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ABSTRACT

Various chromone derivatives have been used in asthma therapy, and their
biological activity is apparently related to certain chemical features
which include conformation and acidity. 1In the present study,
substituent effects on conformation and acidity have been explored in
chromone systems with potential biological activity. A range of
variously substituted symmetrical chromone-2-carboxamides (including a
series of N,N-dimethylchromone-2-carboxamides) have been prepared via
chromone-2-carboxylic acids, which, in turn, were prepared from the
corresponding o-hydroxyacetophenones. The N,N-dimethylchromone-2-
carboxamides were prepared by reacting the appropriate chromone-2-
carbonyl chlorides with dimethylammonium chloride in pyridine, in an
approach which resolved various problems encountered in the preparation
of these compounds. Substituent effects on the conformation of
chromone-2-carboxamides have been explored using dynamic NMR
spectroscopy, and the observed splitting of the N-alkyl signals has been
attributed to slow site-exchange of the N-alkyl substituents. Dynamic
NMR frequency separations and coalescence temperatures have been used to
calculate rotational energy barriers, and substituent effects on these

rotational energy barriers have been analysed.

The possible implication of ring-opening of chromones in chromone
pharmacology has also been examined. A range of 3-(2-hydroxybenzoyl)-
acrylamides has been prepared via the dimethylamine-mediated ring-
opening of N,N-dimethylchromone-2-carboxamides and the E-double-bond
configuration of the ring-opened products has been unambiguously
established by single crystal analysis of the parent system. The

configuration and conformation of the crystal structure of the parent
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system have been shown, using IR and NMR spectroscopic, and molecular
graphics techniques, to be maintained in solution and to characterise
the whole series. !H and 13c NMR spectroscopy have also been used to

study the dimethylamine-mediated ring-opening of disodium cromoglycate.

The kinetics of the dimethylamine-mediated ring-opening of
N,NLdimethylchromone-Z-carboxamideé have been studied using UV
spectroscopy. These reactions have been shown to follow third-order
kinetics overall and a mechanism accommodating the observed third-order

kinetics has been proposed.

Substituent effects have been further investigated by the potentiometric
determination of the pK, values for a series of chromone-2-carboxylic
acids. The relationship between acidity and the observed rate
constants has been explored and has verified that the observed rate
constants are sensitive to the influence of meta-substituents on the
stability of the phenoxide ion "leaving group" rather than C-2

electrophilicity.
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1. INTRODUCTION

The name "chromone", first used by Bloch and Kostanecki in 1900, was
chosen to describe coloured, ﬁaturally occurring compounds known to
contain the benzo-4H-pyran-4-one structure 1.! The chemistry of
chromones has been extensively reviewed.!"3 Chromones are benzanulated
analogues of v -pyrone 2a and their systematic nomenclature originates
from the pyran analogues 3 and 4.% The chromone structure will be
denoted simply as chromone rather than 4-oxo-4H-chromene. Many
chromones occur naturally in plaqts and exhibit biological activity.®
Potentially active structural chromone analogues have been synthesised
in attempts to improve potency or reduce unwanted side effects. Another
related family of compounds are the flavanoids, which are derivatives of
the 2- and 3-arylchromones respectively? and which are widely

distributed in plants.6
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1.1 CHROMONE CHEMISTRY

1.1.1 PROPERTIES OF THE CHROMONE NUCLEUS.

Most properties of y-pyrones, and hence chromones, are attributable to
the aliphatic dienone system 2a, although some properties, such as the
lack of normal ketonic activity and the exceptional reactivity of the
carbonyl oxygen, may be attributed to substantial x-electron
delocalization consistent with the aromatic pyrylium betaine structure
2b. The electronic interaction of the ether oxygen with the carbonyl

group was first proposed by Arndt in 1924 .4

1.1.1.1 PHYSICAL AND SPECTRAL PROPERTIES.

The great propensity of y-pyrone and chromone to form salts with acids
results from their observed basicity, which has been rationalised in
terms of the betaine structure 2b.” Although the PK; value of y-pyrone
(0.1) is comparable to nitrogen bases with very low basic strength, e.g.
urea (pK; 0.1) and p-nitroaniline (pK, 1.0), it is nevertheless
remarkably high compared to other oxygen bases, e.g. acetone (pK, -7.2).

The pK, of chromone (2.0) is significantly higher than v -pyrone.’

Spectroscopic properties are rationalised in terms of an aliphatic
dienone system 2a. The IR carbonyl stretching frequency of chromone
occurs at ca. 1660 cm’l, the exact value depending on the solvent

used.®8 This value is lower than the carbonyl stretching frequency of



coumarin § (v, 1710 cm-!) and IR spectroscopy may thus be used to
distinguish chromones from coumarins. The UV spectra of chromone’ and
many of its derivatives are characterised by four bands centred at 205,
225, 240 and 300 nm, the last two being major absorption peaks. Solvent
studies have shown that the lowest wavelength band is probably a

m— o transition involving the heteroatom lone-pair electrons, while
the three higher wavelength bands arise from & — w* transitions. The
latter wavelength bands are generally red-shifted by C-2 electron

withdrawing groups or blue-shifted by a C-2 methyl group. Introduction
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of NHCO,Et at C-2 causes pronounced spectral changes which are
associated with the charge transfer species 6. In mass spectrometric
analysis,10 the chromone molecular ion fragments via two pathways
involving either the loss of carbon monoxide or ring cleavage by a

retro-Diels-Alder reaction (Scheme 1).
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A detailed !H NMR study of chromone has been published by Mathis and
Goldstein.ll The benzenoid proton signals in chromone are shifted down-
field, relative to those of the isomeric coumarin, as a result of the
close proximity of the carbonyl group to the benzene ring. This effect
is greatest at C-5 and the separation of this signal from the other
benzenoid signals is characteristic of chromones and is not shown in
coumarins. The 13¢ NMR spectra of chromones!! are characterised by a
number of general features : (i) the carbonyl carbon signal is always at
the lowest field and is essentially unaffected by substitution in the
system; (ii) the C-3 signal is at a higher frequency than all the other
methine carbon signals; and (iii) the ring junction signals are largely

unaffected by substitution in either ring.

1.1.1.2 CHEMICAL PROPERTIES.

(i) Salt Formation.

Both v -pyrone and chromone form oxonium or benzopyrylium salts, e.g.
chromone forms the hydrochloride 7, methoxonium 8, or
4-siloxybenzopyrylium salt 9 when treated with hydrochloric acid, methyl
o-nitrobenzenesulphonate, or t-butyldimethylsilyl triflate
respectively.*12.13 These reactions all reflect the latent aromaticity

of the heterocyclic ring.?

*OR OR
NS
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8 (R = Me)

9 [R = Si(Me),But]



(ii) Ring-opening Reactions.

Chromones readily undergo C-2 nucleophilic cleavage of the heterocyclic
ring.? Consequently, there are few synthetic methods for introducing
nucleophiles at this position without ring-opening or ring-
transformation.!3 A variety of nitrogen, oxygen and carbon nucleophiles
have been used in the ring-opening of chromones, and only selected

examples will be discussed.

(a) Reactions with nitrogen nucleophiles.

Kostkal? showed that chromones react with primary and secondary amines
to produce B-aminovinylketones 10 having either E- or Z-double-bond
configurations (Scheme 2). Zagorevskii et al.l%16 used !H NMR
spectroscopy to study the detailed structure of the B-aminovinylketone
products (Section 2.3) and proposed a feasible reaction mechanism using

l§H NMR spectroscopic and deuterium labelling techniques (Section 2.5).

0 CH=CHNR'R?
i 0
—_— ot
_H
0 0
10
SCHEME 2

Reagents : i) RIR?NH, 80-85°C, 2h.



Chromone-2-carboxylate esters (e.g. 11) react with amine or ammonia to
give different products occording to the nature and quantity of the
amine, and the reaction conditions (Scheme 3); secondary and tertiary
carboxamides (e.g. 12) are produced under very mild, anhydrous
conditions while an excess of amine or prolonged reaction affords
coloured acrylamides 13.15:17-20 rThe latter reaction is presumed to
proceed via the carboxamide with a second mole of amine cleaving the
ring, since treatment of the preformed carboxamide (12; R=CHyPh) with

benzylamine afforded the corresponding acrylamide.?!
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o-H
13
SCHEME 3

Reagents : i) RNH; (1 Molar eq.);
ii) RNH; (2 Molar eq.);

iii) RNH; (1 Molar eq.).
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Reaction of chromones with ambident nucleophiles or those containing an
N-C-N group results in ring cleavage and subsequent cyclization to other
. heterocyclic systems. Reactions with hydroxylamine, for example, afford
isomeric isoxazole derivatives 14 and 15, and the oxime derivative 16 is
only obtained under anhydrous conditions (Scheme 4).22 Base catalysed
reaction of 3-nitrochromone 17 with a series of nucleophiles affords
heteroaromatic nitro compounds,23 e.g. reaction with glycine ethyl ester
hydrochloride or benzamidine affords the pyrrolyl- or pyrimidyl-
derivatives 18 and 19 respectively (Scheme 5). Analogous reactions
occur with 2-carbonyloxychromones, e.g. ethyl chromone-2-carboxylate has
been cleaved by hydrazine, diaminoethane and 1,2-diaminobenzene,24:25
while chromone-2-carboxylic acid reacts with hydrazine to produce

pyrazole derivatives.20

{b) Reactions with oxygen nucleophiles.

Chromones undergo ring opening when treated with aqueous alkali;?
cyclization of the resultant salt of the B-diketone 20 to the chromone
on acidification often prevents isolation of the free p-diketone 20
(Scheme 6). Hydrolytic carbon-carbon cleavage of the §-diketone 20
occ¢urs under vigorous, prolonged treatment with aqueous alkali to afford
a mixture of products and this reaction has been widely used in chromone
structural analysis. Szabo et al. have studied the kinetics of this
reaction of chromones?6 and isoflavanoids?’:28 and have proposed a
mechanism in which C-2 nucleophilic attack occurs in the rate-
determining step whose rate constant varies with electron demnsity at C-2
(Section 2.5). Treatment of chromones with sodium alkoxide may also
result in ring cleavage, e.g. 2-methylchromone 21 affords the dimeric
product 22 which, on treatment with acid, is reconverted to

2-methylchromone (Scheme 7).22
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{c) Reactions with carbon nucleophiles.
Carbon nucleophiles attack either the C-2 or C-4 positions of chromones
resulting in ring cleavage or ring transformation. Ring-opening
reactions of chromones with an active methylene species,?? in the
presence of DBN or DBU, occur at room temperature, e.g. reaction of
3-bromochromone 23 affords the furan derivative 24 (Scheme 8). Socme
heterocyclic quaternary compounds (e.g. N-ethyl-2-methylbenzothiazolium
tosylate 25) cleave chromones to form compounds (e.g. 26) which are
potentially useful as dyes (Scheme 9).3 Nucleophilic attack on the
carbonyl group of chromones by Grignard reagents followed by
acidification affords benzopyrylium salts (e.g. 27) (Scheme 10),
although the Grignard reaction of isoflavone 28 in the presence of

copper (1) chloride, affords the ring-opened product 29,29

C-2 Nucleophilic attack may not always result in ring cleavage. The
reaction of 3-nitrochromone 30 with diazomethane or diazopropane affords
a cyclopropabenzopyran 31 or the homologous dimethylcyclopropane 32
respectively (Scheme 11).29 Akiba et al.l3 recently reported reactions
of the siloxybenzopyrylium salts 33 (generated from chromone using
t-butyldimethylsilyl triflate) with silyl enol ethers or alkyl
organometallic reagents in the presence of 2,6-lutidine. For example,
reaction with the ketene silyl acetyl 34 affords 4-siloxybenzopyran 35,
while reaction with 3-(trimethylsilyl)-1-butene 36 affords the
unexpected cyclopentane annulation product 37 (Scheme 12). A second
substituent may be introduced at the C-3 position of the 2-substituted
4-siloxybenzopyrans via reaction with electrophiles, e.g. reaction of
compound 35 with the appropriate iminium salt affords the

3-methylenechromone derivative 38.
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iv) 2,6-lutidine, CH,Cl,, rt, 4.5 h; Na,COj.
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iii) Electrophilic Addition and Substitution Reactions.
Both chromone rings are relatively resistant to electrophilic attacks!
since strongly acidic electrophilic reagents (e.g. sulphuric acid or
nitric-sulphuric acid mixturés) or strong acids (i.e. halogen acids)
produced during the reaction, may result in protonation of the pyran
ring thus inhibiting further electrophilic attack.?9 Nitration,31.32
under forcing conditions, is the most readily achieved electrophilic
substitution reaction and affords mainly the 6-nitrochromone derivative,
while bromination,?29.32 using bromine in carbon disulphide, affords a
2,3-dibromo adduct which on treatment with a secondary amine gives
3-bromochromone. The less acidic conditions of the Mannich reaction
afford salts of 3-aminomethylchromone 39 {Scheme 13), the reaction
probably proceding via electrophilic attack on a B-diketone
intermediate produced by heterolytic cleavage of the chromone

system.29,31

Treatment of hydroxylated or methylated chromones with hydroiodic acid
induces an interesting and occasionally useful rearrangement

(Scheme 14).29 Demethylation of the flavone dimethyl ether 40 with
hydroiodic acid proceeds via the Wessely-Moser rearrangement of the
ring-opened diketone 41 which cyclises to the flavone scutellarein 42

which has a different trihydroxy substitution pattern.
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(iv) Other Reactions of Chromones.
The oxidation of chromones using permanganate or dichromate results in
ring-opening and the formation of salicylic acid.?% catalytic reduction
of chromones, on the other hand, may produce several products. Thus
conditions favourable for the production of a specific product from a
particular substrate may be selected. For example, hydrogenation of
6-chlorochromone-2-carboxylic acid with palladium-charcoal in acetic
acid at 70°C at low pressure results in the loss of the 2,3-double bond,
ketone carbonyl and chlorine functions, while the use of Raney nickel at
low pressure, or at high pressure and temperature over copper chromate,
failed to effect reduction.?? Chromones also react with free radicals,

and undergo thermal and photochemical reactions.22,3!
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1.1.2. SYNTHESIS OF CHROMONES.

Preparative methods for chromones have been extensively reviewed.l-3
Although chromones may be synthesised from a variety of substrates, the
two most common precursors are o-hydroxyacetophenones and phenols. In
both instances, a side-chain is linked to the substrate, followed by
cyclisation. The source of the side-chain differentiates each synthetic
route33 and aromatic substituents may be introduced without any

substantial changes in synthetic methodology.34

The Claisen condensation3 of an o-hydroxyacetophenone with an ester
{Scheme 15) is one of most frequently used synthetic methods, and was
first described by Kostanecki et al. in 1901. Condensation with an
ester, e.g. diethyl oxalate (R=COyEt), in the presence of strong base,
usually sodium ethoxide, affords a 1,3-diketone 43 which readily

cyclises in acidic solution.

An alternative route to the 1,3-diketones involves the O-acylation of an
o-hydroxyacetophenone to afford an acyloxybenzene 44 which, on treatment
with potassium carbonate, undergoes an intramolecular Baker-Venkataraman
rearrangement to the 1,3-diketone 45 (Scheme 16).33 In the Kostanecki-
Robinson3® synthesis of chromones an o-hydroxyacetophenone is reacted
with an aliphatic anhydride and the sodium salt of the corresponding
acid (Scheme 17). This reaction may produce a mixture of products and
alkaline cleavage of the 3-acyl group may occur during isolation of the

product.
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Reagents : i) Acy0, NaOAc; ii) aq. NaHCOj3.
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The reaction of an o-hydroxyacetophenone with dimethylformamide (DMF)
under Vilsmeier conditions is used for the synthesis of 2-unsubstituted
chromones (Scheme 18).36,37 Reactions with DMF or its dimethyl acetal in
the absence of phosphorous oxychloride afford chromone itself via

cyclization of the p-aminovinylketone 46.

The Simonis reaction3l:38 is also widely used and involves the
condensation of a phenol with a p-keto ester 47 (Scheme 19). The
reaction may produce a chromone 48, or a coumarin 49 (the Pechmann
reaction), or a mixture of both. Chromone formation predominates with
the use of phosphorous pentoxide while sulphuric acid effects
cyclisation to the coumarin; complete selectivity is, however, not

always observed.

The reaction of a phenol with an unsaturated ester, e.g. diethyl
acetylene dicarboxylate 50 or diethyl chlorofumarate3® is widely used in
the synthesis of chromone-2-carboxylic acids 53 (Scheme 20) and was
developed by Ruhemann et al. between 1900 and 1921.39 Readily available
substituted phenols may be used, and yields are reasonable, e.g.
o-iodophenol is converted into 8-iodochromone-2-carboxylic acid in about
337 yield.? Cyclization of the aryloxyalkenoic acid 51 or ester 52
intermediates is effected by treatment with a mineral acid or acetyl

chloride.
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19
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Chroman-~4-ones are also used in chromone synthesis although their poor
availability and low yields reduce their preparative value. Conversion
to chromones is effected by dehydrogenation or oxidation using selenium
dioxide or palladium on charcoal. A more reliable conversion is the
dehydrobromination of 3-bromochroman-#4-one 35 using an amine
(Scheme 21). The B-aminovinylketone 56, isolated in some instances, is
subsequently cyclized on acidification to chromone. The
2,3-dibromochroman-4-one 57 affords chromone on treatment with zinc dust

and is dehydrobrominated to 3-bromochromone 58 in pyridine.38

Chromones are also synthesised from salicylic acid derivatives,3
enamines,? coumarins, benzopyrylium salts, chroman-4-ols, furans, and

benzofurans .38

0 CH=CHNR,
Br i 0
— [5]
0 0~
55 56
\\iif lii
0 0
Br iv
— |
- ————
0 Br v 0
57
l vi
0
Br
0
58
SCHEME 21

Reagents : i) RpNH, 20°C; ii) H'; iii) MepNPh;

iv) 2Zn; v) Brp; vi) pyridine.
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1.2 CONFORMATIONAL ANALYSIS

The energetics and origins of conformational preferences may be studied
using various techniques43 including (i) IR, NMR, Raman, and microwave
spectroscopy; (ii) dipole moment measurements; and (iii) electron
diffraction and x-ray diffraction studies. Isomeric, stable conformers
in dynamic equilibrium may be separately observed provided the time-
scale of the spectroscopic detection method is sufficiently fast
relative to the interconversion rate of the isomers, i.e. the average
lifetime of the species must be greater than the (inverse) frequency of
the absorbed radiation.’ Each isomer must also possess different
absorption characteristics and be present within the concentration

detection limits.

1.2.1 NMR SPECTROSCOPIC STUDIES OF AMIDES.

Rotational isomerism of amides has largely been studied using variable-
temperature dynamic NMR spectroscopy.4m45 The partial double-bond
character of the amide N-CO bond arising from nitrogen lone-pair
delocalization (Figure 1) has the following consequences :
(i) a large rotational barrier about the amide N-CO bond ranging
between 50-100 kJ mol-1;44
(ii) a rigid planar amide framework;
(iii) the non-equivalence of the nitrogen substituents, even when
R! = RZ; and

(iv) the possibility of long-range spin-coupling from R to R! and RZ.

Co 1
/U<\ R’ - /K’VR‘
R N7 R™ N

|
b v

FIGURE 1.
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Since the rotational barriers of amides are large, N,N-dialkyl amides
often show splitting of the !H N-alkyl signals at ambient temperature.
The separate chemical shifts for identical N-alkyl protons of
N,N-dialkyl amides (under conditions of slow site-exchange relative to
the NMR time-scale) have been attributed to the anisotropy of the

diamagnetic susceptibility of the amide carbonyl group.%

The heights of rotational barriers are measured using various
methods,*:% which include lineshape analysis, approximate methods, and
the spin-echo method. For example, using approximate methods, the site-
exchange rate constant {(%; Equation 1) for equivalent populations at
coalescence temperature (7T;) may be calculated from the chemical shift
difference at infinitely slow site-exchange (Sv,).%'%° Alternatively,
the energy of activation (AG*; Equation 2) and hence the first-order
rate constant (k; Equation 3) may be calculated from the coalescence
temperature (7T;) and the chemical shift difference at coalescence

(Avc)~46

k = 78ve ] /2 (1)
AG* = RT, (22.96 + In T /Av,) (2)
1n k = ln (kpT/h) - AG*/RT (3)

where R = Gas constant

kyp = Boltzmann constant
~ h = Planck constant
T =298 K

Interpretation of variable-temperature spectra may be complicated by
factors such as the non-equivalence of conformers which may require
application of the Winstein-Holness principle.*® Simultaneous rotation

may also occur about two separate bonds, and individual rotational



23
barriers may be determined provided that both site-exchange processes
are sufficiently slow, as shown in two recent dynamic NMR studies.%6.47
In heterocyclic amides, nitrogen inversion and ring reversal
conformational changes may also establish additional rotational
equilibria, although these processes are considered to be faster than
N-CO rotation.?® For example,?® rotational barriers about the N-CO bond
of N-substituted benzamides are generally larger than 60 kJ mol-l.
Ring-reversal rotational barriers of piperidines are smaller
(40-44 kJ mol-l) and those of pyrrolidines are expected to be even
lower. Rotational barriers due to nitrogen inversion in heterocyclic

amides are generally too small to be detected by NMR spectroscopy.

The energy minima of amides correspond to conformations which favour a
planar amide function.’® 1In symmetrically substituted
N,N-dialkylbenzamides, steric interactions between the o-hydrogen and
the N-alkyl substituents apparently disrupt the co-planarity of the
N-alkyl substituents in the near planar amide group, and may increase
the torsion angle between the planar amide and aromatic functions.?d

(In the crystal structure of p-bromo-N,N-dimethylbenzamide, the N-methyl
substituents are twisted out of plane by 9° and the torsion angle
between the amide and aromatic planes is 45°.) Site-exchange of the
N-alkyl substituents apparently involves a rotational equilibrium
between two quasi-planar conformers.?? Rotational barriers of
N,N-dialkylbenzamides are reduced relative to N,N-dialkylacetamides, for
example, since competitive delocalization stabilises the activated state

(Figure 2), thus reducing the rotational barriers.*> The lower

o-
WR
S N
)
R

FIGURE 2,
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rotational barriers obtained in piperidides®® relative to
N,N-dimethylamides50 have been attributed to repulsions, between the
N-acyl group and the vicinal equatorial hydrogens, which impart more sp3
character to the nitrogen in piperidines than in acyclic analogues. 1In
simple piperidine and pyrrolidine amides,?® rotational barriers for the
five-membered ring systems have been shown to be consistently larger
(8-12 kJ mol-l) than those of the six-membered ring systems. In ’
general, larger N-alkyl groups tend to result in smaller rotational

energy barriers.% However, reasons for this trend are not clearly

understood and there are exceptions to the trend.

The rigidity of the planar (or near planar) amide framework may also
result in additional slow rotations about bonds other than the N-CO
amide bond.? For example, in o-substituted benzamides, rotation about
the C(1)~-CO bond involves site-exchange between conformers in which the
aromatic group is rotated out-of-plane relative to the planar amide

group. Such rotational barriers range between 32-56 kJ mol-},45

1.2.2 IR SPECTROSCOPIC STUDIES OF CHROMONE-2-CARBOXYLATE ESTERS.

Rapid internal rotations involving carbonyl systems may be studied using
IR spectroscopy since IR carbonyl absorption bands are sensitive to
conformgtional change and this detection method has a much shorter time-
scale than that required for NMR spectroscopic detection. In an IR

study of solvent, substituent and temperature effects on rotational
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isomerism in a series of chromone-2-carboxylate esters, Drews and Kaye5!
rationalised the observed doubling of the carboxylate carbonyl
absorption bands in terms of a rotational equilibrium between
syn-s-trans Il and anti-s-trans 1 conformers {Scheme 22). The absence of
splitting of the carboxylate carbonyl bands for the 3-methyl-,
3-chloro-, and 3-bromochromone-2-carboxylate esters was rationalised in
terms of unfavourable steric and dipolar interactions which disrupted

the co-planarity of the chromone and carboxylate functions.

0 0
R? R?
=
R’ 0 ° R’ 0 Ongs
Ox o 0
anti-s-trans (1) syn-s-trans (ll)

SCHEME 22
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1.3 BIOLOGICALLY ACTIVE CHROMONES

1.3.1 NATURALLY OCCURRING CHROMONES

By 1975, the number of isolated naturally occurring chromones exceeded
fifty five.%2 The present discussion, however, will be confined to a
limited number of examples which illustrate their diversity of location,

structure, and biological or pharmacological activity.

Many natural chromones contain hydroxy, methyl and/or prenyl
substituents.53 Thus, eugenin 59, one of the simplest chromones, and
eugenitin 60 are both constituents of the Javan wild clove Eugenia |
caryophyllata L. Thunbg., while peucenin 61 is found in the rhizome of
the masterwort Imperatoria ostruthium and the South African sneezewood
tree.5 The halogenated hydroxychromone rupicolon 62 has been isolated
from extracts of lichens, while siphulin 63, the only natural chromone

carboxylic acid, occurs in a Scandinavian lichen, Siphula ceretites. A

OH o OH o
R X
MeO 0 Me HO 0 Me
61

59 (R =H)

60 (R = Me)

Cl 0 CHis O OH
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Me 0 Me HO 0 OH
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rare C-glycosylchromone, aloesin 64, has been identified in several
species of bitter aloes.55 Natural 3-methylchromones are also rare and
hormothamnione 65, isolated by Gerwick et.al’6:57 in small quantities
from the marine cyanophyte Hormothamnion enteromorphoides or from the
marine cryptophyte Chrysophaeum taylori, was the first reported
styrylchromone. Hormothamnione is a potent cytotoxin to cancer cells in
vitro and, although the mechanism for its cytotoxic activity has not
been completely established, it appears to selectively inhibit RNA

synthesis.50

CHaAc
OH o
CHo0H @ 0
HO 0
HO Me
HO
HO
84

The natural furochromone, khellin 66,58:59 was isolated by Mustapha in
1897 from the seeds and fruit of a Middle Eastern plant Ammi Visnaga.
Khellin induces relaxation of the bronchial musculature (anti-spasmodic
activity) thereby alleviating the symptoms of bronchial asthma; a direct
action on heart muscle causes vasodilation thus offering relief for
angina pains. Khellin also exhibits lipid-altering, anti-
atherosclerotic activityso and may thus provide a valuable therapy for
reducing the risk of cardiovascular disease. Extracts of this plant
have been used since ancient times for the treatment of colics, and more
recently, in asthma therapy but unpleasant side effects, such as nausea

and vomiting, have limited its clinical use.
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The flavanoid, baicalein 67,5L59 a constituent of the dried radix of
Scutellaria baicalensis Georg which was used in ancient Chinese medicine
as a diuretic and anti-allergic drug, has been shown by Koda et al. to

exhibit anti-allergic activity.

OMe 0O
74
0 07 D0OMe
OMe
66 67

1.3.2 SYNTHETIC CHROMONE DERIVATIVES

Some chromonecarboxamides have an effect on the central nervous systemb?
{e.g. N,N-diethylchromone-2-carboxamide exhibits sedative and hypnotic
activity) while analgesic properties are exhibited by several N-
arylamides of which the sulphonamide 68 was found to be the most potent.
The amide 69 exibits anti-histaminic activity and N-arylchromone-3-

carboxamides 70 show anti-bacterial activity.62 Anti-inflammatory

0
0 CONH—@—SOZNHz
68 :
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activity is exhibited by the substituted chromone-2- or 3-carboxamides
of which the flavone 71 was found to be the most potent.53 Several
chromonecarboxamides5? [e.g. substituted N-(tetrazol-5-yl)chromone-2-
carboxamides 72] also exhibit anti-allergic activity and will be

discussed in Section 1.3.3 (i).

/N N= 0
| CON\——/N \ / - l
0 Ph 0] CONH
71 72 N/:—NNH

The biological properties of various chromone-2-carboxylic acids®® have
been explored in the search for a khellin (66) replacement which is more
soluble and which has improved muscle relaxing properties, but none of
the unwanted side-effects of khellin. The search for a more specific
treatment for bronchial asthma began in 1956 with the synthesis of the
hydrophylic 2-carboxychromones by Cox et al.58 They established that
these compounds exhibit anti-allergic activity rather than the anti-
spasmodic activity of khellin. However, since the duration of their
prophylactic action was short, it was concluded that mono-chromone-2-
carboxylic acids were unlikely to be of any clinical use. Consequently,

research was directed towards the synthesis of novel bischromones.

The discovery of disodium cromoglycate (DSCG) 7358 in 1965 undoubtedly
provided a major advance in the treatment and prophylaxis of bronchial
asthma and other allergic diseases.®® DSCG is widely used in asthma
therapy55 under commercial names of Intal or Lomudal.?® 1In 1967,

Altouyan®® showed that DSCG exhibits anti-allergic activity. This
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protective effect lasts several hours and long-term use of the drug can
reduce the number and frequency of exacerbations in the clinical course
of asthma.% Partly due to its size and the acidity of the two
carboxylic acid groups, DS3CG is poorly absorbed and is thus administered
by inhalation as a fine powder or as an aqueous aerosol.’® Many other
anti-allergic compounds,57 such as ketotifen 74 and doxantrazole 75, have
subsequently been developed in the search for an orally active successor
to DSCG with an improved clinical profile.59 By 1985, little success
had been achieved and tranilast (N-5') 76, an orally active oxanilic

acid derivative, was the only such drug to have been marketed.5?
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A novel pyranoquinoline dicarboxylic acid, nedocromil sodium (Tilade @)
77, has recently been used as an anti-inflammatory, effective in the
treatment of mild asthma.509 It is also interesting to note that
cromakalim BRL 34915, 78 is an effective bronchodilator.’0.71 The
mechanism of this action involves the opening and activation of
potassium channels in the cytosol of the smooth muscle cells. The
potential of such potassium channel activators in asthma therapy is

currently being investigated.
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1.3.3 THE MODE OF ACTION OF ANTI-ALLERGIC CHROMONES

(i) Structure-activity Relationships of Anti-allergic Chromones.

The chemical structure of a drug determines its affinity for a specific

receptor and hence the intrinsic activity of the drug. The correlation

of the action of drugs with their chemical structure is an integral link
in the analysis of drug action, and an exploitation of these

relationships has often resulted in the development of better drugs.’?
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Common structural features of anti-allergic compounds include

(Figure 3.)73

(i) a planar system with extended m-bonding;

(ii) a benzene ring;

{iii) an attached oxygen or nitrogen atom; and

(iv) an sp?-hybridised carbon atom (designated by the incomplete double
bond) separating the heteroatom and the carboxylic acid, or its
equivalent.

