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ABSTRACT

Baylis-Hillman reactions using various aromatic aldehydes, activated alkenes and
catalysts have been used to: - access an extensive range of poly-heterocyclic products;

explore chemoselectivity; and optimise reaction efficiency.

Chromone-3-carbaldehydes and chromone-2-carbaldehydes, prepared via Vielsmeier-
Haack and Kostanecki-Robinson methodology, respectively, have been used as Baylis-
Hillman substrates with four different catalysts, viz., 1,4-diazabicyclo[2.2.2]octane
(DABCO),  3-hydroxyquinuclidine  (3-HQ), imidazole and  N’,N’,N’,N’-
tetramethylpropanediamine (TMPDA), and with methyl vinyl ketone (MVK), methyl
acrylate, cyclic enones (2-cyclohexen-1-one, 2-cyclopenten-1-one and chromones) as
activated alkenes. Reactions of the chromone-3-carbaldehydes with MVK afforded
dimeric Baylis-Hillman adducts when catalyzed by DABCO but when the same reactions
were repeated using 3-HQ as catalyst, the dimeric products were accompanied by
tricyclic Baylis-Hillman adducts. Use of excess MVK, however, led to mixtures of the
normal Baylis-Hillman adducts and the tricyclic adducts — interestingly, with the
apparent absence of the dimeric products. While reactions of chromone-3-carbaldehydes
with methyl acrylate afforded the normal Baylis-Hillman adducts, the chromone-2-
carbaldehydes produced, instead, rearrangement products, consistent with an earlier,

single observation.

Reactions of 2-nitrobenzaldehydes with cyclic enones using imidazole as catalyst
afforded the normal Baylis-Hillman adducts, reductive cyclisation of the 2-cyclohexen-1-
one and 2-cyclopenten-1-one adducts, using acetic acid and iron powder, afforded the

corresponding quinoline derivatives.

Treatment of cyclic enones with pyridine-2-carbaldehydes and quinoline-2-carbaldehydes
using TMPDA as catalyst generally gave the expected Baylis-Hillman adducts. However,

indolizine derivatives were isolated directly from Baylis-Hillman reactions involving



pyridine-2-carbaldehydes and 2-cyclohexen-1-one. The remaining Baylis-Hillman
adducts were cyclized to the corresponding indolizines by treatment with acetic
anhydride both under reflux and under microwave-assisted conditions, the latter approach
providing remarkably rapid and efficient access to the polycyclic products. Computer
modelling studies have been conducted on selected polycyclic products at the Molecular
Mechanics (MM), Quantum Mechanical (QM) and Density Functional (DFT) levels. The
theoretical results have been used to calculate UV, IR and NMR absorption data, which
have been compared, in turn, with the experimental spectroscopic data. Use has also been
made of the MestreNova NMR prediction programme and, generally, good agreement

has been observed between the predicted and experimental spectroscopic data
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1. INTRODUCTION

1.1 HETEROCYCLIC COMPOUNDS

1.1.1 General Overview

Heterocyclic compounds possess cyclic structuraslenup of at least two different kinds
of atoms in the ring. The most common types conkaigely carbon atoms. Nitrogen,
oxygen and sulphur are the most common heterodtdreterocyclic compounds are
widely distributed in nature and are essentiaifeoih many different ways. Most of the
sugars and their derivatives, including vitamin eXjst largely in the form of five-
membered (furan) or six-membered (pyran) rings witle oxygen atom as part of the
ring system. Most members of the vitamin B groupc¢hs as vitamin B6, possess
heterocyclic rings containing nitrogen. Even alkddo which are nitrogenous bases found
in plants and many antibiotics, including peniaillialso contain heterocyclic ring
systems. A large number of heterocyclic compounbtitainable only by synthesis, have

valuable properties as chemotherapeutic agentsfuff®and co-polymers.

Heterocyclic compounds can be aliphatic or aromaticharacter, depending on their
electronic constitution. Generally, aliphatic hetrclic compounds are chemically
similar to their acyclic aliphatic analoguesg, tetrahydrofurarl and diethyl etheg. In

a similar way, aromatic heterocyclic compounds hanamy properties resembling their

aromatic carbocyclic analoguesg, pyridine3 and benzen4.?

) o | \/ @
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Generally, many well developed syntheses of thenatic ring itself are known. A
numbering convention for the atoms and substituensmple heterocyclic rings starts
from the heteroatom. The substituents are giveresb\wossible numbers and are cited in
alphabetical order. When the heterocyclic ring aorg more than one heteroatom, the
order of preference for position 1 is oxygen, fakm by suphur and then nitrogei
benzene ring may be fused onto heterocyclic systandsfferent positions resulting in
different fused-ring structures. Depending on thiure of the heterocyclic ring, different
fused analogues may be formed, as illustrated mmpounds5-11* In this study we have

focused on fused heterocyclic compounds, in pddran indolizines3, quinolinesd and

chromoned 1.
o)
/ - \
X N o] o)
5: Indole (X = NH) 8: Indolizine 9: Quinoline  10: 4-H-benzopyran  11: Chromone

6: Benzofuran (X = O)
7: Benzothiophene (X =S)

1.1.2 CHROMONES

The chemistry of chromones has been extensivelyjewed>® The trivial name
“chromones”, first used by Bloch and Kostaneckili800; was chosen to describe
coloured, naturally occurring compounds known totam the 4-benzopyran moiety
10. Chromones are benzanulated analogues-mjrone 12, which exhibit properties
consistent with both canonical formk2a and 12b; their systematic benzopyran

nomenclature originates from pyra8.
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1.1.2.1 Naturally occurring chromones

There is a large number of chromones that are foorulants that exhibit interesting
biological activity*® Chromones have received resurgent interest frommisite due to
their natural abundance in the flavonoid familyugled with their pharmaceutical
activity.”*! Flavonoids are phenylchromone derivatives thatpsesent in plants. They
have been shown to exhibit a wide variety of biaabeffects, including anti-cancer
activity.’> The majority of naturally occurring chromones @ontalkoxy or hydroxy
groups at C-5 and/or C-7, and a methyl group at Th2 first of these compounds to be
identified was peucenidi4, which was isolated from the rhizome of the mastet,
Peucedanum ostruthium Eugenin15, the first alkoxychromone to be identified, was

isolated from the wild cloveEugenia caryophyllatglL.) Thunbg™

OH O OH O (0]

N
| | JOH
HO (@] MeO (6] MeO

14 15 o
HOH,C

HO HO
16a, R=H
16b, R =OH

Zhanget al'* have isolated and characterized other hydroxyl&tedethylchromones,
viz, isobiflorin and biflorin fromEuginia caryophyllata widely used in traditional
Chinese medicine for the treatment of many diseasesh as disorders of the digestive
system, bacterial and fungal infections and todtedt Some chromone derivatives
isolated from théPancratium maritimumwhich has been used as an ornamental plant,
are 5,7-dihydroxy derivatives and exhibit chardstier UV absorption maxim& The
composition of Aloe leaf extracts has been extatgiinvestigated® 5-Methyl-
chromome derivatives, isolated from the leavesAlufe vera have been extensively
reviewed by Holzapfett al*” and by Okumarat al,**° and some of these compounds

inhibit tyrosine oxidation by mushroom tyrosina3ée two compounds responsible for



this inhibitory activity were shown to be isoalcgreD (L6a) and aloeresin E16b),
respectively’®'® Other alkylchromone derivatives include the 2- &aethylchromone
derivatives17 and18 isolated by Robesoet al?! from sweet pea.anthyrus odoratus
and the 5-methylchromone derivativé9 isolated by Bittneret al?”* from Triptillion

spinosum

Some of the most useful naturally occurring chroenderivatives include khellig0, a
furochromone found in the fruits and seedéwofmi visnag&® Khellin was found to have
vasodilator and smooth muscle relaxing properteesd was used to alleviate the
symptoms of bronchial asthmia> Another class of naturally occurring chromones are
the styrylchromone derivativeXl isolated from the marine cyanophykrmothamnion
enteromorphoide®® These compounds were found to be potent cytomgénts to P388
lymphocytic leukemia and HL-60 human promyelocigickemia cell line$® Lachnumis

a rich source of biologically active metaboliteslarecently, five new chromones from
this genus have been isolated and characterizege &6 these chromones have shown
mild inhibition against the growth dflycobacterium tuberculosfé. Aposphaerin A
(22A) and B @2B) are potent antibiotics isolated from the endojghyfungus
Aposphaeriaspec. They contain the 2-vinylchromone systenhéir tstructuré®




1.1.2.2 Synthesis of Chromones

The synthesis of chromones has been extensiveigwed?*=° and a complete survey is
beyond the scope of this introduction. We shallwéwer, describe some of the simple
methods used to synthesize chromones. One of timsaves the use ofo-
hydroxyphenacylidinetriphenylphosphora®é under mild conditions. The phosphorane
24 is readily obtained from the reaction of triphghdsphine witho-acetoxyphenacyl
bromide 23, followed by acid hydrolysis and treatment of tteaction mixture with
sodium carbonate. Reaction of the phosphorahevith carboxylic acid chlorides or
anhydrides in boiling toluene in the presence ofddye gives an unstable phosphorane
ester 25, which undergoes spontaneous intramolecular @todim to afford the

chromone®6 (Scheme 1§*

(@) (@)
) O PPhg
Br 7
L e, S S pe (O
o) ii) Hy or heat o
A o (RCO),0 R
23 24 25
o}
o+ CL)
o "R
26
Scheme 1

Another method involves the efficient dehydrogematof chromanone&7 using 2,3-
dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) as avemient oxidant (Scheme #)In
the Kostanecki-Robinson strateggshydroxyacetophenon@8 is condensed with an
acylating agent to form pgediketone derivativ®9, which spontaneously cyclizes to the

chromone26 on acidification (Scheme 3j.
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The discovery of naturally occurring medicinallyefid chromones has prompted the
synthesis of the chromone derivatives with pharrwagoal potential. One such
compound, disodium cromoglycate [a sodium salt 3-Hbis(2-carboxychroman-5-
yloxy)-2-hydroxypropaneB0, has attracted considerable interest. It was deseal that
disodium cromoglycate30 specifically inhibits the liberation of the medied of

anaphylaxis initiated by the interaction of antigevith regain-type antibodiés.

Disodium cromoglycat80 was later introduced for the treatment of alle@gthma, and
was reported to represent a new pharmacologicatoapp to the treatment of this
condition. It was also found to inhibit the releask histamine and slow-reacting

substance of anaphylaxis (SRS-A) from sensitizeshdru lungin vitro. In addition to



that, it was reported to prevent homologous passme@neous anaphylaxis (PCA)
reactions in the raf. The discovery of disodium cromoglycate led towlgtof structural
requirements for such biological activity, by Cairat al®** The structure-activity
relationship (SAR) studies attributed the biolog@etivity to the position of attachment
and length of the connecting link in the bis-chrom&-carboxylic acids, as well as to
the presence of atoms other than carbon in théntinkhain®* Some chromones with
acidic groups at C-2 or C-3 were found to inhilhie trelease of spasmogens, which
usually follows antigen-antibody interaction. Theajority of compounds examined
contain a carboxyl group, replacement of which ytatrazolyl ring was shown to result
in certain compounds with increased pharmacologictity (Scheme 4¥2°A further
synthesis of chromones bearing a tetrazole ringetinto C-6 or C-8 through a
methyleneoxy moiety has also been explored by Efli*’

[e) O O

EOH, 0°C ——
0" “co,et EOH.0°C 0~ “CONH, DMF, 85-90°C o e
31 32 33
NaN3, | NH,CI
DMF
0
| H
N
o | N
N-N
34
Scheme 4
Lee et al* have reported the synthesis of flavonoids, foldgjizal evaluation against

cyclin-dependent kinase (CDK), and it was establilsthat flavonoids with a hydroxyl
group at C-3 were potent inhibitors of CDK2. Thesatment of substituted 2-
hydroxyacetophenone®8 with piperonal and NaOH in EtOH affords the chaleo
derivatives35, which are converted to the 3-hydroxychromoBésby treatment with

NaOH and hydrogen peroxide (Schemé?5).



Piperonal H,0,, NaOH
_—
MeOH
OH NaOH, MeOH

R

R =Br, NO,
28

Scheme 5

1.1.2.3 Synthesis of Chromone-3-carbaldehydes

Among the different functionalized chromones, chooet3-carbaldehydé0 is unique,
because of the large number of heterocycles olittsinflom this systerh.Several
methods for the synthesis of chromone-3-carbaldehyldave been reported. These
include the reaction 2-formyl-2’-hydroxyacetophea@7 with ethyl orthoformate38 in
??,39

acetic anhydrid89 (Scheme 652*°in refluxing acetic acid;**in perchloric aci&*’ or in

a mixture of acetic-formic anhydride and sodiunnfate under mild conditiors:*

o
OH O OH o o = CHO
@MO * AO*OH * )kok - QOJ
40
l |
Acetic acid T

Scheme 6

However, the most widely used method for the praggam of chromone-3-carbaldehydes
40 is the Vilsmeier-Haack reaction (Scheme 7). Thiglves the reaction between
hydroxyacetophenon@8, dimethylformamide and phosphorus oxychlodt&vays of

improving the Vielsmeier-Haack method have beenomnted. These include the



Vielsmeier-Haack reaction on a solid support, resbrby Borrellet al,** and the

ultrasonically accelerated Vielsmeier-Haack reactiported by Aliet al*®

o} o}
CHO
R N i) DMF, POCl3 = | |
o I~
ZSOoH ii) HoO X0
28 40
Scheme 7

1.1.2.4 Synthesis of Chromone-2-carbaldehydes

Chromone-2-carbaldehyd&l was first preparedia 2-methylchromone6 by a three-
step sequence involving 2-hydroxyacetopher2fas the starting material (Schemé"8).
Connoret al* have reported a four-step synthesis, starting #emethoxycoumari@2
(Scheme 9§?

0
(j& (i) Na ©5K/K (ji SeO, Cﬁi
on (i) CHsCO,E Xylene 0~ “CHoO
4

Scheme 8



NaH,C"~ > —» o ® »
o) O Na oS~
42 43 44
o} o}
o e) V
HCl | | o
Tz Ol o e O e o ()
0~ “CHO o ~
O 0__0
41 47 16 \f 45
Scheme 9

Earlier, chromone-2-carbaldehyd#& was obtained from the oxidation of khellt with
manganese dioxide. Khellol is a 2-hydroxymethylchooe, which is obtained in a three-
step synthesis from visnaginone benzyloxy acéfaRayardet al*’ have also reported
the synthesis of chromone-2-carbaldehyde from nhetimpmone-2-carboxylaté8. This

is achieved by selective reduction of the esteugraith sodium borohydride, and the
subsequent oxidation of the product by manganesedsi to give the desired chromone-
2-carbaldehydd1 (Scheme 10%’

o o} o}
_
0 SN 0 0~ “CHO
o) 49 41
48
Scheme 10

10



1.1.2.5 Reactions of Chromones

There are many reactions that chromones underge. riifjority of these reactions
include nucleophilic attack at C-2 or C-4 of thearhone. Nucleophilic attack at C-2
affords conjugate addition products, and in songegaring-opening takes place at C-2.
The ring-opening reaction of chromones usually ragoroducts having eith&- or Z-
double bond configuratiorf§:*® The treatment of chromones with A#OTf affords the
benzopyrylium triflate 50 in situ, which is subsequently converted into 2-
vinylchromanone51 when treated with vinyl magnesium bromide at T8 The
biological activity of 2-vinylchromanones, as inidss of the growth of pathogenic and
non-pathogenic microbes, is suspected to involeerithg-opening reaction of the labile
arylallyl-ether moiety. Hence, treatment of the iy lchromanone51 with KOBU
affords 1-(2-hydroxyphenyl)penta-2,4-dien-1-dgsfevia tandem ring-opening anetro-
Michael reactions. It was also established that tleatment of chromones with
MesSiOTf followed by vinyl magnesium bromide affordéiet open-chain 1-(2-

hydroxyphenyl)penta-2,4-dien-1-06& directly (Scheme 17

OSiMe; OSiMe;
O | Bmg . THF N
OTf >
@ -78°C, 30min _—
0 0

i) BrMg

O O
i) Me3SIOTf, CH,Cl, di KOBU, THF, 5min @fﬁ\/
- _ =
S THE OH o
52 51

Scheme 11

The ring-opening of chromonesa C-2 nucleophilic attack prompted Davidsetral*® to

investigate the possible implication of this molcwprocess in the biological activity of

11



chromones. This was achieved by the treatment NgN-dimethylchromone-2-
carboxamide 53 with dimethylamine resulting in 2-(dimethylamin®)(2-
hydroxybenzoyl)N,N-dimethylacrylamidé4 (Scheme 12§

NMey N0
N
O = ~ ~ “NMe,
o)
| | Me,NH o) o
N »
o) ~ OH OH
o)
53 54a 54b

Scheme 12

Treatment of 2-{bis(2-methoxyethyl)amino}chromonerigatives55 with morpholine in
the presence of 40% formaldehyde affords the Mémbase$6 in good yield, while the
treatment of the same aminochromone derivéifyevith hydroxylamine hydrochloride
in ethanol and pyridine results in the openinghed thromone ring and the subsequent

formation of the isoxazole ring7 (Scheme 13§

12



0] O N

T
o) o)
MeO o n!v ~ CH,0 MeO o) I\!\/ ~

NH,4OH,
EtOH,
Pyridine

57
Scheme 13

Basavaiahet al®? reported the use of chromon#4 in Baylis-Hillman reactions, as
activated alkenes. This involves the reaction ofoctones with various aldehydes,
catalyzed by trimethylamine in methanol (Scheme®i4&yrikssonet al*® reported the
conjugate addition reaction of copper acetylidesgdther with TMSI and Lil) to
chromones, to afford 2-[(trimethylsilyl)alkyl]-4-obmanone derivative8§9 in good to
excellent yields (Scheme 1%).The reaction of chromones withbutyldimethyisilyl
triflate at 80°C, readily affords 4-butyldimethylsiloxy-1-benzopyrylium triflat&"

0 OH O

1 1
i fﬁij'? Me3N, MeOH R%R
—>
+
R H o o

11 58

Scheme 14

13



R 1)RC=CCu- LiI-TMSi R
| -30°C, 70 min, THF
»
0 2) NH,CI, then HCI o
11

59 R
Scheme 15

1.1.2.6 Reactions of Chromone-3-carbaldehydes

Much of the synthetic utility of chromone-3-carbaliydes is derived from the reactivity
of their electron-deficient centres at C-2, C-1H@) and C-4, giving rise to products in
which the chromone ring is retained or opeffe@hromone-3-carbaldehydes constitute
the most studied class of chromones bearing atretewithdrawing substituent at C23.
Noharaet al®’ reported the halogenation of chromone-3-carbaldel at C-3, which
involves the replacement of the aldehyde group.sTiki achieved by treating the
chromone-3-carbaldehyd with aqueous sodium hypochlorite or hypobromitadetic
acid affording 3-halogenochromone derivativé8 (Scheme 16) The reaction of
chromone-3-carbaldehyde40 with diazomethane affords 2-methylchromone-3-
carbaldehydes1 (Scheme 163 Chromone-3-carbaldehydes can also be converted to
Schiff's bases 63, which are strong alkylating agents, by reactionithw
phosphorohydrazide&2 (Scheme 163° They have also found application in Diels-Alder
reactions with ortho-benzoquinodimethane 64, forming the diastereomeric

benzop]xanthones5 following oxidation (Scheme 16§.

14
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L0 0
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Scheme 16

Chromone-3-carbaldehydes can also be converted(ibl-8etrazol-5-yl)chromone§7
via a carbonitrile derivativéé6. Thus, treatment of chromone-3-carbaldehy@ewith
hydroxylamine hydrochloride in 95% ethanol in theegence of HCI affords a 3-
carbonitrile 66, which is converted to the tetrazolo derivat&@ when treated with

sodium azide in the presence of anhydrous alumimibloride in THF (Scheme 1.

0
CHO CN
NaN3
0
66
Scheme 17
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Chromone-3-carbaldehydes react with variomamino acids and esters to give
azomethine ylides and pyrroles under different dosrts and can be converted to
chromone-3-acrylic acidd8 when treated with malonic acid in pyridine (Schetg§>®®°
Other reactions include chromic acid oxidation witines reagent to give chromone-3-
carboxylic acids$9,*® and reduction with sodium borohydride and aluminichioride to
give 3-hydroxymethylchromoneg0.*® Treatment of chromone-3-carbaldehydes with

basic alumina results in improved yields of 3-hygmethylchromoneg0.**

o] o]
AN
(e]
68
CH,(COOH),
Pyridine
O 0] O O
| OH NaBH, CHO Jones Reagent OH
{ AICI | > |
0] 3 0O (0]
70 40 69
* Basic Al,0O3 |
2-propanol
Scheme 18

The reaction of chromone-3-carbaldehyd#® and aminosalicylic acid derivatives
produces enaminegl or imines72 depending on the reaction conditions employed
(Scheme 195 while the benzophenone derivativd is obtained when chromone-3-
carbaldehyde40 is treated with the 1,3-bis(silyl enol ethefB in the presence of
TMSOTf in a reaction called the domino “Michaekro-Michael-aldol” reaction
(Scheme 205° Treatment of chromone-3-carbaldehyd@swith excess quantities of the
enol ethers5a,byields the corresponding diastereomeric heteredmmcloadduct36a-

d, with the stereoselectivity illustrated in Schege®®° The reaction of chromone-3-

carbaldehydelO with various diols affords chromone acet@lgin good yields. These
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acetals78 permit direct lithiation at C-2. Metallation isciitated by :- i) ability of an
acetal oxygen to coordinate with the metallatingragand ii) the electron-withdrawing
inductive effect of the heteroatom in the pyrargnmhich enhances the acidity of H-2.
Thus, treatment of the acetaf with lithium 2,2,6,6-tetramethylpiperidine (LTMm)
THF at -78°C affords the lithiated chromone derivativ®, which, when quenched with

various trapping reagents, yields the substitutedraone derivative9 (Scheme 225°

0]

SO N
+
| -
o H,N COOH
40 ‘
ROH, p-TsOH
RT Reflux
o (j[OH o ‘ OH
NS
Z N7 COOoH N~ “CooH
H |
0 0
71 72

Scheme 19

Q MesSiv . -SiMeg OH O
= —
(o]
40 73 74
Scheme 20
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1.1.3 INDOLIZINES
1.1.3.1 Historical Background

The history of indolizines dates back to 1890, whiezy were discovered by Angéli.
However, they were only first prepared in 1912 wh@t2® from picoline and acetic
anhydride. Indolizines have also been termed piymemdpyrindole, 8-pyrrolopyridine,
pyrrolo[1,2a]pyridine or pyrrocoline. The generally acceptedmiering system for
indolizines8 is shown below. Indolizines are weak bases whicmfsalts with strong
acids. They generated considerable interest afteas shown that they can be converted
into cyclo[3.2.2]azine&” "2 There have been three general approaches to titteesis of
indolizines, involving the formation of the five-méered ring moiety by intra- or

intermolecular condensation, 1,3-dipolar cycloaddibr 1,5-dipolar cyclization.

1.1.3.2 Synthesis of Indolizines

1.1.3.2.1 Synthesis of I ndolizines via Condensation Reactions

Scholt?® reported that the reaction of 2-methylpyridB@and acetic anhydride at 200-
220 °C vyielded a “picolide”, which on hydrolysis affordiéndolizine8. The “picolide”
was later shown to be 1,3-diacetylindolizi@& The pathway for the Scholtz reaction

proposed by Tschitschibabat al”® is outlined in Scheme 23.
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The Scholtz reaction was used by Boekelheite al’* to prepare 1-acetyl-5-
methylindolizine, and was accepted as one of theergé methods for preparing
acylindolizines. Tschitschibabihdiscovered an alternative method in 1927, whicls wa
considered of practical value for the preparatib2-alkyl- or 2-arylindolizines85. This
method involves ring-closure of quaternary pyridmihalides34 and related compounds
(Scheme 24). The limitation of the Tschitschibatgaction is its failure to provide access
to indolizines without substituents on the five-nimred ring; however, modified

Tschitschibabin reactions were reported |&ter.

1
R o R o R
OH
‘ N + RZ)VK/ X — ‘ N (@) — = // 7R2
N = N\)kRz X N\/
82 83 84 85

RY, R? = alkyl, aryl
Scheme 24

A further method involves the cyclization of 3-(2rgdlyl)-1-propanols and their

derivatives’® Amino groups were also found to be effective legvigroups when
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displaced by nucleophilic attack of the heteroayciitrogen atoni’”® Indolizines can
also be obtained from the reactions of heteroancmaitrogen compounds with

acetylenic and olefinic compountf&®*

1.1.3.2.2 Synthesis of Indolizines via 1,3-Dipolar Cycloaddition Reactions

1,3-Dipolar cycloadditions are well documented as of the most powerful methods for
the synthesis of five-membered ring compoufidBhis method has been applied in the
synthesis of indolizine88 by treating 1-phenacylpyridinium methyli@é with dimethyl
acetylenedicarboxylat87 under dehydrogenating conditions (Scheme®23). major
advantage of the 1,3-dipolar cycloaddition approactihe simple procedure which only
requires two steps. However, substituents at positil, 2 and 3 are generally restricted

to relatively small electron-withdrawing groufs.

X o) COOCH; COOCH;3
\ OO PAIC, Toluene -~
\CJK@ o N/ COOCH,
H
COOCH; COPh
86 87 88
+
Ph
hsoz
Ph/ Ph
89 _
-
‘ Benzene, RT > L N / Ph
COPh
90
Scheme 25

DiphenylthiireneS,Sdioxide 89 has been reported to behave like acetylenic congsu
towards the pyridinium methylid@6, affording the indoliziné0.2® 3-Azaindolizines92

are obtained from the reaction of tNeiminopyridinium ylide 91 with acetylenic and
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olefinic compounds, in a 1,3-dipolar cycloadditiosaction (Scheme 26). Indolizine
derivatives can also be obtained by 1,3-dipolataaadition reactions of 1,2-condensed

aziridines, munchenones, munchenone imines anddjaopentadien€s.

R!
X N i i = =
O dipolarophile 2
EE— E—
@N\ X | N “ N R
® NH, ® NH N
91 92

Scheme 26

1.1.3.2.3 Synthesis of Indolizines via 1,5-Dipolar Cyclizations

The synthesis of indolizines by 1,5-dipolar cydiiaa was first achieved in 1962in the
preparation of an azaindolizine derivative, by teacphenacylisoquinolinium bromide
with hydroxylamine hydrochloride. Treatment Nfpicrylmethylcycloimmonium ylide
with a base affords benzoindolizivéa elimination of nitrous acid, but this method is
limited to the production of the benzd{ and naphtha[2,B]indolizine system&* More
intramolecular 1,5-dipolar cyclizations were desed by Adamsoret al® and by Pratt
et al®® They reported that treatment Nfallylpyridinium bromides93 with potassium
carbonate in ethanol or chloroform affords the lmmloes 94 quite smoothly (Scheme
27).94,95

COOCH;
COOCH

5 COOCH; N S K,Co, o~

R + \ —» Ry @ — 2773 e R p

"N e V'é CHCl; or EtOH SN

Br
93 94

Scheme 27

Cyclopropenone®5 have been found to be useful in the synthesisiva- fand six-
membered heterocyclic compounds and, when treattd pyridines or diazabenzenes

96, they yield indolizine®7 or azaindolizine98, respectively (Scheme 2%y
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1,2-Disubstituted indolizine01 may be obtained from the reaction of 2-acetyl-2or
benzoylpyridinium bromides with hydrazine hydr&teThe product yields are usually
greater that in the Tschitschibabin reaction, wile reaction proceedingia a 1,5-
diradical intermediate, which subsequently cycliweafford the indolizine&** Nugent
et al'® have also reported the synthesis of 1,2,3-tristuibstl indolizines. Their
procedure involves the 1,8-diazabicyclo[5.4.0]-wdeene (DBU)-catalyzed reaction of
halopyridinium salt®9©9 (obtained from the 2-halopyridine and @aaloketone or ester)

with ethyl acetoacetatE0in acetonitrile (Scheme 28}

© 0
‘ N CIO O O P
P v A~ DBy, =
O Ph N
Br o
99 100 Ph
101
Scheme 29
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When pyrylium saltsl02 are treated with aminoacetaldehyde dialkylacet&3 they
produce pyridinium acetal04, which can be converted to pyridinium aldehyd@S via
acid hydrolysis® Treatment of pyridinium aldehydes bearing alkylups at positions 2
and 6 with alkali hydroxides, readily affords teldlizines106 (Scheme 30)%

R

| OR* | _HOH
®/ * H,N — Jj@\/t
R 2 /\( 3
CIO4 R0 CIOG OHC CIO®
0R4
102 103 104 105
KOH/
MeOH
R = —
s N7/
Rl
106
Scheme 30

A combinatorial synthesis of indolizines on a salighport has been reported by G6ff.
This approach involves a formal [3+2] cycloadditiminpyridinium ylides with electron-
deficient alkened® A microwave-mediated, one-pot synthesis of indioéis 109 via a
three-component reaction has been reported by &oe&'® and involves reaction of a
mixture of phenacyl bromid&07, pyridine, substituted alkynel)8 and basic alumina
(Scheme 31§%°

Rt R?
AlLO
o AN 23 Z N
R | — Rt
{Br RN + H Microwave XN 7
R2 R o
107 108 109
Scheme 31
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Another route to indolizine synthesis has beenntegdby Bodeet al*°®*" This involves
the treatment of selected Baylis-Hillman addukt® with acetic anhydride under reflux
conditions (Scheme 32§°'%"This is an interesting contribution to indolizingnthesis
since it shows the versatility of the Baylis-Hillmadducts, as will be explained later. In
addition it was the first application of the Bayhisliman reaction not only for the

synthesis of indolizines but also other heterocysjistems.

0]
= —
X R ¥ )k )k Reflux : p
‘ (e} N R
N
110 111
Scheme 32

1.1.3.3 Biological Activity of Indolizines

Many biologically active compounds possess an mdulcleus in their structure. The
similarity between the indole and indolizine nugbeompted speculation that indolizine
analogues of certain biologically active indolesuldo have similar or even better
biological activity!®® A range of indolizine derivatives were therefoymthesized and
structure-activity relationship studies carried éotunderstand which groups enhance
biological activity. Harrekt al'*®*'°reported Mannich bases derived from indolizines as
central nervous system depressants. Indolizine@#res possessing activities against 5-
hydroxytryptamine, histamine and acetylcholine wemgorted by Antoninét al,*** and

by Cingolaniet al******Gubin et al*** have reported 1-sulfonylindolizine derivatives as
potent calcium channel blockers, with comparabte/i#g to that of other known calcium
antagonistsyiz., verapamil anctis-(+)-diltiazen''* Recently, Gunderseat al''> have
reported some indolizine derivatives with antibdeteactivity againstMycobacterium

tuberculosis®®
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1.2 THE BAYLIS-HILLMAN REACTION

The Baylis-Hillman reaction (or Morita-Baylis-Hillam reaction, as it is sometimes
called) dates back to 1968, when Moria al*'® described the reaction of various
aldehydes with acrylic compounds catalyzed by dfimlyexylphosphiné®® It was then
later reported by Baylis and Hillman in 1972 in fratent literaturé'’ who used tertiary
amine catalysts to effect carbon-carbon bond fogmiactions. The reaction typically
involves the coupling of,B-unsaturated carbonyl systeik3 with aldehyded.12in the
presence of a tertiary amine catalyst to afforduatikl114 containing a chiral centre
(Scheme 33). Baylis and Hillman used cyclic teytiaamines such as 1,4-

diazabicyclo[2.2.2.]Joctane (DABCO) and quinuclidemcatalysts in their original work.

Scheme 33

Baylis-Hillman adducts are versatile intermediatdsch allow further functional group
manipulation. A major drawback of the Baylis-Hillm#&B-H) reaction, however, is its
generally slow rate, with reactions taking days,esen weeks to afford the desired
Baylis-Hillman adducts. Due to this drawback, nuowsr attempts, both chemical and
physical, have been made to enhance the rate ak#ution*'® Some of these methods
have resulted in remarkable reaction rate increaaed in some cases, permitted
previously unreactive species to react. Chemicahaus are often more attractive than
physical methods because they do not require aegiazed equipmerit? The chemical
methods employed involve variation of the catalysd variation of the solvent, including
use of water (a green solvefty:*'° The physical methods employed involve elevated
temperatures, elevated pressures, microwave araailind radiatio?>**The aim is to

establish reaction conditions that are applicable wide range of substrates.
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In the Baylis-Hillman reaction, addition of a zweitionic enolatel15 to the aldehyde is
believed to be the rate-determining step (Schemetsdnce, increasing the amount of
the enolate or activation of the aldehyde is exgetd result in increased reaction rates.
It is believed that, since the Baylis-Hillman reantinvolves charged transition states
and intermediates, it should be accelerated by uke of polar solventsyia
intermolecular charge-dipole interactici$.Among the reported methods for rate
enhancement, the use of water as a solvent orlgergas well documentet!®*231%5yy

et al'®® have reported the use of water and dioxane asleerts in the Baylis-Hillman
reaction of both aliphatic and aromatic aldehydéh wactivated alkenes. They observed
improved reaction rates and product yields, sugugshat water stabilizes the transition

1***investigated the actual role played by water

states or intermediaté§’ Aggarwalet a
in the rate acceleration of the Baylis-Hillman mé@t. This was done by employing
“salting-in” (Csl) and “salting out” (LiCl) agentsyhich would show whether rate
acceleration in water was caused by hydrophobictdf Their results showed that such
effects played no role in enhancing the reactids, ras both “salting-in” and “salting-
out” agents caused an increase in reaction ratecédthey concluded that the dominant
factor was hydrogen-bondirnté® As alluded to earlier, the best conditions ares¢hthat
can be applied over a wide range of substratesphSlane was found to provide
improved reaction rates and product yields for deniange of aldehydes and Michael

acceptors?®

DABCO was initially known as the traditional catstlyfor the Baylis-Hillman reaction.
However, other catalysts were discovered, among tBehydroxyquinuclidine, which
was reported to enhance the rate significaliflignd DBU which has been reported to
increase the reaction rate by up to 50-f6fDBU has a relatively high pKa and is also
sterically hindered. Generally, steric hindrancgutes in low reaction rates or no reaction
at all. However, in the case of DBU, it seems Hratne basicity is more important than
steric hindrance. In order to investigate the dati@n between reaction rate and pKa, a
range of quinuclidine-based catalysts were invaggig) by Aggarwaét al*?® From their
analysis, they concluded that there is a broacetairon between the reaction rate and the

pKa of the quinuclidine-based catalyst. The fastege was observed with the
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quinuclidine catalyst with the highest pKa, and tbwest rate with the quinuclidine
catalyst with the lowest pK&® Co-catalysts have also been explored, with the afim
enhancing the reaction rate. Malegral,'* for example, have reported the use of the
hydrogen-bonding bis-aryl ureas as good co-catlysta DABCO-catalyzed Baylis-

Hillman reaction?®

1.2.1 The Baylis-Hillman Mechanism

The generally accepted mechanism of the Baylisitditi reaction is illustrated in
Scheme 34. The reaction appears to be initiatethdyonjugate addition of the tertiary
amine catalyst to the activated alkel8 to afford the zwitterionic enolat&l5 which
then attacks the carbonyl carbon of the aldetytizin an aldol-type reaction to afford
another zwitterion116, in what is generally believed to be the rate-deiging step
(RDS). The final productl14 is obtained by rapid proton transfer and subseqguen
elimination of the catalyst®
o OH O
i

3° Amine
RECH 7 ﬁ# g R i
112 QR‘l 114
o
R RS

(o
RlJ\H o O ) o o Cg:))
o) T R NA DSR2
RDS o R R 9
7R R3O RL®
s 2 RN
S R* R®
Is
115 116 117
Scheme 34
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1.2.2 The Baylis-Hillman Reaction in the Synthesisf
Heterocyclic Systems

Baylis-Hillman adducts have been shown to be usefd versatile synthons for the
construction of heterocyclic systems. The prepanatif indolizines from Baylis-Hillman
adducts has already been mentioned (Schem®%2)Following this report, Basavaiah

et a3t

reported the synthesis of indolizing& the same method, but using cyclic
enonesi.e.,, chromones as Michael acceptors to obtain thecgolic systems120

(Scheme 35§

Scheme 35

The first application of Baylis-Hillman methodology the synthesis of quinolin€@swas
reported by our group in 199& This involved the treatment of 2-nitrobenzaldehgaé
with methyl vinyl ketonell13g methyl acrylatel13b or ethyl acrylatel13c in the
presence of DABCO at, or below, room temperaturgite the corresponding Baylis-
Hillman adductsl22 in moderate to good yields. Catalytic hydrogematd the Baylis-
Hillman adducts afforded quinolineé® and quinolineN-oxides 123 3-methyl-2-oxo-
1,2,3,4-tetrahydroquinoline  124a and 4-hydroxy-3-methyl-2-o0xo0-1,2,3,4-
tetrahydroquinolinel24b The dehydration of the 4-hydroxy analodi#tb afforded 3-
methyl-2-quinolinonel25 Treatment of the ethyl est&P2 with piperidine led to the
conjugate addition produdf6 subsequent catalytic hydrogenation of which ghee2-
quinolinonel27 (Scheme 36)+*
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Numerous attempts to use the Baylis-Hillman reactio the preparation of quinoline
derivatives9 have since followed. These include the transfoionadf Baylis-Hillman
adducts derived fromo-halobenzaldehydeN-tosylimines 128 into the corresponding
quinolines129. This is achieved by the treatment of Baylis-Halmadductsl28 with
tosylamide and potassium carbonate in DMF to aftbeddesired quinoling29 (Scheme

37) .133,134
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Kim et al'®* have also reported the synthesis NoBubstituted 1,4-dihydroquinoline
derivatives132 from Baylis-Hillman acetate$30 This is achieved by treating Baylis-
Hillman acetates 130 with benzylamine or cyclohexylamine affording 1,2-
dihydroquinoline derivatives131, which are subsequently isomerized into 1,4-

dihydroquinoline derivative$32 (Scheme 38)®

Cl OAc O cl 0 cl 0
RNHz, Et3N N
OEt - XX OEt — OEt
THF, Reflux, 30h | P N
cl Cl NHR
R
130 131
Workup
CH,Cl,
o
N
R
132
Scheme 38
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1'% reported the conversion of Baylis-Hillman addut®? derived from

Basavaialet a
2-nitrobenzaldehydé&21 and alkyl acrylated13and alkyl vinyl ketone413to quinol-2-
ones133 and quinolined 34, respectively. This was achieved by treating #spective
Baylis-Hillman adducts with acetic acid and ironwgter at 110°C for 30 minutes
(Scheme 39¥°° Lee et al™’ reported the synthesis of 3-substituted-4-hydroiyajine
N-oxides 135 from Baylis-Hillman adductd22 derived from 2-nitrobenzaldehyde by
treating the Baylis-Hillman adduci®2 with trifluoroacetic acid (TFA) and triflic acidt a
30-40°C for 10 hours (Scheme 35). A similar reaction was described by Amaraate

al.,"*® however, using only trifluoroacetic acid (TFA)&@-70°C.

