH), 1607 (C=N), 1570, 1489, 1446, 1433, 1421, 1297, 1287, 1262, 

1194, 1154, 1050, 1023, 942, 919, 886, 868, 838, 754, 705 and 691cm-1.

1H-NMR: 5 1.87 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.68 (t, 2H, J=7.6Hz, 

CH2-C=N), 2.80 (t of d, 2H, Jt=7.4Hz, Jd=2.5Hz, CH2-C=N), 7.21 (t, 1H, 

J=2.5Hz, vinylic proton), 7.26 (m, 1H, aromatic proton), 7.35 (m, 2H, aromatic 

protons), 7.41 (d, 2H, J=7.4Hz, aromatic protons) and 9.55ppm (broad s, 1H, 

O N O H ).

13C-NMR: 5 22.45, 27.09, 31.45 (cyclopentanone ring saturated carbons),

123.25, 127.35, 128.30, 128.72, 129.28, 130.74, 136.59, 137.02 (aromatic and 

vinylic protons) and 163.73ppm (C=NOH).

147



3.4 Allvlation of 2-Benzvlidenecvclopentanone Oxime (235)

Using Potassium Carbonate as Base

Potassium carbonate (3.75g, 0.027moles) and acetone (75cm3) were 

placed in a two necked round bottom flask fitted with a reflux condenser and a 

dropping funnel containing allyl bromide (2.5cm3, 0.029moles) and acetone 

(10cm3). The allyl bromide solution was added dropwise to the flask with 

continuous stirring. The reaction mixture was then heated under reflux, the 

reaction being followed by TLC using a mobile phase of 80:20 light petroleum / 

ethyl acetate. Slow formation of a new product was noted. After six hours the 

heating was stopped and the reaction mixture was allowed to cool. Acetone 

was removed from the reaction mixture by rotary evaporation and hydrochloric 

acid (0.5m, 50cm3) and chloroform (50cm3) were added to the flask and the 

contents were transferred to a 100cm3 separating funnel. The acid layer was 

removed and the organic layer was extracted with 0.5m hydrochloric acid 

(50cm3) and water (2x50cm3). The solution was dried over anhydrous 

magnesium sulphate and the chloroform was removed by rotary evaporation 

yielding an oil which solidified on standing. The product was recrystallised 

twice from methanol yielding E,E-2-benzylidene-cyclopentanone oxime O-allyl 

ether (263), (1.5g, 25%) as colourless crystals, melting range 45-46°C.

IR (KBr pellet): 3083, 3023, 2953, 2873 (aromatic and aliphatic CH), 1646 

(C=N), 1590, 1570, 1488, 1446, 1420, 1348, 1319, 1298, 1261, 1221, 1203, 

1181, 1157, 1126, 1108, 1079, 1031, 997, 924, 889, 866, 849, 825, 788, 751 

and 694cm~1.

1H-NMR: 5 1.86 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.63 (t, 2H, J=7.6Hz, CH2- 

C=N), 2.79 (t of d, 2H, Jt=7.3Hz, Jd=2.5Hz, CH2-C=C), 4.69 (m, 2H, OCH2), 

5.25 (d of m, 1H, Jd=11Hz, CH=CH2), 5.35 (d of m, 1H, Jd=17Hz, CH=CH2),
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6.08 (m, 1H, CH=CH2), 7.26 (m, 2H, aromatic protons), 7.36ppm (m, 2H, 

aromatic and benzylidene protons).

13C-NMR: 5 22.64, 27.65, 31.38 (cyclopentanone ring saturated carbons),

75.16 (OCH3), 117.36, 122.89, 127.25, 128.31, 129.27, 134.52, 136.85, 137.24

(aromatic and vinylic carbons) and 162.69ppm (C=N).

UV (methanol): ^max: 302nm (s=27,090), 222nm (s=13,170).

Found: C, 79.50; H, 7.57; N, 5.93%. C15H17NO requires: C, 79.26; H, 7.54, N, 

6.16%

Using Sodium Hydroxide as Base

2-Benzylidenecyclopentanone oxime (235) (5g, 0.027moles) and 

tetrahydrofuran (THF) were placed in a two necked round bottom flask fitted 

with a reflux condenser and a dropping funnel. Sodium hydroxide solution 

(15cm3, 10% aq. soln.) was added to the flask on which the sodium salt of

(235) precipitated from solution. Allyl bromide (2.5cm3, 0.029moles) was then 

added dropwise to the flask with stirring. The reaction mixture was then heated 

under reflux, the reaction being followed by TLC using a mobile phase of 80:20 

light petroleum / ethyl acetate. Slow formation of (263) was noted. After five 

hours the reaction was stopped, the contents of the flask were allowed to cool 

and the THF was removed by rotary evaporation. Chloroform (50cm3) was 

added to the reaction mixture which was then transfered to a separating funnel. 

The chlorofrom solution was then washed with hydrochloric acid (0.5m, 50cm3) 

and water (2x100cm3). The chloroform was dried over magnesium sulphate 

and the chloroform was then removed by rotary evaporation yielding (263), 

(1.1 g, 18% crude).
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N-Hydroxyphthalimide (270) (10.Og, 0.06moles) and allyl bromide (7.3g, 

0.05moles) were dissolved in acetone (100cm3) in a 250 cm3 round bottom 

flask. Potassium carbonate (6.8g, 0.05moles) was then added and the mixture 

was refluxed with continuous stirring for 8 hours. The reaction mixture was 

cooled, the potasium carbonate was removed by suction filtration and the 

acetone removed by rotary evaporation, yielding a light yellow oil which 

crystallised on standing. The product was recrystallised from diethyl ether, 

yielding N-allyloxyphthalimide (269), a white crystalline solid (8.2g, 66%), 

melting range 61-63°C.

IR (KBr pellet): 3080, 3045, 3025, 2983, 2946 (aromatic and aliphatic CH), 

1786, 1733 (C=0), 1608, 1584, 1466, 1446, 1423, 1373, 1353, 1322, 1296, 

1287, 1260, 1186, 1159, 1124, 1110, 1082, 1062, 1015, 994, 876, 790, 703 

and 639cm-1.

1H-NMR: 5 4.71 (d, 2H, J=6.9Hz, OCH2), 5.37 (m, 2H, CH=CH2), 6.12 (m, 1H, 

CH=CH2), 7.77 (m, 2H, aromatic protons) and 7.84ppm (m, 2H, aromatic 

protons).

13C-NMR: 5 78.75 (OCH2), 122.56, 123.43, 128.66, 131.16, 134.42 (aromatic 

and vinylic carbons) and 163.63ppm (C=0).

Found: C, 65.30; H, 4.52; N, 6.86. C^HgNOs requires: C, 65.02; H, 4.46; N, 

6.89.

3.5 Preparation of N-Allvloxyphthalimide (270)
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3.6 Hydrolysis of N-Allyloxvphthalimide (269)

N-Allyloxyphthali'mide (269) (4.5g, 0.02 moles) was heated under reflux 

in 6m hydrochloric acid (50cm3) in a 100cm3 round bottom flask for 2 hours. 

On cooling, phthalic acid crystallised from solution and was removed by suction 

filtration. The water was removed by distillation and the product was dried 

under vacuum over sodium hydroxide, yielding allyloxyamine hydrochloride 

(1.6g, 80% crude), melting range (crude): 140-145°C (lit.195, 172-174°C). 

Attempts to recrystallise the product proved unsuccessful, as did attempts to 

record an IR spectrum since the product was extremely hygroscopic. The 

crude product was used for the next stage of the synthesis without further 

purification.

1H-NMR (D20): 5 4.33 (d, 2H, J=5.8Hz, OCH2), 4.77 (broad s, 3H, -NH3CI),

5.31 (m, 2 H, CH=CH2) and 5.72ppm (m, 1 H, CH=CH2).

3.7 Preparation of E.E-2-Benzvlidenecvclopentanone Oxime O-Allvl Ether 

(263) from Alloxvamine Hydrochloride (268) and 2-Benzvlidene- 

cyclopentanone (266)

2-Benzylidenecyclopentanone (266) (3.0g, 0.015moles), allyloxyamine 

hydrochloride (268) (2.7g, 0.015 moles), pyridine (5cm3) and ethanol (30cm3) 

were placed in a 100cm3 round bottom flask. The mixture was heated under 

reflux for 30 minutes, cooled and the ethanol was removed by rotary 

evaporation. Water (30cm3) was added to the flask and the resulting mixture 

was cooled on an ice bath, until the oxime ether crystallised from solution. The 

solid product was filtered, dried and recrystallised from methanol yielding E,E- 

2-benzylidene-cyclopentanone oxime O-allyl ether (263), (2.9g, 73%).
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3.8 Methvlation of 2-Benzvlidenecvclopentanone oxime (235)

Methyl iodide: 2-Benzylidenecyclopentanone oxime (235) (2g, 0.011 

moles) was dissolved in acetone (30cm3) containing methyl iodide. (3g, 0.021 

moles). Potassium carbonate (3g, 0.022 moles) was added and the solution 

was heated under reflux with continuous stirring, the reaction being followed by 

TLC using a mobile phase of 90:10 light petroleum / ethyl acetate. Very slow 

formation of a new product was noted. After 24 hours, the reaction was 

stopped, the potassium carbonate was removed by suction filtration and the 

acetone removed by rotary evaporation, yielding an oil. 1H-NMR analysis of 

the crude product showed it to be predominantly 2-benzylidenecyclopentanone 

oxime (266), by comparison with that of an original sample of (266).

Dimethyl sulphate: 2-Benzylidenecyclopentanone oxime (266) (2g,

0.011 moles) was dissolved in acetone (50cm3) in a three necked round bottom 

flask fitted with a reflux condenser and two dropping funnels. A mixture of 

dimethyl sulphate (6.3g, 0.050moles) and acetone (10cm3) was placed in one 

dropping funnel and a 40% aq. sodium hydroxide solution (12cm3) was placed 

in the other. The two solutions were slowly added simultaneously with 

continuous stirring over a period of 30 minutes, and the resulting reaction 

mixture was then heated under reflux, with stirring, for 1 hour. The acetone 

was removed by distillation, ice water (200cm3) was added to the residue and 

the resulting solid product was separated by suction filtration, dried and 

recrystallised from light petroleum (B.P. 60-80°C), yielding

benzylidenecyclopentanone oxime O-methyl ether (300), (1.5g, 67%), a yellow 

crystalline solid, melting range 78-79°C.

IR (KBr pellet): 2979, 2955, 2899, 2817 (aromatic and aliphatic CH), 1623 

(C=N), 1488, 1447, 1417, 1295, 1266, 1219, 1183, 1157, 1125, 1078, 1045,
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924, 889, 848, 823, 789, 759, 701 and 612cm-1.

1H-NMR: 5 1.85 (qn, 2H, J=7.4Hz, CH2CH2CH), 2.58 (t, 2H, J=7.6Hz, 

CH2C=C), 2.78 (t of d, 2H, Jt=7.4Hz, Jd=2.6Hz, CH2C=C), 3.97 (s, 3H, OCH3),

7.24 (m, 2H, aromatic and benzylidene protons), 7.35 (m, 2H, aromatic protons) 

and 7.41 ppm (m, 2H, aromatic protons).

13C-NMR: § 22.61, 27.62, 31.35 (cyclopentane ring saturated carbons), 75.12 

(OÇH3), 122.86, 127.22, 128.27, 129.24, 136.81, 137.19 (aromatic and vinylic

carbons) and 162.65ppm (C=N).

U V  (methanol): A,max 302nm (e=24,225); 226nm ( e = 1 1 ,594).

Found: C, 77.29; H, 7.57; N, 6.66. C13H15NO requires: C, 77.58; H, 7.51; N,

6.96.

3.9 Irradiation of E,E-2-Benzvlidenecvclopentanone Oxime O-AHvI Ether 

(263) in Ethyl Acetate

E,E-2-Benzyzlidenecyclopentanone oxime O-allyl ether (263) (1.0g, 

0.004moles) in ethyl acetate (300cm3) was irradiated under standard 

conditions. The reaction was followed by GC using a temperature programmed 

run (initial temperature: 100°C for 4 minutes; heating rate: 30°C / minute; final 

temperature: 185°C for 12 minutes; injection volume: 1(j,l). After 5 minutes of 

irradiation the formation of a new product (PP1) was noted the concentration of 

which steadily increased. On further irradiation (30 minutes) the gradual 

formation of two further photoproducts (PP2) and (PP3) was also noted. The 

photolysis was continued until a photostationary state had been reached and 

no new photoproducts were being formed. After 5 hours the irradiation was
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stopped, the contents of the immersion well were transferred to a round bottom 

flask and the ethyl acetate was removed by rotary evaporation.

Separation of photoproducts

Analytical: Attempts to resolve the four components of the photolysis 

mixture by TLC analysis proved unsuccessful. Only three components could 

be separated by TLC, two of the photoproducts having the same Rf values 

(mobile phase: 95:5 light petroleum / ethyl acetate). Attempts to resolve the 

four components by HPLC analysis also proved unsuccessful with only one of 

the components being well resolved from the other three (mobile phase 70:30 

methanol / water). However, it was found that the two photoproducts that had 

the same Rf values on TLC gave good separation on HPLC thus allowing 

separation of the four components of the photolysis mixture via a combination 

of preparative TLC and HPLC.

Preparative separation: The photolysis mixture was separated using a 

4mm Chromatotron plate with a mobile phase of 99:1 light petroleum / ethyl 

acetate. The first two fractions to be eluted from the plate were each found to 

contain single compounds by GC analysis ((PP2) and (E,E-263) respectively) . 

The third fraction eluted was found to contain two compounds by GC analysis 

(PP1) and (PP3). Solvent was removed from eluted fractions by rotary 

evaporation, and the first two fractions were purified by short path vacuum 

distillation onto a cold finger. The two compounds contained in the third 

fraction were separated using preparative HPLC using a mobile phase of 70:30 

methanol/water. The methanol was removed from the eluted HPLC fractions by 

rotary evaporation and the resulting emulsions were extracted with diethyl 

ether, the etherel solutions were dried over anhydrous magnesium sulphate 

and the ether was removed by rotary evaporation, yielding oils which were

154



purified by short path vacuum distillation onto a cold finger.