Charge delocalisation and acidity may thus be important contributing

features for significant activity.

O

0
X = 0 or NH

FIGURE 3. Structural requirements for anti-allergic activity.

Structure-activity studies?’ of a number of bischromone DSCG analogues

79 suggest that co-planarity of the two chromone rings is an important

property as shown :

(i) by the higher activity of the planar compound 80 and

(ii) by the reduced potency of compounds (79; R = H) with a bridging
alkylenedioxy chain [79; X = 5,5 -0(CHy),0] comprising more than
six atoms or a single methylene bridging group (79; X = 6,6 -CHp)
which, in either case, reduces co-planarity of the two nuclei.

The presence of terminal oxygen atoms in the bridging chain is not

essential for activity, and the position of attachment of the chromone

rings to the bridging chain [79; X = OCH,CHOHCH,O or O(CHj3)g0] is

unimportant, with the exception of the 8,8 positions which produce

compounds with little or no activity. Introduction of alkoxy groups
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generally maintains or enhances activity, although the disubstituted

methoxy analogue (79; R = 7,7' di-OMe, X=O0CH,CHOHCH,0) is less active

than DSCG.
0 ' 0
| @&L
Na0,C 0] R 0 CO,Na

79 [X = OCH,CHOHCH,0; or
X = 5,5 O(CHp)0 n = 2-6,8-10; or
X = 6,6 (CHy), n=1,3,5,6; or
X = 6,66 0, C=0, NH.]
C02N0

Many mono-chromones have proven to be orally active, a result partly due
to increased lipophilicity and decreased polarity.%® Proxicromil 81

(FPL-57787)5% was, perhaps, the most promising orally active chromone in

clinical trials but toxicity prevented further development. Chromone-3-
carboxylic acid 82 is inactive, perhaps due to the loss of acidity

resulting from intra-molecular hydrogen bonding. Structure-activity

H
OH 0 ot o
0
0 CO.H 0
CH,CH,CHj, 82

81



34

studies of chromone-3-acrylic acids 83,51 in which intra-molecular

hydrogen bonding between the carboxylic acid and the carbonyl oxygen is

sterically impossible, have established that :

(i) only the trans isomers are active;

{(ii) introduction of an alkyl or alkoxy group at C-6 or C-8 leads to
the greatest enhancement of activity; and

(iii) activity is destroyed by moving the acrylic group to C-2, or by
modifying it by introducing an a-substituent or saturating the

double bond.

. CO;H

83

The carboxylic acid group of biologically active chromones has often

been replaced by the 1H-tetrazole moiety, which exhibits comparable

acidity’ (pK, ca. 3).7” Such replacement has often resulted in

compounds with increased activity.5? Structure-activity studies’? of 3-

(1H-tetrazol-5-yl)chromone AA-344 (84; R = 6-Et), modelled on the anti-

allergic flavanoid baicalein (67),% have established that :

(i) the analogues (84; R = 6-Et, 6-Cl, 6,8-di-Me, 6-NO,, and 6-OH) are
all ca. 4-10 times more active then DSCG; and

{ii) the parent compound is at least 2.5 times as active as the

isomeric 2-(1H-tetrazol-5-yl)chromone.

H
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The N-(tetrazol-5-yl)chromone-2-carboxamides 72 are ca. 80 times more
active than DSCG with a longer duration of action’ and structure-
activity studies® have established that :

(i) a source of acidity near the pyran ring is desirable;

(ii) the analogues (72; R = 7-OMe or 6-Me) aré more potent than the
parent compound;

(iii) introduction of a C-3 chloro or methyl group lowers the activity,
although a basic C-3 side chain [e.g. 3-NH(CH;),0H or 3-NHMe]
retained high activity; and

{(iv) replacement of either hydrogen of the N-tetrazolylcarboxamido group

by a methyl group resulted in loss of activity.
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(ii) Mechanisms of Anti-asthmatic Drugs.

The word asthma was derived from a Greek word which means "to pant."76

- In 1984, Scanlon’’ described bronchial asthma as "a generalised
condition of the lung characterised by bronchospasm{ mucosal edema® (an
abnormal accummulation of fluid in the tissues causing puffiness), "and
thick mucus that can lead to ventilatory insufficiency.” A cyclic
nucleotide imbalance in airway smooth muscle appears to modulate
bronchospasm. Factors causing this imbalance include nervous system
imbalances, diminished response(s) of beta-receptors located in the
lung, or the effects of histamine. Involvement of the nervous system,
including beta receptor malfunction, is referred to as the "intrinsic
defect”, while external influence, especially allergy, is referred to as

the "extrinsic component® of bronchial asthma.

When cpnsidering the mechanisms of asthma Salter’8 wrote in 1868, "...
it is clear that the vice of asthma is not in the production of any
special irritant, but in the irritability of the part irritated.®
Persson80 relates this to the present “difficulfy in finding a mediator
that is peculiar to asthma or a type of cell of the airway in asthma
that is abnormally prone to release mediators."” There is a resurging
interest in the inflammation aspects of asthmab8:80 yith a ma jor emphasis
on :
(1) plasma exudation;
(ii) the nerve axon mechanism (a neural locus);
(iii) primary effector cells (e.g. epithelial cells, mast

cells, macrophages, eosinophils, neutrophils, and platelets); or

(iv) mediators from these sources.
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Most asthmatic patients suffer with allergy; the allergen may vary but
common ones include pollen, feathers and house dust mites (Figure 4).8!
The allergic reaction, or so-called anaphylactic reaction, is mediated
by the binding of IgE-antibodies® to receptors on the surface of mast
cells.8 Mast cells are located within the muscular wall of the lower
airways or bronchioles, among other places, and they contain granules
which store a number of potent mediators, including histamine.8 Mast
cell activation is initiated by the bridging of two IgE-molecules by the
inhaled allergen or antigen.8 Activation of mast cells causes

degranulation and the release of mediators into the surrounding smooth

IgE—antibody
Granules containing mediators

i
o O
Allergen —_—> oo o % [Releosed mediators

Mast cell stabiliser

Mast cell

il Anti~inflammaotory

i
< Inflammotion

Bronchodilator

A

LBronchoconstriction

FIGURE 4. A schematic representation of the ’asthmatic response’

in humans.8!

3 Anti-bodies are termed immunoglobins (abbrev. Ig) since they are
globular proteins with an immune function. IgE-antibodies, one of the

five classes of immunoglobins, are responsible for allergic reactions.8
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muscle. This initiates an inflammatory response? which causes bronchial

smooth muscle contraction, thereby inducing an asthmatic attack.8

Consideration of these events suggests three possible mechanisms for an
anti-asthmatic drug (Figure 4).8! (i) The drug should stabilise mast
cells and prevent mediator release after allergen challenge. (ii) The
drug should block the action of the released mediators thereby
functioning as antagonists, or alternatively, it should act as an anti-
inflammatory. [Anti-inflammatory steroids introduced directly into the
lung using inhalers are an accepted first-line treatment.]) (iii) The
drug should relax the contracted airway’s smooth muscle thus functioning

as a bronchodilator.

Disodium cromolycate (DSCG 73) is generally believed to act on pulmonary
mast cells to suppress the secretory response, thus stabilising the
membrane.’’ It is used prophylactically as a preventative drug which
over time preserves mast cell membrane integrity.’”” DSCG has also been
shown to block the late asthmatic response which occurs 3-4 hours after
mast cell degranulation and lasts for 10 hours. This response may be
caused by mast cell degranulation and increased inflammation, and
subsequent non-allergic bronchial hyper-responsiveness lasting up to 10
days can also occur. (This action explains the use of DSCG by seasonal

asthmatics). Two additional actions include the ability to modulate

@ Inflammation®® is a defensive reaction of the tissues to injury or
infection; the blood vessels in the effected area swell and allow their
contents to ooze out. Many protective substances, including white blood
cells, are released which destroy the foreign particles and bacteria.

This process is often referred to as plasma exudation or edema.
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bronchoconstrictor response to cooling and the inhibition of irritant
receptors; DSCG is thus effective in exercise-induced asthma and in
periods of high air pollution.’”” DSCG does not, however, relax
bronchial smooth muscle or antagonise any of the known mediators, e.g.
histamine.%.72 since the mode of action of DSCG appears to be limited
to mast cell stabilisation and anti-inflammation, only these two aspects

will be discussed shortly in detail.

The prophylactic action of DSCG and consideration of the events outlined
in Figure 4, both suggest the use of a combination of anti-asthmatic
drugs, either including or excluding DSCG. Alternative asthma therapy
involves the use of effective bronchodilators e.g. glucocorticoids,
sympathomimetic drugs, and xanthines.’’ Glucocorticoids (e.g. cortisol
85) often reverse a difficult asthmatic condition when other medications
fail and are thus, in a sense, the ultimate drug for bronchial asthma.
Peak action only occurs 4-6 hours after administration and adverse side
effects have limited their use to the difficult-to-control patients with
chronic asthma. Glucocorticoids also function as anti-inflammatories.
The fundamental structure of sympathomimetic drugs is derived from
adrenaline, the body’s natural bronchodilator, and salbutamol 86 is the
most widely used bronchodilator in the world.8! Theophylline 87, a

xanthene, is generally considered to be the first line of defence in the

United States.”’

CH;0H
C=
Me OH : 0 7
HO L OH HOCH, NHCMe, Me N
Me gJ\\ l ;>
HO 0 ril N
0 86 ‘ Me

85 87



40

(iii) Mast Cell Activation and Histamine Secretion.

The biochemical changes accompanying mast cell activation and the
subsquent secretion of histamine were reviewed by Siraganian8d in 1983.
These changes include : (i) receptor cross-linking; (ii) proteolytic
enzyme activation; (iii) increased phospholipid methylation; (iv)
increased intracellular cAMP? levels; (v) increased phoéphorylation of
membrane lipids; ({vi) ca?* influx; (vii) phospholipase activation and
release of arachidonic acid; (viii) protein phosphorylation; and
finally, (ix) secretion of histamine. However, molecular events that
terminate the secretory response are not well defined and an
understanding of the mode of action of DSCG may provide some of the
answers.8%  In the following survey attention will be drawn to those
molecular events implicated in the mode of action of DSCG, viz., the
increased intracellular cAMP levels, protein phosophorylation, and
calcium influx. The role of the mediators of mast cell secretion will

then be discussed.

Mast cell activation results in changes in intracellular cAMP levels.83
The generation of cAMP in localised intracellular compartmentsﬁ7 by the
activation of specific adenylate cyclase complexes or the inhibition of

particular phosphodiesterases (enzymes converting cAMP to AMP) may lead

© 8 Cyclic adenosine monophosphate (cz\MP)‘”-88 is a nucleotide which, in
the presence of a hormone at the cell membrane, breaks down adenosine
triphosphate (ATP) to cAMP, which then acts in the cell to bring about a
functional change. Additional functions include an involvement in
controlling gene expression, in immune responses, and in nerve

transmission.
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to preferential activation of protein kinases and subsequent
phosphorylation of proteins involved in either the activation or
inhibition of the release mechanism. The former kinases may facilitate
calcium influx and/or the mobilization of intracellular stores of
calcium, the latter activating the calcium pumps leading to the
extrusion of calcium from the cytosql. Selective phosphorylation of
three proteins® with molecular weights of 42 000, 59 000, and 68 000
occurs rapidly after mast cell activation with ca2* ionophore. DSCG
apparently enhances the selective phosphorylation of a molecular weight

78 000 protein, thus terminating or inhibiting secretion.

The role of Ca?' in the secretory process was reviewed by Pearce®? in
1982. Although the precise role of Ca?* in histamine secretion is still
unclear, several possibilities have been proposed. Mast cell secretion
is triggered by an increase in the level of Ca?' ions in the cytosol and
this event links the activation to the secretion process. Ca?* ions are
obtained from the external environment or by the mobilization of
intracellular or membranous stores. The former route may involve the
binding of calcium ions to superficial membrane receptors. The
polypeptide, calmodulin, has been proposed as a universal receptor for
calcium and the major physiological effector for a wide range of
cellular responses evoked by the cation. The disodium cromoglycate
binding protein [discussed later in Section 1.3.3 (iv)] is a possible
gsite of action for calcium channel antagonists.% Several receptor-
mediated changes in membrane metabolism have been implicated in the
regulation of Ca?* channels and Ca?* mobilization, although their

specific roles have not yet been determined.
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Calcium influx into the mast cell also activates phospholipase A, an
enzyme which cleaves phosphatidylcholine to produce arachidonic acid.83
Released arachidonic acid is metabolised by either the cyclo-oxygenase
or the lipoxygenase pathways. The former pathway results in the
production of prostaglandins and thromboxanes, while leucotrienes,
commonly referred to as the slow reacting substance of anaphylaxis

(SRS-A), are produced via the latter pathway.

The final steps of secretion are regulated by the influx of calcium and
changes in cAMP and cGMP,? while phosphorylation of proteins may be
important at this stage. Aggregation of microtubules then occurs,
allowing granules to open to the extracellular space, resulting in
mediator release.83 Important biogenetic substances or mediators
released’’ include vasoactive amines (e.g. leukotrienes and histamine),
prostaglandins and thromboxanes. The leukotrienes, thromboxanes and
some of the prostaglandins (PGF, and PGD,) are potent
bronchoconstrictors. However, some of the prostaglandins (PGE, and
PGI,) are bronchodilators. Other important mediators released include
heparin, platelet activating factor (PAF), enzymes and chemotactic
factors.” Triptic enzymes activate the kinogenase responsible for the
release of bradykinin, an extremely potent vasocactive mediator.
Chemotactic factors attract eosinophils which modulate the reactions
consequent to mast cell activation by neutralising the effects of the

released mediators.

8 Cyclic guanosine monophosphate (cGMP), a nucleotide with regulatory

functions.
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(iv) A Molecular Basis for the Mode of Action of Disodium Cromoglycate.

An understanding of the mode of action of DSCG at a molecular level
would not only facilitate the rational development of new and more
potent anti-allergic drugs,% but would also provide some of the answers
to the molecular events that terminate the secretory response.® The
pharmacological implications of DSCG action have, in fact, prompted
extensive research, but still remain the subject of debate and

controversy. 56,68,93,94

An initially proposed, clearly defined and novel mode of action for DSCG
involves direct action on mast cells, thereby supressing the secretion
process. This mechanism has received the most attention but is not
directly involved in many aspects of asthma, e.g. exercise induced
asthma or that induced by pollution. The drug exhibits additional anti-
inflammatory action, involving multiple sites of action®®93 and other
additional cells.% 1In the following survey attention will be drawn to
{(a) mast cell stabilization and (b) the alternative modes of action of

DSCG.

(a) Mast cell stabilization.
DSCG does not inhibit the binding of the IgE molecules or their
interaction and crosslinking with specific antigens; it rather supresses
the response to this reaction, although how it does so is uncertain.’?
It has become evident that there are either two receptors for DSCG, or
the receptor is multifunctional.? Three ma jor explanations include :
(i) phosphodiesterase inhibition which affects cyclic nucleotide
levels;

{1i) the blocking of calcium channels; and
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(iii) the promotion of the phosphorylation of a single mast cell

protein.

Initial studies indicated that DSCG inhibited cAMP phosphodiesterasef’
and, considering the importance of this nucleotide (cAMP) in the
modulation of histamine secretion, seemed to thus provide an explanation
for the drug’s activity. Studies discrediting this activity established
that, among other things, DSCG concentrations required to inhibit mast
cell phosphodiesterase were considerably greater than those required to
prevent secretion, and there was no correllation between secretion
supression and phosphodiesterase inhibition in a variety of other anti-

allergic drugs.

Foreman et al.9 showed that the uptake of radioactive Ca?* by, and
histamine secretion of mast cells were both inhibited by DSCG in those
cells activated by antigen or similar agonists; neither parameter was
affected when the cells were activated by calcium ionophore A23187. It
was thus argued that DSCG inhibited the opening of calcium channels
since this was the only difference between the two processes. (Cal*
ionophores® are organic compounds which activate mast cells by
complexing with Ca?* and transfering the cation across the cell
membrane, hence bypassing the receptor gating mechanism). Studies93
contradicting this hypothesis have shown that (i) secretion is inhibited
by DSCG in the absence of calcium and that DSCG is at least equipotent
and generally more active under conditions of calcium deprivation. (ii)
The drug also blocks the mobilization of internal stores and inhibits
the secretion induced by a diversity of other ionophores. (iii) The
uptake of radioactive CaZt may also be a consequence and not a cause of
the release process since the isotope may possibly bind to new membrane

sites which are revealed during the degranulation process.
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Despite these problems, Pecht et al.9 have shown, using fluorescence
microscopy, that the chromone binds to a specific binding protein,
located on the mast cell membrane, which constitutes the Ca?* channel
and that it acts by blocking'simulated ca?* fluxes. The drug was
coupled or covalently conjugated to an insoluble support of fluorescent
polyacrylamide and glutaraldehyde beads, which prevented the penetration
of the drug into the cell without reducing its ability to inhibit
secretion. This specific DSCG-binding protein was then isolated from
rat basophil leukaemic cells using affinity chromatography.96 IgE
mediated challenge of varients of this cell-line lacking in the binding-
protein did not result in Ca?* influx or degranulation; however, the
action of caZ* ionophore A 23187 lead to histamine secretion, which
indicated that the secretory process distal to ca?* influx was
uneffected. These two findings suggested the involvement of the DSCG-
binding protein in transmembrane calcium influx. The responsitivity to
immunologic challenge was restored with the implantation of binding
proteins into the cells. Moreover, exogenous DSCG blocked the Ca?*
influx induced by monoclonal antibodies to the binding protein in

synthetic planar lipid bilayers.

The relevance of this work to the mode of action of DSCGY has been
questioned since interaction of the drug and binding protein is
absolutely Ca?* dependent and contradicts the enhanced inhibitory effect
of the drug in the absence of Ca?*. In addition, rat basophil leukaemic
cells are considered to be resistant to the inhibitory effects of DCSG.
It was concluded that the work needed to be confirmed and extended to
cells fully active to the drug, since this would prevent the isolation
of the binding protein under conditions different from those required to
demonstrate the drugs functional activity. Other agents, e.g.

doxantrazole, claimed to function by inhibition of Ca?* gating,
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presumably could not interact with the binding protein, unless it showed

remarkable specificity.

The phosphorylation of a specific protein (mol. wt. 78 000) occurs in
the final stages of secretion and has been associated with the natural
termination of the process.9 DSCG induces the phosphorylation of this
protein and may thus have the unique action of stimulating an endogenous
Aconfrol mechanism. The detailed basis for this effect remains obscure
but could involve an interaction with protein kinase C, as suggested by
Sagi-Eisenberg.94 This interaction was proposed since protein kinase C
requires ca?* and phosphatidylserine for optimum activity, and DSCG
binding is associated with Ca?*, phosphatidylserine and a membrane
protein. The mechanism whereby phosphorylation modulates secretion
remains open and could involve an effect on Ca?* gating, i.e. they may
be regulated by the degree of their phosphorylation, which is controlled
by protein kinase C. However, Foreman et al.% demonstrated that the
caZt gates remain open for a considerable period after the termination

of secretion.

Sagi-Eisenberg94 also demonstrated that this protein kinase C has an
additional role in the activation of secretion and involves the
mechanism of secretion distal to Ca?* influx. Additional interaction of
DSCG with this protein kinase C would then account for its dual
inhibition action, although this hypothesis requires verification. They
thus proposed the existence of two forms of protein kinase C, one
responsible for Ca?* regulation, the other involved in the activation of
secretion. Activation of protein kinase C by itself was insufficient to
cause secretion, and they concluded that "receptor aggregation elicits
an aditional, as yet unknown, signal, which together with kinase C

activation, yields a cellular response." Inhibition activity of DSCG
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thus requires the interaction with kinase C which (i) promotes
phosphorylation in Ca?* gating, and (ii) inhibits the phosphorylation

that stimulates secretion.

(b) AlRernative modes of action of DSCG.

In 1985, Pearce® concluded, however, that the mode of action of DSCG
was still an enigma since not all the effects of DSCG can be explained
by its mast cell stabilizing activityb and premedication with the drug
inhibits bronchospasm produced by a diversity of stimuli, including
histamine, cold air, aspirin, fog, and exercise, thus implicating at
least two different receptors in the lung for the drug. Pretreatment
with the drug, in a variety of models of mediator release, has been
shown to abolish the inhibitory effect of subsequent doses i.e. DSCG
exhibits tachyphylaxis% which completely contrasts with its regular and
prophylaétic clinical use in asthma therapy. The drug also shows a high
degree of tissue and species selectivity in its action.65 Many other
novel anti-allergic drugs are far more potent than DSCG in mast cell-
mediated animal models but have demonstrated little or no efficacy when

clinically tested.¥” A more detailed mode of action is thus required.65

In 1987 Persson’® reviewed three alternative modes of action for DSCG

which include :

(i) an anti-plasma leakage effect;

(ii) inhibition of an axon reflex mechanism {(a neural locus effect);
and

(iii) PAF-acether? inhibition.

8 Platelet activating factor, an ether-linked phospholipid

{abbrev. PAF-acether).‘34
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DSCG is now also thought to affect a variety of inflammatory cells, such

as platelets and macrophages.

In inflamed airways, plasma molecules may readily pass through a
microvascular or epithelial barrier.80:9 plasma exudation in the lumen
and airway wall from tracheobronchial microvessels is regulated by the
venular endothelium. This process is induced by many cellular and
humoral mediators including bronchoconstrictory mediators (amines,
peptides, lipid products, e.g. PAF-acether, etc.). Exudation in the
airway wall contributes to bronchial hyper-responsiveness and damage of
airway epithelium, while activation of potent mediators and
chemoattractants for effector cells may amplify ;he inflammatory
process. DSCG has a potent ability to reduce and normalise mediator-
induced plasma leakage or exudation. It is also "effective against
agents such as histamine that increase endothelial-epithelial
permeability to macromolecules by direct action without the involvement

of neurogenic or mast cell mechanisms.®

Asthma provoked by non pharmacological stimulus such as exercise
(inhaling dry air) may be associated with plasma exudation in asthmatic
airways, the characteristic feature of which, may be vascular
leakiness.98 In inflamed airways it is vessel fluid that humidifies
inceoming air whereas other sources are used under normal conditions.
Thus the effectiveness of DSCG in exercise-induced asthma could be

attributed to its anti-plasma-leakage effect.

Damage of the airway epithelium exposes C-fibre afferent nerve
endings,’? and the stimulation of these superficial nerve endings by
inflammatory mediators (e.g. bradykinin) may result in an axon (local)

reflex and the release of sensory neuropeptides which induce
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bronchoconstriction, edema, plasma exudation, mucus hypersecretion, and
possible inflammatory cell infiltration and secretion. DSCG inhibits
bronchial C-fibre reflex activity%® and preliminary studies show that it
reduces bradykinin-induced brfonchoconstriction. However this has only
been shown in animal models and requires further elucidation. Several
factors opposing a neural locus for the drug’s effect have also been

presented.

The ether-linked phospholipid, PAF-acether,8 is released from a number
of inflammatory cells in the lung {(e.g. alveolar macrophages) and
induces plasma exudation and the activation of platelets. Both the
production and action of PAF-acether could be inhibited by DSCG since it
also inhibits the late response to PAF-acether in human skin and the IgE
activation of human macrophages.99 Recent work, however, has not

provided confirmation of these findings.%8

The involvement of platlets in inflammation and allergen-induced asthma
was reviewed by Page® in 1988. Platelets are the smallest blood
element and, despite being devoid of a nucleus, they still possess many
features of classical inflammatory cells. Their biological 'activities
include chemotaxis, I.e. the release of a variety of mediators which
augment inflammatory cell recruitment. PFurthermore, they possess IgE
receptors and their activation, by PAF-acether, results in the
generation of free radical species. Platelet aggregation and platelet
activation have different pharmacological profiles and this distinction
is important in the search for new anti-allergic drugs, e.g. DSCG can
inhibit IgE dependent release of free radicals, but has no effect on

platelet aggregationm.
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1.4 AIMS OF THE INVESTIGATION

The preceding introduction illustrates the various properties of the
chromone nucleus, preparativé methods used in chromone synthesis, and
the susceptibility of chromones to C-2 nucleophilic attack, with
consequent ring opening, by nitrogen and oxygen nucleophiles

(Section 1.1). The conformational analysis of amides and chromone-2-
carboxylate esters, using variable temperature dynamic NMR and IR
spectroscopic techniques respectively, were also presented

{Section 1.2). PFurthermore, the well established potential of chromone
systems in asthma therapy has been discussed, with particular emphasis
on two chromone derivatives, viz., the naturally occuring furochromone,
khellin 66 (Section 1.3.1), and the widely used anti-allergic drug
disodium cromoglycate (DSCG) 73 (Section 1.3.2). ‘While
chromonecarboxamides exhibit a wide diversity of biological activities,
their anti-allergic activity [e.g exhibited by N-(tetrazol-5-
yl)chromone-2-carboxamides 72]) is of particular interest

(Section 1.3.2). The essential structural features apparently required
for anti-allergic activity include a planar conformation with extended
7 -bonding and a source of acidity near the heterocatom attached to the
benzene ring. Thus, biological activity is enhanced in rigid planar
structures and inhibited by a loss of acidity, while electronic effects
of ring substituents and the effect of their positions appear to vary
according to the nature of the parent structure [Section 1.3.3 (i)]. 1In
asthma therapy, DSCG stabilises mast cells in the bronchial mucosa,
thereby preventing the secretion of histamine and other inflammatory
mediators. Furthermore, this action may be associated with the binding
of DSCG to a specific protein located on the mast cell membrane [Section

1.3.3 (iv)].



51
In anti-allergic chromones, bioclogical activity is thus influenced by
conformation, acidity, steric effects, and substituent effects.
Consequently, similar electronic and steric effects on the conformation
and acidity in chromone systems with medicinal potential were
investigated. The mode of action of DSCG may involve an in vivo
interaction with various biological amines or proteins. Furthermore,
since ring-opening reactions of chomones may well be implicated in
molecular-level chromone pharmacology, the ring-opening of wvariously
substituted chromone-2-carboxamides with dimethylamine was also
investigated, and extended to include DSCG. The investigation thus

involved the following :

(i) The synthesis of conformationally-mobile, substituted, symmetrical

chromone-2-carboxamides with potential anti-allergic activity.

(ii) The conformational analysis of these chromone-2-carboxamides using

1§ dynamic NMR spectroscopic and molecular graphics techniques.

(iii) A structural analysis of the ring-opened products of reactions of

N, N-dimethylchromone-2-carboxamides with dimethylamine.

{iv) An extension of these studies to DSCG.

(v) A kinetic study of substituent effects on the ring-opening

reactions and a determination of the mechanism.

(vi) A potentiometric study of substituent effects on the dissociation

constants of substituted chromone-2-carboxylic acids.
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2. DISCUSSION

2.1 PREPARATION OF CHROMONE DERIVATIVES

An investigation of conformation in chromone-2-carboxamides III required
the preparation of two major intermediates, viz., the substituted
o-hydroxyacetophenones I and chromone-2-carboxylic acids II, while
structural and kinetic studies required the preparation of acrylamides
IV from the respective chromone-2-carboxamides III {Scheme 23 p.53).
Thus, the o-hydroxyacetophenones 93-98, required for the synthesis of
the chromone-2-carboxylic acids 112-118, were prepared from the
corresponding phenyl acetates 88-92, which, in turn, were prepared from
m-phenols or p-chlorophenol; or in the case of the methoxy analogue 93,
via methylation of resacetophenone (Schemes 24 and 25 p.54 and p.55).
The chromone-2-carboxylic acids 112-118 were prepared from the respective
o-hydroxyacetophenones 93-98 via, in some cases, chromone-2-carboxylate
esters 110 and 111 (Schemes 26 and 27 p.56). 3-Methylchromone-2-
carboxylic acid 120 was similarly prepared from o-hydroxypropiophenone
via the ethyl carboxylate ester 119 (Scheme 28 p.57). The chromone-2-
carboxamides 129-139 were prepared from the corresponding chromone-2-
carboxylic acids 112-117 and 120 via the chromone-2-carbonyl chloride
intermediates 121-127 (Scheme 29 p.61). The acrylamides 140,142-151, and
153 were prepared via amine-mediated ring-opening of the chromone-2-
carboxamides 129-134 (Schemes 30-33 p.569 and p.73) or, in some cases (140

and 141), of chromone-2-carbonyl chloride 121 (Scheme 29 p.61).
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2.1 (i). Preparation ot o-hydroxyacetophenones.
2-Hydroxy-4-methoxyacetophenone 93 was prepared via methylation of
resacetophenone (Scheme 24).1_00 The series of o-hydroxyacetophenones
94-97 were prepared using standard literature proceduresl®! involving
Fries rearrangementh of the corresponding phenyl acetates 88-91,
generated, in turn, by acetylation of the respective m-phenols
{Scheme 24), as described by Bryan et a1.103  The acetates were heated
with aluminium trichloride at high temperatures (ca. 175°C) which favour
o-substitution.101,102 The Fries rearrangement of 3-nitrophenylacetate
88, using nitrobenzene as a solvent,!0L.10% gfforded moderate yields (ca.
402) of 2-hydroxy-4-nitroacetophenone 94. Extended steam distillation

was necessary, since the initial fractions were predominantly solvent.

0
R" : ~OH HO/©\/:

li, Rl = NOz; FD C19 Br. l iii
0
/u\
R’ 0 R’ OH
Rl
- OMe 93
88 NO, 94
89 F 95
90 Cl 96
91 Br 97
SCHEME 24

Reagents : 1) Aq.NaOH - Acy0, 0°C; ii) AlCl3, Aj;

iii) Me,504 - Acetone - K;CO3, A.
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5-Chloro-2-hydroxyacetophenone 98 was similarly prepared from
4-chlorophenyl acetate 92 which, in turn, was prepared from

4~-chlorophenol (Scheme 25).

Cl

Cl Cl
T - T g
—_— ,JL\\ —_—
OH 0 OH
92

98

SCHEME 25

Reagents : i) Aq.NaOH - Acy0, 0°C; ii) AlClj3, A.