N~ O

H
133
Fe/AcOH
110°C, 30min
(R = OMe, OEY)
OH O 0
X R
@\/ﬁ/\OAC Fe/AcOH wR w» w
- 0
_ 5 ) 30-40 °C, 10h N
N 110 °C, 30min NO> (R = Me, Et) e,
R = Me, Et
134 122 135

TFA, 60-70°C (R = OMe, OEY) T

Scheme 39
The treatment of Baylis-Hillman acetat286, derived from 2-chloronicotinaldehydes,

with nitroethane and potassium carbonate in DMB0a60°C for 3-4 hours affords the

quinolines137in good to excellent yields (Scheme 4%).
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The synthesis of 3-acetoxymethylquinoling84 from Baylis-Hillman adductsl38
formed by the reaction of 2-azidobenzaldehyde aredhyh vinyl ketone, has been
described by Yiet al**® This involves the treatment of the Baylis-Hillmaoetatesl38
with (EtOXP in toluene, initially at 0-8C for 30 minutes, and then at reflux for up to 48
hours (Scheme 41§°

OAc O OAc O
X (EtO)3P, Toluene - X RT, Reflux X X OAc
0-5°C 0.5-48h =
N3 \,\\l N
P(OEt);
138 139 134
Scheme 41

Further research in our grotf),on the synthesis of quinoline derivatives from Bay
Hillman adducts has been reported. Variation ofrégicing systems and the activated
alkenes was found to afford various quinoline datixes depending on the cyclization
path (Scheme 42).
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Basavaiatet al!*? further demonstrated the versatility of the Bayliiman reaction by
converting Baylis-Hillman acetatd<l4 into the substituted fused pyrimidine derivatives
146in a one-pot reaction. This was achieved by tngatine Baylis-Hillman acetatdsi4

with 2-aminopyridinel45 under mild and “green” conditions (Scheme #3).

o)
OhAc O o+ ‘\ H,0, MeOH R#N
R @) N/ NH, RT,6-20h N ‘
NS
144 145 146
Scheme 43
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Baylis-Hillman methodology is also applicable inetlsynthesis of 3-substitutedH2
chromened48. This has been achieved, in our group, by the D@Bfatalyzed reaction
of salicylaldehyded 47 with various Michael acceptors in a heterogeneougure of

chloroform and water (Scheme 4431

A CHO rz DABCO N
R on + CHCls, H,0 | o
147 148 z=CORY R!=Me, Et, Ph, H
Z = SO,Ph, SO3Ph, CN
Scheme 44

3-Substituted thiochromenes H2L-benzothiopyrans)150 can also be conveniently
accessed in one stea the Baylis-Hillman reaction, as was first demoatgtd in our
group in 2001* This was achieved by the DBU-catalyzed reaction 202’

dithiodibenzaldehyd&49with various Michael acceptors in chloroform (Stiee45)!4°

@iCHO
z z
_S r DBU, CHCls, RT o
HORN e LT
c S

OH
149 150 Z=COR, CO,R, CN, SO,Ph, SOsPh
R = Me, Et
Scheme 45

Coumarins153 another class of heterocyclic compounds founglamts, can also be
synthesized using the Baylis-Hillman reaction. Deewt al’*® reported the three-step
synthesis of substituted coumarins illustratedéheBne 46. Treatment of the adduts?
derived from o-benzylated salicylaldehydel51 with dimethylamine affords the
conjugate-addition produd52 which cyclizes to give the coumarin derivatii/e3 on

catalytic hydrogenation (Scheme 48).
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In our group*” more convenient methods for synthesizing coumat®s were later
reported. The first report described the reactibo-benzylated Baylis-Hillman adducts
154 with halogen acid (HI or HCI) in acetic acid ancefaic anhydride, the deprotection

and cyclisation steps occurriimgsitu (Scheme 47)%

OH O
R—; AN OMe HX, Ac,O, AcOH - R% X X
= 0Bn X=Cl ) = o o
154 155
Scheme 47

In a further improvement, it was found that treatimef Baylis-Hillman adduct4d56,
derived from salicylaldehydes and tert-butyl adsyjawith HCI in acetic acid under
refluxing conditions afforded the coumarin derivas 155. It should be noted that, in
this method, the hydroxyl group of the salicylalgeé need not be protected (Scheme
48) 148

OH © J<
N o) HCI, AcOH T Y d
R-T P v ‘ _
OH o 0
156 155
Scheme 48

Benzoxepined 58 exhibit interesting medicinal properties, and sienpiethods for the

synthesis of these compounds are desirable. Baseeaial*° havereported a simple
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one-pot synthesis of benzoxepine derivati/88 involving the formation of C-O and C-
C bonds through Prins-type and Friedel-Crafts reastof the Baylis-Hillman adducts
157 (Scheme 49)*°

R2 OH O
R HCHO, Conc. H,SO,4
o CH,Cl,, RT, 1h
Rl
157 158
Scheme 49

1.3 PREVIOUS WORK DONE IN THE GROUP

In addition to developing the synthetic methodoésgilescribed in the preceding section,
attention has also been given to physical organidiss of various heterocyclic systems.
Infrared studies of substituted chromone-2-carbabeylesters revealed carbonyl band
doubling, which was solvent-, substituent- and terajure-dependent and which was
explained in terms of rotameric equilibria betwegn-s-transandanti-s-transforms>°
Substituted chromone-2-carboxamides have been re@paand dynamic NMR studies
of these compounds revealed a temperature-depesghiting of theN-alkyl *H- and

13C-NMR signals, which was attributed to internaktain of the amide group’

The susceptibility of chromone derivatives to rmgeningvia nucleophilic attack at C-2
has been illustrated by the amine-mediated ringyimge of substituted chromone-2-

carboxamide®1>?

and a Kkinetic-mechanistic study demonstrated thiguance of
substituents on the ring-opening procédass spectrometric analysis of the ring-opened,
polyfunctional acrylamide derivatives permitteda@tlation of their major fragmentation
patterns:>® while dynamic NMR analysis of rotational isomerism these systems
permitted the calculation of internal rotational riiers®®* Dynamic H NMR

spectroscopy was used to explore the influencello$tgiuents on the internal rotation of
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the amino group in 2N,N-dialkylamino)chromone$™ nitrogen lone-pair delocalization
was presumed to inhibit rotation about the N-(C@nhd The influence of various
substituents on the electron density at C-2 andthen acidity of a series of 2-
carboxychromones has also been investigaféd® Chromone derivatives have been
used in the construction of ritonavir analoguep@tential HIV-1 protease inhibitors?
and chromone-3-carbaldehydes have been employed@agis-Hillman substrates,
affording unprecedented dimeric substraf8s.

The thermal cyclization of the Baylis-Hillman adtki¢o indolizines was presumed to
follow an addition elimination sequence, a processch is clearly facilitated by the

conversion of the hydroxyl function into a betteaving group, the acetate. In addition to
this, the enhanced electrophilicity of the vinyssm faciltates intramolecular conjugate

addition. Dynamic NMR analysis was used to charamztehe indolizines®’
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1.4 AIMS OF THE PRESENT STUDY

A number of polyheterocyclic compounds are biolaliic active. Some of the
compounds are found in plants, while some are sywattanalogues. The roots of the
plant, Cryptolepis sanguinolentaontain some polycyclic alkaloids with interesting
antiplasmodial activity. These are the cryptolepiienethyl-34-indolo[3,2-b]quinoline)

A, neocryptolepine (5-methylFsindolo[2,3b]quinoline) B and isocryptolepine (5-
methyl-8H-indolo[3,2¢]quinoline)  C.}**'%?  Their synthetic analogue, called

D,163167 was found to be two

isoneocryptolepine (5-methykbindolo[2,3<c]quinoline)
times less active thaA against the K1 strain d?lasmodium falciparungchloroquine-
resistant strain of the malaria parasite). Howeitewas found to be four times less
cytotoxic, therefore having a much better seletstinndex thanA, making it a better lead
compound for further validation of indoloquinolinas potential antiplasmodial drugs.
The mechanism of action @f is similar to that of chloroquine, that is, théiimition of

the haeme detoxification proce§&2¢’

o ()
5

A B C D

Another class of compounds that are abundant ioraaproducts are the xanthone
derivativest®®’®® and they possess interesting biological activiti@hese include

168,169 4ti-

inhibition of the monoamineoxygenase enzymes (MAGaAd MAO-B)
inflammatory, anti-oxidant, anti-ulcéf®*"*bronchodilatory in the treatment of astfia
and anti-tumor activitie§’>*"* Polycyclic synthetic xanthone derivativés F and G
below were reported to be cytotoxit vitro against a human breast cancer MCF-7 cell

line'”*and against leukaemia L1220 céfis!””
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Sandulacheet al'’® reported a method for the synthesis of bebixahthones from
chromone-3-carbaldehydes as dienophiles and thélyhigeactive diene,ortho-

benzoquinodimethangija a Diels-Alder reaction (Scheme 50).

(@]
CHO
©\)j/ + Trichiorobenzene, ‘\)i”
o Reﬂux

Scheme 50

Indenoquinoline derivatives are another class dfqyalic compounds possessing a wide
range of biological activities. These include 5-HEeptor bindind’® anti-
inflammatory*®° anti-tumor'®! of steroid reductase inhibitory®* acetylcholinesterase
inhibitory'® and antimalarial activitie¥* Lee et al'®® have reported the synthesis of
indenoquinoline derivatives from Baylis-Hillman sates (Scheme 51), again showing

the versatility of the Baylis-Hillman reaction ime synthesis of biologically active

(2

OAc O O
@)\H/“\/ ©/NH2THFreﬂux O/PPA120°C N
(O +
14-18h
o)
@ ) 2
O

HH

polycyclic compounds.

Scheme 51
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The present study has focused on the applicatiddagfis-Hillman methodology in the

construction of polyheterocyclic targets. Particukemphasis has been placed on

exploring the effects of varying the catalytic €mst and the use of microwave-assisted

reactions. The research has included the followerific objectives:

1.

The synthesis of substituted chromone-2- and -Batdehydes and their use as
substrates in Baylis-Hillman reactions using metagtylate and methyl vinyl
ketone as activated alkenes.

Baylis-Hillman reactions involving 2-nitrobenzaldes and cyclic enones, with a
view to synthesizing polycyclic quinoline derivagi

Baylis-Hillman reactions involving pyridine-2-catdahyde and quinoline-2-
carbaldehyde with cyclic enones, and subsequentecsion of the products to
polycyclic indolizine derivatives.

Absorption and fluorescence studies of selectegcyolic indolizine systems.
Computational studies to explore correlations betwetheoretical and

experimental spectroscopic data.
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2. DISCUSSION

The discussion covers:- the preparation of chron®nand chromone-2-carbaldehydes
as Baylis-Hillman substrates (Sections 2.1 and &8pectively); reactions involving
chromone-3-carbaldehydes (Section 2.2); reactionmslving chromone-2-carbaldehydes
(Section 2.4); Baylis-Hillman reactions involvingatic enones (Section 2.5); synthesis
of quinoline derivatives (Section 2.5.2); synthesispolycyclic indolizine derivatives
(Section 2.5.3) and spectroscopic studies of sdepblycyclic indolizine derivatives
(Sections 2.6, 2.7 and 2.8).

2.1 Preparation of Chromone-3-carbaldehydes

The series of substituted chromone-3-carbaldehyiflesse were prepared as Baylis-
Hillman precursors using the Vielsmeier-Haack neactThis was achieved by treating
the correspondin@-hydroxyacetophenone®3a-e with phosphorus oxychloride in dry
DMF at -20 °C (Scheme 50%° The mechanism of the Vielsmeier-Haack reaction
involves double bond formylation of the acetophenemolatel60 by the Vielsmeier-
Haack “complex” 159(i-iii), obtained from thein situ reaction of phosphorus
oxychloride and DMF, with tautomer&59(ii) and 159(iii) being the predominant
structures (Scheme 58 This is followed by hydrolysis to afford the cruderomone-3-
carbaldehyded0a-¢ in a one-pot reaction. Recrystallisation of tinede productgrom
acetone afforded the pure chromone-3-carbaldeM@easin 30-72% yields (Table 1).

o O
CHC
T, 2=er OOy
OH 2) HO
28a-e 40a-e

Scheme 50
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Table 1.Comparative yields of purified chromones-3-carbhidies40a-e

Acetophenone Product R Yield (%)
28a 40a H 63
28b 40b Br 72
28c 40c Cl 70
28d 40d F 30
28e 40e OMe 35
| N | I |
/N%Ej%lxo o 9[|\|§/O\(|F:)\|_® = 9NJO\S:O —> N O —= ON_OPG
H 9} a a eOPCIZ cP
159() 159(i) 159(jii)
SN < H Sy Hal Oy
(.). — 0O —> /(') — /(-) 150
160 NVie, _NMe, X Ve,
a
/ a
e C Qh@
a o O\
159(ii) 161 162 159(i)
(@) QH
R CHO ‘ HO IO
\©\)j/  2MeNHHC ®
a _NVe,
e N\
40 163
Scheme 51

The products were fully characterized by spectmpic¢IR, MS, *H and *C NMR)
analysis. Figures 1 and 2 show theand™*C NMR spectra of chromone-3-carbaldehyde
403, respectively. ThéH NMR spectrum (Figure 1) of the parent systempuoione-3-

carbaldehyddOa, reveals an overlapping triplet and doubleta?.5 ppm corresponding
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to the 6- and 8-methine protons, a singlet at §p& corresponding to the 2-methine
proton and a singlet at 10.36 ppm correspondinthéoformyl proton. Thé*C NMR
spectrum (Figure 2) reveals 10 carbon signals, tiéh2-methine carbon resonating at
160.5 ppm and the carbonyl carbon signals resapatii76.0 and 188.5 ppm.

10363
852
8287
8284

CHO

8-H, 6-H

5-H |

7-H 1

| |
I |
L i |

| i Y y Py
B IS B B PR
8 N B 5 B8
10.0C 9.5C 9.0C 8.5C 8.0C 7.5C

ppm (t1

Figure 1.400 MHz'H NMR spectrum of chromone-3-carbaldehyain CDCk.
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Figure 2.100 MHz**C NMR spectrum of chromone-3-carbaldehy@ain CDCk.
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2.2 Baylis-Hillman reactions involving chromone-3-
carbaldehydes

2.2.1 Reactions of chromone-3-carbaldehydes with gyl
vinyl ketone

The series of chromone-3-carbaldehyd@a-e were reacted with methyl vinyl ketone
using DABCO as catalyst in chloroform for 21 daySclfeme 52). Work-up and
chromatography of the crude products afforded thhernone dimerd65a-e(24 to 49%;
Table 2). None of the Baylis-Hillman produdi§4a-ewere isolated from these reactions
and it was assumed that they had been convertegadh case, to the corresponding
chromone dimerd.65a-e The reactions were repeated using 3-hydroxyqlitine as
catalyst for 24 hours (Scheme 52). Work-up and mlatography of the crude products
afforded the chromone dimet§5a-ein significantly improved yields (34 to 72%; Table
2) and the tricyclic products66a-d(4 to 12%, Table 3), which were recently isolabgd
Molefe® It was hoped that, in the present study, theselymts could be elaborated
further, as indicated in Scheme 52, to afford {hieosderivativesl67 and168.

Table 2.1solated yields of chromone dimek65a-eusing DABCO and 3-HQ.

Aldehyde Chromone R Yield (%) Yield (%)
dimer Using DABCO Using 3-HQ

40a 165a H 49 72

40b 165b Br 24 47

40c 165c Cl 39 66

40d 165d F 25 34

40e 165e OMe 30 46
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DABCO, CHCL
40a-e RT,OZrldays
3-HQ, CHC
RT, 24h
l o
O OHO 7o
o
|
166a-e

Intractable mixtures
of products

165a-e

MeMgBr
R=H)
Intractable mixture of products

Scheme 52
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Table 3. Initial isolated yields of tricyclic adduci6a-d

Aldehyde Tricyclic R Yield (%)
adduct Using 3-HQ

40a 166a H 12

40a 166a H 4

40b 166b Br 7

40c 166¢ Cl 5

40d 166d OMe

Methyl vinyl ketone was treated, as a model sutestraith amines (pyrrolidine and
benzylamine) using tetrabutylammonium bromide (TBAB catalyst in water to afford

1% and illustrated below in Scheme

conjugate addition products as reported byeXua
53. The chromone dimerk65a-e were also treated with pyrrolidine under the same
conditions, but, due to poor solubility of the cmmne dimers in water, no reaction was
observed by TLC monitoring. The chromone dimersewtiten treated with various
amines (benzylamine, isopropylamine and diethyl@nimder neat conditions at room
temperature affording intractable mixtures of pradu(Scheme 52). The chromone
dimers165a-ewere also treated with methyl magnesium bromidé) e intention of
exploring regioselectivity of nucleophilic attack the various electrophilic sites [*]
(Scheme 52). However, seemingly intractable mixwe products were also obtained.
Chromatography of the mixtures using both flash HRLC methods generally failed to

afford pure products.

SR s
©/\NH2 gH

Scheme 53
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The chromone dimers, first isolated by SabbZghare presumed to formia the
mechanistic sequence outlined in Scheme 54. Timshias an intermolecular reaction
between two Baylis-Hillman adduct64 to give the intermediaté69. Attack of the
hemi-acetal hydroxyl oxygen on thep-unsaturated carbonyl moiety then results in
intramolecular cyclizationia an $2’ or conjugate addition-elimination process tooadf
the chromone dimet65

O @)
R OH COMe

| N F >

R
|
164 164
[-HxO]
R
165 169

Scheme 54

The tricyclic products 166a-e had been obtained by Moléf€ using 3-
hydroxyquinuclidine as catalyst and their formatioes been rationalized as shown in
Scheme 55. The zwitterionic enolate, formed fromrmaction of the catalyst and methyl
vinyl ketone, attacks the chromone-3-carbaldeM@at position 2, instead of attacking
the aldehyde’s carbonyl carbon, to afford the midiate 170. This shows the

susceptibility of C-2 to nucleophilic attack. Prmottransfer, followed by elimination of
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the catalyst produces the intermedia#®. Cyclizationvia an intramolecular conjugate
addition and a tandem intermolecular Michael rescthen affords the tricyclic products
166a-d

R@)}\H /%82 _»R _ H\iéﬁ —>R _ @HJ\
® YE@ 170 B 171
gt ;

i LI,

X'Q;l e

166
Scheme 55

The chromone dimers65a-ewere fully characterized by spectroscopic (IR, M$.and
3¢ and 2-dimensional NMR) analysis. THel NMR spectrum (Figure 3) of the
chromone dimefl65areveals two singlets at 2.28 and 2.42 ppm corrmdipg to the 12-
and 16-methyl groups, a singlet at 3.22 ppm comeging to the 13-methylene protons,
a pair of doublets ata 4.5 ppm corresponding to the diastereotopic 2-phetie protons,
a singlet at 5.00 ppm corresponding to the 9a praad a singlet at 7.17 ppm
corresponding to the 4-methine proton. A8 NMR spectrum (Figure 4) reveals 28
carbon signals. The C-16 and C-12 methyl groupsnae at 25.3 and 25.8 ppm,
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respectively, the C-13 and C-2 methylene carborsenate at 25.9 and 65.9 ppm
respectively, the C-4a quarternary carbon at 5@rh pnd the C-9a methine carbon at
99.8 ppm. The data from DEPT135, COSY, HSQC and iEMipectra were used to
facilitate the assignment of the signals.

SERERIVIERAfINEEEE  yEgIIENEE 1§
&QKK V%//%s, N[
| 1612
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BB 3 94 R
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Figure 3. 400 MHz'H NMR spectrum of chromone dim&65ain CDCk.
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Figure 4.100 MHz*3C NMR spectrum of chromone dim&85ain CDCk.
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Semi-preparative HPLC of the parent tricyclic prodd66a (R = H) afforded two
fractions, shown, for the first time, to be diastameric productd66a and166a arising
from the presence of the two stereogenic centre8a(@nd C-9). Th&H NMR spectrum
(Figure 5) of the tricyclic adduct66a shows two multiplets at 2.02 and 2.19 ppm
corresponding to the diastereotopic 13-methylemmops, two singlets at 2.06 and 2.37
ppm corresponding to the 16- and 12-methyl groegpectively, two multiplets at 2.40
and 2.54 ppm corresponding to the diastereotopiméthylene protons, a doublet of
doublets ata 4.67 ppm corresponding to the 10-methylene protasnglet at 5.12 ppm
corresponding to the 8a-methine proton and a trgdl&.28 ppm corresponding to the 2-
methine proton which couples with the 10-methylpraons.

The'H NMR spectrum (Figure 6) of the tricyclic diasteneer166a (the second fraction
from semi-preparative HPLC) illustrates the siniilas and differences from thH
NMR spectrum of the diastereonte86g (Figure 5). The triplet at 2.18 ppm corresponds
to the 13-methylene protons, the two singlets &fi &and 2.29 ppm to the 16- and 12-
methyl groups respectively, the triplet at 2.56 pnthe 14-methylene protons, the pair
of doublets ata 4.5 ppm to the 10-methylene protons, the sindl&40 ppm to the 8a-
methine proton and the broad singlet at 6.67 pprinéo2-methine proton. The COSY
spectra of the diastereomeric products (Figuresd7& reveal the long range couplings
(marked X) between the 2-methine proton and thstelieotopic 10-methylene protons

for the two diastereotopic tricyclic produdi§6a and166a, respectively.
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Figure 7.COSY spectrum of the tricyclic addul$6g in CDCl.
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Figure 8. COSY spectrum of tricyclic the adduidt6g in CDCb.
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The high resolution mass spectra (Figures 9 andfi@e two diastereomeric tricyclic
products166a and 166a reveal molecular ion peaks at/z = 314.11478 andn/z =

314.11486 respectively, confirming their commomatocomposition.

BH_H3_HREI-cl1 #64-74 RT: 0.58-0.67 AV: 11 SB: 8 0.02-0.08 NL: 6.49E6
T: + c El Full ms [ 303.50-320.50]

314.11478
Ci18H18 Os
100— -0.30118 ppm
90
80
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% 60—
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g 50
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B 304.10598 306.04433 310.02684 ‘ ‘ ‘ ‘318.07348
0\\\\\‘\\‘\\‘\\\\‘\\‘\\\\‘\\\\\\\ \\\\\\‘\\‘\\\ L
302 304 306 308 310 312 314 316 318 320 322
m/z
Figure 9. HREI Mass spectrum of the tricyclic adddé6a.
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Figure 10.HREI Mass spectrum of the tricyclic addu&6g.
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The C NMR spectrum (Figure 11) of the tricyclic produ6a reveals 18 carbon
signals. The C-13 methylene nucleus resonates.8tgp, the C-12 and C-16 methyl
nuclei at 25.4 and 30.0 ppm, the C-14 methylendenscat 37.7 ppm, the quartenary
carbon C-9 at 49.1 ppm, the C-10 methylene nucd&u85.8 ppm, the C-8a methine
carbon at 99.9 ppm, the vinylic carbon C-2 at 1358 and the three carbonyl carbons
at 192.5, 196.5 and 206.6 ppm. The DEPT135 specfftigure 12) confirms the
presence of three methylene carbons, C-13, C-14Cahd, which resonate at 24.8, 37.7
and 65.8 ppm respectively. The HSQC and HMBC spdéligures 13 and 14) were used
to assign the aromatic signals and also to condittmer signal assignments. Similar signal
patterns were observed for the tricyclic addiGfa.
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Figure 11.150 MHz*C NMR spectrum of the tricyclic addut66a in CDCh.
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Figure 12. DEPT135 NMR spectrum of the tricyclic adddé6g in CDCl.
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Figure 14. HMBC spectrum of the tricyclic addut66ga in CDCk.

The NOESY spectrum (Figure 15) of the parent tlicyadduct166a reveals only the
long-range coupling between the 2-methine protahtha 12-methyl group, marked with
the rectangle, and the long-range coupling betwee8a-methine proton with one of the
10-methylene protons, marked with an oval shapas Bpectrum does not provide
enough information about the stereochemistry asteeogenic centres C-8a and C-9.

On the other hand, the NOESY spectrum (Figure 1&eparent diasteromeric tricyclic
adductl66g reveals long-range coupling between the 8a-mefian and the 13- and
14-methylene protons, marked with the rectangléss interaction means that the 8a-
methine and the 13- and 14-methylene protons atke@same side of the molecule, with

the possible stereochemistry shown in Figure 17.
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Figure 16. NOESY spectrum of the tricyclic addudi6a in CDCk.
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Figure 17. Possible stereochemistry of the tricyclic addifia.

Semi-preparative HPLC of the brominated and chédad analoguesl66b and 166¢
respectively) afforded only one fraction in eacle.ofhe brominated analogdé6b had
similar 'H NMR signal patterns to the parent systéf6a, whereas the chlorinated
analoguel66chad similattH NMR signal patterns as the diastereomeric sydi@6a.

The reaction was initially conducted using 3-hydmuinuclidine and 1.1 molar
equivalents of MVK. Under these conditions, howevEarmation of the tricyclic
products proved to be very inefficient (2% vyield). The reactions were therefore
repeated using:
i) Excess MVK (2.0 eq.), because the proposed meaharicheme 54),
indicates that two equivalents of MVK are involiedhe reaction.
i) 3-HQ, because it affords the products in shorteodse than DABCO.

These changes were made in order to increaseelteofithe tricyclic products, with the
aim of cyclizing the acyclic ketones to afford spoompound467and168(Scheme 52).
After stirring the reaction mixture at room tempgara for 24 hours, followed by the
usual work-up and flash chromatography, a mixtdréne Baylis-Hillman adduct$64a-

d and the tricyclic productd66a-d was isolated. Interestingly none of the chromone
dimers165-a-dwere isolated from these reactions (Scheme 52leTéb Cyclisation to
spiro compounds will require (even) more efficiantess to the tricyclic systerh86a-e
hence it could be explored in future studies.
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Table 4. Isolated yields of Baylis-Hillman adduct4a-d and tricyclic adducts
166a-dusing 3-HQ and 2 eq. of MVK

Product no. R 164 [Yield (%)] 166 [Yield (%)]
166a H 30 13

166b Br 28 16

166¢ Cl 23 11

166d OMe 25 9

2.2.2 Reactions of chromone-3-carbaldehydes with gyl
acrylate

The series of chromone-3-carbaldehyd®a-d were reacted with methyl acrylate using
DABCO as a catalyst in chloroform for 21 days (Suke56, Table 5). Work-up and
purification of the crude products using flash chatography and HPLC afforded the
Baylis-Hillman adductsl73a-d The Baylis-Hillman products were then treatedhwit
butylamine, in expectation of obtaining the triggctlerivativesl74a-d However, the

cyclic productsl74a-d were not isolated; instead intractable mixturepmfducts were

obtained.
o O OHOo
HkOl\/le 'DABCO, CHCL | OMe
RT, 21 days
40a-e 173a-d
RINH,
O O
A OMe
N
R
174ad
Scheme 56
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Table 5.1solated yields of Baylis-Hillman adduct33a-d

Aldehyde BH-adduct R Yield (%)
40a 173a H 23
40b 173b Br 20
40c 173c Cl 15
40e 173d OMe 19

2.3 Preparation of chromone-2-carbaldehydes

The chromone-2-carbaldehydEg7a-dwere synthesizedia a three-step process starting
from the corresponding 2-hydroxyacetophenod@a-d?*!%"*** The first step involves
treatment of each of the 2-hydroxyacetophenonds &ttiyl acetate and sodium ethoxide
(generatedn situ by reaction of sodium metal with dry ethanol) téoad the crude
enolisedB-diketo derivatived 75a-d Recrystallisation of the crude intermediai&%a-d
from petroleum ether (boiling range 60-80) afforded the pure compounds in yields
ranging from 60 to 97 %. On acidification, theseeimediates cyclized spontaneously to
the corresponding 2-methylchromorie&a-d which were recrystallised from hexane to
afford the pure compounds in yields ranging from t8377%. Oxidation of the 2-
methylchromones with selenium dioxide in xyleneoeded the crude chromone-2-
carbaldehyded 77a-d which were purified using flash chromatographyaftord the
pure products in yields ranging from 10 to 45% Subk 57; Table 6).

o O OH o o)
R . R
\@\)J\ [0} R\©\)J\/K (i) R | (iii) m
OH OH CcHC
28a-d

175a-d 176a-d 177ad

Scheme 57: Reagents and conditiorf§ Ethyl acetate, Na metal, ethanol, reflux, 8h; (ii)
Acetic acid, conc. k8O, reflux, 4h; (iii)) SeQ,
xylene, reflux, 24 h.
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Table 6. Isolated yields off-diketo derivativesl75a-d 2-methylchromone&76a-d and
chromone-2-carbaldehyd&g7a-d

R 175a-d (Yield %)  176a-d (Yield %)  177a-d (Yield %)
H 70 33 21
cl 60 77 45
OMe 97 54 10
Br 75 47 24

The probable mechanism for the synthesis of therasbne-2-carbaldehydes is illustrated
in Scheme 58, and involves deprotonation of thengdegroup of the acetophenone with
sodium ethoxide, to afford a resonance-stabilizedlsge, which then attacks the
carbonyl carbon of ethyl acetate in a Claisen-Sdhrmondensation sequence to afford
the enolate intermediat®. Acid-catalysed cyclization and dehydration, letmghe 2-
methylchromoneC. The oxidation of 2-methylchromon@ with selenium dioxide is
considered to involve deprotonation of the methylug to form a resonance-stabilized
enolate D, which undergoes selenation at C-3 to afford mediate E. A [2,3]-

sigmatropic, followed by deselenation, finally tladfords chromone-2-carbaldehyde
F.ZOO_ZO?

The’H spectrum (Figure 18) of 6-methoxy-2-methylchroma@6creveals two singlets

at 2.34 and 3.85 ppm corresponding to the 2-methgl 6-methoxy groups, respectively,
a singlet at 6.12 ppm corresponding to the 3-metprmoton and the rest of the aromatic
proton signals between 7.17 and 7.51 ppm. Ffespectrum (Figure 19) reveals 11
carbon signals, with the 2-methyl and 6-methoxygeresonating at 20.5 and 55.8 ppm,

respectively, and the carbonyl carbon resonatirig/&tl ppm.

The 'H spectrum (Figure 20) of the oxidized analoguemethoxychromone-2-
carbaldhydel77¢ reveals a singlet at 3.81 ppm corresponding eédstimethoxy group, a
singlet at 6.88 ppm corresponding to the 3-metpnag¢on, and a singlet corresponding to
the aldehyde proton at 9.78 ppm. Tfié spectrum (Figure 21) again reveals 11 carbon
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signals with the 6-methoxy carbon resonating a0 fpm, 4-carbonyl carbon at 178.1

ppm and the aldehyde carbonyl carbon at 185.5 ppm.

e e

[ EtS|

m «w@ﬁ%&w

C

1&

O-SFO

H
O
sesno "L
CHO
F

Scheme 58
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Figure 18.400 MHz *H NMR spectrum oB-methoxy-2-methylchromonk76cin CDCk.
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Figure 19. 100 MHz *C NMR spectrum of 6-methoxy-2-methylchromofi&6c in

CDCls.
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Figure 20.400 MHz'H NMR spectrum oB-methoxychromone-2-carbaldehytié7cin
CDCls.
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Figure 21.100 MHz**C NMR spectrum of 6-methoxychromone-2-carbaldehyigcin
CDCls.
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2.4 Baylis-Hillman reactions involving chromone-2-

carbaldehydes

2.4.1 Reactions of chromone-2-carbaldehydes with gyl
acrylate

The series of chromone-2-carbaldehytiéga-dwere reacted with methyl acrylate using
3-hydroxyquinuclidine as catalyst in a minimal vole of chloroform at room
temperature for 24 hours. Purification of the crpdeducts using flash chromatography
afforded the interesting productZ9a-din yields ranging from 13% to 35% (Scheme 59;
Table 7). None of the expected Baylis-Hillman adduc/8a-d were isolated. In an
earlier study, Molef€® had obtained the 6-methoxy substituted systemeakond the
intention in the present study was to confirm tleeroducibility of this unexpected

transformation and demonstrate its applicabilita t@nge of substrates.

