Quinoline synthesis: scope and regiochemistry of mhocyclisation of
substituted benzylidenecyclopentanon®-alkyl and O-acetyloximes.
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Irradiation of substituted 2-benzylidenecyclopema@O-alkyl andO-acetyloximes
in methanol provides a convenient synthesis of lalidkoxy, hydroxy, acetoxy,
amino, dimethylamino and benzo substituted anndlgténolines. para-

Substituents yield 6-substituted-2,3-dihydrd-tyclopentab]quinolines with 8- R
substituted products being obtained fromho-substituted starting materials. 0 //”
Reactions ofmeta-substituted precursors are highly regioselectwigh alkyl H\ ArcHO ) P
. . . . . . - ¥ — N r
substituents leading to 5-substituted 2,3-dihydrbelyclopentab]quinolines and § NH.OX — >
. . . . . — 2 hv NS
more strongly electron-donating substituents gdherasulting in 7-substituted )

products. 2-Furylmethylene and 2-thienylmethyl@analogues yield annulated

furo- and thieno-[2,8pyridines respectively. Sequentiil to Z- benzylidene
group isomerisation and sixelectron cyclisation steps result in formationaof

X = Alkyl, acetyl, H; Ar = Aryl; Heteroaryl
Redaioselective photocyclisation

short-lived dihydroquinoline intermediate which spaneously aromatises by
elimination of an alcohol or acetic acid. For 2-bglidenecyclopentanon®-

allyloxime, singlet excited states are involvedith steps.

Introduction

The quinoline nucleus is widely distributed in natwand is
chemistry and
agrochemicald. Consequently, though there are numerous
syntheses available for quinoline derivativasrsatile routes
readily accelesi

wimportant in the fields of medicinal

to new quinoline intermediates from
precursors are of interest. Among these have bebkmited
isnumber of reports of quinoline formation

X< hv

z
Y

la X=0H; R=Me; R=Ph; R=H; Y=H

1b-e X=0Bz; R=R=Ph; R=H; Y=H, Me, OMe, Cl

1f,g X=0Ac; R=Me; R=Ph, 2-MeOgH,; R®=CONEt; Y=H
1h,i X =0Ac; R=Ph; R=Ph, 2-MeGH,; R®=CONEL; Y =H

1j,k X=0OMe; R=H,Me; R=R¥=H; Y=H

1l,m X = OMe; RR?=2,2-GH,-CiH,, 1,8-GHs; Re=CONEL; Y=H

from
photocyclisation of-phenyla,p-unsaturated oximino systems
(Scheme 1§. The open-chain oximda/ O-benzoyloximes
1b-€ and O-acetyloximes 1f-i® underwent @-electron

cyclisation, involving both the carbon-nitrogen tdai bond

20 and thep-aryl group, followed by elimination of water or

benzoic acid, to yield the corresponding quinolirs-g,
respectively. In contrast,O-methyloximes 1j and 1k
underwent only competing geometrical isomerisatainthe
carbon-carbon and carbon-nitrogen double bonds ioectd

2s and triplet sensitised excitation resulting, in tbaases, in a

photostationary state comprising the four possg@emetrical

isomers, but without accompanying cyclisatich.
Prerequisites for photocyclisation are (aX-aonfiguration

at the o,p-double bond, achieved by initial geometrical

30 photoisomerisation, and (b) significant contribatidrom
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—_—
3 3 N
R
2 (%

2a 3a-dX=0OH n=1,2,3,4 Y=H 4ad

2b-e 3e X=0OAc n=2 ¥H de

2f,g 3f X=OH n=2 Y =Me 4f

2h,i

2l,m

Scheme 1 Quinolines from photocyclisation of oximino sststs.
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conformers with ars-cis orientation at the ¥&-CR® single
bond. Systems with this bond within a ring are &mr¢o adopt
an s-cis conformation. Quinoline formation has beenoméed
where the bond is incorporated within a dihydroprehrene
s or acenaphthene rirfgnvolving formation of2l and2m from



11 and 1m respectively, or within a cycloalkane, involving Unlike 5 and 8, E-2-diphenylmethylenecyclopentanoe
formation of4a-f from 3a-f.° methyloxime9 has an appropriatelg-oriented phenyl group
A broad range of potential quinoline precursors is and does not require an additional E/Z-photoisosatidon
accessible by oximation of readily availabldebenzylidene  step prior to photocyclisation. On irradiati®mrapidly formed

10 ketones. Aryl ringortho- or para-substitution should lead to .o a mixture of two products, one of whictz-9) on further
quinolines substituted at the 5- or 7-ring carboespectively  irradiation transformed to the other, final prod@phenyl-
whereas meta-substitution provides the possibility for 2,3-dihydro-H-cyclopentap]quinoline 10. Taking advantage
formation of either 6- or 8-substituted quinolines. of the suitably oriented phenyl group 9nthermal cyclisation
We have used a range dafrtho- and para-substituted was attempted. However no reaction occurred onopiged

45 benzylidenecyclopentanone O-alkyloximes and O- s heating of9 in methanol or in ethylene glycol (bp 198 °C)
acetyloximes (Scheme 3) to examine the scope of theunder reflux®
photocyclisation/elimination reaction as a routeatmnulated
quinolines of the 2,3-dihydroH-cyclopentab]quinoline
family, and the correspondingeta-substituted compounds

so (Scheme 6) to examine regiochemical outcomes. €qaired  The ortho- and para-methyl-, andortho- and para-methoxy-
compounds were obtained by standard oximation phoes s benzylidene O-methyloximes 1la-d cyclised to the
from the appropriate 2-benzylidenecyclopentanondsichv ~ corresponding  6- and  8-substituted 2,3-dihydro-H-
were in turn readily available from reaction of N-(  cyclopentap]quinolines 12a-d on irradiation in methanol
cyclopentenyl)morpholine with the corresponding raatic (Scheme 3). Similarly thpara-hydroxy-, para-acetoxy-, and

ortho- and para-Substituted benzylidene systems

ss aldehydes. para-N,N-dimethylamino-benzylideneD-acetyloximes 11e-g
ss and thepara-amino-benzylidene oximdZlh cyclised to the
Results quinolines 12e-h respectively. In each case, TLC analysis

showed the initial formation of a number of prodyct
presumed to be the various geometrical isomers amd,
Irradiation of E,E-O-allyloxime 5% in methanol resulted in further irradiation, these underwent conversion toe
initial E,Z-isomerisation at the carbon-nitrogen and carbomecorresponding 2,3-dihydroH:cyclopentaplquinoline.  2-
0 carbon double bonds (Scheme 2). However isomeoisatias Benzylidenecyclohexanon®-methyloxime similarly yielded
accompanied by the slower formation of quinolihas final tetrahydroacridinde.
product, involving photocyclisation of thH&Z-isomer (and/or In marked contrast ortho- and para-nitro-, ortho- and
the Z,Z-isomer) to dihydroquinolines, followed by rapid  para-chloro- andpara-cyano-benzylidenecyclopentanori
elimination of allyl alcohol. QuinolineZ was also obtained e methyloximes 11i-m, and 2,4-difluorobenzylidene O-
es from the correspondin@-methyloxime8. acetyloximelln were converted to complex mixtures whose
separation was not pursued further.