2.2 {ii). Preparation of chromone-2-carboxylate esters and chromone-2-

carboxylic acids.
The chromone-2-carboxylic acids 112-117 and 120 (Schemes 26 and 28) were
required for the preparation of the chromone-2-carboxamides 129-139,
while, in an investigation of the acidity in the chromone-2-carboxylic
acids 112-118 (Schemes 26 and 27), the C-7 and 6-chloro ring substituents
(Rl) were chosen to illustrate substituent effects on acidity. The
chromone-2-carboxylate esters 110 and 111 and chromone-2-carboxylic acids
112-117 were prepared via Claisen acylation of the o-hydroxyacetophenones
93-97 with diethyl oxalate in the presence of sodium ethoxide, as
described by Fitton and Smalley,!05 and Bryan et al.103 (Scheme 26).
Cyclization of the resultant diketo esters using traces of hydrochloric
acid in acetic acid afforded the chromone-2-carboxylate esters 110 and
111,106,107 yhije chromone-2-carboxylic acids 112-117 were obtained by
using a mixture (1:1) of hydrochloric acid and acetic acid. 1In both
approaches, two reaction intermediates were generally detected by !H NMR

spectroscopy, viz., a diketone and a 2-hydroxychromanone. The chemical

shifts of the methylene protons of the diketone occur at low field
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SCHEME 28

Reagents : 1) NaOEt - EtOH, (COzEt),; il) HCIl - AcOH (1:1), A;
iii) HCl(trace) - AcOH, A (R! = H, NOj);

iv) HyS0, - AcOH, A or HBr - AcOH (452), A (R! = H, NO,).

Cl Cl
i,ii

OH 0 COzH
98 118

SCHEME 27

Reagents : i) NaOEt - EtOH, (COpEt)p; ii) HCl - AcOH (1:1), A.

a8 calculated from 1H spectrum of crude intermediate mixtures.
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(ca. 7.1 ppm), while the diastereotopic (C-3) methylene protons of the
2-hydroxychromanone appear as a doublet of doublets at higher field
(ca. 2.9 and 3.3 ppm). In the synthesis of chromone-2-carboxylic
acid 112, only the diketone intermediate 99 was formed, while in the
synthesis of the substituted chromones 111, 113 and 115-117, mixtures of
the corresponding intermediates were obtained. 1In some cases the
diketone intermediates 100-102 predominated, while in others, the
2-hydroxychromanones i08-109 were the major isomers (Scheme 26). In all
cases the crude intermediate mixtures were used without further

purification.

Chromone-2-carboxylic acid 112 was alternately prepared by acid
hydrolysis of the ethyl carboxylate ester 110.197  7_Nitrochromone-2-
carboxylic acid 114 was similarly prepared from the carboxylate ester 111
{Scheme 26) using sulphuric acid and acetic acid,!07 since the use of
452 hydrobromic acid in acetic acid following the literature
procedurel® gave the acid in low yield (ca. 33%). 6-Chlorochromone-2-
carboxylic acid 118 was prepared via Claisen acylation of 5-chloro-2-
hydroxyacetophenone 98 (Scheme 27 p.56).103 3_Methylchromone-2-
carboxylic acid 120 was prepared by acid hydrolysis of the carboxylate
ester 119, which in turn, was prepared by Claisen acylation of
o-hydroxypropiophenone and diethyl oxalate with sodium hydride

(Scheme 28).107

0 0 0
M
Bt 4,ii Me i ©
—_— N
OH 0 CO,Et 0 COzH
119 120
SCHEME 28

Reagents : i) NaH, (CO;Et),, EtOp; ii) H*, A; iii) H*, A.
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Repeated recrystallisation of the acids did not improve the melting
points which, in some cases, were well below the literature wvalues.
Other methods, such as sublimation and extraction with ethyl acetate,

were used in attempts to obtain analytically pure samples.

The !H chemical shifts of the chromone-2-carboxylic acids and
carboxylate esters were assigned using reported values,5.108 ywhile 1H
and 13C signals of the fluoro analogue 115 were assigned using !H-F and
13c-F coupling constants!0® (Figure 5). The !H NMR spectra of the
chromone-2-carboxylic acids and carboxylate esters are characterised by
the vinyl proton (3-H) singlet at ca. 7.00 ppm or 7.15 ppm respectively
{Table 1). C-7 substituents produce small variations in the (3-H)
chemical shift, while changing the chloro substituent position did not
affect the (3-H) chemical shift, as illustrated in Table 1. The IR
carbonyl absorption bands (ca. 1740 cml) of the chromone-2-carboxylic
acids and carboxylate esters are well separated from the ketone carbonyl

absorption bands occuring at ca. 1650 cml.

Table 1. Selected spectral data for chromone-2-carboxylic
acids and chromone-2-carboxylate esters.

Compound  3-H C0.0H co Compound  3-H C0.0R co
Acid (ppm) (emly  (em]) Ester  (ppm) (cm~1) (em-)

112 7.00 1740 1630 23 7.15 1740 1650
113 6.90 1735 1625 - - - -
114 7.20 1730 1640 24 7.25 1745 1660
115 6.84 1740 1630 - - - -
116 7.00 1710 1650 - 7.09 1740 1655

117 7.00 1720 1630 - - - -
118 7.00 1735 1630 - - - -
120 2.308 1730 1615 31 2.358 1730 1645

a (3-Me) M chemical shift.
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2.1 (iii). Preparation of chromone-2-carboxamides.
An NMR study of rotational isomerism in the chromone-2-carboxamides
129-138 (Scheme 29) required the synthesis of a range of substituted
N,N-dialkyl amides; the ring and N-alkyl substituents were chosen to
illustrate the influence of electronic and steric effects on rotatiomal
barriers. Symmetrically substituted amides were chosen to simplify
interpretation of the dynamic NMR spectra. The chromone-2-carboxamides
129-139 were prepared from the corresponding chromone-2-carbonyl
chlorides 121-127 generated, in turn, from the respective chromone-2-
carboxylic acids 112-117 and 120 using thionyl chloride (Scheme 29).64 1In
all cases, yields of the carboxamides were calculated from the
corresponding carboxylic acids (Table 2). The crude chromone-2-carbonyl
chlorides were reacted, following a literature procedure,% with one
molar equivalent of primary or secondary amine in agqueous sodium
bicarbonate, or in pyridine. An equimolar quantity of amine waé used,
since C-2 nucleophilic attack by excess amine with consequent ring-
opening afforded acrylamides, e.g. reaction of chromone-2-carbonyl
chloride 121 with excess aqueous dimethylamine afforded the acrylamide
140. It is interesting to note that in related studies, Jerzmanowska
and Kostkal’ have reported the ammonolysis of chromone-2-carboxylate
esters using one molar equivalent of amine; while ring-opening of
chromone-2-carboxylate esters with two molar equivalents of amine, and
subsequent cyclisation of the resulting acrylamides (e.g. 140), afforded
chromone-2-carboxamides (e.g. 129). The analogous preparation of
N,N-dimethylchromone-2-carboxamide 129 viz ammonolysis of the ethyl
carboxylate ester 110 with one molar equivalent of ethanolic

dimethylamine in ethanol was unsuccessful.
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SCHEME 29
Reagents : i)  SOCl; - DMF - CICH,CH,Cl, A
ii) Me,NH,Cl (128) - pyridine, 0°C, or
R - aq.NaHCO3, or
R3H - pyridine;
iii) R% (2 Molar eq.) - H,0 (R! = RZ = H);
iv) Ethanolic Me,NH - EtOH (R! = R? = H);
v) Ethanolic Me,NH - pyridine (R! = R? = H).
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TABLE 2. Preparation of chromone-2-carboxamides 129-138.

0
Rz
R 0~ “COR3
Anhydrous reactions Aqueous Reactions
Compound Rl R2 R3 Crude  Chrom. Crude Chrom. Melting
Yield® Yield Yield® YieldP Point
(%) (%) (%) (%) (°C)
129 W H Niep 76 62 109 sh 115-1164
130 OMe H NMep 92 83 - - 120-122¢
131 N, H Niep 68 66 - - 152-153¢
132 F H NHey 76 64 54 43 144-146°
133 O H NMep 80 72 61 41 146-147¢
134 B H NHep 96 77 32 21 143-145¢
135 H Me NMep 84 71 52 24 74-76%
136 H H wpri, -f 40 6 - 95-96¢
137 W H NO . - 0 2 103-105¢

1383 M H N: > f 75 - - 66-678

2 pverall yield from the corresponding acid, material essentially clean by 1y MR spectroscopy.
D pyerall yield from corresponding acid after flash chromatography. © New compound with
satisfactory spectroscopic analyses. d15¢.17 115-116°C. © Lit.17 90.5-92°C. T Crude oil.

9 Recrystallised yield. h Flash chromatography of crude motherliguors. ¥ Crude mixture of

acid and amide.
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The N,N-dimethylchromone-2-carboxamides 129 and 132-135 were initially
prepared in variable yields (15-612; Table 2 p.62) from the chromone-2-
carbonyl chlorides 121 and 124-127 using equimolar quantities of aqueous
dimethylamine (40Z w/w), and applying the procedure reported by Ellis
et al.5% [Low yields were also obtained in the preparation of chromone-
2-carboxamides 136 and 137 in aqeuous media (Table 2).] Such low yields
may be attributed to factors such as the insolubility of both starting
materials and products in aqueous media and the possible hydrolysis of
the chromone-2-carbonyl chloride iptermediates. The synthesis of
chromone-2-carboxamide 138 in higher yield (75Z) using dry pyridine as
solvent illustrated the advantages of using anhydrous conditions, and
this approach was consequently explored for the synthesis of the
N, N-dimethylchromone-2-carboxamides 129-135.110 However, the use of
ethanolic dimethylamine (332 w/w) afforded a mixture (1:2) of the
carboxamide 129, in low yield (ca. 28%), and the corresponding ethyl
carboxylate ester 110. The use of pure dimethylamine was not considered
a viable proposition in view of its wvolatility (b.p. 7°C), which
complicates both handling and measuring of the compressed liquid at room
temperature. [An alternative procedure which does not require the "use
of the somewhat objectionable dimethylamine”, has been reported by
Coppinger.11l This procedure involves the reaction of an acid chloride
or anhydride in WN,N-dimethylformamide at high temperatures (150°C) to

afford N,N-dimethylcarboxamides.]

The use of dimethylammonium chloride 128 in anhydrous pyridine at 0°C,
eliminated the problems associated‘with the use of aqueous/ethanoclic or
neat dimethylamine, and afforded the required N,N-dimethylchromone-2-
carboxamides 129-135 in high yield (68-982; Table 2).l110 various
quantities of amine hydrochloride were used in the preparation of the

unsubstituted analogue 129, and optimum yields were obtained using two
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molar equivalents of the amine hydrochloride. Free dimethylamine is
thus generated in situ via neutralisation with pyridine, the reaction
solvent. Furthermore, acyl substitution!!? is enhanced by the formation
of an acylammonium salt,!!3 via nucleophilic attack of pyridine on the
carbonyl chloride intermediate, andAthe hydrochloric acid produced is
neutralised by pyridine. [Ammonium salts have previously been used in
the reported acid catalysed ammonolysis of ethyl benzoate;!l? the
acylation of amines by carboxamides;!!® and the Schotten-Baumann

acylationll® of 1,3,5-tris(aminomethyl)benzene trihydrochloride.ll7]

Chromone-2-carboxamide 139 was prepared from the carbonyl chloride 121
using a large excess of agueous ammonia, or two molar equivalents of
ammonium chloride in pyridine; the latter preparation repéesents an
extension of the use of ammonium salts in the synthesis of chromone-2-
carboxamides. However, in both preparations, impurities were detected

in the !H and 13c NMR spectra.

The I1H NMR chemical shifts of the chromone-2-carboxamides 129-139 were
assigned using the literature values for chromone,!! and correlation
data from COSY experiments. Non-quaternary !3C chemical shifts were
assigned from HETCOR experiments (Figure 6), while the benzenoid signals
were also confirmed by calculation using correlation tablesl®® and, in
the case of the fluoro-analogue 132, using 13c.F coupling constants!09
(Figure 7). In general, the C-5 and C-6 13C chemical shifts are too
similar to assign by calculation (in the case of the
N,N-dimethylchromone-2-carboxamide 129 these signals actually coincide).
The quaternary carbons, C-4a and»C-Sa, and the ketone carbonyl carbon
(C-4) signals correlate with reported values for chromone,ll while C-2
chemical shifts were assigned by comparison with reported values of the

corresponding chromone-2-carboxylic acids and carboxylate esters.51,108
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The 1H NMR spectra of chromone-2-carboxamides 129-139 are characterised
by the vinyl proton (3-H) singlet at ca. 6.45 ppm. The observed
splitting of the N-alkyl signals at ambient temperature in all the 13¢
NMR spectra and, with the exception of the ¥N,N-dimethylchromone-2-
carboxamides 129,132 and 133 in all the ambient lH NMR spectra, reflects
slow site-exchange of the N-alkyl substituents. The C-7 substituents
produce wide variations in the C-7 13¢ chemical shifts relative to the
parent system 129, as illustrated in Table 3. This effect gradually
decreases with distance from C-7, and produces small chemical shift
variations of the y-pyrone carbons, particularly the remote C-2. The
largest variations were generally due to 7-methoxy-, 7-nitro-, aﬁd
7-fluoro- substituents. Variation of the 7-substituent also effected
small variations in the vinyl (3-H) !H chemical shifts. 1In the IR
spectra of the chromone-2-carboxamides 129-139, the ketone carbonyl
absorption band occurs in the typical chromone carbonyl region
(ca. 1650 cm™l), and the overlapping of the amide carbonyl absorption
band in this region is attributable to delocalisation of the nitrogen
lone-pair, which increases the single-bond character of the amide

carbonyl.
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Table 3. Comparative 1H and 13¢ NMR data for the
N,N-dimethylchromone-2-carboxamides 129-134.

13¢ Nucleus 5 129 A8?
(ppm) (ppm)

CON 162.27 0.94
c-2 158.20 1.08
c-3 111.58 0.83
C-4 177.42 1.61
C-4a 124.20 6.15
c-5 125.73 3.66
C-6 125.73 11.33
-7 134.25 31.41
Cc-8 118.13 17.74
C-8a 155.66 1.77
3-gP 6.45 0.16

3 Maximum variation from compound 129.

b 1y nucleus.

2.1 (iv). Preparation of 2-amino-3-{2-hydroxybenzoyl)acrylamides.

A prerequisite for the proposed kinetic study of the dimethylamine-
mediated ring-opening of the chromone-2-carboxamides 129-133 was the
unambiguous structural analysis of the N,¥N-dimethylaminoacrylamide
products 140 and 142-146. The synthesis of these compounds is
illustrated in Scheme 30 (p.69). Ring substituents (Rl) were chosen to
illustrate electronic effects on the reaction rates, which, in turn,
were used to determine the reaction mechanism. The N,N-dimethyl-2-
pyrrolidinoacrylamide 151 (Scheme 32 p.72) was prepared to facilitate
assignment of the N-methyl NMR signals of the substituted
N,N-dimethylacrylamides 140,142-150, and 153. The acrylamide 153 was
prepared in order to show the interaction of N,N-dimethylchromone-2-
carboxamide 129 with glycine (Scheme 33 p.72). The acrylamides 140, 142-151

and 153 were generally prepared via amine-mediated ring-opening of the
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corresponding chromone-2-carboxamides (129-134) in ethanol at 35°C, or,
in some cases, at ambient temperature (Schemes 30-33). The acrylamides
140 and 141 were obtained by reacting the chromone-2-carbonyl chloride
121 with two molar equivalents of secondary amine in water

{Scheme 29 p.61).

Isolation of the substituted N-methylaminoacrylamides (147-150;

Scheme 30), as minor products in the preparation of the substituted
N,N-dimethylamincacrylamides 143-146, is attributed to contamination of
the ethanolic dimethylamine (252 w/w) with traces of methylamine. [GLC
analysis of ethanolic dimethylamine (252 w/w) showed an additional peak

with a retention time corresponding to ethanolic methylamine (5% w/w).]

CH,\N _CH,
0 =~ “CON(CH,),
i 0
] — = +
1 /H

R’ 0 CON(CH;). R 0
R!
H 129 140 -
OMe 130 142 -
NO, 131 143 147
F 132 144 148
o 133 145 149
Br 134 146 150

SCHEME 30

Reagents : 1) Ethanolic MeyNH - EtOH, 35°C (130-134), or rt (129).
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The bromo-analogue 150 was also prepared using ethanolic methylamine
(Scheme 31 p.72), thus providing an alternative preparation and evidence
for the characterisation of the N-methylaminoacrylamides 147-150. The
acrylamide 153 was prepared using glycine ethyl ester, generated in situ
by neutralising the hydrochloride salt 152 with an equimolar quantity of
potassium hydroxide using ethanol as solvent (Scheme 33 p.72). [Excess
base may catalyse cyclisation of the acrylamide 153 to afford a pyrrolyl
derivative?3 (e.g. 18; Scheme 5 p.8), as described previously in

Section 1.1.1.2 (ii)].

The 1H and 13¢ N-methyl signals of the N,N-dimethylacrylamides 140,

142-150 and 153 were assigned by comparison with the NMR spectra of
N,N-dimethyl-2-pyrrolidinoacrylamide 151, and correlation data from

HETCOR experiments on the acrylamide 153 (Figure 8 p.73). The benzenoid 3¢
chemical shifts were assigned by calculation using correlation tablesl0?
and, in the case of the fluoro analogue 144, by !3C-F coupling

constants!®® (Figure 10 p.75), while correlation data from HETCOR and COSY
-experiments were used to establish the !H chemical shifts (Figures 8

and 9 p.73 and p.74).

The acrylamides 140-151 and 153 (Schemes 29-33) are differentiated from
the chromone-2-carboxamides 129-134 and 137 by the vinyl proton (3-H)
singlet which occurs at 5.63 - 5.80 ppm in the acrylamides (Tables 4 and
5), and at lower field, viz., 6.45 - 6.62 ppm in chromone-2-
carboxamides. The acrylamides are also characterised by the phenolic
proton singlet which occurs at low field, ca. 13 - 14 ppm due to intra-
molecular hydrogen bonding between the phenolic proton and ketone
carbonyl group.l® Determination of the E-double bond configurational
and the conformational preferences of the ¥N,N-dimethylacrylamides

140,142-146 and 151 will be discussed in Section 2.3. Although, the vinyl



71
proton (3-H) chemical shifts of the N-methylaminoacrylamides 147-150 are
almost identical to those of the corresponding
(E)-N,N-dimethylaminoacrylamides 143-146 (Tables 4 and 5 p.76), the
2-double-bond configuration is presumably favoured in the
N-methylaminoacrylamides 147-150 and the acrylamide 153 due to
additional intra-molecular hydrogen bonding between the amino proton and
the ketone carbonyl group (Schemes 30 and 33).15 The N-alkylamino
acrylamides (147-150 and 153; Schemes 30 and 33) are characterised by
amino and phenolic proton chemical shift singlets at ca. 10 and 13 ppm
respectively, and the IR N-H absorption band of the amino group at ca.
3200 em™! (Table 5 and Figure 11 p. 76 and p.77). These values
correlate with data reported by Zagorevskii et al.l® in related studies.
In the N,N-dimethylaminoacrylamides (140, 142-146, and 151) the IR
hydroxyl stretching band is shifted below 3000 cm! due to
intramolecular hydrogen bonding, and similar effects are presumed to

obtain in the N-methylaminocacrylamides (147-150 and 153; Figure 11).
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Table 4. Characteristic spectroscopic data for the

N,N-dialkylamino acrylamides 140-146 and 151.

Compound 3-H/ppm OH/ppm

140 5.75 13.60
141 5.57 13.61
142 5.65 14.10
143 5.71 13.85
144 5.63 14.00
145 5.66 13.85
146 5.65 13.70
151 5.72 13.70

Table 5. Characteristic spectroscopic data for the N-alkylamino
acrylamides 147-150 and 153.

Compound 3-H/ppm NH/ppm OH/ppm NH2/cm™!

147 5.76 10.56 13.52 3235
148 5.62 10.10 13.57 3230
149 5.65 10.30 13.41 3200
150 5.65 10.30 13.36 3200
153 5.80 10.50 13.01 3230

a8 Assigned by comparison with OH absorption bands
of N,N-dialkylamino acrylamides and reported values

for N-monosubstituted-g-aminovinylketones (e.g. 3310cm-1y .15
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FIGURE 11. Solid-state IR spectra of compounds 146 and 150.
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2.1 (v). Preparation of disodium cromoglycate.
As part of an investigation of the significance of ring-opening
reactions in molecular-level chromone pharmacology, the dimethylamine-
mediated ring-opening reactions were extended to include DSCG 158. DSCG
158 was prepared following the procedures reported by King et al.%0
(Schemes 34 and 35). Thus, the bis(o-hydroxyacetophenone) 155 was
prepared by condensation of two molar equivalents of
2,6-dihydroxyacetophenone with single molar equivalents of
epichlorohydrin and potassium hydroxide {Scheme 34). King et al.%0
found that alkylation of the second phenolic group of the monoalkylated
intermediate species 154 was prevented by strong intra-molecular
hydrogen bonding between the phenolic proton and ketone carbonyl group.
Diethyl cromoglycate 156 was prepared via Claisen acylation of the
bis(o-hydroxyacetophenone) 155 with excess diethyl oxalate and sodium
ethoxide. Three products, viz., the required diethyl carboxylate ester
156, starting material 155, and the major component, 3-(2-acetyl-3-
hydroxyphenoxy)-1-(2-ethoxycarbonylchromon-5-yloxy)-2-hydroxypropane
157, were isolated in yields well below the reported values. Disodium
cromoglycate 158 was prepared by hydrolysis of the diethyl carboxylate
ester 156. The quantity of sodium hydroxide used was limited to 2 molar
equivalents in order to control contamination by the ring-opened
product.!® The dimethylamine-mediated ring-opening of DSCG 158
(Scheme 35) was performed in an NMR tube, and the reaction was followed

by NMR spectroscopy, as described in Section 2.4.
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The 1H and 13 NMR chemical shifts of the 2-hydroxypropane analogues 155-
159 were assigned using correlation data from COSY and HETCOR
experiments on compound 157 (Figures 12 and 13); the 13¢ benzenoid
signals were assigned by calculation using correlation tables.109 1In
diethyl cromoglycate 156, the aromatic and 2-hydroxypropane proton
chemical shifts correlate with the literature values for dimethyl
cromoglycate,!l and the C-2 signal was assigned using the value for

ethyl chromone-2-carboxylate 110.108
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2.2 NMR ANALYSIS OF ROTATIONAL ISOMERISM IN

CHROMONE-2-CARBOXAMIDES!20

The chromone-2-carboxamides (129-138; Table 6 p.85) were prepared from
the corresponding acids via an acid chloride intermediate, as described
previously in Section 2.1 (iii). The ring and N-alkyl substituents were
chosen to determine electronic and steric effects on the rotational
equilibria. Symmetrically substituted N,N-dialkyl amides were chosen to
simplify interpretation of the variable-temperature !H NMR spectra. The
rotational energy barriers (AG*; Table 6) of the chromone-2-carboxamides
were determined from variable-temperature !H spectra (e.g. Figure 14),
in which the observed splitting of the N-alkyl signals was attributed to

slow site-exchange of the N-alkyl substituents.

345A
335 K ,_/\_~ Q;SJ\ 315 K i
325 K /_\ ML_ MA__
320 K M B_ZSJA\ 300 K
315 K M 315M 296 X

305 X M 305M 285 K JL

3.7 3.4 3.8 3.6 3.2 3.0 5
138 137 130

—

FIGURE 14. Variable temperature !H NMR spectra showing N-alkyl

signals for selected chromone-2-carboxamides (129-138).
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TABLE 6. Data from dynamic NMR study of chromone-2-carboxamides 129-138.2

o
RZ
R’ 0~ “COR?

Compound R1 R? R3 TP/K  Av E/Hz AG/kamo1-l  Kyggt/s!
130 OMe H NHe, 302 2.5% 0.7 69.7% 1.5 a
131 N, M NMe, 305 1.8% 0.6 7.2+ 1.9 2
132 F H NMe, 270 1.0+ 0.5 64.1% 2.3 36
133 O H NHe, < 2557 - - -
134 Br H NMe; 290 1.0 0.3 69.0% 1.6 5
135 Me NMe, > 3459 - >72.3% 0.2 <1
129 B H NMe, 270 0.8+ 0.3 64.6+ 1.9 29
136 H H Neri, 315 87.2% 2.2 63.5% 0.7 a6
137 M H Ni:\ 32 13.6% 1.1 72.2+ 0.9 1
138 H H N ) 35 6l1.6x 1.6 66.5 0.9 14

Ayariable temperature 300 MHz 1y R spectra recorded using solutions in CDCls3.
bCoalescence temperature &+ 3 K). cFrequency separation at coalescence.

Orree energy of activation for N-CO rotation; AG" = RT. (22.96 + In T./Av ).
erirst-order rate constant at 298 K for N-CO rotation; In k = In (kpT/h) - AG*/RT.
o splitting of NMep signal observed. 9N6 coalescence of the NMe signals observed;

Av at 345K = 36.5+ 0.5 Hz.
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In chromone-2-carboxamides (Scheme 36 p.87; where R* = R) simultaneous
rotation about two bonds, viz., the N-CO and C(2)-CO bonds implies a
rotational equilibrium between two equivalent pairs of gquasi-planar,
resonance-stabilised conformers [(JTa= Ila) and (Ib= IIb)]. [In
analogous benzamides the amide and aromatic planes are apparently
twisted slighly out of plane relative to each other due to steric
interactions and the rotational equilibrium apparently comprises two
gquasi-planar conformers,?® as discussed in Section 1.2.1.] Site-
exchange about the C(2)-CO bond at ambient temperature is expected to be
too rapid for dynamic NMR spectroscopic analysis. This expectation may
be rationalised by analogous rotational barriers about the C(1)-CO bond
in sterically hindered ortho-substituted benzamides which have been
reported to be less than 60 kJ mol-1.%5 Since IR spectroscopy has a very
much shorter time-scale, the rapid C(2)-CO rotation may have been
analysed using this alternative detection method. Successful analysis
of rapid C(2)-CO rotations have been shown by the IR study of rotational
isomerism in chromone-2-carboxylate esters, ! previously discussed in
Section 1.2.2. In chromone-2-carboxamides, however, the infrared ketone
and amide carbonyl absorption bands partially coincide at ca. 1650 cm!,
which prevented IR analysis of the C(2)-CO rotational barrier. However,
rotation about the N-CO bond is expected tc be hindered by
delocalization of the nitrogen lone-pair (Figure 15 p. 87), and in the
rotational equilibria, ky, ky << k,, ky (Scheme 36). Consequently,
site-exchange of the N-alkyl substituents is likely to be sufficiently
slow for NMR analysis. Since the rotational equilibria comprise two

non-equivalent rotamer types (a) and (b), the measured rate constants
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for site-exchange are weighted combinations of the individual rate
constants. Use of the Winstein-Holness principle¥ then affords

equation 4.

kops = k5 [Ia] + kg [Ib] (4)

In the series 129-138, the !H NMR frequency separations measured at slow
site-exchange (Av,) range Dbetween 1-99 Hz, and are smallest for the
N,N-dimethylcarboxamides (129-132 and 134). Such frequency separations
(Avy) reflect the difference in the average magnetic environment of each
N-alkyl substituent in each compound, and more specifically, their
average position relative to the magnetically anisotropic chromone and
amide?® functions. The positions of the relevant nuclei relative to the
amide function are determined by : dipole-dipole and steric?®
interactions; "gear-meshing"!?l of the isopropyl groups in compound 136;
and ring-conformational constraints in the heterocyclic analogues 137
and 138. Similar deshielding of the N-methyl groups in the
N,N-dimethylcarboxamides (129-132 and 134) may thus account for the small
Av, values. In the 7-chloro analogue 133, the !H NMR N-methyl signal did
not split, the material precipitating below 255K. This observation

is probably due to identical deshielding of the N-methyl groups at slow
site-exchange, rather than an unusually low rotational barrier. This
argument is also substantiated by the observed splitting of N-alkyl

13¢ signals at ambient temperature for all the chromone-2-carboxamides

129-138, including the 7-chloro compound 133.
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Rotational energy barriers (AG"; Table 6 p.85), were determined for the
chromone-2-carboxamides (129-132,134,136-138) from the coalescence
temperatures (I;) and the frequency separations at coalescence (Av.),
using equation 2.% The latter Ay, values were determined by linear
extrapolation (Section 3.3), as described by Lai and Chen.l22 site-
exchange rate constants (k) were then determined from the AG" values

using equation 3.

AG* = RT, (22.96 + 1ln T./Av) (2)

In k = ln (k,T/h) - AG¥/RT (3)

The rotational energy barriers (AG*) range between 64-72 kJ mol-l
correlating with typical amide ;btational barriers (50-100 kJ mol-l)
and, more importantly, with reported AG" data for comparable
N,N-dialkylbenzamides.123.124 The slightly higher rotational barriers
determined for the chromone analogues, relative to the
N,N-dialkylbenzamides, may reflect a reduction in competitive
delocalisation?® due to the electron-withdrawing chromone system

(Figure 16 p.92). This electron-withdrawing effect consequently increases
the double-bond character of the N-CO bond, which effectively increases
the magniﬁude of the chromone-2-carboxamide rotational barriers. In the
substituted ¥,N-dimethylcarboxamides, the increasing net electron-
withdrawing effects of the substituent R! result in decreasing
competitive delocalization, and such effects may account for the gradual
increase in AG" values in the series Rl = F (132) < Br (134) < NO, (131).
This trend also correlates with reported AG* data for the corresponding
para-substituted N,N-dimethylbenzamides.l?3 Changing conformer
populations may influence the overall rate of rotation and could explain

the apparently anomalous result for the 7-methoxy analogue 130.
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The rotational barriers for the pyrrolidine derivative 137, and to a
lesser extent, for the piperidine analogue 138 are both higher than that
of the N,N-dimethyl compound 129. This may illustrate the influence of
electron-releasing inductive effects on nitrogen lone-pair
delocalisation (Figure 15 p.87). Ring conformational contraints are
expected to allow the pyrrolidine nitrogen to adopt the planar sp2
arrangement more easily than the piperidine nitrogen. The pyrrolidine
nitrogen thus has more sp? character and hence more effective nitrogen
lone-pair delocalization. This effect may account for higher rotational
barrier for the pyrrolidine derivative 137 than for the piperidine
analogue 138. This trend correlates with reported AG* data for simple
piperidine and pyrrolidine compounds,?® as discussed in Section 1.2.1.
The electron-releasing inductive effect may be opposed by steric
destabilisation of the carboxamide ground-statel?’ which inhibits
delocalisation, and this effect presumably occurs in the
N,N-diisopropylchromone-2-~carboxamide 136. An analogous trend occurs in
the reported.AG* data for benzamide analogues, viz.,
N,N-diisopropylbenzamide < ¥,N-dimethylbenzamidel?? ~ 1-benzoyl-

piperidine.50

As discussed'previously in Section 1.2.2, an IR study of rotational
isomerism in chromone-2-carboxylate esters has shown that bulky
3-substituents appear to prevent co-planarity of the ester and chromone
planes.5! Similar steric effects were thus expected to occur in
3-methylchromone-2-carboxamide 135 and this expectation is supported
both by computer modelling and by earlier studies of benzamide
analogues.® Steric effects of the bulky 3-methyl substituent are
expected to inhibit rotation about both the C(2)-CO and N-CO bonds.
This expectation was confirmed by the well separated !H NMR N-methyl

signals (37 Hz) which did not coalescence even at 345 K. The proposed
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conformation illustrated in Figure 17 (p.92) rationalises both the
failure to achieve coalescence of the lH N-methyl signals and the
expected steric constraints. In the proposed conformation, the
essentially planar N,N-dimethylcarboxamide group lies perpendicular or
nearly perpendicular to the chromone plane, the N-methyl groups are
diastereotopic, and rotation about both the C(2)-CO and N-CO bonds is
significantly hindered due to steric effects of the 3-methyl
substituent. These steric interactions were further investigated using
nuclear Overhauser enhancement (n.0.e.) experiments, involving the
separate irradiation of the 3-methyl group and each of the N-methyl
groups (Figure 18 p.93). In each case, small enhancements of both non-
irradiated methyl groups occur in the n.0.e difference spectra
(Figure 19 p.92). [Calculation of the n.C.e. enhancements is described
in Section 3.3] These findings suggest that all three methyl groups are
closely situated to each other, thus substantiating the proposed
conformation (Figure 17). However, in view the small magnitude of the
intensity enhancements and the complexity of the internal rotations,

arguments based on the n.0.e data cannot be considered conclusive.