The first component eluted from the chromatotron was found to be E,Z- 

2-benzylidenecyclopentanone oxime O-allyl ether (E,Z-263). GC analysis 

showed it to be one of the slower formed photoproducts (117mg, 12 %) boiling 

range 45-50°C (0.2mbar).

IR (Thin film): 3070, 3024, 2957, 2918, 2871, 2845 (aromatic and aliphatic CH), 

1643 (C=N), 1596, 1497, 1450, 1430, 1364, 1344, 1291, 1264, 1211, 1158, 

1098, 1065, 1038, 925, 879, 852, 753 and 700cm"1.

1H-NMR: 6 1.83 (qn, 2H, J=7.4Hz, CH2-CH2-CH2), 2.70 (m, 4H, CH2-C=C and 

CH2-C=N), 4.63 (d, 2H, J=5.5Hz, OCH2), 5.27 (d of m, 1H, Jd=13Hz, CH=CH2),

5.35 (d of m, 1H, Jd=19Hz, CH=CH2), 6.08 (m, 1H, CH=CH2), 6.62 (t, 1H, 

J=0.8Hz, benzylidene proton), 7.29 (m, 3H, aromatic protons) and 7.99ppm (d, 

2H, v7=7.6Hz, aromatic ortho protons).

13C-NMR: 5 21.75, 29.61, 37.07 (cyclopentanone ring saturated carbons),

75.08 (OCH2), 117.48, 127.33, 127.37, 127.44, 130.06, 134.91, 135.47, 136.26

(aromatic and vinylic carbons) and 160.19ppm (C=N).

UV (methanol): Xmax 304nm (s=12,205), 224nm (e=15,540), 204nm (s=13,669).

Found: C, 79.54; H, 7.56%; N, 6.00%. C15H17NO requires: C, 79.26; H, 7.54; 

N, 6.16%.

The second component eluted from the chromatotron was found to be 

recovered starting material, E,E-2-benzylidenecyclopentanone oxime O-allyl
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ether (E.E-263). Identified by comparison of its IR and NMR spectra with that 

of authentic (E,E-263). (176mg, 18% recovery).

The first component eluted from the HPLC was found to be Z,Z-2- 

benzylidenecyclopentanone oxime O-allyl ether (Z,Z-263). GC analysis 

showed it to be the other slower formed photoproduct (72mg, 7%), boiling 

range 49-53°C (0.2 mbar).

IR (Thin film): 3078, 3059, 3023, 2961, 2922, 2848 (aromatic and aliphatic CH), 

1642, 1606, 1576, 1497, 1437, 1420, 1368, 1344, 1193, 1163, 1103, 1073, 

1043, 1025, 997, 925, 872, 766, 740 and 693cm-1.

1H-NMR: 5 1.89 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.66 (m, 4H, CH2-C=N and 

CH2-C=C), 4.25 (d of t, 2H, Jd=4.8Hz, Jt=1.1Hz, OCH2), 4.92 (m, 2H, 

CH=CH2), 5.36 (m, 1H, CHCH2), 6.72 (t, 1H, J=1.9Hz, vinylic proton) and

7.27ppm (m, 5H, aromatic protons).

13C-NMR: 5 21.03, 31.44, 34.32 (cyclopentane ring saturated carbons), 74.69 

(OCH2), 117.29, 127.09, 127.11, 128.62, 130.66, 131.37, 133.26, 138.43

(aromatic and vinylic carbons) and 157.53ppm (C=N).

UV (methanol): ^max: 288nm (s=11,041), 222nm (e=12,343).

Found: C, 78.98; H, 7.67%; N, 5.96%. C15H17NO requires: C, 79.26; H, 7.54; 

N, 6.16%.

The second component eluted from the HPLC was found to be Z,E-2- 

benzylidenecyclopentanone oxime O-allyl ether (Z.E-263). GC analysis
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showed it to be the rapidly formed photoproduct (124mg, 12%), boiling range 

42-44°C (0.2mbar).

IR (Thin film): 3082, 3023, 2965, 2926, 2871 (aromatic and aliphatic CH), 1648, 

1627, 1598 (C=N), 15723, 1491, 1446, 1345, 1294, 1228, 1195, 1 1 1 1 , 1073, 

1022, 991, 921, 884, 830, 788, 750 and 696cm"1.

1H-NMR: 5 1.73 (qn, 2H, J=7.3Hz, CH2-CH2-CH2), 2.45 (t, 2H, J=7.3Hz, CH2- 

C=N), 2.69 (t of d, 2H, Jt=7.1Hz, Jd=2.4Hz, CH2-C=C), 4.60 (d of t, 2H, 

Jd=5.5Hz, Jt=1.3Hz, OCH2), 5.17 (d of m, 1H, Jd=11Hz, CH=CH2), 5.30 (m, 1H, 

Jd=17Hz, CH=CH2), 6.00 (m, 1H, CH=CH2), 7.18 (m, 1H, aromatic proton),

7.29 (m, 4H, aromatic protons) and 8.11 ppm (t, 2H, J=2.4Hz, C=CHPh).

13C-NMR: 5 23.62, 32.50, 32.95 (cyclopentanone ring saturated carbons), 

75.52 (OCH2), 117.19, 127.58, 128.15, 129.47, 134.19, 134.44, 134.98, 137.75

(aromatic and vinylic carbons) and 156.65ppm (C=N).

UV (methanol): >.max: 296nm (s=13,243), 226nm (e=5,848), 206nm (e=6,108).

Found: C, 79.45; H, 7.33%; N, 6.06%. C15H17NO requires: C, 79.26; H, 7.54; 

N, 6.16%.

3.10 Irradiation of E.E-2-Benzylidenecyclopentanone Oxime O-Allvl Ether 

(E.E-263) in Methanol

E,E-2-Benzylidenecyclopentanone oxime O-allyl ether (E,E-263) (1.0g, 

0.004moles) in methanol (300cm3) was irradiated under standard conditions, 

the reaction being followed by GC using the same conditions as for the 

photolysis of (E,E-263) in ethyl acetate. As with the photolysis of (E,E-263) in
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ethyl acetate rapid formation of the Z,E isomer (Z,E-263) was also noted with 

the slower formation of the other photoproducts, (E.Z-263) and (Z.Z-263), also 

being seen. However, gradual formation of a new photoproduct (PP4), not 

seen in the photolysis in ethyl acetate, was also noted. The concentration of 

this new photoproduct (PP4) increased on continued irradiation, at the expense 

of the four oxime ether isomers, until it was the major component of the 

photolysis mixture. The photolysis was stopped after 5 hours of irradiation and 

the solvent was removed by rotary evaporation. Product (PP4) was separated 

from the resulting oil using a 4mm Chromatotron plate with a mobile phase of 

90:10 light petroleum / ethyl acetate. The solvent was removed from this 

fraction by rotary evaporation yielding an oil which was distilled under reduced 

pressure, onto a cold finger to give an off-white solid. Analysis of this product 

showed it to be 2,3-dihydro-1/-/-cyclopenta[b]quinoline (236) (174mg, 23.4%), 

melting range 60-61 °C (lit.203 60-61 °C).

IR (KBr pellet): 3033, 2955, 2937, 2849 (aromatic and aliphatic CH), 1614, 

1496, 1463, 1405, 1322, 1280, 1265, 1204, 1130, 1093, 1074, 1047, 979, 754, 

703cm-1.

1H-NMR: 5 2.18 (qn, 2H, J=7.4Hz, CH2-CH2-CH2), 3.06 (t, 2H, J=7.4Hz, 

CH2Ar), 3.14 (t, 2H, J=7.4Hz, CH2Ar), 7.43 (t, 1H, J=7.4Hz, aromatic proton), 

7.59 (t, 1H, J=7.9Hz, aromatic proton), 7.70 (d, 1H, J=7.6Hz, aromatic proton), 

7.85 (s, 1H, aromatic proton) and 8.00ppm (d, 1H, J=8.0Hz, aromatic proton).

13C-NMR: 5 23.62, 30.50, 34.60 (cyclopentane ring saturated carbons), 125.49, 

127.37, 127.43, 128.30, 128.51, 130.29, 135.77, 147.48 and 167.91 (aromatic 

carbons).
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3.11 Photolysis of E.E-2-Benzvlidenecvclopentanone Oxime O-Allvl Ether 

(E.E-263) in Methanol containing 1% w/v Potassium Carbonate

E,E-2-Benzylidenecyclopentanone oxime O-allyl ether (E.E-263) 

(500mg, 0.002moles) in methanol (300cm3) containing anhydrous potassium 

carbonate (3g), was irradiated under standard conditions. After 3 hours the 

irradiation was ceased, the photolysis mixture was transfered to a round bottom 

flask, the methanol was removed from the photolysis mixture by rotary 

evaporation and water (100cm3) and diethyl ether (100cm3) were added to the 

flask. The contents of the flask were transfered to a 250cm3 separating funnel, 

the water layer was removed and the etheral layer was washed with water 

(2x100cm3 ) and dried over anhydrous magnesium sulphate. Analysis of the 

resulting mixture by GC showed it to contain a combination of the four oxime 

ether isomers of (263) in low concentration with the quinoline derivative (236) 

again being the major photoproduct formed.

3.12 Irradiation of E.E 2-Benzvlidenecvclopentanone Oxime O-Allvl Ether 

(E.E-263) in Acetonitrile

E,E-2-Benzylidenecyclopentanone oxime O-allyl ether (E.E-263) 

(500mg, 0.002moles) in acetonitrile was irradiated under standard conditions, 

the reaction being followed by G.C. Formation of the geometrical isomers of 

(263) was noted with formation of the Z, E-isomer being the fastest process. On 

further irradiation very slow formation of 2,3-dihydro-1/-/-cyclopenta[b]quinoline 

was also noted.

3.13 Irradiation of E.E 2-Benzvlidenecvclopentanone Oxime O-Allvl Ether 

(E.E-263) in Methanol containing Isoprene

A series of solutions of E,E-2-benzylidenecyclopentanone oxime O-allyl

ether (E,E-263) (0.0025 m) in methanol with varying concentrations of freshly
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distilled isoprene (0.0m, 0.001m, 0.01m, 0.1m and 1.0m) were prepared. A 

20cm3 aliquot of each of the solutions was placed in a series of quartz tubes, 

the solutions were degassed by bubbling argon through each one for 10 

minutes and the tubes were stoppered and placed on a carousel apparatus 

circling an immersion well containing a photolysis lamp fitted with a Pyrex filter. 

The solutions were irradiated for 15 minutes after which a sample from each 

tube was analysed by GC. All of the samples were seen to contain each of the 

four oxime ether isomers of (263) and the cyclopenta[b]quinoline derivative

(236) in the same ratios, irrespective of isoprene concentration.

3.14 Irradiation of 2-Benzylidenecyclopentanone Oxime O-Methvl Ether 

(300)

2-Benzylidenecyclopentanone oxime O-methyl ether (300) (238mg, 

0.001 moles) in methanol (300cm3) was irradiated under standard conditions, 

with the reaction being followed by TLC using a mobile phase of 90:10 light 

petroleum / ethyl acetate. After 30 minutes of irradiation TLC analysis of the 

reaction mixture showed two new spots. On further irradiation TLC analysis 

showed the formation of a third new spot whose concentration steadily 

increased at the expense of the other components of the photolysis mixture. 

This product had a retention time on TLC similar to that of the 

cyclopenta[b]quinoline (236). The irradiation was stopped after 3 hours, the 

photolysis mixture was transfered to a round bottom flask and the solvent was 

removed by rotary evaporation. The major photoproduct was purified by 

separation on a 2mm Chromatotron plate, followed by short path distillation of 

the resulting oil onto a cold finger to yield off-white solid identified as 2,3- 

dihydro-1 H-cyclopenta[b]quinoline (236) (58mg, 29%) by comparison of its IR 

and NMR spectra with those of (236) obtained from photolysis of the oxime O- 

allyl ether (E.E-263).
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3.15 General Procedure for the Preparation of Arylidenecyclopentanones

(322a-i)

Cyclopentanone (9.5cm3, 0.1 mole) and morpholine (8.7cm3, 0.1 mole) 

were placed in a 250cm3 round bottom flask containing toluene (100cm3). The 

round bottom flask was fitted with a Dean and Stark trap and a reflux 

condenser and the solution was heated under reflux until a constant volume of 

water had been collected (1.8cm3, 1 hour). The solution was allowed to cool 

and the desired aromatic aldehyde (0.1 mole) was then added. The resulting 

solution was again heated under reflux until a further constant volume of water 

had been collected. The reaction mixture was allowed to cool, transferred to a 

250cm3 conical flask and a 1:1 mixture of water and hydrochloric acid (50cm3) 

was then added dropwise with stirring. The solution was allowed to stir for a 

further hour and was then transferred to a 250cm3 separating funnel, washed 

with a 10% aq. sodium carbonate solution (100cm3), and dried over anhydrous 

magnesium sulphate. The toluene was removed by rotary evaporation yielding 

an oil which solidified on cooling and scratching with a glass rod. The 

arylidenecyclopentanones (322a-j) were recrystallised from methanol.

3.15.1 Preparation of 2-(o-Nitrobenzvlidene)cvclopentanone (322a)

2-(o-Nitrobenzylidene)cyclopentanone (322a) was prepared from o-nitro- 

benzaldehyde (15.11 g, 0.1 mole), yielding yellow crystals of (322a), (8.6g, 

40%), melting range 83-86°C.

IR (KBr pellet): 3060, 2960, 2870 (aromatic and aliphatic CH), 1716 (C=0), 

1626, 1603, 1570, 1516 (N02), 1474, 1441, 1431, 1403, 1346 (N02), 1309,

1292, 1279, 1234, 1215, 1180, 1143, 1081, 1047, 1016, 1002, 959, 916, 902, 

857, 830, 788, 739, 675 and 630cm-1.
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1H-NMR: 6 1.79 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.20 (t, 2H, J=7.6Hz, 

CH2-C =0), 2.57 (t of d, 2H, Jt=7.3Hz, Jd=2.7Hz, CH2-C=C), 7.30 (m, 2H, 

aromatic protons), 7.38 (t, 1H, J=2.7Hz, C=CHPh), 7.44 (t, 1H, J=7.6Hz, 

aromatic proton) and 7.80ppm (d, 1h, J=8.7Hz, aromatic proton).