Unsubstituted benzylidenecyclopentanon®-alkyloximes

AllylO _ Allylo
Y N Y N

| H | " Ph
— —
Ph - H

E,E-5 \ h // E,Z-5

Z,E-5 ~—— ZZ5 hv\iAeQH —>Meo|-|
1la-n
R! R? X
H lla Me H OMe 12a 35
NOMe 11b H Me OMe 12b 37
' /H hy N~ ] AllyION 11c OMe H OMe 12c 48
Ph — N -~ NS 11d H OMe OMe 12d 53
MeOH -AllIOH 11le H OH  OAc 12e 36
29% 24% 11f H OAc OAcC 12f 36
11g H NMe, OAc 12g 26
8 7 6 11h H NH; OH 12h 36
11i NO, H OMe -
11j H NO, OMe -
11k ClI H OMe -
111 H Cl OMe -
N 11m H CN OMe -
I 9 11n F F OAc -
hv P>
E: Ph 2 Yields are reported for recrystallised products.
10 (72%)

Scheme Lyclisations involvingrtho- andpara-substituents.
100

Scheme yclisations without aryl substituents.



Other participating TESystems

Other t=systems may replace that2lectron contribution of

the B-phenyl group in these systems (Scheme 4). Thuk 2-( o .
d 20 para-methoxy group, similarly resulted in closure ae tB-

10s naphthylmethylene)cyclopentanon®-methyloxime yielde
fused benzd]quinoline 13 and

converted to the novel pyrido[3&phenothiazineld. 2-(2-
Furylmethylene)cyclopentanor®@-methyloxime yielded\,O-
110 heterocyclel5 andN,S-heterocyclel6 was similarly obtaine

from 2-(2-thienylmethylene)cyclopentanon®-acetyloxime.

Compound 17, a photoisomer of

cinnamylidenecyclopentanon®-acetyloxime, also cyclised,

yielding pyridine 18 and requiring the adoption of aicis

us arrangement for the open-chain dienyl unit in addito prior
E,Z-isomerisation at the 2xo methylene unit to achieve a

viable cyclic transition state for
formation.

carbon-nitrogelmond

celiey
L0 00 O
NN NN

2-(1-
phenothiazinylmethylene)cyclopentanofeacetyloxime was

Methylbenzylidene)cyclopentanone O-methyloxime 25a
yielded a single photoproduct, 5-methyl compouBfa
Inclusion of an additional ring substituent,para-methyl or

position, with 3,4-dimethyl- and 3-methyl-4-methoxy
substrate25b and 25c¢ giving 5,6-dimethyl- and 5-methyl-6-
methoxy-2,3-dihydro-H-cyclopentab]quinolines 26b and
26¢ respectively. Increasing the steric demand of rteta-

dlasalkyl substituent again resulted in strong prefeeerfor

cyclisation/elimination involving the crowded arg4position,
with meta-t-butyl compound 25d giving 5+-butyl-2,3-
dihydro-1H-cyclopentap]quinoline 26d.*
In contrast, aneta-methoxy group results in closure at the
o aryl 6-position, para to the methoxy substituent. Both 3-
methoxybenzylidené€-methyloxime 25e and O-acetyloxime
25f yielded a single photoproduct, 7-methoxy compog@ie
Incorporation of an additional substituent, metayimethoxy,
in the para-position again resulted in closure at the aryl 6-
145 position, with  3,4-dimethoxy and 3-methoxy-4-methyl
compound25g and25h giving 6,7-dimethoxy- and 6-methyl-
7-methoxy-2,3-dihydro-i-cyclopentap]quinolines 27g and
27h respectively. 2,5-Dimethoxybenzyliden@-acetyloxime
28 (Scheme 7), with the positiopara to the meta-methoxy
150 group blocked by the 2-methoxy substituent, cydise the

vacant ortho site to give 5,8-dimethoxy-2,3-dihydrdd1
13 (69%) 14 (12%) 15 (45%) cyclopentab]quinoline 29.
— Ph Ph R’
1
YTy Sa
N I _ N / NS
¢
17 18 (109 + N
16 (51%) (10%) .
Scheme 4 Other cyclisations.
27e-|
120 meta-Substituted benzylidene systems
. . . . . . 1 2 H 1
Cyclisation is possible formeta-substituted benzylidene R R X vield Yield
derivatives either from rotamel9, giving 5-substituted-2,3- ) (%)
_ tamers, giving : 25a Me H _ OAc 262 32
dihydro-1H-cyclopentap]quinoline 21, or from rotamer22, 250 Me Me OAc 26b 17
giving the 7-substituted isomed (Scheme 5). 25c Me  OMe OAc 26c 15
s A meta-methyl substituent results in closure at the @yl ggd gL':/I ﬂ (())llax\/lc 26d 13 e 63
. e e e - e
position, ortho to the methyl group (Scheme 6). 2-(3- 25f OMe H OAG ] 576 63
259 OMe OMe OAc - 279 21
R 25h OMe Me  OAc - 27h 57
H 251 OH H OAc - 271 30
25j NMe; H OAc - 27] 6
XN N= 25k NH, H OH - 27k 26
) N 251 OAc H  OAc 260 17 27 20
HX Q (R'=OH)
25mNO, H OAc - -
20 2 25n CIl H  OAc - -
250 CN H OAc - -
25p F H OAC - -

R R 2 Yields are reported for recrystallised products.
NE 155 Scheme &Cyclisations withmeta-substituents.
i | Other electron-donating substituents having aogin or
T oxygen in the meta-position of the benzylidene group
similarly resulted in closure at the aryl-6 positi(Gcheme 6).
22 23 24 10 Thus 3-hydroxy- and B¢N-dimethylaminobenzylideneO-
Scheme HAlternatives withmeta-substituents.



acetyloximes25i and25j, also the 3-aminobenzylidene oximeos state and methanol may also facilitate eliminatmhallyl

25k, photocyclised to
products27i-k, respectively.