92

FIGURE 16. a) competitive delocalization;

b) nitrogen lone-pair delocalization.

carboxamide

plane

chromone ___

plane

N-methy)
groups

(1) (i1)

FIGURE 17. Proposed conformation of compound 135 based on
computer-modelled structure; (i) "wire-frame®

and (ii) "spacefill” representations.

FIGURE 19. Percentage n.O.e. enhancements of compound 135.
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FIGURE 18.

L _

V2 V3

If N.m.r. spectra of methyl signals from n.O.e.
experiments on chromone-2-carboxamide 135 :-

a) irradiation at frequency, vi; b) irradiation
at frequency vjy; c¢) irradiation at frequency, vj3;

and d) reference spectrum.
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2.3 STRUCTURAL ANALYSIS OF CHROMONE-DERIVED

2-AMINO-3-(2-HYDROXYBENZOYL)ACRYLAMIDES126

As previously discussed in Section 1.3.3 (iv), many different modes of
action for DSCG in asthma therapy have been proposed. The mast cell
stabilising action’2:93 of DSCG has received the most attention,
although, the molecular basis for this action (and all the other
proposed modes of action) has not been elucidated.66.72,93,98 Chromones
are susceptible to C-2 nucleophilic attack and are consequently ring-
opened by various nitrogen?! and oxygen nucleophiles.26 The implications
of such reactions in molecular-level chromone pharmacology have thus
been explored in the present study. DSCG may interact with biogenetic
nucleophiles via the ring;opening reaction. Such reactions thus provide
a mechanism for the C-2 covalent binding of the drug to mast cell
receptor sites such as the DSCG-binding protein (Figure 20).9%9 The
drug may similarly block or antagonise the effects of anti-inflammatory
mediators such as histamine. The reactions of the chromone-2-
carboxamides with amines as models for in vivo nucleophiles were thus
investigated {Scheme 37 p.95)., The configurational and conformational
preferences of the ring-opened 2-amino-3-(2-hydroxybenzoyl)acrylamides
140, 142-146, and 151 were determined using a combination of x-ray
crystallographic, !H, !3¢ NMR and IR spectroscopic, and computer

modelling techniques 126

s O o f§
s ‘3 /x
l[\.. D ——
7 9 2™R OH

FIGURE 20. Putative interaction of biogenetic nucleophiles

X

(e.g. X = N,0,S5) with chromone systems.
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Chromones are ring-opened to produce products with either E- or
Zz-double-bond configurations. 2agorevskil et al.l5 have investigated

B -aminovinylketone systems using iy J1,3 vinyl coupling constants to
determine the E-configuration of N,N-disubstituted p-aminovinylketones
160 and the Z-configuration of N-monosubstituted analogues 161. However,
they failed to determine the double-~-bond configuration in the products
of reactions of 2-substituted chromones with secondary amines. NMR and

IR spectroscopy have also been used!® to determine the significance of

intra-molecular hydrogen-bonding in both series.

NR,

The E-double-bond configuration of the parent system 140 was
unambiguously determined by single crystal x-ray diffraction analysis.
The crystal structure and packing diagrams of this compound (140) are
shown in Figures 21 and 22 (p.97 and 98). The crystal stucture also
indicates intra-molecular hydrogen-bonding between the phenolic proton
and the syn-orientated ketone carbonyl group. The amide group is planar
with a maximum deviation from the least-square plane of 0.0820 &, and
lies perpendicular (ca. 85°) to the rest of the molecule. The remaining
crystallographically determined atoms are co-planar, with a maximum
deviation from the least-square plane of 0.0796 A. The planarity of the
B-amino-vinyl ketone system implies significant delocalisation of the
dimethylamino nitrogen lone pair into the extended conjugated system
(Figure 23 p.99). This delocalisation effect is also enhanced by
intra-molecular hydrogen-bonding chelation which also encourages the

co-planarity of the aryl and pB-amino-vinylketone systems.



FIGURE 21.

X-Ray crystal structure of (E)-2-(dimethylamino)-3-
(2-hydroxybenzoyl)-~N,N-dimethylacrylamide 140,
showing the crystallographic numbering.

97



98

-2~ (dimethylamino) -3-
crylamide 140.

am of (E)
N-dimethyla

FIGURE 22. packing diagr
{ Z-hydroxybenzoyl y-N,
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FIGURE 23. (a) Favoured E-configuration of compounds 140,142-146 and
151 illustrating delocalisation and hydrogen-bonded
chelation. (b) Unfavourable steric interaction in the
alternative conformer of the E-diastereomer.
(c) Unfavourable steric interaction in a planar conformation

of the Z-diastereomer.
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NMR and IR data may be used to argue that the solid state (crystal)
conformation of the parent system is essentially maintained in solution
i.e. in chloroform; and the same configurational and conformational
preferences are present in all of the 2-amino-3-(2-hydroxybenzoyl)-
acrylamides 140, 142-146, and 151. The ZE-double-bond configuration in
each of the 2-amino-3-(2-hydroxybenzoyl)acrylamides is substantiated by
the following NMR data, obtained for CDClj solutions. In the series
(Table‘7; Figure 24 p.101), the chemical shifts for the wvinyl (3-H)
protons and the non-aromatic carbons show only small differences and the
vinyl 3-H proton chemical shifts correlate more closely to the |
calculated value for the Z-isomer (5.51 ppm) than for the Z-isomer
{6.08 ppm). These calculated values were determined using the method of
additive increments described by Matter et al.127 Furthermore, in each
of the compounds, the 13C N-methylamino and N-methylcarboxamido signals
are both split at ambient temperature. The corresponding lH
N-methylcarboxamido signals are clearly split, while the lH
N-methylamino signals form broad, post-coalescence singlets at ambient
temperature (Figure 24). N,N-disubstituted amides usually exhibit slow
site-exchange of N-alkyl groups at ambient temperature. However, the
analogous splitting of the 13¢ N,N-dimethylamino signals is significant
and implies a rotational equilibrium between resonance-stabilised planar
conformers due to slow site-exchange of diastereotopic N-methyl groups.
These conformational options are only possible in the E-double-bond
configuration of the acrylamide illustrated in Figure 23a (p.99), since
molecular modelling studies show that in the Z-diastereomer
(Figure 23c), unfavourable steric interactions prevent co-planarity of
the dimethylamino- and vinyl ketone moieties. The alternative planar
conformer (Figure 23b) is destabilised by unfavourable steric
interactions even when the planar amide moiety is perpendicular to the

rest of the molecule. [The planar arrangements illustrated in Figure 23



Table 7. Comparative !H and 3¢ NMR chemical shifts for
dimethylamino-¥, N-acrylamides 140,142-146, and 151.

13¢ Nucleus 5 140 AB?
(ppm) (ppm)
CO.NMe; 34,06 0.44
36.84 0.46
NMe, 39.38 0.52
40,11 0.82
c-1 166.44 1.52
c-2 158.76 1.54
c-3 88.81 0.31
C-4 189.74 1.72
3-gb 5.75 0.12

2 Maximum deviation from compound 140.

b 1§ nucleus.

(a) CH,
3/2 CON(CHa)a
(b) (c)
N A M&W
3.2 2.8 5 so 208

FIGURE24. (a) Compounds IV with numbering (see Table 7 for NMR data).
(b) Partial !H NMR spectrum for compound (144; R! = F).

(c) Partial 13¢ NMR spectrum for compound (144; Rl = F).
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were obtained by changing the relevant torsion angles of energy
minimised structures.] The perpendicular arrangement of the amide group
illustrated in the crystal structure of the parent system is likely to
be maintained in solution, and eliminates unfavourable steric
interaction with the vinyl ketone oxygen, while still allowing
uninhibited delocalisation of the nitrogen lone-pair in the

independently planar amide group.

In the IR spectra of the compounds obtained using KBr discs and
chloroform solutions, the carbonyl absorption bands differ only by

ca. = 10 cm~l. This observation is significant since IR carbonyl band
frequencies are sensitive to structural change. Furthermore, in the
systems examined, both ketone and amide carbonyl absorption bands are
generally superimposed at low frequencies, viz., ca. 1650 cm-l

[Figure 11 p. 77, Section 2.1 (iv)]. This observation reflects s
reduction in the double-bond character of both carbonyl groups due to
effective delocalisation. While such frequency shifts are
characteristic of planar amide systems, they also independently
substantiate the essential co-planarity of the dimethylamino and aryl
vinyl ketone systems. The hydroxyl stretching band is shifted below
3000 cm'! in both the solid state and solution IR spectra of each
compound, while the phenolic proton chemical shifts occur at low field
(ca. 14 ppm) in the 60 MHz 1y NMR spectrum of each compound. Both these
observations substantiate?® the strongly hydrogen~-bonded chelate

conformation illustrated in Figure 23a (p.99).

C-2 nucleophilic attack may occur at either face of the planar chromone-
2-carboxamide (I, Scheme 37 p.95) and ring-opening proceeds via racemic,
dipolar intermediates III (see mechanistic study in Section 2.5.)

Product development control may be responsible for the preferential
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formation of the corresponding (E)-dimethylaminoacrylamides IV,
Alternatively, the predominance of the more stable isomer may result
from equilibration to the E-product, as a result of the configurational
lability of the dimethylamindacrylamides IV. Analogous configurational
labilty has been reported by Shvo and Shanan-Aridil?® in related
systems, and has been rationalised by amino nitrogen lone-pair
delocalisation which effectively increases the single-bond character of
the double-bond. The essentially planar, conjugated E-products IV are
the more stable isomers due to effective delocalisation of the .
dimethylamino nitrogen lone-pair, an effect which is not possible in the
Z2-diastereomers due to steric inhibition of resonance. In the mono-
substituted amino analogues 161 (p.96) examined by Zagorevskii et al,,15
however, co-planarity of the syn-orientated amino- and vinyl ketone
groups may be achieved in the Z-isomer without steric strain. The
Z-double-bond configuration in these compounds is apparently favoured
due to stabilisation by additional intra-molecular hydrogen bonding

between the amino hydrogen and the ketone carbonyl group.
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2.4 NMR ANALYSIS OF THE REACTION OF DISODIUM CROMOGLYCATE WITH

DIMETHYLAMINE

The dimethylamine-mediated ring-opening of DSCG 158 (Scheme 35 p.80) was
performed in an NMR tube, and the reaction was followed by NMR
spectroscopy. 1H and 13C spectra of the starting material, and the
reaction mixture after 0.5 h are shown in Figures 25 and 26. The lH NMR
spectrum of the reaction mixture taken after 0.5 h shows the complete
disappearance of the vinyl (3-H) proton singlet and the shifting of the
benzenoid protons to higher field with chemical shifts comparable to
those observed for bis(o-hydroxyacetophenone)} 153; the benzenoid proton
triplet and doublets are also shifted further apart. 1In the 13¢ NMR
spectrum, taken after 0.5 h, the vinyl ketone (C-4) chemical shift
occurs at lower field (ca. 193 ppm) and the benzenoid chemical shifts
are comparable to those observed for bis(o-hydroxyacetophenone) 155.

The N-methylamino 13C signals presumably coincide with those of
dimethylamine. The spectra of the reaction mixture after 0.5 h thus
show significant differences from the starting material and differences
are consistent with formation of the ring-opened product 159. Isolation
of the ring-opened product 159 was then attempted. Surprisingly,
however, the !H and 13¢ spectra of the crude isolated product (obtained
in quantitative yield) correlate with DSCG 158 rather than the ring-
opened product 159 [as illustrated in the DEPT spectra (Figure 27)].
While there is clear evidence that ring-opening of DSCG occurs in the
reaction solution, the reaction appears to be reversible since the
starting material was isolated. This interesting reaction still

requires further investigation.
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(a)

159
Proposed structure.

MeoNH

N .

(b) oH
_ CHyCHCH,

o] 0 0 0
) )

| ‘T s

, 2

No0,C 0 () COaNo
L] b3
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2 x OCH, and CHOH

ICH-O FIT _.acetone

6~H and 8-H

7-H

U W L .

pp 8 7 B 5 4 3 2 ] . 0

FIGURE 25. 400 MHz lH spectra of
a) reaction mixture after 0.5 h.
b) DSCG 158 (starting material).



106

- 159
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FIGURE 26. 100 MHz 13C spectra of
a) reaction mixture after 0.5 h.
b) DSCG 158 (starting material).
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(a)

T M T M
ppm 140 120 100 80 50 40 20 0

{b)

T T T T T Y T v T T =7
ppm - 140 120 100 80 50 40 20

FIGURE 27. 100 MHz DEPT spectra of
a) reaction mixture after 24 h.
b) DSCG 158 (isolated product).

3 Impurities
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2.5 KINETICS AND MECHANISM OF THE REACTION OF CHROMONE-2-

CARBOXAMIDES WITH DIMETHYLAMINE129

Further investigation of the implications of the ring-opening reactions

of chromones in molecular-level chromone pharmacology involved a kinetic

study of the dimethylamine-mediated ring-opening of the

N,N-dimethylchromone-2-carboxamides 129-133 to the corresponding

(E)-2-(N,N-dimethylamino)-3-{2-hydroxybenzoyl)acrylamides 140 and 142-145

{(Scheme 38).

0" -
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1l H m
{, :NHMe,
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Co o CONMe,
P = NMe,
]
R’ 0 CONMe;, R OH
l V
NHMEz
Rl
129 H 140
130 OMe 142
131 NO, 143
132 F 144
133 Cl 145

SCHEME 38
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The ring-opening reactions were followed by ultraviolet spectroscopy.
The absorption maxima of the reactants and products were well separated
(e.g. Figure 28 p.110), in all cases, and the reactions were followed by
monitoring the rate of formation of the acrylamides. In each case, the
absorbance changes were measured at the wavelength corresponding to the
absorption maximum of the particular acrylamide (e.g. Figures 29 and 30
p.110 and p.111). The cuvette chamber, reaction flask, and reagent
solutions were maintained at 30 (+ 0.2)°C. Other reaction parameters
such as the wave-length, initial chromone-2-carboxamide- and
dimethylamine concentrations, and the duration of each reaction are
summarised in Table 8., Initial chromone-2-carboxamide concentrations
were chosen to produce maximum acrylamide absorbances of ca. 1.0 - 1.2
absorbance units, and dimethylamine concentrations were chosen to ensure
ca. 80Z completion of the reactions within 1-1.5 h. The final
absorbance readings (lim ;_, o A¢) were taken after 15-24 h. All
determinations were duplicated. The linear (Beer’s Law) relationship
between acrylamide concentration and absorbance (e.g. Figure 31 p.111)

was confirmed over the corresponding ranges used for each system. "

TABLE 8. Reaction parameters.

Rl A [Amide] [MegNH] Completion Reaction time
(nm) (mol.dm=3 x 103) (mol.dm-3) (2) (min)

H 357 3.5 1.0 - 1.8 80 - 85 40 - 120

OMe 361 3.0 1.8 - 2.6 65 - 76 32 - 80

NO, 388 5.5 0.05% - 0.09% 80 - 82 35 - 70

F 353 3.5 0.4 - 0.8 74 - 85 19 - 70

cl 358 3.5 0.2 - 0.6 80 -~ 87 17.5 - 130
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FIGURE 28. UV Spectra of ethanolic
solutions of 7-chloro-»N,N-dimethyl-
chromone-2-carboxamide 133 and the

corresponding acrylamide 145.

200 300 400 500
A/am

FIGURE 29. UV Spectra showing absorbance
changes during the reaction of 7-fluoro-
N, N-dimethylchromone-2-carboxamide 132
with 0.5 M-dimethylamine at 30°C.
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FIGURE 30. Plots of absorbance vs. time
for reactions at 30°C of N,N-dimethyl-
chromone-2-carboxamide 129 with

(a) 1.0M-MeaNH; (b) 1.2M-Me,NH;

(c) 1.4M-MepNH; (d) 1.6M-Me,NH,

and (e) 1.8M-MeyNH.
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FIGURE 31. Beer’s Law plot of absorbance
vs. concentration of the acrylamide 140.
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Large excesses of dimethylamine { > 103x[chromone-z-carboxamide 1]} were
used to produce pseudo first-order reaction conditions (Eguation 7).
The pseudo first-order rate constants (k) at different dimethylamine
concentrations were determined from linear plots (e.g. Figure 32 p.113)
of In (A-A;) against time using equation 5. The ring-opening reactions
were shown to be third-order overall, consistent with equation 6. The
rate constants (kg,s) were determined from plots of pseudo first-order
rate constants (k) against the square of the dimethylamine
concentration {[MegNH]z} (e.g. Figure 33 p.113). The relevant data are
summarised in Tables 9 and 10 (p.l114 and 117). Linear regression
analysis of the experimental data afforded best straight line fits

(Section 3.5).

In (A - Ap) = -kt + 1n (A - Ap) (5)

where A, = initial absorbance
A = absorbance at time, t

A = 1imt_,0°At

Rate = ko[ chromone-2-carboxamide 1] [Me,NH)Z (6)
= ky [chromone-2-carboxamide I] (7)

where k, = kops[Me,NH]2
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FIGURE 32. Pseudo first-order kinetic
plot for the reaction of 7-fluoro-¥,¥N-
dimethylchromone-2-carboxamide 132
with 0.7M~dimethylamine at 30°C.
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FIGURE 33. Plot of pseudo first-order
rate constants (k;) vs. [Mezl‘l}l]2 for the
reaction of W,N-dimethylchromone-2-
carboxamide 129 with dimethylamine

at 30°C.
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TABLE 9. Pseudo first-order rate constants (k;) for the ring-opening of
N,N-dimethylchromone-2-carboxamides 129-133 by dimethylamine
at 30°C.

Rl [Amide) [Me,NH] kg?
(m.ol.dm‘3 b'q 105) (mol.dm‘3) (s‘l x 104)

H 3.5 1.00 2,40+ 0.02
1.20 3.45 % 0.15
1.40 4,53 x 0.03
1.60 5.90 = 0.38
1.80 7.10 = 0.12
OMe 3.0 1.80 3.97 + 0.05
2.00 4,98+ 0.22
2.10 5.73 + 0.18
2.40 6.87 x 0.25
2.60 7.97 = 0.15
NO, 5.5 0.059 2,53+ 0.12
0.069 3.35+ 0.05
0.079 4,33+ 0.10
0.08% 5.67x 0.18
0.099 6.50 + 0.02
F 3.5 0.40 3.33x 0.05
0.50 4,70+ 0.20
0.60 7.23+ 0.72
0.70 9.18 = 0.48
0.80 12.22 = 0.65
Cl 3.5 0.20 2.22+ 0.02
0.30 4,75+ 0.03
0.40 7.05 = 0.42
0.50 10.72 = 0.40
0.80 15.53 % 0.65

2 Mean value from duplicate runs.
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Szabo et al. have studied the kinetics of hydroxide ion induced ring-
opening reactions of chromone-26 and isoflavonoid derivatives.?7:28 They
established that the reactions follow second-order kinetics, in which
the rate is directly proportional to the product of the substrate and
hydroxide ion concentrations. In their proposed mechanism (Scheme 39),
the rate-determining step is considered to be the first step (162 — 163)
involving C-2 nucleophilic attack by the hydroxide ion. They
suggested?d that the measured rate constants could be used to quantify

the electron density at C-2 and, hence, the susceptibility of chromone

derivatives to C-2 nucleophilic attack.

0 , 0 o 9
R OH- v R’ Z Rl
l — R2 —— R’
0 R? 0 OH OH
162 163 164
0 H R
Rz
0 OH
165
SCHEME 39

Consequently, the reactions of the N,N-dimethylchromone-2-carboxamides
with dimethylamine were expected to follow second-order kinetics with
the rate-determining step involving C-2 nucleophilic attack by
dimethylamine. However, the kinetic data show that ring-opening of
chromone-2~carboxamides follow third-order (rather than second-order)
kinetics overall corresponding to the rate equation 6 (p.112). The

proposed mechanism is detailed in Scheme 38 (p.108). The rate
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expression (Equation 8) is consistent with the proposed mechanism, and
is equivalent to the experimentally determined relationship

(Equation 6 p.112) when k3KiKy = Zgpe-
Rate = k3K;K;[chromone-2-carboxamide I] [M.egNH]2 (8)

In the proposed mechanism, two consecutive equilibria are followed by a
rate-determining ring-opening step. The first equilibrium involves
readily reversible nucleophilic attack by the amine at C-2 of the
chromone-2-carboxamide I. The resultant dipolar species II then
eliminates the neutral amine (II — I; Figure 34 p.119) more readily than
it undergoes ring-cleavage (II — IV). In the second acid-base
equilibrium, a second molecule of amine abstracts a proton from the
dipolar species II thus acting as a base, rather than a nucleophile.

[It is presumably this additional step which is responsible for the
overall third-order kinetics, since in the hydroxide mediated reactions,
{which follow second-order kinetics), the hydroxide ion does not require
deprotonation (Scheme 39 p.115), and is not as easily eliminated as the
MeyNH.] The resulting enolate species III then undergoes ring cleavage
in the rate-limiting step (III — 1IV) which involves the elimination of
the resonance stabilised phenoxide ion in preference to MeyN-

(Figure 34 p.119). The formation of an intermediate addition product
analogous to compound 165 (Scheme 39 p.115) has not been included in the
proposed mechanism, since Zagorevskii et al.16 have reported an NMR
study, in which they have demonstrated the absence of isotope exchange
in the reactions of chromone with 1-D-piperidine and of 3-D-chromone
with piperidine. Consequently, in their proposed mechanism (Scheme 40
p-119), amine-mediated ring-opening of chromones apparently proceeds via
the dipolar species 166 without the formation of the addition product

167.
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Two substituent effects are expected to influence the experimentally
determined rate constant (Xgs). The remote C-7 substituents may
influence the electron density at C-2 and hence the equilibrium constant
(K;; Equation 8 p.116). However, as meta-substituents, they are also
expected to significantly affect the relative stability of the phenoxide
"leaving group” in the rate-determining step. Thus, electron-
withdrawing substituents should accelerate ring-opening. The
experimentally determined rate constants (kgg; Table 10) decrease in
the following order viz., kN02> kcy > kf > ky and, with the exception of
the 7-methoxy analogue 130, this trend correlates with the reported
order of the dissociation constants for meta-substituted phenols and
benzoic acids,!3? and 4-substituted 2-hydroxyacetophenones.!3! The
methoxy analogue 130 was expected to produce a larger rate constant
(kopss Table 10) than the parent system 129, since the methoxy
substituent constant is positive (oppep = +0.10).132 This apparently

anomalous smaller rate constant for the methoxy analogue 130 may be

TABLE 10. Rate constants (ky,g) for the ring-opening of
N,N-dimethylchromone-2-carboxamides 129-133
by dimethylamine at 30°C.

Rl kobsa
(dmﬁ.mol'z.s'1 x 104

H 2.12 = 0.08
OMe 1.13 = 0.05
NO, 648 = 7

F 18.5 % 1.2
cl 40.8 + 1.3

8 Mean value from duplicate runs.
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rationalised by electron-releasing resonance effects, which either
reduce electron density at C-2 (Figure 35a p.119) and/or reduce the
stability of the phenoxide ion. The phenoxide ion is stabilised by
conjugation with the o-acyl function, and this effect may be opposed by

competitive delocalization involving the electron-releasing m-methoxy

substituent (Figure 35b p.119).

The reaction constant (p; Equation 10) was determined from a linear plot
(Figure 36) of log (kgps.x/kpps.y) against the corresponding meta-
substituent constants (ogy),3% applying the Hammett equation (9).133
[The x denotes the substituent Rl1.] The positive experimentally
determined reaction constant (p = 4.48 * 0.45) shows the development of
a negative charge at the reaction centre for the rate-determining

step,!33 consistent with the deprotonated intermediate species Il in the

proposed mechanism (Scheme 38 p.108).

log (kelky) = puy (9)

log (kops-x/ &obs-) = PO m-x (10)

log (%obs-x/%obs-H)

01 0.2 0.3 04 05 06 07 08

U m-x

FIGURE 36. Plot of log (kgps.x!Kobs-})

vs. (0py) for the reaction of the

N, N-dimethylchromone-2-carboxamides 129-133
with dimethylamine at 30°C.
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2.6 POTENTIOMETRIC DETERMINATION OF DISSOCIATION CONSTANTS OF

CHROMONE—Z—CARBOXYLIC ACIDS

.While the acidity of anti-allergic compounds may be an important
contributing feature for significant activity [Section 1.3.3 (i)], no
satisfactory correlations have been established.’® The poor solubility
of cromoglycic acid in aqueous solutions has been reported to have
prevented the determination of its pKa.119 The bischromone acids
corresponding to the DSCG analogues (79) [discussed in Section 1.,3.3
(1)], however, have been reported to exhibit high acidity due to the
delocalisation effects of the carbonyl ketone group and the oxygen of
the pyran ring, with pK, values in the range of 1.3 to 2.0.%0
Chromone-2-carboxylic acid (129) has reported pK, values of 2.96
{determined by conductimetry at 25°C)134 and 2.8 (determined
potentiometrically in 502 ethanol).13 In chromone-2-carboxylic acids,
substitution at C-5 by an alkoxy group has been reported to increase the
acidity, e.g. 5-{2-hydroxypropyloxy)chromone-2-carboxylic acid and
5-(2-hydroxy-3-methoxypropyloxy)chromone-2-carboxylic acid have
reported pK, values of 1.86 and 1.92 respectively.ll® The acidity
(PK; 2.8) of 2-(1H-tetrazol-5-yl)chromone (determined by potentiometry
in 502 ethanol at 20°C)130 is comparable to chromone-2-carboxylic

acid (129).

In the present study, the pK, values (Table 11 p.121) for the chromone-
2-carboxylic acids 112-118 were determined in order to explore further
substituent effects on chromones. The 7-substituted
chromone-2-carboxylic acids (112-117; Table 11) were chosen to elucidate
electronic effects, while 6-chlorochromone-2-carboxylic acid 118

illustrates the effect of changing the substituent position.
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TABLE 11. Dissociations constants of the
chromone-2-carboxylic acids 112-118 at 25°C.

0
Rl
0~ “CO,H
Compd . Rl PK,?
112 7-H 2.69 + 0.05P
113 7-0Me 2.96 + 0.02¢
114 7-NO, 2.60 % 0.03
115 7-F 2.63 % 0.01
116 7-Cl 2.64 = 0.04
117 7-Br 2.64 = 0.02
118 6-C1 2.62 + 0.02

3 Potentiometric titration in 0.01M-aqueous
ethanol (502 v/v). P Lit.143,135 2.8 py
potentiometry in 502 EtOH and 2.96 by
conductimetry at 25°C. °© Potentiometric
titration in 0.005M-agueous ethanol (502 v/v).

The pK, values (Table 11) for the chromone-2-carboxylic acids 112-118
were determined by potentiometry in ethanol-water (502 v/v) at 25°C.
0.01M-Aqueous ethanolic solutions of the acids were titrated with
0.01M-sodium hydroxide; although, in the case of the methoxy analogue
113, 0.005M-acid and sodium hydroxide solutions were used. The
recommended 0,01M-acid concentrations were generally used, since
activity effects at this concentration are usually small.l3 However,
precipitation of 7-methoxychromone-2-carboxylic acid 113 from a
0.01M-solution required the use of a 0.005M-solution in this case.
The solvent ratio (ethanol-water; 50% v/v) was chosen to correspond to

the reported!3® ratio used to determine the pK, of the parent system 1i2.
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In weak acids, the pK,; is equivalent to the pH at half the equivalence
point,138 and plots (e.g. Figure 37 p.123) of the first (ApH/AV) and
second derivatives (A%pH/AVZ) of the pH titration curve against volume
(V) were used, in each case,‘to determine the equivalence point.139 All
determinations were duplicated using the same standard acid solutions
{solution 1), and then repeated using a second standard acid solution

{solution 2).