13C-NMR: 5 20.40, 28.90, 38.11 (cyclopentane ring saturated carbons), 124.97, 

127.27, 129.55, 130.72, 131.26, 133.22, 139.68, 148.97 (aromatic and vinylic 

carbons) and 206.95ppm (C=0).

Found: C, 66.05; H, 5.05; N, 6.25%. C 12H11N 0 3 requires: C, 66.35; H, 5.10; N, 

6.45%.

3.15.2 Preparation of 2-fp-Nitrobenzvlidene)cvcIopentanone (322b)

2-(p-Nitrobenzylidene)cyclopentanone (322b) was prepared from p-nitro- 

benzaldehyde (15.1g, 0.1 mole), yielding yellow crystals of (322b), (9.7g, 45%), 

melting range 138-140°C (lit.232, 145-146°C).

IR (KBr pellet): 3095, 2955 (aromatic and aliphatic CH), 1711 (C=0), 1626, 

1595, 1509 (N 0 2), 1465, 1434, 1413, 1380, 1339 (N 0 2 ) 1317, 1299, 1289,

1276, 1232, 1220, 1174, 1116, 1107, 1006, 911, 873, 860, 842, 809, 748, 689 

and 670cm-1.

1 H-NMR: 5 2.02 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.39 (t, 2H, J=7.9Hz, 

CH2- 0 0 ) ,  2.94 (t of d, 2H, Jt=7.2Hz, Jd=2.7Hz, CH2-C=C), 7.60 (d, 2H, 

J=8.8Hz, aromatic protons) and 8.19ppm (2H, J=8.8Hz, aromatic protons).

13C-NMR: 5 20.18, 29.53, 37.80 (cyclopentane ring saturated carbons), 123.98, 

129.39, 130.91, 140.00, 142.02, 147.78 (aromatic and vinylic carbons) and 

207.53ppm (C=0).
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Found: C, 66.05; H, 5.05; N, 6.31%. C^H-uNC^ requires: C, 66.35; H, 5.10; N, 

6.25%.

3.15.3 Preparation of 2-(o-Chlorobenzvlidene)cvclopentanone (322c)

2-(o-Chlorobenzylidene)cyclopentanone (322c) was prepared from 

o-chlorobenzaldehyde (11.3cm3, 0.1 mole), yielding yellow crystals of (322c), 

(14.2g, 69%), melting range 55-57°C.

IR (KBr pellet): 3050, 2955 (aromatic and aliphatic CH), 1712 (C=0), 1620, 

1586, 1561, 1465, 1436, 1409, 1367, 1308, 1288, 1277, 1232, 1216, 1179, 

1126, 1049, 1038, 1017, 1004, 989, 948, 924, 908, 872, 857, 837, 818, 777, 

758, 693 and 638cm-1.

1H-NMR: 5 1.87 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.28 (t, 2H, J=7.8Hz, 

CH2-C =0), 2.75 (t of d, 2H, Jt=7.1Hz, Jd=2.7Hz, CH2-C=C), 7.15 (m, 2H, 

aromatic protons), 7.29 (m, 1H, aromatic proton), 7.36 (m, 1H, aromatic 

protons) and 7.56ppm (t, 1H, J=2.7Hz, C=CHPh).

13C-NMR: 5 20.51, 29.41, 38.05 (cyclopentane ring saturated carbons), 126.74,

128.26, 130.09, 130.27, 130.40, 133.81, 136.02, 138.46 (aromatic and vinylic 

carbons), and 207.66ppm (C=0).

Found: C, 69.64; H, 5.24%. C ^ H ^ C IO  requires: C, 69.74; H, 5.36%.

3.15.4 Preparation of 2-(p-Chlorobenzvlidene)cvclopentanone (322d)

2-(p-Chlorobenzylidene)cyclopentanone (322d) was prepared from 

p-chlorobenzaldehyde (14.06g, 0.1 mole), yielding off-white crystals of (322d), 

(12 .5g, 61%), melting range 77-79°C (lit.233, 78-80°C).
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IR (KBr pellet): 3000, 2920 (aromatic and aliphatic CH), 1712 (C=0), 1622, 

1584, 1561, 1488, 1460, 1429, 1403, 1300, 1275, 1232, 1172, 1105, 1089, 

1005, 905, 871, 835, 816 and 687cm-1.

1H-NMR: 6 1.98 (qn, 2H, J=7.6Hz, CH2-CH2-CH2), 2.35 (t, 2H, J=7.9Hz, 

CH2-C =0), 2.88 (t of d, 2H, Jt=7.2Hz, Jd=2.6Hz, CH2-C=C), 7.26 (t, 1H, 

J=2.6Hz, C=CHPh), 7.31 (d, 2H, J=8.5Hz, aromatic protons) and 7.4ppm (d, 

2H, J=8.5Hz, aromatic protons).

13C-NMR: 5 20.24, 29.40, 37.85 (cyclopentane ring saturated carbons), 129.08,

131.02, 131.72, 134.11, 135.36, 136.6 (aromatic and vinylic carbons) and 

207.99ppm (C =0).

3.15.5 Preparation of 2-fo-Methoxvbenzvlidene)cvclopentanone (322e)

2-(o-Methoxybenzylidene)cyclopentanone (322e) was prepared from 

o-anisaldehyde (12.8cm3, 0.1 mole), yielding off white crystals of (322e), 

(14.64g, 72.4%), melting range 90-92°C.

IR (KBr pellet): 3005, 2960 (aromatic and aliphatic CH), 1709 (C =0), 1621, 

1595, 1573, 1486, 1461, 1439, 1402, 1357, 1310, 1297, 1278, 1251, 1234, 

1210, 1181, 1166, 1109, 1054, 1020, 1007, 973, 925, 877, 850, 837, 820, 753 

and 633cm~1.

1H-NMR: 5 2.00 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.40, (t, 2H, J=7.9Hz, 

CH2-C =0), 2.92, (t of d, 2H, Jt=7.1Hz, Jd=2.4Hz, CHr C=C), 3.86 (s, 3H, OMe),

6.91 (d, 1H, J=7.9Hz, aromatic proton), 6.98 (t, 1H, J=7.9Hz, aromatic proton), 

7.34 (t, 1H, J=7.9Hz, aromatic proton), 7.47, (d, 1H, J=7.9Hz, aromatic proton) 

and 7.81 ppm (t, 1H, J=2.4Hz, C=CHPh).
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13C-NMR: 6 20.52, 29.61, 38.06 (cyclopentane ring saturated carbons), 110.83, 

120.32, 124.70, 127.07, 129.77, 130.89, 136.17, 159.00 (aromatic and vinylic 

carbons) and 208.17ppm (C=0).

Found: C, 76.94; H, 6.91%. C13H140 2 requires: C, 77.20; H, 6.98%.

3.15.6 Preparation of 2-(p-Methoxvbenzvlidene)cvclopentanone (322f)

2-(p-Methoxybenzylidene)cyclopentanone (322f) was prepared from 

p-anisaldehyde (12.2cm3, 0.1 mole), yielding yellow crystals of (322f), (14.4g, 

71%), melting range 68-69°C (lit.234, 68-69°C).

IR (KBr pellet): 2960, 2825 (aromatic and aliphatic CH), 1701, 1619, 1599, 

1567, 1511, 1463, 1421, 1407, 1309, 1257, 1175, 1116, 1023, 909, 825 and 

754cm-1.

1H-NMR: 5 1.83 (qn, 2H, J=7.6Hz, CH2-CH2-CH2), 2.20 (t, 2H, J=7.9Hz, 

CH2-C =0) 2.75 (t of d, 2H, Jt=7.2Hz, Jd=2.5Hz, CH2-C=C), 3.65 (s, 3H, Me), 

6.75 (d, 2H, J=8.8Hz, aromatic protons), 7.16 (t, 1H, J=2.5Hz, C=CHPh) and

7.31 ppm (d, 2H, J=8.8Hz, aromatic protons).

13C-NMR: 8 20.16, 29.28, 37.77 (cyclopentane ring saturated carbons), 55.37 

(MeO), 114.28, 128.24, 132.22, 132.32, 133.69, 160.52 (aromatic and vinylic 

carbons) and 208.8ppm (C=0).

3.15.7 Preparation of 2-fo-Methylbenzvlidene)cvclopentanone (322q)

2-(o-Methylbenzylidene)cyclopentanone (322g) was prepared from 

o-tolualdehyde (11.8cm3, 0.1 mole), yielding off white crystals of (322g), 

(11.2g, 60%), melting range 68-70°C.
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IR (KBr pellet): 2980, 2940 (aromatic and aliphatic CH), 1704 (C=0), 1626, 

1598, 1572, 1536, 1483, 1461, 1451, 1435, 1399, 1381, 1286, 1276, 1249, 

1202, 1180, 1174, 1131, 1104, 1048, 1345, 1019, 1004, 922, 903, 873, 819, 

791, 767, 758, 718 and 638cm-1.

1H-NMR: 8 1.81 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.23 (s, 3H, Me), 2.54 (t, 

2H, J=7.8Hz, CH2- 0 0 ) ,  2.72 (t of d, 2H, 4=7.1 Hz, Jd=2.4Hz, CH2-C=C), 7.07, 

(m, 3H, aromatic protons), 7.25 (d, 1H, J=7.3Hz, aromatic proton) and 7.43ppm 

(t, 1H, J=2.4Hz, C=CHPh).

13C-NMR: 8 20.01, 20.51, 29.42, 38.07 (Me and cyclopentane ring saturated 

carbons), 126.80, 128.64, 129.17, 129.81, 130.54, 134.31, 136.84, 138.90 

(aromatic and vinylic carbons) and 208.00ppm (C=0).

Found: C, 83.54; H, 7.51%. C13H140  requires: C, 83.83; H, 7.51%.

3.15.8 Preparation of 2-(p-Methvlbenzvlidene)cvclopentanone (322h)

2-(p-Methylbenzylidene)cyclopentanone (322h) was prepared from 

p-tolualdehyde (11.6cm3, 0.1 mole), yielding yellow crystals of (322h), (10.96g, 

58.8%), melting range 64-65°C (lit.235, 62-63°C).

IR (KBr pellet): 3025, 2960 (aromatic and aliphatic CH), 1706 (C =0), 1620, 

1601, 1562, 1511, 1461, 1434, 1409, 1318, 1305, 1291, 1275, 1234, 1213, 

1191, 1174, 1126, 1044, 1016, 1006, 969, 956, 915, 873, 842, 815, 760, 712, 

649 and 638cm-1.
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1H-NMR: 5 1.93 (qn, 2H, J=7.6Hz, CH2-CH2-CH2), 2.30 (m, 5H, Me and 

CH2C =0), 2.87 (t of d, 2H, Jt=7.2Hz, Jd=2.5Hz, CH2-C=C), 7.14 (d, 2H, 

J=8.0Hz, aromatic protons), 7.29 (t, J=2.5Hz, 1H, C=CHPh) and 7.35ppm (d, 

2H, J=8.0Hz, aromatic protons).

13C-NMR: 8 20.39, 21.65, 29.52, 37.94 (Me and cyclopentane ring saturated 

carbons), 129.63, 130.76, 132.51, 132.89, 135.25, 139.87 (aromatic and vinylic 

carbons) and 208.33ppm (C=0).

3.15.9 Preparation of 2-(1-Naphthvlidene)cvclopentanone (322i)

2-(1-Naphthylidene)cyclopentanone (322i) was prepared from 1- 

napthaldehyde (15.6g, O.lmole), yielding yellow crystals of (322i), (16.1 g, 

72%), melting range 67-70°C.

IR (KBr pellet): 3060, 2955 (aromatic and aliphatic CH), 1707 (C =0), 1625, 

1574, 1506, 1460, 1432, 1403, 1376, 1335, 1301, 1286, 1266, 1225, 1212, 

1189, 1170, 1121, 1086, 1027, 1018, 1000, 919, 895, 857, 827, 809, 794, 786, 

767, 732 and 634cm-1.

1H-NMR: 8 1.87 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.35 (t, 2H, J=7.8Hz, 

CH2-C =0), 2.60 (t of d, 2H, Jt=7.1Hz, Jd=2.6Hz, CH2-C=C), 7.42 (m, 4H,

aromatic protons), 7.75 (m, 2H, aromatic protons) and 8.05ppm (m, 2H, 

aromatic proton C=CHAr).

13C-NMR: 8 20.54, 29.65, 38.22 (cyclopentane ring saturated carbons), 123.93,

125.07, 126.18, 126.64, 127.01, 128.68, 128.80, 129.70, 132.25, 132.27,

133.53, 138.31 (aromatic and vinylic carbons) and 207.71 ppm (C=0).
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Found: C, 86.07; H, 6.38%. C16H140  requires: C, 86.45; H, 6.35%.

3.15.10 Preparation of 2-Furvlidenecvclopentanone (322i)

2-Furylidenecyclopentanone (322j) was prepared from 2-furaldehyde 

(8.3cm3, 0.1 mole), yielding off-white crystals of (322j), (5.9g, 37%), melting 

range 58-59°C (lit.236, 60.5°C).

IR (KBr pellet): 3120, 2960 (aromatic and aliphatic CH), 1700 (C =0), 1617, 

1472, 1430, 1401, 1390, 1351, 1287, 1234, 1163, 1135, 1083, 1025, 937, 909, 

883, 870, 811, 767 and 626cm-1.

1H-NMR: 5 2.03 (qn, 2H, J=7.6Hz, CH2-CH2-CH2), 2.40 (t, 2H, J=7.9Hz, 

CH2-C =0), 2.98 (t of d, 2H, Jt=7.4Hz, Jd=2.6Hz, CH2-C=C), 6.51 (d of d, 1H, 

Jd=3.4Hz, Jd=2.0Hz, fury I H-4), 6.66 (d, 1H, J=3.4Hz, furyl H-3), 7.16 (t, 1H, 

J=2.6Hz, C=CH-furyl) and 7.56ppm (d, 1H, J=2.0Hz, furyl H-5).

13C-NMR: 5 19.78, 29.05, 38.06 (cyclopentane ring saturated carbons), 112.54,

115.96, 118.79, 133.66, 144.94, 152.28 (vinylic and furyl carbons) and 

207.88ppm (C=0).