O @]
R
CHO
177a-d 3-HQ
CHCl;

e o

R R o

| e | .

OH O
178ad 179a-d

Scheme 59
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Table 7. Isolated yields of producfs/9a-d

Aldehyde R Product Yield
177a H 179a 13
177b Cl 17ab 19
177c OMe 179c 35
177d Br 179d 30

A possible mechanism for the formation of product8a-dis shown in Scheme 60. This

involves displacement of the aldehyde group attjosi2. The zwitterionic enolate,

formed from reaction of the tertiary amine catalysth methyl acrylate, attacks the

electrophilic centre C-2 of the chromone insteathefaldehyde carbonyl carbon, and the
rearrangement which involves loss of CO and thgatgr amine catalyst affords the

productsl79a-d

o o %
X @ [-COJ T
“ - OWH RN OMe
CHO o
(NR
177 O(j) e ° 179
Z>OMe
@
RN
Scheme 60
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2.5 Baylis-Hillman reactions involving cyclic enong

Applications of cyclic enones in Baylis-Hillman rmt@ns were also investigated. The
traditional catalyst, DABCO, in these reactionss baen found to be inefficietft'®as
has the use of 3-hydroxyquinuclidine. The reasoriHis lack of catalytic activity can be
attributed to steric factors in the cyclic enoned ¢he rigidity of the catalysts (DABCO
and 3-HQ). When comparing the steric effects irctieas involving MVK and cyclic
enones, it should be noted that MVK has two hydnogfems at th@-carbon of they,3-
unsaturated ketone, whereas the cyclic enonesdravéydrogen atom and a methylene
group (CH), making them relatively inaccessible for nucletiphattack by tertiary

amine catalyst&®18°

This has led to the investigation of better andereffective reaction conditions, most of
which involve the use of catalysts other than DAB@@d the use of certain additives to
facilitate the reaction. The use of TiGls a catalyst has been reported bgtlal,**® by
Patraet al'®! and by Basavaiaét al'® Other catalysts that have been reported include 4-
(dimethylamino)pyridine (DMAP) in aqueous solutiffi, imidazole in aqueous
solutiont 9319420828 qdium methoxidé!® trimethylaminé'! and N,N,N’,N*-tetramethyl-
1,3-propanediamine (TMPDAY? In the present study, cyclic enones have beeregac
with 2-nitrobenzaldehydes, pyridine-2- and quineiR+carbaldehydes and chromone-3-
carbaldehydes under various Baylis-Hillman condgio

2.5.1 Reactions of cyclic enones with 2-nitrobenz@hydes and
their conversion to quinoline derivatives

In these reactions, a number of catalysts andiogacbnditions have been explored. In
model reactions, 2-cyclohexen-1-ob80 and 2-cyclopenten-1-or81 were reacted, as
reported:>® with aqueous formaldehyde using DMAP as catalysTHF for 12 hours
(Scheme 61). While work-up and chromatography d#dr2-(hydroxymethyl)cyclohex-
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2-enonel82 in 38%, only a trace quantity of 2-(hydroxymetleyljlopent-2-enond83
was obtained under these conditions. The cataltiovity of DMAP was further
investigated using a wide range of aldehydes, amticcenones. However, reaction of
benzaldehydes with 2-cyclohexen-1-one, using DMARaalyst in THF-water (1:1) for
12 hours, afforded only trace amounts of the ddddaylis-Hillman adductsEven after
extended reaction periods c& 36 to 48 hours, the product yields were still vpoor,
and it was clear that the DMAP-THF-water reactiamditions were not generally

applicable to a broad spectrum of substrates.

O o]
6/\ <HCHO, imidazole HCHO, DMAD OH
OH THF, NaHCQ RT( THF RT
180, n=2
183 181:n=1 182
Scheme 61

The poor results obtained using DMAP as catalystmpted the investigation of a
different catalyst, which could be used for a widange of substrates. Reaction of 2-
cyclopenten-1-onel81 with aqueous formaldehyde for 36 hours, using analle as

catalyst in a mixture of THF and aqueous 1M NaHCGllowing a procedure reported

by Luo et al®®

afforded 2-(hydroxymethyl)cyclopent-2-eno83 in 75% yield, after
work-up and flash chromatography (Scheme 61). Téee af water in Baylis-Hillman
reactions has been reported to enhance the reaetieh®'**?*In aqueous reaction
conditions, imidazole undergoes a proton transfér water as illustrated in Scheme 62.
However, in basic aqueous conditions it is belietieat protonation of imidazole is
depressed, thus leaving neutral imidazole to cagallge reaction,e., the basicity of the
medium is likely to be important for rate enhancetn&his conclusion is reflected in the
observed dependence of reaction rate on the pheakactiorf’®
HN— HNC@ =

N

+ H

Scheme 62
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The promising catalytic activity of imidazole inighreaction led to the use of this catalyst
in reactions of a series of 2-nitrobenzaldehyb&a-ewith both 2-cyclohexen-1-ori80
and 2-cyclopenten-1-ori81in THF-aqueous 1M NaHCOThe Baylis-Hillman adducts
185a-eand186a-ewere obtained in yields ranging from 39% to 10@%er work-up and
flash chromatography (Scheme 63, Table B)ese conditions clearly proved to be
effective for these particular substrates. The Balllman adductsl85a-eand186a-e
were then transformed into the corresponding quiealerivativesl87a-eand188a-eby
treating them with acetic acid and iron powder unadux for 2 hours (Scheme 63),
following a reported methodology by Basavaiahal'*® In their approach, Baylis-
Hillman adducts, derived from 2-nitrobenzaldehyded methyl vinyl ketone and methyl
acrylate, were converted to quinoline derivativ2sStyrylquinoline derivatives have
exhibited potential as HIV-1 intergrase inhibitét$,and it was hoped that the
styrylquinoline derivatived89 might be prepared as possible HIV-1 intergraséitdrs.
Unfortunately, the product yields of the quinoloherivativesl87 and188 were generally
low, except for two cased§7cand 1889, and their conversion to the styrylquinoline

derivatives was not pursued.

The mechanism proposed for the formation of thengjine derivativesl87 and 188 is
shown in Scheme 64° Reduction of the nitro group to an amine and pration of the
carbonyl group permits cyclization and dehydratioa nucleophilic addition to the
carbonyl group. Acid-catalysed allylic displacemeftOH by acetate, then affords the

quinoline derivative3®
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Table 8 Isolated yields of Baylis-Hillman adduc85a-e 186a-eand quinoline

derivativesl87a-e

Aldehyde R 185 (Yield 186 (Yield 187 (Yield 188 (Yield
(184) %) %) %) %)

a H 66 61 26 71

b 5-OH 79 76 5 18

(o 3-OMe 85 98 71 37

d 4 5-OMe 100 97 37 38

e 4 5-OCHO 70 97 44 42
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The productsl85-188were all fully characterized by spectroscopic (WS, *H and**C
NMR) analysis. ThéH NMR spectrum (Figure 22) of the Baylis-Hillmandait 1853

derived from 2-nitrobenzaldehyde and 2-cyclohexemdé, reveals three multiplets at

Scheme 64

1.98, 2.34 and 2.44 ppm corresponding to the 5;, ahd 6-methylene protons
respectively, a singlet at 6.17 ppm correspondmmthé 2” proton, a triplet at 6.61 ppm
corresponding to the 3-methine proton and sigralshie aromatic protons between 7.42
and 7.90 ppm. Th&C NMR spectrum (Figure 23) reveals 13 carbon sigribihe 5, 4-
and 6-methylene carbons resonate at 22.4, 25.7 3@ ppm, respectively; the
asymmetric carbon 2” resonates at 67.2 ppm, whike dromatic carbons resonate
between 124.4 and 148.1 ppm and the carbonyl cab®99.7 ppm.
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Figure 22.400 MHz'H NMR spectrum of Baylis-Hillman addut85ain CDC.
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Figure 23.100 MHz*C NMR spectrum of Baylis-Hillman addut85ain CDCk.
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The'H NMR spectrum (Figure 24) of the quinoline derivatl88breveals a singlet at
2.08 ppm corresponding to the acetyl methyl grdwp, multiplets at 2.23 and 2.55 ppm
corresponding to the 2-methylene protons, two milgits at 3.08 and 3.33 ppm to the 3-
methylene protons, a multiplet at 6.27 ppm to thraethine proton at the chiral centre, a
singlet at 8.05 pm to the 4’-methine proton andréraaining aromatic protons between
7.18 and 7.93 ppm. THEC NMR spectrum (Figure 25) reveals 14 carbon sigribhe
acetyl methyl group resonates at 21.2 ppm, thend-3amethylene carbons at 30.7 and
31.3 ppm, respectively, the asymmetric carbon, &-I5.7 ppm, the carbonyl group at
171.3 ppm and the rest of the aromatic carbons detwi10.0 and 163.0 ppm. The
COSY spectrum (Figure 26) was also used to fatlithe assignment of the proton
signals. It reveals long range interaction betwienl-methine proton at the chiral centre
and the 4’-methine proton, marked X. The HSQC (Feqei7) was also used to facilitate
the assignment of the signals. It clearly confirthe signal assignments made in the
proton and carbon spectra. The protons resonatirg28 and 2.55 ppm are shown to
belong to the same carbon (C-2) at 30.7 ppm, tbéops at 3.08 and 3.33 ppm both
belong to the same carbon (C-3) at 31.3 ppm. Thealcharbon C-1 at 75.7 ppm,
corresponds to the 1-methine proton at 6.27 ppm.
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Figure 26. COSY spectrum of the quinoline derivati@8bin CDCl.
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Figure 27. HSQC spectrum of the quinoline derivati@8bin CDCl.
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2.5.2 Reactions of cyclic enones with chromone-3-
carbaldehydes

A series of chromone-3-carbaldehydes were react#iul 2vcyclohexen-1-one and 2-
cyclopenten-1-one using imidazole as a catalydtHf-aqueous 1M-NaHCg{1:4 ['/\])
(Scheme 65). After 7 days of stirring at room terapge both starting materials were
recovered unconsumed. The volume of the agueouwsimolused in this reaction was
greater than that of THF, and it was assumed tieatdack of reactivity was due to poor
solubility of the chromone-3-carbaldehydes in thelvent system. The reaction
conditions were then altered, and the reaction eaeslucted using TMPDA as catalyst
and THF-water (1:1Y[,]) as solvent. However, even after 7-10 days afist, no
product was isolated after work-up, and the stgrtinaterials were again recovered
unconsumed. It was then presumed that the poorbitibjuof the chromone-3-
carbaldehydes in THF could be the reason for thle &d reaction. The solvent system
was then changed to chloroform-water and the r@astivere repeated using TMPDA as
catalyst. Again, however, after days of stirringe tistarting materials remained
unchanged, although there was a colour change ¢aaurless to red during the course
of the reaction. (A similar pattern was also obsdrwith the attempted Baylis-Hillman
reactions involving chromone-3-carbaldehydes andorobnes, in an attempt to

synthesize bis-chromone Baylis-Hillman adducts.)

0

Scheme 65Reagents and conditions(i) Imidazole, THF-NaHC@ (ii) TMPDA, THF-
H,0; (iii) TMPDA, CHCl5-H,0.
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From these observations it was clear that solylalibne was not the problem, and there

12 and Leeet al**? have reported that

were other factors inhibiting the reaction. Lefoa
imidazole and TMPDA are good catalysts for Bayliifhan reactions involving cyclic
enones. We have also shown that, even in reactiwaisinvolve chromones as the
activated alkenes, these catalysts are effectivee (Section 2.5.4). Chromone-3-
carbaldehydes are susceptible to nucleophilic laathree centresjz., C-2, the formyl
carbon and C-4, and it is possible that TMPDA anddazole might attack the
chromone-3-carbaldehydes at C-2 in a conjugatetiaddsequence thus decreasing the
electrophilicity of the aldehydic carbon, and inhiig the Baylis-Hillman reaction from
taking place as illustrated in Figure 28. Nucletiphattack at position 2 has also been
illustrated by the formation of the interestingcyglic Baylis-Hillman adduct 166

(Section 2.2.1, Scheme 55).

RsN:

Figure 28

2.5.3 Reactions of cyclic enones with pyridine-2-daaldehydes
and quinoline-2-carbaldehyde

The encouraging results we obtained using imidanoléer basic aqueous conditions,
following the reported procedure by L al,?®® led us to use these conditions in
reactions of 2-cyclohexen-1-onB80 and 2-cyclopenten-1-on&81 with pyridine-2-
carbaldehydel90, 6-methylpyridine-2-carbaldehydE91 and quinoline-2-carbaldehyde
200 with the expectation of converting the products the polycyclic indolizine
derivatives 196-199 (Scheme 66). In the event, work-up and flash chtography
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afforded the desired Baylis-Hillman produd82-195 201 and202in poor to moderate
yields (Table 9).

In an alternative approach, reported by ke¢al,?**we reacted 2-cyclohexen-1-0080
and 2-cyclopenten-1-on&81 with pyridine-2-carbaldehydd 90, 6-methylpyridine-2-
carbaldehydd 91 and quinoline-2-carbaldehy@®0 using TMPDA as catalyst in a THF-
water (1:1]/,]) solution. Work-up and purification afforded thesired Baylis-Hillman
adducts192-195 201 and 202 in moderate to good yields (Scheme 66, Table ®). |
addition to these Baylis-Hillman adducts, the @@ti indolizine derivative$96 and197
were also isolated in 32 and 39% vyield, respectivélhen the Baylis-Hillman adducts
194, 195 201 and202 were treated with acetic anhydride under refluxtéeo hours the
indolizine derivativesl98 and199 were obtained in and 22 and 28% vyield, respegtjvel
while 203 and 204 were only obtained in trace amounts (Table 103htuld be noted
that the indolizine derivatived96 and 197 were isolated from the Baylis-Hillman
reaction, but no cyclized products were isolatetheaBaylis-Hillman reactions involving

2-cyclopenten-1-on&81

Microwave synthesis represents a major breakthrough synthetic chemistry
methodology, a dramatic change in the way chemigahthesis is performed.
Conventional heating, known to be less efficiend amme-consuming, has been
recognized to be creatively limiting. Microwave #yesis provides more time to expand
scientific creativity, test new theories and depel®ew processes. Instead of spending
hours or even days to synthesize a single compowniod, we can perform the same
reaction in minutes. Microwave synthesis can beatifely applied to a wide range of
reactions, increasing reaction rates, improvinddgie@nd purity. In addition, microwave
synthesis creates completely new possibilities enfggming chemical transformations.
Microwaves transfer energy directly to the reactigpecies, thus promoting
transformations that are not possible using coneeal heating. Energy is applied

directly to the reactants, whilst bulk heating isimized by use of simultaneous cooling.
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A microwave is a form of electromagnetic energyt flalls at the lower end frequency of
the electromagnetic spectrum. Microwave energy isthf an electric field and a
magnetic field, with the former transferring enetgyheat the substance. Traditionally,
synthesis has been achieved through conductivengeaith an external heat source,
whereby heat is driven to the substance by firssipg it through the walls of the
reaction vessels to reach the solvent and theamisctThis is a slow and less efficient
process as it depends on the thermal conductivithe various materials that must be
penetrated. Microwave heating, on the other hamda very different process, where
microwaves couple directly with the molecules ia tkeaction mixture, leading to a rapid
rise in temperaturé Microwave synthesis has been applied over a widgeaof
reactions, which include acetyl hydrolyéts,ester hydrolysié*® esterificatiorf’’ the
Baylis-Hillman reactioft® and the Diels-Alder reactioti>?*°

Consequently, this methodology was explored in diisation of cyclic enone- and
chromone-derived Baylis-Hillman adducts to afforbe t corresponding indolizine
derivatives. When Baylis-Hillman addud94, 195 201 and202 were treated with acetic
anhydride in a microwave reactor for 5 minutesdbeesponding indolizine derivatives
198 and199were obtainedn 49 and 58%, respectively, while indolizine datives203

and204 were still only obtained in trace amounts (Tald¢ 1

80



X n = - C
| . @ TVPDA, THF | + s
~
N~ >cHOo )n HORT N
OH O R
192; R=H, n=2 196; R=H
193; R=Me,n=2 197; R=Me
190; R=H 180; n=2 194, R=H,n=1
191; R=Me 181;n=1 195;R=Me,n=1
Reflux| o \feronave
2hrs 5 min
2 —
o]
S /
R
198;R=H
199; R=Me
n=1
? C
SOWIok-—OBPI s &% J
N~ >CHO
oH O AL I\/icrowave 5min
200 180;n=2 20L;,n=2 203;n=2
181;n=1 202;n=1 204,n=1
Scheme 66
Table 9.1solated yieldof Baylis-Hillman adduct492-195, 201 and 202
Aldehyde R  Enone (n = B-H Yield (%) wusing Yield (%) using
1, 2) adduct imidazole TMPDA
190 H |2 192 23 40
191 Me| 2 193 28 43
190 H |1 194 34 77
191 Me| 1 195 30 56
200 - 2 201 24 40
200 - 1 202 27 44

81




Table 10 Isolated yields of indolizine derivativd96-199 203 and204 obtained under
reflux and under microwave-assisted conditions.

Indolizine Yield (%) [RT, in Yield (%) [under Yield (%) [under
water] reflux] microwave]

196 32 - -

197 39 - -

198 - 22 49

199 - 28 58

203 - trace trace

204 - trace trace

As mentioned earlier, DABCO is a poor catalyst Barylis-Hillman reactions involving
cyclic enones>*™* and it has been suggested that the increasetioreaates observed
when using TMPDA as a catalyst may be attributeal momber of factorsjz: %

i) the presence of two equivalents of Lewis base &igen DABCO);

i) flexibility and relatively little steric hindrancand flexibility around the nitrogen

atom; and

iii) the stabilizing effect of the zwitterionic intermatés by intramolecular ion-

dipole interaction, as shown in Figure 29 below.
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The 'H NMR spectrum (Figure 30) of the Baylis-Hillmandait 194 derived from
pyridine-2-carbaldehyde and 2-cyclopenten-1-oneaksvtwo multiplets ata 2.4 and 2.6
ppm corresponding to the 4- and 5-methylene protoespectively, a broad singlet at
5.05 ppm corresponding to the hydroxyl group (CGH3jnglet at 5.56 ppm corresponding
to the 2"-proton, a triplet at 7.17 ppm correspogdio the 3-methine proton and the rest
of the aromatic protons between 7.46 and 8.49 gpra!°C NMR spectrum (Figure 31)
reveals the expected 11 carbon signals. The 45andthylene carbons resonate at 26.6
and 35.3 ppm respectively and the asymmetric cafb@i resonates at 68.2 ppm; the
vinylic and aromatic carbons resonate between Il 160 ppm, while the carbonyl
carbon resonates at 208.8 ppm. Similar pattern® wbserved in the spectra of the
Baylis-Hillman adduct 195 derived from 6-methylpyridine-2-carbaldehyde and 2

cyclopenten-1-one.

The'H NMR spectrum (Figure 32) of the correspondingpiizine derivativel98reveals
two multiplets atca 3.0 and 3.1 ppm corresponding to the 3- and 2ytetke protons,
respectively, and a singlet at 6.50 ppm correspantt the 1'-methine proton. TH&C
NMR spectrum (Figure 33) reveals the expected thorasignals, with the 3- and 2-
methylene carbons resonating at 19.8 and 41.2 pspectively, the 1’-methine carbon
at 91.9 ppm, the vinylic and aromatic carbons rasobetween 111.8 and 147.7 ppm and

the carbonyl carbon at 198.6 ppm.

83



83€¢C
16€¢C
(40,44
Tivre
Ocr'e
9cr'e
vev'e
2614
0ss¢e
99GC
655
99G°¢C
clse
08s¢C
185¢

eV

8808 ———

T9S'S

8T
2T
AUTL
68T'L
osz'2
ost'.
oL
£S5,
6192
€292
689°L
oL
899°2
T99'L
T
oerg ——

W2

Figure 30.400 MHz'H NMR spectrum of Baylis-Hillman addut84in CDCk.

ppm (f1;

0€9'92

862G ——

VT6'9€T

9ESLYT ——_

20'8rT

9/0'6ST [/

T.6'6ST

6,,80¢ ——

10C

84

15C

20C

ppm (f1,

Figure 31.100 MHz*C NMR spectrum of Baylis-Hillman addut®4in CDCk.




G8

90aD UIZEBIEALIOP SUIZIIOpUl BY) JO Wniads YN D¢, ZHIN 00T €€ 2inbi

) wdd

JST
\

20T
\

198.607

147.717

138.870

129.383

__—— 122610
T~ 121659

118.768
T~ 111.880

91.872

77.317

77.000
76.682

41.208

19.793

90D UIGENIRALISP BUIZI[OpUI 8Y) JO WNidads YN H,ZHIN 00 Z€ 2.nbid

T3 wdd

J)'8

0L

o€

T0T = —

:

7.693
7.678
7.675

N g
g 3

:

STT € =

9T * = —

orT —

orz < =
e < =

6.715
6.713
6.699
6.697
6.692
6.676
6.573
6.570
6.555
6.539

T (D

6.499

3.130
3.120
3113
3.106

3.053
3.051
3.044
3.039
3.037
3.027



The Baylis-Hillman reaction between pyridine-2-cddehydes and 2-cyclohexen-1-one
afforded two products after purification by flashrematography- the expected Baylis-
Hillman productsl92 and193 and the corresponding indolizine derivativ&s and197

producedn situ cyclisation.

The 'H NMR spectrum (Figure 34) of the first fractiorolisted from the reaction of
pyridine-2-carbaldehyde with 2-cyclohexen-1-one fcored the formation of the
indolizine derivative196 revealing a multiplet at 2.30 ppm correspondingthie 3-
methylene protons, a triplet at 2.62 ppm correspando the 2-methylene protons, a
triplet at 2.96 ppm corresponding to the 4-methglg@motons, two triplets at 6.56 and
6.66 ppm corresponding to the 6’- and 7’-methinetquns respectively, a singlet at 6.75
ppm corresponding to the 1’-methine proton and tleoblets at 7.36 and 7.64 ppm
corresponding to the 5'- and 8'-methine protongeesively. The'*C NMR spectrum
(Figure 35) reveals the expected 12 carbon sigfidls. C-4, C-3 and C-2 methylene
carbons resonate at 21.0, 23.6 and 38.6 ppm, fésggc the C-1' methine carbon
resonates at 95.4 ppm, the aromatic carbons betd#2r? and 132.9 ppm and the
carbonyl carbon resonates at 196.1 ppm. The CO®¥trgpn (Figure 36) was used to
assign all the signals, and from this NMR dataaswlear that this particular fraction is
that of the cyclized Baylis-Hillman adduct, the atidine derivativel96, since no singlet
is observed ata 5.6 ppm corresponding to the 2”-methine proton.abfdition no
interaction is observed in the COSY spectrum (FegB8) between the vinylic protons
and the methylene protons, as would be the ca&ayhis-Hillman adducts. A similar
NMR signal pattern was observed for the indolizdezivative 197 obtained from the
Baylis-Hillman reaction involving 6-methylpyridin2carbaldehyde and 2-cyclohexen-1-

one.
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The 'H NMR spectrum (Figure 37) of the Baylis-Hillmandait 192, isolated as the
second fraction reveals a multipletat 2.00 ppm corresponding to the 5-methylene
protons, a multiplet ata 2.4 ppm corresponding to the 4- and 6-methylemops, a
broad singlet at 4.85 ppm corresponding to the dwgrgroup (OH), a singlet at 5.66
ppm corresponding to the 2”-methine proton, aétiplt 7.02 ppm corresponding to the 3-
methine proton and the aromatic protons resondtitgeen 7.15 and 8.50 ppm. THE
NMR spectrum (Figure 38) reveals the expected tRarasignals. The C-5, C-4 and C-6
methylene carbons resonate at 22.5, 25.8 and 3Brb, pespectively, the C-2”
asymmetric carbon resonates at 70.2 ppm, whiletbmatic carbons resonate between
121.3 and 160.2 ppm and the carbonyl carbon at51ppm. A similar pattern was
observed in the Baylis-Hillman adduci93 derived from 6-methylpyridine-2-
carbaldehyde and 2-cyclohexen-1-one.
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As indicated above, water enhances the rate oB#ydis-Hillman reactioft and it was
used for that purpose in these reactions. The egrghof indolizine derivatives from
Baylis-Hillman adducts derived from pyridine-2-caldiehydes involves the treatment of
the Baylis-Hillman adducts with acetic anhydridedenreflux for two hours. Water not
only enhanced the rate of the reaction betweendii2-carbaldehydes and 2-
cyclohexen-1-one, but also facilitated the situ conversion of the Baylis-Hillman
adductsl92 and193 to the corresponding indolizine derivativEs6 and197. However,
thein situ cyclisation step was not observed for the Bayligatén reaction involving the
pyridine-2-carbaldehydes and 2-cyclopenten-1-orcbé®e 66). It is not certain why the
cyclisation of the Baylis-Hillman adducts to therresponding indolizine derivatives is
only limited to the reactions involving 2-cyclohex#&-one, but the angle-strain effects
might well inhibit in situ cyclisation of the 2-cyclopenten-1-one analoguebe T
mechanism for the formation of the indolizine datives196 and197 is presumed to
follow the sequence illustrated in Scheme 67. Tingeaus medium may be expected to
stabilize the ionic species involved and thus ftaté the cyclization of the Baylis-

Hillman adduct to the corresponding indolizine dative.

TR S S, [-oH] o[-H] C
- X - = —
N 7
H
Scheme 67
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2.5.4 Reactions with chromones as cyclic enones

A series of chromone derivatives were also reawii#idl pyridine-2-carbaldehyde and 6-
methylpyridine-2-carbaldehyde, using imidazole astalyst in THF-aqueous 1M
NaHCG; for 36 hours, but with disappointing resul@nly small traces of the chromone-
derived products were observed on the TLC platertisy materials were largely
unconsumed. It was expected that these chromomeedeBaylis-Hillman adducts would
be converted to the corresponding polycyclic irdok derivative210and211, referred

to as benzofluorenones . However, it should becdthtat the largely agueous solvent
mixture results in poor solubility of the chromoderivatives and, hence, little or no
reaction takes place even over prolonged periodseenAstarting materials and reagents
were dissolved in THF, the addition of aqueous N@kifesulted in the precipitation of

the chromone derivatives, thus inhibiting reaction.

However, when 2-nitrobenzaldehytii@4aand was reacted with the chromo2&saand
205b using TMPDA as catalyst in a THF-water (1:1[v/gplution, the Baylis-Hillman
adducts206aand206b were obtained in yields of 32% and 48%, respelgtiy&cheme
68, Table 11). These Baylis-Hillman addu@86a and 206b are potential starting
materials for the synthesis of the fused quinothesmone system207a and 207h

However, due to time constraints, the last stepdcoat be carried out (Scheme 67).

(@) OH O (@) -
CHO R R A
Lo Oy e O O

184a 205a; R=H 206a; R=H 207a; R=H
205b; R=dCl 206b; R=Cl 207b; R=Cl

Scheme 68
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Table 11 Isolated yields for the Baylis-Hillman addu2@5aand206h

Product R Yield (%)
206a H 32
206b Cl 48

The'H NMR spectrum (Figure 39) of the Baylis-Hillmandait206areveals a singlet at
6.50 ppm corresponding to the 2"-methine protorttenchiral carbon, a singlet at 7.77
ppm corresponding to the 2-methine proton and thenatic protons between 7.39 and
8.19 ppm. Thé®*C NMR spectrum (Figure 40) reveals the expecteddrBon signals.
The distinct and significant signals at 66.3 and.@ppm correspond to the chiral carbon
(C-2”) and the carbonyl carbon, respectively. Tleenaining carbon atoms resonate
between 118.2 and 156.3 ppm.
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Figure 39.400 MHz'H NMR spectrum of Baylis-Hillman addu25ain CDCl.
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Given the success of the TMPDA/THF-water systenthiese reactions, the series of
chromones 205a-e were similarly reacted with pyridine-2-carbaldedyd90, 6-
methylpyridine-2-carbaldehyd&91 and quinoline-2-carbaldehyd212 Work-up and
purification afforded the desired Baylis-Hillmandadts 208a-e¢ 209a-eand 213a-ein
good to excellent yields (Schemes 69, Table 12¢ Bhylis-Hillman adduct208a-¢
209a-eand213a-ewere then treated with acetic anhydride undeuxefor 2 hours to
afford the corresponding indolizine derivati&R)a-e 211a-eand214a-ein moderate to
good yields (Scheme 70, Table 13).

The cyclisation reactions were repeated in a miex@weactor for 5 minutes affording
the indolizine derivative210a-¢ 211a-eand214a-ein good to excellent yields (Scheme
70, Table 13). It should be noted that the indoBziderivatives prepared in the

microwave reactor were cleaner and very brightalowr; in addition, the product yields
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were, in all cases, better than those obtained runeffux. The microwave-assisted
approach thus provides a definite improvement imseof time, yield and purity for the

synthesis of these indolizine derivatives.

e)
A
A Rt TMPDA | |
R N CHO ®)

OH O
190, R=H 205a-e 208a-e; R=H
191; R=Me RL 209a-e; R=Me
al H
Ac0O, Reflux, 2h
b| c 2
c| Br or
d| F Ac,O, Microwave, 5min
e| Me
O
J Rt
/ |
R
210a-e; R=H
2llae; R=Me
(@)
1
X . R*  1vPDA
| THEH,O
N~ ~cHO o
212 205a-e 213a-e
Rl AcO, Reflux, 2h
al H or
b| d Ac,0, Microwave, 5min
c| Br
dl F
el Me
Scheme 69
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Table 12 Isolated yields of Baylis-Hillman addu@68, 209and213

Product R R* Yield (%)
208a H H 64
208b H Cl 58
208c H Br 80
208d H F 83
208e H Me 68
209a Me H 81
209b Me Cl 40
209c Me Br 62
209d Me F 42
209e Me Me 39
213a - H 68
213b - Cl 62
213c - Br 65
213d - F 56
213e - Me 67

A mechanism for the formation of indolizines fronayis-Hillman adducts has been
proposed by our grouf3®®” and is illustrated in Scheme 70. Acetylation o th
hydroxide group, makes it a better leaving groumgared to the hydroxide ion as in
Scheme 67. Nucleophilic attack by the pyridyl ngea on thex,p-unsaturated system, in
a conjugate addition elimination sequence is foddwoy rearrangement to afford the

indolizine derivative.
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Table 13 Isolated yields of indolizine derivativeksl0, 211 and 214 obtained under
reflux and under microwave-assisted conditions.

Product R R* Yield (%) Yield (%)
Reflux (2hrs) Microwave
(5min)
210a H H 61 90
210b H Cl 56 74
210c H Br 44 52
210d H F 46 58
210e H Me 44 58
211a Me H 30 65
211b Me Cl 38 63
211c Me Br 53 80
211d Me F 42 48
211e Me Me 34 46
214a - H 38 50
214b - Cl 42 58
214c - Br 54 70
214d - F 39 53
214e - Me 36 57
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All of the products detailed in Scheme 69 and Tali2 and 13 were fully characterized,
and the NMR data is illustrated by the followingaeyples. The'H NMR spectrum
(Figure 41) of the Baylis-Hillman addu208d derived from pyridine-2-carbaldehyde
and 6-fluorochromone reveals a singlet at 5.99 momesponding to the 2”-methine
proton on the asymmetric carbon, a singlet at 88 corresponding to the 2-methine
proton and the remaining aromatic protons betwe&B @nd 8.51 ppm. ThHEC NMR
spectrum (Figure 42) reveals the expected 15 caslgprals. The asymmetric carbon C-
2" resonates at 68.3 ppm, while the remaining atmntarbons resonate between 110.6
and 160.7 ppm, with the carbonyl carbon resonatihgl76.7 ppm. ThéH NMR
spectrum (Figure 43) of the Baylis-Hillman add@&#3d derived from quinoline-2-
carbaldehyde and 6-fluorochromone reveals a siraglé.23 ppm corresponding to the
2"-methine proton while the aromatic protons reserzetween 7.35 and 8.13 ppm. The
13C NMR spectrum (Figure 44) reveals 19 carbon sigpahsistent with structud3d
The asymmetric carbon C-2” resonates at 67.5 ppe,rémaining aromatic carbons
between 110.5 and 159.7 ppm and the carbonyl cabdn6.6 ppm.

The indolizine products were all similarly charaized. The'H NMR spectrum (Figure
45) of the 5-ring indolizine derivativel1lg for example reveals a singlet at 2.96 ppm
corresponding to the methyl group, a singlet ad @8m to the 1-methine proton with the
rest of the aromatic protons resonating betweei@ @&2d 8.53 ppm. Th&’C NMR
spectrum (Figure 46) reveals, as expected, 16 pasignals, with the methyl group
resonating at 20.2 ppm, the 1-methine carbon at §pm, the rest of the aromatic
carbons between 109.8 and 152.8 ppm and the cdrabhy3.5 ppm.

The'H NMR spectrum (Figure 47) of the 6-ring indoliziderivative214areveals all the
protons resonating in the aromatic region. In palér, the 1-methine proton resonates at
6.94 ppm as a singlet. THEC NMR spectrum (Figure 48) reveals 19 carbon signal
Again here the asymmetric carbon C-2” of the paRanglis-Hillman adduct disappears
and it is replaced by the 1-methine carbon whidomates at 95.2 ppm and the carbonyl
carbon resonates at 174.2 ppm.
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2.6 Comparison of calculatedvs experimental *H and
¥C NMR spectra, for selected indolizine
derivatives and Baylis-Hillman adducts

NMR chemical shifts are an important tool in ch&eazing molecular systems and
structures and the use of NMR spectral predictzarsbe useful in supporting structural
assignments. In this section we consider the agjpic of two different NMR prediction
approachesyiz., the Gaussian '03 GIAO method and MestreNovah edavhich can be
very useful. The data obtained from these NMR ptesh/calculation methods is then
compared with the experimental NMR data. The assegt of the experimental signals
was supported, in all cases by DEPT-135 and 2-D NidR.

Gaussian '03 includes a facility for predicting matc properties, including NMR
shielding tensors and chemical shifts. These magpsetperties are calculated from first
principles, as the mixed second derivative of thergy with respect to an applied
magnetic field and the nuclear magnetic moment.aA®sult, they can produce high
accuracy results for the entire range of molecsimtems studied experimentalja
NMR techniques. Gaussian '03 can give accurateigfeds of magnetic properties for
all types of molecular systems. It also has thétalto predict chemical shifts for atoms
other than hydrogen and carbon. NMR propertiesbeacomputed as part of a systematic
and self-consistent study of a molecule. Howevecannot give nuclear multiplicities,
such as doublets, triplets and so on for the prajoectra. All reported Gaussian '03
chemical shifts were computed at the gauge inveatsmic orbital (GIAO) B3LYP/6-
311G+(2d,p) level, with respect to TMS. When uding GIAO method, the programme
computes absolute nuclear chemical shieldirggd(for hydrogen and carbon nuclei,
which cannot be measured directly. They can onlgdyeverted to a chemical shift scale
using a referencd:aic. = Oref - Oaps Tetramethylsilane (TMS) is accepted as a referenc
for both*C and*H NMR data, and the calculated absolute shieldfogs®C (182.4656
ppm) and forH (31.8821 ppm) are used to refapsto the chemical shift scale.
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On the other hand, MestreNova not only gives at¢eweedictions, as does Gaussian '03,
but it also provides multiplicities, such as doub|driplets and so on, for the proton
spectra. Therefore, these prediction tools, togethigh experimental data, provide

powerful methods for NMR studies of complex molesul

The chemical shifts obtained from the two NMR pe&idn tools,viz.,, Gaussian ‘03 and
MestreNova, are tabulated and compared to the empetal chemical shifts for both the
'H and**C nuclei. NMR predictions for the selected compayi66a 1873 196,210a

and214a were carried out and the results are shown below.