In para-substituted benzoic acids, the reporte&130 gradation of pK,
values is : OMe > H > F > Cl > Br > NO, and a similar trend was expected
in the chromone-2-carboxylic acids 112-117. Electron-withdrawing
substituents on chromone-2-carboxylic acids should decrease electron
density at C-2 thus increasing the polarity of the 0-H bond and
stabilising the anion of the dissociated acid. Thus, electron
withdrawing substituents should produce stronger acids (with lower pK,
values) than the parent system 112. The pK, values (Table 11 p.121) of
the 7-substituted acids 112-117 follow the expected, general trend

(i.e. OMe > H > Cl, Br , F > NOp) although the electronic effects of the
7-halogeno substituents on the pK, appear to be very similar. The
higher result (pK; = 2.96) for the methoxy analogue 113, relative to the
parent analogue 112, may be rationalised by electron-releasing resonance
effects which increase electron density at C-2 (Figure 38 p.124). [The
pK; of the methoxy anologue 113 might have been expected to be lower
than that of the parent system 112, if only inductive effects acting
through the pyran oxygen were considered, as shown in the reported!30
gradation of pK; values in meta-substituted benzoic acids or phenols

(H>O0Me >F > CL > Br > NOp).])
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{a) Titration curve; '

(b) Plot of the first derivative (ApH/AV) vs. volume;
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Changing the chloro substituent position from C-7 to C-6 results in a
very small reduction in the pK;, although the values are nearly
identical. This apparent reduction in pK, may be rationalised in terms
of a larger net electron-withdrawing effect for the 6-chloro substituent
compared to the 7-chloro substituent. Although the electron-withdrawing
inductive effect of the 7-chloro substituent (Figure 39) may be expected
to be stronger than that of 6-chloro substituent (since it acts over a
shorter distance), mesomeric electron release is only possible with the
7-chloro substituent (Figure 39). It should be noted, however, that the
difference in the pK,; values are very small and lie within the estimated
experimental errors. Nevertheless, the estimated experimental errors
are within the permitted scatter of + 0.06,!%0 reported for
potentiometric determinations. The small, observed pK, differences
suggest that the C-7 substituents do affect the electron density at C-2.
It is not surprising that the differences in this effect are small in
view of the distance between the 7-substituent and the carboxylic acid

group.
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The pK, values were also determined in order to explore their
relationship with the rate constants (k) for the ring-opening
reactions described in the previous Section (2.5). In related kinetic
studies of hydroxide ion induced ring-opening reactions of chromone
derivatives (Scheme 39 p.1l1l5), Szabo et al.% gstablished a linear
relationship (Equation 11) between the second-order rate constant (k)
and the protonation constant (pKpy+) of the pyran carbonyl oxygen. They
also suggested that this equation could be used to predict the
reactivity of chromones towards other nucleophiles (e.g. nitrogen
nucleophiles). In the present investigation, a linear relationship
{(Equation 12) was obtained from a plot (Figure 40) of log (k) against
the corresponding dissociation constants (pK,) of the chromone-2-
carboxylic acids 112,114-116. This relationship is only possible
provided the data for the methoxy anologue 113 is excluded. Since the
pKa value of the methoxy analogue 113 follows the expected trend, this
confirms that the rate constants for the ring-opening reaction do not
effectively quantify the electron density at C-2 (i.e. C-2
electrophilicity), but rather reflect stabilising meta-substituent
effects on the phenoxide "leaving group”, as discussed in the previous

Section (2.53).

log (k) = -1.55pKgy+ - 3.53 (11)

log (kyps) = -25.91pK, + 65.90 (12)
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2.6 CONCLUSION

In the chromone systems investigated, it is apparent that the C-7
substituent influences the electron density at C-2, as shown in both the
NMR conformational study and the pK, studies. Since the biological
activity of anti-allergic chromones is apparently influenced by both
conformation and acidity, such activity may, in turn, be related to the
electron density at C-2. An involvement of ring-opening of the pyran
ring in chromone pharmacology at a molecular level has been proposed.
The ease of ring-opening of the chromone system may be an additional
factor influencing biological activity. Future research will be
concerned with verifying these proposals and is expected to involve the

following.

(i) Further NMR and IR analysis of the ring-opening of DSCG with

various nitrogen nucleophiles.

(ii) An extension of such analyses to include the interaction of DSCG
and its analogues with proteinaceous material and mast cell

extracts.

(iii) The preparation of novel DSCG analogues with enhanced ring-opening
capabilities (e.g. a 7,7 -dinitro DSCG analogue) and the

determination of their biological activities.
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3. EXPERIMENTAL

3.1 GENERAL.

Melting points were determined on a Kofler hot-stage apparatus or an
automatic Mettler FPl melting point apparatus (m.p. > 230°C), and are
uncorrected. NMR spectra were recorded on Bruker AM 300, AMX 400, and
WM 500 MHz, or Varian Gemini 200 MHz NMR spectrometers, from CDCl; or
DMSO-dg solutions generally using TMS as internal standard. (In the
absence of TMS, the chloroform peak was used as internal standard). The
spectra of disodium salts were obtained from D,0 solutions with
3-(trimethylsilyl)-propionic acid-dg sodium salt as internal standard
for the !H spectra, and acetone as internal standard for the 13C spectra.
The 13C spectra were interpreted using either off resonance decoupled
(ORD) spectra or DEPT spectra, which were obtained at the freguencies
used to obtain the corresponding 13C spectra. Routine !H NMR spectra
were recorded on a Perkin-Elmer R12 60 MHz NMR spectrometer. IR spectra
were recorded on a Perkin-Elmer 180 spectrophotometer using KBr discs,
liquid films, or CHClz solutions. UV spectra were recorded on a
Beckmann UV 5240 spectrophotometer from dry ethanol solutions. Quartz
cuvettes with a 10 mm pathlength were used. Low resolution mass spectra
were recorded on a Hewlett Packard 5988A mass spectrometer. High

resolution mass spectra were recorded on a Varian Mat 212 spectrometer.

The common nomenclature, viz. chromone, for the chromone structure is
chosen, in preference to the 4-oxo-4H-chromene nomenclature, for
simplicity. The ring-opened products {140-151 and 153) are all referred
to as 2-amino-3-(2-hydroxybenzoyl)-N,N-dialkylacrylamides for

continuity. The reported nomenclature?® of the 2-hydroxypropane
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derivatives (155-156 and 158) was generally used. The atom numbering used
to quote NMR signals for the different compounds generally agrees with
the nomenclature. Standard atom numbering was used for the chromone
structure. The benzoyl atoms of the acrylamides (140-151 and 153) are
denoted by the "dashed" notation (e.g. 5 -H). The bridging group atoms
of the 2-hydroxypropane compounds (155-159) are referred to as CHOH or
OCHp, with the appropriate atoms in italics. In
bis(o~-hydroxyacetophenone) (155) and the 1-{chromonyloxy)-3-(phenoxy)-
propane compound (157), the phenoxy atoms are also represented by the
"dashed" notation, thereby differentiating them from the bridge atoms
and chromonyloxy atoms in the latter compound. The "aromatic" nuclei in
the ring-opened compound (159) are denoted by the "dashed” notation,

thereby differentiating them from the acrylic acid atoms.

Flash chromatography!¥! was performed on Merck Silica gel 60 [particle size
0.040-0.063 mm (230-400 mesh)). Preparative layer chromatography was
achieved on Merck Silica gel 60 PFysy plates. Thin layer chromatography
was performed on Merck Silica gel 60 Fysy precoated plates. TLC plates
were analysed by inspection under UV, using iodine, or using ninhydrin

spray reagent.

Solvents were dried using the following prodedures”z :

(i) Benzene and ether were dried over sodium wire and then distilled
under N; over sodium wire using benzophenone as an indicator.

(ii) 1,2-Dichloroethane was distilled over P;0j.

(iii) Dimethylformamide and acetone were dried over 4A molecular sieves.

(iv) 1,2-Dioxan was dried over CaCl,; and 4A molecular sieves,
and then filtered through a column of basic alumina.

(v) Ethanol was distilled under N; over magnesium ethoxide.

(vi) Nitrobenzene was distilled under vacuum over P,0s.
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{(vii) Pyridine was dried over KOH overnight and distilled over fresh
KOH.

All dry solvents were stored over 4A molecular sieves. The exact
concentration of ethanolic/aqueous dimethylamine and ethanolic
methylamine solutions was determined by titration with 0.1M-HCl. The
purity of the ethanolic amine solutions was determined by GLC analysis
on a8 Hewlett Packard 5980A gas chromatograph, using flame ionisation
detection with Np carrier gas and H,/synthetic air feeder gases. The
GLC trace of ethanclic dimethylamine (25% w/w) showed an extraneous peak
with a retention time equivalent to that of ethanolic methylamine. HCl
gas was generated from HC1-H,S0; using a standard literature

procedure.143

Computer modelling of structures was achieved using the Tripos
Associates software package, ALCHEMY II, and a CW 16 AT microcomputer

and Hewlett Packard colour Pro plotter.
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3.2 PREPARATION OF CHROMONE DERIVATIVES.

3-Nitrophenyl acetate (88).103 _ Acy0 (10.9 ml, 0.118 mol) was added
dropwise to a stirred solution of 3-nitrophenol (10.0 g, 72 mmol) and
NaOH (4.6 g, 0.115 mol) in Hp0 (ca. 100 ml) at 0°C, and the resulting
mixture was stirred for 1 h. The mixture was extracted with EtOAc

{3 x 50 ml) and the combined extracts were sequentially washed with

52 ag. NaHCO3 (2 x 50 ml) and Hy0 (1 x 50 ml), and then dried (anhyd.
MgS04). The solvent was evaporated to afford crude 3-nitrophenyl
acetate (88) (12.9 g, 99Z), m.p. 53-54°C (lit.,1¥ 55-56°C); &y (60 MHz;
CDCl3) 2.40 (3H, s, Me) and 7.40 - 8.30 (4H, m, ArH); v, (KBr)/cml

1755 (CO).

3-Fluorophenyl acetate (89).103 _ Acy0 (7.4 ml, 78 mmol) was added
dropwise to a stirred solution of 3-fluorophencl (5.0 g, 55 mmol) and
NaOH (3.1 g, 79 mmol) in Hy0 (ca. 50 ml) at 0°C, and the resulting
mixture was stirred for 1 h. The mixture was extracted with EtOAc

{3 x 25 ml) and the combined extracts were sequentially washed with 52
aq. NaHCO3 (2 x 25 ml) and saturated NaCl (1 x 50 ml), and then dried
(anhyd. MgS0,). The solvent was evaporated to afford an oil which was
distilled to give 3-fluorophenyl acetate (89) (7.4 g, 87Z),

b.p. 183°C/760 mmHg (lit.,1%5 77°C/16 mmHg); 6, (60 MHz; CDCl3) 2.20

(3H, s, Me) and 6.80 - 7.60 (4H, m, ArH); vy, (KBr)/cm! 1760 (CO).

3-Chlorophenyl acetate (90).103 _ The experimental procedure employed
for the synthesis of 3-fluorophenyl acetate (89) was followed, using
Acy0 (10.4 ml, 0.110 mol), 3-chlorophenol (10.0 g, 78 mmol), and NaOH
(4.4 g, 0.110 mol) in Hy0 (ca. 75 ml). Work-up afforded an o0il which
was distilled to give 3-chlorophenyl acetate (90) (11.8 g, 892),

b.p. 49°C/0.01 mmHg (lit.,!03 105-107°C/13 mmHg); 5 (60 MHz; CDCls) 2.20
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(3H, s, Me) and 6.80 - 7.40 (4H, m, ArH); v, (KBr) /cm‘1 1760 (CO).

3-Bromophenyl acetate (91),103 . The experimental procedure employed
for the synthesis of 3-fluordphenyl acetate (89) was followed, using
Acy0 (8.7 ml, 93 mmol), 3-bromophenol (10.0 g, 58 mmol), and NaOH

(3.7 g, 93 mmol) in HyO (ca. 70 ml). Work-up afforded an oil which was
distilled to give 3-bromophenyl acetate (91) (10.8 g, 882),

b.p. 81°C/1.5 mmHg (lit.,146 149°C/40 mmHg); 54 (60 MHz; CDCly) 2.30

(3H, s, Me) and 6.90 - 7.60 (4H, m, ArH); v, (KBr) /cm! 1760 (CO).

4-Chlorophenyl acetate (92). - The experimental procedure employed for
the synthesis of 3-fluorophenyl acetate (89) was followed, using Ac;0
(10.4 ml, 0.110 mol), 4-chlorophenol (10.0 g, 78 mmol), and NaOH

(4.4 g, 0.110 mol) in HyO (ca. 75 ml). Work-up afforded an oil which
was distilled to give 4-chlorophenyl acetate (92) (12.3 g, 932),

b.p. 69°C/0.3 mmHg (lit.,1%7 109°C/13 mmHg); 5, (60 MHz; CDCly) 2.25

(3H, s, Me) and 6.90 - 7.60 (4H, m, ArH); vy, (liquid film) Jem=l 1755

(CO).

2-Hydroxy-4-methoxyacetophenone (93).100 _ A mixture of resacetophenone
(10.0 g, 66 mmol), dry acetone (100 ml), and MeyS0; (4.8 ml, 50 mmol)

was boiled under reflux over KyCO3 (10.2 g, 74 mmol) for 6 h. The

colour of the reaction mixture changed from a dark red to orange after
ca. 1 h. The resulting solution was cooled and the acetone removed
under reduced pressure. The excess Mej,S0, was destroyed with a 252
ammonia-ice mixture (50 ml). The solution was then extracted with EtOAc
(3 x 60 ml) and the combined organic solutions dried (anhyd. MgS0,),
evaporated, and distilled to afford 2-hydroxy-4-methoxyacetophenone (93)
(9.5 g, 877), b.p. 293°C/760 mmHg (lit.,!00 m.p. 48°C); 8y (60 MHz;

CDCl3) 2.50 (3H, s, COMe), 3.80 (3H, s, OMe), 6.35 - 6.55 (2H, m , 3-H
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and 5-H), 7.65 (1H, 4, J 9 Hz, 6-H) and 12.80 (1H, br s, OH); vpax

(KBr) /cm-! 3400 - 2500 (OH) and 1625 (CO).

2-Hydroxy-4-nitroacetophenone (94).10% . A mixture of 3-nitrophenyl
acetate (88) (20.0 g, 0.110 mol), AlCly (28.0 g, 0.210 mol), and dry,
distilled nitrobenzene (100 ml) was heated at 140°C for 8 h. After
cooling overnight, a mixture of ice (80 g) and conc. HCl (32 ml) was
added and the resulting mixture was steam distilled.? The distillate
was extracted with EtOAc and the combined organic solutions were
extracted with 0.5M-NaOH. The combined aqueous solutions were
acidified and extracted with EtOAc (3 x 80 ml). The combined organic
solutions were dried (anhyd. MgS80,) and evaporated to afford an oil
which was distilled to give 2-hydroxy-4-nitroacetophenone (94) (7.6 g,
38%), m.p. 60-61°C (from hexane) (lit.,1% 67-68°C); 5, (60 MHz; CDClj)
2.75 (3H, s, COMe), 7.60 - 8.20 (3H, m, ArH) and 12.40 (1H, br s, OH);

vimax (KBr) Jem™! 3600 - 3300 (OH) and 1655 (CO).

4-Fluoro- 2-hydroxyacetophenone (95).101 - A mixture of 3-fluorophenyl
acetate (89) (6.2 g, 40 mmol) and AlClj (12.8 g, 96 mmol) was heated in
an oil bath at 175-180°C for 1.5 h. The cooled mixture was treated with
dil. HCl (ca. 110 ml) and then steam distilled. The distillate was
extracted with CHCly (3 x 56 ml) and the combined extracts re-extracted
with 0.5M-KOH (3 x 50 ml). The combined aqueous alkali solutions were
washed with CHCly (2 x 56 ml), acidified, and extracted with CHClj

(3 x 56 ml). The CHCl3 solutions were then combined, dried (anhyd.
MgS04), and evaporated to afford an oil which crystallised to give crude

4-fluoro-2-hydroxyacetophenone (95) (4.9 g, 802), m.p. 31-33°C

8 The bulk of the nitrobenzene was contained in the first two 400 ml

fractions.
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(from hexane) (lit.,1%9 24°C); 5, (500 MHz; CDCl3) 2.55 (3H, s, COMe),
6.54 - 6.60 (2H, m, 3-H and 5-H), 7.71 (1H, dd, J 9 and 6 Hz, 6-H) and

12.53 (1H, s, OH); vy, (KBr) Jem! 3500 - 2600 (OH) and 1645 (CO).

4-Chloro-2- hydroxyacetophenone (96).101 - The experimental procedure
employed for the synthesis of 4-fluoro-2-hydroxyacetophenone (95) was
followed, using 3-chlorophenyl acetate (90) (9.0 g, 53 mmol) and AlClj
(16.8 g, 0.126 mol). Work-up afforded an oil which was distilled to
give 4-chloro-2-hydroxyacetophenone (96) (5.4 g, 602), b.p. 77°C/1 mmHg
(1it.,101 31231-124°C/15 mmHg); &, (60 MHz; CDClz) 2.60 (3H, s, COMe),
6.80 - 7.15 (2H, m, 3-H and 5-H), 7.70 (1H, d, J 8 Hz, 6-H) and 12.45

(1H, br s, OH); vy (KBr) /cm'! 3500 - 2500 (OH) and 1645 (CO).

4-Bromo- 2- hydroxyacetophenone (97).101 . The experimental procedure
employed for the synthesis of 4-fluoro-2-hydroxyacetophenone (95) was
followed, using 3-bromophenyl acetate (91) (10.0 g, 47 mmol) and AICl,
(20.3 g, 0.152 mol). In this case the reaction mixture was heated for 3
h. Work-up afforded an oil which was distilled to give 4-bromo-2-
hydroxyacetophenone (97) (5.6g, 562), m.p. 39-41°C (lit.,101 42-43°C); 5,
(60 MHz; CDClz) 2.60 (3H, s, COMe), 6.95 - 7.30 (2H, m, 3-H and 5-H),
7.65 (1H, d, J 8 Hz, 6-H) and 12.40 (1H, s, OH); v, (nujol mull) /cm!

3500 - 2500 (OH) and 1640 (CO).

5-Chloro-2-hydroxyacetophenone (98). - The experimental procedure
employed for the synthesis of 4-fluoro-2-hydroxyacetophenone (95) was
followed, using 4-chlorophenyl acetate (92) (11.0 g, 65 mmol) and AlClj
(20.5 g, 0.154 mol). Work-up afforded an o0il which crystallised to
afford 5-chloro-2-hydroxyacetophenone (98) (6.5 g, 59Z), m.p. 51-53°C
(lit.,150 52.5°C); 5y (60 MHz; CDCl3) 2.60 (3H, s, COMe), 6.80 - 7.80

(3H, m, ArH) and 12.20 (1H, s, OH); vy (KBr) Jeml 3600 - 2500 (OH) and
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1650 (CO).

Ethyl 4-(2-hydroxyphenyl)-2,4-dioxobutancate (99).105 _ Diethyl oxalate
(12.0 ml, 88 mmol) and o-hydroxyacetophenone (7.2 ml, 60 mmol) were
added dropwise to a stirred ethanolic solution of NaOEt [generated in
situ by adding Na metal (4.1 g, 0.180 mol) to dry EtOH (120 ml)]. The
stirred, yellow mixture was gently boiled under reflux for 0.5 h
becoming a thick, yellow slurry. After cooling, the mixture was poured
into Et,0 (450 ml) and allowed to stand for 0.5 h. The resulting
yellow, sodium salt of (3a) was then filtered off, washed (Ety0), and
added to 2M-HCl (150 ml). The resulting semi-solid was extracted with
Ety0 (3 x 100 ml) and the combined organic solutions were dried (anhyd.
MgS0Os) and evaporated to afford the diketone, ethyl 4-(2-hydroxyphenyl)-
2,4-dioxobutancate (99) which was shown, by !H NMR spectroscopy, to be
partially enolised and was used without further purification. 3§y

(60 MHz; DMSO-dg) 1.45 (3H, t, Me), 4.50 (2H, q, CHMe), 6.50 (1H, br s,

OH), 7.10 (2H, s, COCHp) and 7.35 - 8.35 (4H, m, ArH).

Ethyl 4-(2-hydroxy-4-methoxyphenyl)-2,4-dioxobutanoate (100) and ethyl
2-hydroxy- 7-methoxychromanone-2-carboxylate (105). - The experimental
procedure employed for the synthesis of ethyl 7-chloro-2-hydroxy-
chromanone-2-carboxylate (108) and ethyl 4-(4-chloro-2-hydroxyphenyl)-
2,4-dioxobutanocate (103) (p.137) was followed, using 2-hydroxy-
4-methoxyacetophenone (93) (8.0 g, 48 mmol), diethyl oxalate (9.7 ml,
72 mmol), Na metal (1.7 g, 72 mmol), and dry EtOH (80 ml). 1In this case
the reaction time was 70 min. Work-up afforded crude ethyl
4-(2-hydroxy-4-methoxyphenyl)-2,4-dioxobutanoate (100) (8.7 g, 682)

[6y (60 MHz; CDCl3) 1.40 (3H, t, Me), 3.90 (3H, s, OMe), 4.40 (2H, q,
CHMe), 6.50 (1H, br s, OH), 7.10 (2H, s, COCHy) and 7.30 - 8.35 (3H, m,

ArH)], which was used without further purification. During the
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extraction (Ety0, 3 x 67 ml), an insoluble interface was filtered off,
dried under vacuum, acidified with 2M-HCl (50 ml), and extracted with
EtOAc (3 x 67 ml). The combined organic solutions were dried (anhyd.
MgSO,) and evaporated to afford crude ethyl 2-hydroxy-7-
methoxychromanone-2-carboxylate (105) (1.6 g, 122); &y (60 MHz;
CDC13/DMSO-dg) 1.30 (3H, t, Me), 2.85 and 3.25 (2H, dd, J 17 Hz, COCHjy),
3.80 (3H, s, OMe), 4.35 (2H, q, CHMe), 6.40 - 7.35 (3H, m, 6-H, 8-H and

OH) and 7.90 (1H, d, J 8 Hz, 5-H).

Ethyl 4-(2-hydroxy-4-nitrophenyl)-2,4-dioxobutanocate (101) and ethyl
2-hydroxy- 7-nitrochromanone-2-carboxylate (106).105.106 _ A golution of
2-hydroxy-4-nitroacetophenone (94) (6.0 g, 33 mmol) and diethyl oxalate
{(50.7 ml, 0.373 mol) was added dropwise to a stirred, ethanolic solution
of NaOEt [generated in situ by adding Na metal (2.4 g, 0.105 mol) to dry
EtOH (75 ml)]. The stirred, red solution was gently boiled under reflux
for 45 min. becoming a red slurry. After cooling, the mixture was
poured into Ety0 (450 ml) and allowed to stand for 0.5 h. The red solid
was filtered off, washed (Ety0), and added to 2ZM-HCl (300 ml). The
mixture was extracted with EtOAc (4 x 200 ml) and the combined organic
solutions dried (anhyd. MgS0,;) and evaporated to afford a red solid
shown, by 1H NMR spectroscopy, to comprise a mixture of ethyl
4-(2-hydroxy-4-nitrophenyl)-2,4-dioxobutanoate (101) (78%) [y (60 MHz;
DMSO-dg/CDC1l3) 1.35 (3H, t, Me), 4.35 (2H, m, CHMe), 7.20 (2H, s,
COCHy), 7.60 - 8.60 (3H, m, ArH) and 9.15 (1H, br s, OH)] and ethyl
2-hydroxy-7-nitrochromanone-2-carboxylate (106) (222) [5y (60 MHz;
DMSO-dg/CDC13) 1.35 (3H, t, Me), 3.00 and 3.40 (2H, dd, J 17 Hz, COCHp)
4,50 (2H, m, CHMe), 7.60 - 8.60 (3H, m, ArH) and 9.15 (1H, br s, OH)],

which was used without further purification.
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Ethyl 4-(4-fluoro-2-hydroxyphenyl)-2,4-dioxobutanoate (102) and ethyl
7- fluoro-2-hydroxychromanone-2-carboxylate (107). - The experimental
procedure employed for the synthesis of ethyl 7-chloro-2-hydroxy-
chromanone-2-carboxylate (108) and ethyl 4-(4-chloro-2-hydroxyphenyl)-
2,4-dioxobutanocate (103) was followed, using 4-fluoro-2-
hydroxyacetophenone (95) (2.0 g, 13 mmol), diethyl oxalate (9.8 ml, 72
mmol), Na metal (1.2 g, 52 mmol), and dry EtOH (30 ml). Work-up
afforded a solid shown, by !H NMR spectroscopy, to comprise a mixture of
ethyl 4-(4-fluoro-2-hydroxyphenyl)-2,4-dioxobutanoate (102) (622) [§y
(60 MHz; CDCl3y) 1.00 - 1.65 (3H, m, Me), 4.15 -~ 4.75 (2H, m, CHMe),
6.35 (1H, br s, OH), 7.10 (2H, s, COCHy), 7.25 - 7.60 (2H, m, 6-H and
8-H) and 8.30 (1H, dd, J 8 and 7 Hz, 5-H)] and ethyl 7-fluoro-2-
hydroxychromanone-2-carboxylate (107) (38%) [8y (60 MHz; CDClz) 1.00 -
1.65 (3H, m, Me), 3.50 and 3.75 (2H, dd, J 7 Hz, CHy,CO), 4.15 - 4.75
(2H, m, CHMe), 6.35 (1H, br s, OH), 7.25 - 7.60 (2H, m, 6-H and 8-H)
and 8.30 (1H, dd, J 8 and 7 Hz, 5-H)], which was used without further

purification.

Ethyl 7-chloro-2-hydroxychromanone-Z2-carboxylate (108) and ethyl

4- (4-chloro-2-hydroxyphenyl)-2, 4-dioxobutanocate (103).103 - A warm
solution of 4-chloro-2-hydroxyacetophenone (96) (4.5 g, 26 mmol) and
diethyl oxalate (19.9 ml, 0.147 mol) was added dropwise to a stirred
ethanolic solution of NaOEt [generated in situ by adding Na metal (2.4
g, 0.105 mol) to dry EtOH (44 ml)). The stirred, yellow mixture was
gently boiled under reflux for 40 min. becoming a thick, yellow slurry.
After cooling, the mixture was poured into Et,0 (108 ml) and allowed to
stand for 0.5 h. The resulting yellow solid was filtered off, washed
(Ety0), and added to 2M-HCl (145 ml). The resulting semi-solid was
extracted with Ety0 (3 x 50 ml) and the combined organic solutions were

dried (anhyd. MgS0,;) and evaporated to afford a solid shown, by lH NMR
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spectroscopy, to comprise a mixture of ethyl 7-chloro-2-
hydroxychromanone-2-carboxylate (108) (63Z) [8y (60 MHz; CDCl3/DMSO-dg)
1.30 (3H, t, Me), 2.90 and 3.30 (2H, dd, J 16 Hz, COCHy), 4.35 (2H, q,
CHMe), 6.85 (1H, br s, OH), 7.00 - 7.25 (2H, m, 6-H and 8-H) and 7.85
(1H, d, J 9 Hz, 5-H)] and ethyl 4-(4-chloro-2-hydroxyphenyl)-2,4-
dioxobutanoate (103) (37Z) [8y (60 MHz; CDCl3/DMSO-dg) 1.40 (3H, t, Me),
4.35 (2H, q, CHMe), 6.85 (1H, br s, OH), 7.00 - 7.25 (4H, m, COCHp, 6-H
and 8-H) and 7.85 (1H, d, J 9 Hz, 5-H)], which was used without further

purification.

Ethyl 7-bromo-2-hydroxychromanone-2-carboxylate (109) and ethyl

4- (4-bromo-2-hydroxyphenyl)-2,4-dioxobutancate (104). - The
experimental procedure employed for the synthesis of ethyl 7-chloro-2-
hydroxychromanone-2-carboxylate (108) and ethyl 4-(4-chloro-2-
hydroxyphenyl)-2,4-dioxobutanoate (103) was followed, using 4-bromo-2-
hydroxyacetophenone (97) (4.5 g, 21 mmol), diethyl oxalate (15.8 ml,
0.116 mol), Na metal (2.3 g, 0.101 mol), and dry EtOH (71 ml). In this
case EtOAc was used for the extraction. Work-up afforded a solid shown,
by 1H NMR spectroscopy, to comprise a mixture of ethyl 7-bromo-2-
hydroxychromanone-2-carboxylate (109) (55Z) [6y (60 MHz; CDCl3/DMSO-dg)
1.35 (3H, t, Me), 2.90 and 3.30 (2H, dd, J 17 Hz, COCHy), 4.35 (2H, q,
CHMe) and 7.00 - 8.25 (4H, m, ArH and OH)] and ethyl 4-(4-bromo-2-
hydroxyphenyl)-2,4-dioxobutanoate (104) (452) [8y (60 MHz; CDCls/DMSO-dp)
1.35 (3H, t, Me), 4.35 (2H, q, CHMe) and 7.00 - 8.25 (6H, m, COCH,, ArH

and OH)], which was used without further purificationm.

Ethyl chromone-2-carboxylate (110).105.106 _ A mixture of crude ethyl
4-(2-hydroxyphenyl)-2,4-dioxobutancate (99), AcOH (60 ml), and conc. HC1
(1 ml) was boiled under reflux for 40 min. After cooling, a mixture of

ice and water (200 ml) was added and the resulting precipitate was
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filtered and dissolved in EtOAc (100 ml). The solution was then washed
with 52 aqg. NaHCO3 (3 x 50 ml), dried (anhyd. MgS80,), and evaporated to
afford crude ethyl chromone-2-carboxylate (110) (17.9 g, 692),2 m.p 72°C
(from EtOH) (1lit.,19 71-72°C); 8, (60 MHz; CDCl3) 1.45 (3H, t, Me), 4.50
(2H, q, CHMe), 7.15 (1H, s, CH=C), 7.30 - 8.00 (3H, m, 6-H, 7-H and
8-H) and 8.25 (1H, d, J 8 Hz, 5-H); vy (KBr) /cml 1740 (CO.0) and 1650

(CO).

Ethyl 7-nitrochromone-2-carboxylate (111).105-106 - A mixture (4:1) of
crude ethyl 4-(2-hydroxy-4-nitrophenyl)-2,4-dioxobutancate (101) and
ethyl 2-hydroxy-7-nitrochromancne-2-carboxylate (106), AcOH (75 ml), and
conc. HCl (trace, 5 drops) was boiled under reflux for 45 min. After
cooling, a mixture of ice and water (150 ml) was added and the resulting
precipitate was filtered and dissolved in EtOAc (500 mi). The solution
was then washed with 5% ag. NaHCO3 (4 x 80 ml), dried (anhyd. Mgs0,),
and evaporated to afford crude ethyl 7-nitrochromone-2-carboxylate (111)
(5.1 g, 582),° m.p. 138°C (from EtOH) (lit.,15! 135-137°C); &, (60 MHz;
CDCly) 1.50 (3H, t, Me), 4.55 (2H, q, CHMe), 7.25 (1H, s, CH=C) and

8.20 - 8.75 (3H, m, ArH); vy, (KBr) Jem'l 1745 (CO.0) and 1660 (CO).