3.15.11 Preparation of 2-Benzvlidenecvclohexanone (322k)

2-Benzylidenecyclohexanone (322k) was prepared following the 

procedure used for arylidenecyclopentanones. with the exception that the 

cyclohexanone enamine was prepared instead of the cyclopentanone enamine, 

using 10.4cm3 (0.1 mole) of cyclohexanone. Preparation of the enamine 

required refluxing of the reaction mixture for 12hrs. Work up of product in the 

previously described manner yields off white crystals of (322k), (10.9g, 59%), 

melting range 52-54°C (lit.192, 54°C).
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IR (KBr pellet): 2924, 2870 (aromatic and aliphatic CH), 1673 (C=0), 1597, 

1569, 1514, 1490, 1444, 1410, 1317, 1293, 1256, 1237, 1205, 1141, 1067, 

1028, 974, 939, 921, 873, 820, 765, 720, 699 and 653cm-1.

1 H-NMR: 8 1.74 (m, 2H, CH2), 1.91 (m, 2H, CH2), 2.52 (t, 2H, J=6.7Hz, 

CH2-C =0), 2.82 (t of d, 2H, Jt=6.4Hz, Jd=2.1Hz, CH2-C=C), 7.34 (m, 5H, 

aromatic protons) and 7.50ppm (t, 1H, J=2.1Hz, C=CHPh).

13C-NMR: 5 23.36, 23.85, 28.93, 40.32 (cyclohexane ring saturated carbons),

128.52, 130.29, 135.53, 136.63(aromatic and vinylic carbons) and 201.7ppm 

(C=0).

3.16 General Procedure for the Preparation of Arylidenecycloalkanone 

Oximes (283) and (323a-i)

The desired arylidenecyloalkanone (5.0g) was added to a solution 

containing pyridine (5cm3) and hydroxylamine hydrochloride (5.0g) in ethanol 

(50cm3) in a 250cm3 round bottom flask. The reaction mixture was then heated 

under reflux for 30 minutes and allowed to cool. The ethanol was removed by 

rotary evaporation, chloroform (75cm3) was added to the flask and its contents 

transferred to a 250cm3 separating funnel. The mixture was washed with 1m 

hydrochloric acid (2x1 00cm3) and water (2x100cm3) and dried over anhydrous 

magnesium sulphate. The chloroform was removed by rotary evaporation 

yielding product. The oximes were recrystallised from methanol.
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3.16.1 Preparation of 2-(o-Nitrobenzvlidene)cvclopentanone Oxime (324a)

2-(o-Nitrobenzylidene)cyclopentanone oxime (324a) was prepared from 

2-(o-nitrobenzylidene)cyclopentanone (322a), yielding dark brown crystals of 

(324a), (4.2g. 78%), melting range 146-148°C (decomp.).

IR (KBr pellet): 3247 (broad, OH), 3045, 2980, 2925 (aromatic and aliphatic 

CH), 1605 (C=N), 1568, 1525, 1457, 1440, 1423, 1339, 1307, 1294, 1278, 

1258, 1199, 1133, 1076, 1052, 1042, 1029, 935, 892, 854, 789, 747, 704, 670 

and 608cm-1.

1H-NMR: 5 1.85 (qn, 2H, J=7.4Hz, CH2-CH2-CH2), 2.63 (t of d, 2H, Jt=7.4Hz, 

J6=2.5Hz, CH2-C=C), 2.68 (t, 2H, J=7.6Hz, CH2-O N ), 7.42 (m, 2H, O C H P h  

and aromatic proton), 7.49 (m, 1H, aromatic proton), 7.59 (m, 1H, aromatic 

proton), 8.00 (m, 1H, aromatic proton) and 8.66ppm (broad s, 1H, OH).

13C-NMR: 8 22.35, 27.16, 31.17 (cyclopentane ring saturated carbons), 118.24, 

124.68, 128.00, 130.99, 132.39, 132.65, 140.24, 146.67 (aromatic and vinylic 

carbons) and 162.51 ppm (O N ).

Found: C, 61.79; H, 5.28; N, 11.77. C 12H12N20 3 requires: C, 62.06; H, 5.21; N, 

12.06%.

3.16.2 Preparation of 2-(p-Nitrobenzvlidene)cvclopentanone Oxime (324b) 

2-(p-Nitrobenzylidene)cyclopentanone oxime (324b) was prepared from 

2-(p-nitrobenzylidene)cyclopentanone (322b), yielding dark brown crystals of 

(324b), (3.9g. 74%), melting range 146-148°C (decomp.).
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IR (KBr pellet): 3460 (broad, OH), 3090, 2950 (aromatic and aliphatic CH), 

1592 (C=N), 1509, 1421, 1407, 1336, 1199, 1110 , 1044, 1023, 937, 922, 908, 

883, 857, 840, 812, 778, 747, 706 and 686cm-1.

1H-NMR: 5 1.95 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.71 (t, 2H, J=7.9Hz, CH2- 

C=N), 2.84 (t of d, 2H, Jt=7.4Hz, Jd=2.4Hz, CH2-C=C), 7.22 (t, 1H, J=2.4Hz, 

C=CHPh), 7.53 (d, 2H, J=8.4Hz, aromatic protons), 8.22ppm (d, 2H, J=8.4Hz, 

aromatic protons) and 8.99ppm (broad s, 1H, OH).

13C-NMR: 6 22.45, 27.01, 31.76 (cyclopentane ring saturated carbons), 121.00, 

123.76, 129.66, 141.34, 143.55, 147.45 (aromatic and vinylic carbons) and 

163.30ppm (C=N).

Found: C, 62.07; H, 5.43; N, 11.94. C12H12N203 requires: C, 62.06; H, 5.21; N, 

12.06%.

3.16.3 Preparation of 2-(o-Chlorobenzvlidene)cvclopentanone Oxime 

(324c)

2-(o-Chlorobenzylidene)cyclopentanone oxime (324c) was prepared 

from 2-(o-chlorobenzylidene)cyclopentanone (322c) yielding red-brown crystals 

of (324c), (3.8g, 70%), melting range 176-178°C (decomp.).

IR (KBr pellet): 3200 (broad, OH), 3050, 2880 (aromatic and aliphatic CH), 

1613 (C=N), 1589, 1564, 1465, 1435, 1419, 1305, 1292, 1280, 1257, 1221, 

1200, 1131, 1047, 1034, 937, 856, 845, 826, 784, 754, 732 and 684cm-1.
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1H-NMR: 8 1.86 (qn, 2H, J= 7.5Hz, CH2-CH2-CH2), 2.70 (m, 4H, CH2-C=N and 

CH2-C=C), 7.23 (m, 2H, aromatic protons), 7.41 (m, 3H, C=CHPh and aromatic

protons), and 8.35ppm (broad s, 1H, OH).

13C-NMR: 8 22.49, 27.09, 31.36 (cyclopentanone ring saturated carbons),

119.54, 126.33, 128.55, 129.58, 129.87, 134.15, 135.16, 138.92 (aromatic and 

vinylic carbons) and 163.21 ppm (C=N).

Found: C, 65.28; H, 5.43; N, 6.05%. C12H12NOCI requires: C, 65.02; H, 5.46; 

N, 6.32%.

3.16.4 Preparation of 2-(p-Chlorobenzylidene)cvclopentanone Oxime 

(324d)

2-(p-Chlorobenzylidene)cyclopentanone oxime (324d) was prepared 

from 2-(p-chlorobenzylidene)cyclopentanone (322d), yielding off-white crystals 

of (324d), (3.4g, 63%), melting range 117-120°C (decomp.).

IR (KBr pellet): 3350 (broad, OH), 3090, 2980 (aromatic and aliphatic CH), 

1653 (C=N), 1587, 1489, 1422, 1405, 1305, 1278, 1259, 1090, 1052, 1010, 

944, 929, 894, 873, 817 and 674cm-1.

1H-NMR: 8 1.89 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.68 (t, 2H, J=7.6Hz, CH2- 

C=N), 2.77 (t of d, 2H, Jt=7.4Hz, Jd=2.7Hz, CH2-C=C), 7.13 (t, 1H, J=2.7Hz, 

C=CHPh), 7.32 (s, 4H, aromatic protons) and 9.45ppm (broad s, 1H, OH).

13C-NMR: 8 22.45, 27.10, 31.45 (cyclopentane ring saturated carbons), 122.05,

128.55, 130.46, 130.76, 133.10, 135.49, 137.21 (aromatic and vinylic carbons) 

and 163.62ppm (C=N).
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Found: C, 64.93; H, 5.49; N, 6.08%. C 12H12NOCI requires: C, 65.02; H, 5.46; 

N, 6.32%.

3.16.5 Preparation of 2-(o-Methoxvbenzvlidene)cyclopentanone Oxime 

(324e)

2-(o-Methoxybenzylidene)cyclopentanone oxime (324e) was prepared 

from 2-(o-methoxybenzylidene)cyclopentanone (322e), yielding light brown 

crystals of (324e), (3.8g, 70%), melting range 130-132°C (decomp.).

IR (KBr pellet): 3200 (broad, OH), 3000, 2950 (aromatic and aliphatic CH), 

1597 (C=N), 1487, 1463, 1434, 1421, 1355, 1297, 1288, 1263, 1246, 12 2 1 , 

1198, 1164, 1136, 1111, 1046, 1027, 933, 888, 869, 851, 841, 832, 779, 750 

and 698cm-1.

1H-NMR: 6 1.83 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.66 (t, 2H, J=7.6Hz, CH2- 

C=N), 2.72, (t of d, 2H, Jt=7.1Hz, Jd=2.4Hz, CH2-C=C), 6.87 (d, 1H, J=8.4Hz, 

aromatic proton), 6.94 (t, 1H, J=7.9Hz, aromatic proton), 7.25, (t, 1H, J=7.9Hz, 

aromatic proton), 7.35 (d, 1H, J=7.4Hz, aromatic proton), 7.44 (t, 1H, J=2.4Hz, 

C=CHPh) and 9.15ppm (broad s, 1H, OH).

13C-NMR: 6 22.49, 27.15, 31.52 (cyclopentane ring saturated carbons), 55.43 

(MeO), 110.32, 118.00, 120.03, 126.13, 128.85, 129.48, 136.72, 157.59 

(aromatic and vinylic carbons) and 163.51 ppm (C=N).

Found: C, 72.13; H, 7.09; N, 6.28%. C13H15NO requires: C, 71.87; H, 6.96; N, 

6.45%.
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3.16.6 Preparation of 2-(p-Methoxvbenzvlidene)cvclopentanone Oxime

(324f)

2-(p-Methoxybenzylidene)cyclopentanone oxime (324f) was prepared 

from 2 -(p-methoxybenzylidene)cyclopentanone (322f), yielding light brown 

crystals of (324f), (3.8g, 71%), melting range 154-156°C.

IR (KBr pellet): 3238 (broad, OH), 3025, 2979 , 2953, 2922 (aromatic and 

aliphatic CH), 1598 (C=N), 1509, 1461, 1423, 1298, 1251, 1199, 1171, 1112, 

1030, 934, 884, 870, 823, 764, 750, 721, 697 and 634cm-1.

1H-NMR: 5 1.88 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.67 (t, 2H, J=7.6Hz, CH2- 

C=N), 2.78 (t of d, 2H, Jt=7.4 Hz, Jd=2.6Hz, CH2-C=C), 3.82 (s, 3H, OMe), 6.89 

(d, 2H, J=7.9Hz, aromatic protons), 7.14 (t, 1H, J=2.6, C=CHPh), 7.36 (d, 2H, 

J=7.9Hz, aromatic protons) and 8.45ppm (broad s, 1H, OH).

13C-NMR: 5 22.04, 26.60, 30.91 (cyclopentane ring saturated carbons), 54.82 

(MeO), 113.38, 122.35, 129.44, 130.25, 133.92, 158.47 (aromatic and vinylic 

carbons) and 163.51 ppm (C=N).

Found: C, 72.03; H, 6.96; N, 6.54%. C13H15NO requires: C, 71.87; H, 6.96; N, 

6.45%.

3.16.7 Preparation of 2-(0“Methvlbenzvlidene)cyclopentanone Oxime 

(324g)

2-(o-Methylbenzylidene)cyclopentanone oxime (324g) was prepared 

from 2-(o-methylbenzylidene)cyclopentanone (322g), yielding light brown 

crystals of (324g) (3.6g, 67%), melting range 74-76°C.
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IR (KBr pellet): 3200 (broad, OH), 3025, 2940 (aromatic and aliphatic CH), 

1614 (C=N), 1598, 1481, 1459, 1434, 1420, 1392, 1377, 1353, 1287, 1261, 

1217, 1045, 1030, 935, 888, 848, 788, 749, 721 and 692cm-1

1H-NMR: 6 1.77 (qn, 2H, J=7.4Hz, CH2-CH2-CH2), 2.30 (s, 3H, Me), 2.63 (m, 

4H, CH2-C=N and CH2-C=C), 7.13 (m, 3H, C=CHPh and aromatic protons), 

7.27 (m, 2H, aromatic protons) and 9.41 ppm (broad s, 1H, C=NOH).

13C-NMR: S 19.54, 22.06, 26.92, 30.97 (Me and cyclopentanone ring saturated 

carbons), 120.93, 125.05, 127.07, 128.11, 129.62, 135.54, 136.63, 136.89 

(aromatic and vinylic carbons) and 163.19ppm (C=N).

Found: C, 77.46; H, 7.54; N, 6.88%. C13H15NO requires: C, 77.58; H, 7.51; N, 

6.96%.

3.16.8 Preparation of 2-(p-Methy[benzylidene)cvclopentanone Oxime 

(324h)

2-(p-Methylbenzylidene)cyclopentanone oxime (324h) was prepared 

from 2-(p-methylbenzylidene)cyclopentanone (322h), yielding yellow crystals of 

(324h), (3.6g, 67%), melting range 132-134°C (decomp.) (lit.235, 139-140°C).

IR (KBr pellet): 3250 (broad, OH), 3090, 2960 (aromatic and aliphatic CH), 

1601 (C=N), 1563, 1453, 1428, 1381, 1359, 1311, 1288, 1262, 1178, 1050, 

1021, 936, 891, 846, 805, 747 and 713cm-1.