Figure 49 depicts the modelled structure of compdl86 at its minimum energy, using
the Gaussian ‘03 method, together with its lineittire. Tables 14 and 15 show the
experimental and calculated chemical shifts for'theand**C spectra, respectively, for
compoundl196. The differences between experimental and calkedl&MR values are
given in parentheses. There is a generally goodhratween proton chemical shifts for
both the predicted and experimental data shown ablelr 14. However, there are
differences in the multiplicities of the 2-, 3- amdmethylene protons, and in the
predicted spectra (Table 14), each of the six nleti®yprotons resonates at a slightly
different chemical shift values, as if each paipaftons are diastereotopic. However, the
experimental spectrum shows each pair of methyj@motons resonating as a triplet.
Clearly, the calculated spectra are based on desargergy-minimised conformation in
which the cyclohexenone ring is puckered. The aon&tional flip barrier is expected to
be low and the puckered conformations interconkagidly, with the experimental data
reflecting time-averaged chemical shifts which elate closely with the averaged
predicted values using both Gaussian and MestreMata The"*C chemical shifts for
both predictive and experimental data correspoadarably well, the largest difference
being 8.3 ppm (Table 15).
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Figure 49. The Gaussian modelled structure of compourd®h together with its
numbered line structure.

Table 14 Calculatedss experimentatH chemical shifts for compourtb6in ppm.

H Experimental Calculated (Gaussian) | Calculated
(MestreNova)

2a 2.62 2.62 (0) 2.86 (0.24)
2b 2.62 2.54 (0.08) 2.58 (0.04)
3a 2.30 2.38 (0.08) 2.38(0.08)
3b 2.30 2.23(0.07) 2.16 (0.14)
4a 2.96 2.98 (0.02) 2.95 (0.01)
4b 2.96 3.00 (0.04) 3.03 (0.07)
1’ 6.75 7.19 (0.44) 7.40 (0.65)
5 7.64 7.81(0.17) 7.54 (0.10)
6’ 6.56 6.74 (0.18) 7.13 (0.57)
7 6.66 6.85 (0.19) 6.70 (0.04)
8’ 7.36 7.67 (0.31) 7.42 (0.06)
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Table 15 Calculatedss experimental*C chemical shifts for compouri®6in ppm.

C Experimental Calculated (Gaussian) | Calculated
(MestreNova)
1 196.1 199.8 (3.7) 192.4 (3.7)
2 38.6 42.8 (4.2) 37.8(0.8)
3 23.6 28.4 (4.8) 23.5(0.1)
4 21.0 25.2 (4.2) 22.8 (1.8)
1 95.4 102.3 (6.9) 99.3 (3.9)
2’ 123.2 131.5 (8.3) 130.0(6.8)
3 132.0 134.6 (2.6) 133.9(1.9)
5 122.2 126.3 (4.1) 127.6 (5.4)
6’ 112.2 117.6 (5.4) 116.1 (3.9)
7 118.0 120.9 (2.9) 118.0 (0)
8’ 121.0 127.2 (6.2) 124.0 (3)
o’ 132.9 140.5 (7.6) 134.9 (2)

Figure 50 shows the modelled structure of compdi@hat its minimum energy, using
the Gaussian '03 method, together with its lineicttire, while Tables 16 and 17 show
the experimental and calculated chemical shiftstierH and**C spectra, respectively.
The correlation between experimental and calculatddes using Gaussian '03 is, in
some cases, poor with the prediction for H-15 bestmost 1 ppm too high. The
difference between the experimental and MestreN@haes for H-15 is much smaller
(0.06 ppm), but the predicted values for H-6 and lre > 0.7 ppm larger than the
experimental values. There is a generally bettetcinag of the experimental and
calculated*®*C-NMR data, but the Gaussian '03 value for C-35s83pm downfield of
the experimental signal (Table 17). On the otherdh&-1 and C-13 resonate downfield
of the MestreNova predicted signals.
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Figure 50. The Gaussian modelled structure of compo@i@a together with its
numbered line structure.

Table16. Calculatedss experimentatH chemical shifts for compourilOain ppm.

H Experimental Calculated (Gaussian) | Calculated
(MestreNova)
1 6.84 7.25 (0.41) 7.04 (0.2)
5 8.45 8.27 (0.18) 8.34 (0.11)
6 6.60 6.83 (0.23) 7.32 (0.72)
7 6.70 6.92 (0.22) 7.46 (0.76)
8 7.60 7.69 (0.09) 7.63 (0.03)
12 7.39 7.83 (0.44) 7.59 (0.2)
13 7.70 7.88 (0.18) 7.67 (0.03))
14 7.44 7.71(0.27) 7.57 (0.13)
15 8.04 8.99 (0.95) 7.98 (0.06)
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Table 17. Calculatedss experimental*C chemical shifts for compourl0ain ppm.

C Experimental Calculated (Gaussian) | Calculated
(MestreNova)
1 91.1 98.2 (7.1) 108.2 (17.1)
2 123.3 118.0 (5.3) 123.5 (0.2)
3 109.3 145.1 (35.8) 115.2 (5.9)
5 124.4 124.4 (0) 124.0 (0.4)
6 111.7 116.7 (5) 116.1 (4.4)
7 117.4 122.0 (4.6) 117.2 (0.2)
8 118.8 126.5 (7.7) 118.0 (0.8)
9 133.0 134.5 (1.5) 133.2 (0.2)
11 154.1 161.8 (7.7) 155.2 (1.1)
12 120.1 121.4 (1.3) 118.4 (1.7)
13 133.0 137.3 (4.3) 150.8 (17.8)
14 120.7 128.4 (7.7) 118.7 (2)
15 127.1 134.7 (7.6) 124.9 (2.2)
16 128.0 130.6 (2.6) 127.4 (0.6)
17 175.0 179.2 (4.2) 173.9 (1.1)

Figure 51 shows the Gaussian modelled structureoafpound214a at its minimum
energy, together with its line structure, and Taldl8 and 19 summarize the experimental
and calculated chemical shifts for th¢ and'*C spectra, respectively. While some of the
experimental'H NMR chemical shift values correlate well with tpeedicted values,
significant discrepancies are apparent for H-6, ahl -16, using both prediction
approaches. In the case of H-19, however, the EMsira value is close to the

experimental value whereas the Gaussian valuesvhyid.43 ppm.
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Figure 51 The Gaussian modelled structure of compo@ida together with its

Table18 Calculatedss experimentatH chemical shifts for compouriil4ain ppm.

numbered line structure.

H Experimental Calculated (Gaussian) | Calculated
(MestreNova)

1 6.94 7.28 (0.34) 7.38 (0.44)
6 8.88 9.54 (0.66) 8.27 (0.61)
7 7.75 7.89 (0.14) 7.91 (0.16)
8 7.58 7.72 (0.14) 7.62 (0.04)
9 7.60 7.91 (0.31) 7.67 (0.07)
11 8.48 7.26 (1.22) 8.00 (0.48)
12 7.41 7.51 (0.1) 7.57 (0.16)
16 6.98 7.95 (0.97) 7.40 (0.42)
17 7.49 7.96 (0.47) 7.60 (0.11)
18 7.22 7.73 (0.51) 7.54 (0.32)
19 7.62 9.05 (1.43) 7.77 (0.15)
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Table 19 Calculatedss experimental*C chemical shifts for compouri4ain ppm.

C Experimental Calculated (Gaussian)| Calculated
(MestreNova)
1 95.2 102.4 (7.2) 91.4 (3.8)
2 116.9 117.0 (0.1) 110.7 (6.2)
3 109.3 151.5 (42.2) 155.2 (45.9)
5 132.9 140.5 (7.6) 132.8 (0.1)
6 125.2 122.3 (2.9) 124.7 (0.5)
7 125.2 132.1 (6.9) 124.9 (0.3)
8 124.7 129.1 (4.4) 121.6 (3.1)
9 124.8 133.3 (8.5) 122.1 (2.7)
10 127.4 132.2 (4.8) 128.8 (1.4)
11 128.4 125.2 (3.2) 131.8 (3.4)
12 117.7 124.8 (7.1) 118.0 (0.3)
13 146.1 133.5 (12.6) 133.2 (12.9)
15 154.1 162.0 (7.9) 168.4 (14.3)
16 119.3 121.0 (1.7) 118.7 (0.6)
17 128.1 137.0 (8.9) 129.9 (1.8)
18 121.4 129.0 (7.6) 119.2 (2.2)
19 126.8 134.1 (7.3) 127.4 (0.6)
20 123.0 130.1 (7.1) 119.4 (3.6)
21 174.3 178.1 (3.8) 173.9 (0.4)

Figure 52 illustrates the Gaussian modelled strecti compoundl87aat its minimum
energy, together with its line structure. Tablesa@@ 21 summarize the experimental and
calculated chemical shifts for tHél and **C spectra, respectively. The Gaussian '03
predictions for the signals for H-1, -3 and -8 elifsignificantly from the experimental
values. The cyclohexane ring is puckered renddtieg2-, 3- and 4-methylene protons
diastereotopic in the modeled conformation. Howgvapid (on the NMR time-scale)

conformational flipping results in time-averagegrsils for each of the methylene groups
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in the experimental spectrum. Rotation of the damigthyl group similarly results in a
time-averaged singlet, rather than the three siegleedicted Gaussian. The MestreNova
'H and*®C predicted data generally correspond more cloelpe experimental NMR
spectra, than the Gaussian data (Table 21). Semgpatimental signals exhibit chemical
shifts which differ significantly from the Gaussi&@38 datae.g.C-2’, C-4a’ and C-8a’.

Figure 52 The Gaussian modelled structure of compol®dg together with its
numbered line structure.
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Table 20 Calculatedss experimentatH chemical shifts for compouriB7ain ppm.

H Experimental Calculated (Gaussian) | Calculated
(MestreNova)

Me(a) 2.11 2.33 (0.22) 2.20 (0.09)
Me(b) 2.11 2.64 (0.53) 2.20 (0.09)
Me(c) 2.11 1.97 (0.14) 2.20 (0.09)
1 6.19 5.09 (1.1) 6.20 (0.01)
2a 2.00 2.46 (0.46) 1.61 (0.39)
2b 2.00 1.08 (0.92) 1.49 (0.51)
3a 3.24 1.38 (1.86) 3.33 (0.09)
3b 3.08 0.50 (2.58) 3.00 (0.08)
4a 2.18 2.42 (0.24) 2.40 (0.22)
4b 2.08 2.17 (0.09) 2.02 (0.06)
4 8.11 7.99 (0.12) 8.23 (0.12)
5 7.76 7.86 (0.1) 7.92 (0.16)
6’ 7.47 7.57 (0.1) 7.47 (0)

7 7.67 7.70 (0.03) 7.50 (0.17)
8’ 7.99 9.08 (1.09) 8.19 (0.2)
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Table 21 Calculatedss experimental*C chemical shifts for compouri87ain ppm.

C Experimental Calculated (Gaussian)| Calculated
(Mestrenova)
Me 18.6 23.7 (5.1) 21.2 (2.6)
1 69.9 77.9 (8) 63.9 (6)
2 32.9 31.1(1.8) 31.8(1.1)
3 21.4 24.8 (3.4) 22.7 (1.3)
4 28.8 34.8 (6) 30.1 (1.3)
2’ 158.6 174.7 (16.1) 160.1 (1.5)
3 128.8 142.0 (13.2) 129.9 (1.1)
4 136.9 134.5 (2.4) 134.2 (2.7)
4a’ 126.9 143.2 (16.3) 127.9 (1)
5’ 125.9 139.3 (13.4) 125.5(0.4)
6’ 127.8 138.1 (10.3) 128.0 (0.2)
7 128.3 139.4 (11.1) 128.4 (0.1)
8’ 129.9 141.2 (11.3) 132.9 (3)
8a’ 147.6 165.2 (17.6) 139.8 (7.8)
Cc=0 170.7 199.7 (29) 170.4 (0.3)

While the predicted NMR data correlate reasonalayl with the experimental data for
many nuclei in the compounds examined above, i@gparent that, in some cases,
significant deviations are observed. The introductiof solvent corrections to the
calculated data might well improve the correlatimith the experimental data and such
refinement is now being explored. Consequentlyticawshould be exercised in the use
of predictive methods. In the following exampleteation has been given to the use of

the predictive methods in differentiating diasteneoic products.
Figure 53 is the Gaussian modelled structure oftiilegclic Baylis-Hillman compound

166aat its minimum energy, using Gaussian '03 methogether with its line structure.
Tables 22 and 23 show the experimental and catmlilgiemical shifts for thdd and**C
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spectra, respectively, for compouritB6g and166a. Unfortunately, there are a number
of significant variations between the experimemtadl predictedH and**C values for
diastereomers and it is evident that unambiguosgy@sent of the structure using the

predicted data is not possible in this case. TlotoprNMR data from the MestreNova

programme is consistent with the diastereomerinesd 66a.

Figure 53 The Gaussian modelled structure of compol@6fa and its numbered line
structure.
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Table 22 Calculatedvs experimental'H chemical shifts for the diastereomeric
compoundsl66a and166a in ppm.

H Experimental (166a) | Experimental (166g) | Calculated
(MestreNova) for
166a

2 7.28 6.67 7.70

4 7.87 7.82 7.92

5 7.09 7.06 7.49

6 7.55 7.52 7.59

7 7.12 7.00 7.55

8a 5.12 5.40 5.55

10a 4.57 4.45 3.92

10b 4.77 4.61 4.66

12 2.36 2.29 2.42

13a 2.40 2.56 2.57

13b 2.53 2.56 2.57

1l4a 2.01 2.18 2.34

14b 2.18 2.18 2.34

16 2.06 2.11 2.18
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Table 23 Calculatedvs experimental**C chemical shifts for the diastereomeric
compoundd 66a and166a in ppm.

C Experimental (166a) Experimental (166&) | Calculated
(Mestrenova) for
166a (racemic)

2 136.7 137.1 134.5

2a 119.5 119.2 118.3

3 192.5 193.1 165.4

3a 138.3 138.0 134.5

4 122.9 122.6 122.8

127.9 127.2 126.8

6 135.3 135.9 126.8

7 118.1 118.2 118.2

7a 157.6 157.6 158.0

8a 99.9 99.4 73.8

9 49.1 49.7 53.3

10 65.8 62.5 72.6

11 206.6 206.5 175.7

12 29.9 29.9 28.6

13 24.8 25.2 21.0

14 37.7 37.7 38.7

15 196.5 196.3 165.4

16 25.4 27.7 28.4
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2.7 Comparison of calculatedvs experimental UV
spectra, for selected indolizine derivatives

The polycyclic compounds prepared in this studyenexpected to exhibit interesting UV
absorption and fluorescent properties. Consequeiitlwas decided to calculate the
electronic transitions for selected systems andpesentheir experimental spectra with
the theoretical data. The use of density functiahalory (DFT) has become a very
popular computational method for the calculatioragfumber of molecular properties. It
has good computational efficiency and, as such, been applied to inorganic and
organometallic complexe€d??® The time-dependent generalization of DFT (TDDFT)
offers a rigorous route to calculate the dynamipomse to charge densfy:??® The
reliability of the TDDFT approach in obtaining acate predictions of excitation

energies is well documentéd: >

Preliminary UV spectral calculations of selecteanpounds,.e., 210aand214a were
conducted using the Gaussian '03 programith&@he geometry optimization was carried
out using the B3LYP functional, while the electmrsipectra were calculated with the
TDDFT method?® These calculation results are compared with tipeemental data. In
addition to these, experimental UV spectral measargs were conducted on the other
compounds in the series, in order to establism#tere of any substituent effects.

The spin-allowed singlet transitions for compo@idawere calculated with the TDDFT
method, and are listed in Table 24. These are credpaith the experimental results
obtained for compoun#10a Figure 54 shows the calculated UV spectrum of paund
2103 while Figures 56 and 57 are the experimental p&ca of compounddl0aand
210d respectively. The calculated spectrum of compo2b@da shows some important
bands at 399.81, 270.59, 263.12, 247.32, 244.48582228.56, 220.92 and 212.13 nm
(Table 24, column 4; Figure 54), with the electootransitions shown in parentheses
(Table 24, column 2). CompouriOahas 61 occupied molecular orbitals; orbital 61 is
the highest occupied molecular orbital (HOMO) an2 i8 the lowest unoccupied
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molecular orbital (LUMO). The transition with théghest oscillator strengtti € 0.4197,
entry 4,) is at 247.32 nm and it is from the HOM®Dthe LUMO + 3, with the orbital
energy diagram shown in Figure 55 (the atomic afl@iontributions to the corresponding
molecular orbitals are illustrated alongside). Tingt experimental band at 416.34 nm is
ascribed to the calculated transition at 399.81 thim experimental band at 272.96 nm to
the calculated transition at 270.59 nm, the expemntal band at 262.96 nm to the
calculated transition at 263.12 and the last erpamtal band at 250.65 nm to the
calculated transition at 247.32 nm with the highestillator strengthf(= 0.4197, entry
4), with E = 5.0131 eV and this transition is ilhaded in Figure 55. The HOMO-LUMO
gap is at 399.81 nm, with oscillator strength=(0.0613, entry 1), with E = 3.1011 eV.
Figures 56 and 57 are the experimental UV spedracémpounds210a and 210d,
respectively. The low intensity bands calculatedbéopresent in the region 244-228 nm
presumably lie beneath the major experimental ban@47nm, while the calculated
bands at 220.92 and 212.13 nm probably lie jusbbeéythe experimental limits of the
instrument. These UV spectra are similar to eatlerptwhich shows that substituents
have very little effect on the UV absorption of shecompounds. A similar UV
absorption pattern was observed with the rest @fctimpounds in this series, with only
slight differencesyiz., small red shifts in the bands for the substiiggstems (see Table
25). Figure 58 is the emission spectrum of compo2bda at 260 nm, and a similar

pattern was again observed for the other compoumiliss series.

Table 24 Calculated electronic transitions for compo@i®awith the TDDFT method's
experimental transitions.

Entry # | Important EV)|A f Experimental A
configurations (nm) [nm])

1 61-62 (H-L) 3.1011| 399.81| 0.0613 416.34

2 59-62 (H-2-L) 4.5820| 270.59| 0.1904 272.96

3 58-62 (H-3-L) 4.7121| 263.12| 0.1594 262.96

4 61-65 (H- L+3) 5.0131| 247.32| 0.4197 250.93

5 57-62 (H-4-L) 5.0725| 244.43| 0.0466

6 61-66 (H-L+4) 5.4241| 228.58| 0.0466
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Figure 54. Predicted UV spectrum of compoudtl0ausing Gaussian '03.
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Orbital diagram of compound 210a

Figure 55. Orbital diagram of compouri2iL0g showing the transition at 247.32 nm from
HOMO to LUMO + 3 and the atomic orbital contribut® to molecular
orbitals involved.
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Table 25 Comparative UV absorption maxima for compouBdi8a, c-ein chloroform.

R = H (Compound| R = Br (Compound | R = F (Compound| R = Me
210a) 210c) 210d) (Compound 210e)
416.34 nm 426.06 nm 426.06 nm 435.07 nm
272.96 nm 282.96 nm 292.03 nm 292.03 nm
262.96 nm 272.96 nm 282.03 nm 282.03 nm
250.93 nm 260.93 nm 270.93 nm 270.93 nm
UV-Vis spectrum of compound 210a
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Figure 56. Experimental UV spectrum of compoutiOa in chloroform.
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Absorbance
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Figure 57. Experimental UV spectrum of compou2d0d, in chloroform.

Absorbance

Emission spectrum of compound 210a

Wavelength (nm)

Figure 58 Experimental emission spectrum of compoug#ila at 260 nm, in

Figure 59 shows the calculated UV spectrum of camp@144a while Figures 61 and 62
are the experimental UV spectra for compourzdgla and 214d respectively. The
calculated spectrum of compougti4ashows important bands at 382.42, 327.10, 310.46,
281.60, 273.49, 257.49, 245.17, 243.42, 237.04,9832and 230.11 nm (Table 26,

column 4; Figure 58), with the electronic transisoshown in parentheses (Table 26,

chloroform.
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column 2). Compoun@14ahas 74 occupied molecular orbitals; orbital 7#his highest
occupied molecular orbital (HOMO) and 75 is the éstvunoccupied molecular orbital
(LUMO). The transition with the highest oscillatstrength { = 0.4135, entry 4) is at
281.60 nm and it corresponds to a transition fro@MO -1 to LUMO, with the orbital
energy diagram shown in Figure 60. The HOMO-LUM@ngition is at 382.43 nm, with
an oscillator strength= 0.1575. The first experimental band at 391.97isuascribed to
the calculated transition at 382.43 nm, the expemntal band at 344.91 nm to the
calculated transition at 327.10 nm, experimentaidbat 317.96nm to the calculated
transition at 310.46 nm, the experimental ban®&t49 nm to the calculated transition at
281.60 nm with the highest oscillator strength=( 0.4135, entry 4) and the last
experimental band at 274.06 nm to the calculatadsttion at 273.49 nm - transition
shown in Figure 59. Figures 61 and 62 are the @éxpatal UV spectra for compounds
214aand214d respectively. In this series of compounds thedpg¥ctra are again similar
to each other (see Table 27), which shows thattsudists have very little effect on the
overall UV absorption of these compounds. Figurei$3he emission spectrum of
compound214a at 260 nm, and a similar pattern was again obdefee the other
compounds in this series. In fact, in this serig® absorption maxima are almost

identical

Table 26 Calculated electronic transitions for compo@idawith the TDDFT method

Entry # | Important E (eV) A (nm) f Experimental
configurations (A [nm])

1 74-75 (H- L) 3.2420 | 382.43 0.1575 391.97
2 74-76 (H- L+1) 3.7904 327.10 0.0694 344.91
3 74-77 (H- L+2) 3.9936 310.46 0.0051 317.96
4 73-75 (H-1- L) 4.4028 281.60 0.4135 290.49
5 74-78 (H- L+3) 4.5334 273.49 0.0295 274.06
6 73-76 (H-1-L+1) | 4.8151 257.49 0.0833

7 69-75 (H-5-L1) 5.0571 245.17 0.0403

8 70-75 (H-4- L) 5.0935 243.42 0.0211

9 71-76 (H-3- L+1) | 5.2305 237.04 0.0234

122



10 74-78 (H-L+3) |5.3216 232.98 0.0891

11 74-79 (H- L+4) 5.3881 230.11 0.2777
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Figure 59. Predicted UV spectrum of compoud#i4ausing Gaussian '03.
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Orbital diagram of compound 214a
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Figure 60. Orbital energy diagram of compoud4a showing the transition at 281.60

nm and the atomic orbital contributions to the maler orbitals involved.

Table 27 Comparative UV absorption maxima for the seg#4a, c, dn chloroform

R = H (Compound 214a)

R = Br (Compound 214c)

R = F (Compound 214d)

391.97 nm

391.96 nm

387.07 nm

344.91 nm 345.07 nm 345.07 nm
317.96 nm 317.96 nm 317.96 nm
290.49 nm 291.07 nm 290.93 nm
274.06 nm 274.06 nm 274.06 nm
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UV-Vis spectrum of compound 214a
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Figure 61 Experimental UV spectrum of compoui4a in chloroform.
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Figure 62. Experimental UV spectrum of compou2dl4d, in chloroform.
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Emission spectrum of compound 214a
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Figure 63, Experimental emission spectrum of compoug@i4a at 260 nm, in
chloroform.
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2.8 CONCLUSIONS

This study has been concerned with the use of 8#diliman methodology in the
construction of poly-heterocyclic products, andtigatar attention has been given to the
effects of varying the reactants, the catalysts twedreaction conditions. Chromone-3-
and -2-carbaldehydes, pyridinecarbaldehydes andréenzaldehydes have all been
used as substrates, together with methyl vinyl net@MVK), methyl acrylate, cyclic
enones (2-cyclohexen-1-one, 2-cyclopenten-1-onecAnomones) as activated alkenes,
and 1,4-diazabicyclo[2.2.2]octane (DABCO), 3-hydmguinuclidine (3-HQ), imidazole
and N’,N’,N’,N’-tetramethylpropanediamine (TMPDA} @atalysts.

The chromone-3-carbaldehydes were successfully apedp using Vielsmeier-Haack
methodology in yields ranging between 30 and 72%iJev chromone-2-carbaldehydes
were obtained from Kostanecki-Robinson reactionsamewhat lower yields ranging
from 10 to 45%. Baylis-Hillman reactions of thedaamone-3- and 2-carbaldehydes
were conducted using the four different catalysts4{diazabicyclo[2.2.2]octane
(DABCO),  3-hydroxyquinuclidine  (3-HQ), imidazole  @&n N’,N’,N’,N’-
tetramethylpropanediamine (TMPDA)} and the fiveferent activated alkene systems
[methyl vinyl ketone (MVK), methyl acrylate, 2-cytlexen-1-one, 2-cyclopenten-1-one
and chromones]. The reactions between the chrorBarabaldehydes and MVK
afforded dimeric products in poor to moderate \geldhen catalysed by DABCO
whereas, when the reaction was catalysed by 3-h)litmeric products were isolated in
improved yields in a shorter period, together witityclic products.

The normal Baylis-Hillman adducts, isolated fromagtons of chromone-3-
carbaldehydes with methyl acrylate using DABCO astalyst, were also treated with
primary amines in expectation of obtaining tricgctierivatives; however, intractable
mixtures of products were again obtained. Reactiangolving chromone-3-
carbaldehydes with cyclic enones 2-cyclohexene#,-08-cyclopenten-1-one and
chromones) using imidazole or TMPDA as catalystdeurdifferent solvent conditions,
failed to yield any of the expected products. ladighe starting materials were recovered

unconsumed — an observation attributed to the ptibdégy of chromone-3-
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carbaldehydes to nucleophilic attack at C-2 by ttaalyst, thus decreasing the
electrophilicity of the aldehydic group and inhibg the Baylis-Hillman reaction.
Similarly, when chromone-2-carbaldehydes were @gkatvith cyclic enones using
different catalysts (imidazole and TMPDA), the 8tay materials were obtained

unconsumed.

Use of chromone-2-carbaldehydes as substratesenptésence of methyl acrylate,
afforded, albeit in very low yields, interestingarrangement products, thus confirming

formation of a single analogue in a previous stimdyur group.

The reactions between 2-nitrobenzaldehydes andtybiéc enones, however, afforded
normal Baylis-Hillman adducts, and subsequent rexgeiccyclization of the adducts
derived from cyclohexen-1-one and cyclopent-1l-orforded the corresponding

quinoline derivatives in yields ranging from 5-71%.

Reactions involving pyridine-2-carbaldehydes anthgjine-2-carbaldehydes with cyclic
enones catalyzed by TMPDA typically afforded the@ented Baylis-Hillman adducts in
good yields. The Baylis-Hillman adducts were cyatizo the corresponding indolizine
derivatives by treating them with acetic anhydrideler reflux or microwave assisted
conditions. The microwave-assisted reactions affdrthe indolizine derivatives in much
shorter time with improved vyields and purity. Imstingly, the reactions between
pyridine-2-carbaldehydes and 2-cyclohexen-1-oneordéid the cyclized indolizine

derivatives directly — a phenomenon not observedh wieactions involving 2-

cyclopenten-1-one.

When comparing the catalysts used for the Bayllbvtdn reactions carried out in this
study, 3-hydroxyquinuclidine was found to be supeto DABCO in reactions involving
chromone-3-carbaldehydes and MVK. On the other hanttlazole was found to be
suitable for reactions involving 2-nitrobenzaldedgdnd cyclic enones, while TMPDA
was found to be good for reactions involving pymai2-carbaldehydes and quinoline-2-

carbaldehydes with cyclic enones.
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Computational studies were carried out on selecmudpounds at the QM and DFT
levels using the Gaussian '03 programme. The thieatanodels were used to calculate
NMR and UV spectroscopic properties. The calculaaed experimental NMR data

. . . 1
were, in many cases, in good agreement, and ggnenatelated well with theH and

13C values predicted using the MestraNova programrhe. calculated UV absorption

data generally correlated well with the experimestzectra, and it was apparent that
substituted compounds in a series had very simpilaperties, showing that, in the cases
examined, the substituents have little effect @nahsorption spectra.

From our studies, it is apparent that the BayliBaiéin reaction permits access to a
remarkable variety of poly-heterocyclic scaffolegiich are capable, in turn, of further

structural elaboration. Future research in thia &sexpected to involve the following.

* Optimisation of the yields of the tricyclic Baylidillman products, in order to
explore their cyclization to novel spiro compounds.

» Extension of the promising microwave-assisted aggiioto the construction of
complex poly-heterocyclic systems.

* Re-examination of the reactions of the Baylis-Hdimdimers to explore the
regioselectivity of nucleophilic attack at varioesectrophilic centres and to
characterize the fragmentation products.

» Screening of selected systems for antibacterialoginer biological activity.
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3. Experimental

3.1 General

'H and *C NMR spectra were recorded on Bruker Avance 408 600 MHz

spectrometers at 303K, and were calibrated usiagdivent signals; coupling constants
are given in Hertz (Hz). Melting points were detered using a Kofler hot-stage
apparatus, and are uncorrected. IR spectra weozdext on a Perkin Elmer Spectrum
2000 FT-IR spectrometer. Low-resolution mass speuwtere recorded on a Finnigan
GCQ spectrometer (Rhodes University) and high-teswi mass spectra were recorded
on a VG70-SEQ double-focusing magnetic sector unsént (University of the

Witwatersrand Mass Spectrometry Unit).

Flash Chromatography was carried out using Meratasgel 60 [230-240 mesh (particle
size 0.040-0.063 mm)] and preparative layer chrograjphy was conducted using silica
gel 60 PEkss Thin layer chromatography (TLC) was carried oot gre-coated Merck
silica gel k54 plates, visualization being achieved by inspectioder UV light (254nm)

or following exposure to iodine.
N,N-Dimethylformamide (DMF) was pre-dried and distlié'om 3A molecular sieves

under reduced pressure. Ethanol was dried by ogaetith magnesium turnings and

iodine and then distilled from the resulting magaesalkoxide under nitrogen.
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3.2 Baylis-Hillman reactions involving chromone-3-
carbaldehydes

3.2.1 Synthesis of chromone-3-carbaldehydes

(@)

L

Jwo
Chromone-3-carbaldehyde 40a A solution of 2-hydroxyacetophenone (6.80 g, 50
mmol) in dry DMF (50 mL) was stirred under nitrogan-20°C for 5 min. POQ (18.7
mL, 200 mmol) was then added drop-wise maintairntrg temperature at -AT. The
reaction mixture was stirred for a further 30 mamd then allowed to warm to room
temperature. After stirring overnight it was pouriedo ice-water (75 mL), and the
resulting slurry was left to stand to enhance jigaion. The precipitate was filtered off,
washed successively with water and ethanol angstdlized from acetone to afford, as
a white crystalline solid, chromone-3-carbaldehyfa (5.46 g, 63%), m.p. 153-15¢C
(lit.,**° 152-153°C); vinax (KBr)lcm™ 1649 and 1690 (2x C=O% (400 MHz; CDC})
7.51 (1H, tJ 8.0 Hz, 6-H), 7.56 (1H, d} 8.8 Hz, 8-H), 7.78 (1H, ddd, 1.6, 7.2 and 8.6
Hz, 7-H), 8.33 (1H, dd) 1.6 and 8.0 Hz, 5-H), 8.57 (1H, s, 2-H) and 1q#4, s, CHO);
Oc (100 MHz; CDC}) 118.6 (C-8), 120.8 (C-3), 125.8 (C-4a), 126.65)C427.1 (C-6),
135.2 (C-7), 156.6 (C-8a), 161.0 (C-2), 178.4 (GxAdl 189.0 (CHO)N/z174 M™, 6%)
and 146 (100).

6-Bromochromone-3-carbaldehyde 40b. The method used for the preparation of
chromone-3-carbaldehydé0a was followed, using 5-bromo-2-hydroxyacetophenone
(5.00 g, 23.3 mmol). Work-up and recrystallisatiomm acetone afforded, as a yellow
crystalline solid, 6-bromochromone-3-carbaldehgé (4.23 g, 72%), m.p. 187-18€

(lit, 191%91%186-188°C); vmax (KBr)/cm™ 1655 and 1699 (2x C=Ofy (400 MHz;
CDCly) 7.43 (1H, d,) 8.8 Hz, 8-H), 7.82 (1H, dd} 2.4 and 8.8 Hz, 7-H), 8.38 (1H, d,
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2.4 Hz, 5-H), 8.53 (1H, s, 2-H) and 10.33 (1H, Bl@); & (100 MHz; CDC#) 120.3 (C-
6), 120.4 (C-3), 120.5 (C-8), 126.6 (C-4a), 12&85), 137.8 (C-7), 154.9 (C-8a), 160.6
(C-2), 174.6 (C-4), and 188.0 (CH®)/z252 M*, 4%) and 226 (100).

6-Chlorochromone-3-carbaldehyde 40c  The method used for the preparation of
chromone-3-carbaldehydd0a was followed, using 5-chloro-2-hydroxyacetophenone
(5.00 g, 29.3 mmol). Work-up and recrystallisatiomm acetone afforded, as a yellow
crystalline solid, 6-chlorochromone-3-carbaldehy@e (7.23 g, 70%), m.p. 165-16C
(lit.,**° 166-168°C); vmax (KBr)/cm™ 1655 and 1695 (2x C=0)dy (400 MHz; CDCH)
7.49 (1H, dJ 9.2 Hz, 8-H), 7.68 (1H, dd 2.4 and 8.8 Hz, 7-H), 8.23 (1H, #2.4 Hz,
5-H), 8.52 (1H, s, 2-H) and 10.34 (1H, s, CH®@g;(100 MHz; CDC}) 120.3 (C-3),
120.3 (C-8), 125.6 (C-5), 126.3 (C-4a), 132.8 (C135.0 (C-7), 154.5 (C-8a), 160.6 (C-
2), 174.8 (C-4) and 188.0 (CHOWz208 M ™, 4%) and 180 (100).

6-Fluorochromone-3-carbaldehyde 40d. The method used for the preparation of
chromone-3-carbaldehydd0a was followed, using 5-fluoro-2-hydroxyacetophenone
(3.00 g, 19.5 mmol). Work-up and recrystallisatioom acetone afforded, as an off-
white crystalline solid, 6-fluorochromone-3-carbaetigde40d (1.13g; 30%), m.p. 157-
159 °C (lit.,"*° 156-158°C); vmax (KBr)/lcm™ 1695 and 1702 (2x C=0)dy (400 MHz,
CDCls) 7.47 (1H, m, 7-H), 7.56 (1H, m, 8-H), 7.92 (1Hl,d 2.8 and 7.8 Hz, 5-H), 8.54
(1H, s, 2-H) and 10.35 (1H, s, CHG): (100 MHz; CDC}) 111.4 (C-5), 119.6 (C-4a),
120.9 (C-8), 123.1 (C-7), 126.6 (C-6), 126.7 (C1H2.3 (C-8a), 160.7 (C-2), 175.2 (C-
4) and 188.2 (CHO)M/z192 (M*, 4%) and 164 (100).