In contrast to these cyclisations from which ag#n

16s product was isolated, irradiation of 3-acetoxybditgne O-

the corresponding 7-substitutedalcohol from dihydroaromatic intermedia6e In acetonitrile

formation of 7 from 5 is approximately 25 times less rapid,
consistent with hydrogen-bonding playing a roldanilitating
the photocyclisation/elimination process. The ratd

acetyloxime 25| resulted in competitive closure, involvingiwo quinoline formation was approximately doubled foottb

both the aryl-6 and aryl-2 positions, and givingtb@-acetoxy

meta- and para-N,N-dimethylaminobenzylidene O-

and 5-hydroxy product27] and 26l'. The deacetylation step acetyloximes,25j and 11g respectively, by inclusion of a
leading to261' must have occurred subsequent to cyclisationsmall amount of trifluoroacetic acid but, wherehs yield of
170 Since, if loss of acetyl fror25l had preceded cyclisation, the quinoline 27j from meta-dimethylaminobenzylidene oxime

resulting initially-formed 3-hydroxybenzylidene O-

215 acetate25j improved (from 6% to 35%) in the presence of the

acetyloxime25i would have cyclised to 7-hydroxy compound acid, no improvement in cyclisation yield (26%) wasserved

271 rather than to 5-hydroxy compoun@6l’. No
accompanying photo-Fries rearrangement
s isolated from this reaction.
As observed for the analogoostho- and para-substituted
benzylidenecyclopentanone derivativie§y-n, irradiation of 3-

nitro-, 3-chloro-, 3-cyano- and 3-fluoro-benzyligenO-

acetyloximes25m-p proved not to be synthetically useful.

180 Only complex product mixtures were obtained ands¢heere
not investigated further.
2-(2-Naphthylmethylene)cyclopentanone O-acetyloxime

for para-dimethylaminobenzylidene oxime acetatélg

products e wer Methanol with added mineral acid has been usedhas t

medium for quinoline formation from oxim&sa-d,f.°
220 Analogy with stilbene cyclisation

The photocyclisation/elimination process for quinel
synthesis is analogous to the well-established atatwory
photocyclisation process for 1,3,5-hexatrienes, tmest
studied being the oxidative photoconversion ofbstiles to
22s phenanthrené$®>!® via dihydrophenanthrene intermediates

30a and O-methyloxime 30b (Scheme 7) cyclised at the which aromatise either in the presence of oxygenneore

naphthyl 1-position to give 9,10-dihydrd48

185 benzohp]cyclopentap]quinoline 31, rather than at the naphthyl

3-position®®

30aX=0Ac 74% 31

30b X =OMe 72%

28

29

Scheme 7

Discussion
Excited state considerations

The inclusion of various concentrations (up to Mp of the
10 triplet quencher isoprene in methanol solutionsEd#-5 did

not affect the course of product evolution, coresistwith

both the isomerisation and cyclisation processésnar from

singlet excited states on direct irradiation.

The four geometrical isomers @Fallyloxime 5 exhibit strong
195 UV absorption in the 300nm region, probably dudhte

band of the conjugated,B-unsaturated system submerging

the much weaker mf band. With nit* transitions in such
systems being generally localised at the carborgén
double bond it is likely that cyclisation &frequires a lowest
200 €energy T, excited state. In ethyl acetate cyclisation ®f
does not occuf,suggesting a lowest energyrh transition in
this solvent. Methanol may assist the formatiormgoinoline7
from 5 by hydrogen bonding to the nitrogen lone pair lod t
O-allyloxime thereby ensuring a lowest energyt excited

commonly, in the presence of an added oxidant siscledine.
Though chloro, fluoro and cyano substituents aregatible
with stilbene photoconversion to phenanthrel{&$%!7 also
20With  quinoline  formation  from p-chlorophenyl O-
benzoyloximele® this is not the case for quinoline formation
from benzylidenecyclopentanone oxime ethers or adest
11k-n and 25n-p. Possibilities for this difference in
behaviour include (a) enhanced intersystem cros&inghese
235 particular B-aryl-o,B-unsaturated oxime derivatives, with
alternative reaction pathways being available te thplet
excited staté! (b) the nature of their lowest excited singlet
states, with m* states being generally less amenable o 6
electron cyclisation and (c) the intervention ohat reaction
20 pathways, possibly involving radicals and leading t
alternative reaction outcomes. The lack of phottisgtion
when electron-withdrawing groups are present on eyl
ring may imply the necessity for a polarised tréinsi state in
which electron density is transferred through thsystem
25 from the aryl ring to the oximino nitrogen, facdting aryl-
nitrogen bond formation and detachment of the legngroup.

Regioselectivity

In general 2-naphthyl homologues of stilbene (Sohed)

have been fourld to undergo oxidative photocyclisation at
20 the 1-naphthyl position, though more recent studiese

shown that reaction may also occur at the naplghybsition.

) a49®
L O = U
O 32 33

Scheme 8Alternative cyclisation options from ground stedéamers.

=



Thus the ground state rotameB2 and 33 of Z-di(2-
naphthyl)ethene undergo competitive 1,1'-
25 cyclisation  respectively to give the
dihydrophenanthrenes on excitatfdf’**
conditions can be adjusted to
dibenzofE,g]phenanthrene or

and oxidative

used as a convenient source of carbon-centred aladfor

and 1,3 synthetic investigatiorf§ > and as a photochemical source of
corresponding amines for polymer cross-linking, the amines reagltfrom

hydrolysis of the imines formed following nitrogexygen

yield predominanty bond cleavagé®
dibenznf]phenanthrene

Whether the phenanthridineg5 are formed by a sixt

respectively'®?! Prediction of the preferred cyclisation route electron photocyclisation process in competitioihwiadical

260 for diarylethenes has been assisted by the usealctilated
free valence numbers or electronic overlap popotet? as

formation, or are formed through the intermediacy o
photogenerated iminyl radica86, is unclear. Iminyl radicals

measures of reactivity for electrocyclic processesh most s may be readily generated by a variety of non-phio¢ocical

success being for polycyclic aromatic substituents.

Though more favourable substituent-dependent ieont

265 Orbital overlap in the transition state for cyctisa of one of

routes?® and there is precedence for radicals analogow6to
undergoing closure to phenanthridines and quinsithe
though five-membered ring formation has been regubrio

the rotamers of ameta-substituted stilbene may play a accompany quinoline formation in favourable ca¥es.

contributing part in determining regioselectivify,would not
seem to be a determining one since, for masta-substituted
stilbenes, approximately equal amounts of the gpoading
202- and 4-substituted phenanthrenes are fddhtf. Recent
consideration of the photocyclisations of styrylpynes and

2-aminostyrylpyridine¥' has pointed to the role of rotamers

and led to the suggestion that the regiochemictdamue for a

meta-substituted stilbene analogue is determined by the
ring-opening of the

arsrelative  rates of oxidation and
intermediate dihydrophenanthrenes. Similar  sulbstit-
related competition between ring-opening and elation
steps for the non-aromatic intermediates frometa-
substituted benzylidenecyclopentanone oxime derigat 20

280 and 23 from rotamersl9 and 22 respectively (Scheme 5),

probably also determines whether 5-substituted or
nature and interactions of these substituent effbeis yet to
be determined.