175



1H-NMR: 5 1.87 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.35 (s, 3H, Me), 2.67 (t, 

2H, J=7.6Hz, CH2-C=N), 2.79 (t of d, 2H, Jt=7.1Hz, Jd=2.6Hz, CH2-C=C), 7.12 

(m, 3H, C=CHPh and aromatic) 7.31 (d, 2H, J=8.4Hz, aromatic protons) and 

9.14ppm (broad s, 1H, OH).

13C-NMR: 5 20.83, 22.05, 26.64, 31.02 (Me and cyclopentanone ring saturated 

carbons), 122.75, 128.64, 128.84, 133.84, 135.21, 136.92 (aromatic and vinylic 

carbons) and 163.42ppm (C=N).

Found: C, 77.87; H, 7.63; N, 6.66%. C13H15NO requires: C, 77.58; H, 7.51; N, 

6.96%.

3.16.9 Preparation of 2-(1-Naphthvlidene)cvclopentanone Qxime (324i)

2-(1-Naphthylidene)cyclopentanone oxime (324i) was prepared from 

2-(1-naphthylidene)cyclopentanone (322i), yielding off-white crystals of (324i), 

(4.3g, 80%), melting range 134-136°C (decomp.).

IR (KBr pellet): 3240 (broad, OH), 3050, 2925 (aromatic and aliphatic CH), 

1609 (C=N), 1509, 1420, 1395, 1333, 1291, 1275, 1249, 1237, 1047, 936, 884, 

860, 797, 770, 722 and 618cm-1.

1H-NMR: 5 1.81 (qn, 2H, J=7.4Hz, CH2-CH2-CH2), 2.70 (t of d, 2H, Jt=7.4Hz, 

Jd=2.5Hz, CH2-C=C), 2.74 (t, 2H, J=7.4Hz, CH2-C=N), 7.47 (m, 4H, aromatic 

protons), 7.77 (m, 1H, aromatic proton), 7.84 (m, 1H, aromatic proton), 7.85 (t, 

1H, J=2.4Hz, O C H P h ), 8.13 (m, 1H, aromatic proton) and 9.70ppm (broad s, 

1H, OH).
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13C-NMR: 8 22.46, 25.58, 31.69 (cyclopentane ring saturated carbons), 120.52,

124.52, 124.13, 125.85, 126.11, 126.49, 128.01, 128.43, 131.97, 133.48,

134.03, 138.19 (aromatic and vinylic carbons) and 163.44ppm (C=N).

Found: C, 80.94; H, 6.40; N, 5.79%. C16H15NO requires: C, 80.98; H, 6.37; N, 

5.90%.

3.16.10 Preparation of 2-Furvlidenecyclopentanone Oxime (324j)

2-Furylidenecyclopentanone oxime (324j) was prepared following the 

general procedure described, with the exception that only 3.0g of furylidene- 

cyclopentanone (322j) were used, yielding yellow crystals of (324j), (2.5g, 

75.1%), melting range 116-117°C (lit.236, 116-117°C).

IR (KBr pellet): 3220 (broad, OH), 3066, 3033, 2951, 2931 (aromatic and 

aliphatic CH), 1661, 1609, 1549, 1482, 1462, 1421, 1390, 1292, 1271, 1256, 

1241, 1205, 1053, 1043, 1019, 949, 938, 927, 883, 875, 867, 812, 735 and 

694cm-1.

1H-NMR: 5 1.90 (qn, 2H, J=7.6Hz, CH2-CH2-CH2), 2.68 (t, 2H, J=7.6Hz, CH2- 

C=N), 2.84 (t of d, 2H, Jt=7.4Hz, Jd=2.5Hz, CH2-C=C), 6.38 (d, 1H, J=3.4Hz, 

fury I H-3), 6.44 (d of d, 1H, J(d)=3.4Hz, J(d)=1.5Hz, furyl H-4), 7.02 (t, 2H, 

J=2.5Hz, C=CH-furyl), 7.44 (d, 1H, J=1.5Hz, furyl H-5), 9.75 (broad s, 1H, OH).

13C-NMR: 5 21.85 (cyclopentane ring saturated carbons), 110.80, 111.10, 

111.63, 134.03, 142.51, 153.03 (aromatic and vinylic carbons) and 163.26ppm 

(C=N).
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3.16.11 Preparation of 2-Benzvlidenecvclohexanone Oxime (283)

2-Benzyl idenecyclohexanone oxime (283) was prepared from 

2-benzylidenecyclohexanone (322k), following the same procedure as that for 

arylidenecyclopentanone oximes, yielding off white crystals of (283), (3.50g, 

64.8%), melting range 126-127°C (lit.192, 126°C).

IR (KBr pellet): 3220 (broad, OH), 3075, 2940 (aromatic and aliphatic CH), 

1598 (C=N), 1488, 1445, 1332, 1319, 1297, 1241, 1155, 1090, 982, 967, 957, 

920, 909, 890, 865, 820, 765, 736, 697 and 675cm-1.

1H-NMR: 8 1.63 (m, 2H, CH2-CHr CH2), 1.72 (m, 2H, CH2-CH2-CH2), 2.65 (m, 

4H, CH2-C=N and CH2-C=C), 6.89 (s, 1H, aromatic proton), 7.29 (m, 5H,

aromatic and vinylic protons) and 9.70ppm (broad s, 1H, OH).

13C-NMR: 6 23.34, 24.96, 25.02, 29.00 (saturated carbons), 127.11, 127.36,

128.08, 129.68, 135.00, 136.82 (aromatic and vinylic carbons) and 160.30ppm 

(C=N).
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3.17 General Procedure for the Preparation of Arylidenecycloalkanone

Oxime-O-Methyl Ethers (310M320)

The desired benzylidenecycloalkanone oxime (2g) was dissolved in 

acetone (50cm3), in a 250cm3 three necked round bottom flask fitted with a 

reflux condenser and two 25cm3 dropping funnels. A solution containing 

dimethyl sulphate (5cm3) and acetone (20cm3) was placed in one dropping 

funnel and 40% w/v aqueus sodium hydroxide (12cm3) solution was placed in 

the other. The two solutions were then added simultaneously, slowly, dropwise 

with stirring to the oxime solution and the resulting solution was then heated 

under reflux. The reaction was followed by TLC using a mobile phase of light 

petroleum / ethyl acetate (90:10) until all the oxime had been used up (approx. 

one hour). A further 10cm3 of the 40% sodium hydroxide solution were then 

added to the reaction mixture to remove any unreacted dimethyl sulphate, and 

the acetone was removed by rotary evaporation. Diethyl ether (50cm3) was 

added to the reaction mixture and this was then transferred to a 100cm3 

separating funnel and the aqueus layer was run off. The etheral layer was then 

washed with dil. hydrochloric acid (2x50cm3) and water (2x50cm3), dried over 

anhydrous magnesium sulphate and the ether was removed by rotary 

evaporation. A 90:10 mixture of light petroleum / ethyl acetate (100cm3) was 

added to the resulting oil, this solution was passed through a sintered glass 

crucible covered with a small layer of silica gel to remove impurities and the 

light petroleum / ethyl acetate was removed by rotary evaporation, yielding an 

oil which solidified on cooling. The oxime ethers prepared were recystalised 

from methanol.
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3.17.1 Preparartion of 2-(o-Nitrobenzvlidene)cvclopentanone Oxime 0-

Methvl Ether (310)

2-(o-Nitrobenzylidene)cyclopentanone oxime 0-methyl ether (310) was 

prepared from 2-(o-nitrobenzylidene)cyclopentanone oxime (324a), yielding 

white crystals of (310), (1.3g, 62%) melting range 82-84°C.

IR (KBr pellet): 3260, 3220, 2975, 2905, 2840 (aromatic and aliphatic CH), 

1645 (C=N), 1595, 1575, 1485, 1462, 1434, 1359, 1301, 1267, 1243, 1186, 

1174, 1161, 1112, 1049, 1031, 937, 923, 886, 844, 778, 750 and 700cm-1.

1H-NMR: 5 1.82 (t, 2H, J=7.3Hz, CH2-CH2-CH2), 2.59 (m, 4H, CH2-C=N and 

CH2-C=C), 3.98 (s, 3H, C=NOCH3), 7.43 (m, 3H, C=CHPh and aromatic 

protons), 7.58 (m, 1H, aromatic proton) and 7.97ppm (m, 2H, aromatic proton).

13C-NMR: 6 22.56, 27.60, 31.22 (cyclopenatane ring saturated carbons), 62.29 

(O N O C H 3), 117.93, 124.69, 127.98, 131.05, 132.50, 132.67, 140.51, 148.51

(aromatic and vinylic protons) and 161.06ppm (C=N).

UV (methanol): ?Lmax 272nm (s=13,727), 220nm (s=5,874).

Found: C, 63.13; H, 5.72; N, 11.08%. C13H14N20 3 requires: C, 63.40; H, 5.73; 

N, 11.38%.

3.17.2 Preparartion of 2-(p-Nitrobenzvlidene)cvclopentanone Oxime O- 

Methvl Ether (311)

2-(p-Nitrobenzylidene)cyclopentanone oxime O-methyl ether (311) was 

prepared from 2g of 2-(p-nitrobenzylidene)cyclopentanone oxime (324b), 

yielding yellow crystals of (311), (1.2g, 58%) melting range 122-124°C.
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IR (KBr pellet), 3190, 2980, 2925 (aromatic and aliphatic CH), 1594 (C=N), 

1582, 1513, 1460, 1436, 1422, 1337, 1303, 1269, 1224, 1181, 1118, 1109, 

1039, 902, 889, 871, 847, 831, 815, 751, 711, 687 and 662cm-1.

1H-NMR: 5 1.90 (qn, 2H, J=7.3Hz, CH2-CH2-CH2), 2.59 (t, 2H, J=7.7Hz, 

CH2-C=N), 2.80 (t of d, 2H, J(t)=7.2Hz, J(d)=2.5Hz, CH2-C=C), 3.99 (s, 3H, 

C=NOCH3), 7.26, (t, 1H, J=2.5Hz, C=CHPh), 7.53 (d, 2H, J=8.4Hz, aromatic 

protons) and 8.19ppm (d, 2H, J=8.4Hz, aromatic protons).

13C-NMR: 5 22.45, 27.21, 31.51 (cyclopentane ring saturated carbons), 62.19 

(C=NOCH3), 120.39, 123.59, 129.43, 141.42, 143.66, 146.11 (aromatic and

vinylic carbons) and 1 6 1 55ppm (C=N).

UV (methanol): Xmax 346nm (s=20,182), 268nm (s=8,801), 206nm (b=12,013).

Found: C, 63.16; H, 5.71; N, 11.10%. C13H14N20 3 requires: C, 63.40; H, 5.73; 

N, 11.38%.

3.17.3 Preparation of 2(o-Chlorobenzylidene)cvclopentanone Qxime O- 

Methvl Ether (312)

2-(o-Chlorobenzylidene)cyclopentanone oxime O-methyl ether (312) was 

prepared from 2-(o-chlorobenzylidene)cyclopentanone oxime (324c), yielding 

(312), a colourless oil, (0.8g, 36%) boiling range 75-79 °C (1mmHg).

IR (thin film): 2970, 2940, 2885 (aromatic and aliphatic CH), 1632 (C=N), 1591, 

1468, 1437, 1400, 1351,1298, 1183, 1052, 891, 852, 754, 734 and 686cm-1.
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1H-NMR: 5 1.82 (qn, 2H, J=7.6Hz, CH2-CH2-CH2), 2.58 (t, 2H, J=7.6Hz, 

CH2-C=N), 2.67 (t of d, 2H, Jt=7.5Hz, Jd=2.5Hz, CH2-C=C), 3.95 (s, 3H, 

C=NOCH3), 7.21 (m, 2H, aromatic protons) and 7.40ppm (m, 3H, C=CHPh and

aromatic protons).

13C-NMR: 5 22.58, 27.47, 31.29 (cyclopentane ring sat. carbons), 62.17 

(C=NOCH3), 119.34, 126.29, 128.44, 129.54, 129.94, 134.38, 135.32, 139.12

(aromatic and vinylic carbons) and 161.73ppm (C=N).

UV (methanol): ^max 298nm (s=16,108), 230nm (s=9,690), 208m (s=12,689).

Found: C, 66.09; H, 5.95; N, 5.77%. C13H14CINO requires: C, 66.24; H, 5.99; 

N, 5.94%.

3.17.4 Preparation of 2-(p-Chlorobenzvlidene)cvclopentanone Oxime O- 

Methvl Ether (313)

2-(p-Chlorobenzylidene)cyclopentanone oxime O-methyl ether (313) was 

prepared from 2-(p-chlorobenzylidene)cyclopentanone oxime (324d), yielding 

white crystals of (313), (1.2g, 55%) melting range 50-51 °C.

IR (KBr pellet): 3020, 2980, 2965, 2815 (aromatic and aliphatic CH), 1643 

(C=N), 1590, 1489, 1461, 1433, 1417, 1404, 1304, 1290, 1276, 1265, 1219, 

1181, 1125, 1104, 1091, 1047, 1009, 968, 962, 950, 924, 897, 867, 848, 825, 

721, and 678cm-1.
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1H-NMR: 6 1.85 (qn, 2H, J=7.3Hz, CH2-CH2-CH2), 2.57 (t, 2H, J=7.6Hz, 

CH2-C=N), 2.73 (t of d, 2H, J(t)=7.3Hz, J(d)=2.4Hz, CH2-C=C), 3.97 (s, 3H, 

C=NOCH3), 7.16 (t, 2H, J=2.4Hz, C=CHPh) and 7.31 ppm (m, 4H, aromatic

protons).

13C-NMR: 5 22.64, 26.94, 27.44 (cyclopentane ring saturated carbons), 62.14 

(C=NOCH3), 121.56, 128.57, 130.44, 132.98, 135.70, 137.47 (aromatic and

vinylic carbons) and 162.27ppm (C=N).

UV (methanol): Xmax 306nm (6=28,070), 228nm (s=9,607).

Found: C, 66.17; H, 6.03; N, 5.83%. C 13H14CINO requires: C, 66.24; H, 5.99; 

N, 5.94%.

3.17.5 Preparation of 2-(o-Methoxvbenzvlidene)cyclopentanone Oxime O- 

Methvl Ether (314)

2-(o-Methoxybenzylidene)cyclopentanone oxime O-methyl ether (314) 

was prepared from 2-(o-methoxybenzylidene)cyclopentanone oxime (324e), 

yielding white crystals of (314), (1.4g, 65%) melting range 62-64°C.