6-Methoxychromone-3-carbaldehyde 40e The method used for the preparation of
chromone-3-carbaldehyd#0a was followed, using 5-methoxy-2-hydroxyacetophenon
(3.00 g, 18.1 mmol). Work-up and recrystallisativom acetone afforded, as an off-
white crystalline solid, 6-methoxychromone-3-cadaedlyde40e (1.80 g; 35%), m.p. 164-

132



165 °C (lit.,"® 164-166°C); vmax (KBr)/cm™ 1656 and 1702 (2x C=0)8y (400 MHz;
CDCls) 3.91 (3H,s, OCH), 7.30 (1H, dd) 2.8 and 9.2 Hz, 7-H), 7.45 (1H, #8.8 Hz, 8-
H), 7.63 (1H, d, 3.2 Hz, 5-H), 8.51 (1H, s, 2-Hpat0.39 (1H, s, CHOYc (100 MHz;
CDCls) 56.1 (OCH), 105.5 (C-5), 119.6 (C-3), 120.0 (C-8), 124.47C-126.1 (C-4a),
151.0 (C-8a), 158.0 (C-6), 160.2 (C-2), 175.8 (Gl 188.7 (CHO)M/z204 M ", 1%)
and 176 (100).

3.2.2 Reactions of chromone-3-carbaldehydes with gyl
vinyl ketone

The chromone dimer 165a and 9-[11-acetyl-(15-o0xo-butyl)-10-dihydro-3i-
pyrano(9,2a)lchromen-3-one 166aChromone-3-carbaldehyd®a (1.00 g, 5.75 mmol)
was dissolved in CH@I(7.0 mL). Methyl vinyl ketone (0.84 g, 6.3 mmohdaDABCO
(0.20 g, 1.8 mmol) were added, and the resultingure was stirred at room temperature
for three weeks with TLC monitoring. The reactionxiure was concentrated vacuo
and ethyl acetate added to the crude product, piogua yellow precipitate. The yellow
precipitate was filtered off by suction and waskeéth ethyl acetate to afford, as an off-
white solid,the chromone dimet65a(0.65 g, 72 %), m.p. 193-19& (lit.,**® 193-194
°C); vimax (KBr)/cm™ 1606, 1642, 1665 and 1695 (4x C=); (400 MHz; CDC}) 2.28
(3H, s, 12-H), 2.42 (3H, s, 16-H), 3.22 (2H, s,HB-4.51-4.59 (2H, m, 2-Ha and 2-Hb),
5.00 (1H, s, 9-Ha), 6.86-6.93 (2H, m, 5-H and 6-H)6 (1H, s, 4-H), 7.26 (1H, m, 8-H),
7.40-7.45 (3H, m, 17-H, 7'-H and 8'-H), 7.69-7.724 m, 6'-H and 7-H), 7.89 (1H, s,

133



2"-H), and 8.12 (1H, ddj 1.2 Hz and 7.8 Hz, 5-H)c (100 MHz; CDC}) 25.3 (C-12
andC-16), 25.9 (C-13), 50.1 (C-4a), 65.9 (C-2), 99089@), 117.5 (C-5), 118.1 (C-7’),
120.0 (C-10a), 120.3 (C-4a), 122.9 (C-6), 123.58&7), 125.8 (C-8’), 126.0 (C-5)),
128.0 (C-7), 133.6 (C-17), 134.2 (C-6"), 136.1 (5-B36.6 (C-3),136.7 (C-4), 139.1 (C-
14), 154.1 (C-2'), 155.9 (C-3), 157.0 (C-8a), 1§5%C-4"), 191.5 (C-10), 196.9 (C-11)
and 199.0 (C-15)n/z470 M*, 8%) and 427 (100%).

9-[11-Acetyl-(15-ox0-butyl)-10-dihydro-3H-pyrano(9,2a)Jchromen-3-one 166a The
filtrate from the above reaction was concentraied vacuq purified by flash
chromatography [on silica; elution with hexane-EtOQL:2)] to give a mixture of
products, which was subjected to HPLC [elution wigxane-EtOAc (1:3)] to give two

fractions as viscous oils.

Fraction 1. 9-[11-acetyl-(15-ox0-butyl)-10-dihydro-81-pyrano (9,2a)]Jchromen-3-one
as a yellow viscous 0il66a (12%), (Found:M* 314.11478. Calc. for {gH10s, M:
314.11543.)p4 (600 MHz, CDC}) 2.01 (1H, m, 14-H), 2.18 (1H, m, 14-H), 2.06 (3H,
16-CHs), 2.36 (3H, s, 12-C¥J, 2.40 (1H, m, 13-H), 2.53 (1H, m, 13-H), 4.57 (iddl,J
1.8 and 16.8 Hz, 10-Ha), 4.77 (1H, dd1.8 and 17.4 Hz, 10-Hb), 5.12 (1H, s, 8a-H),
7.09-7.12 (2H, m, 5-H and 7-H), 7.28 (1H, s, 2-Hp5 (1H, tdJ 1.2 and 7.8 Hz, 6-H),
and 7.87 (1H, ddJ 1.8 and 7.8 Hz, 4-H) (100 MHz; CDC}) 24.8 (C-13), 25.4 (C-16),
29.9 (C-12), 37.7 (C-14), 49.1 (C-9), 65.8 (C-1),9 (C-8a), 118.1 (C-7), 119.5 (C-2a),
122.9 (C-4), 127.9 (C-5), 135.3 (C-6), 136.7 (C1B8.3 (C-3a), 157.6 (C-7a), 192.5 (3-
C=0), 196.5 (15-C=0) and 206.6 (11-C=@)z193 (100%), 151 (15%), 136 (22%) and
121 (12%).

Fraction 2. Diastereoisomeric  9-[11-acetyl-(15-oxo-butyl)-10-dihydro-3H-
pyrano(9,2a)]chromen-3-one 166a as a colourless viscous oil (4%); (Found:”
314.11486.Calc. for GgH1s0s, M 314.11543.)dy (600 MHz, CDC}) 2.11 (3H, s, 16-
CHs), 2.18 (2H, t,J 7.8 Hz, 14-Ha,b), 2.29 (3H, s, 12-QH2.56 (2H, t,J 7.8 Hz, 13-
Ha,b), 4.45 (1H, ddJ 1.8 and 15.6 Hz, 10-Ha), 4.61 (1H, ddl.2 and 15.6 Hz, 10-Hb),
5.40 (1H, s, 8a-H), 6.67 (1H, s, 2-H), 7.00 (1HJ)®&.4 Hz, 7-H), 7.06 (1H, t] 7.8 Hz,
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5H), 7.52 (1H, tdJ 1.8 and 8.4 Hz, 6-H) and 7.82 (1H, dt1.8 and 7.8 Hz, 4-H)bc
(100 MHz; CDC4) 25.2 (C-13), 27.7 (C-16), 29.9 (C-12), 37.7 (Q;4P.7 (C-9), 62.5
(C-10), 99.4 (C-8a), 118.2 (C-7), 119.2 (C-2a), .62@C-4), 127.2 (C-5), 135.9 (C-6),
137.1 (C-2), 138.0 (C-3a), 157.6 (C-7a), 193.1 €3(; 196.3 (15-C=0) and 206.5 (11-
C=0); m/z193 (100%), 151 (15%), 136 (22%) and 121 (12%).

6-bromo-substituted chromone dimer 165b and 9-[11-acetyl-(15-oxo-butyl)-10-
dihydro-3H-pyrano (9,2a)]-5-bromochromen-3-one 166b.The method used for the
preparation of the chromone dimé&65a was followed, using 6-bromochromone-3-
carbaldehydetOb (3.00 g, 11.9 mmol). Work-up afforded as a cresotid, 6-bromo-
substituted chromone dim&65b (1.74 g; 47 %), m.p. 223-22¢C (lit.,**® 222-224°C);
vmax (KBr)/cm* 1600, 1670, 1675 and 1710 (4x C=&);(400 MHz; CDC}) 2.31 (3H, s,
12-H), 2.43 (3H, s, 16-H), 3.14 (2H, s, 13-H), 4(88, dd,J 17.2 and 17.2 Hz, 2-Ha and
2-Hb), 4.98 (1H, s, 9a-H), 6.77 (1H, 88.8 Hz, 8-H), 7.28 (1H, m, 7-H), 7.11 (1H, s, 4-
H), 7.33-7.37 (2H, m, 7'-H and 17-H), 7.78-7.82 (2H, 5-H and 8'-H), 7.87 (1H, s, 2'-
H) and 8.27 (1H, dJ 2.4 Hz, 5'-H);3c (100 MHz; CDC}) 25.4 (C-12 and C-16), 25.9
(C-13), 50.0 (C-4a), 66.0 (C-2), 99.8 (C-9a), 11(&%), 119.4 (C-8), 120.0 (C-3’ and C-
6'), 120.4 (C-8'), 121.2 (C-10a), 124.6 (C-4a’),812 (C-5), 130.4 (C-17), 133.3 (C-5'),
136.2 (C-7), 136.5 (C-3), 137.3 (C-4), 138.8 (C-139.4 (C-14), 154.1 (C-2'), 154.5 (C-
8a’), 155.9 (C-8a), 174.1 (C-4’), 190.3 (C-11), MEC-15) and 198.9 (C-10m/z628
(M™, 9%) and 585 (100%).

9-[11-acetyl-(15-0x0-butyl)-10-dihydro-#-pyrano(9,2a)]-5-bromochromen-3-one
166b. The filtrate from the above reaction was conaattin vacuq purified by flash
chromatography [on silica; elution with hexane-EtOAL:2)] afforded a mixture of
products, which was subjected to HPLC [elution wi#xane-EtOAc (1:3)] to give as a
brown viscous oil  9-[11-acetyl-(15-0x0-butyl)-10Rgidro-3H-pyrano(9,2a)]-5-
bromochromen-3-ond66b, [Found: M* 394.02412 §Br) and M* 392.02570 {Br).
Calc. for GgH17BrOs, M 393.22858 ¥Br) and M 392.02594{Br).]; 4 (400 MHz,
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CDCl) 2.04 (1H, m, 14-H), 2.09 (3H, s, 16-§H2.20 (1H, m, 14-H), 2.39 (3H, s, 12-
CHa), 2.42 (1H, m, 13-H), 2.52 (1H, m, 13-H), 4.59 (IHJ 17.2 Hz, 10-Ha), 4.80 (1H,
d, J 17.2 Hz, 10-Hb), 5.12 (1H, s, 8a-H), 7.04 (1H,J&.8 Hz, 7-H), 7.26 (1H, s, 2-H),
7.65 (1H, ddJ 2.4 and 8.8 Hz, 6-H) and 8.01 (1H, 2.4 Hz, 4-H);3c (100 MHz;
CDCly) 24.7 (C-13), 25.5 (C-16), 30.0 (C-12), 37.6 (Q; 9.0 (C-9), 66.0 (C-10), 100.0
(C-8a), 115.8 (C-2a), 120.2 (C-7), 120.8 (C-4), .B3(T-6), 134.8 (C-2), 138.4 (C-3a),
139.4 (C-5), 156.5 (C-7a), 191.4 (C-3), 196.5 (G-dd 206.5 (C-11)1n/z323(6%), 199
(8%), 193 (100%), 151 (32%) and 136(52%).

6-chloro-substituted chromone dimer 165¢c and 9-[11-acetyl-(15-oxo-butyl)-10-
dihydro-3H-pyrano (9,2a)]-5-chlorochromen-3-one 166¢c The method used for the
preparation of the chromone dimé&65a was followed, using 6-chlorochromone-3-
carbaldehydetOc (1.00 g, 4.80 mmol). Work-up afforded as a cresofid, 6-chloro-
substituted chromone dimé65c (0.85 g, 66%), m.p. 112-11%€ (lit.,**° 113-115°C);
vmax (KBr)/cm™* 1655, 1678. 1684 and 1702 (4x C=@);(400 MHz; CDC}) 2.29 (3H, s,
12-H), 2.43 (3H, s, 16-H), 3.19 (2H, s, 13-H), 4(3#4, dd,J 17.2 and 17.6 Hz, 2-Ha and
2-Hb), 4.98 (1H, s, 9a-H), 6.85 (1H, #8.8 Hz, 8-H), 7.10 (1H, s, 4-H), 7.15 (1H, dd,
2.4 and 8.8 Hz, 7-H), 7.36 (1H, s, 17-H), 7.40 (8] 8.8 Hz, 8'-H), 7.63-7.67 (2H, m,
5-H and 7’-H), 7.86 (1H, s, 2'-H) and 8.09 (1H,J®.4 Hz, 5'-H);3c (100 MHz; CDC})
25.3 (C-12 and C-16), 25.9 (C-13), 50.0 (C-4a)06&-2), 99.9 (C-9a), 119.8 (C-8)),
120.3 (C-3'), 120.8 (C-10a), 124.3 (C-6), 125.54&), 127.3 (C-6'), 128.6 (C-5), 131.9
(C-5'), 133.3 (C-17), 134.6 (C-7), 136.0 (C-7’),6L8 (C-3), 136.6 (C-4), 139.4 (C-14),
154.1 (C-2"), 154.1 (C-8a’), 155.4 (C-8a), 174.3-4¢, 190.4 (C-11), 196.8 (C-15),
198.8 (C-10)m/z538 (M ™, 14%) and 495 (100%).

9-[11-acetyl-(15-oxo0-butyl)-10-dihydro-3H-pyrano(9,2a)]-5-chlorochromen-3-one

166¢: The filtrate from the above reaction was conaettin vacuq purified by flash
chromatography [on silica; elution with hexane-EtOAL:2)] afforded a mixture of
products, which was subjected to HPLC [elution wi#xane-EtOAc (1:3)] to give as a
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colourless viscous oil (Calc. fori§:7ClOs; m/z348.07645. Found/z348.07590 M);
9-[11-acetyl-(15-0xo-butyl)-10-dihydrokBpyrano(9,2)]-5-chlorochromen-3-onel66c,

34 (400 MHz, CDCJ) 2.03 (3H, s, 16-H). 2.20 (2H, t, J 8.4 Hz, 14-H)32 (3H, s, 12-
CH3), 2.57 (2H, t, J 8.0 Hz, 13-H), 4.48 (1H, ddl.6 and 16.8 Hz, 10-Ha), 4.63 (1H,
dd, 0.8 and 17.2 Hz, 10-Hb), 5.41 (1H, s, 8a-HjFQ1H, s, 2-H), 7.00 (1H, J 8.8 Hz, 7-
H), 7.48 (1H, dd, J 2.8 and 8.8 Hz, 6-H), 7.80 (tJ 2.8 Hz, 4-H)dc (100 MHz;
CDCly) 25.3 (C-16), 27.6 (C-13), 31.9 (C-12), 37.6 (Q-14®.7 (C-9), 62.8 (C-10), 99.7
(C-8a), 120.0 (C-2a), 120.1 (C-7), 126.6 (C-4), .42&-6), 135.4 (C-2), 136.9 (C-3a),
138.3 (C-5), 156.1 (C-7a), 192.3 (C-3), 196.3 (§:P06.4 (C-11)m/z277 (14%), 235
(9%), 193 (100%), 151 (44%) and 136 (71%).

6-fluoro-substituted chromone dimer165d The method used for the preparation of the
chromone dimefd65awas followed, using 6-fluorochromone-3-carbaldehyd (2.00

g, 10.42 mmol). Work-up afforded as a cream sd@itluoro-substituted chromone dimer
165d (0.89 g, 34%), m.p. 230-23Z (lit.,**® 230-231°C); vimax (KBr)/cm™ 1675, 1683,
1698 and 1717 (4x C=0)y (400 MHz; CDC}) 2.28 (3H, s, 12-H), 2.43 (3H, s, 16-H),
3.20 (2H, ddJ 13.6 and 14.0 Hz, 2x 13-H), 4.52 (2H, dd16.8 and 17.2 Hz, 2-Ha and
2-Hb), 4.98 (1H, s, 9a-H), 6.92 (1H, #4.0 Hz, 5-H), 6.99 (1H, m, 7-H), 7.10 (1H, s, 4-
H), 7.35 (1H, dJ 7.6 Hz, 8-H), 7.40 (1H, s, 17-H),7.44-7.47 (2H, BitH and 7'-H),
7.76 (1H, d,J 8.8 Hz, 8-H) and 7.89 (1H, s, 2'-HJc (100 MHz; CDC}) 25.3 (C-12),
25.8 (C-16),25.9 (C-13), 49.9 (C-4a), 66.0 (C-2)10.7 (C-9a), 119.2 (C-8), 119.7 (C-
3"), 120.3 (C-5), 122.5 (C-5'), 122.8 (C-8'), 1236-10a), 123.8 (C-4a’), 133.4 (C-7),
136.0 (C-7),136.7 (C-17), 139.3 (C-4), 152.0 (C-853.1 (C-14), 154.2 (C-2'), 158.6
(C-6), 159.0 (C-8a),161.0 (C-6’), 174.8 (C-4"), 1BQC-11), 196.8 (C-15) and 198.8 (C-
10).;m/z506 M*, 7%) and 463 (100%).

6-methoxy-substituted chromone dimer 165eThe method used for the preparation of
the chromone dimet65awas followed, using 6-methoxychromone-3-carbaldied0e

(2.50 g, 7.4 mmol). Work-up afforded as a creandsé-methoxy-substituted chromone
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dimer 165e (0.70 g, 30%), m.p. 203-20C (lit.,**® 203-205°C); vmax (KBr)/cm* 1655,
1674, 1677 and 1701 (4x C=C; (400 MHz; CDC4) 2.33 (3H, s, 12-H), 2.45 (3H, s,
16-H), 3.22 (2H, ddJ 13.6 and 14.0 Hz, 13-Ha and 13-Hb), 3.72 (3H;©0+), 3.92
(3H, s, 6-OCH), 4.55 (2H, dd,J 17.2 and 17.2 Hz, 2x 2-H), 4.95 (1H, s, 9a-H)96.6
(1H, dd,J 2.8 and 9.0 Hz, 7-H), 6.76 (1H, 9.2 Hz, 8-H), 7.08 (1H, d} 2.8, 5-H), 7.17
(1H, s, 4-H), 7.28 (1H, dd] 3.2 and 9.2 Hz, 7>-H), 7.34 (1H, d,9.2 Hz, 8-H), 7.42
(1H, s, 17-H), 7.44 (1H, &, 3.2, 5’-H) and 7.86 (1H, s, 2'-HJic (100 MHz; CDC}) 25.4
(C-12), 25.9 (C-13 and C-16), 50.1 (C-4a), 55.5Q€H3), 55.9 (6-OCH3), 66.9 (C-2),
99.7 (C-9a), 105.0 (C-5), 108.1 (C-8), 118.5 (C-619.2 (C-8'), 119.3 (C-7), 119.8 (C-
3'),124.0 (C-7), 124.1 (C-4a’), 125.1 (C-10a), 133C-17), 136.0 (C-3), 137.3 (C-4),
139.0 (C-14), 150.6 (C-2"), 151.4 (C-8a’), 153.886), 154.7 (C-6), 157.2 (C-6"), 175.3
(C-4"), 191.4 (C-11), 197.1 (C-15) and 199.2 (C:16)/z 530 M*, 21%) and 487
(100%).

3.2.2.1 Attempted reactions of chromone dimer 165aith various
amines and Grignard reagents

The chromone dimefd65a was treated with various amines such as benzylmin
isopropylamine, glycine ethyl ester, pyrrolidinedagiethylamine. Work-up followed by
flash chromatography afforded a mixture of produetich was subjected to HPLC
[elution with hexane-EtOAc (1:2)] to give an inttalsle mixture of products, with some
of them appearing to be fragments of the expectedyets as observed from their mass

spectra.

The chromone dimet65awas treated with methyl magnesium bromide at®&Z8wWork-

up followed by flash chromatography afforded amaatable mixture of products.
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3.2.3 Reactions of chromone-3-carbaldehydes with gyl
acrylate

1 | 6-Methoxy-3-[3-hydroxy-2-(methoxycarbonyl)-1-
propen-3-yllchromone 173e The method used for the preparation of the chramo
dimer 165a was followed, using 6-methoxychromone-3-carbalde0e (0.20 g; 0.98
mmol) and methyl acrylate. Work-up followed bysitachromatography [on silica gel;
elution with hexane-EtOAc(1:1), and HPLC on Partif), elution with hexane-EtOAc
(1:1)], afforded as a yellow oil, 6-methoxy-3-[3drpxy-2-9methoxycarbonyl)-1-propen-
3-yllchromone173e. &, (400 MHz; CDC}) 3.73 (3H, s, COOCH, 3.87 (3H, s, 6-
OCHg), 4.72 (1H, br s, OH), 5.60 (1H, s, 3'-H), 6.134(1s, 1'-H), 6.43 (1H, s, 1-'H),
7.27 (1H, ddJ 2.2 and 9.2 Hz, 7-H),7.40 (1H, 89.2 Hz, 8-H), 7.52 (1H, d 3.2 Hz, 5-
H) and 8.03 (1H, s, 2-H)c (100 MHz; CDC}) 52.0 (COCCH3), 55.9 (6-OCH3), 67.8
(C-3’), 104.3 (C-5), 119.6 (C-8), 121.9 (C-3), 124C-7), 124.5 (C-4a), 126.6 (C-1"),
139.5 (C-2’), 151.1 (C-8a), 154.1 (C-2), 157.0 (C¥56.5 COOCH;) and 177.8 (C-4).

6-Bromo-3-[3-hydroxy-2-(methoxycarbonyl)-1-propen-3-yljchranone 173b The
method used for the preparation the chromone dibG&a was followed, using 6-
bromochromone-3-carbaldehydéb (0.20 g; 0.79 mmol) and methyl acrylate. Work-up
followed by chromatography [on silica gel; elutimith hexane-EtOAc(1:1), followed by
HPLC on Partisil 10, elution with hexane-EtOAc(];13fforded as a yellow solid, 6-
bromo-3-[3-hydroxy-2-9methoxycarbonyl)-1-propendB:gromone 173 mp 114-116
°C (lit.,***114-116°C); &, (400 MHz; CDC}) 3.74 (3H, s, COOCH), 4.43 (1H, d,) 8.0,
OH), 5.60 (1H, dJ 7.2 Hz, 3'-H), 6.13 (1H, s, 1'-H), 6.43 (1H, s-H), 7.37 (1H, dJ
8.8 Hz, 8-H), 7.75 (1H, dd] 2.4 and 8.8Hz, 7-H), 8.05 (1H, s, 2-H) and 8.24,(d, J
2.4 Hz, 5-H); (100 MHz; CDG) 52.0 (OCH), 67.6 (C-3"), 118.8 (C-8), 120.2 (C-6),
123.1 (C-3), 125.1 (C-4a), 127.0 (C-5), 128.2 (§;-137.0 (C-5), 139.0 (C-7), 154.5 (C-
2), 155.0 (C-8a), 166.5 (CO.0) and 176.5 (C=0).
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3.3 Baylis-Hillman reactions involving chromone-2-
carbaldehydes

3.3.1 Synthesis of 1-(2-Hydroxyphenyl)-1,3-butaneadines

O OH
6
5 = 1 2./3' 4
4
3 OH 1-(2-Hydroxyphenyl)-1,3-butanedione 175a A solution of 2-

hydroxyacetophenone (10.00 mL, 83.1 mmol) in dhykacetate (35.0 mL, 358 mmol)
was added drop-wise to a stirred suspension ofusodithoxide [generateih situ by
adding sodium metal (8.00 g, 348 mmol) to dry eth§40.0 mL)]. The resulting yellow
mixture was boiled gently under reflux foa 8 hours until a thick yellow slurry was
formed. After cooling to room temperature, the migt was poured into diethyl ether
(200 mL) and allowed to stand for 1 hour to enhapececipitation. The resulting
precipitate was filtered off, washed with diethyher and dissolved in ice-cold water
(100 mL). The solution was acidified with acetidgdaand the resulting precipitate was
filtered off and recrystallized from petroleum atlieoiling range 60-86C) to afford, as
a yellow solid, 1-(2-hydroxyphenyl)-1,3-butanedidi#a(10.31 g, 70%)d4 (400 MHz;
CDCl;) 2.14 (3H, s, 4-CH), 6.17 (1H, s, 2'-H), 6.86 (1H, §,8.0 Hz, 5-H), 6.96 (1H, d,
J 8.0 Hz, 3-H), 7.43 (1H, 1] 8.8 Hz, 4-H), 7.62 (1H, dl 8.0 Hz, 6-H), 12.06 (1H, s, 2-
OH) and 14.96 (1H, s, 3'-OH}c (100 MHz; CDC}) 22.7 (4'-CH), 95.4 (C-2'), 118.4
(C-1), 118.7 (C-5), 119.0 (C-3), 128.5 (C-6), 138°74), 162.5 (C-2), 182.9 (C-3’) and
195.4 (C=0).

1-(5-Chroro-2-hydroxyphenyl)-1,3-butanedione 175b The experimental procedure
employed in the synthesis of 1-(2-hydroxyphenyB-iutanedionel75a was followed,
using 5-chloro-2-hydroxyacetophenone (5.00 g, 29ofhmWork-up afforded as a
greenish-yellow solid, 1-(5-Chroro-2-hydroxyphenr¥|B-butanedionel75b (3.74 g,
60%). 0y (400 MHz; CDC}) 2.16 (3H, s, 4-CH), 6.11 (1H, s, 2'-H), 6.91 (1H, d,9.2
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Hz, 3-H), 7.36 (1H, ddj 2.4 and 8.8 Hz, 4-H), 7.57 (1H, 32.4 Hz, 6-H), 11.96 (1H, s,
2-OH) and 14.87 (1H, s, 3-OH¥c (100 MHz; CDC}) 22.8 (4'-CH), 95.4 (C-2), 119.1
(C-3), 120.2 (C-1), 123.7 (C-5), 127.7 (C-6), 136044), 160.9 (C-2), 184.0 (C-3) and
194.1 (C=0).

1-(5-Methoxy-2-hydroxyphenyl)-1,3-butanedione 175cThe experimental procedure
employed in the synthesis of 1-(2-hydroxyphenyB-iutanedionel75a was followed,
using 5-methoxy-2-hydroxyacetophenone (10.0 g, 8o Work-up afforded as a
greenish-yellow solid, 1-(5-methoxy-2-hydroxyphény|3-butanedionel75¢ (12.20 g,
97%).84 (400 MHz; CDC}) 2.14 (3H, s, 4'-Ch), 3.78 (3H, s, 5-O C#), 6.10 (1H, s, 2™
H), 6.90 (1H, dJ 9.6 Hz, 3-H), 7.06 (1H, dd, 2.8 and 9.6 Hz, 4-H), 7.32 (1H, #3.2
Hz, 6-H), 11.62 (1H, s, 2-OH) and 15.05 (1H, sO8¥9); &c (100 MHz; CDC}) 22.8 (4'-
CHj3), 56.0 (5-O CH), 95.4 (C-2"), 107.2 (C-1), 111.5 (C-6), 119.4 3-123.3 (C-4),
151.9 (C-2), 156.8 (C-5), 183.2 (C-3’) and194.9 @J=

1-(5-Bromo-2-hydroxyphenyl)-1,3-butanedione 175dThe experimental procedure
employed in the synthesis of 1-(2-hydroxyphenyB-iutanedionel75a was followed,
using 5-bromo-2-hydroxyacetophenone (5.00 g, 23 nm&ork-up afforded as a
greenish-yellow solid, 1-(5-bromo-2-hydroxypheny|B-butanedionel75d (4.46 g,
75%). 0y (400 MHz; CDC}) 2.16 (3H, s, 4-CH), 6.10 (1H, s, 2'-H), 6.85 (1H, d,8.8
Hz, 3-H), 7.48 (1H, ddJ 2.4 and 8.8 Hz, 4-H), 7.70 (1H, 32.0 Hz, 6-H), 12.04 (1H, s,
2-OH) and 14.86 (1H, s, 3'-OHJ: (100 MHz; CDC}) 22.8 (4'-CH), 95.4 (C-2'), 119.7
(C-5), 120.6 (C-3), 130.7 (C-1), 138.2 (C-6), 16(C44), 176.8 (C-2), 184.0 (C-3") and
194.0 (C=0).
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3.3.2 Synthesis of 2-methylchromones

s 2 2-Methylchromone 176a. A stirred solution of 1-(2-hydroxyphenyl)-1,3-
butanedioneél 75a(10.0 g, 56 mmol), glacial acetic acid (51 mL) audphuric acid (2.0
mL) was boiled gently under reflux f@a 4 hours. The resulting, hot, red solution was
poured into ice-cold water (255 mL) and basifiedhwi0% aq. sodium bicarbonate. The
resulting precipitate was filtered off, washed wiite-cold water and recrystallized from
hexane to afford as yellow solid, 2-methylchromdiiéa (2.96 g, 33%), m.p. 68-7{C
(lit.,**° 69-70°C); vmax (KBr)lcm™ 1655 (C=0); &4 (400 MHz; CDC#) 2.36 (3H, s, 2-
CHjy), 6.15 (1H, s, 3-H), 7.33-7.40 (2H, m, 6- and 8-AHp2 (1H, tJ 8.0 Hz, 7-H) and
8.16 (1H, dJ 7.6 Hz, 5-H);5c (100 MHz; CDC}) 20.6 (2-CH), 110.5 (C-3), 117.7 (C-
8), 123.5 (C-4a), 124.9 (C-6), 125.6 (C-5), 13347(, 156.4 (C-8a), 166.1 (C-2), and
178.2 (C=0)m/z160 M~, 100%).

6-Chroro-2-methylchromone 176b The experimental method used to synthesize 2-
methylchromone 176a was followed using 1-(5-chloro-2-hydroxyphenylBd1,
butanedionel75b (2.00 g, 10 mmol). Work-up afforded as a yellowfff§ solid, 6-
chloro-2-methylchromond 76b (1.41 g, 77%), m.p. 112-11%C (lit.,**® 112-114°C);
Vmax (KBr)/em® 1674 (C=0); &, (400 MHz; CDC}) 2.37 (3H, s, 2-CH), 6.15 (1H, s, 3-

H), 7.35 (1H, dJ 8.8 Hz, 8-H), 7.55 (1H, dd] 2.4 and 8.8 Hz, 7-H) and 8.11 (1H,X,
2.4 Hz, 5-H);5¢c (100 MHz; CDC4) 20.6 (2-CH), 110.5 (C-3), 119.5 (C-5), 124.5 (C-6),
125.1 (C-7), 130.8 (C-4a), 133.6 (C-8), 154.7 (¢-886.4 (C-2) and 176.9 (C=Qp/z
194 M*, 100%).

6-Methoxy-2-methylchromone 176c¢ The experimental method used to synthesize 2-
methylchromone 176a was followed using 1-(5-methoxy-2-hydroxypheny)3-1
butanedion€el75c (9.2 g, 44 mmol). Work-up afforded as a greendsdi-methoxy-2-

142



methylchromone176c (4.57 g, 54%), m.p. 105-108C (lit,'®® 107-108 °C); Vimax
(KBr)/cm™ 1675 (C=0); &4 (400 MHz; CDC}) 2.34 (3H, s, 2-Ch), 3.85 (3H, s, 6-
OCHg), 6.12 (1H, s, 3-H), 7.20 (1H, dd2.8 and 8.8 Hz, 7-H), 7.31 (1H, #8.8 Hz, 8-
H) and 7.50 (1H, dJ 2.8 Hz, 5-H):3c (100 MHz; CDC}) 20.5 (2-CH), 55.8 (6-OCH),
104.7 (C-5), 109.8 (C-3), 119.1 (C-7), 123.3 (C34.0 (C-4a), 151.2 (C-8a), 156.7 (C-
6), 165.9 (C-2) and 178.1 (C=Q\z190 M*, 100%).

6-Bromo-2-methylchromone 176d The experimental method used to synthesize 2-
methylchromone 176a was followed using 1-(5-bromo-2-hydroxyphenyl)-1,3
butanedionel75d (4.0 g, 16 mmol). Work-up afforded as a greendsofi-bromo-2-
methylchromonel76d (1.8 g, 47%), m.p. 118-126C (lit.,*®® 118-120 °C);  Vinax
(KBr)/cm™ 1677 (C=0); &, (400 MHz; CDC}) 2.37 (3H, s, 2-Ch), 6.16 (1H, s, 3-H),
7.29 (1H, dJ 8.8 Hz, 8-H), 7.70 (1H, dd} 2.4 and 8.8 Hz, 7-H) and 8.27 (1H,X2.4

Hz, 5-H); 8c (100 MHz; CDC}) 20.6 (2-CH), 110.6 (C-3), 118.3 (C-6), 119.7 (C-8),
124.8 (C-4a), 128.2 (C-5), 136.4 (C-7), 155.2 (§;-866.5 (C-2) and 176.8 (C=Qn/z
239 M*, 100%).

3.3.3 Synthesis of Chromone-2-carbaldehydes

o)

6 ‘ 3

§ 2 °Q ?CHO Chromone-2-carbaldehyde 177aA solution of 2-methylchromone
176a(2.50 g, 15.62 mmol) and selenium dioxide (8.68&;1 mmol) in xylene (52 mL)
was stirred under reflux for 24 hrs. The hot solutvas filtered and washed with hot
xylene. The xylene was removéad vacuoand the crude product was purified by flash
chromatography (on silica gel; elution with chlawh) to afford, as a brown solid,
chromone-2-carbaldehyd&7a(0.56 g, 21%), m.p. 160-16¢ (lit.,**°160-163°C); Vimax

(KBr)/cm™ 1664 and 1699 (2x C=O)y (400 MHz; CDC}) 6.88 (1H, s, 3-H), 7.44 (1H,

143



td, J 1.6 and 8.0 Hz, 6-H), 7.58 (1H, #8.4 Hz, 8-H), 7.74 (1H, td] 1.6 and 8.4 Hz, 7-
H), 8.17 (1H, dd,J 1.6 and 8.0 Hz, 5-H) and 9.77 (1H, s, CH&){100 MHz; CDC})
116.9 (C-8), 118.8 (C-3), 124.8 (C-4a), 125.9 (Ci86.1 (C-5), 135.2 (C-7), 156.0 (C-
8a), 178.3 (C-2), 185.5 (C-4) and 207.0 (CH®Jz174 M*, 100%).

6-Chlorochromone-2-carbaldehyde 177bThe experimental procedure employed for
the preparation of chromone-2-carbaldehytié7a was followed using 6-chloro-2-
methylchromonel 76b (1.40 g, 6.73 mmol) and selenium dioxide (3.738,7 mmol).
Flash chromatography (on silica gel; elution wittiotoform) afforded, as a brown solid,
6-chlorochromone-2-carbaldehyd&7b (0.68 g, 45%), m.p. 162-16€ (lit.*%® 162-164
°C): vmax (KBr)/cm™ 1674 and 1717 (2x C=03 (400 MHz; CDC}) 6.88 (1H, s, 3-H),
7.37 (1H, d,J 8.8 Hz, 8-H), 7.66 (1H, dd] 2.4 and 8.8 Hz, 7-H), 8.05 (1H, 32.4 Hz,
5-H) and 9.74 (1H, s, CHO3: (100 MHz; CDC}) 116.4 (C-3), 120.5 (C-5), 124.8 (C-7),
125.4 (C-6), 132.2 (C-4a), 135.4 (C-8), 153.8 (;-886.0 (C-2), 177.2 (C-4) and 185.1
(CHO).m/z208 (M ™, 100%).