285 Other observations

The nature of the group eliminated does not affdod
cyclisation outcome. Botk-allyloxime 5 and O-acetyloxime
8 yielded 2,3-dihydro-#-cyclopentab]quinoline 7 (24% and
29%, respectively). SimilarlyO-acetyloxime 30a and O-
200 methyloxime 30b yielded 9,10-dihydrd@H-benzof]cyclo-
pentap]quinoline 31 and 7-methoxy-2,3-dihydroH-
cyclopentab]quinoline 27e was obtained from bothO-
methyloxime25e and O-acetyloxime25f. Initial studies were
undertaken with O-methyloximes but, when
20s apparent that the cyclisation outcome was indepeindethe
nature of the leaving group, the more readily predaO-
acetyloximes were subsequently used.
Photocyclisation of the O-acetyloximes34 of 2-
phenylbenzaldehyde, 2-phenylacetophenone and
300 phenylbenzophenone to the corresponding phenairies@5
(Scheme 9) has recently been repoffedThe 2-vinyl
analogues are similarly converted

a0 ethyloxime?’

it became

a5 1H-cyclopentab]quinolines

to the correspand

/ O
X~ N _Ne
R 35 R 36

R =H, Me, Ph
Scheme 9

Benzaldehyde O-alkyloximes undergo very inefficient
carbon-nitrogen bond photocleavage on direct opleti
sensitised excitatio?f though the efficiency of radical
formation from benzaldehyd®-acyloximes can be increased
by the use of triplet photosensitiséfstHowever, given that

) A ) dothe compounds which comprise the present study thek
substituted product®1 or 24 respectively, are obtained. The

phenoneD-acyl or O-alkyloxime functionality which seems to
be essential for such cleavage on direct excitatiosan be
concluded that these cyclisations proceed by tlo@gsed six
m-electron photocyclisatiof® This conclusion is supported

ass by the absence of reports of nitrogen-oxygen boowhdlysis

on direct or triplet sensitised excitation of a widange of
other O-alkyl and O-acyloximes such as acetophenofe
methyloxime®® acetonaphthoned-methyloxime*® B-phenyl-
o,p-unsaturated oximino systemda-m*'° B-ionone O-
B.y-unsaturated oxime acetat®s and
cholestanon®-acetyloximes?’®

Conclusions

This photocyclisation/elimination  process provides
convenient route to a wide variety of substitute8-@ihydro-
from readily accessible
precursors and has the potential for extensioméosynthesis

2of numerous novel fused pyridines/quinolines ofrbadecular

interest derived, for example, from terpenoid oergsidal
ketones.

isoquinolines. These outcomes may also be ratisedlby a i5 Acknowledgements

six Trelectron cyclisation process. However iminyl s
305 36 have been proposed as intermediates in the formatfo
35, generated by nitrogen-oxygen bond photocleavagech
homolysis, yielding acyloxy and aryliminyl radicatsccurs in

the photochemistry ofO-acyloxime derivatives of simple

Enterprise Ireland, Forbairt, the Irish AmericanrtRarship
and Dublin City University are gratefully acknowtpget for
supporting this work.
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s NMR spectra were recorded on a Bruker AC-400 imaent 7.4, (H,Ar), 7.43 (1H, t,J 7.7) and 7.59 (1H, 1 7.9) (arH-7
operating at 400MHz fofH and 100MHz for’*C. Unless swoand arH-6), 7.70 (1H, d] 7.7, arH-8), 7.85 (1H, br s, arH-9)
otherwise stated, spectra were recorded using gDl and 8.00 (1H, dJ 7.9, arH-5);6¢ 23.62, 30.50, 34.60 (3 x
solvent, with M@Si as internal standard. TLC was on silica CH,), 125.49, 127.43, 128.30 and 128.51(benzei@Hl;
gel plates containing a fluorescent indicator (Riede-Haen, 130.29 (pyridylCH), 127.37, 135.77, 147.48 and 167.91

30 DC-Cards SiF, layer thickness 0.2 mm). Light pettwh for (quaternaryCs).
recrystallisation had bp 80-100 °C, unless statdtemwise. a5 9-Phenyl-2,3-dihydro-1H-cyclopentapb]quinoline 10
Yields were not optimised. Melting points are umeated. (72%), mp 132-134 °C (methanol) (If¢,134-135 °C);dy
Satisfactory elemental analyses were obtained formew 2.16 (2H, gqnJ 7.5, CHCH,CH,), 2.90 (2H, tJ 7.5, CHAr),
compounds. 3.24 (2H, t,J 7.5, CHAr), 7.36 (3H, m), 7.49 (3H, m) and

3s Photochemical reactions were carried out using @aewa 7.62 (2H, m) (8 x arH), 8.08 (1H, d,8.4, arH-5);5¢ 23.42,
cooled immersion well containing a Photochemicah®ers 2030.22, 35.08 (3 x Ck, 125.39, 125.54, 126.09, 127.88,

400W medium pressure mercury vapour lamp fittedhwat
Pyrex filter (>300nm).
high purity grade solvents which were deoxygenatsd
a0 passing a stream of nitrogen or argon through thetisn for

128.13, 128.39, 128.68, 129.18, 133.55, 136.62,.5%42

Solutions for photochemistry used 147.81 and 167.31 (13 x arC).

8-Methyl-2,3-dihydro-1H-cyclopentab]quinoline 12a
(35%), mp 64-65 °C (light petroleumj; 2.21 (2H, gnJ 7.4,

30 minutes prior to irradiation and the inert gasm@sphere s CH,CH,CH,), 2.65 (3H, s, Me), 3.11 (2H, § 7.4, CHAr),

was maintained over the solutions during irradiatio
Preparative details and nmr spectra are reported fog the
annulated quinolines. Other analytical data fa dqfuinolines,
375 also experimental and spectral data for the otlenpounds
included in this work, are reported
Supplementary Information accompanying this pdper.

Preparation of 2-benzylidenecyclopentanones

Preparations involved reaction of the morpholinareme of
as0 cyclopentanone with the appropriate aromatic aldel9

Preparation of 2-benzylidenecyclopentanone oximes

Preparations involved reaction of the
hydroxylamine hydrochloride in pyridine.