IR (KBr pellet): 3050, 2950, 2900, 2825 (aromatic and aliphatic CH), 1645 

(C=N), 1592, 1575, 1486, 1461, 1435, 1423, 1354, 1300, 1290, 1240, 1186, 

1166, 1128, 1111, 1048, 1027, 942, 925, 886, 851, 829, 779, 766, 737, 696 

and 609cm-1.
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1H-NMR: 5 1.63 (qn, 2 H, J=7.3Hz, CH2-CH2-CH2), 2.40 (t, 2H, J=7.6Hz, CH2- 

C=N), 2.54 (t of d, 2H, Jt=7.3Hz, Jd=2.4Hz, CH2-C=N), 3.98, (s, 3H, ArOCH3),

4.10 (s, 3H, C=NOCH3), 6.71 (d, 1H, J=8.1Hz, aromatic proton), 6.77 (t, 1H, 

J=7.4Hz, aromatic proton), 7.08 (m, 1H, aromatic proton), 7.18 (m, 1H, aromatic 

proton) and 7.31 ppm (t, 1H, J=2.4Hz, C=CHPh).

13C-NMR: 5 22.72, 27.60, 31.52 (cyclopentane ring saturated carbons), 55.49 

(PhOCH3), 62.08 (C=NOCH3), 110.37, 117.73, 120.11, 126.32, 128.82, 129.55,

136.99, 157.67 (aromatic and vinylic carbons) and 162.43ppm (C=N).

UV (methanol): Xmax318nm (s=17,000), 230nm (s12,276), 206nm (s=17,710).

Found: C, 72.41; H, 7.39; N, 5.84%. C14H17NO requires: C, 72.70; H, 7.41; N,

6.06.

3.17.6 Preparation of 2-(p-Methoxvbenzvlidene)cyclopentanone Oxime Q- 

Methyl Ether (315)

2-(p-Methoxybenzylidene)cyclopentanone oxime O-methyl ether (315) 

was prepared from 2-(p-methoxybenzylidene)cyclopentanone oxime (324f), 

yielding white crystals of (315), (1.3g, 59%) melting range 93-94°C.

IR (KBr): 3000, 2960, 2905, 2840 (aromatic and aliphatic CH), 1648 (C=N), 

1605, 1569, 1511, 1463, 1437, 1417, 1300, 1254, 1176, 1114, 1046, 1028, 

958, 945, 925, 900, 889, 850, 828, 755, 723 and 705cm-1.
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1H-NMR: 5 1.85 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.57 (t, 2H, J=7.5Hz, CH2- 

C=N), 2.75 (t of d, 2H, Jt=7.2Hz, Jd=2.0Hz, CH2-C=C), 3.84 (s, 3H, ArOCH3), 

3.99 (s, 3H, C=NOCH3), 6.90 (d, 2H, J=8.5Hz, aromatic protons), 7.19 (t, 1H,

J=2.0Hz, C=CHPh) and 7.38ppm (d, 2H, J=8.5Hz, aromatic protons).

13C-NMR: 8 22.68, 27.50, 31.30 (cyclopentane ring saturated carbons), 55.31 

(PhOCH3), 62.00 (C=NOCH3), 113.86, 122.49, 130.06, 130.71, 134.52, 158.89

(aromatic and vinylic carbons) and 162.82ppm (C=N).

UV (methanol): Xmax314nrn (s=27,014), 224nm (s=11,006), 202nm (s=23,084).

Found: C, 72.42; H, 7.42; N, 5.87%. C14H17NO requires: C, 72.70;H, 7.41; N, 

6.06%.

3.17.7 Preparation of 2-(o-Methvlbenzvlidene)cyclopentanone Oxime Q- 

Methvl Ether (316)

2-(o-Methylbenzylidene)cyclopentanone oxime O-methyl ether (316) was 

prepared from 2-(o-methylbenzylidene)cyclopentanone oxime (324g) yielding 

white crystals of (316), (1.4g, 67%) melting range 45-47°C.

IR (KBr pellet): 3040, 2950, 2900 (aromatic and aliphatic CH), 1646 (C=N), 

1482, 1460, 1437, 1424, 1382, 1297, 1289, 1266, 1220, 1176, 1044, 1010, 

990, 952, 921, 891, 865, 850, 831, 792, 752, 745, 724 and 692cm-1.

1H-NMR: 5 1.81 (qn, 2H, J=7.6Hz, CH2-CH2-CH2), 2.41, (s, 3H, Me), 2.61 (t, 

2H, J=7.6Hz, CH2-C=N), 2.69 (t of d, 2H, Jt=7.3Hz, Jd=2.3Hz, CH2-C=N), 4.02 

(s, 3H, OMe), 7.21 (m, 3H, aromatic protons) and 7.35ppm (m, 2H, C=CHPh 

and aromatic proton).
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13C-NMR: 5 19.94, 22.48, 27.47, 31.17 (PhCH3 and cyclopentane ring sat. 

carbons), 61.85 (C=NOCH3), 120.89, 125.31, 127.26, 128.21, 129.86, 135.96,

137.06, 137.18 (aromatic and vinylic carbons) and 162.02ppm (C=N).

UV (methanol): A,max 299nm (s=18,300), 226nm, (s=8,446).

Found: C, 77.75; H, 7.90; N, 6.17%. C14H17NO requires: C, 78.10;H, 7.96; N, 

6.51%.

3.17.8 Preparation of 2-(p-Methylbenzvlidene)cyclopentanone Oxime O- 

Methvl Ether (317)

2-(p-Methylbenzylidene)cyclopentanone oxime O-methyl ether (317) was 

prepared from 2 -(p-methylbenzylidene)cyclopentanone oxime (324h) yielding 

white crystals of (317), (1.34g, 63%) melting range 63-65°C.

IR (KBr pellet): 3060, 2940, 2825 (aromatic and aliphatic CH), 1645 (C=N), 

1608, 1512, 1467, 1436, 1424, 1316, 1292, 1268, 1220, 1181, 1127, 1053, 

952, 927, 904, 884, 847, 813, 759, 718 and 704cm-1.

1H-NMR: 5 1.86 (qn, 2H, J=7.2Hz, CH2-CH2-CH2), 2.37 (s, 3H, PhCH3), 2.59 (t, 

2H, J=7.5Hz, CH2C=N), 2.79 (t of d, 2H, Jt=7.2Hz, Jd=2.6Hz, CH2-C=C), 4.00 

(s, 3H, C=NOCH3), 7.19 (d, 2H, J -7 .8Hz, aromatic protons), 7.23 (t, 1H, 

J=2.6Hz, C=CHPh) and 7.33ppm (d, 2H, J=7.8Hz, aromatic proton).

13C-NMR: 5 21.38, 22.73, 27.55, 31.46 (PhCH3 and cyclopentane ring 

saturated carbons), 62.09 (C=NOCH3), 122.88, 129.18, 129.34, 134.48, 

135.88, 137.36 (aromatic and vinylic carbons) and 162.74ppm (C=N).
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UV (methanol): A,max 306nm (s=24,851), 230nm (s=5,116).

Found: C, 77.93; H, 7.96; N, 6.29%. C14H17NO requires: C, 78.10;H, 7.90; N, 

6.17%.

3.17.9 Preparation of 2-f1-Naphthvlidene)cvclopentanone Oxime O-Methyl 

Ether (318)

2-(1-Naphthylidene)cyclopentanone oxime O-methyl ether (318) was 

prepared from 2-(1-naphthylidene)cyclopentanone oxime (324i). 

Recrystallisation from methanol yielded yellow crystals of (318), (1.46g, 69%), 

melting range 109-111°C.

IR (KBr pellet): 3040, 2955, 2940, 2875, 2800 (aromatic and aliphatic CH), 

1648 (C=N), 1588, 1507, 1459, 1433, 1421, 1396, 1334, 1293, 1276, 1217, 

1186, 1167, 1046, 1012, 922, 915, 892, 863, 852, 801, 777, 751, 731 and 

623cm-1.

1H-NMR: 6 1.77 (qn, 2H, J=7.4Hz, CH2-CH2-CH2), 2.64 (m, 4H, CH2-C=N, and 

CH2-C=C), 4.02 (s, 3H, C=NOCH3), 7.48 (m, 4H, C=CHPh and aromatic

protons), 7.77 (m, 1H, aromatic proton), 7.84 (m, 2H, aromatic protons) and 

8,12 ppm (m, 1 H, aromatic proton).

13C-NMR: 6 22.57, 27.75, 31.54 (cyclopentane ring saturated carbons), 62.06 

(C=NOCH3), 119.82, 124.52, 125.14, 125.81, 126.00, 126.49, 127.88, 128.44,

131.93, 133.47, 134.16, 138.89 (aromatic and vinylic carbons) and 161.91 ppm

(C=N).

UV (methanol): Xmax 326nm (e=16,613), 230nm (s=26,372), 272nm (e=28,108).
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Found: C, 81.52; H, 6.87; N, 5.14%. C17H17NO requires: C, 81.24; H, 6.82; N, 

5.57%.

3.17.10 Preparation of 2-Furvlidenecvclopentanone Oxime O-Methvl Ether

(319)

2-furylidene cyclopentanone oxime O-methyl ether (319) was prepared 

from 2g of 2-furylidenecyclopentanone oxime (324j), yielding an oil which was 

purified by short path distallation under reduced pressure into a sample 

collection tube to give (319) a yellow oil (0.9g, 42%), boiling range 62-66°C  

(0.5 mm Hg).

IR (Thin film) 3095, 2955, 2940, 2895, 2810 (aromatic and aliphatic CH), 1650 

(C=N), 1556, 1485, 1465, 1437, 1424, 1299, 1271, 1257, 1183, 1151, 1141, 

1087, 1051, 1016, 940, 927, 884, 857, 796, 736 and 696cnr1.

1H-NMR: 5 1.84 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.55 (t, 2H, J=7.6Hz ,CH2- 

C=N), 2.79 (t of d, 2H, Jt=7.4Hz, Jd=2.8Hz, CH2-C=C), 3.88 (s, 3H, C=NOCH3),

6.36 (m, 1H, aromatic proton), 6.41 (m, 1H, aromatic proton), 7.02 (t, 1H, 

J=2.5Hz, C=CHPh) and 7.42ppm (m, 1H, aromatic proton).

13C-NMR: 6 22.07, 27.62, 31.02 (cyclopentane ring saturated carbons), 61.86 

(C=NOCH3), 110.28, 110.86, 111.63, 134.29, 142.46, 153.24 (aromatic and

vinylic carbons) and 161.82ppm (C=N).

UV (methanol): Xmax 320nm (s=30,601), 224nm (s=5,545).

Found: C, 69.23; H, 6.79; N, 7.33%. C11H13N 0 2 requires: C, 69.09; H, 6.85; N, 

7.32%.
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3.17.11 Preparation of 2-Benzvlidenecyclohexanone Oxime O-Methyl

Ether (320)

2-Benzylidenecyc!ohexanone oxime O-methyl ether (320) was prepared 

from 2-benzylidenecyclohexanone oxime (283), yielding an oil which was 

purified by short path distallation under reduced pressure into a sample 

collection tube. On cooling the distilled oil solidified to give (320), an off white, 

waxy solid (1.0g, 46%), melting range 23.5-25.5°C.

IR (KBr pellet): 3030, 3000, 2940, 2860, 2805 (aromatic and aliphatic CH), 

1684 (C=N), 1598, 1491, 1462, 1447, 1438, 1420, 1330, 1303, 1183, 1158, 

1071, 1048, 982, 942, 922, 883, 872, 820, 806, 767 and 698cm-1.

1H-NMR: 5 1.63 (m, 2H, cyclohexane ring protons), 1.69 (m, 2H, cyclohexane 

ring protons), 2.59 (t, 2H, J=6.6Hz, cyclohexane ring protons), 2.66 (t, 2H, 

J=6.2Hz, cyclohexane ring protons), 3.94 (s, 3H, C=NOCH3), 6.92 (s, 1H,

C=CHPh), 7.24 (m, 1H, aromatic proton) and 7.32ppm (m, 4H, aromatic 

protons).

13C-NMR: 5 23.39, 24.91, 25.62, 28.96 (cyclopentane ring saturated carbons), 

61.63 (C=NOCH3), 126.99, 127.43, 127.99, 129.69, 134.80, 136.86 (aromatic

and vinylic carbons) and 159.77 (C=N).

UV (methanol): Xmax 276nm (8=15,940), A,206nm (e=12,151).

Found: C, 78.28; H, 7.88; N, 6.75%. C14H17NO requires: C, 78.10; H, 7.96; N, 

6.51%.

189



3.18 Irradiation of 2-(o-Nitrobenzvlidene)cvclopentanone Oxime O-Methvl 

ether (310)

2-(o-Nitrobenzylidene)cyclopentanone oxime O-methyl ether (310) 

(217mg, 8.8x10-4moles) in methanol (300cm3) was irradiated under standard 

conditions, with the reaction being followed by TLC using a mobile phase of 

85:15 light petroleum/ethyl acetate. During irradiation a steadily increasing 

number of products were formed, in low concentrations with no large amount of 

any one product being noted. After 75 minutes irradiation the photolysis 

mixture contained a complex mixture of products. At this stage the irradiation 

was stopped and no attempt was made to isolate any of the products.

3.19 Irradiation of 2-(p-Nitrobenzvlidene)cyclopentanone Oxime 0-Methyl 

Ether(311)

2-(p-Nitorobenzylidene)cyclopentanone oxime O-methyl ether (311) 

(196mg, 8.0x10_4moles) in methanol (300cm3) was irradiated under standard 

conditions, with the reaction being followed by TLC using a mobile phase of 

85:15 light petroleum/ethyl acetate. As had been seen with the o-nitro 

derivative (310), irradiation led to the formation of a steadily increasing number 

of products in the photolysis mixture with no appreciable amounts of any one 

component being formed. The photolysis was ceased after 60 minutes and no 

attempt was made to separate the components of the complex mixture.