Chromone-2-carboxylic acid (112).105

Method 1. A mixture of ethyl 4-(2-hydroxyphenyl)-2,4-dioxobutanoate
(99), AcOH (30 ml), and conc. HCl1 (30 ml) was boiled under reflux for 1
h. After cooling, the precipitated solid was filtered and

recrystallized from AcOH to afford chromone-2-carboxylic acid (112)

3 Yield calculated on the basis of 2-hydroxyacetophenone.

b vield calculated on the basis of 2-hydroxy-4-nitroacetophenone (94).
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(9.6 g, 84%),2 m.p. 251°C (decomp.) (lit.,105 250-251°C); 5y (60 MHz;
DMSO-dg) 7.00 (1H, s, CH=C), 7.35 - 8.25 (4H, m, ArH) and 8.90 (1H, br

s, COpH); vpay (KBr) jom! 3300 - 2100 (CO,H), 1740 (COpH) and 1630 (CO).

Method 2.107 A mixture of ethyl chromone-2-carboxylate (110), AcOH

(65 ml), 8M-HS0; (28 ml), and conc. HCl (15 ml) was boiled under reflux
for 14 h. After cooling, Hy0 (110 ml) was added and the mixture was
left to stand for 1 h. The precipitated solid was filtered off and
recrystallised from AcOH to afford chromone-2-carboxylic acid (112)

(9.9 g, 882).2

7-Methoxychromone-2-carboxylic acid (113). - The experimental
procedure employed for the synthesis of 7-chlorochromone-2-carboxylic
acid (116) (p. 142) was followed, using crude ethyl 4-(4-methoxy-2-
hydroxyphenyl)-2,4-dioxobutancate (100) (8.7 g, 33 mmol), AcOH (64 ml),
and conc. HCl (32 ml). 1In this case the reaction time was 1.5 h. Work-
up afforded crude 7-methoxychromone-2-carboxylic acid (113) (6.6 g,
91%),P> m.p. 266°C (decomp.) (from EtOH) [lit.,152 270°C (decomp.)]; &y
(60 MHz; DMSO-dg) 3.95 (3H, s, OMe), 6.90 (1H, s, CH=C), 7.00 - 7.30
(3H, m, 6-H , 8-H and OH) and 8.00 (1H, d, J 8Hz, 5-H); vpax (KBr) /eml

3200 - 2100 (OH), 1735 (COpH) and 1625 (CO).

7-Nitrochromone-2-carboxylic acid (114). -

Method 1.197 A mixture of ethyl 7-nitrochromone-2-carboxylate (111)

(0.9 g, 4 mmol), AcOH (4.0 ml), and 8M-H,50; (1.8 ml) was boiled under

8 Yield calculated on the basis of 2-hydroxyacetophenone.

b vield calculated on the basis of 2-hydroxy-4-methoxyacetophencne (93).
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reflux for 12 h. After cooling, Hy0 (7 ml) was added and the resulting
precipitate was filtered, dissolved in EtOAc (40 ml), and the solution
was extracted with 5% aq. NaHCO3 (3 x 50 ml). The combined agueous
solutions were acidified and extracted with EtOAc (3 x 40 ml). The
organic solutions were combined, dried (anhyd. MgS04), and evaporated to
afford crude 7-nitrochromone-2-carboxylic acid (114) (0.5 g, 652),2 m.p.
215°¢b (from EtOH); by (60 MHz; CD3OD) 7.20 (1H, s, CH=C) and 8.30 -
8.70 (3H, m, ArH); vy, (KBr) Jem-l 3300 - 2100 (COzH), 1730 (COyH) and

1640 (CO).

Method 2.106 A solution of ethyl 7-nitrochromone-2-carboxylate (111) (3.0
g, 11 mmol) and 452 HBr in AcOH (7.7 ml, 43 mmol) was boiled under
reflux for 1.5 h. After cooling, HyO (31 ml) was added and the
resulting precipitate was filtered and shown, by !H NMR spectroscopy, to
comprise a mixture of ethyl 7-nitrochromone-2-carboxylate (111) (722)

and 7-nitrochromone-2-carboxylic acid (114) (27Z). The solid was
dissolved in EtOAc (50 ml) and extracted with 5% aq. NaHCO3 (2 x 50 ml).
The combined aqueous alkali solutions were then acidified and extracted
with EtOAc (3 x 50 ml). The organic solutions were combined, dried
(anhyd. MgS50,4), and evaporated, and the residue was recrystallised from

EtOH to afford 7-nitrochromone-2-carboxylic acid (114) (0.9 g, 332).

7-Fluorochromone-2-carboxylic acid (115). - The experimental procedure
employed for the synthesis of 7-chlorochromone-2-carboxylic acid (116)
(p.142) was followed, using a mixture (3:2) of crude ethyl 4-(4-fluoro-2-

hydroxyphenyl )-2,4-dioxobutanoate (102) and ethyl 7-fluoro-2-

2 Yield calculated on the basis of 2-hydroxy-4-nitroacetophenone (94).
b No melting point is given in the abstract106 describing the second

procedure for the synthesis of 7-nitrochromone-2-carboxylic acid (114).
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hydroxychromanone-2-carboxylate (107), AcOH (10.8 ml), and conc. HCl
(5.5 ml). Work-up afforded crude 7-fluorochromone-2-carboxylic acid
(115) (2.2 g, 812),% m.p. 230°C (from EtOH); (Found : C, 57.4; H, 2.5.
CyoHsFO; requires : C, 57.7; H, 2.42); &y (500 MHz; DMSO-dg) 6.84 (1H, s,
CH=C), 7.32 - 7.36 (1H, m, 6-H), 7.60 (1H, dd, J; 2 Hz and 3ﬁw 10 Bz,
8-H), 8.03 (1H, dd, J, 9 Hz and %Jjy 6 Hz, 5-H) and 8.9 (60 MHz; 1H, br
s, COpH); & (75 MHz; DMSO-dg) 105.60 (d, 2Jj 26 Hz, C-8), 113. 67
(C-3), 116.69 (d, 2j 23 Hz, C-6), 120.92 (C-4a), 127.82 (d, 3Jy 11 Hz,
C-5), 153.56 (C-2), 156.56 (d, 3Jf 14 Hz, C-8a), 161.16 (COpH), 165.49
(d, lJr 253 Hz, C-7) and 176.66 (C-4); vy (KBr) /cm'l 3300 - 2700

(COoH), 1740 (COp) and 1630 (CO); m/z 208 (M', 100Z).

7-Chlorochromone-2-carboxylic acid (116).103 _ A mixture (9:5) of crude
ethyl 7-chloro-2-hydroxychromanone-2-carboxylate (108) and ethyl
4-(4-chloro-2-hydroxyphenyl)-2,4-dioxobutanocate (103), AcOH (22 ml), and
conc., HCl (11 ml) was boiled under reflux for 1.5 h. After cooling, Hy0
{36 ml) was added and the resulting precipitated solid was filtered and
recrystallised from EtOH.to afford 7-chlorochromone-2-carboxylic acid
(116) (3.5 g, 592),” m.p. 236°C (decomp.) (1it.,103 248-250°C); &y (60
MHz; DMSO-dg) 6.75 (1H, br s, CO,H), 7.00 (1H, s, CB=C), 7.60 (1H, dd, J
8 and 2 Hz, 6-H), 7.%0 (1H, d, J 2 Hz, 8-H) and 8.10 (1H, d, J 8 Hz,
5-H); vpax (KBr) /cm-l 3200 - 2300 (CO,H), 1710 (COoH) and 1650 (CO).

The crude product was sublimed to yield ethyl
7-chlorochromone-2-carboxylate m.p. 106-108°C (lit.,5 108-109°C); &
(500 MHz; DMSO-dg) 1.42 (3H, t, Me), 4.45 (2H, q, CHMe), 7.09 (1H, s,
CH=C), 7.40 (1H, d, J 2 and 9 Hz, 6-H), 7.63 (1H, d, J 2 Hz, 8-H) and

8.12 (1H, d, J 9 Hz, 5-H); vy (KBr) /em'! 1740 (COpH) and 1655 (CO);

8 Yield calculated on the basis of 4#-fluoro-2-hydroxyacetophenone (95).

b vyield calculated on the basis of 4-chloro-2-hydroxyacetophenone (96).
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m/z 252 (35c1, M", 1002).

7- Bromochromone- 2-carboxylic acid (117).51 - The experimental
procedure employed for the synthesis of 7-chlorochromone-2-carboxylic
acid (116) was followed, using a mixture (11:9) of crude ethyl 7-bromo-
2-hydroxychromanone-2-carboxylate (109), and ethyl 4-(4-bromo-2-
hydroxyphenyl)-2,4-dioxobutanoate (104) AcOH (16.4 ml), and conc. HCl
(8.7 ml). Work-up afforded crude 7-bromochromone-2-carboxylic acid
(117) (2.2 g, 812),2 m.p. 247°C (decomp.) (from EtOH) (lit.,3 252-
253°C); 8y (60 MHz; DMSO-dg), 7.00 (1H, s, CH=C), 7.60 - 8.20 (3H, m,
ArH) and 9.05 (1H, br s, COpH); vy (KBr) Jem-! 3200 - 2100 (COyH), 1720

(CO;H) and 1630 (CO).

6-Chlorochromone-2-carboxylic acid (118). - The experimental procedure
employed for the synthesis of ethyl 7-chloro-2-hydroxychromanone-2-
carboxylate (108) and ethyl 4-(4-chloro-2-hydroxyphenyl)-2,4-
dioxobutanoate (103) was followed, using 5-chloro-2-hydroxyacetophenone
(98) (4.5 g, 26 mmol), diethyl oxalate (19.9 ml, 0.147 mol), Na metal
(2.4 g, 0.105 mol), and dry EtOH (44 ml). Work-up afforded a solid
which was used without further purification. The experimental procedure
employed for the synthesis of 7-chlorochromone-2-carboxylic acid (116)
was then followed using the crude solid, AcOH (22 ml), and conc. HCl

(11 m1). Work-up afforded a solid which wasvrecrystallised from EtOH to
afford 6-chlorochromone-2-carboxylic acid (118) (3.0 g, 512),P m.p.

253°C (decomp.) (from EtOH) (lit.,150.153 275°C, 267-269°C and 262°C); by
(60 MHz; DMSO-dg) 5.65 (1H, br s, COH), 7.00 (1H, s, CH=C), 7.75 - 7.95

(2H, m, 7-H and 8-H) and 8.05 (1H, d, J 1 Hz, 5-H); vpax (KBr) Jeml 3300

4 Yield calculated on the basis of 4-bromo-2-hydroxyacetophenone (97).

b yield calculated on the basis of 5-chloro-2-hydroxyacetophenone (98).



144

- 2000 (COpH), 1735 (COzH) and 1630 (CO).

Ethyl 3-methylchromone-2-carboxylate (119) .17 _ A mixture of
o-hydroxypropiophenone (10.0 g, 67 mmol) and diethyl oxalate (27.1 ml,
0.200 mol) was cooled in an ice-bath. NaH (50% dispersion in oil;

9,6 g, 0.200 mol) was then added portionwise to the vigorously stirred
mixture. The ice-bath was removed occasionally to allow the reaction to
proceed and dry Ety0 (100 ml) was then added to disperse the NaH within
the slurry. After the addition of the NaH, the mixture was stirred at
ca. 0°C for 30 min. and at room temperature for 48 h. The solid
material was filtered and added portionwise to a stirred mixture of AcOH
(16 ml), HyO (50 ml), and ice (40 g). After stirring for 2h, the
mixture was extracted with Ety0 (3 x 50 ml). The combined ethereal
extracts were washed with Hy0 (2 x 50 ml), dried (anhyd. MgS04), and
evaporated. The residue was then dissolved in AcOH (20 ml) and conc.
HCl (2 ml), and the resulting mixture was boiled under reflux for 0.5 h.
After cooling, H,0 (20 ml) was added and the mixture was cooled in an
ice-bath. The resultant precipitate was filtered, dissolved in Et,0
(125 ml), and the solution was sequentially washed with 5% ag. NaHCOj

(2 x 50 ml) and HyO (50 ml), and dried (anhyd. MgS$0;). The solvent was
evaporated to afford crude ethyl 3-methylchromone-2-carboxylate (119)
(7.9 g, 517). The oil present in the filtrate was similarly extracted
to afford additional crude ethyl 3-methylchromone-2-carboxylate (119)
(1.0 g, 72, overall 592), m.p. 91-92°C (from EtOH) (lit.,107 89-90°C); &,
(60 MHz; CDClj) 1.45 (3H, t, CHyMe), 2.35 (3H, s, CMe=C), 4.50 (2H, q,
CHyMe) and 7.30 - 8.40 (4H, m, ArH); v, (KBr) /cm‘1 1730 {C0.0) and

1645 (CO).

3-Methylchromone-2-carboxylic acid (120).107 . A solution of ethyl 3-

methylchromone-2-carboxylate (119) (6.5 g, 28 mmol), AcOH (26 ml), and
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7M-H5S0; (22 ml) was boiled under reflux for 12 h. After cooling, H)0
(52 ml) was added and the resultant solid was filtered, dried, and
recrystallised from EtOH to afford 3-methylchromone-2-carboxylic acid
(120) (2.7 g, 492), m.p. 230°C (1it.,107 233-234°C); 5y (60 MHz;
DMSO-dg/CDC1l3) 2.30 (3H, s, Me), 7.30 - 8.30 (4H, m, ArH) and 10.55 (1H,
br s, COH); vpax (KBr) /cml 3400 - 2300 (CO,H), 1730 (CO,H) and 1615

(CO).

Chromone-2-carbonyl chloride (121).64 -

Method 1. SOCl; (0.88 mi, 12 mmol) was added to a suspension of
chromone-2-carboxylic acid (112) (1.8 g, 9 mmol) in dry
1,2-dichloroethane (11 ml) and N,N-dimethylformamide (0.18 ml, 2.3
mmol). The mixture was boiled under reflux for 1 h, cooled, and then
concentrated under reduced pressure. Additional 1,2-dichloroethane

(12 ml) was added to the concentrate and the resulting solution was
evaporated to afford crude yellow chromone-2-carbonyl chloride (121)
[m.p 92-93°C (sublimed) (lit.,1% 104-108°C); 5y (60 MHz; CDCly) 7.30
(1H, s, CH=C) and 7.40 - 8.40 (4H, m, ArH); vy (KBr) Jem™l 1730 (CO.Cl1)

and 1625 (CO)], which was used without further purification.

Attempted Preparation.!® PCly; (6.0 g, 29 mmol) was added to a stirred
slurry of chromone-2-carboxylic acid (112) (5.0 g, 26 mmol) in
cyclohexane (70 ml), and the resulting mixture was boiled under reflux
for 1h. The solution was maintained at ca. 1°C for 15 h and the solvent
was then evaporated to afford a solid residue shown, by Iy NMR

spectroscopy, to be starting material.
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7-Methoxychromone-2~carbonyl chloride (122). - The experimental
procedure employed for the synthesis of chromone-2-carbonyl chloride
(121) was followed, using 7-methoxychromone-2-carboxylic acid (113)

(1.8 g, 8 mmol), dry 1,2-dichloroethane (12 ml), N,N-dimethylformamide
(0.16 ml, 2.0 mmol), and S0Cl, (0.77 ml, 10.6 mmol). In this case the
reaction time was 2 h. Work-up afforded crude green crystalline
7-methoxychromone-2-carbonyl chloride (122) [8y (60 MHz; DMSO-ds/CDCly)
3.95 (3H, s, OMe), 6.95 (1H, s, CH=C), 7.00 - 7.30 (2H, m, 6-H and 8-H)
and 8.05 (1H, d, J 8 Hz, 5-H); vpax (1,2-dichloroethane) /cm‘1 1740

(CO.Cl) and 1620 (CO)], which was used without further purification.

7-Nitrochromone-2-carbonyl chloride (123). - SOClp; (0.91 ml, 12.5
mmol) was added to a suspension of 7-nitrochromone-2-carboxylic acid
(114) (2.3 g, 10 mmol) in dry dioxan (13 ml) and N,N-dimethylformamide
(0.18 ml, 2.3 mmol). The mixture was boiled under reflux for 2 h,
cooled, and then concentrated under reduced pressure. Additional dry
dioxan (10 ml) was added to the concentrate and the resulting solution
was evaporated and dried under wvacuum for 1h at 50°C to afford a brown
solid shown, by lH NMR spectroscopy, to comprise a mixture of
7-nitrochromone-2-carbonyl chloride (123) (812) [y (60 MHz; CDCl3) 7.40
(1H, s, CH=C) and 8.35 - 8.70 (3H, m, ArH)] and 7-nitrochromone-2-
carboxylic acid (6e) (19%) [(60 MHz; CDCl3) 7.40 (1H, s, CH=C), 8.35 -
8.70 (3H, m, ArH) and 11.65 (1H, br s, OH)], which was used without

further purification.

7-Fluorochromone-2-carbonyl chloride (124). - The experimental
procedure employed for the synthesis of chromone-2-carbonyl chloride
(121) was followed, using 7-fluorochromone-2-carboxylic acid (115) (1.2
g, 6 mmol), dry 1,2-dichloroethane (7 ml), N,N-dimethylformamide (0.11

ml, 1.4 mmol), and SOCl, (0.55 ml, 7.6 mmol). 1In this case the reaction
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time was 1.5 h. Work-up afforded crude brown crystalline
7-fluorochromone-2-carbonyl chloride (124) [m.p 113-115°C (sublimed); 3y
(60 MHz; CDCl3/1,2-dichloroethane) 7.25 - 7.40 (2H, m, 6-H and 8-H),
7.50 (1H, s, CH=C) and 8.15 - 8.50 (1H, m, 5-H); vyax (XBr) Jeml 1765

(CO.Cl) and 1650 (C0)], which was used without further purification.

7-Chlorochromone-2-carbonyl chloride (125). - The experimental
procedure employed for the synthesis of chromone-2-carbonyl chloride
(121) was followed, using 7-chlorochromone-2-carboxylic acid (116)

(1.8 g, 8 mmol), dry 1,2-dichloroethane (13 ml), N,N-dimethylformamide
(0.15 ml, 2.0 mmol), and SOCly (0.76 ml, 10.4 mmeol). 1In this case the
reaction time was 1.5 h. Work-up afforded crude brown crystalline
7-chlorochromone-2-carbonyl chloride (125) [m.p 179-182°C (sublimed); 8y
(60 MHz; CDCly) 7.35 (1H, s, CH=C), 7.55 (1lH, dd, J 2 and 9 Hz, 6-H),
7.70 (1H, d, J 2 Hz, 8-H) and 8.20 (1H, d, J 9 Hz, 5-H); v (KBr) /cm'!
1760 (CO.Cl) and 1650 (CO)], which was used without further

purification.

7-Bromochromone-2-carbonyl chloride (126). - The experimental

procedure employed for the synthesis of chromone-2-carbonyl chloride

(121) was followed, using 7-bromochromone-2-carboxylic acid (117) (1.8 g,

7 mmol), dry 1,2-dichloroethane (8 ml), N,N-dimethylformamide (0.13 ml,
1.7 mmol), and SOCl; (0.65 ml, 8.9 mmol). In this case the reaction

time was 1.5 h. Work-up afforded crude red crystalline 7-bromochromone-
2-carbonyl chloride (126) [6y (60 MHz; CDClz) 7.35 (1H, s, CH=C), 7.65 (1H,
dd, J 2 and 8 Hz, 6-H), 7.90 (1H, d, J 2 Hz, 8-H) and 8.15 (1H, d, J 9
Hz, 5-H); vpax (KBr) /cm‘1 1740 (CO.Cl) and 1640 (CO)], which was used

without further purification.
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3-Methylchromone-2-carbonyl chloride (127). - The experimental
procedure employed for the synthesis of chromone-2-carbonyl chloride
(121) was followed, using 3-methylchromone-2-carboxylic acid (120)

(0.9 g, 4 mmol), dry 1,2-dichloroethane (5 ml), N,N-dimethylformamide
(0.08 ml, 1.1 mmol), and SOCl, (0.41 ml, 5.6 mmol). In this case the
reaction time was 2 h. Work-up afforded crude yellow crystalline
3-methylchromone-2-carbonyl chloride (127) [8y (60 MHz; CDCl3/1,2-
dichloroethane) 2.35 (3H, s, CMe=C), 7.35 - 8.40 (4H, m, ArH); vy
(KBr) /cm™l 1760 (CO.Cl) and 1640 (CO)], which was used without further

purification.

Dimethylammonium chloride (128). - HCl gas was bubbled through =a
stirred solution of ethanolic MeyNH (25% w/w; 18 ml, 77 mmol) and dry
EtOH (40 ml) for 2 h at ca. 0°C. The solvent was evaporated and the
white crystalliné slurry was dried under vacuum for lh. Dry Et,0 (ca.
40 ml) was added and the mixture was cooled to ca. 0°C. The solvent was
decanted off and the crystals dried under wvacuum for 1lh. The crystals
were then washed with Ety0 (6 x 10 ml) by filtration under N, and vacuum
dried for 1 h to afford crude dimethylammonium chloride (128) (6.4 g,
102%), m.p. 142-143°C (lit.,!%5 157°C); §, (CDCl3) 2.80 (6H, t, Me) and

9.45 (1H, br s, NH).

N,N-Dimethylchromone-2-carboxamide (129). -

Method 1.110 A slurry of dimethylammonium chloride (128)

(1.5 g, 18 mmol) in dry pyridine (5 ml) was added slowly to a precooled
(-5°C), stirred suspension of chromone-2-carbonyl chloride (121) (1.9 g,
9 mmol) in dry pyridine (15 ml), ensuring that the temperature of the

resulting black mixture did not exceed 0°C. The reaction mixture was
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stirred at 0°C for 2 h and at room temperature for 20 h, and was then
poured into 2M-HCl (200 ml), allowed to stand for 0.5 h, and extracted
with EtOAc (4 x 70 ml). The organic extracts were combined,
sequentially washed with 5% ag. NaHCO3 (2 x 50 ml) and saturated aqueous
NaCl (1 x 50 ml), dried (anhyd. Mg50,;), and evaporated to afford
N,N-dimethylchromone-2-carboxamide (129) (1.5 g, 76%).%3® The crude
solid was chromatographed [flash chromatography on silica gel; elution
with EtOAc] to afford N,N-dimethylchromone-2-carboxamide (129) (1.2 g,
627),2 m.p. 115-116°C (from EtOAc) (lit.,17 115-116°C); 5y (300 MHz;
CDCl3) 3.10 (6H, br s, NMep), 6.49 (1H, s, CH=C), 7.37 - 7.47 (2H, m,
6-H and 8-H), 7.64 - 7.70 (1H, m, 7-H) and 8.15 (1H, dd, J 2 and 8 Hz,
5-H); 8. (75 MHz; CDCljy) 35.41 and 38.27 (NMej;), 111.58 (C-3), 118.13
(C-8), 124.20 (C-4a), 125.73 (C-5 and C-6), 134,25 (C-7), 155.66 (C-8a),
158.20 (C-2), 162.27 (CO.N) and 177.42 (C-4); vpay (KBr) Jjem-! 3060 (CH),
1645 and 1640 (CO); Apx (EtOH) /mm 215 (¢ /dm3 mol-! cm-! 16 929), 226

(19 907) and 301 (8 710).

Method 2.64 Chromone-2-carbonyl chloride (121) (1.9 g, 9 mmol) was
cautiously added to a precooled (0°C), stirred solution of aqueous Me;NH
(432 w/w; 1.14 ml, 9.6 mmol) and NaHCO3 (1.3 g, 15 mmol) in ice-cold H,0
(11 ml). The mixture was stirred at ca. 0°C for 1lh and the resulting
precipitate was filtered and washed (5% ag. NaHCO3). The crude solid
(0.7 g) was shown, by !H NMR spectroscopy, to comprise a mixture (1:3)
of chromone-2-carboxylic acid (112) and N,N-dimethylchromone-2-
carboxamide (129). The mixture was dissolved in CHClj; (40 ml) and the

solution was sequentially washed with 5Z aq. NaHCO3 (2 x 30 ml) and

8 Yield calculated on the basis of chromone-2-carboxylic acid (112).
b Optimised reaction; yields using 1 and 1.5 molar equivalents of

dimethylammonium chloride (128) were 65Z and 71% respectively.
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saturated aqueous NaCl (1 x 30 ml), and then dried (anhyd. MgS0,;). The
solvent was evaporated and the residue recrystallised from EtOAc to
afford N,N-dimethylchromone-2-carboxamide (129) (0.2 g, 102).® The
crude mother liguors were chromatographed [flash chromatography on silica
gel; elution with EtOAc] to afford additional N,N-dimethylchromone-2-

carboxamide (129) (0.1 g, 52).9

Method 3. The first experimental procedure employed for the synthesis
of N,N-dimethylchromone-2-carboxamide (129) was followed, using
chromone-2-carbonyl chloride (121) (1.9 g, 9 mmol), ethanolic Me,;NH

(332 wjw; 1.75 ml, 9.6 mmol), and dry pyridine (19 ml). In this case
the reaction time at room temperature was 15 h. Work-up afforded a
solid (1.7 g) shown, by l!H NMR spectroscopy, to comprise a mixture (1:2)
of N,N-dimethylchromone-2-carboxamide (129) (0.6 g, ca. 282) and ethyl

chromone-2-carboxylate (110) (1.1 g, ca. 562).

Attempted preparation.l’ A solution of ethyl chromone-2-carboxylate
(110) (2.0 g, 9 mmol), ethanolic MeyNH (332 wiw; 1.26 ml, 7.0 mmol), and
dry EtOH (50 ml) was stirred at room temperature for 2 days and 21 h,
and then boiled under reflux for 9 h. After cooling, the solution was

evaporated to afford starting material (2.0 g).

7-Methoxy-N,N-dimethylchromone-2-carboxamide (130). - The first
experimental procedure employed for the synthesis of
N,N-dimethylchromone-2-carboxamide (129) was followed, using
7-methoxychromone-2-carbonyl chloride (122) (1.9 g, 8 mmol),
dime£hylammonium chloride (128) (1.3 g, 16 mmol), and dry pyridine

(20 ml). In this case the reaction time at room temperature was 24.5 h.

3 Yield calculated on the basis of chromone-2-carboxylic acid (112).
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Work-up afforded crude 7-methoxy-N,N-dimethylchromone-2-carboxamide
(130) (1.8 g, 922)% which was chromatographed [flash chromatography on
silica gel; elution with EtOAc] to afford 7-methoxy-N,N-
dimethylchromone-2-carboxamide (130) (1.7 g, 832),2 m.p. 120-122°C (from
EtOAc); {(Found : C, 63.0; H, 5.1; N, 5.7. Cy3H3NO, requires : C, 63.15;
H, 5.3; N, 5.72); &y (300 MHz; CDClz) 3.10 and 3.11 (6H, 2 x s, NMey),
3.89 (3H, s, OMe), 6.45 (1H, s, CH=C), 6.85 (1H, d, J 2 Hz, 8-H), 6.98
(1H, dd, J 2 and 8 Hz, 6-H) and 8.10 (1H, d, J 8 Hz, 5-H); 8, (75 MHz;
CDCl3) 35.53 and 38.50 (NMey), 55.91 (OMe), 100.39 (C-8), 111.68 (C-3),
115.00 (C-6), 118.05 (C-4a), 127.13 (C-5), 157.43 (C-8a), 157.50 (C-2),
162.32 (CO.N), 164.41 (C-7) and 176.69 (C-4); vpa, (KBr) Jem™l 2995 (CH),
1660 and 1650 (CO); Apax (EtOH) /nm 217 (¢ /dm3 mol-l em! 25 769), 229

(21 300) and 298 (12 277); m/z 247 (M, 1002).

N,N-Dimethyl- 7-nitrochromone-2-carboxamide (131). - The first
experimental procedure employed for the synthesis of
N,N-dimethylchromone-2-carboxamide (129) was followed, using a mixture
(4:1; 2.6 g) of crude 7-nitrochromone-2-carbonyl chloride (123) (8 mmol)
and 7-nitrochromone-2-carboxylic acid (114), dimethylammonium chloride
(128) (1.3 g, 16 mmél), and pyridine (20 ml). In this case the reaction
time at room temperature was 13 h. Work-up afforded crude brown
N,N-dimethyl-7-nitrochromone-2-carboxamide (131) (1.7 g, 682)P which was
chromatographed [flash chromatography on silica gel; elution with EtOAc]
to afford N,N-dimethyl- 7-nitrochromone-2-carboxamide (131) (1.7 g,

662),0 m.p. 152-153°C (from EtOAc); (Found : C, 35.4; H, 3.8; N, 10.6.

3 Yield calculated on the basis of 7-methoxychromone-2-carboxylic acid
(113).
b yvield calculated on the basis of 7-nitrochromone-2-carboxylic acid

(114).
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CyoHjoN205 requires : C, 55.0; H, 3.8; N, 10.72); &y (300 MHz; CDCl3) 3.14
and 3.15 (6H, 2 x s, NMe;), 6.61 (1H, s, CH=C), 8.23 (1H, dd, J 2 and 8
Hz, 6-H) and 8.33 - 8.40 (2H, m, 5-H and 8-H); 3. (75 MHz; CDCl3) 35.65
and 38.40 (NMejp), 112.41 (C-3), 114.55 (C-8), 119.97 (C-6), 127.86
(C-5), 150.83 (C-7), 154.99 (C-8a), 159.28 (C-2), 161.33 (CO.N) and
175.81 (C-4); vpay (KBr) /cml 1670 and 1655 (CO); Appy (EtOH) /nm 212
(¢ /dm® mol-l cm™! 19 846), 252 (20 137) and 322 (5 712); m/z 262 (M,

732) and 72 (1002).