6-Methoxychromone-2-carbaldehyde 177cThe experimental procedure employed for
the preparation of chromone-2-carbaldehyd&a was followed using 6-methoxy-2-
methylchromond 76c¢(4.0 g, 21 mmol) and selenium dioxide (11.68 ¢ frtimol). Flash
chromatography [on silica gel; elution with chlayoh] afforded as a brown solid, 6-
methoxychromone-2-carbaldehytié7c (0.39 g, 10%), m.p. 174-17€ (lit.,**° 174-176
°C); vmax (KBr)/cm™ 1678 and 1718 (2x C=0)dy (400 MHz; CDC}) 3.90 (3H, s, 6-
OCHg), 6.88 (1H, s, 3-H), 7.35 (1H, dd,3.2 and 9.2 Hz, 7-H), 7.52-7.55 (2H, m, 5-H
and 8-H) and 9.78 (1H, s, CH®; (100 MHz; CDC}) 56.0 (6-OMe), 104.7 (C-5), 115.9
(C-8), 120.3 (C-7), 125.5 (C-3), 125.6 (C-4a), B5(C-8a), 155.7 (C-6), 157.7 (C-2),
178.1 (C-4) and 185.5 (CHON/z204 (M*, 100%).
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6-Bromochromone-2-carbaldehyde 177dThe experimental procedure employed for
the preparation of chromone-2-carbaldehytié7a was followed using 6-bromo-2-
methylchromonel76d (1.50 g, 6.28 mmol) and selenium dioxide (3.4884 mmol).
Flash chromatography [on silica gel; elution witllazoform] afforded as a brown solid,
6-bromochromone-2-carbaldehyi@7d (0.39 g, 24%), m.p. 170-17€ (lit.,**® 170-172
°C); vmax (KBr)/em™ 1675 and 1717 (2x C=0%y (400 MHz; CDC}) 6.92 (1H, s, 3-H),
7.51 (1H, d,J 8.8 Hz, 8-H), 7.85 (1H, dd} 2.4 and 8.8 Hz, 7-H), 8.32 (1H, #2.4 Hz,
5-H) and 9.78 (1H, s, CHOJ¢ (100 MHz; CDC}) 116.8 (C-3), 119.8 (C-5), 120.7 (C-7),
126.0 (C-6), 128.6 (C-8), 138.2 (C-4a), 154.4 (§-8%6.0 (C-2), 177.0 (C=0), 185.0
(CHO) and 185.1 (CHOM/z254 M ™, 100%).

3.4 Reactions of cyclic enones with formaldehyde

5
6 OH
5 3

4 2-(Hydroxymethyl)cyclohex-2-enonel82 A solution of 2-cyclohexenone

(7.00 mL; 72.5 mmol), aqueous formaldehyde (4.00 &5 mmol) and DMAP (0.90 g;
7.3 mmol) in THF (5.0 mL) was stirred at room temgtere overnight. The resulting
mixture was then acidified with 1.50 N HCI and exted with CHCI, (5x 100 mL). The
organic extracts were successively washed with agu&laHCQ and brine and dried
over anhydrous N&Q,. The solvent was evaporatéd vacuq and the crude product
purified by flash chromatography [on silica gelutedn with hexane-EtOAc (1:1)] to
afford, as a yellow oil, 2-(hydroxymethyl)cycloh@xenonel82 (3.07 g; 38%)dy (400
MHz; CDCh) 1.79-1.86 (2H, m, 5-H), 2.21-2.27 (4H, m, 4-H &#), 3.42 (1H, tJ 5.2
Hz, OH), 4.04 (2H, dJ 3.2 Hz, 2’-H) and 6.82 (1H, ] 4.0 Hz, 3-H);d¢c (100 MHz;
CDCly) 22.3 (C-5), 25.2 (C-4), 37.8 (C-6), 60.2 (C-2187.9 (C-3), 146.2 (C-2) and
199.8 (C=0)m/z126 M*, 100%).
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0
5 > » OH

3 2-(Hydroxymethyl)cyclopent-2-enone 183To a stirred solution of
formaldehyde (0.20 mL, 6.7 mmol) and imidazole $0g} 6.7 mmol) in THF (7.0 mL)
and 1 M ag. NaHC®(27 mL) was added 2-cyclopenten-1-one (1.00 mLQ 1@mol.).
The reaction mixture was stirred for 36 hours atmmotemperature and then quenched
with 1 N HCI and extracted with ethyl acetate (HD0ImL). The organic extracts were
dried over anhydrous N8O, the solvent was evaporatgdvacuq and the crude product
was purified by flash chromatography [on silica; gglition with hexane-EtOAc (1:1)] to
afford as brown solid, 2-(hydroxymethyl)cyclopeneonel83 (0.56 g, 75%); m.p. 76-
78 °C (lit.,**® 71-72°C); &4 (400 MHz; CDC}) 2.44 (2H, m, 4-H), 2.63 (2H, m, 5-H),
4.36 (2H, s, 2’-H) and 7.51 (1H,1,1.4 Hz, 3-H);0c (100 MHz; CDC}) 26.8 (C-4), 35.0
(C-5), 57.7 (C-2’), 144.9 (C-2), 158.8 (C-3), 2098-0).m/z113 M*, 100%).

3.5 Reactions of cyclic enones with benzaldehydes

5 4 52-[Hydroxy(2-nitrophenyI)methyl]cyclohex-z-enone 18a. The
method used for the preparation of 2-(hydroxymetiygiopent-2-enonel83 was
followed, using 2-nitrobenzaldehyde (0.20 g, 1.3 ahnand 2-cyclohexen-1-one (0.26
mL, 2.7 mmol). Work-up, followed by flash chromataghy [on silica gel; elution with
hexane-EtOAc (1:1)] afforded, as a light brown wise oil, 2-[hydroxy(2-
nitrophenyl)methyl]cyclohex-2-enont85a (0.22 g, 66%);04 (400 MHz; CDC}) 1.98
(2H, m, 5-H), 2.34 (2H, m, 4-H), 2.44 (2H, m, 6-B3)44 (1H, s, OH), 6.16 (1H, s, 2"-H),
6.61 (1H, t,J 4.0 Hz, 3-H), 7.42 (1H, td] 1.6 Hz and 8.4 Hz, 5’-H), 7.62 (1H, td1.6
Hz and 8.0 Hz, 4’-H), 7.78 (1H, dd,1.2 Hz and 8.0 Hz, 6’-H) and 7.90 (1H, ddl.2
Hz and 8.0 Hz, 3'-H)dc (100 MHz; CDC}) 22.4 (C-5), 25.7 (C-4), 38.2 (C-6), 67.2 (C-
2"), 124.4 (C-3), 128.3 (C-4’), 128.9 (C-6’), 123(C-3), 136.6 (C-1"), 139.8 (C-2),
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147.1 (C-5"), 148.1 (C-2) and 199.7 (C=0). Caler £15H13NOx; m/z 247.24666.m/z
247M*, 100%).

2-[Hydroxy(5-hydroxy-2-nitrophenyl)methyl]cyclohex-2-enone 185b The method
used for the preparation of 2-(hydroxymethyl)cy@onp2-enond.83was followed, using
3-methoxy-2-nitrobenzaldehyde (0.22 g, 1.0 mmod) 2rcyclohexen-1-one (0.20 g, 0.20
mL, 2.1 mmol). Work-up, followed by flash chromataghy [on silica gel; elution with
hexane-EtOAc (1:1)] afforded, as a light brown wvise oil, 2-[hydroxy(5-hydroxy-2-
nitrophenyl)methyl]cyclohex-2-enont85b (0.22 g, 79%):04 (400 MHz; CDC4) 1.96
(2H, m, 5-H), 2.28-2.51 (4H, o/m, 4-H and 6-H), ®@H, s, 2"-H), 6.56 (1H, t) 4.4
Hz, 3-H), 6.80 (1H, ddJ 2.8 and 9.2 Hz, 4’-H), 7.36 (1H, d,2.4 Hz, 6’-H) and 8.02
(1H, d,J 8.8 Hz, 3'-H);&c (100 MHz; CDC}) 22.3 (C-5), 25.8 (C-4), 38.1 (C-6), 67.2
(C-27), 115.1 (C-6’), 115.2 (C-4"), 128.3 (C-3)32.7 (C-3), 140.1 (C-1), 148.2 (C-2
and C-2’), 161.5 (C-5") and 200.7 (C=@)/z263 M*, 100%).

2-[Hydroxy(3-methoxy-2-nitrophenyl)methyl]cyclohex2-enone 185c¢ The method
used for the preparation of 2-(hydroxymethyl)cy@onp2-enond.83was followed, using
3-methoxy-2-nitrobenzaldehyde (0.19 g, 1.0 mmok} &wcyclohexen-1-one (0.20 mL,
2.1 mmol). Work-up, followed by flash chromatogrgpfon silica gel; elution with
hexane-EtOAc (1:1)] afforded, as a light brown wise oil, 2-[hydroxy(3-methoxy-2-
nitrophenyl)methyl]cyclohex-2-enont85c (0.24 g, 85%);04 (400 MHz; CDC}) 2.00
(2H, m, 5-H), 2.36-2.44 (4H, m, 4-H and 6-H), 3@H, s, OCH), 5.60 (1H, s, 2"-H),
6.74 (1H, tJ 4.4 Hz, 3-H), 6.97 (1H, d1 8.4 Hz, 4'-H), 7.22 (1H, dJ 8.0 Hz, 6’-H) and
7.43 (1H, t,J 8.4 Hz, 5-H);dc (100 MHz; CDC}) 22.2 (C-5’), 25.8 (C-4), 38.3 (C-6),
56.5 (OCH), 68.8 (C-27), 111.7 (C-4"), 119.4 (C-6"), 131.0-@’ and C-3), 134.6 (C-1'),
138.3 (C-2), 148.8 (C-5’), 150.7 (C-3’) and 200C=0).m/z277 M"*, 100%).
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2-[Hydroxy(4,5-dimethoxy-2-nitrophenyl)methyl]cyclohex-2-enone  185d The
method used for the preparation of 2-(hydroxymetlygiopent-2-enonel83 was
followed, using 3-methoxy-2-nitrobenzaldehyde (O22.0 mmol) and 2-cyclohexen-1-
one (0.20 mL, 2.1 mmol). Work-up, afforded as ahtligorown viscous oil, 2-
[hydroxy(4,5-dimethoxy-2-nitrophenyl)methyl]cyclok-enone185d (0.32 g, 100%).
oy (400 MHz; CDC}) 2.00 (2H, m, 5-H), 2.29-2.52 (4H, o/m, 4-H an#i)-3.94 (3H, s,
5-OCH), 3.99 (3H, s, 4-OC#¥), 6.31 (1H, s, 2"-H), 6.42 (1H, §,4.0 Hz, 3-H), 7.34 (1H,
s, 6’-H) and 7.64 (1H, s, 3-H}c (100 MHz; CDC}) 22.4 (C-5), 25.7 (C-4), 38.3 (C-6),
56.3 (5-OCH), 56.4 (4-OCH), 67.4 (C-2"), 107.9 (C-3’), 110.1 (C-6’), 131.8),
140.3 (C-3), 146.4 (C-2 and C-2"), 147.8 (C-4")31%(C-5’) and 200.2 (C=0jn/z 307
(M™, 100%).

2-[Hydroxy(6-nitrobenzo[1,3]dioxol-5-yl)methyl]cyclohex-2-enone 185eThe method
used for the preparation of 2-(hydroxymethyl)cy@op2-enond.83was followed, using
6-nitropiperonal (0.20 g, 1.0 mmol) and 2-cycloh@xeone (0.20 mL, 2.1 mmol). Work-
up, followed by flash chromatography [on silica;gelution with hexane-EtOAc (1:1)]
afforded, as a light brown viscous oil, 2-[hydro&yfitrobenzo[1,3]dioxol-5-
yl)methyl]cyclohex-2-enoné&85e(0.21 g, 70%)dy (400 MHz; CDC}) 1.98 (2H, m, 5-
H), 2.33-2.49 (4H, o/m, 4-H and 6-H), 6.11 (2HQCH,0), 6.18 (1H, s, 2"-H), 6.59
(1H, t,J 4.4 Hz, 3-H), 7.23 (1H, s, 6'-H) and 7.50 (LH35H); dc (100 MHz; CDC})
22.4 (C-5), 25.7 (C-4), 38.3 (C-6), 67.3 (C-2") 310 (OCHO), 105.4 (C-3’), 107.9 (C-
1’ and C-6'), 134.2 (C-2"), 139.8 (C-2), 146.7 (§;-347.1 (C-4’), 152.2 (C-5") and 199.9
(C=0).m/z291 M*, 100%).

2-[Hydroxy(4-nitro-phenyl)methyllcyclohex-2-enone The method used for the
preparation of 2-(hydroxymethyl)cyclopent-2-enori83 was followed, using 4-

nitrobenzaldehyde (0.78 g, 5.2 mmol) and 2-cyclemek-one (1.00 mL, 10.4 mmol).
Work-up, followed by flash chromatography [on sligel; elution with hexane-EtOAc
(1:1)] afforded, as a yellow oil, 2-[hydroxy(4-rophenyl)methyl]cyclohex-2-enone (0.57
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g, 45%).8 (400 MHz; CDC}) 1.87 (2H, m, 5-H), 2.27-2.32 (4H, o/m, 4-H andH}-
5.52 (1H, s, 2’-H), 6.85 (1H, §,3.8 Hz, 3-H), 7.43 (2H, d] 8.0 Hz, 2-H and 6'-H) and
7.99 (2H, d,J 7.6 Hz, 3'-H and 5'-H)c (100 MHz; CDC}) 22.4 (C-5), 25.8 (C-4), 38.4
(C-6), 72.1 (C-2"), 123.5 (C-3’ and C-5), 127.1-@Cand C-6’), 140.2 (C-2), 148.1 (C-
3), 149.3 (C-1’ and C-4’) and 200.0 (C=@)/z247 M*, 100%).

5 2-(Hydroxybenzyl)cyclopent-2-enone The method used for the
preparation of 2-(hydroxymethyl)cyclopent-2-enon#83 was followed, using
benzaldehyde (1.00 mL, 9.85 mmol). Work-up, followay flash chromatography [on
silica gel; elution with hexane-EtOAc (1:1)] affedi as a brown solid, 2-
(hydroxybenzyl)cyclopent-2-enone (0.71 g, 39%); .n8p-85°C (lit.,%°® 84-86°C); o
(400 MHz; CDC}) 2.10 (2H, m, 4-H), 2.29 (2H, 4,3.6 Hz, 5-H), 4.44 (1H, s, OH), 5.33
(QH, s, 27-H), 7.07 (1H, m, 3-H) and 7.12-7.23 (Seyries of multiplets, Ar-H)dc (100
MHz; CDClL) 26.6 (C-4), 35.3 (C-5), 70.0 (C-2"), 126.3 (Cahd C-6"), 127.9 (C-4"),
128.5 (C-3' and C-5"), 141.3 (C-3), 147.7 (C-1'p93 (C-2) and 209.6 (C=0On/z187
(M™, 100%).

2-[Hydroxy(2-nitrophenyl)methyl]cyclopent-2-enone B6a The method used for the
preparation of 2-(hydroxymethyl)cyclopent-2-enori83 was followed, using 2-
nitrobenzaldehyde (0.20 g, 1.3 mmol). Work-up,daléd by flash chromatography [on
silica gel; elution with hexane-EtOAc (1:1)] affed, as a brown viscous oil, 2-
[hydroxy(2-nitrophenyl)methyl]cyclopent-2-enoris6a (0.20 g, 61%).04 (400 MHz;
CDCls) 2.45 (2H, m, 4-H), 2.54 (2H, m, 5’-H), 4.50 (14, OH), 6.14 (1H, s, 2"-H),
7.20 (A1H, m, 3'-H), 7.44 (1H, § 7.6 Hz, 5-H), 7.65 (1H, {1 7.6 Hz, 4-H), 7.84 (1H, d
8.0 Hz, 6-H) and 7.94 (1H, d,8.0 Hz, 3-H);0c (100 MHz; CDC}) 26.7 (C-4'), 35.0 (C-
5", 65.2 (C-2"), 124.5 (C-6), 128.5 (C-4), 128@-8’), 133.6 (C-5), 136.5 (C-1), 145.7
(C-2), 159.9 (C-2) and 209.3 (C=Qy/z233 (M ", 100%).
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2-[Hydroxy(5-hydroxy-2-nitrophenyl)methyl]cyclopent-2-enone 186b The method
used for the preparation of 2-(hydroxymethyl)cy@onp2-enond.83was followed, using
5-hydroxy-2-nitrobenzaldehyde (0.20 g, 1.2 mmol).or®up, followed by flash
chromatography [on silica gel; elution with hexdft€®Ac (1:1)] afforded, as a brown
viscous oil, 2-[hydroxy(5-hydroxy-2-nitrophenyl)nhgt]cyclopent-2-enonel86b (0.39
g, 76%);0y (400 MHz; DMSO) 2.32 (2H, m, 4-H), 2.46 (2H, mH; 5.85 (1H, s, 2"-
OH), 5.95 (1H, s, 2"-H), 6.80 (1H, dd,2.8 and 9.2 Hz, 4-H), 7.12 (1H,1,2.4 Hz, 3-
H), 7.23 (1H, d,) 2.8 Hz, 6'-H), 7.95 (1H, d] 8.8 Hz, 3'-H) and 10.88 (1H, s, 5-OH)
(100 MHz; DMSOge) 25.9 (C-4), 34.4 (C-5), 61.8 (C-2"), 114.4 (C-61)14.7 (C-4),
127.7 (C-3"), 138.4 (C-3), 142.4 (C-1'), 147.3 (§;2158.7 (C-2), 162.5 (C-5') and
206.6 (C=0)m/z249 M", 100%).

2-[(3-Methoxy-2-nitrophenyl)hydroxymethyl]cyclopent-2-enone 186¢ The method
used for the preparation of 2-(hydroxymethyl)cy@op2-enond.83was followed, using
3-methoxy-2-nitrobenzaldehyde (0.22 g, 1.2 mmol)orkMup followed by flash
chromatography [on silica gel; elution with hexd&t®Ac (1:1)] afforded as a brown
viscous oil, 2-[(3-methoxy-2-nitrophenyl)hydroxyrhgtlcyclopent-2-enonel86¢ (0.31
g, 98%).34 (400 MHz; CDC}) 2.33 (2H, m, 4-H), 2.47 (2H, m, 5-H), 3.91 (3H, s
OCHg), 5.97 (1H, s, 2"-H), 6.97 (1H, d,8.4 Hz, 4-H), 7.15 (1H, t) 1.2 Hz, 3-H), 7.22
(1H, d,J 8.0 Hz, 6'-H) and 7.43 (1H, fl 8.4 Hz, 5'-H), (100 MHz; CDG) 25.8 (C-4),
35.5 (C-5), 56.5 (OCH), 62.3 (C-2"), 111.6 (C-4’), 119.6 (C-6"), 129.8’ and C-3),
134.5 (C-1'), 138.2 (C-2), 149.2 (C-5"), 150.3 (G-8nd 200.0 (C=0).

2-[(4,5-Dimethoxy-2nitrophenyl)hydroxymethyl]cyclopent-2-enone 186d. The
method used for the preparation of 2-(hydroxymetiygiopent-2-enonel83 was
followed, using 4,5-dimethoxy-2-nitrobenzaldehyde.26 g, 1.2 mmol). Work-up
followed by flash chromatography [on silica gelutedn with hexane-EtOAc (1:1)]
afforded as a brown viscous oil, 2-[(4,5-dimethoxy-
2nitrophenyl)hydroxymethyl]cyclopent-2-enor86d (0.34 g, 97%).0y (400 MHz;
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CDCly) 2.43-2.50 (4H, m, 4-H and 5-H), 3.95 (3H, s, 5-€M3.99 (3H, s, 4-OMe), 6.28
(1H, s, 2-H), 7.11 (1H, t) 1.2 Hz, 3-H), 7.37 (1H, s, 6'-H) and 7.64 (1H35H). &¢
(100 MHz; CDC4) 26.6 (C-4), 35.2 (C-5), 56.4 (4-OMe), 56.5 (5-OM85.5 (C-2"),
107.8 (C-3), 109.9 (C-6’), 132.0 (C-1’), 145.8 §}- 148.00 (C-2"), 153.8 (C-2), 158.2
(C-4"), 159.6 (C-5) and 209.9 (C=QN/z293 (M ", 100%).

2-[Hydroxy(6-nitrobenzo[1,3]dioxol-5-yl)-methyl]-cyclopent-2-enone  186e The
method used for the preparation of 2-(hydroxymetyglopent-2-enonel83 was
followed, using 3,4-dioxomethylen-6-nitrobenzaldeééy(0.23 g, 1.2 mmol). Work-up,
followed by flash chromatography [on silica gelutedn with hexane-EtOAc (1:1)]
afforded, as a brown viscous oil, 2-[hydroxy(6-oiitenzo[1,3]dioxol-5-yl)-methyl]-
cyclopent-2-enond.86e(0.31 g, 97%)dy (400 MHz; CDC}) 2.44 (2H, m, 4-H), 2.48
(2H, m, 5-H), 6.12 (2H, s, OGB), 6.16 (1H, s, 2"-H), 7.22 (1H, 4,2.4 Hz, 3-H), 7.26
(1H, s, 6'-H) and 7.52 (1H, s, 3'-HJc (100 MHz; CDCH}) 26.5 (C-4), 35.1 (C-5), 65.6
(C-2"), 103.1 (OCHO), 105.3 (C-3’), 107.7 (C-6), 134.3 (C-3), 14%®-1"), 147.3 (C-
2), 152.5 (C-2), 158.2 (C-4"), 159.8 (C-5’) and®8 (C=0).m/z233 (", 100%).

2-[Hydroxy(4-nitrophenyl)methyl]cyclopent-2-enone The method used for the
preparation of 2-(hydroxymethyl)cyclopent-2-enord83 was followed, using 4-
nitrobenzaldehyde (1.21 g, 8.00 mmol). Work-upldiekd by flash chromatography [on
silica gel; elution with hexane-EtOAc (1:1)] affed, as a light brown solid, 2-
[hydroxy(4-nitrophenyl)methyl]cyclopent-2-enone 90. g, 52%); m.p. 142-143C
(lit, 08209212 143.144°C); & (400 MHz; CDC}) 2.46 (2H, m, 4-H), 2.61 (2H, m, 5-H),
3.64 (1H, s, OH), 5.66 (1H, s, 2"-H), 7.27 (1H, 8aH), 7.55-7.58 (2H, m, 2'-H and 6'-
H) and 8.20-8.24 (2H, m, 3'-H and 5-Hjc (100 MHz; CDC}) 26.8 (C-4), 35.1 (C-5),
69.0 (C-2"), 123.7 (C-3' and C-5"), 127.1 (C-1' af@6’), 146.7 (C-3), 147.5 (C-2),
148.5 (C-1’), 159.7 (C-4’) and 209.2 (C=@)/z233 M*, 100%).
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3.6 Reactions of cyclic enones with pyridine-2-
carbaldehydes and quinoline-2-carbaldehydes

. 9./1' ] O . OH O
o/4 3 A 5\~ 3 5 _ ) )

s 4 4 4 3,4-Dihydro-2H-pyrido[1,2-a]indol-1-one 195
and 2-[Hydroxy(pyridin-2-yl)methyl]cyclohex-2-enone 191 The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopeR-enone was followed, using
pyridine-2-carbaldehyde (0.25 mL, 2.6 mmol) andy2lachexene-1-one (2.0 eq.). Work-

up, followed by flash chromatography [on silica;gaution with hexane-EtOAc (1:1)]
afforded two fractions, as green viscous oils.

Fraction 1: 3,4-dihydro-2H-pyrido[1,2-a]indol-1-one 196 (0.15 g, 32 %), Vmax
(Nujol)/ecm™ 1713 (C=0)3, (400 MHz; CDC4) 2.28 (2H, m, 3-H), 2.61 (2H, 4,6.0 Hz,
2-H), 2.95 (2H, t,J 6.4 Hz, 4-H), 6.55 (1H, t] 7.2 Hz, 6'-H), 6.65 (1H, tJ 9.2 Hz, 7'-
H), 6.74 (1H, s, 1'-H), 7.35 (1H, d,9.2 Hz, 8'-H) and 7.63 (1H, d, 7.2 Hz, 5'-H); 3¢
(100 MHz; CDC#) 21.0 (C-4), 23.6 (C-3), 38.6 (C-2), 95.4 (C-11},2.2 (C-6), 118.0
(C-7), 121.0 (C-8'), 122.2 (C-5'), 123.2 (C-2")32.0 (C-3'), 132.9 (C-9') and 196.0
(C=0). Calc. for G;H11NO; m/z185 M ™, 100%).

Fraction 2: 2-[Hydroxy(pyridin-2-yl)methyl]cyclohex -2-enone 192(0.21 g, 40%¥max
(Nujol)/em™ 1713 (C=0), 3371 (OH)3y (400 MHz; CDC4) 1.98 (2H, m, 5-H), 2.36-
2.46 (4H, o/m, 6- and 4-H), 4.85 (1H, br s, OHB&(1H, s, 2"-H), 7.02 (1H, 11 4.0 Hz,
3-H), 7.17 (1H, tJ 5.6 Hz, 5-H), 7.44 (1H, dJ 7.6Hz, 3"-H), 7.64 (1H, t) 7.6 Hz, 4"
H) and 8.49 (1H, dJ 4.8 Hz, 6’-H);dc (100 MHz; CDC}) 22.5 (C-5), 25.8 (C-4), 38.5
(C-6), 70.2 (C-2"), 121.3 (C-5), 122.4 (C-3’), 186(C-3), 140.7 (C-2), 147.5 (C-4)),
148.0 (C-6’), 160.2 (C-2’) and 199.5 (C=@)/z203 M~, 100%).
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6-Methyl-3,4-dihydro-2H-pyrido[1,2-a]indol-1-one 197 and  2-[Hydroxy(6-
methylpyridin-2-yl)methyl]cyclohex-2-enone 193 The method for the preparation 2-
(hydroxy-pyridin-2-yl-methyl-cyclopent-2-enone wéslowed using 6-methylpyridine-
2-carbaldehyde (0.31 g, 2.6 mmol) and 2-cyclohekeme (2.0 eq.). Work-up, followed
by flash chromatography [on silica gel; elution lwitexane-EtOAc (1:1)] afforded, two

fractions as brown viscous oils.

Fraction 1: 6-methyl-3,4-dihydro-2H-pyrido[1,2-a]indol-1-one 196 (0.17 g, 32%)dy
(400 MHz; CDC}) 2.22 (2H, gJ 6.4 Hz, 3-H), 2.55 (2H, 1] 6.4 Hz, 2-H), 2.78 (3H, s,
5-CHg), 3.55 (2H, tJ 6.0 Hz, 4-H), 6.19 (1H, d 6.8 Hz, 6'-H), 6.49 (1H, tJ 6.4 Hz, 7’-
H), 6.75 (1H, s, 1’-H) and 7.18 (1H, d,8.8 Hz, 8'-H);&c (100 MHz; CDC}) 21.7 (5-
CHj3), 24.5 (C-4), 25.8 (C-3), 37.9 (C-2), 96.7 (C-1}13.4 (C-6"), 118.2 (C-8), 119.3
(C-7"), 124.2 (C-2'), 133.4 (C-3’), 134.8 (C-5)3%.0 (C-9’) and 196.5 (C=0On/z 199
(M™, 100%).

Fraction 2: Baylis-Hillman adduct; 2-[Hydroxy(6-methylpyridin-2-
yl)methyl]cyclohex-2-enone 1920.22 g, 39%)py (400 MHz; CDC}) 1.95 (2H, m, 5-
H), 2.35 (2H, m, 4-H), 2.42 (2H, m, 6-H), 2.50 (3,6-CH), 5.23 (1H, br s, OH), 5.65
(1H, s, 2"-H), 6.96-7.00 (2H, m, 5’-H and 3-H), 3.(1H, d,J 8.0 Hz, 3’-H) and 7.49
(1H, t,J 7.6 Hz, 4’-H);3¢ (100 MHz; CDC}) 22.5 (6-CH), 24.1 (C-5), 25.7 (C-4), 38.4
(C-6), 69.0 (C-2"), 118.1 (C-5"), 121.8 (C-3’), 187(C-3), 141.0 (C-2), 147.3 (C-4)),
156.6 (C-6'), 159.1 (C-2") and 199.3 (C=®@)/z217 M*, 100%).

_ e}
Nz

N 2

| 5

55N~ 3 A

4 2-[Hydroxy(pyridin-2-yl)methyl]cyclopent-2-enone 19B. A solution
of pyridine-2-carbaldehyde (0.30 mL, 3.2 mmol) &xdyclopenten-1-one (0.50 mL, 6.3
mmol) in THF (2.4 mL) was stirred at room temperaturo this was added TMPDA
(0.50 mL, 3.2 mmol) and water (0.5 mL), and theul@sg red solution was stirred at

room temperature for 36 hrs. The solution was ete¢chwith ethyl acetate and purified
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by flash chromatography [on silica gel; elutiontwitexane-EtOAc (1:1)] to afford, as a
light brown viscous oil, 2-[hydroxy(pyridin-2-yl)niieyl]cyclopent-2-enond 93 (0.46 g,
77%). 84 (400 MHz; CDC}) 2.45 (2H, m, 4-H), 2.59 (2H, m, 5-H), 7.20 (1M, 3-H),
7.48 (1H, tJ 7.6 Hz, 5-H), 7.56 (1H, dJ 7.2 Hz, 3'-H), 7.66 (1H, td) 1.6 Hz and 7.6
Hz, 4’-H) and 8.52 (1H, d] 4.8 Hz, 6’-H);dc (100 MHz; CDC}) 26.7 (C-4), 35.4 (C-5),
68.3 (C-2"), 121.3 (C-5"), 122.8 (C-3’), 137.0 (§-347.7 (C-4’), 148.1 (C-2), 159.1(C-
6’), 159.9 (C-2’) and 208.8 (C=0). Calc. for81:NO,; m/z190 M, 100%).

2-[Hydroxy(6-methylpyridin-2-yl)methyl]cyclopent-2-enone 194 The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopeB-enonel93 was followed using
6-methylpyridine-2-carbaldehyde (0.31 g, 2.6 mmadlyork-up, followed by flash
chromatography [on silica gel; elution with hexdt®Ac (1:1)] afforded, as a brown
viscous oil, 2-[hydroxy(6-methylpyridin-2-yl)metHglclopent-2-enond 94. (0.30 g, 56
%); vmax (NUjol)/cm* 1704 (C=0), 3371 (OH)dy (400 MHz; CDC}) 2.41 (2H, m, 4-H),
2.50 (3H, s, Ch), 2.54 (2H, m, 5-H), 7.01 (1H, §,7.2 Hz, 3-H), 7.21 (1H, d] 7.6 Hz,
5'-H), and 7.49-7.53 (2H, m, 3'-H and 4’-Hc (100 MHz; CDC}) 24.1 (6-CH), 26.6
(C-4), 35.3 (C-5), 67.6 (C-27), 118.0 (C-5"), 122(2-3'), 137.2 (C-3), 147.9 (C-2),
156.8 (C-6"), 158.0 (C-2’), 159.9 (C-4") and 208C=0).m/z205 M ™, 100%).

52-[Hydroxy(quinoIin-2-y|)methy|]cyclohex-2-enone 200. The
method for the preparation 2-[hydroxy(pyridin-2rgBthyl]cyclopent-2-enon&93 was
followed using quinoline-2-carbaldehyde (0.10 gg40mmol) and 2-cyclohexene-1-one
(2.0 eq.). Work-up, followed by flash chromatograpbn silica gel; elution with hexane-
EtOAc (1:1)] afforded, as brown viscous oi®s[hydroxy(quinolin-2-yl)methyl]cyclohex-
2-enone200 (0.072 g, 44%)ymax (Nujol)/cm* 1717 (C=0), 3367 (OH)y (400 MHz;
CDCl) 1.97 (2H, m, 5-H), 2.28 (2H, m, 4-H), 2.45 (2H, 8aH), 5.90 (1H, s, 2"-H), 7.07
(1H, t,J 4.0 Hz, 3-H), 7.47 (1H, d1 8.4 Hz, 3'-H), 7.52 (1H, t) 8.0 Hz, 6'-H), 7.70 (1H,
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t, J 8.4 Hz, 7-H), 7.80 (1H, d] 8.4 Hz, 5'-H), 8.05 (1H, d] 8.4 Hz, 8'-H) and 8.09 (1H,
d, J 8.8 Hz, 4-H);8c (100 MHz; CDC}) 22.5 (C-5), 25.9 (C-4), 38.5 (C-6), 69.1 (C-27),
119.2 (C-3'), 126.4 (C-6'), 127.6 (C-5'), 127.7 (@), 128.7 (C-8"), 129.7 (C-7’), 137.0
(C-3), 140.9 (C-2), 146.2 (C-8a’), 148.2 (C-4"),014 (C-2’) and 199.2 (C=O)n/z 253
(M™, 100%).

3.7 Reactions of chromones with 2-nitrobenzaldehyde

3-[Hydroxy(2-nitrophenyl)methyllchromone 205a The
method for the preparation 2-[hydroxy(pyridin-2rgBthyl]cyclopent-2-enon&93 was
followed using 2-nitrobenzaldehyde (0.16 g; 1.1 Mymand chromone (0.30 g; 2.1
mmol). Work-up, followed by flash chromatographw [silica gel; elution with hexane-
EtOAc (1:1)] afforded, as a brown solid, 3-[hydr@snitrophenyl)methyljchromone
205a(0.11 g, 32%), m.p. 168-1AT (lit.,**? 168-169°C); &4 (400 MHz; CDC}) 4.53
(1H, s, OH), 6.46 (1H, s, 2"-H), 7.38-7.49 (4H, 4*H, 5'-H, 6-H and 7-H), 7.68 (1H, d,
J 6.8 Hz, 8-H), 7.76 (1H, s, 2-H), 7.92 (1H,X7.6 Hz, 6’-H), 7.96 (1H, dj 8.0 Hz, 5-
H) and 8.17 (1H, d] 8.0 Hz, 3’-H);5c (100 MHz; CDC}) 66.3 (C-2"),118.2 (C-8), 123.8
(C-3), 124.5 (C-4a), 124.6 (C-6), 125.5 (C-3), IRFC-6"), 128.8 (C-4"), 129.2 (C-5),
133.6 (C-5"), 134.1 (C-7), 135.9 (C-1), 148.2 (Q;2153.7 (C-2), 156.3 (C-8a) and
177.9 (C=0)m/z297 (M ", 100%).