3.20 Irradiation of 2-(o-Chlorobenzvlidene)cvclopentanone Oxime O- 

Methvl Ether (312)

2-(o-Chlorobenzylidene)cyclopentanone oxime O-methyl ether (312) 

(183mg, 7.8x10-4moles) in methanol (300cm3) was irradiated under standard 

conditions, the photolysis being followed by TLC using a mobile phase of 85:15 

light petroleum/ethyl acetate. Irradiation led to a steadily increasing number of
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products, with no appreciable amounts of any one photoproduct being noted. 

The irradiation was ceased after 1 hour and due to the complex nature of the 

photolysis mixture, no attempt was made to separate the products.

3.21 Irradiation of 2-(p-Chlorobenzvlidene)cyclopentanone Oxime O- 

Methvl Ether (313)

2-(p-Chlorobenzylidene)cyclopentanone oxime O-methyl ether (313) 

(209mg, 8.7x1 CHmoles) in 300cm3 of methanol was irradiated under standard 

conditions, with the reaction being followed by TLC using a mobile phase of 

85:15 light petroleum/ethyl acetate. As for the o-chloro derivative, irradiation 

led to the formation of a complex mixture of products and no attempt was made 

to separate the large number of components of the photolysis mixture.

3.22 Irradiation of 2-(o-Methoxvbenzvlidene)cyclopentanone Oxime O- 

Methvl Ether (314)

2-(o-Methoxybenzylidene)cyclopentanone oxime O-methyl ether (314) 

(239mg, 1x10_3moles) in methanol (300cm3) was irradiated under standard 

conditions, the photolysis being followed by TLC using a mobile phase of 90:10 

light petroleum ether/ethyl acetate. After a short irradiation time (30 minutes) 

three new spots were detected on TLC analysis, whilst after 1 hour of 

irradiation only one of these spots remained, formed at the expense of the 

starting material and the other initially formed products. The irradiation was 

ceased at this stage, the contents of the photolysis cell were transfered to a 

500cm3 round bottom flask and the methanol was removed by rotary 

evaporation yielding a dark coloured oil. The major photoproduct was 

separated from residual amounts of other products formed using a 1 mm 

chromatotron plate with a mobile phase of 90:10 light petroleum/ethyl acetate 

followed by recrystallisation from light petroleum b.p. 80-100°C, yielding, as a
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light brown solid, 8-methoxy-2,3-dihydro-1H-cyclopenta[b]quinoline (340) 

(98mg, 48%), melting range 76-77°C.

IR (KBr pellet): 3070, 2952, 2927, 2836 (aromatic and aliphatic CH), 1613, 

1573, 1473, 1433, 1399, 1367, 1311, 1259, 1219, 1193, 1119, 1065, 958, 911, 

878, 811 and 759cnr1.

1H-NMR: 5 2.21 (qn, 2H, J=7.6Hz, CH2-CH2-CH2), 3.09 (t, 2H, J=7.4Hz, CH2),

3.15 (t, 2H, J=7.6Hz, CH2), 3.99 (s, 3H, MeO), 6.81 (d, 1H, J=7.9Hz, aromatic

proton), 7.51 (t, 1H, J=8.1Hz, aromatic proton), 7.61 (d, 1H, J=8.4Hz, aromatic

proton) and 8.33ppm (s, 1H, aromatic proton).

13C-NMR: 8 23.61, 30.64, 34.62 (ring saturated carbons), 55.68 (OMe), 103.62,

119.56, 120.89, 125.06, 128.17, 134.76, 148.34, 155.07 and 168.05ppm 

(aromatic carbons).

UV (methanol): X,max 308nm (e=2,616), 248nm (s=21,937), 208nm (s=12,689).

Found: C, 78.29; H, 6.62; N, 6.85%. C13H13NO requires: C, 78.36; H, 6.58; N, 

7.03%.

3.23 Irradiation of 2-(p-Methoxvbenzvlidene)cvclopentanone Oxime O- 

Methvl Ether <315)

2-(p-Methoxybenzylidene)cyclopentanone oxime O-methyl ether (315) 

(222mg, 9.6x10'1 moles) in methanol (300cm3) was irradiated under standard 

conditions, the photolysis being followed by TLC using a mobile phase of 90:10 

light petroleum/ethyl acetate. During the first 30 minutes of irradiation, three 

new spots were seen to be formed on TLC, at the expense of the starting
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material, whilst over the next 30 minutes one of these spots became the major 

component of the photolysis mixture at the expense of the starting material and 

other initially formed products. The irradiation was ceased at this stage, the 

contents of the photolysis cell were transfered to a 500cm3 round bottom flask 

and the methanol was removed by rotary evaporation yielding a dark coloured 

oil. The major photoproduct was separated from the other minor components, 

using a 1mm chromatotron plate with a mobile phase of 90:10 light 

petroleum/ethyl acetate followed by recrystallisation from light petroleum b.p. 

80-100°C, yielding, as a brown solid, 6-methoxy-2,3-dihydro-1H- 

cyclopenta[b]quinoline (341) (110mg, 53%), melting range 58-60°C.

IR (KBr pellet): 3014, 2952, 2831 (aromatic and aliphatic CH), 1620, 1569, 

1499, 1467, 1450, 1411, 1379, 1369, 1301, 1278, 1262, 1227, 1201, 1168, 

1150, 1132, 1087, 1028, 961, 914, 876, 845, 814, 767 and 659cm'1.

1H-NMR: 5 2.20 (qn, 2H, J=7.5Hz, CH2CH2CH2), 3.06 (t, 2H, J=7.4Hz, CH2),

3.15 (t, 2H, J=7.6Hz, CH2), 3.93 (s, 3H, OMe), 7.12 (d of d, 1H, J(d)=8.8Hz, 

J(d)=2.2Hz, aromatic proton), 7.37 (d, 1H, J=2.2Hz, aromatic proton), 7.62 (d, 

1H, J=8.8Hz, aromatic proton) and 7.82ppm (s, 1H, aromatic proton).

13C-NMR: 5 23.58, 30.32, 34.59 (ring saturated carbons), 55.35 (OMe), 106.95, 

118.20, 122.34, 128.30, 130.23, 133.31, 148.98, 159.86 and 167.98ppm 

(aromatic carbons).

UV (methanol): Xmax 336nm (s=1,191), 236nm (s=8,433), 212nm (s=24,349).

Found: C, 78.27; H, 6.49; N, 7.13%. C 13H13NO requires: C, 78.36; H, 6.58; N, 

7.03%.
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3.24 Irradiation of 2-(o-Methvlbenzvlidene)cvclopentanone Oxime O-

Methvl Ether (316)

2-(o-Methylbenzylidene)cyclopentanone oxime O-methyl ether (316) 

(195mg, 9.1x10_4moles) in methanol (300cm3) was irradiated under standard 

conditions, the photolysis being followed by TLC using a mobile phase of 90:10 

pet ether/ethyl acetate. Two new spots were noted on TLC after a short period, 

whilst further irradiation led to the formation of a new spot which gradually 

became the major component of the photolysis mixture. After 3 hours the 

irradiation was ceased, the contents of the photolysis cell were transfered to a 

500cm3 round bottom flask and the methanol was removed by rotary 

evaporation yielding a dark coloured oil. The major photoproduct was purified 

by separation using a 1mm chromatotron plate with a mobile phase of 90:10 

light petroleum/ethyl acetate followed by recrystallisation from petroleum b.p. 

80-100°C, yielding, as a light yellow solid, 8-methyl-2,3-dihydro-1/-/- 

cyclopenta[b]quinoline (345) (58mg, 35%), melting range 64-65°C.

IR (KBr pellet): 3058, 2957, 2895, 2861, 2837 (aromatic and aliphatic CH), 

1609, 1572, 1494, 1455, 1424, 1399, 1374, 1364, 1311, 1229, 1203, 1152, 

1114, 1039, 970, 909, 892, 873, 810, 756, 695, 649 and 627crrr'*.

1H-NMR: 6 2.21 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.65 (s, 3H, Me), 3.11 (t, 

2H, J=7.4Hz, CH2), 3.16 (t, 2H, J=7.4Hz, CH2), 7.28 (d, 1H, J=7.4Hz, aromatic

proton), 7.50 (t, 1H, J=7.9Hz, aromatic proton), 7.87 (d, 1H, J=8.4Hz, aromatic 

proton) and 8.07ppm (s, 1H, aromatic proton).

13C-NMR: 5 18.83, 23.65, 30.72, 34.50 (saturated carbons), 126.12, 126.53, 

126.75, 126.89, 127.94, 133.98, 135.22, 147.68 and 167.23ppm (aromatic 

carbons).
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UV (methanol): Xmax 322nm (8=4,752), 240nm (s=29,793), 206nm (s=30,436).

Found: C, 85.35; H, 7.06; N, 7.38%. C13H 13N requires: C, 85.21; H, 7.15; N, 

7.64%.

3.25 Irradiation of 2-(p-Methvlbenzvlidene)cyclopentanone Oxime O- 

Methvl Ether (317)

2-(p-Methylbenzylidene)cyclopentanone oxime O-methyl ether (317) 

(212mg, 9.8x10"4moles) in methanol (300cm3) was irradiated under standard 

conditions, the photolysis being followed by TLC using a mobile phase of 90:10 

pet ether/ethyl acetate. Two new spots were noted on TLC after a short 

irradiation time (30 minutes). After further irradiation (1 hour), the formation of 

a third new spot was noted, with the gradual disappearance of the starting 

material and those products formed initially. Prolonged irradiation (3 hours) led 

to the almost complete disappearance of the starting material and products 

initially formed with the final product formed being the major component of the 

photolysis mixture. The irradiation was ceased at this stage, the contents of 

the photolysis cell were transfered to a 500cm3 round bottom flask and the 

methanol was removed by rotary evaporation yielding a dark coloured oil. The 

major photoproduct was purified by separation using a 1 mm chromatotron plate 

with a mobile phase of 90:10 light petroleum/ethyl acetate followed by 

recrystallisation from petroleum b.p. 80-100°C, yielding a light yellow solid, 6- 

methyl-2,3-dihydro-1/-/-cyclopenta[b]quinoline (346) (62mg, 37%), melting 

range 86-88°C.

IR (KBr pellet): 3032, 2948, 2924 (aromatic and aliphatic CH), 1626, 1566, 

1498, 1455, 1438, 1427, 1411, 1360, 1305, 1277, 1223, 1152, 1090, 1035, 

1009, 923, 881 and 808cm"1.
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1H-NMR: 6 2.20 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 2.54 (s, 3H, Me), 3.07 (t, 

2H, J=7.1Hz, CH2), 3.15 (t, 2H, J=7.6Hz, CH2), 7.30 (d, 1H, J=8.2Hz, aromatic 

proton), 7.63 (d, 1H, J=8.2Hz, aromatic proton), 7.79 (s, 1H, aromatic proton) 

and 7.85ppm (s, 1H, aromatic proton).

13C-NMR: 5 21.82, 23.66, 30.48, 34.63 (saturated carbons), 125.37, 127.07, 

127.70, 128.98, 130.15, 131.93, 134.73, 138.49 and 167.80ppm (aromatic 

carbons).

UV (methanol): A,max 326nm (s=3,605), 236nm (s=11,894), 210nm (s=18,998).

Found: C, 85.17; H, 7.09; N, 7.79%. C13H13N requires: C, 85.21; H, 7.15; N, 

7.64%.

3.26 Irradiation of 2-(1-Naphthvlidene)cvclopentanone Oxime O-Methyl 

Ether (318)

2-(1-Naphthylidene)cyclopentanone oxime O-methyl ether (318) (309mg 

1.2x10_3moles) in methanol (300cm3) was irradiated under standard conditions, 

the photolysis being followed by TLC using a mobile phase of 90:10 light 

petroleum/ethyl acetate. After irradiation for 15 minutes, three new spots had 

been formed on TLC at the expense of the starting material, whilst after a 

further 30 minutes of irradiation the starting material and all but one of the 

initially formed spots were only present in small quantities, the other 

photoproduct being the major component of the photolysis mixture. The 

photolysis was ceased at this stage, the contents of the photolysis cell were 

transfered to a 500cm3 round bottom flask and the methanol was removed by 

rotary evaporation yielding a dark coloured oil. The major photoproduct was 

separated using a 1mm chromatotron plate with a mobile phase of 90:10 light
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petroleum/ethyl acetate and recrystallised from petroleum b.p. 80-100°C, 

yielding brown solid, 9,10-dihydro-8/-/-cyclopenta[b]benzo[f]quinoline (347) by 

analysis (185mg, 68.8%), melting range 126-128°C.

IR (KBr pellet): 3058, 3038, 2955, 2929 (aromatic and aliphatic CH), 1612, 

1567, 1485, 1444, 1426, 1406, 1380, 1354, 1279, 1231, 1191, 1163, 1122, 

1029, 1006, 983, 946, 902, 877, 867, 838, 754, 746 and 699crrr1.

1H-NMR: 5 2.27 (qn, 2H, J=7.5Hz, CH2-CH2-CH2), 3.22 (m, 4H, ring protons), 

7.61 (t, 1H, J=7.4Hz, aromatic proton), 7.66 (t, 1H, J -7 .4Hz, aromatic proton),

7.92 (m, 3H, aromatic protons), 8.60 (d, 1H, J=7.8Hz, aromatic proton) and 

8.74ppm (s, 1H, aromatic proton).

13C-NMR: 5 23.66, 30.92, 34.47 (saturated carbons), 122.36, 123.99, 125.75, 

126.60, 126.69, 127.91, 128.61, 129.63, 129.82, 131.48, 135.82, 147.08 and 

147.08ppm (aromatic carbons).

UV (methanol): A,max 350nm (s=6,880), 334nm (s=5,780), 280nm (s=17,190), 

236nm (e=35,831).

Found: C, 87.84; H, 6.07; N, 6.12%. C16H13N requires: C, 87.64; H, 5.98; N, 

6.39%.

3.27 Irradiation of 2-Furylidenecyclopentanone Oxime O-Methvl Ether

(3191

2-Furylidenecyclopentanone oxime O-methyl ether (319) (214mg, 

1.1x10'3moles) in methanol (300cm3) was irradiated under standard conditions, 

the photolysis being followed by TLC using a mobile phase of 90:10 light
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petroleum/ethyl acetate. Three new spots were noted on TLC after a short 

period of irradiation (30 minutes), whilst further irradiation led to one of these 

products becoming the major component of the photolysis mixture. After 1.5 

hours the irradiation was ceased, the contents of the photolysis cell were 

transfered to a 500cm3 round bottom flask and the methanol was removed by 

rotary evaporation yielding a dark coloured oil. The major photoproduct was 

purified by separation using a 1 m m  chromatotron plate with a mobile phase of 

90:10 light petroleum/ethyl acetate followed by recrystallisation from petroleum 

b.p. 80-100°C, yielding an off white solid, 6,7-dihydro-5/-/-furo[3,2- 

b]cyclopenta[e]pyridine (349) (58mg, 45%), melting range 64-65°C.