Preparation of benzylidenecyclopentanon©®-methyloximes

ass Preparations involved reaction of the required aximuith
excess dimethyl sulphate in the presence of sodhyanoxide.

Preparation of benzylidenecyclopentanon®-acetyloximes

Preparations involved reaction of the required oximvith
acetyl chloride in pyridine.

a0 General procedure for
cyclopentap]quinolines

synthesis of 2,3-dihydro-i-

A methanol solution (250-350 énof the appropriateO-
methyloxime,O-acetyloxime or oxime (2.5-10.0xf0M) was

irradiated under the standard conditions. Reacpoogress
s was monitored by TLC using light petroleum/ethyletade

[ethanol in the cases 4Rg,14 and27j]. In general a number

of products appeared soon after irradiation begad an
continued irradiation one of these became
sole/predominant product, at which time irradiatiovas
400 discontinued. Removal of the methanol yielded thele 2,3-
dihydro-1H-cyclopentab]quinoline.  Purification
recrystallisation or by chromatography on silicaithwlight
petroleum/ethyl acetate as eluent, prior to reatjisation.
Unless otherwise stated, recrystallisation was fréight
405 petroleum/ethyl acetate.
2,3-Dihydro-1H-cyclopentap]quinoline 7 (24% from 5;
29% from8), mp 60-61 °C (lit*! 60-61 °C);5y, 2.18 (2H, gn,
J 7.4, CHCH,CHy), 3.06 (2H, tJ 7.4, (H,Ar), 3.14 (2H, t,J

was by

3.16 (2H, t,J 7.4, CHAr), 7.28 (1H, d,J 8.4, arH-7), 7.50
(1H, t,J 8.4, arH-6), 7.87 (1H, d] 8.4, arH-5) and 8.07 (1H,
s, arH-9);3¢ 18.83 (Me), 23.65, 30.72 and 34.50 (3 x £LH
126.12, 126.53, 126.75, 126.89, 127.94, 133.98,.2135

in the Electoonso 147.68 and 167.23 (9 x arC).

6-Methyl-2,3-dihydro-1H-cyclopentalp]quinoline 12b
(37%), mp 86-88 °C (light petroleumj; 2.20 (2H, gnJ 7.5,
CH,CH,CH,), 2.54 (3H, s, Me), 3.07 (2H, §, 7.5, CHATr),
3.15 (2H, t,J 7.5, CHAr), 7.30 (1H, d,J 8.2, arH-7), 7.63

435 (1H, d,J 8.2, arH-8), 7.79 (1H, s, arH-5) and 7.85 (1H,r$§{-a

9); 5 21.82 (Me), 23.66, 30.48 and 34.63 (3 x fH.25.37,
127.07, 127.70, 128.98, 130.15, 131.93, 134.73,4%88nd

ketones  with 167.80 (9 x arC).

8-Methoxy-2,3-dihydro-1H-cyclopentajp]quinoline  12c

420 (48%), mp 76-77 °C (light petroleumj;; 2.21 (2H, gqnJ 7.6,

CH,CH,CH,), 3.09 (2H, t,J 7.6, CHAr), 3.15 (2H, t,J 7.6,

CH,Ar), 3.99 (3H, s, MeO), 6.81 (1H, d,8.1, arH-7), 7.51
(1H, t,J 8.1, arH-6), 7.61 (1H, d] 8.1, arH-5) and 8.33 (1H,
s, arH-9); 8¢ 23.61, 30.64, 34.62 (3 x GH 55.68 (OMe),

45103.62, 119.56, 120.89, 125.06, 128.17, 134.76,.3M48

155.07 and 168.05 (9 x arC).
6-Methoxy-2,3-dihydro-1H-cyclopentajp]quinoline  12d

(53%), mp 58-60 °C (light petroleumj; 2.20 (2H, gnJ 7.5,

CH,CH,CHy,), 3.06 (2H, t,J 7.5, CHAr), 3.15 (2H, t,J 7.5,

450 CH,Ar), 3.93 (3H, s, OMe), 7.12 (1H, dd,8.8, 2.2, arH-7),

7.37 (1H, dJ 2.2, arH-5), 7.62 (1H, d] 8.8, arH-8) and 7.82
(1H, s, arH-9);6c 23.58, 30.32, 34.59 (3 x GH 55.35
(OMe), 106.95, 118.20, 122.34, 128.30, 130.23, 3B3.
148.98, 159.86 and 167.98 (9 x arC).
6-Hydroxy-2,3-dihydro-1H-cyclopentajp]quinoline 12e.
(36%), mp 168-169°C; &4 (CDs),SO 2.09 (2H, gnJ 7.5,
CH,CH,CH,), 2.93-3.01 (4H, m, 2 x CjAr), 7.00 (1H, ddJ
8.8, 2.2, arH-7), 7.24 (1H, d,2.2, arH-5), 7.50 (1H, d] 8.8,
arH-8), 7.73 (1H, s, arH-9) and 9.65 (1H, br s, OR}

460 (CD3),SO 22.64, 29.27, 33.59 (3 x GH 109.30, 117.16,

120.73, 127.36, 129.43, 131.50, 148.06, 157.06 186167 (9

x arC).

6-Acetoxy-2,3-dihydro-H-cyclopentap]quinoline  12f
(36%), mp 96-97°C; &y 2.21 (2H, gn,J 7.6, CHCH,CH,),

45 2.36 (3H, s, MeCO), 3.08 (2H, td, 7.6,J4 1.0, CHATr), 3.08

(2H, t,J 7.6, CHAr), 7.24 (1H, dd,J 8.8, 2.4, arH-7), 7.71-
7.74 (2H, m, arH-5/8) and 7.88 (1H, br s, arH-8y;21.19



(Me), 23.58, 30.42, 34.57 (3 x G} 119.64, 120.80, 125.40, 7.6) and 7.81 (2H, m) (7 x arHp: 23.23, 30.48, 34.41 (3 x
128.34, 130.15, 135.62, 147.91, 150.46, 168.57 168141(9 CH,), 118.25, 126.89, 128.32, 128.64, 132.56, 135140, 00,

40X arC + C=0). 155.87 and 165.83 (9 x arC).