6-Chloro-3-[hydroxyl(2-nitrophenyl)methyljchromone 205h. The method described
for the preparation 2-[hydroxy(pyridin-2-yl)methgijclopent-2-enon&93 was followed

using 2-nitrobenzaldehyde (0.16 g; 1.1 mmol) ardhi®rochromone (0.40 g; 2.1 mmol).
Work-up, followed by flash chromatography [on siligel; elution with hexane-EtOAc
(1:1)] afforded, as a brown solié;chloro-3-[hydroxyl(2-nitrophenyl)methyl]chromone
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205b (0.17 g, 48%); m.p. 208-21% (lit.,*9? 209-211°C) & (400 MHz; CDC}) 4.33
(1H, br s, OH), 6.45 (1H, s, 2"-H), 7.42 (1H,H8.8 Hz, 8-H), 7.49 (1H, td} 1.2 Hz and
8.4 Hz, 4-H), 7.61 (1H, dd] 2.8 Hz and 8.8 Hz, 7-H), 7.68 (1H, t1.2 Hz and 7.6 Hz,
5'-H), 7.77 (1H, s, 2-H), 7.89 (1H, dd, 1.2 Hz and 8.0 Hz, 6'-H), 7.98 (1H, d#1.2
Hz and 8.0 Hz, 3’-H) and 8.14 (1H, 812.4 Hz, 5-H);6¢c (100 MHz; CDC}$) 66.1 (C-27),
120.0 (C-8), 124.7 (C-3), 125.2 (C-6' and C-3')91®2 (C-4), 129.1 (C-5), 131.5 (C-6),
133.7 (C-5), 134.4 (C-7), 135.7 (C-1’), 153.9 (Cahd C-2), 154.7 (C-8a) and 176.6
(C=0).m/z331 (M*, 100%).

3.8 Synthesis of quinoline derivatives

.- 4'\2

= 3

s e 1-Acetoxy-1,2,3,4-tetrahydroacridine 187a To a stirred solution of 2-

[hydroxy-(2-nitro-phenyl)-methyl]-cyclohex-2-enor{@.10 g, 0.41 mmol) in acetic acid
(2.00 mL) at 120°C, was added iron powder (0.14 g, 2.43 mmol). Tiwvh solution
was further stirred at 128C for 2hrs, cooled to room temperature. Acetic aoib

removed on a rotavapor, and ethyl acetate adddbet@rude mixture, stirred for 2-5
minutes. It was then filtered to remove iron powderd the filtrate concentrated on a
rotavapor. Flash chromatography [on silica gel;tiefu with hexane-EtOAc (1:1)]
afforded as a brown viscous oil;acetoxy-1,2,3,4-tetrahydroacridire87a (0.0254 g,
26%). Oy (400 MHz; CDC}) 2.00 (2H, m, 2-H), 2.08 (1H, m, 4-H), 2.11 (3H,GHy),
2.18 (1H, m, 4-H), 3.08 (1H, m, 3-H), 3.24 (1H, 3aH), 6.19 (1H, tJ 4.4 Hz, 1-H), 7.47
(1H, t,J 7.6 Hz, 6'-H), 7.67 (1H, tJ 8.0 Hz, 7’-H), 7.76 (1H, d) 8.0 Hz, 5-H), 7.99
(1H, d,J 8.8 Hz, 8'-H) and 8.11 (1H, s, 4’-H}c (100 MHz; CDC}) 18.6 (CH), 21.4
(C-3), 28.8 (C-4), 32.9 (C-2), 69.9 (C-1), 125.95¢, 126.9 (C-4a’), 127.8 (C-6'), 128.3
(C-7"), 128.8 (C-3’), 129.9 (C-8’), 136.9 (C-4)4T.6 (C-8 a‘), 158.6 (C-2’) and 170.7
(C=0).
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6-Hydroxy-1,2,3,4-tetrahydroacridin-1-yl acetate 187h The experimental method
employed for the synthesis of 1-acetoxy-1,2,3,datetdroacridine was followed using 2-
[hydroxy-(5-hydroxy-2-nitro-phenyl)-methyl]-cycloke2-enone (0.10 g, 0.38 mmol).
Work-up followed by flash chromatography [on siligal; elution with hexane-EtOAc
(2:1)] afforded as a brown viscous oil, acetic atiaydroxy-1,2,3,4-tetrahydroacridin-1-
yl acetatel87b (5.1 mg, 5%)dy (400 MHz; CDC}) 1.92-1.95 (2H, m, 2-H), 2.01-2.07
(2H, m, 4-H), 2.10 (3H, s, G 3.02-3.08 (1H, m, 3-H), 3.18-3.24 (1H, m, 3-8)16
(1H, t,J 4.8 Hz, 1-H), 7.12 (1H, d1 2.0 Hz, 5’-H), 7.30 (1H, dd] 2.0 and 9.2 Hz, 7’-H),
7.86 (1H, d,J 9.2 Hz, 8'-H) and 7.98 (1H, s, 4’-H}c (100 MHz; CDC}) 18.4 (CH),
21.4 (C-3), 28.7 (C-4), 31.6 (C-2), 69.8 (C-1), 10AEC-5"), 123.3 (C-7’), 128.4 (C-4a’),
128.5 (C-8), 129.1 (C-4"), 136.4 (C-3’), 142.1 @2‘), 155.2 (C-6"), 155.22 (C-2’) and
170.9 (C=0).

8-Methoxy-1,2,3,4-tetrahydroacridin-1-yl acetate 187c The experimental method
employed for the synthesis of 1-acetoxy-1,2,3,datetdroacridine was followed using 2-
[hydroxy-(3-methoxy-2-nitro-phenyl)-methyl]-cycloke&-enone (0.10 g, 0.36 mmol).
Work-up followed by flash chromatography [on siligal; elution with hexane-EtOAc
(2:1)] afforded as a brown viscous dkmethoxy-1,2,3,4-tetrahydroacridin-1-yl acetate
187c (69.3 mg, 71%)d, (400 MHz; CDC}) 1.94-2.04 (3H, m, 2-H and 3-H), 2.06 (3H,
s, OCOCH), 2.08-2.15 (1H, m, 2-H), 3.10-3.18 (1H, m, 4-8)28-3.35 (1H, m, 4-H),
4.05 (3H, s, OMe), 6.17 (1H, §,5.2 Hz, 1-H), 7.00 (1H, dd] 0.8 and 7.2 Hz, 7-H),
7.32-7.40 (2H, m, 5-H and 6'-H) and 8.07 (1H, &H). 3c (100 MHz; CDC}) 18.7
(CHs), 21.4 (C-3), 28.8 (C-4), 33.1 (C-2), 56.0 (8-OI&9.9 (C-1), 107.8 (C-7"), 119.6
(C-5Y), 126.0 (C-6’ and C-4a‘), 128.0 (C-3’), 129@-8a‘), 136.8 (C-4"), 154.5 (C-8),
157.7 (C-2") and 170.7 (C=0).

6,7-Dimethoxy-1,2,3,4-tetrahydroacridin-1-yl acetate 187d The experimental method
employed for the synthesis of 1-acetoxy-1,2,3,datetdroacridine was followed using 2-
[hydroxy-(4,5-dimethoxy-2-nitro-phenyl)-methyl]-cphex-2-enone  (0.10 g, 0.33
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mmol). Work-up followed by flash chromatography [sifica gel; elution with hexane-
EtOAc (2:1)] afforded as a brown viscous 6i[7-dimethoxy-1,2,3,4-tetrahydroacridin-1-
yl acetatel87d (0.036 g, 37%)dy (400 MHz; CDC}) 1.95-2.00 (2H, m, 2-H), 2.04-2.07
(2H, m, 3-H), 2.10 (3H, s, OCOGH 2.97-3.05 (1H, m, 4-H), 3.13-3.20 (1H, m, 4-H),
3.98 (3H, s, 7-OMe), 4.00 (3H, s, 6-OMe), 6.16 (LH,4.4 Hz, 1-H), 7.00 (1H, s, 5'-H),
7.33 (1H, s, 8'-H) and 7.96 (1H, s, 4-H): (100 MHz; CDC}) 18.7 (CH), 21.5 (C-3),
29.7 (C-4), 32.5 (C-2), 56.0 (7-OMe), 56.1 (6-OME),0 (C-1), 105.0 (C-5"), 106.9 (C-
8", 122.4 (C-4a’), 126.8 (C-3"), 135.4 (C-4"), 144(C-8a’), 149.4 (C-6’), 153.0 (C-7"),
156.0 (C-2") and 170.8 (C=0).

6,7-Dioxol-methylene-1,2,3,4-tetrahydroacridin-1-yl acetate 187e The experimental
method employed for the synthesis of 1-acetoxy3l42tetrahydroacridine was followed
using 2-[hydroxy(6,7-dioxol-methylene-2-nitrophenghethyl]cyclohex-2-enone (0.10 g,
0.34 mmol). Work-up followed by flash chromatogrgplon silica gel; elution with
hexane-EtOAc (2:1)] afforded as a brown viscous 6jI-dioxol-methylene-1,2,3,4-
tetrahydroacridin-1-yl acetatd87e (0.043 g, 44%)d4 (400 MHz; CDC}) 1.93-2.01
(2H, m, 3-H), 2.05-2.08 (2H, m, 3-H), 2.13 (3H,GCOCH,), 2.95-3.03 (1H, m, 4-H),
3.12-3.18 (1H, m, 4-H), 6.11 (2H, s, OgD), 6.16 (1H, tJ 4.4 Hz, 1-H), 7.26 (1H, s, 5'-
H), 7.52 (1H, s, 8'-H) and 7.98 (1H, s, 4’-H); (100 MHz; CDC}) 18.6 (CH), 21.3 (C-
3), 28.7 (C-4), 32.7 (C-2), 70.0 (C-1), 102.0 (OLD), 104.1 (C-8), 105.4 (C-5'),
124.3 (C-4a’), 132.1 (C-3"), 133.0 (C-4"), 146.5-8@"), 147.8 (C-6'), 151.3 (C-7)),
163.5 (C-2"), 171.3 (C=0).
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employed for the synthesis of 1-acetoxy-1,2,3,datetdroacridine was followed using 2-

1-Acetoxy-1,2,3,-trihydroacridine  The  experimental method

[hydroxy(2-nitrophenyl)-methyl]cyclopent-2-enone .10 g, 0.43 mmol). Work-up

158



followed by flash chromatography [on silica gelutedn with hexane-EtOAc (2:1)]
afforded as a brown viscous ofl;acetoxy-1,2,3,-trinydroacridin€d.074 g, 71%)0n
(400 MHz; CDC}) 2.08 (3H, s, Ch), 2.26 (1H, m, 2-H), 2.58 (1H, m, 2-H), 3.12 (1H,
3-H), 3.37 (1H, m, 3-H), 6.30 (1H, m, 1-H), 7.49H(1t, J 7.8 Hz, 6"-H), 7.69 (1H, )
8.0 Hz, 7°-H), 7.80 (1H, dJ 8.0 Hz, 5'-H), 8.03 (1H, dJ 8.4 Hz, 8'-H) and 8.18 (1H, s,
4'-H), 8¢ (100 MHz; CDCH4) 21.2 (CH), 30.6 (C-3), 32.1 (C-2), 75.7 (C-1), 125.9 (C;:6)
127.1 (C-4a’), 128.4 (C-5), 128.6 (C-7’), 129.8-8), 132.9 (C-3'), 133.6 (C-4’), 148.9
(C-8a’), 166.2 (C-2") and 171.0 (C=0).

6-Hydroxy-1,2,3,-trihydroacridin-1-yl acetate The experimental method employed for
the synthesis of 1-acetoxy-1,2,3,4-tetrahydroacedivas followed using 2-[hydroxy(5-
hydroxy-2-nitrophenyl)-methyl]cyclopent-2-enone 1®. g, 0.60 mmol). Work-up
followed by flash chromatography [on silica gelutedn with hexane-EtOAc (2:1)]
afforded as a brown viscous ofl;hydroxy-1,2,3,-trihydroacridin-1-yl aceta{®.026 g,
18%), & (400 MHz; CDC4) 2.07 (3H, s, Ch), 2.23 (1H, m, 2-H), 2.55 (1H, m, 2-H),
3.08 (1H, m, 3-H), 3.33 (1H, m, 3-H), 6.26 (1H, taH), 7.17 (1H, d,.J 2.4 Hz, 5-H),
7.35 (1H, dd,J) 2.4 and 8.8 Hz, 7’-H), 7.91 (1H, d9.2 Hz, 8'-H) and 8.04 (1H, s, 4"-H),
3¢ (100 MHz; CDC4) 22.6 (CH), 30.7 (C-3), 31.5 (C-2), 75.6 (C-1), 109.9 (C;&p2.7
(C-7'), 128.7 (C-4a’), 129.1 (C-8'), 132.8 (C-4133.4 (C-3"), 143.5 (C-8a)), 155.2 (C-
6"), 163.0 (C-2") and 171.2 (C=0).

6,7-Dimethoxy-1,2,3-trihydroacridin-1-yl acetate. The experimental method employed
for the synthesis of 1-acetoxy-1,2,3,4-tetrahydroate was followed using 2-
[hydroxy(6,7-dimethoxy-2-nitrophenyl)-methyl]cyclept-2-enone (0.15 g, 0.51 mmol).
Work-up followed by flash chromatography [on siligal; elution with hexane-EtOAc
(2:1)] afforded as a brown viscous dil,7-dimethoxy-1,2,3-trihydroacridin-1-yl acetate
(0.056 g, 38%)dy (400 MHz; CDC}), 1.82 (1H, m, 2-H), 2.02 (3H, s, GK12.20 (1H,
m, 2-H), 3.02 (1H, m, 3-H), 3.27 (1H, m, 3-H), 3.8, s, 7-OMe), 3.96 (3H, s, 6-
OMe), 6.22 (1H, m, 1-H), 7.00 (1H, s, 5-H), 7.3H s, 8'-H) and 8.02 (1H, s, 4’-Hy¢
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(100 MHz; CDC}) 21.2 (CH), 30.5 (C-3), 31.6 (C-2), 75.9 (C-1), 105.7 (C;3p7.0
(C-8"), 122.4 (C-4a’), 131.0 (C-3"), 132.2 (C-4)45.5 (C-8a’), 149.2 (C-6'), 152.7 (C-
7), 163.5 (C-2") and 171.0 (C=0).

8-Methoxy-1,2,3-trihydroacridin-1-yl acetate. The experimental method employed for
the synthesis of 1-acetoxy-1,2,3,4-tetrahydroagedias followed using 2-[hydroxy(3-
methoxy-methylene-2-nitrophenyl)-methyl]cycloperéi2one (0.09 g, 0.34 mmol).
Work-up followed by flash chromatography [on siligal; elution with hexane-EtOAc
(2:1)] afforded as a brown viscous o8;methoxy-1,2,3-trihydroacridin-1-yl acetate
(0.032 g, 37%)dn (400 MHz; CDC}), 1.84 (1H, m, 2-H), 2.04 (3H, s, GK12.18 (1H,
m, 2-H), 3.04 (1H, m, 3-H), 3.30 (1H, m, 3-H), 4.(BH, s, 8-OMe), 6.23 (1H, m, 1-H),
7.02 (1H, ddJ 0.8 and 7.2 Hz, 7’-H), 7.33-7.42 (2H, m, 5’-H aBieH) and 8.05 (1H, s,
4’-H), 6c (100 MHz; CDC}) 21.4 (CH), 31.1 (C-3), 31.7 (C-2), 56.0 (8-OMe), 75.7 (C-
1), 108.2 (C-7’), 120.1 (C-5’), 125.8 (C-6’ and @} 127.7 (C-3’), 129.4 (C-8a’), 137.2
(C-4"), 154.5 (C-8"), 157.6 (C-2") and 170.7 (C=0).

6,7-Dioxol-methylene-1,2,3-trihydroacridin-1-yl acetate. The experimental method
employed for the synthesis of 1-acetoxy-1,2,3,datetdroacridine was followed using 2-
[hydroxy(6,7-dioxol-methylene-2-nitrophenyl)-metlggclopent-2-enone (0.15 g, 0.54
mmol). Work-up followed by flash chromatography [sifica gel; elution with hexane-
EtOAc (2:1)] afforded as a brown viscous o0iB,7-Dioxol-methylene-1,2,3-
trihnydroacridin-1-yl acetatg0.062 g, 42%)dy (400 MHz; CDC}) 1.84 (1H, m, 2-H),
2.03 (3H, s, ChH), 2.20 (1H, m, 2-H), 3.07 (1H, m, 3-H), 3.29 (1M, 3-H), 6.08 (2H, s,
0O-CH,-0), 6.23 (1H, m, 1-H), 7.03 (1H, s, 8'-H), 7.51H1s, 5'-H), 8.00 (1H, s, 4’-H),
Oc (100 MHz; CDC}) 21.2 (CH), 30.6 (C-3), 31.7 (C-2), 75.9 (C-1), 101.8 (O£,
103.4 (C-8’), 105.1 (C-5), 124.1 (C-4a’), 131.3-87, 132.9 (C-4’), 146.9 (C-8a)),
147.4 (C-6), 151.1 (C-7’), 163.7 (C-2"), 171.1 (OF
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3.9. Reactions of chromones with pyridine-2-
carbaldehydes

8a
4 O 8

3-[Hydroxy(pyridn-2-yl)methyllchromone 207a. The method
for the preparation 2-[hydroxy(pyridin-24ymethyl]cyclopent-2-enon&93 was followed
using pyridine-2-carbaldehyde (0.56 g, 0.50 mL,65t@mol) and chromone (1.54 g,
10.51 mmol). Work-up followed by flash chromatogmgdon silica gel; elution with
hexane-EtOAc (1:1)] afforded as a brown solid, gdifoxy(pyridin-2-
yl)methyl]chromone207a(0.85 g, 64%), m.p. 87-8€ (lit.,'%? 82-84°C); &, (400 MHz;
CDCls) 7.38 (1H, tJ 7.6 Hz, 6-H), 7.44 (1H, dl 8.4 Hz, 8-H), 7.62- 7.68 (4H, m, 4'-H,
5-H, 5'-H and 7-H), 8.06 (1H, s, 2-H), 8.20 (1HJ®8.0 Hz, 3'-H) and 8.51 (1H, d,4.8
Hz, 6'-H); dc (100 MHz; CDC}) 68.68 (C-7), 118.2 (C-8), 122.8 (C-3), 124.0 Q-
125.2 (C-4a), 125.7 (C-6), 125.8 (C-5), 133.8 (C1B7.0 (C-4’), 148.0 (C-2), 154.1 (C-
6’), 156.3 (C-8a), 159.8 (C-2’) and 177.5 (C=@Yz254 M"*, 100%).

6-Chloro-3-[hydroxy(pyridin-2-yl)methyl]chromone 207h The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopef-enonel93 was followed using
pyridine-2-carbaldehyde (0.15 g, 0.13 mL, 1.38 mnasid 6-chlorochromone (0.50 g,
2.77 mmol). Work-up followed by flash chromatogrgplon silica gel; elution with
hexane-EtOAc (1:1)] afforded as a cream sol@tchloro-3-[hydroxy(pyridin-2-
yl)methyl]chromone207b (0.46 g, 58 %), m.p. 114-11%; vmax (Nujol)/cm* 1643
(C=0) and 3552 (br OH)®y (400 MHz; CDC}) 5.22 (1H, s, OH), 5.99 (1H, s, 2"-H),
7.20 (1H, dd,) 4.4 Hz and 8.8 Hz, 5'-H), 7.40 (1H, 38.8 Hz, 3'-H), 7.59 (1H, dd] 2.4
Hz and 8.8 Hz, 7-H), 7.66-7.70 (2H, m, 4’-H and 8-B.07 (1H, s, 2-H), 8.16 (1H, d,
2.4 Hz, 5-H) and 8.51 (1H, d,4.8 Hz, 6’-H);d¢c (100 MHz; CDC}) 68.3 (C-2"), 119.9
(C-5), 121.5 (C-5’), 122.9 (C-3), 124.9 (C-3), 125C-7), 126.1 (C-4a), 131.2 (C-6),
134.0 (C-8), 137.1 (C-4’), 148.1 (C-2), 154.3 (G;6154.7 (C-2’), 159.4 (C-8a) and
176.3 (C=0)m/z287 (M ", 100%).
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6-Bromo-3-[hydroxy(pyridin-2-yl)methyllchromone 207c The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopef-enonel93 was followed using
pyridine-2-carbaldehyde (0.56 g, 0.50 mL, 5.26 mnawid 6-bromochromone (1.30 g,
5.78 mmol). Work-up followed by flash chromatogrgplon silica gel; elution with
hexane-EtOAc (1:1)] afforded as a cream crystaliakd, 6-bromo-3-[hydroxy(pyridin-
2-yl)methyllchromon@07c(1.40 g, 80%), m.p. 80-8%; vmax (Nujol)/cm™* 1634 (C=0)
and 3363 (br OH))y (400 MHz; CDC}) 4.87 (1H, s, OH), 5.99 (1H, s, 2"-H), 7.22 (1H,
m, 5’-H), 7.33 (1H, dJ 9.2 Hz, 8-H), 7.66-7.70 (2H, m, 4’-H and 3'-H)72.(1H, ddJ
2.4 Hz and 8.8 Hz, 7-H), 8.08 (1H, s, 2-H), 8.3/ (1, J 2.4 Hz, 5-H) and 8.50 (1H, d,
4.8 Hz, 6’-H);c (100 MHz; CDC}) 68.3 (C-27), 118.7 (C-6), 120.1 (C-8), 121.5 (/5
122.9 (C-3"), 125.2 (C-3), 126.1 (C-4a), 128.3 (- 136.8 (C-4’), 137.1 (C-7), 148.1 (C-
2), 154.3 (C-6"), 155.1 (C-8a), 159.3 (C-2’) ancb117(C=0).m/z330 M*, 100%).

6-Fluoro-3-[hydroxyl (pyridin-2-yl)methyl]chromone 207d The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopeg-enonel93 was followed using
pyridine-2-carbaldehyde (0.56 g, 0.50 mL, 5.26 nmnaold 6-fluorochromone ( 0.95 g,
5.78 mmol). Work-up followed by flash chromatogrgpdfforded as a cream solifl;
fluoro-3-[hydroxyl(pyridin-2-yl)methylJchromon207d (1.18 g, 83%), m.p. 136-13€;
vmax (Nujol)/cm* 1632 (C=0) and 3372 (br OHJi; (400 MHz; CDC}) 7.20 (1H, d,J
8.0 Hz, 8-H), 7.37 (1H, m, 7-H), 7.45 (1H, did4.4 and 9.2 Hz, 5'-H), 7.66-7.70 (2H, m,
3'-H and 5-H), 7.82 (1H, dd] 2.8 and 8.4 Hz, 4-H), 8.08 (1H, s, 2-H) and 8(5#, d,J
4.8 Hz, 6'-H); 3¢ (100 MHz; CDC}) 68.3 (C-2"), 120.3 (C-5), 121.5 (C-5'), 122.0 8}-
122.2 (C-3), 122.9 (C-7), 125.2 (C-4a), 137.1 (§;-348.0 (C-4"), 152.5 (C-8a), 154.4
(C-2), 158.2 (C-2'), 159.4 (C-6'), 160.7 (C-6) ah@6.7 (C=0)m/z271 M ", 100%).

6-Methyl-3-[hydroxy(pyridin-2-yl)methyllchromone 207e The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopef-enonel93 was followed using
pyridine-2-carbaldehyde (0.56 g, 0.50 mL, 5.26 mnawid 6-methylchromone (0.93 g,
5.78 mmol). Work-up followed by flash chromatogrgplon silica gel; elution with
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hexane-EtOAc (1:1)] afforded as a cream crystaliokd, 6-methyl-3-[hydroxy(pyridin-
2-yl)methyllchromone07e(0.96 g, 68%), m.p. 88-AT (lit.,*? 90°C); vmax (NUjol)/crm
11633 (C=0) and 3380 (br OHJiy (400 MHz; CDC}) 2.42 (3H, s, 6'-Ch)), 5.32 (1H,
br s, OH), 5.99 (1H, s, 2"-H), 7.17-7.20 (1H, m;H¥), 7.33 (1H, d,J 8.4 Hz, 8-H), 7.45
(1H, dd,J 2.4 Hz and 8.4 Hz, 7-H), 7.64-7.70 (2H, m, 4'-Hi&@i-H), 7.97 (1H, s, 2-H),
8.03 (1H, s, 5-H) and 8.50 (1H, d,4.8 Hz, 6'-H); 3¢ (100 MHz; CDC}) 20.9 (CH),
68.8 (C-2"), 117.9 (C-8), 121.4 (C-5'), 122.7 (C13123.6 (C-3), 124.9 (C-5), 125.5 (C-
4a), 135.1 (C-7), 135.2 (C-6), 137.0 (C-4), 148®2), 154.0 (C-6'), 154.6 (C-8a),
159.8 (C-2') and 177.6 (C=0n/z267 M", 100%).

3-[Hydroxy(6-methylpyridin-2-yl)methyllchromone 208a The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopeB-enonel93 was followed using
6-methylpyridine-2-carbaldehyde (0.17 g, 1.42 mmaf)}d chromone (0.40 g, 2.83
mmol). Work-up followed by flash chromatography [sifica gel; elution with hexane-
EtOAc (1:1)] afforded as a cream solid3-[hydroxy(6-methylpyridin-2-
yl)methyl]chromon&08a(0.30 g, 81%), m.p. 98-10C; vimax (Nujol)/cmi* 1645 (C=0)
and 3367 (br OH);34 (400 MHz; CDC}) 2.52 (3H, s, 6-Ch), 5.99 (1H, s, 2"-H), 7.02
(1H, d,J 7.6 Hz, 8-H), 7.35-7.44 (3H, m, 5-H, 5’-H and 6;H)52 (1H, tJ 7.6 Hz, 7-H),
7.62 (1H, td,) 1.6 Hz and 8.4 Hz, 4'-H), 8.04 (1H, s, 2-H) an8®B(1H, dd,J 1.6 Hz and
8.0 Hz, 3'-H); 3¢ (100 MHz; CDC4) 24.2 (6-CH), 67.8 (C-2"), 118.1 (C-5'), 118.3 (C-
3"), 122.3 (C-8), 124.0 (C-3), 125.1 (C-6), 125~§), 126.1 (C-4a), 133.7 (C-7), 137.3
(C-4"), 154.2 (C-2), 156.2 (C-6'), 156.8 (C-2'), &6 (C-8a) and 177.4 (C=0On/z267
(M*, 100%).

6-Chloro-3-[hydroxy(6-methyl pyridin-2-yl)methyl]chromone 208b. The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopeB-enonel93 was followed using
6-methylpyridine-2-carbaldehyde (0.17 g, 1.42 mneid 6-chlorochromone (0.51 g,
2.83 mmol). Work-up followed by flash chromatogrgplon silica gel; elution with
hexane-EtOAc (1:1)] afforded as a cream sdiahloro-3-[hydroxy(6-methylpyridin-2-
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yl)methyllchromon&08b (0.18 g, 40%), m.p. 127-13C; vmax (Nujol)/cmi* 1645 (C=0)
and 3376 (br OH)dy (400 MHz; CDC}) 2.54 (3H, s, 6-Ch), 5.53 (1H, s, OH), 5.99
(1H, s, 2"-H), 7.05 (1H, d] 7.2 Hz, 7-H), 7.38-7.43 (2H, m, 3'-H and 5'-H)53.(1H, d,

J 7.6 Hz, 8-H), 7.58 (1H, 1] 8.8 Hz, 4'-H), 8.05 (1H, s, 2-H) and 8.17 (1H,Jd..2 Hz,
5-H); 8c (100 MHz; CDC}) 24.2 (6-CH), 67.4 (C-2"), 118.4 (C-5"),119.9 (C-3'), 122.4
(C-8), 125.0 (C-3), 125.2 (C-5), 126.4 (C-4a), 23(C-6), 133.9 (C-7), 137.4 (C-4),
154.4 (C-2), 154.6 (C-8a), 156.9 (C-6), 158.3 (T&hd 176.2 (C=0O)m/z 301 M,
100%).

6-Bromo-3-[hydroxy(6-methyl pyridin-2-yl)methylJchromone 208c The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopeg-enone wasl93 followed using
6-methylpyridine-2-carbaldehyde (0.20 g, 1.65 mmeanigd 6-bromochromone (0.41 g,
1.82 mmol). Work-up followed by flash chromatogrgplon silica gel; elution with
hexane-EtOAc (1:1)] afforded as a cream sdidhromo-3-[hydroxy(6-methylpyridin-2-
yl)methyllchromon&08c(0.35 g, 62%), m.p. 123-12€; vmax (Nujol)/cmi* 1647 (C=0)
and 3358 (br OH);34 (400 MHz; CDC}) 2.53 (3H, s, Ch). 5.56 (1H, s, OH), 5.99 (1H,
s, 2"-H), 7.04 (1H, dJ 7.2 Hz, 5'-H), 7.33 (1H, dJ 8.8 Hz, 8-H), 7.41 (1H, dl 8.0 Hz,
3'-H), 7.54 (1H, tJ 7.6 Hz, 4'-H), 7.71 (1H, dd] 2.4 Hz and 8.8 Hz, 7-H), 8.06 (1H, s,
2-H) and 8.33 (1H, dJ 2.4 Hz, 5-H);3c (100 MHz; CDC}) 24.2 (CH), 67.4 (C-2"),
118.4 (C-8), 118.6 (C-6), 120.1 (C-5'), 122.4 (G:3'25.3 (C-3), 126.4 (C-4a), 128.4 (C-
5), 136.7 (C-4"), 137.4 (C-7), 154.4 (C-2), 155@-&a), 156.9 (C-2'), 158.2 (C-6") and
176.1 (C=0)m/z345 M*, 100%).

6-Fluoro-3-[Hydroxy(6-methyl pyridin-2-yl)methyl]chromone 208d The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopef-enonel93 was followed using
6-methylpyridine-2-carbaldehyde (0.20 g, 1.65 mmahd 6-fluorochromone (0.30 g,
1.82 mmol). Work-up followed by flash chromatogrgplon silica gel; elution with
hexane-EtOAc (1:1)] afforded as a cream sddluoro-3-[hydroxy(6-methylpyridin-2-
yl)methyllchromon&08d (0.20 g, 42%), m.p. 128-13C; vmax (Nujol)/cm* 1638 (C=0)
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and 3371 (br OH)d4 (400 MHz; CDC}) 2.54 (3H, s, 6-Ch), 6.00 (1H, s, 2"-H), 7.04
(1H, d,J 7.6 Hz, 5’-H), 7.36-7.46 (3H, m, 3'-H, 5-H and §;H.54 (1H, tJ 7.6 Hz, 4'-
H), 7.84 (1H, ddJ 3.6 and 8.4 Hz, 7-H) and 8.06 (1H, s, 2-By,(100 MHz; CDC})
24.2 (6-CH), 67.5 (C-2"), 110.7 (C-5), 118.4 (C-5’), 120.2-8}, 120.3 (C-3), 121.8 (C-
7), 122.1 (C-4a), 122.4 (C-3’), 125.7 (C-4’), 13{@-8a), 154.5 (C-2), 155.4 (C-2),
156.9 (C-6), 158.4 (C-6) and 176.6 (C=@)/z285 (M ", 100%).

6-Methyl-3-[Hydroxy(6-methyl pyridin-2-yl)methyl]chromone 208e The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopef-enonel93 was followed using
6-methylpyridine-2-carbaldehyde (0.20 g, 1.65 mmanig 6-methylchromone (0.30 g,
1.82 mmol). Work-up followed by flash chromatogrgplon silica gel; elution with
hexane-EtOAc (1:1)] afforded as a cream sdianethyl-3-[hydroxy(6-methylpyridin-2-
yl)methyllchromon&08e(0.18 g, 39%), m.p. 134-13€; vmax (Nujol)/cmi* 1647 (C=0)
and 3371 (br OH):3, (400 MHz; CDC}) 2.43 (3H, s, 6'-Ch), 2.54 (3H, s, 6-Ch}, 5.57
(1H, d,J 5.2 Hz, OH), 6.00 (1H, d] 5.2 Hz, 2"-H), 7.03 (1H, dJ 7.2 Hz, 5"-H), 7.33
(1H, d,J 8.8 Hz, 8-H), 7.43-7.47 (2H, m, 5-H and 7-H), 7(&81, t,J 7.6 Hz, 4-H) and
7.99-8.01 (2H, m, 2-H and 3-H)c (100 MHz; CDC}) 20.9 (6-CH), 24.2 (6-CH),
67.8 (C-2"), 117.9 (C-8), 118.3 (C-5'), 122.2 (C3123.7 (C-3), 125.0 (C-5), 125.9 (C-
4a), 135.0 (C-7), 135.1 (C-6), 137.3 (C-4’), 154Q-2), 154.6 (C-8a), 156.8 (C-6),
158.7 (C-2') and 177.5 (C=0On/z281 M", 100%).
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3.10 Reactions of chromones with quinoline-2-
carbaldehydes

3-[Hydroxy(quinolin-2-yl)methylJchromone 212a The
method for the preparation 2-[hydroxy(pyridin-2rgBthyl]cyclopent-2-enon&93 was
followed using quinoline-2-carbaldehyde (0.40 g46&2mmol) and chromone (0.30 g,
2.05 mmol). Work-up followed by flash chromatogrgpdfforded as a cream soli@;
[hydroxy(quinolin-2-yl)methyllchromon212a (0.42 g, 68%), m.p. 168-17AC; (Found:
M™* 303.08898. Calc. for gH1aNO3, M: 303.08954)vmax (Nujol)/cmi* 1649 (C=0) and
3358 (br OH); &4 (600 MHz, CDCY§) 5.90 (s, 1H, OH), 6.24 (s, 1H, 2"-H), 7.40 (td{,1
J 1.2 Hz and 8.4 Hz, 6’-H), 7.42 (d, 1B18.4 Hz, 5’-H), 7.52 (td, 1H] 1.2 Hz and 8.4
Hz, 6-H), 7.65 (td, 1HJ 1.2 Hz and 8.4 Hz, 7’-H), 7.71 (td, 1B1,1.8 Hz and 8.4 Hz, 7-
H), 7.75 (d, 1H,J 9.0 Hz, 3'-H), 7.79 (d, 1H] 8.4 Hz, 5-H), 8.07 (d, 1H] 8.4 Hz, 8-H),
8.10-8.12 (m, 2H, 3-H and 4’-H) and 8.25 (dd, JHL.8 Hz and 8.4 Hz, 8-H)}c (100
MHz, CDCk) 67.78 (C-27), 118.17 (C-8), 119.31 (C-3’), 124.08-3), 125.25 (C-6),
125.80 (C-6), 125.94 (C-4a), 126.56 (C-5’), 127(&=28’), 127.87 (C-4a’), 128.67 (C-
7", 129.78 (C-5), 133.74 (C-4’), 137.30 (C-7), 1256 (C-8a’), 154.79 (C-2), 156.30 (C-
2), 159.99 (C-8a) and 177.36 (C=Qyvz 303 M~, 22%), 227 (7%), 209 (12%), 181
(23%), 153 (30%) and 130 (100%).