IR (KBr pellet): 3118, 2898, 2847 (aromatic and aliphatic CH), 1575, 1531, 

1434, 1395, 1334, 1266, 1209, 1154, 1121, 1066, 1019, 913, 887, 872, 784 

and 743cm-1.

1H-NMR: 6 2.15 (qn, 2H, J=7.4Hz, C H 2-CH2-CH2), 2.97 (t, 2H, J=7.4Hz, C H 2),

3.02 (t, 2H, J=7.4Hz, C H 2), 6.84 (d, 1H, J=2.2Hz, aromatic proton), 7.51 (s, 1H, 

aromatic proton) and 7.70ppm (d, 1H, J=2.2Hz, aromatic proton).

13C-NMR: 5 24.14, 30.70, 33.65 (saturated carbons), 107.68, 114.64, 133.36, 

145.67, 147.31, 147.74 and 162.15ppm (aromatic carbons).

U V  (methanol): Xmax298nm (s=4,847), 238nm (s=1,678), 206nm (s=5,045).

Found: C, 75.59; H, 5.65; N, 8.57%. C 10H 9N O  requires: C, 75.45; H, 5.70; N, 

8.80%.
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3.28 Irradiation of 2-Benzylidenecyclohexanone Oxime 0-Methyl Ether

(320)

2-Benzylidenecyclohexanone Oxime O-methyl ether (320) (194mg 

9.0x10‘4moles) in methanol (300cm3) were photolysed under standard 

conditions, the reaction being followed by TLC using a mobile phase of 95:5 

light petroleum/ethyl acetate. After 15 minutes of irradiation three new spots 

had appeared on TLC analysis. On further irradiation one of these components 

became the major component of the photolysis mixture at the expense of the 

starting material and the other photoproducts initially formed. The photolysis 

was ceased after 45 minutes, the contents of the photolysis cell were 

transfered to a 500cm3 round bottom flask and the methanol was removed by 

rotary evaporation yielding a dark coloured oil. The major photoproduct was 

separated from the other minor components of the photolysis mixture using a 

1 m m  chromatotron plate with a mobile phase of 90:10 light petroleum/ethyl 

acetate. Recrystallisation from petroleum b.p. 80-100°C, yielded, as an off 

white solid, 1,2,3,4-tetrahydroacridine (289) (95mg, 57.6%), melting range 52- 

53°C (lit.229, 54.5°C).

IR (KBr pellet), 3055, 2940, 2875 (aromatic and aliphatic CH), 1623, 1600, 

1562, 1492, 1438, 1414, 1242, 1151, 1010, 966, 913, 846, 805, 778, 748 and 

614.4cm-1.

1H-NMR: 5 1.89 (m, 2H, C H 2), 1.99 (m, 2H, C H 2), 2.98 (t, 2H, J=6.1Hz, C H 2),

3.13 (t 2H, J=6.4Hz, C H 2), 7.43 (t, 1H, J=8.0Hz, aromatic proton), 7.60 (t, 1H, 

J=8.2Hz, aromatic proton), 7.69 (d, 1H, J=7.8Hz, aromatic proton), 7.80 (s, 1H, 

aromatic proton) and 7.97ppm (d, 1H, J=8.4Hz, aromatic proton).
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13C-NMR: 5 22.90, 23.23, 29.26, 33.56 (saturated carbons), 125.54, 126.89, 
127.19, 128.23, 128.51, 130.98, 135.02, 146.56 and 159.32ppm (aromatic 

carbons).

3.29 Preparation of 2-Diphenvlmethvlenecvclopentanone (351)

Bromobenzene (21cm3, 0.2moles) in dry diethyl ether (80cm3) was 

added dropwise with stirring to magnesium turnings (5.1 g, 0.2moles) and 

diethyl ether (20cm3) in a 250cm3 round bottom flask. After addition was 

complete the mixture was heated under reflux for 20 minutes and then 2,2- 

ethylenedioxycyclopentanonecarboxylate (353) (19.6g, 0.1 moles, prepared by 

condensation of 2-cyclopentanonecarboxylate (352) with ethylene glycol) in dry 

diethyl ether (45cm3) was slowly added, with stirring, and the resulting mixture 

was heated under reflux for a further 30 minutes. The reaction mixture was 

cooled and saturated aqueus ammonium chloride solution (120cm3) was 

added. The contents of the flask were then transferred to a separating funnel, 

the etheral layer was separated and the aqueus layer was washed with diethyl 

ether (2x50cm3). The etheral solutions were combined and the ether removed 

by rotary evaporation to yield a yellow oil. The oil was added to a mixture of 

methanol (50cm3), water (35cm3) and conc. hydrochloric acid (2.5cm3), and 

this mixture was then heated under reflux with vigorous stirring for 5 hours. 

The reaction mixture was allowed to cool. The yellow solid which crystallised 

from solution was filtered off and then recrystallised from methanol yielding 

yellow crystals of 2-diphenylmethylenecyclopentanone (351) (5.9g, 24%), 

melting range 115-116°C (lit., 115-116°C).

IR (KBr pellet): 3049, 3025, 2945, 2900 (aromatic and aliphatic CH), 1701 

(C=0), 1587, 1568, 1490, 1459, 1442, 1407, 1323, 1296, 1276, 1197, 1171, 

1074, 1056, 1031, 1007, 932, 838, 822, 771, 755, 701 and 608cm"1.
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1H-NMR: 5 1.91 (qn, 2H, J=7.2Hz, C H 2-CH2-CH2), 2.36 (t, 2H, J=7.5Hz, 

C H 2), 2.81 (t, 2H, J=7.0Hz, C H 2), 7.12 (m, 2H, aromatic protons), 7.28 (m, 2H, 

aromatic protons) and 7.31 ppm (m, 6H, aromatic protons).

13C-NMR: 6 20.50, 32.94, 39.78 (saturated carbons), 127.80, 127.96, 128.36, 

129.42, 129.60, 134.31, 140.12, 141.78, 148.27 (aromatic and olefinic carbons) 

and 206.56ppm (C=0).

3.30 Preparation of 2-Diphenvlmethvlenecvclopentanone Oxime (355)

2-Diphenylmethylenecyclopentanone (351) (5.0g, 0.02moles) was

dissolved in ethanol (50cm3) containing pyridine (5cm3) and hydroxylamine 

hydrochloride (5.0g, 0.07moles) in a 100cm3 round bottom flask. The mixture 

was heated under reflux for 1 hour, cooled and the ethanol was removed by 

rotary evaporation. Water (50cm3) was added to the flask and the mixture was 

allowed to stand. The oxime precipitated from solution and was removed by 

suction filtration. The product was washed with water, dried and recrystallised 

from methanol, yielding off white crystals of (355), (3.9g, 74%), melting range 

178-180°C.

IR (KBr pellet): 3200 (broad, OH), 3080, 2966, 2884 (aromatic and aliphatic 

CH), 1649 (C=N), 1598, 1575, 1488, 1442, 1421, 1317, 1296, 1239, 1215, 

1188, 1127, 946, 931, 897, 871, 846, 827, 769, 729, 701, 651 and 615cm-1.

1H-NMR: 5 1.72 (qn, 2H, J=7.3Hz, C H 2-CH2-CH2), 2.54 (m, 4H, C H 2-C=N and 

C H 2-C=C), 7.12 (m, 4H, aromatic protons), 7.24 (m, 6H, aromatic protons) and 

7.85ppm (broad s, 1H, C=NOH).
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13C-NMR: § 21.92, 27.77, 34.40 (saturated carbons), 126.84, 127.17, 127.75, 

128.14, 129.55, 133.97, 139.42, 142.15, 143.10 (aromatic and olefinic carbons) 

and 162.08ppm (C=N).

Found: C, 81.97; H, 6.61; N, 5.12%. C 18H 17N O  requires: C, 82.10; H, 6.51; N, 

5.32%.

3.31 Preparation of 2-Diphenvlmethvlenecvclopentanone Oxime O-Methvl 

Ether (3211

2-Diphenylmethylenecyclopentanone oxime (355) (3.0g, 0.011 moles) 

was dissolved in acetone (50cm3) in a 250cm3 round bottom flask fitted with a 

reflux condenser and two dropping funnels. 4 0 %  Aqueus sodium hydroxide 

solution (10cm3) was placed in one dropping funnel and dimethyl sulphate 

(4.5g, 0.036moles) in acetone (10cm3) were placed in the other. The two 

solutions were simultaneously added, slowly, with stirring, to the oxime solution 

and after addition was completed the reaction mixture was heated under reflux 

with continous stirring for 1 hour. The reaction mixture was cooled, the acetone 

was removed by rotary evaporation and water (50cm3) and diethyl ether 

(50cm3) were added to the flask. The contents of the flask were then 

transferred to a 250cm3 separating funnel and the etheral layer was removed. 

The aqueus layer was washed with ether (2x30cm3), the ether extracts were 

combined, dried over anhydrous magnesium sulphate and the ether was 

removed by rotary evaporation yielding a dark yellow oil. The oil was distilled 

using a micro distillation apparatus to yield 2- 

diphenylmethylenecyclopentanone oxime O-methyl ether (321) (1.2g, 38%) a 

yellow oil, boiling point 55-60°C (1 .Ombar).
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IR (Thin Film): 3095, 3065, 3040, 2965, 2940, 2895, 2845, 2810 (aromatic and 

aliphatic CH), 1632, 1599, 1492, 1464, 1443, 1423, 1256, 1221, 1179, 1076, 

1046, 885, 853, 763, 740, 698 and 650cm-1.

1H-NMR: 5 1.66 (qn, 2H, J=7.4Hz, C H 2-CH2-CH2), 2.47 (t, 2H, J=7.1Hz, C H 2), 

2.52 (t, 2H, J=7.3Hz, C H 2), 3.43 (s, 3H, C = N O C H 3), and 7.09-7.23ppm (m,

10H, aromatic protons).

13C-NMR: 8 22.10, 27.77, 33.91 (saturated carbons), 61.45 (CH3), 126.41, 

126.99, 127.55, 127.60, 129.40, 129.50, 134.04, 139.31, 142.37, 142.79 

(aromatic and olefinic carbons) and 160.65ppm (C=N).

U V  (methanol): Xmax 298nm (s=7,229), 2345nm (8=8,530), 206nm (e=12,621).

Found: C, 82.14; H, 6.95; N, 5.23%. C 19H 19N O  requires: C, 82.28; H, 6.90; N, 

5.05%.

3.32 Irradiation of 2-Diphenvlmethvlenecvclopentanone Oxime O-Methyl 

Ether(321)

2-Diphenylmethylenecyclopentanone oxime O-methyl ether (321) 

(250mg, 9.0x10~4moles) in methanol (300cm3) was irradiated under standard 

conditions, with the reaction being followed by TLC using a mobile phase of 

95:5 light petroleum/ethyl acetate. After 5 minutes formation of a new product 

was noted and after 10 minutes all of the oxime ether had been used up with 

only one photoproduct being formed. Prolonged irradiation led to a large 

number of photoproducts. A  second 250mg sample of the oxime ether was 

irradiated under the same conditions, with the reaction being stopped after 10
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minutes. The methanol was removed by rotary evaporation and the 

photoproduct was recrystallised from methanol to yielding 9-phenyl-2,3- 

dihydro-1/-/-cyclopenta[b]quinoline (356), an off white solid (160mg, 72%), 

melting range 132-134°C (lit.23!, 134-135°C).

IR (KBr pellet): 3058, 2965, 2917 (aromatic and aliphatic CH), 1608, 1589, 

1571, 1486, 1436, 1425, 1385, 1342, 1311, 1274, 1210, 1179, 1142, 1078, 

1026, 766, 724, 704, 668 and 612cm-1.

1H-NMR: 8 2.16 (qn, 2H, J=7.5Hz, C H 2-CH2-CH2), 2.90 (t, 2H, J=7.5Hz, ring 

C H 2), 3.24 (t, 2H, J=7.5Hz, ring C H 2), 7.36 (m, 3H, aromatic protons), 7.49 (m, 

3H, aromatic protons), 7.62 (m, 2H, aromatic protons) and 8.08ppm (d, 1H, 

J=8.4Hz, aromatic proton).

13C-NMR: 8 23.42, 30.22, 35.08 (saturated carbons), 125.39, 125.54, 126.09, 

127.88, 128.13, 128.39, 128.68, 129.18, 133.55, 136.62, 142.59, 147.81 

(aromatic carbons) and 167.31 (aromatic C=N).

3.33 Thermolysis of 2-Diphenvlmethvlenecyclopentanone Oxime O- 

Methvl Ether (321)

Methanol: 2-Diphenylmethylenecyclopentanone oxime O-methyl ether

(321) (50mg, 1.8x10-4moles) was dissolved in methanol (50cm3) and placed in 

a 100cm3 round bottom flask. The solution was heated under reflux for 10 

hours and TLC analysis was performed on the solution at hourly intervals. No 

formation of products was noted by TLC. After 10 hours the solution was 

cooled and the methanol was removed by rotary evaporation, yielding a solid 

An IR spectrum of the solid was recorded, which showed it to be recovered 

starting material by comparison of the IR to that of the oxime ether (321).
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Ethylene qlvcol: 2-Diphenylmethylenecyclopentanone oxime O-methyl 

ether (321) (50mg, 1.8x10~4moles) was dissolved in ethylene glycol (50cm3) 

and placed in a 100cm3 round bottom flask. The solution was heated under 

reflux for 10 hours and TLC analysis of the solution was taken at hourly 

intervals. No formation of products was noted by TLC. After 10 hours the 

solution was cooled and the etylene glycol was removed by vacuum distillation, 

yielding solid. An IR spectrum of the solid was recorded, which showed the 

solid to be recovered starting material by comparison of the spectrum with that 

of the oxime ether (321).
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