6-N,N-Dimethylamino-2,3-dihydro-1H- ss0  5-Methyl-2,3-dihydro-[1H]-cyclopentalb]quinoline  26a

cyclopentap]quinoline 12g (26%), mp 104-106C; &4 2.16 (32%), mp 92-94°C (light petroleumyy 2.19 (2H, gn,J 7.4,
(2H, gn,J 7.5, CHCH,CH,), 3.01 (2H, td,J; 7.5, J4 1.0, CH,CH,CHy), 2.80 (3H, s, Me), 3.05 (2H, 1,7.4, CH,), 3.16
CHAr), 3.06 (6H, s, NMg), 3.09 (2H, t,J 7.5, CHAr), 7.13 (2H,t,3 7.4, CH), 7.32 (1H, t, J 8.3, arH-7), 7.44 (1H, d,

45 (1H, dd,J 8.8, 2.6, arH-7), 7.14 (1H, d 2.6, arH-5), 7.55 8.3, arH-8 or -6), 7.55 (1H, d,8.3, arH-6 or -8) and 7.81 (1H,
(1H, d,J 8.8, arH-8) and 7.72 (1H, s, arH-®) 23.60, 30.33, s5s, arH-9);6c 18.32 (Me), 23.72, 30.43, 34.87 (3 x gH
34.70 (3 x CH), 40.60 (NMg), 107.11, 115.15, 119.93, 125.04, 125.52, 127.22, 128.54, 130.46, 135.08,.208B6
127.86, 130.08, 131.41, 149.20, 150.67 and 16@%/4rC). 146.63 and 166.88 (arC).
A similar yield (24%) of 6N,N-dimethylamino-2,3-dihydro- 5,6-Dimethyl-2,3-dihydro-1H-cyclopentap]quinoline

40 1H-cyclopentablquinoline 12g was obtained following 26b (17%), mp 90-91°C; &4 2.10 (2H, gn,J 7.5,
similar irradiation in the presence of added tofloacetic acid s« CH,CH,CH,), 2.40 (3H, s, Me), 2.67 (3H, s, Me), 2.98 (2H, t,
(1 equiv., 3.6mM). Isolation, by diethyl ether eadtion and J 7.5, CH), 3.09 (2H, tJ 7.5, CH,), 7.19 (1H, dJ 8.2) and
chromatography, followed initial adjustment of theadiated 7.40 (1H, d,J 8.2) (arH-7 and arH-8), 7.71 (1H, s, arH-8};
solution to pH~8 by addition of 10% aq. sodium carate 13.48, 20.64 (2 x Me), 23.75, 30.33, 34.88 (3 x,;H24.45,

485 SOlution. 125.55, 128.17, 130.46, 133.49, 133.97, 135.91,5B31@&nd
6-Amino-2,3-dihydro-1H-cyclopentap]quinoline 12h 55 166.75 (9 x arC).
(36%), mp 94-96°C; 84 2.15 (2H, gn,J 7.6, CHCH,CH,), 5-Methyl-6-Methoxy-2,3-dihydro-1H-

3.02 (2H, td,J; 7.6,J4 1.0, CHAr), 3.26 (2H, t,J 7.6, CHAr), cyclopentajp]quinoline 26c¢ (15%), mp 89-91°C; &y 2.12
4.22 (2H, br, NH), 6.89 (1H, dd) 8.5, 2.3, arH-7), 7.36 (1H, (2H, gn,J 7.5, CHCH,CH,), 2.62 (3H, s, Me), 2.98 (2H, §,
w0, arH-9), 7.50 (1H, dJ 8.5, arH-8) and 7.80 (1H, d,2.3, 7.5, CH,), 3.10 (2H, t,J 7.5, CH,), 3.90 (3H, s, OMe), 7.15
arH-5); 8¢ 22.73, 30.31, 31.17 (3 x GH 99.83, 118.84, s5 (1H, d,J 9.0, arH-7), 7.50 (1H, d] 9.0, arH-8) and 7.73 (1H,
121.96, 123.55, 129.47, 133.34, 141.82, 148.141&5”25 (9 s, arH-9);5¢ 9.94 (Me), 23.78, 30.30, 35.00 (3 x §H56.41

x arC). (OMe), 112.25, 121.54, 122.47, 125.56, 130.47, 8B2.
9,10-Dihydro-8H-benzoff]cyclopentalb]quinoline 13 147.15, 156.68 and 167.65 (9 x arC).
495 (69%), mp 126-128 °C (light petroleumy; 2.27 (2H, gn,Jd 5-t-Butyl-2,3-dihydro-1H-cyclopentalp]quinoline®  26d