6-Chloro-3-[hydroxyl(quinolin-2-yl)methyl]chromone 212b. The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopeg-enonel93 was followed using
qguinoline-2-carbaldehyde (0.30 g, 2.46 mmol) andh®rochromone (0.37 g, 2.05
mmol). Work-up followed by flash chromatographyaaéfed as a cream solifl;chloro-
3-[hydroxyl(quinolin-2-yl)methyljchromone&12b (0.43 g, 62%), m.p. 150-153C;
(Found:M*: 337.05003. Calc. for gH:,CINOs; M: 337.05057)vmax (Nujol)/crmi* 1649
(C=0) and 3376 (br OH)4 (600 MHz; CDC}) 6.23 (1H, s, 2"-H), 7.39 (1H, d, 9.0
Hz, 8-H),7.52 (1H, tdJ 0.6 Hz and 7.8 Hz, 6'-H), 7.59 (1H, d#i2.4 Hz and 9.0 Hz, 7-
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H), 7.70-7.74 (2H, m, 3-H and 7'-H), 7.80 (1H,18.4 Hz, 5'-H), 8.06 (1H, dJ 9.0 Hz,
4-H), 8.11-8.14 (2H, m, 2-H and 8-H) and 8.20 (184 J 2.4 Hz, 5-H);5c (100 MHz;
CDCly) 67.5 (C-27), 119.3 (C-8), 119.9 (C-3"), 125.1 8-125.2 (C-6’), 126.2 (C-4a’),
126.7 (C-5), 127.6 (C-8'), 127.9 (C-4a), 128.6 G- 129.9 (C-5), 131.3 (C-6), 134.00
(C-4"), 137.4 (C-7), 146.2 (C-8a’), 154.6 (C-2)53.0 (C-2), 159.6 (C-8a) and 176.2
(C=0);m/z337 M*, 11%), 209 (7%), 181 (13%), 153 (19%) and 130 ¢4D0

6-Bromo-3-[hydroxyl (quinolin-2-yl)methyllchromone 212c. The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopeg-enonel93 was followed using
quinoline-2-carbaldehyde (0.20 g, 1.27 mmol) anbré&nochromone (0.24 g, 1.06
mmol). Work-up followed by flash chromatographyaaéfed as a cream solifl;bromo-
3-[hydroxyl(quinolin-2-yl)methyllchromone12¢ (0.26 g, 65%), m.p. 152-154C;
[Found M*: 382.99632 ¥Br) and 380.99927 ‘{Br). Calc. for GgH1-BrNOs M
382.20752 'Br) and 381.0006'{Br)]. vmax (Nujol)/cmi* 1643 (C=0) and 3363 (br OH);
34 (600 MHz; CDCH) 5.91 (1H, br s, OH), 6.23 (1H, s, 2"-H), 7.32 (18§J 8.8 Hz, 8-
H), 7.53 (1H, m, 7-H), 7.70-7.74 (3H, m, 2-H, 6'and 7'-H), 7.80 (1H, dJ 8.0 Hz, 3'-
H), 8.06 (1H, d,J 8.4 Hz, 5-H), 8.11-8.14 (2H, m, 4'-H and 8'-H)&®8.37 (1H, d,) 2.4
Hz, 5-H); 3¢ (100 MHz; CDC}) 67.5 (C-27), 118.9 (C-6), 119.3 (C-8), 120.1 (§-B25.4
(C-4a), 126.3 (C-4a‘), 126.7 (C-6"), 127.6 (C-51R7.9 (C-4a), 128.5 (C-8'), 128.6 (C-
7'), 129.9 (C-5), 136.7 (C-4’), 137.4 (C-7), 1462-8a’), 155.0 (C-2), 155.1 (C-8a),
159.6 (C-2’) and 176.0 (C=0Jn/z383 M*, 7%), 209 (7%), 181 (13%), 153 (16%) and
130 (100%).

6-Fluoro-3-[hydroxyl(quinolin-2-yl)methyl]chromone 212d The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopef-enonel93 was followed using
quinoline-2-carbaldehyde (0.20 g, 1.27 mmol) anfluérochromone (0.17 g, 1.06
mmol). Work-up followed by flash chromatographyaaéfed as a cream solii;fluoro-
3-[hydroxyl(quinolin-2-yl)methylJchromone12d (0.20 g, 56%), m.p. 136-138C;
(Found:M™*: 321.07932. Calc. for gH1,FNOs; M: 321.08012)vmax (Nujol)/cmi* 1643
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(C=0) and 3363 (br OH)5 (400 MHz; CDC4) 6.23 (1H, s, 2"-H), 7.37 (1H, d, 7.6
Hz, 8-H), 7.44 (1H, dJ 4.0 Hz, 5-H), 7.54 (1H, td] 1.2 and 8.0 Hz, 6'-H), 7.70-7.75
(3H, m, 2-H, 3"-H and 7'-H), 7.80 (1H, d,8.0 Hz, 8'-H), 7.88 (1H, dd] 3.2 and 8.4 Hz,
7-H), 8.07 (1H, d,) 8.8 Hz, 5-H) and 8.11-8.14 (2H, m, 4-H and 8':k; (100 MHz;
CDCl) 67.5 (C-27), 119.2 (C-8), 120.4 (C-5), 122.0 (5122.2 (C-3"), 125.2 (C-3),
125.4 (C-4@’), 126.6 (C-6'), 127.6 (C-5), 127.9-4@), 128.6 (C-8"), 129.9 (C-7"), 137.4
(C-4"), 146.1 (C-8a), 152.5 (C-8a’), 158.3 (C-6%511 (C-2), 159.7 (C-2’) and 176.6
(C=0);m/z321M*, 15%), 209 (3%), 181 (12%), 153 (17%) and 130 ¢4D0

6-Methyl-3-[hydroxyl (quinolin-2-yl)methyl]chromone 212e The method for the
preparation 2-[hydroxy(pyridin-2-yl)methyl]cyclopeB-enonel93 was followed using
quinoline-2-carbaldehyde (0.20 g, 1.3 mmol) anddhylchromone (0.17 g, 1.1 mmol).
Work-up followed by flash chromatography afforded @ cream solidg-methyl-3-
[hydroxyl(quinolin-2-yl)methyljchromon212e(0.22 g, 67 %), m.p. 183-18€; 3 (400
MHz; CDCk) 2.42 (3H, s, 6-Me), 5.25 (1H, br s, OH), 6.32 (BH42"-H), 7.46 (1H, dJ
8.4 Hz, 8-H), 7.74-7.87 (3H, m, 2-H, 3’-H and 7-H)91-7.96 (2H, m, 5-H and 6’-H),
8.16 (1H, tJ 8.4 Hz, 7'-H), 8.24-8.30 (2H, m, 4'-H and 5'-H),38 (1H, d,J 8.4 Hz, 8"
H), c (100 MHz; CDC}) 20.9 (6-Me), 62.2 (C-2"), 117.9 (C-8), 121.0 (&-325.0(C-
3’), 127.5 (C-6"), 127.8 (C-4a), 128.5 (C-4a’), 129C-5’), 129.3 (C-8’), 130.2 (C-5),
130.6 (C-6), 131.0 (C-4')135.0(C-7), 146.0 (C-84%7.5 (C-2), 155.3 (C-8a), 164.4 (C-
2", 177.9 (C=0).
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3.11 Synthesis of polycyclic indolizine derivatives

5-Ox0-4a-aza-benzol[b]fluoren-10-one 209a Method 1. 3-
[hydroxy(pyridin-2-yl)methyljchromone (0.35 g, 1mmol) and acetic anhydride (1.3
mL, 13.89 mmol) were stirred at 180 under reflux for 1h. The resulting green reaction
solution was cooled to room temperature forming raeg precipitate which was
subsequently filtered off to afford as a greendsd@ioxo-4a-aza-benzo[b]fluoren-10-one
(0.20 g, 61%).

Method 2. The 3-[hydroxy(pyridin-2-yl)methyllchromone (0.29, 1.39 mmol) and
acetic anhydride were stirred at 1%D in a microwave reactor for 5 min. The resulting
green reaction solution was cooled to room tempezatorming a green precipitate
which was subsequently filtered off to afford as geeen solid, 5-oxo#&aza-
benzop]fluoren-10-one209a ( 0.30 g, 90%), m.p. 178-18%C (lit.,'** 170-172°C);
(Found:M*: 235.06276. Calc. for fHoNO,; M: 235.06333)vmax (KBr)/cm™ 1209 (C-
N), 1660 (C=C), 1719 (C=0) and 3077 (C-#8); (400 MHz; CDC}) 6.61 (1H, t,J 7.2
Hz, 6-H), 6.70 (1H, tJ 9.2 Hz, 7-H), 6.84 (1H, s, 1-H), 7.39 (1H,X19.6 Hz, 12-H),
7.44 (1H, tdJ 1.2 Hz and 8.0 Hz, 14-H), 7.60 (1H,18.0 Hz, 8-H), 7.70 (1H, td] 1.6
Hz and 8.4 Hz, 13-H), 8.04 (1H, d#i1.2 Hz and 7.2 Hz, 15-H) and 8.45 (1H, dd,.6
Hz and 8.0 Hz, 5-H)3c (100 MHz; CDC4) 91.2 (C-1), 109.3 (C-3), 111.7 (C-6), 117.4
(C-7), 118.8 (C-8), 120.1 (C-12), 120.7 (C-14), B&-2), 124.4 (C-5), 127.1 (C-15),
128.0 (C-16), 133.0 (C-9 and C-13), 154.1 (C-11) &15.0 (C=0)m/z235 M*, 100%),
207 (28%) and 179 (56%).

8-Chloro-5-Ox0-4a-aza-benzo[ b]fluoren-10-one 209h The procedure (methods 1 and 2)
for the preparation of the indolizine, 5-oxa-d4za-benzdj]fluoren-10-one209a was
followed using 6-chloro-3-[hydroxy(pyridin-2-yl)magljchromone (0.35 g, 1.22 mmol).
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Work up afforded as a green sol@ichloro-5-oxo-4a-aza-benzo[b]fluoren-10-0269b
(Method 1: 0.18 g, 56%), Nlethod 2: 0.24 g, 74%), m.p. 198-20%C; (Found:M™:
269.02382. Calc. for gHgCINO,; M: 269.02436)vmax (KBr)/cm™ 1207 (C-N), 1605
(C=C), 1704 (C=0) and 3064 (C-H);; (400 MHz; CDC}) 6.61 (1H, t,J 7.2Hz, 7-H),
6.72 (1H, tJ 9.2 Hz, 6-H), 6.81 (1H, s,1-H), 7.38 (1H,X9.2 Hz, 12-H), 7.54 (1H, d,
8.8 Hz, 8-H), 7.62 (1H, ddl 2.8 Hz and 8.8 Hz, 13-H), 8.01 (1H,H7.2 Hz, 5-H) and
8.39 (1H, dJ 2.8 Hz, 15-H)5c (100 MHz; CDC}) 91.2 (C-1), 109.1 (C-3), 112.0 (C-6),
119.0 (C-7), 119.1 (C-8), 120.0 (C-12), 120.7 (¢B)4.32 (C-2), 126.5 (C-15), 128.3
(C-16), 130.2 (C-14), 133.0 (C-9 and C-13), 15Z31(@) and 173.6 (C=0jn/z269 M ",
100%), 241 (40%), 213 (56%) and 178 (40%).

8-Bromo-5-Oxo0-4a-aza-benzo[ b]fluoren-10-one 209¢ The procedure (methods 1 and 2)
for the preparation of the indolizine, 5-oxa-d4za-benzdj]fluoren-10-one209a was
followed using 6-bromo-3-[hydroxy(6-methylpyridimy2)methyljchromone (0.20 g,
0.60 mmol). Work up afforded as a green sdidhromo-5-oxo-4a-aza-benzolb]fluoren-
10-one209c (Method 1: 0.083 g, 44%),Nlethod 2: 0.098 g, 52%), m.p. 202-20%;
[Found: M*: 314.97223 ¥Br) and M*: 312.97384 Br). Calc. for GsHgBrNO,; M:
314.13356 {'Br) and 312.97328 Br)]. vmax (KBr)/cm™ 1207 (C-N), 1647 (C=C), 1719
(C=0) and 3063 (C-Hd (400 MHz; CDC}) 6.62 (1H, tJ 6.4 Hz, 6-H), 6.72 (1H, 1]
6.4 Hz, 7-H), 6.81 (1H, s, 1-H), 7.37 (1H,d0.2 Hz, 12-H), 7.50 (1H, d,8.8 Hz, 8-H),
7.76 (1H, dd)) 2.4 and 8.8 Hz, 13-H), 8.00 (1H, dH).8 and 7.2 Hz, 5-H) and 8.54 (1H,
d,J 2.4 Hz, 15-H)3c (100 MHz; CDC4) 91.2 (C-1), 109.0 (C-3), 111.9 (C-6), 117.6 (C-
2), 119.1 (C-7), 119.3 (C-8), 120.0 (C-12), 120®B5), 124.6 (C-14), 128.2 (C-16),
129.5 (C-15), 135.7 (C-13), 140.7 (C-9), 152.7 (0-and 173.4 (C=0); m/z 313/(,
100%), 285 (38%), 257 (54%), 206 (41%) and 178 ¢400

8-Fluoro-5-Ox0-4a-aza-benzo[ b]fluoren-10-one 209d The procedure (methods 1 and 2)
for the preparation of the indolizine, 5-oxa-d4za-benzdj]fluoren-10-one209a was
followed using 6-fluoro-3-[hydroxy(6-methylpyridig-yl)methyljchromone (0.15 g, 0.54
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mmol). Work up afforded as a green sol@dfluoro-5-oxo-4a-aza-benzo[b]fluoren-10-
one 209d (Method 1, 0.062g, 46%), Nlethod 2; 0.078 g, 58%), m.p. 196-19%;
(Found:M™: 253.05337. Calc. for gHsFNO;; M: 253.05391)vpmax (KBr)/cm™ 1207 (C-
N), 1660 (C=C), 1702 (C=0) and 3107 (C-#); (400 MHz; CDC}) 6.62 (1H, t,J 6.4
Hz, 6-H), 6.72 (1H, t) 6.4 Hz, 7-H), 6.82 (1H, s, 1-H), 7.38-7.44 (2H,12; and 15-H),
7.60 (1H, ddJ 4.0 and 9.2 Hz, 13-H), 8.02 (1H,H7.2 Hz, 8-H) and 8.09 (1H, dd 3.2
and 8.4 Hz, 5-H)dc (100 MHz; CDC}) 90.9 (C-1), 111.8 (C-6), 112.1 (C-2), 119.1 (C-
3), 119.2 (C-7), 120.0 (C-15), 120.6 (C-8), 120CZ1@), 120.9 (C-12), 124.4 (C-16),
128.2 (C-5), 141.0 (C-11), 150.0 (C-9), 157.8 (C1H0.3 (C-14) and 173.9 (C=Qy1/z
253 M™, 100%), 225 (37%) and197 (56%).

8-Methyl-5-Ox0-4a-aza-benzo[b]fluoren-10-on09e The procedure (methods 1 and
2) for the preparation of the indolizine, 5-oxa-dza-benzdj]fluoren-10-one209a was
followed using 6-methyl-3-[hydroxy(6-methylpyrid2ryl)methyljlchromone (0.28 g,
1.05 mmol). Work up afforded as a green solid, 8hyles-oxo-4a-aza-benzdjjfluoren-
10-one209e (Method 1: 0.11 g, 44%), Nlethod 2: 0.15 g, 58%), m.p. 93-9%& (lit.,**
94-96°C); (Found:M *: 249.07847. Calc. for H1:NO,; M: 249.07898).ymax (KBr)/cm’
11207 (C-N), 1652 (C=C), 1737 (C=0) and 3116 (C-34)(400 MHz; CDC}) 2.49 (3H,
s, CHy), 6.59 (1H, td,) 0.8 and 7.2 Hz, 7-H), 6.69 (1H, m, 6-H), 6.83 (&H1-H), 7.38
(1H, d,J 9.2 Hz, 12-H), 7.50-7.53 (2H, m, 8-H and 13-H}3B(1H, dd,J 0.8 and 7.2 Hz,
5-H) and 8.23 (1H, s, 15-HJ: (100 MHz; CDC}) 20.9 (14-CH), 91.1 (C-1), 109.2 (C-
6), 111.5 (C-2 and C-3), 117.1 (C-7), 118.7 (C180.1 (C-12), 120.7 (C-16), 122.9 (C-
5), 126.4 (C-15), 127.9 (C-9), 134.1 (C-14), 14{®13), 152.3 (C-11) and 175.1
(C=0);m/z249 (M*, 100%), 221 (34%) and193 (46%).

4-Methyl-5-oxa-4a-aza-benzo[b]fluoren-10-one 210a The procedure (methods 1 and 2)
for the preparation of the indolizine, 5-oxa-4za-benzdj]fluoren-10-one209a was
followed using 3-[hydroxy-(6-methyl-pyridin-2-yl)-athyl]-chromone (0.12 g, 0.45

mmol). Work up afforded as a green solldmethyl-5-oxa-4a-aza-benzo[b]fluoren-10-
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one 2103 (Method 1: 0.033 g, 30%),NMethod 2: 0.072 g, 65%), m.p. 183-18T; &
(400 MHz; CDC}) 2.93 (3H, s, 5-Ch), 6.31 (1H, dJ 6.4 Hz, 6-H), 6.58 (1H, 1 6.4 Hz,
7-H), 6.76 (1H, s, 1-H), 7.19 (1H, d,9.2 Hz, 12-H), 7.43 (1H, d] 8.8 Hz, 8-H) and
7.74 (1H, ddJ 2.4 and 8.8 Hz, 13-Hc (100 MHz; CDC4) 20.3 (5-CH), 91.2 (C-1),
109.0 (C-3), 112.4 (C-6), 117.2 (C-7), 118.6 (CI0.0 (C-12), 120.8 (C-14), 123.5 (C-
2), 127.3 (C-15), 127.8 (C-16), 130.4 (C-5), 13®9), 133.6 (C-13), 154.5 (C-11) and
174.8 (C=0).

8-Chloro-4-methyl-5-oxa-4a-aza-benzo[ b]fluoren-10-one  210h  The  procedure
(methods 1 and 2) for the preparation of the irmiod, 5-oxo-4-aza-benzdjjfluoren-
10-one 209a was followed using 6-chloro-3-[hydroxy(6-methylpiin-2-
yl)methyllchromone (0.10 g, 0.33 mmol). Work upcaffed as a green soli@;chloro-4-
methyl-5-oxa-4a-aza-benzol[b]fluoren-10-a2iE0b, (Method 1: 0.036 g, 38%),NMethod

2, 0.060 g, 63%), m.p. 169-172; &, (400 MHz; CDC}) 2.96 (3H, s, 5-Ch), 6.27 (1H,
d,J 6.4 Hz, 6-H), 6.60 (1H, 1] 6.4 Hz, 7-H), 6.80 (1H, s, 1-H), 7.38 (1H,J®.2 Hz, 12-
H), 7.54 (1H, dJ 8.8 Hz, 8-H), 7.62 (1H, dd, 2.8 Hz and 8.8 Hz, 13-H) and 8.39 (1H,
d, J 2.8 Hz, 15-H),3c (100 MHz; CDC}) 20.3 (5-CH), 91.5 (C-1), 112.5 (C-6), 119.0
(C-7), 119.6 (C-8), 120.4 (C-12), 124.5 (C-2), B€C-15), 128.2 (C-16), 129.8 (C-
5),130.4 (C-14), 133.0 (C-13), 143.3 (C-9), 15Z31() and 174.5 (C=0).

8-Bromo-4-methyl-5-oxa-4a-aza-benzo[ b]fluoren-10-one 210c The procedure (methods
1 and 2) for the preparation of the indolizine X®-@a-aza-benzdj]fluoren-10-one209a
was followed using 6-bromo-3-[hydroxy-(6-methyl-mn-2-yl)-methyl]-chromone
(0.08 g, 0.23 mmol). Work up afforded as a gredia s8-bromo-4-methyl-5-oxa-4a-aza-
benzo[b]fluoren-10-on@10c (Method 1: 0.05, 53%), Method 2: 0.061 g, 80%), m.p.
223-225 °C; [Found: M*: 328.98666 {'Br) and M*: 326.98890 Br). Calc. for
Ci6H10BrNO,; M: 328.16014 'Br) and M: 326.98949'{Br)]. vmax (KBr)/cm™ 1207 (C-
N), 1647 (C=C), 1719 (C=0) and 3064 (C-H¥); (400 MHz; CDC}) 2.96 (3H, s, 5-
CHs), 6.27 (1H, dJ 6.4 Hz, 6-H), 6.60 (1H, t) 6.4 Hz, 7-H), 6.80 (1H, s, 1-H), 7.21
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(1H, d,J 9.2 Hz, 12-H), 7.41 (1H, d} 8.8 Hz, 8-H), 7.74 (1H, dd} 2.4 and 8.8 Hz, 13-
H) and 8.53 (1H, dJ 2.4 Hz, 15-H);8c (100 MHz; CDC4) 20.3 (5-CH), 91.6 (C-1),
109.8 (C-3), 112.1 (C-6), 117.4 (C-14), 118.3 (C09.4 (C-8), 119.6 (C-7), 124.1 (C-
16), 129.4 (C-12), 130.1 (C-5),133.3 (C-15), 138%13), 142.8 (C-9), 152.8 (C-11),
152.8 (C-11) and 173.5 (C=Q)/z327 M*, 100%), 299 (39%), 271 (54%), 220 (34%),
192 (66%) and 165 (28%).

8-Fluoro-4-methyl-5-oxa-4a-aza-benzo[b]fluoren-10-one  210d The  procedure
(methods 1 and 2) for the preparation of the irmiod, 5-oxo-4-aza-benzdjjfluoren-
10-one209a was followed using 6-fluoro-3-[hydroxy-(6-methwapdin-2-yl)-methyl]-
chromone (0.05 g, 0.18 mmol). Work up afforded agesen solidB3-fluoro-4-methyl-5-
oxa-4a-aza-benzo[b]fluoren-10-or#.0d (Method 1. 0.020 g, 42%),Nlethod 2: 0.023
g, 48%), m.p. 208-210°C; (FoundM™ 267.06900. Calc. for {gHioFNO,; M:
267.06956)vmax (KBr)/cm™ 1202 (C-N), 1654 (C=C), 1735 (C=0) and 3068 (C-4);
(400 MHz; CDC}) 2.99 (3H, s, 5-CH3), 6.27 (1H, d,6.4 Hz, 6-H), 6.60 (1H, t) 6.4
Hz, 7-H), 6.82 (1H, s, 1-H), 7.23 (1H, #2.8 Hz, 15-H), 7.41 (1H, m, 12-H), 7.54 (1H,
dd, J 4.0 and 8.8 Hz, 8-H) and 8.08 (1H, dd3.2 and 8.4 Hz, 13-H)Y¢ (100 MHz;
CDCly) 20.3 (5-CH), 91.3 (C-1), 111.5 (C-3), 111.8 (C-2), 112.0 (C-618.3 (C-7),
119.3 (C-8), 119.5 (C-15), 120.6 (C-13), 120.9 @;123.9 (C-16), 130.0 (C-5), 133.4
(C-9), 160.2 (C-11), 167.2 (C-14) and 174.0 (C=@)z267 M*, 100%), 239 (36%), and
211(56%).

5,8-Dimethyl-5-oxa-4a-aza-benzo[b]fluoren-10-one 210e The procedure (methods 1
and 2) for the preparation of the indolizine, 5-@eaza-benzdj]fluoren-10-one209a
was followed using 6-methyl-3-[hydroxy-(6-methyl+min-2-yl)-methyl]-chromone
(0.05 g, 0.18 mmol). Work up afforded as a greelds®,8-dimethyl-5-oxa-4a-aza-
benzo[b]fluoren-10-on10e (Method 1. 0.033 g, 34%), Nlethod 2. 0.044 g, 46%),
m.p. 225-226°C; (Found:M™: 263.09403. Calc. for §H1aNO,; M: 263.09463);Viax
(KBr)/cm™ 1207 (C-N), 1647 (C=C), 1748 (C=0), 3138 (C-®&); (400 MHz; CDC})
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2.49 (3H, s, 14-CH). 2.98 (3H, s, 5-Ck), 6.24 (1H, d,) 6.4 Hz, 6-H), 6.58 (1H, 1] 6.4
Hz, 7-H), 6.83 (1H, s, 1-H), 7.22 (1H, 39.6 Hz, 12-H), 7.43 (1H, d 8.4 Hz, 8-H),
7.49 (1H, dd,J 2.4 and 8.8 Hz, 13-H) and 8.22 (1H,Jd1.6 Hz, 15-H);3c (100 MHz;
CDCl3) 20.3 (5-CH), 20.9 (14-CH), 91.5 (C-1), 109.9 (C-6), 111.7 (C-2 and C-3)7.B1
(C-8), 118.3 (C-7), 119.1 (C-12), 122.3 (C-16), 226C-15), 129.7 (C-5), 133.4 (C-9),
134.0 (C-13), 143.1 (C-14), 152.3 (C-11) and 17&20); m/z 263 M*, 100%), 235
(38%) and 207 (59%).

6 3

5 2,3-Dihydro-3b-aza-cyclopentag]inden-1-one The procedure for the
preparation of the indolizine (methods 1 and 2pxb-4a-aza-benzdj|fluoren-10-one
209awas followed using 2-(hydroxy-pyridin-2-yl-methg{clopent-2-enone (0.1 g, 0.53
mmol). Work up followed by chromatography afforded a green viscous oil, 2,3-
dihydro-3-aza-cyclopenta]inden-1-one fethod 1, 0.02 g, 22%),Nlethod 2, 0.05 g,
49%) vimax (NUjol)/cm* 1713 (C=0)3y (400 MHz; CDC}) 3.04 (2H, m, 1-H), 3.12 (2H,
m, 2-H), 6.50 (1H, s, 1'-H), 6.70 (1H, td,0.8 and 9.2 Hz, 7’-H), 7.37 (1H, 49.2 Hz,
8'-H) and 7.68 (1H, ddJ 1.2 and 7.2 Hz, 5'-H)dc (100 MHz; CDC}) 19.8 (C-2), 41.2
(C-1), 91.9 (C-1'), 111.9 (C-6"), 118.8 (C-7"), 171(C-8'), 122.6 (C-5'), 129.4 (C-2"),
138.9 (C-3'), 147.7 (C-9") and 198.6 (C=@)/z171 M*, 100%).

5-Methyl-2,3-dihydro-3b-aza-cyclopentafjinden-1-one The procedure for the
preparation of the indolizine (methods 1 and 2pxb-4a-aza-benzdj|fluoren-10-one
209a was followed using 2-[hydroxy(6-methylpyridin-2}giethyl]cyclopent-2-enone
194 (0.1 g, 0.49 mmol). Work up followed by chromataygny afforded as a green
viscous oil, 2,3-dihydro{3aza-cyclopenta]inden-1-one Method 1, 0.026 g, 28%),
(Method 2, 0.053 g, 58%)max (Nujol)/cm* 1713 (C=0);3y (400 MHz; CDC}) 2.76
(3H, s, 5'-Me), 3.06 (2H, m, 1-H), 3.14 (2H, m, 2;16.21 (1H, dJ 6.8 Hz, 6'-H), 6.51
(1H, t,J 6.4 Hz, 7"-H), 6.74 (1H, s, 1’-H) and 7.19 (1H,J8.8 Hz, 8'-H);d¢ (100 MHz;
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CDCl) 20.3 (C-2), 21.9 (5-Me), 41.4 (C-1), 97.1 (C-1113.6 (C-6), 118.5 (C-8),
118.9 (C-7"), 123.8 (C-2’), 133.3 (C-3'), 134.6 &); 135.3 (C-9’) and 196.7 (C=0).

1617 13-Oxa-13b-aza-dibenzo[b,g]fluoren-8-one  213a  The
procedure (methods 1 and 2) for the preparationthef indolizine, 5-oxo-daza-
benzop]fluoren-10-one 209a was followed using 3-(hydroxy-quinolin-2-yl-methryl
chromone (0.10 g, 0.33 mmol). Work-up afforded agreen solid,13-oxa-13b-aza-
dibenzo[b,g]fluoren-8-on213a(Method 1: 0.036 g, 38%),NMethod 2: 0.047 g, 50%),
m.p. 197-200°C; (Found:M™: 285.07845. Calc. for gH1:NOy; M: 285.07898).Viax
(KBr)/cm™ 1209 (C-N), 1649 (C=C), 1735 (C=0), 3059 (C-&); (400 MHz; CDC})
6.94 (1H, s, 1-H), 6.98 (1H, d,9.2 Hz, 16-H), 7.22 (1H, m, 18-H), 7.41 (1HJ .6 Hz,
12-H), 7.49 (1H, m, 17-H), 7.58-7.62 (3H, m, 8-HH%nd 19-H), 7.75 (1H, m, 7-H),
8.48 (1H, dJ 8.0 Hz, 11-H) and 8.88 (1H, d,8.4 Hz, 6-H);3¢ (100 MHz; CDC}) 95.2
(C-1), 109.3 (C-3), 116.9 (C-2), 117.7 (C-12), BLEC-16), 121.4 (C-18), 123.0 (C-20),
124.7 (C-8), 124.8 (C-9), 125.2 (C-6 and C-7), 82E-19), 127.4 (C-10), 128.1 (C-17),
128.4 (C-11), 132.9 (C-5), 146.1 (C-13), 154.1 &)-and 174.3 (C=0)m/z285 M,
100%), 257 (52%) and 229 (73%).

10-Chloro-13-oxa-13b-aza-dibenzo[b,g]fluoren-8-one 213b The procedure Methods 1
and 2) for the preparation of the indolizine, 5-@eaza-benzdjJfluoren-10-one209a
was followed using 6-chloro-3-(hydroxy-quinolin-Eapethyl)-chromone (0.06 g, 0.18
mmol). Work up afforded as a green solidl0-chloro-13-oxa-13b-aza-
dibenzo[b,g]fluoren-8-on213b (Method 1. 0.024 g, 42%),Nlethod 2: 0.033 g, 58%),
m.p. 219-22°C; (Found:M*:319.03949. Calc. for gH1oCINO; M: 319.04001)Vmax
(KBr)/em™ 1204 (C-N), 1652 (C=C), 1737 (C=0), 3064 (C-8); (400 MHz; CDC})
6.87 (1H, s, 1-H), 6.95 (1H, d,9.2 Hz, 17-H), 7.17 (1H, d 9.6 Hz, 16-H), 7.39 (1H, t,
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J 7.6 Hz, 8-H), 7.53-7.63 (5H, m, 7-H, 9-H, 11-H#2and 19-H) and 8.73 (1H, d,8.4
Hz, 6-H); & (100 MHz; CDC}) 95.1 (C-1), 109.1 (C-3), 116.8 (C-2), 119.1 (Q;12
119.2 (C-16), 121.7 (C-8), 124.0 (C-9), 124.7 (Q;A®5.3 (C-10), 126.2 (C-6), 127.7
(C-7), 128.2 (C-18), 128.5 (C-19), 130.6 (C-17)288(C-5 and C-11), 145.9 (C-13),
152.2 (C-15) and 172.8 (C=Om/z 319 M"*, 100%), 291 (48%), 263 (61%) and 228
(43%).

10-Bromo-13-oxa-13b-aza-dibenzo[b,g]fluoren-8-one 213c The procedure (methods 1
and 2) for the preparation of the indolizine, 5-@eaza-benzdj]fluoren-10-one209a
was followed using 6-bromo-3-(hydroxy-quinolin-2iylethyl)-chromone (0.10 g, 0.26
mmol). Work up afforded as a green solidl0-bromo-13-oxa-13b-aza-
dibenzo[b,g]fluoren-8-on213c (Method 1: 0.051 g, 54%),NMethod 2: 0.066 g, 70%),
m.p. 236-238C; [Found:M™*: 364.98791 ¥Br) and M*: 362.98892 Br). Calc. for
Ci1oH10BrNO,; M: 364.19224 ¥Br) and M: 362.98949'{Br)]. vimax (KBr)/cm™ 1207 (C-
N), 1652 (C=C), 1770 (C=0), 3085 (C-H); (400 MHz; CDC}) 6.92 (1H, s, 1-H), 7.00
(1H, d,J 9.6 Hz, 16-H), 7.23 (1H, m, 12-H), 7.43 (1H,J{7.6 Hz, 8-H), 7.56-7.64 (3H,
m, 7-H, 9-H and 11-H), 7.81 (1H, dd2.4 and 8.8 Hz, 17-H), 8.57 (1H,32.4 Hz, 19-
H) and 8.82 (1H, dJ 8.8 Hz, 6-H);3c (100 MHz; CDC}) 95.1 (C-1), 109.1 (C-3), 114.8
(C-2), 116.9 (C-18), 117.2 (C-12), 118.0 (C-16)911(C-8), 119.4 (C-9), 121.7 (C-10),
124.8 (C-20), 125.4 (C-7), 127.7 (C-6), 128.2 (Q;128.5 (C-11), 129.3 (C-17), 132.7
(C-5), 135.7 (C-13), 152.7 (C-15) and 172.7 (C=@z363 M*, 100%), 335(49%), 305
(49%), 256 (40%) and 228 (93%).

10-Fluoro-13-oxa-13b-aza-dibenzo[b,g]fluoren-8-one 213d The procedure (methods 1
and 2) for the preparation of the indolizine, 5-@eaza-benzdj]fluoren-10-one209a
was followed using 6-fluoro-3-(hydroxy-quinolin-2-smethyl)-chromone (0.10 g, 0.31
mmol). Work up afforded as a green solid10-fluoro-13-oxa-13b-aza-
dibenzo[b,g]fluoren-8-on213d (Method 1. 0.037 g, 39%),Nlethod 2: 0.050 g, 53%),
m.p. 220-222°C; (Found: M: 303.06898. Calc. for fgH1oFNO;; M: 303.06956) vimax
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(KBr)/cm™ 1207 (C-N), 1647 (C=C), 1748 (C=0), 3138 (C-&); (400 MHz; CDC})
6.94 (1H, s, 1-H), 7.01 (1H, d,9.2 Hz, 16-H), 7.23 (1H, m, 17-H), 7.43-7.48 (2H12-

H, 19-H), 7.59-7.64 (2H, m, 7-H and 8-H), 7.77 (1id,J 4.0 and 8.8 Hz, 9-H) and 8.85
(1H, d,J 8.4 Hz, 6-H);5c (100 MHz; CDC}) 95.0 (C-1), 111.7 (C-3), 111.9 (C-2), 116.9
(C-19), 119.2 (C-12), 120.8 (C-16), 121.1 (C-15)1B (C-8), 124.8 (C-9), 125.4 (C-7),
127.9 (C-20), 128.2 (C-6), 128.5 (C-11), 132.8 (;1146.3 (C-5), 150.0 (C-13), 158.0
(C-15), 160.5 (C-18) and 177.5 (C=@){z303 M*, 100%), 275 (50%) and 247 (82%).

10-Methyl-13-oxa-13b-aza-dibenzo[b,g]fluoren-8-one 213e The procedure (methods 1
and 2) for the preparation of the indolizine, 5-@aza-benzdj]fluoren-10-one209a
was followed using 6-methyl-3-(hydroxy-quinolin-2apethyl)-chromone (0.10 g, 0.32
mmol). Work up afforded as a green solid10-methyl-13-oxa-18aza-
dibenzop,dfluoren-8-one213e(Method 1: 0.034 g, 36%),Nethod 2: 0.054 g, 57%),
m.p. 203-205°C; &4 (400 MHz; CDC}) 2.49 (3H, s, 18-Ch, 6.90 (1H, s, 1-H), 7.01
(1H, d,J 9.2 Hz, 16-H), 7.38 (1H, d| 7.6 Hz, 12-H), 7.49-7.58 (4H, m, 17-H, 8-H, 9-H
and 19-H), 7.71 (1H, m, 7-H), 8.50 (1H,XH8.0 Hz, 11-H) 8.84 (1H, dl 8.4 Hz, 6-H);
3¢ (100 MHz; CDC}) 21.2 (18-CH), 95.5 (C-1), 109.7 (C-3), 117.2 (C-2), 118.2 (8);1
119.4 (C-16), 121.3 (C-18), 122.8 (C-20), 124.58)C124.8 (C-9), 125.2 (C-7), 126.5
(C-19), 127.3 (C-10), 127.8 (C-6), 128.3 (C-17)8RC-11), 133.2 (C-5), 134.1 (C-14),
146.4 (C-13), 154.3 (C-15) and 174.6 (C=0).
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