7-Fluoro-N,N-dimethylchromone-2-carboxamide (132). -

Method 1. The first experimental procedure employed for the synthesis
of N,N-dimethylchromone-2-carboxamide (129) was followed, using
7-fluorochromone-2-carbonyl chloride (115) (1.3 g, 6 mmol),
dimethylammonium chloride (128) (1.0 g, 12 mmol), and dry pyridine

(14 ml). Work-up afforded crude brown 7-fluoro-N,N-dimethylchromone-2-
carboxamide (132) (1.0 g, 762)? which was chromatographed [flash
chromatography on silica gel; elution with EtOAc]} to afford 7-fluoro-

N,N-dimethylchromone-2-carboxamide (132) (0.9 g, 642).8

Method 2. The second experimental procedure employed for the synthesis
of N,N-dimethylchromone-2-carboxamide (129) was followed, using
7-fluorochromone-2-carbonyl chloride (124) (1.9 g, 9 mmol), aqueous
MeyNH (432 w/w; 1.20 ml, 10.1 mmol), N§H003 (1.2 g, 14 mmol), and Hy0
(10 ml). Work-up afforded a solid (1.1 g) shown, by TLC, to comprise a

mixture of two components. The mixture was chromatographed [flash

4 Yield calculated on the basis of 7-fluorochromone-2-carboxylic acid

(115).
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chromatography on silica gel; elution with EtOAc] to afford a solid
(0.9 g, 432)3 which was recrystallized from EtOAc to give 7-fluoro-N,N-
dimethylchromone-2-carboxamide (132) (0.5 g, 252),2 m.p. 144-146°C;
(Found : C, 61.85; H, 4.3; N, 6.1. CoH FNO3 requires : C, 61.3; H, 4.3;
N, 6.02); 8y (300 MHz; CDClz) 3.11 (6H, s, NMey), 6.50 (1H, s, CH=C),
7.10 - 7.20 (2H, m, 6-H and 8-H) and 8.16 - 8.24 (1H, m, 5-H); &, (1253
MHz; CDClz) 35.30 and 38.14 (NMep), 104.77 (d, 2J 26 Hz, C-8), 111.58
(C-3), 114.39 (d, 2J 23 Hz, C-6), 120.92 (C-4a), 128.14 (d, 3Jy 11 Hz,
C-5) 156.47 (d, &%F 14 Hz, C-8a), 158.25 (C-2), 161.72 (CO.N), 165.66
(d, lJ 256 Hz, C-7) and 176.15 (C-4); vy, (KBr) /em'l 1660 and 1648
(CO); Apax (EtOH) /nm 223 (¢ /dm3 mol-! cm'l 18 558), 263 (8 687) and 296

(8 782); m/z 235 (M', 100Z) and 72 (1002).

7-Chloro-N,N-dimethylchromone-2-carboxamide (133). -

Method 1. The first experimental procedure employed for the synthesis
of N,N-dimethylchromone-2-carboxamide (129) was followed, using
7-chlorochromone-2-carbonyl chloride (125) (2.0 g, 8 mmol),
dimethylammonium chloride (128) (1.3 g, 16 mmol), and dry pyridine

(20 ml). In this case the reaction time at 0°C was 2.5 h, and at room
temperature was 19.5 h. Work-up afforded crude brown 7-chloro-N,N-
dimethylchromone-2-carboxamide (133) (1.6 g, 807) which was

chromatographed [flash chromatography on silica gel; elution with EtOAc]

4 Yield calculated on the basis of 7-fluorochromone-2-carboxylic acid
(115).
b yield calculated on the basis of 7-chlorochromone-2-carboxylic

acid (116).
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to afford 7-chloro-N,N-dimethylchromone-2-carboxamide (133)

(1.4 g, 722).%

Method 2. The second experimental procedure employed for the synthesis
of. N,N-dimethylchromone-2-carboxamide (129) was followed, using
7-chlorochromone-2-carbonyl chloride (125) (1.9 g, 8 mmol), agqueous
Me,NH (432 w/w; 0.99 ml, 8 mmol), NaHCO3 (1.2 g, 14 mmol), and Hy0

(10 ml). Work-up afforded a solid (1.2 g) shown, by TLC, to comprise a
mixture of two components, which was chromatographed [flash
chromatography on silica gel; elution with EtOAc] to afford a solid
(0.8 g, 387)2 which was recrystallised from EtOAc to give 7-chloro-N,N-
dimethylchromone-2-carboxamide (133) (0.4 g, 22%),% m.p. 146-147°C;
(Found : C, 57.3; H, 3.7; N, 5.5. CjpH;oC1NO3 requires : C, 57.3; H, 4.0;
N, 5.62); 8y (500 MHz; CDCly) 3.09 (6H, s, NMep), 6.49 (1H, s, CH=C),
7.37 (1H, dd, J 2 and 9 Hz, 6-H), 7.47 (1H, d, J 2 Hz, 8-H) and 8.10
(1H, d, J 9 Hz, 5-H); 8. (75 MHz; CDCl3) 35.48 and 38.27 (NMey), 111.95
(C-3), 118.23 (C-8), 122.76 (C-4a), 126.67 and 127.17 (C-5 and C-6),
140.40 (C-7), 155.75 (C-8a), 158.23 (C-2), 161.91 (CO.N) and 176.55
(C-4); vpay (KBr) jem'! 1658 and 1650 (CO); Ay (EtOH) Jom 224

(¢ /dm3 mol-l cm'l 19 810), 274 (9 390) and 304 (9 310); m/z 251 (¥cl,

MY, 54%) and 123 (100%).

7-Bromo-N,N-dimethylchromone-2-carboxamide (134). -

Method 1. The first experimental procedure employed for the synthesis

of N,N-dimethylchromone-2-carboxamide (129) was followed, using

2 Yield calculated on the basis of 7-chlorochromone-2-carboxylic acid

(116) .
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7-bromochromone-2-carbonyl chloride (126) (1.9 g, 7 mmol),
dimethylammonium chloride (128) (1.1 g, 14 mmol), and dry pyridine
(20 ml). 1In this case the reaction time at room temperature was 14 h.
Work-up afforded crude 7-bromo-N,N-dimethylchromone-2-carboxamide (134)
(1.9 g, 962)2 which was chromatographed [flash chromatography on silica
gel; elution with EtOAc] to afford 7-bromo-N,N-dimethylchromone-2-

carboxamide (134) (1.5 g, 772).3

Method 2. The second experimental procedure employed for the synthesis
of N,N-dimethylchromone-2-carboxamide (129) was followed, using
7-bromochromone-2-carbonyl chloride (126) (1.9 g, 7 mmol), aqueous MepNH
(432 w/w; 0.96 ml, 8.1 mmol), NaHCO3 (1.0 g, 11 mmol), and Hy0 (8 ml).
Work-up afforded a solid (0.6 g) shown, by TLC, to comprise a mixture of
two components, which was chromatographed [flash chromatography on
silica gel; elution with EtOAc] to afford a crude 7-bromo-N,N-
dimethylchromone-2-carboxamide (134) (0.4 g, 212),2 m.p. 143-145°C (from
EtOAc); (Found : C, 48.8; H, 3.45; N, 4.8, CyyHyoBrNO3 requires :

C, 48.7; H, 3.43 N, 4.72); 8y (500 MHz; CDCly) 3.07 and 3.08 (6H, 2 x s,
NMey), 6.47 (1H, s, CH=C), 7.50 (1lH, dd, J 2 and 9 Hz, 6-H), 7.63 (1H,
d, J 2 Hz, 8-H) and 7.99 (1H, d, J 9 Hz, 5-H); &, (125 MHz; CDCl3) 35.48
and 38.26 (NMe,), 111.93 (C-3), 121.23 (C-8), 123.06 (C-4a), 127.12 and
129.39 (C-5 and C-6), 128.51 (C-7), 155.61 (C-8a), 158.17 (C-2), 161.62
(CO.N) and 176.58 (C-4); vy, (KBr) /cml 1655 and 1635 (CO); Amax (EtOH)
/nm 228 (¢ /dm3 mol-l cm! 19 667), 272 (10 245) and 297 (8 947); m/z 295

(9Br, M, 352) and 72 (100Z).

@ Yield calculated on the basis of 7-bromochromone-2-carboxylic acid

(117).
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N,N-Dimethyl-3-methylchromone-2-carboxamide (135). -

Method 1. The first experimental procedure employed for the synthesis
of N,N-dimethylchromone-2-carboxamide (129) was followed, using
3-methylchromone-2-carbonyl chloride (127) (1.0 g, 4 mmol),
dimethylammonium chloride (128) (0.7 g, 9 mmol), and dry pyridine

(10 ml). In this case the reaction time at room temperature was 14 h.
Work-up afforded crude N,N-dimethyl-3-methylchromone-2-carboxamide (135)
(0.8 g, 847)2 which was chromatographed [flash chromatography on silica
gel; elution with EtOAc] to afford N,N-dimethyl-3-methylchromone-2-

carboxamide (135) (0.7 g 712).%

Method 2. The second experimental procedure for the synthesis of
N,N-dimethylchromone-2-carboxamide (129) was followed, using
3-methylchromone-2-carbonyl chloride (127) (1.9 g, 9 mmol), agueous
MeyNH (432 w/w; 1.22 ml, 10.2 mmol), NaHCO3 (1.2 g, 15 mmol), and H,0

{7 ml). In this case the mixture was stirred at ca. 0°C feor 2h. Work-
up afforded a crude solid (1.7 g) shown, by !H NMR spectroscopy, to
comprise a mixture (ca. 1:4) of 3-methylchromone-2-carboxylic acid (120)
and N,N-dimethyl-3-methylchromone-2-carboxamide (135). The mixture was
dissolved in EtOAc (60 ml), and the solution was sequentially washed
with 5Z aq. NaHCO3 (2 x 30 ml) and saturated aqueous NaCl (1 x 30 ml),
and then dried (anhyd. MgS0,). The solvent was evaporated to give an
0il which crystallized to afford crude N,N-dimethyl-3-methylchromone-2-
carboxamide (135) (1.0 g, 52%).% Recrystallization from EtOAc afforded
N,N-dimethyl- 3-methylchromone-2-carboxamide (135) (0.1 g, 62Z).2 The

crude motherliquours were chromatographed [flash chromatography on

2 Yield calculated on the basis of 3-methylchromone-2-carboxylic acid

(120).
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silica gel; elution with EtOAc] to afford additional N,N-dimethyl-3-
methylchromone-2-carboxamide (135) (0.5 g, 242),% m.p. 74-76°C (from
EtOAc); [m/z Found : 231.090 (M", 100Z). C;3H3NO3 requires : 231.090]);
8y (500 MHz; CDClz) 1.96 (3H, s, 3-Me), 2.95 and 3.07 (6H, 2 x s, NMey),
7.31 - 7.35 (2H, m, 6-H and 8-H), 7.56 - 7.60 (1H, m, 7-H) and 8.11 (1H,
dd, J 2 and 8 Hz, 5-H); 8, (75 MHz; CDCl3) 9.98 (3-Me), 34.56 and 37.63
(NMep), 117.36 (C-3), 117.88 (C-8), 122.89 (C-4a), 125.24 and 125.78
{(C-5 and C-6), 133.72 (C-7), 154.39 (C-8a), 155.61 (C-2), 162.40 (CO.N)
and 177.82 (C-4); vy (KBr) /eml 1640 and 1635 (CO); m/z 231

(M, 1002).

N,N-Diisopropylchromone-2-carboxamide (136). -

Method 1.6% Diisopropylamine (1.06 ml, 7.6 mmol) was added to a
solution of chromone-2-carbonyl chloride (121) (1.5 g, 7 mmol) in dry
pyridine (20 ml) and the resulting solution was warmed on a steam bath
for 3h. After cooling, the solution was poured into 2M-HCl (200 ml)
and the resulting mixture was extracted with EtOAc (3 x 50 ml). The
organic extracts were combined, dried (anhyd. MgS0;), and evaporated to
afford a yellow 0il (1.2 g) which was chromatographed [flash
chromatography on silica gel; elution with EtOAc-hexane (1:1)] to afford
an oil (0.8 g; #02)P which crystallised on standing. Recrystallisation
from EtOAc gave N,N-diisopropylchromone-2-carboxamide (136) (0.3 g,
‘152),b m.p. 95-96°C (from EtOAc); (Found : C 70.65; H 7.3; N, 5.3.

CigHigNO3 requires: C 70.3; H, 7.0; N, 5.12); 8y (500 MHz; CDCls)

8 yield calculated on the basis of 3-methylchromone-2-carboxylic acid
(120).

b vield calculated on the basis of chromone-2-carboxylic acid (112).
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1.29 (6H, br s, CHMe,;), 1.55 (6H, br s, CHMey), 3.60 (1H, br s, NCH),
3,91 (1H, br s, NCH), 6.49 (1H, s, CH=C), 7.49 - 7.55 and 7.76 - 7.83
(2H, 2 x m, 6-H and 7-H), 7.57 (1H, d, J 8 Hz, 8-H) and 8.23 (1H d,

J 7 Hz, 5-H); &, (125 MHz; CDC13) 19.94 (CHMep), 20.57 (CHMe;), 46.28
(NCH), 51.12 (NCH), 109.50 (C-3), 117.96 (C-8), 124.06 (C-4a), 125.45
and 125.48 (C-5 and C-6), 133.98 (C-7), 155.46 (C-8a), 159.83 (C-2),
161.33 (CO.N) and 177.37 (C-4); vpax jem-l 1655 and 1640 (CO); m/z 273

(M, 242), 216 (1002).

Method 2. The second experimental procedure for the synthesis of

N, N-dimethylchromone-2-carboxamide (129) was followed, using chromone-2-
carbonyl chloride (121) (1.5 g, 7 mmol), diisopropylamine (1.23 ml,

8.8 mmol), NaHCO3 (1.2 g, 15 mmol), and H,0 (11 ml). The precipitated
solid was filtered off and shown, by l!H NMR spectroscopy, to be starting
material (0.2 g). The filtrate was extracted with EtOAc, dried (anhyd.
MgS04), and evaporated to afford crude N,N-diisopropylchromone-2-

carboxamide (136) (0.1 g, 62).2

1-[(Chromon-2-yl)-carbonyl ]-pyrrolidine (137). - The second
experimental procedure for the synthesis of WN,N-dimethylchromone-2-
carboxamide (129) was followed, using chromone-2-carbonyl chloride (121)
(1.7 g, 8 mmol), pyrrolidine (0.746 ml, 9.0 mmol), NaHCO3 (1.2 g,

14 mmol), and Hy0 (10 ml). 1In this case, the mixture was stirred at ca.
0°C for 1.5 h. Work-up afforded a crude solid (0.9 g) shown, by TLC, to
comprise a mixture of three components. The mixture was chromatographed
[flash chromatography on silica gel; elution with EtOAc] to afford crude
1-[(chromon-2-yl)-carbonyl ]-pyrrolidine (137) (0.4 g, 22%),%

m.p.103-105°C (from EtOAc); [m/z Found : 243.089 (M", 100Z). Cj4H;3NOg

8 yYield calculated on the basis of chromone-2-carboxylic acid (112).
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requires : 243.090]; &y (500 MHz; CDCl3) 1.83 - 1.89 [4H, m,

(CHy(CHy),CHy) ], 3.51 (2H, t, NCHp), 3.63 (2H, t, NCHp), 6.62 (1H, s,
CH=C), 7.27 - 7.30 and 7.56 - 7.60 (2H, 2 x m, 6-H and 7-H), 7.36

(18, d, J 8 Hz, 8-H) and 8.03 (1H, dd, J 2 and 8 Hz, 5-H); §. (125 MHz;
CDCl3) 23.49 (CHp), 26.09 (CHp), 46.92 (NCHp), 48.08 (NCH,) 111.91 (C-3),
117.87 (C-8), 123.94 (C-4a), 125.35 and 125.47 (C-5 and C-6), 134.06
(C-7), 155.16 (C-8a), 157.86 (C-2), 159.60 (CO.N) and 177.48 (C-4); vpax

(KBr) /cm™! 1640 and 1630 (CO); m/z 243 (M', 100%).

1-{(Chromon-2-yl)-carbonyl ]-piperidine (138). - The first
experimental procedure for the synthesis of N,N-diisopropylchromone-2-
carboxamide (136) was followed, using piperidine (0.80 ml, 8.1 mmol),
chromone-2-carbonyl chloride (121) (1.6 g, 8 mmol), and dry pyridine
(20 ml). Work-up afforded a red oil (1.6 g) which was chromatographed
(flash chromatography on silica gel; elution with EtOAc-hexane (3:1)] to
afford an oil (1.5 g). The oil was chromatographed [flash
chromatography on alumina; elution with EtOAc-hexane (2:3)] to afford an
oil which crystallized on standing to afford l-[(chromon-2-yl)-
carbonyl)-piperidine (138) (1.5 g, 752),2 m.p. 66-67°C (from EtOAc)
(lit.,!7 90.5-92°C); (Found : C, 70.5; H 5.9; N, 5.6. Calc for Cy5H 5NO3
: C, 70.0; H, 5.9; N 5.42); 6y (500 MHz; CDClj) 1.57 - 1.66 [6H, m,
(CHy)3}, 3.39 (2H, br s, NCH;), 3.62 (2H, br s, NCH,), 6.39
(1H, s, CH=C), 7.34 -~ 7.37 and 7.61 - 7.65 (2H, 2 x m, 6-H and 7-H),

7.41 (1H, d, J 9 Hz, 8-H) and 8.11 (1H, dd, J 2 and 8 Hz, S5-H); 8¢ (125

MHz; CDCl3) 24.17, 25.21, and 26.34 (NCH,CHpCHyCH,CHp), 43.21 (NCH,),
48.03 (NCHp), 110.96 (C-3), 118.09 (C-8), 124.09 (C-4a), 125.57

(C-5 and C-6), 134.09 (C-7), 155.61 (C-8a), 158.42 (C-2), 160.67 (CO.N)

3 Yield calculated on the basis of chromone-2-carboxylic acid (112).
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and 177.26 (C-4); vy, (KBr) Jem-! 1655 and 1650 (CO); m/z 257 (M', 352)

and 89 (1002).

Chromone-2-carboxamide (139). -

Method 1. The second experimental procedure for the synthesis of

N, N-dimethylchromone-2-carboxamide (129) was followed, using chromone-2-
carbonyl chloride (121) (1.2 g, 11 mmol) and aqueous NH3 (252 w/v;

8.4 ml, 0.123 mol). 1In this case work-up, which excluded the
extraction, afforded crude chromone-2-carboxamide (139) (1.5 g, 742)%
which was recrystallised from a mixture of EtOH, DMF and Hy;0 to afford
chromone-2-carboxamide (139) (0.8 g, 41Z),2 m.p. 254°C (from EtOH)
(1it.,!7 150-151°C); 3y (500 MHz; DMSO-dg/CDCls) 2.06 (3H, s, impurity),
3.32 (1H, br s, CONH,), 6.83 (1H, s, CH=C), 7.44 - 7.47 and 7.78 - 7.82
(2H, 2 x m, 6-H and 7-H), 7.68 (1H, dd, J 1 and 8 Hz, 8-H), 8.01 (1H,
dd, J 2 and 8 Hz, 5-H) and 8.10 and 8.45 (2H, 2 x br s, impurities);

8¢ (125 MHz; DMSO-dg/CDCl3) 30.45 (Me impurity), 110.42 (C-3), 118.61
(C-8), 123.51 (C-4a), 124.72 and 125.58 (C-5 and C-6), 134.49 (C-7),
155.00 (C-8a), 155.62 (C-2), 160.62 (CO.N) and 177.25 (C-4); vpax

(XBr) /cm™! 3360 (NH), 3160 (CH), 1715 (CO.N) and 1673 and 1628 (CO).
Impurities in the !H and 13¢ NMR specra could not be eliminated by
repeated recrystallisation from EtOH; or by purifying recrystallised
material (200 mg) by chromatography [flash chromatography on alumina;

elution with EtOAC and EtOH].

Method 2. The first experimental procedure for the synthesis of

N,N-dimethylchromone-2-carboxamide (129) was followed, using chromone-2-

8 Yield calculated on the basis of chromone-2-carboxylic acid (112).
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carbonyl chloride (121) (2.2 g, 11 mmol), NH4Cl (1.1 g, 21 mmol), and
dry pyridine (20 ml). In this case the acidic mixture was filtered to
afford a solid (0.3 g) and the extracted filtrate afforded a solid
(0.9 g). Both solids were shown, by TLC, to comprise a mixture of three
components. The combined material (1.2 g) was chromatographed [flash
chromatography on silica gel; elution with EtOAc-hexane (50:1)] to

afford crude chromone-2-carboxamide (139) (0.3 g, 172).2

(E)-2- (Dimethylamino)- 3- {2-hydroxybenzoyl )-N,N-dimethylacrylamide (140).

Method 1.17:126 Ethanolic Me,NH (252 w/w; 3.14 ml, 13.2 mmol) was added
to a solution of N,N-dimethylchromone-2-carboxamide (129) (0.500 g,

2.3 mmol) in dry EtOH (17 ml) and the solution was stirred at room
temperature for 20 h. The solution was evaporated under reduced
pressure to afford a crude solid (0.53 g) which was chromatographed
[flash chromatography on silica gel; elution with EtOAc] to afford
(E)-2-(dimethylamino)-3-{2-hydroxybenzoyl)-¥N,N-dimethylacrylamide (140)

(0.374 g, 621).

Method 2. Crude chromone-2-carbonyl chloride (121) (1.8 g, 9 mmol) was
cautiously added to precooled (0°C), stirred aqueous Mey)NH (437 w/w;
2.13 ml, 17.9 mmel), and cold water (10 ml) was then added. The mixture
was stirred for 1 h at ca. 0°C and the resulting precipitate was
filtered and washed (H)0) to afford crude (ZF)-2-(dimethylamino)-3-
(2-hydroxybenzoyl)-N,N-dimethylacrylamide (140) (0.7 g, 322),2 m.p.
165-166°C (from EtOH) (lit.,l7 166-167°C); sy (500 MHz; CDCl3) 2.89 and

3.09 (6H, 2 x s, CONMey), 3.06 (6H, s, NMey), 5.75 (1H, s, CH=C), 6.75 -

@ Yield calculated on the basis of chromone-2-carboxylic acid (112).
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6.79 and 7.29 - 7.33 (2H, 2 x m, 4 -H and 5 -H), 6.88 (1H, dd, J 1 and 8
Hz, 3 -H), 7.67 (1H, dd, J 2 and 8 Hz, 6 -H) and 13.60 (60 MHz; 1H, s,
OH); &, (75 MHz; CDClj) 34.06 and 36.84 (CONMe;), 39.38 and 40.11 (NMe,),
88.81 (C-3), 117.78 and 117.88 (C-3' and C-5'), 120.18 (C-1'), 128.03
(C-6' ), 133.75 (C-4'), 158.76 (C-2), 162.53 (C-2'), 166.44 (CO.N) and
189.74 (C-4); vyay (KBr) /em-l 2920 and 1648; v, (CHCly) /cml 2970 and
16503 Apay (EtOH) /mnm 216 (¢ /dm3 mol-! em-! 16 719), 257 (7 783) and 357

(29 647); m/z 263 (M, 62Z) and 72 (1002).

N-[3-(2-Hydroxybenzoyl)-2-pyrrolidinoacryloyl ]Jpyrrolidine (141). - The
second experimental procedure for the synthesis of
(B)-2-(dimethylamino)-3-(2-hydroxybenzoyl)-¥N, N-dimethylacrylamide (140)
was followed, using chromone-2-carbonyl chloride (121) (1.7 g, 8 mmol),
pyrrolidine (1.40 ml, 16.9 mmol), and HyO (10 ml). Work-up afforded an
oily solid which was dissolved in Ety0 (25 ml), and the solution was
washed with Hy0 (20 ml). The aqueous layer was then extracted with EtO,
(2 x 25 ml). Yellow crystals formed during the extraction and in the
combined ethereal layers which were left to stand overnight. The
ethereal solution was then filtered to afford crude
N-[3-(2-hydroxybenzoyl )-2-pyrrolidinoacryloyl Jpyrrolidine(141) (0.2 g,
92),8 m.p. 161-162°C (from EtOH) (lit.,19 182°C); &, (500 MHz; CDClj)
1.77 - 1.96 [8H, m, 2 x CHp(CHp),CHp], 3.06 - 3.10, 3.41 - 3.45, 3.60 -
3.61 and 3.67 -~ 3.69 [4H, 4 x m, CON(CHy),], 3.22 - 3.31 [4H, m,
N(CHy),], 5.57 (1H, s, CH=C), 6.68 - 6.79 and 7.20 - 7.24 (2H, 2 x m,

4’ -H and 5 -H), 6.79 (1H, dd, J 1 and 8 Hz, 3 -H), 7.61 (1H, dd, J 1
and 8 Hz, 6’ -H) and 13.61 (1H, s, OH); 8. (75 MHz; CDCl3) 24.09, 24.41,
24.99 and 25.44 [CHp(CHy)oCHp], 44.96, 46.82, 48.11 and 48.42 (2 x

CHyNCHp), 88.53 (C-3), 117.68 and 117.81 (C-3' and C-5'), 120.14 (C-1'),

8 Yield calculated on the basis of chromone-2-carboxylic acid (112).
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123.00 (C-6'), 133.55 (C-4' ), 156.78 (C-2), 162.56 (C-2'), 164.9%99 (CO.N)
and 189.49 (C-4); vpay (KBr) Jem-l 1960, 1875, 1650 and 1643; m/z 314

(M, 22) and 121 (100Z).

(E)-2- (Dimethylamino)- 3- (2-hydroxy-4-methoxybenzoyl )-N,N-
dimethylacrylamide (142). - The first experimental procedure employed
for the synthesis of (F)-2-(dimethylamino)-3-(2-hydroxybenzoyl)-N,N-
dimethylacrylamide (140) was followed, using 7-methoxy-N,N-
dimethylchromone-2-carboxamide (130) (0.500 g, 2.0 mmol), dry EtOH

(15 ml), and ethanolic Mep,NH (252 w/w; 2.82 ml, 11.9 mmol). In this
case the reaction solution was maintained at 35°C for 27 h. Work-up
afforded a crude yellow oil (0.577 g) which was chromatographed [flash
chromatography on silica gel; elution with EtOAc] to give a solid which
was recrystallized from EtOAc to afford (E)-2-(dimethylamino)-3-(2-
hydroxy-4-methoxybenzoyl)-N,N-dimethylacrylamide (142) (0.212 g, 362),
m.p. 154-156°C (from EtOAc); [m/z Found : 292.141 (M", 10Z). CysHpoN;04
requires : 292.142]; 8y (300 MHz; CDCli) 2.50 and 3.09 (6H, 2 x s,
CONMejp), 3.04 (6H, br s, NMey), 3.78 (3H, s, OMe), 5.65 (1H, s, CH=C),
6.31 - 6.37 (2H, m, 3 -H and 5 -H), 7.58 (1H, d, J 9 Hz, 6’ -H) and 14.10
(60 MHz; 1H, s, OH); 8, (75 MHz; CDCl3) 34.48 and 37.30 (CONMe;), 39.47
and 40.09 (NMep), 55.37 (OMe), 89.12 (C-3), 101.02 and 106.43 (C-3' and
c-5), 113.95 (C-1"), 129.63 (C-6'), 157.89 (C-2), 164.26 (C-4' ), 165.33
{(C-2"), 166.93 (CO.N) and 189.01 (C-4); vy, (KBr) Jeml 2930, 1660 and
16503 vy (CHCl3) /cm™! 2970 and 16503 Agyy (EtOH) /mm 221 (¢ /dm3 mol-!
em-l 16 250), 280 (8 020) and 361 (39 240); m/z 292 (M', 102Z) and 220

(1002).
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(E)-2- (Dimethylamino)- 3- (2-hydroxy-4-nitrobenzoyl)-N,N-
dimethylacrylamide (143) and 3-(2-hydroxy-4-nitrobenzoyl)-N,N-dimethyl-
2-methylaminoacrylamide (147). - The first experimental procedure
employed for the synthesis of (E)-2-(dimethylamino)-3-(2-
hydroxybenzoyl)-~N, N-dimethylacrylamide (140) was followed, using
N,N-dimethyl-7-nitrochromone-2-carboxamide (131) (0.500 g, 1.9 mmol),
dry EtOH (55 ml), and ethanolic Me,NH (257 w/w; 2.60 ml, 11.0 mmol). In
this case, the solution, which rapidly turned red, was maintained at
35°C for 25 h. Work-up afforded a crude red oil (0.545 g) which was
chromatographed [preparative layer chromatography; elution with EtOAc)
to afford 2 crude components, viz.,
(1) (E)-2-(dimethylamino)-3-(2-hydroxy-4-nitrobenzoyl)-N,N-
dimethylacrylamide (143) (0.305 g, 52Z), m.p. 160-161°C (from EtOAc);
(Found : C, 54.8; H, 5.7; N, 13.5. Cy4H;7N305 requires : C, 54.7; H,
5.6; N, 13.7Z); 8y (300 MHz; CDCl3) 2.92 and 3.11 (6H, 2 x s, CONMey),
3.07 and 3.19 (6H, 2 x s, NMep), 5.71 (1H, s, CH=C), 7.58 (1H, dd, J 2
and 9 Hz, 5 -H), 7.69 (1H, d, J 2 Hz, 3 -H), 7.79 (1H, 4, J 9 Hz, 6 -H)
and 13.85 (60 MHz; 1H, s, OH); 8§, (75 MHz; CDCl3) 34.50 and 37.14
(CONMep), 39.90 and 40.93 (NMej), 89.04 (C-3), 112.28 and 113.52 (C-3'
and C-5), 124.82 (C-1'), 128.87 (C-6’"), 150.53 (C-4'), 160.30 (C-2),
163.09 (C-2'), 165.92 (CO.N) and 188.02 (C-4); vy (KBr) /cm! 2920 and
16455 vpay (CHCly) /cm™l 2930 and 16505 Ay (EtOH) /nm 215
(¢ /dm3 mol-! cm-! 21 425), 279 (15 379) and 388 (21 087); m/z 307
(M, 11Z) and 72 (100%Z); and
(ii) 3-(2-hydroxy-4-nitrobenzoyl)-N,N-dimethyl-2-methylaminoacrylamide
(147) (0.041g, 72), m.p. 222-225°C (from EtOAc); [m/z Found : 293.100
(M, 132). Cy3H;5N305 requires : 293.101]; 8, (200 MHz; CDCls) 3.07 and
3.08 (3H, 2 x s, NMe), 3.12 (6H, s, CONMey), 5.76 (1H, s, CH=C), 7.58 -
7.79 (3H, m, ArH), 10.56 (1H, br s, NH) and 13.52 (1H, s, OH); d¢ (50

MHz; CDClz) 31.02 and 31.84 (NHMe), 34.27 and 37.88 (CONMe,), 88.18
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(C-3), 113.13 and 113.81 (C-3' and C-5'), 125.26 (C-1'), 129.21 (C-6'),
151.20 (C-4'), 153.20 (C-2), 163.11 (C-2'), 164.07 (CO.N) and 191.18
(C-4); vpax (KBr) /cm-! 3235 (NH), 2930 and 1655; Ay (EtOH) /nm 212 (e
/dm® mol-! em-! 11 815), 274 (13 606) and 388 (20 043); m/z 293 (M', 132)

and 221 (1002).