7.4, CHCH,CH,), 3.19 (2H, tJ 7.4, ArCH,), 3.22 (2H,J 7.4, s55(13%), mp 62-64'C (light petroleum)gy 1.70 (9H, s, ®ley),
ArCH,), 7.61 (1H, tJ 7.4) and 7.66 (1H, t) 7.4) (arH-2/3),  2.20 (2H, qnJ 7.6, CHCH,CH,), 3.07 (2H, tJ 7.6, ArCH,),
7.92 (3H, m; arH-1/4/5), 8.60 (1H, d,7.8, arH-6) and 8.74 3.14 (2H, t, J 7.6, ArCH), 7.36 (1H, t,J 7.6, arH-7), 7.58
(1H, s, arH-11);6c 23.66, 30.92, 34.47 (3 x GH 122.36, (2H, coincident doublets) 7.6, arH-6 and arH-8) and 7.83
s0123.99, 125.75, 126.60, 126.69, 127.91, 128.61,.629 (1H, s, arH-9)8¢ 22.61, 28.68, 29.39, 30.03, 33.82 (3 xLH
129.82, 131.48, 135.82, 147.08 and 166.86 (13 jy.arC seo CMe; and (Mes), 123.73, 123.78, 125.35, 127.04, 129.50,
1,2,3,12-Tetrahydrocyclopenta[5,6]pyrido[3,2- 132.94, 145.59, 146.31 and 163.70 (9 x arC).
a]phenothiazine 14 (12%), mp 67-68'C; 64 2.14 (2H, qnJ 7-Methoxy-2,3-dihydro-1H-cyclopentap]quinoline 27e
7.2, CHCH,CHy,), 2.44 (2H, tJ 7.2) and 3.29 (2H, 1 7.2) (2 (63% from bott25eand25f), mp 96-97°C (light petroleum) (fif.99-
s0s X CHLATr), 6.38 (1H, s, NH), 6.68 (1H, dd} 7.2, 0.8), 6.95 100°C); 6 2.72 (2H, gnJ 7.9, CHCH,CH,), 3.58 (2H, t,J
(2H, m), 7.10 (3H, m) and 7.32 (1H, d#18.8, 1.0) (7 x arH); ses 7.9, ArCH,), 3.65 (2H, t,J 7.9, ArCH,), 4.42 (3H, s, OMe),
dc 16.69, 24.56, 29.78 (3 x GH 107.64, 116.34, 116.46, 7.53 (1H, d,J 2.5, arH-8), 7.81 (1H, dd] 8.9, 2.5, arH-6),
116.74, 117.19, 119.18, 123.02, 123.77, 124.74,.826 8.32 (1H, s, arH-9), and 8.45 (1H, 8.9, arH-5);5. 23.28,
127.56, 128.25, 136.08, 136.18 and 137.56 (15 j.arC 30.18, 33.93 (3 x C}), 55.06 (OMe), 105.16, 120.07, 127.87,
s.0  6,7-Dihydro-5H-cyclopentap]furo[2,3-€]pyridine 15 128.93, 129.46, 135.52, 143.05, 156.70 and 162984rC)
(45%), mp 64-65 °C (light petroleumjy;; 2.15 (2H, qnJ 7.4, s 6,7-Dimethoxy-2,3-dihydro-1H-cyclopenta[b]quinolire 27g
CH,CH,CH,), 2.97 (2H, t,J 7.4, CHAr), 3.02 (2H, t,J 7.4, (21%), mp 99-10C°C (lit.,*® 112-113°C; lit.,*® 120-121°C);
CH,Ar), 6.84 (1H, dJ 2.5, furoH-3), 7.51 (1H, s, pyridylH-8) &4 2.12 (2H, qnJ 7.6, CHCH,CH,), 2.98 (2H, tJ 7.6, CH,),
and 7.70 (1H, dJ 2.5, furoH-2);8¢ 24.14, 30.70, 33.65 (3 x 3.04 (2H, t,J 7.6, CH), 3.92 (3H, s, OMe), 3.94 (3H, s,
s1s CH,), 107.68, 114.64, 133.36, 145.67, 147.31, 147.Wd a OMe), 6.92 (1H, s, arH-8), 7.31 (1H, s, arH-5) ah6é8 (1H,
162.15 (furopyridine). s75 S, arH-9);56¢ 23.59, 30.46, 34.34 (3 x GH 55.90, 55.94 (both
6,7-Dihydro-5H-cyclopentap]thieno[2,3-€]pyridine 16 OMe), 105.21, 107.53, 122.44, 129.10, 133.69, 193.9
(51%), mp 84-85 °Cpy 2.21 (2H, gn,J 7.4, CHCH,CH,), 148.82, 151.34 and 165.24 (9 x arC).
3.03 (2H, t,J 7.4, CHAr), 3.11 (2H, t,J 7.4, CHAr), 7.47 6-Methyl-7-methoxy-2,3-dihydro-1H-
s20 (1H, d,J5.9) and 7.52 (1H, d] 5.9) (thienoH-2/3), 7.95 (1H, cyclopentap]quinoline 27h (57%), mp 129-130C; &y 2.10
s, pyridylH-8); 8¢ 23.83, 30.45, 33.87 (3 x GW 124.43, s (2H, gn,J 7.6, CHCH,CH,), 2.31 (3H, s, Me), 2.96 (2H, §,
125.70, 128.66, 131.24, 133.10, 154.64 and 164.394rC). 7.4, CH), 3.03 (2H, t,J 7.6, CH), 3.84 (3H, s, Me), 6.85
2-Phenyl-6,7-dihydro-HH-cyclopentalp]pyridine 18 (1H, s, arH-8) and 7.68 (2H, coincident singletd{-&/9); 6,
(10%), mp 79-8CC (lit.,** 81-82 °C);8 2.04 (2H, qnJ 7.6, (CD3),S0O 2.01 (2H, gnJ 7.6, CHCH,CH,), 2.21 (3H, s, Me),
s2s CH,CH,CH,), 2.84 (2H, t,J 7.6, CHAr), 2.96 (2H, t,J 7.6, 2.88 (4H, m, CHC=C and CHC=N), 3.80 (3H, s, OMe), 7.03
CH,Ar), 7.24 (1H, 11,3 7.6, 1.2), 7.32 (3H, m), 7.42 (1H, &, s (1H, s, arH-8), 7.55 (1H, s) and 7.74 (1H, s) (&M9); 3¢



17.01 (Me), 23.62, 29.49, 34.24 (3 x §H55.34 (OMe), esss, arH-9);6c 22.62, 29.64, 33.86 (3 x GH 54.76, 54.89
103.72, 126.75, 129.05, 129.20, 130.93, 134.54,.a43 (OMe), 101.89, 104.76, 119.58, 124.20, 134.44, 6488.
156.21 and 164.83 (9 x arC). 147.73, 148.24 and 166.25 (9 x arC).
7-Hydroxy-2,3-dihydro-1H-cyclopentap]quinoline  27i 9,10-Dihydro-84-benzoh]cyclopentab]quinoline 31 (74%
s90 (30%), mp 142-143°C; 8y (CDs),SO 2.08 (2H, gnJ 7.6 from 30a 72% from30b), mp 115-116°C; &y 2.23 (2H, gnJ
CH,CH,CH,), 2.96 (4H, m, ArCH and Ar'CH,), 6.96 (1H, d, 0 7.9, CHCH,CH,), 3.07 (2H, tJ 7.9, ArCH,), 3.26 (2H, t,J
J 2.4, arH-8), 7.13 (1H, ddj 8.9, 2.4, arH-6), 7.63 (1H, s, 7.9, ArCH,), 7.59 (1H, d,J 8.5), 7.70 (3H, m), 7.84 (1H, s,
arH-9), 7.70 (1H, dJ 8.9, arH-5) and 9.35 (1H, s, OHj¢ arH-7), 7.89 (1H, ddJ 7.9, 0.9Hz) and 9.35 (1H, d,8.5); ¢
(CD3),SO 23.19, 30.00, 33.68 (3 x GH 108.45, 120.09, 23.57, 30.49, 34.70 (3 x GH 124.12, 124.90, 125.52,
505 128.14, 128.48, 128.91, 135.22, 141.99, 154.44167102 (9 126.30, 126.48, 127.34, 127.55, 130.60, 131.42,.20B3
x arC). 655 135.85, 145.32 and 166.14 (13 x arC).
7-N,N-Dimethylamino-2,3-dihydro-1H-
cyclopentap]quinoline 27j (6%), mp 122-123°C; &y 2.10 Notes and references
(2H, gn,J 7.5, CHCH,CH,), 2.96 (2H, tJ 7.5, ArCH,), 2.98 . . . )
a(6H. 5, NMe), 3.03 (2H, 13 7.5, AICH). 6.71 (1H, 2.6, | ComPouIds was obtaned as & sle somer on eaction of 2
arH-8), 7.21 (1H, ddJ 9.2, 2.6, arH-6), 7.65 (1H, s, arH-9) underwent only E,Z-photoisomerisation to a photostationary state
and 7.80 (1H, dJ 9.2, arH-5);8¢ 23.48, 30.57, 34.14 (3 xeso comprising theE,E- (19%), ZE- (48%), E,Z- (23%) andZZ- (10%)
CH,), 40.88 (NMe), 105.75, 118.27, 128.70, 128.83, 128.87, isomers. Thege were separated chromatographicathg dheir
135.75, 141.29, 148.18 and 163.56 (9 x arC). stereochemistries assigned.
es A higher yield (35%) of ™,N-dimethylamino-2,3-dihydro- g 1pe analogous open-chaid-acetyloxime of 4,4-diphenylbut-3-en-2-
1H-cyclopentap]quinoline 27j was obtained following similar e one (PRC=CHCMe=NOAc) undergoes conversion to 2-methyl-4-
irradiation in the presence of added trifluoroacedicid (1 phenylquinoline at 187C. Semi-empirical calculations have been used in
equiv., 2.4mM). Isolation, by diethy| ether extiaet and SR D & BECE MERIELCE, M E o nramolecular
chromatography, foIIowed_ .|n|t|al adjustment of_thleadlated elimination of acetiéJ acidia’a cyclic trans%tion stat?é. 0O-Methyloxime
sw solution to pH~8 by addition of 10% aq. sodium @aréite ;1| yndergoes closure/elimination above 1%Dto yield 2I.° The low
solution. activation barrier was ascribed to aromatic stediion of the cyclised
7-Amino-2,3-dihydro-1H-cyclopentapb]quinoline 27k intermediate due to generation of a phenanthreitepunr to methanol
(26%), mp 121-122C; 8y 2.00 (2H, gqnJ 7.6, CHCH,CH)), elimination. In the case &fhowever no such stabilisation is possible.

2.85 (2H, 1,3 7.6, ArCHy), 2.94 (2H, 1.J 7.6, ArCH), 3.80 675  Nomenclature convention results in different nunrgeof the aromatic
s15 (2H, s, NH), 6.67 (1H, d,J 2.4, arH-8), 6.89 (1H, dd] 8.8, ing positions for quinolines and 2,3-dihydrbktyclopentapjquinolines.
2.4, arH-6), 7.47 (1H, s, arH-9) and 7.68 (1HJ)®.8, arH-5); Benzenoid ring positions 5, 6, 7 and 8 in the farmerrespond to
dc 23.51, 30.37, 33.93 (3 x GH 107.91, 120.13, 128.39, positions 8, 7, 6 and 5 respectively in the latter.
128.59, 128.46, 135.75, 142.14, 143.81 and 163R904rC). . . - . )
es0 || Possible in principle forortho-substituted benzylidene analogues,

7-Acetoxy-2,3.’-d|hydro-]l-|-cyclopentap]qumollne 271 and cyclisation with elimination of a 2-substituent (R3s not been observed,
s20 5-hydroxy-2,3-dihydro-1H-cyclopentap]quinoline 261 The presumably because of the difficulty of eliminatiagspecies such as
two products which remained following irradiatiori 2-(3- MeOR or AcOR. Replacement of 2-substituents has lobserved for 2-
acetoxybenzylidene)cyclopentanoneO-acetyloxime  were substituted stilbene oxidative cyclisations, inwogvelimination of HR?

s . . . 685
separated on a silica Column with mobile phase A.dight # Prior to recrystallisation, the'H-NMR spectrum of the
petroleum/ethyl acetate to give:

chromatographed product showed it to be-bbiyl-2,3-dihydro-H-
es (i) 7-acetoxy-2,3-dihydro-H-cyclopentap]quinoline 27I cyclopentajquinoline (92%) together with a small amount obtrert-
(20%), mp 118-119C; & 2.13 (2H, gqnJ 7.5, CHCH,CH,), butyl-containing component (8%), possibly the ottegfioisomer.
2.27 (3H, s, MeCO), 2.99 (2H, td,7.5,J4 1.2, ArCH,), 3.07 ©%

) _ Tt For the currently included substituents thisveedikely only for the
(2H, 1,J 7.5, ArCH,), 7.27 (1H, ddJ 8.9, 2.5, arH-6), 7.39 nitro group. There do not appear to have been epgrts of oxidative

(1H, d,J 2.5, arH-8), 7.76 (1H, s, arH-9) and 7.95 (1HJd,  photocyclisations of nitrostilbenes.
608.9, arH-5):5¢ 20.17 (Me), 22.59, 29.49, 33.45 (3 x QH

117.21, 122.27, 126.62, 128.84, 129.05, 135.35,.3814 sss 11 The principle of non-equilibration of excited rotars (NEER)mplies
146.81, 166.94 (9 x arC) and 168.53 (C=0); that the ground state populations3@and33 determine the excited state
. y . . I} . 8

(i)  5-hydroxy-2,3-dihydro-1H-cyclopentap]quinoline populations.
261" (17%), mp 74-75C; 8y (CDs),SO 2.14 (2H, qn)) 7.5, 88 In the presence of excited 1,5-dimethoxynaphktieal(DMN) as a

e3s CH,CH,CH,), 3.05 (4H, m, 2 x ArCh), 6.98 (1H, ddJ 8.0, 0 single electron transfer agents-unsaturated keton®-acyl and O-
1.6, arH-6) and 7.28 (1H, dd,8.0, 1.6, arH-8), 7.32 (1H, §, methyloximes are converted to radical anions wigiatlise by an iminyl
8.0, arH-7), 8.03 (1H, s, arH-9) and 8.29 (1H, $4)Osc radical mechanism to 3,4-dihydréizpyrroles.  Alternatively triplet

energy transfer from excited DMN may result in timeinyl radical
23.65, 30.47, 34.11 (3 x GH 109.15, 117.65, 126.39, formation and cyclisatioff. Such reaqction conditions were absent from

127.53, 130.35, 136.60, 137.35, 151.49 and 16MB0AIC). s the present study.
e 5,8-Dimethoxy-2,3-dihydro-H-cyclopentajp]quinoline
29 (8%), mp 104-105C (lit.,*” 98-100 °C);3, 2.11 (2H, gn,)

1 M. Balasubramanian and J. G. KeayCmmprehensive Heterocyclic
7.5, CHCH,CHy), 3.00 (2H, 1d,J; 7.5, Jy 1.0, CHA), 3.13 Chemistry 11, ed. A. R. Katritzky, C. W. Rees and E. F. V. 8eni,
(2H, 1,3 7.5, CHAr), 3.86 (3H, s, OMe), 3.94 (3H, s, OMe)no Pergamon Press, Oxford, 1996, vol. 5, p. 245.

6.61 (1H, d,J 8.8) and 6.77 (1H, d] 8.8) (arH-6/7), 8.22 (1H,
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