(E)-2- (Dimethylamino)-3- (4-fluoro-2-hydroxybenzoyl)-N,N-
dimethylacrylamide (144) and 3-(4-fluoro-2-hydroxybenzoyl)-N,N-dimethyl-
2-methylaminoacrylamide (148). - The first experimental procedure
employed for the synthesis of (E)-2-(dimethylamino)-3-(2-
hydroxybenzoyl)-N,N-dimethylacrylamide (140) was followed, using
7-fluoro-N,N-dimethylchromone-2-carboxamide (132) (0.500 g, 2.1 mmol),
dry EtOH (16 ml), and ethanolic Me)NH (252 w/w; 2.90 ml, 12.2 mmol). 1In
this case, the reaction solution was maintained at 35°C for 26 h. Work-
up afforded a crude yellow oil (0.711 g) which was recrystallized from
EtOAc (0.361 g) and chromatographed [preparative layer chromatography;
elution with EtOAc)] to give 2 components, viz.,

(i) a solid which was recrystallized from EtOAc to afford (E)-2-
(dimethylamino)-3-(4-fluoro-2-hydroxybenzoyl)-N,N-dimethylacrylamide
(144) (0.228 g, 39%), m.p. 164-166°C (from EtOAc); (Found : C, 59.7; H,
6.3; N, 10.0. Cy4Hy7N;03F requires : C, 60.0; H, 6.1; N, 10.02); 8y

(300 MHz; CDClz) 2.89 and 3.08 (6H, 2 x s, CONMey), 3.06 (6H, br s,
NMejp), 5.63 (1H, s, CH=C), 6.44 - 6.58 (2H, m, 3' -H and 5 -H), 7.65

(1H, dd, J 7 and 9 Hz, 6' -H) and 14.00 (60 MHz; 1H, s, OH); 8. (75 Miz;
CDCl3) 34.39 and 37.15 (CONMe,), 39.59 and 40.40 (NMey), 88.96 (C-3),
104.73 and 105.81 (2 x d, 2Jy 23 Hz and 2jy 24 Hz, C-3' and C-5'),
117.25 (d, %Jg 3 Hz, C-1'), 130.18 (d, 3J5 11 Hz, C-6'), 159.03 (C-2),
165.27 (d, 3Jy 15 Hz, C-2'), 166.10 (d, lJor 254 Hz, C-4'), 166.62

(CO.N) and 189.10 (C-4); vy (KBr) /eml 2910 and 1660; v, (CHCl3) /cm'l

2960, 2920 and 1655; Ay, (EtOH) /nm 220 (¢ /dm3 mol-! cm-l 17 631), 258
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(7 561) and 353 (32 027); m/z 280 (M', 92Z) and 208 (100Z); and
(ii) crude 3-(4-fluoro-2-hydroxybenzoyl)-N,N-dimethyl-2-
methylaminoacrylamide (148) (0.03% g, 72Z), m.p. 163-165°C (from EtOAc);
[m/z Found : 266.105 (M', 112). Cjy3H;gNo03F requires : 266.106]; 8y
(200 MHz; CDCly) 2.90 and 3.02 (3H, 2 x s, NMe), 3.09 (6H, s, CONMej),
5.62 (1H, s, CH=C), 6.47 - 6.63 (2H, m, 3’ -H and 5 -H), 7.58 (1H, dd, J
7 and 9 Hz, 6' -H), 10.10 (1H, br s, NH) and 13.57 (1H, s, OH); &¢ (50
MHz; CDCls) 31.46 (NHMe), 34.24 and 37.90 (CONMep), 87.43 (C-3), 105.07
and 106.61 (2 x d, 2Jc; 23 Hz and 2Jy 23 Hz, C-3' and C-5 ), 117.28
(C-1'), 130.27 (d, 3y 11 Hz, C-6'), 161.36 (C-2), 164.74 (d, 3Jpr 12
Hz, C-2'), 165.13 (CO.N), 166.64 (d, lJy 254 Hz, C-4') and 192.57
{(C-4); vpax (KBr) Jem-! 3230 (NH), 2930 and 1650; Amax (EtOH) /mnm 215
(¢ /dm3 mol-l cm! 17 067), 256 (6 117) and 253 (27 967); m/z 266 (M,

112) and 139 (1002).

(E)-3-(4-Chloro-2-hydroxybenzoyl)-2- (dimethylamino)-N,N-
dimethylacrylamide (145) and 3-(4-chloro-2-hydroxybenzoyl)-N,N-dimethyl-
2-methylaminoacrylamide (149). - The first experimental procedure
employed for the synthesis of (E)-2-(dimethylamino)-3-(2-
hydroxybenzoyl)-N,N-dimethyl;acrylamide (140) was followed, using
7-chloro-¥, N-dimethylchromone-2-carboxamide (133) (0.500 g, 2.0 mmol),
dry EtOH (20 ml), and ethanolic MepNH (252 w/w; 2.71 ml, 11.4 mmol). In
this case the reaction solution was maintained at 35°C for 24 h. Work-
up afforded a crude yellow oil (0.555 g) which was chromatographed
[preparative layer chromatography; elution with EtOAc] to give 2 crude
components, viz.,

(1) (E)-3-(4-chloro-2-hydroxybenzoyl)-2-(dimethylamino)-N,N-
dimethylacrylamide (145) (0.327 g, 55Z), m.p. 124-125°C (from EtOAc);
[m/z Found : 296.092 (35Cl, M, 127). Cy4H;7N,05Cl requires : 296.093];

8y (300 MHz; CDCl3) 2.89 and 3.09 (6H, 2 x s, CONMep), 3.07 (6H, br s,
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NMe,), 5.66 (1H, s, CH=C), 6.74 (1H, dd, J 2 and 9 Hz, 5 -H), 6.89 (1H,
d, J 2 Hz, 3 -H), 7.57 (1H, d, J 9 Hz, 6 -H) and 13.85 (60 MHz; 1H, s,
OH); 8. (75 MHz; CDCly) 34.48 and 37.07 (CONMep), 39.70 and 40.60 (NMeyp),
88.88 (C-3), 118.24 and 118.39 (C-3' and C-5'), 118.85 (C-1'), 129.10
(C-6'), 139.32 (C-4'), 159.09 (C-2), 163.52 (C-2'), 166.45 (CO.N) and
188.99 (C-4); vy (KBr) /cm'! 2920 and 1660; vy, (CHCl3) /cm-l 2970, 2930
and 16503 Ay (EtOH) /om 213 (¢ /dm3 mol-! cml 17 236), 264 (10 209) and
358 (34 077); m/z 296 (35C1l, M', 12Z) and 224 (100Z); and

(ii) crude 3-(4-chloro-2-hydroxybenzoyl)-N,N-dimethyl-2-
methylaminoacrylamide (149) (0.032 g, 6%), m.p. 166-168°C (from EtOAc);
[m/z Found : 282,076 (351, M*, 11%Z). C;3H;5Np03Cl requires : 282.077];
8y (200 MHz; CDCly) 2.99 and 3.02 (3H, 2 x s, NMe), 3.09 and 3.10 (6H, 2
x s, CONMey), 5.65 (1H, s, CH=C), 6.77 (1H, dd, J 2 and 9 Hz, 5 -H),
6.93 (1H, d, J 2 Hz, 3 -H), 7.51 (1H, d, J 9 Hz, 6 -H), 10.30 (1H, br s,
NH) and 13.41 (1H, s, OH); 8¢ (50 MHz; CDCl3) 31.51 (NHMe), 34.25 and
37.89 (CONMep), 87.52 (C-3), 118.61 and 119.24 (C-3' and C-5'), 119.01
(c-1'), 129.25 (C-6'), 139.88 (C-4'), 161.61(C-2), 163.41 (C-2'), 164.50
(CO.N) and 192.55 (C-4); vpay (KBr) /cm-l 3200 (NH), 2920 and 1640; Ay
(EtOH) /nm 207 (¢ /dm3 mol-! cm-l 17 367), 266 (8 283) and 358 (29 367);

m/z 282 (€135, M*, 117) and 210 (1002).

(E)-3- (4-bromo-2- hydroxybenzoyl)-2- (dimethylamino)-N,N-
dimethylacrylamide (146) and 3-(4-bromo-2-hydroxybenzoyl)-N,N-dimethyl-
2-methylaminoacrylamide (150). - The first experimental procedure
employed for the synthesis of (E)-2-{dimethylamino)-3-(2-
hydroxybenzoyl)-N,N-dimethylacrylamide (140) was followed, using 7-
bromo-N, N-dimethylchromone-2-carboxamide (134) (0.500 g, 1.7 mmol), dry
EtOH (28 ml), and ethanolic MeyNH (252 w/w; 2.31 ml, 9.7 mmol). In this
case the reaction was maintained at 35°C for 24 h. Work-up afforded a

crude red oil (0.711 g) which was chromatographed [preparative layer
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chromatography; elution with EtCAc) to give 2 crude components, viz.,
(i) an oil which crystallized and was filtered to afford (E)-3-(4-bromo-
2-hydroxybenzoyl )-2- (dimethylamino)-N,N-dimethylacrylamide (146) (0.265
g, 4#62), m.p. 124-125°C (from EtOAc); (Found : C, 49.2; H, 5.1; N, 8.4.
C14H17Np03Br requires : C, 49.3; H, 5.0; N, 8.2Z); 8y (300 MHz; CDCljy)
2.89 and 3.08 (6H, 2 x s, CONMe,), 3.06 (6H, 2 x s, NMep), 5.65 (1lH, s,
CH=C), 6.89 (1H, dd, J 2 and 9 Hz, 5 -H), 7.06 (1H, d, J 2 Hz, 3% -H),
7.50 (1H, d4, J 9 Hz, 6 -H) and 13.80 (60 MHz; 1H, s, OH); &, (75 MHz;
CDCl3) 34.40 and 37.11 (CONMep), 39.74 and 40.52 (NMe;), 88.88 (C-3),
119.30 (C-1'), 121.28 and 121.40 (C-3' and C-5 ), 127.63 (C-4' ), 129.21
(C-6’ ), 159.33 (C-2), 163.56 (C-2'), 166.49 (CO.N) and 189.28 (C-4);
vmax (KBr) Jcm-! 2920 and 1660; vy, (CHCly) /cm™! 2970, 2930 and 1655;
Ampax (EtOH) /nm 212 (¢ /dmd mol-l cm-! 14 521), 267 (10 203) and 360
(33 131); m/z 340 (’9Br, M', 6%) and 72 (100%); and
(ii) 3-(4-bromo-2-hydroxybenzoyl)-N,N-dimethyl-2-methylaminoacrylamide
(150) (0.028 g, 52), m.p. 153-155°C (from EtOAc); [m/z Found : 326.025
(Br79, M, 12%). Cy3Hy5No03Br requires : 326.027]; 8y (200 MHz; CDCljy)
2.99 and 3.02 (3H, 2 x s, NMe), 3.08 and 3.09 (6H, 2 x s, CONMej), 5.65
(1H, s, CH=C), 6.92 (1H, dd, J 2 and 9 Hz, 5 -H), 7.11 (1H, d, J 2 Hz,
3’ -H), 7.44 (1H, d, J 9 Hz, 6 -H), 10.30 (1H, br s, NH) and 13.36 (1H,
s, OH); 8¢ (50MHz; CDCly) 31.52 (NHMe), 34.26 and 37.89 (CONMep), 87.52
{(C-3), 119.38 (C-1'), 121.73 and 122.11 (C-3' and C-5 ), 128.29 (C-4'),
129.29 (C-6'), 161.66 (C-2), 163.31 (C-2' ), 164.48 (CO.N) and 192.66
(C-4)3; vpax (KBr) Jcm-! 3200 (NH), 2920 and 1640; Ay, (EtOH) /nm 207 (e
/dm3 mol-! cm! 18 550), 267 (9 767) and 360 (3 200); m/z 326 (Br’9, M,

12%) and 256 (1002).

3- (4-Bromo-2-hydroxybenzoyl)-N,N-dimethyl-2-methylaminoacrylamide (150).
- The first experimental procedure employed for the synthesis of

(E)-2-(dimethylamino)-3-(2-hydroxybenzoyl)-N,N-dimethylacrylamide (140)
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was followed, using 7-bromo-~N,N-dimethylchromone-2-carboxamide (134)
(0.502 g, 1.7 mmol), dry EtOH (25 ml), and ethanolic MeNH; (4.82 w/w;
5.44 ml, 8.4 mmol). 1In this case the reaction solution was maintained
at 35°C for 19.5 h. Work-up afforded a crude solid (0.565 g) which was
chromatographed [flash chromatography on silica gel; elution with EtOAc]
to afford crude 3-(4-bromo-2-hydroxybenzoyl)-N,N-dimethyl-2-
methylaminoacrylamide (150) (0.470 g, 852), 157-158°C (from EtOAc); &y
(400 MHz; CDCly) 2.96 and 3.01 (3H, 2 x s, NMe), 3.08 and 3.09 (6H, 2 x
s, CONMep), 5.64 (1H, s, CH=C), 6.92 (1H, dd, J 2 and 9 Hz, 5 -H), 7.10
(14, d, J 2 Hz, 3 -H), 7.43 (1H, 4, J 9 Hz, 6 -H), 10.28 (1H, br s, NH)
and 13.37 (1H, s, OH); &¢ (100MHz; CDClz) 31.37 (NHMe), 34.10 and 37.72
(CONMe;), 87.24 (C-3), 119.02 (C-1'), 121.33 and 121.70 (C-3' and C-5),
127.86 (C-4"), 128.87 (C-6" ), 161.17 (C-2), 162.81 (C-2'), 163.96 (CO.N)
and 192.06 (C-4); vpax (KBr) Jem-l 3210 (NH), 2925 and 1640; m/z 326

(Br79, M*, 1Z) and 72 (100Z).

(E)-3-(2-Hydroxybenzoyl )-N,N-dimethyl-2-pyrrolidinoacrylamide (151). -
The first experimental procedure employed for the synthesis of
(E)-2-(dimethylamino)-3-(2-hydroxybenzoyl)-N,N-dimethylacrylamide (140)
was followed, using N,N-dimethylchromone-2-carboxamide (129) (0.500 g,
2.3 mmol), dry EtOH (10 ml), and pyrrolidine (0.95 ml, 11.5 mmol). 1In
this case the reaction solution was maintained at 35°C for 6.5 h. Work-
up afforded a crude solid (0.669 g) which was chromatographed [flash
chromatography on silica gel; elution with EtOAc] to afford
(E)-3-(2-hydroxybenzoyl )-N,N-dimethyl-2-pyrrolidinocacrylamide (151)
(0.594 g, 902), m.p. 183-184°C (from EtOH); (Found : C, 66.3; H, 7.05;
N, 9.2. CyHpoN03 requires : C, 66.65; H, 7.0; N, 9.72); 8y (200 MHz,
CDCly) 1.86 - 2.11 [4H, m, CHy(CHp),CHp], 2.94 and 3.11 (6H, 2 x s, ¢

NMe;), 3.36 - 3.45 and 3.65 - 3.72 [3H and 1H, 2 x m, N(CHy),], 5.72

(14, s, CH=C), 6.76 - 6.93 (2H, m, 4 -H and 5 -H), 7.28 - 7.37 (1H, m,
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3’ -H), 7.69 (1H, dd, J 2 and 8 Hz, 6' -H) and 13.70 (60 MHz; 1H, s, OH);
8¢ (50 MHz, CDCls) 24.82 and 25.39 [CHp(CHp),CHy], 34.41 and 37.24
(NMey), 48.57 and 48.78 [N(CHp),], 89.84 (C-3), 118.30 and 118.61 (C-3’
and C-5 ), 120.70 (C-1’), 128.62 (C-6'), 134.35 (C-4'), 156.74 (C-2),
163.31 (C-2'), 167.65 (CO.N) and 190.44 (C-4); vy (KBr) /cm! 2930,

2870 and 1650; m/z 288 (M, 2%) and 121 (1002).

Glycine ethyl ester hydrochloride (152).1% _  HC1l gas was bubbled
through a mixture of glycine (7.5 g, 10 mmol) and EtOH (40 ml) on a
boiling water bath until all the glycine was dissolved (ca. 1 h) and
then for an additional 5 min. After cooling, the solution rapidly
crystallised and was cooled on an ice bath. The crystals were filtered,
washed (cold EtOH), and dried under vacuum for 1 h to afford crude
glycine ethyl ester hydrochloride (152) (13.0 g, 932) m.p. 141-143°C
(lit.,156 143-144°C); 8y (60 MHz, CDCl3) 1.30 (3H, t, CHyMe), 3.80

(2H, br s, CH,CO), 4.30 (2H, q, CHyMe) and 8.80 (3H, br s, NH3").

2- (N-Carbethoxymethylamino)- 3- (2-hydroxybenzoyl)-N,N-dimethylacrylamide
(153). - Ethanolic glycine ethyl ester (2.5 mmol) [generated by adding
a solution of KOH (0.14 g, 2 mmol) in dry EtOH (2 ml) dropwise to a
solution of glycine ethyl ester hydrochloride (152) (0.35 g, 2.5 mmol)
in dry EtOH (5 ml)] was added dropwise to a solution of

N, N-dimethylchromone-2-carboxamide (129) (0.50 g, 2.3 mmol) in dry EtOH
(10 ml). The resulting mixture was warmed at 35°C for 24 h. Additional
glycine ethyl ester (9.2 mmol) [generated by adding a solution of XKOH
(0.60 g, 11 mmol) in dry EtOH (4 ml) dropwise to a solution of glycine
ethyl ester hydrochloride () (1.29 g, 9.2 mmol) in dry EtOH (5 ml)] was
added and the mixture was warmed at 35°C for 4 days, and at room
temperature for 23 days. After cooling, the mixture was filtered and

the filtrate was evaporated to give a red oil (1.53 g) which was
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chromatographed [flash chromatography on silica gel; elution with EtOAc]
to afford 3 fractions, viz.,

i) an 0il (0.28 g, 37%7) which crystallized and was recrystallized from
EtOAc to afford 2-(N-carbetbbxymethylamino)-3-(Z-hydroxybenzqyl)-N,N-
dimethylacrylamide (153) (0.19 g, 25%), m.p. 134-135°C (from EtOH);
(Found : C, 59.8; H, 6.2; N, 8.6. CygHyNo05 requires : C, 60.0; H, 6.3;
N, 8.72); 8y (400 MHz; CDCl3) 1.30 (3H, t, CHpyMe), 3.05 and 3.12 (6H,

2 x s, NMey), 4.07 (2H, d, J 6 Hz, CHNH), 4.24 (2H, q, CHMe), 5.80
(1H, s, CH=C), 6.81 (1H, t, J 7 Hz, 5 -H), 6.93 (1H, d, J 8 Hz, 3 -H),
7.36 (1H, t, J 8 Hz, &4 -H), 7.61 (1H, d, J 8 Hz, & -H), 10.50 (1H, br s,
NH) and 13.01 (1H, s, OH); &, (100 MHz; CDCl3) 14.10 (CHyMe), 34.36 and
38.51 (NMep), 45.82 (NHCH,), 61.86 (CHMe), 89.20 (C-3), 118.37 and
118.40 (C-3' and C-5'), 120.09 (C-1'), 128.04 (C-6'), 134.46 (C-4'),
158.15 (C-2), 162.35 (C-2'), 164.13 (CO.N), 168.82 (C0.0) and 193.62
(C-4); vyay (KBr) Jem-l 3230 (NH), 2990 (CH), 1743 (C0.0) and 1640 (CO);
m/z 320 (M', 24%) and 248 (1002);

ii) starting material (0.03 g); and

iii) an o0il (0.11 g).

1, 3-Bis(2-acetyl-3-hydroxyphenoxy)-2-hydroxypropane (155).%0 - A
solution of KOH (85% pellets; 2.3 g, 35 mmol), i-PrOH (25 ml), and H)0
(ca. 1 ml) was added to a stirred solution of 2,6-dihydroxyacetophenone
(9.7 g, 64 mmol), epichlorohydrin (2.75 ml, 35 mmol), and i-PrOH

{250 ml). The mixture was then boiled under reflux for 96 h, and
stirred for 2 days. Half the i-PrOH was distilled off and Hy0 (50 ml)
was then added. After cooling, the precipitated solid was filtered off,
washed (i-PrOH and Ety0), and recrystallized from i-PrOH to afford
1,3-bis(2-acetyl-3-hydroxyphenoxy)-2-hydroxypropane (155) (4.6 g, 402),
m.p. 167-169°C (1lit.,%0 165-166°C); 8y (400 MHz; CDClsz) 1.57 (3H, s,

impurity), 2.73 (6H, s, COMe), 4.23 - 4.33 (5H, sept, CHOH and 2 x
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OCHp), 4.55 - 4.62 (1H, ses, CHOH), 6.40 and 6.63 (4H, 2 x d, J 8 Hz, 2
x 4 -H and 6’ -H), 7.35 (2H, t, J 8 Hz, 2 x 5 -H) and 13.17 (2H, s, 2 x
ArOH); 8¢ (100 MHz; CDClj) 33.92 (COMe), 68.73 (CHOH), 70.02 (2 X OCHp),
101.80 and 111.80 (C-4' and C-6'), 111.45 (C-2'), 136.13 (C-5), 159.92
(C-3"), 164.78 (C-1') and 204.37 (CO); vpx (KBr) Jeml 3600 - 3400 (OH)

and 1618 (CO).

1, 3-Bis(2-ethoxycarbonylchromon-5-yloxy)-2-hydroxypropane (156) and 3-
(2-acetyl-3-hydroxyphenoxy)-1- (2-ethoxycarbonylchromon-5-yloxy)-2-
hydroxypropane (157).%0 .  An ethanolic solution of NaOEt was generated
in situ by adding Na metal (1.1 g, 48 mmol) to dry EtOH (14 ml) with
stirring and heating under reflux. After cooling, Ety,0 (28 ml) was
added. A warm solution of 1,3-bis(2-acetyl-3-hydroxyphenoxy)-2-
hydroxypropane (155) (4.0 g, 11 mmol), diethyl oxalate (6.94 ml,

51 mmol), dry EtOH (14 ml), and dry benzene (14 ml) was then added, and
the resulting yellow mixture was boiled under reflux overnight (ca.

16 h). After cooling, dry Ety0 (56 ml) was added and the resulting
precipitate was filtered off, washed (Et,0, 28 ml), and dried. The
solid was then added to H)O (67 ml) with stirring, and the mixture was
acidified with conc. HCl. The Hy0 was decanted off, and the remaining
syrupy solid was dissolved in dry EtOH (14 ml) and dry benzene (14 ml).
The solvent was evaporated off to azeotrope off any Hy0. Conc. HCl
(0.14 ml), dry EtOH (5 ml), and dry benzene (5 ml) was added to the red
oil, and the mixture was boiled under reflux for 5 min. Since no
precipitation occurred, the mixture was azeotroped with additional dry
EtOH-benzene (1:1; 28 ml). The resulting oil was dissolved in dry EtOH-
benzene (1:1; 10 ml) and conc. HCl (0.28 ml), and boiled under reflux
for 5 min. After cooling, the solution was evaporated and azeotroped
with dry EtOH-benzene (1:1; 40 ml) to afford a red oil (3.4 g), half of

which was repeatedly chromatographed [flash chromatography on silica
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gel; elution with EtOAc-hexane (2:1)] to afford three components, viz.,
i) starting material (0.22 g) m.p. 171-172°C;

ii) a solid which was recrystallised from EtOH to afford 1,3-bis(2-
ethoxycarbonylchromon-5-yloxy)-2-hydroxypropane (156) (0.151 g),

m.p 186-188°C (lit.,%0 180-182°C); &y (400 MHz; CDCl3) 1.42 (6H, t, 2 x
CHyMe), 4.34 - 4.38 and 4.49 - 4.59 (5H, 2 x m, CHOH and 2 x OCHp), 4.45
(44, q, 2 x CHMe), 4.86 (1H, d, J 6 Hz, CHOH), 6.96 (2H, s, 2 x CH=C),
6.97 and 7.16 (4H, 2 x d, J 8 Hz, 2 x 6-H and 8-H) and 7.60 (2H, t, J
8Hz, 2 x 7-H); 8¢ (100 MHz; CDClg) 14.06 (CHyMe), 62.89 (CH)Me), 67.76
(CHOH), 70.36 (2 X OCHp), 109.64 and 111.13 (C-6 and C-8), 115.66
(C-4a), 116.21 (C-3), 134.88 (C-7), 150.66 {(C-2), 157.69 {(C-8a), 158.83
(C-5), 160.46 (C0.0) and 178.19 (C-4); vy (KBr) /cm~l 3600 - 3200 (0H),
1748 (CO0.0) 1666 and 1650 (CO); and

iii) a mixture (0.73 g), shown, by TLC, to comprise two components, of
which 70 mg was chromatographed [preparative layer chromatography;
elution with EtOAc-hexane (2:1)] to afford 3-(2-acetyl-3-
hydroxyphenoxy)-1-(2-ethoxycarbonylchromon-5-yloxy)-2-hydroxypropane
(157) (0.038 g), m.p. 140-142°C (from EtOH);? 5y (400 MHz; CDClz) 1.43
(3H, t, CHyMe), 2.72 (3H, s, COMe), 4.26 - 4.33 and 4.36 - 4.39 (4H, 2 x
m, 2 x OCHy), 4.46 (3H, q, CHOH and CH,Me), 4.83 (1H, d, J 6 Hz, CHOH),
6.44 and 6.57 (2H, 2 x d, J 8 Hz, 4 - and 6 -B), 6.90 and 7.25 (2H, 2 x
d, J8 and 9 Hz, 6-H and 8-H), 6.99 (1H, s, CH=C), 7.32 (1H, t, J 8 Hz,
5'-H), 7.64 (1H, t, J 8Hz, 7-H) and 13.18 (1H, s, ArOH); §; (100 MHz;
CDCly) 14.06 (CHyMe), 33.96 (COMe), 63.03 (CH,Me), 68.03 (CHOH), 69.32
(CHOPh), 72.25 (CHyOChromonyl), 102.03 and 111.14 (C-4’' and C-6'),
110.59 and 112.07 (C-6 and C-8), 111.40 (C-2'), 115.99 (C-4a), 116.13
(C-3), 134.96 (C-7), 136.09 (C-5 ), 150,99 (C-2), 157.64 (C-8a), 158.79

{(C-5), 160.25 and 160.32 (C-3' and C0.0), 164.62 (C-1'), 178.55 (C-4)

3 No melting point is given in the abstract.l®’
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and 204.88 (CO); vy (KBr) Jem-l 3600 - 3300 (OH), 1725 (C0.0), 1660

(CO) and 1625 {(COMe).

1, 3-Bis(2-carboxychromon-5-yloxy)-2-hydroxypropane disodium salt
[disodium cromoglycate (DSCG)] (158).%0 - 2N-NaOH (0.233 ml, 0.8 mmol)
was added dropwise to a stirred suspension of
1,3-bis(2-ethoxycarbonylchromon-5-yloxy)-2-hydroxypropane (156)

(0.122 g, 0.2 mmol) in absolute EtOH (0.58 ml). Three drops of Hy0 was
added to the yellow/red paste and the mixture was boiled under reflux
for 1 h. The solid dissolved after ca. 5 min. After cooling, EtOH
(1.16 ml) was added and the precipitate was filtered, washed (absolute
EtOH), and dried under wvacuum at 50°C for 3 h to afford crude 1,3-bis(2-
carboxychromon-5-yloxy)-2-hydroxypropane disodium salt (158) (0.109 g,
912);3 8y (400 MHz; DyO/acetone) 4.17 - 4.32 (5H, m, CHOH and 2 x OCHp),
4,55 - 4,71 (10H, m, HDO), 6.37 (2H, s, 2 x CH=C), 6.71 and 6.80 (4H, 2
xd, J7 Hz, 2 x 6-H and 8-H) and 7.14 (2H, t, J 7Hz, 2 x 7-H); 8¢ (100
MHz; D,0) 67.92 (CHOH), 70.89 (2 X OCHp), 109.56 and 111.21 (C-6 and
c-8), 112.70 (C-3), 113.74 (C-4a), 135.98 (C-7), 156.87 (C-2), 157.49
(C-8a), 158.25 (C-5), 165.63 (C0.ONa) and 181.58 (C-4); vy, (KBr) /cm!

3700 - 2800 (OH and Hy0 of crystallisation) and 1635 (CO).

Ring-opening of 1,3-bis(2-carboxychromon-5-yloxy)-2-hydroxypropane
disodium salt [disodium cromoglycate (DSCG)] (158). - A solution of
1,3-bis(2-carboxychromon-5-yloxy)-2-hydroxypropane disodium salt (158)
(0.031 g, 0.05 mmol) in D)0 (0.7 ml) was added to aqueous MeyNH (437
w/w, 74 pl, 0.62 mmol) in an NMR tube. After 0.5 h, the resulting red

solution was examined by NMR spectroscopy and showed no evidence of

2 vYield calculated of the basis of the unhydrated product.
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starting material, as illustrated in Figures 25 and 26 (p.l105 and 106).3
[Both 1H and 13c spectra of the reaction mixture correspond essentially
with the ring-opened disodium 1,3-bis[2-(3-carboxy-3-
dimethylaminoacryloyl)-3-hydroxyphenoxy ]- 2-hydroxypropane (159).] After
24 h, the spectra of the reaction solution were essentially the same.
After 32 h, the red solution was poured into a round bottomed flask, and
dry benzene (5 ml) was added.P The solution was warmed under vacuum to
azeotrope off the Hy;0. This process was repeated several times in an
attempt to reduce the volume of HyO, and the resulting solution was
dried under vacuum for 2h at ca. 70°C to afford crude starting material

(0.033 g, 1002).

a The 1H and 13¢ spectra of DSCG (158) were calibrated against acetone.
The spectra of the reaction mixture were calibrated against the HDO
signal at 4.5 - 4.7 ppm for the 1z spectrum, and by the Me,NH N-methyl
signal at ca. 36.9 ppm in the 13¢ spectrum. [The Me,NH chemical shift
was calibrated from a reference solution of aqueous Me)NH (402 w/w) in
D,0 using acetone as reference material.)

b The isolation procedure did not involve acidification, since this may

have resulted in formation of the dimethylammonium salt.
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3.3 NMR CONFORMATIONAL STUDIES.

Variable-temperature !H spectra were recorded on a Bruker AM 300 MHz NMR
spectrometer, from CDCly solutions of the chromone-2-carboxamides, and
temperature errors are estimated at =1K. The n.0.e difference spectra
were recorded on a Bruker AM 300 MHz NMR spectrometer, from a CDClj

solution at 298K.

The coalescence temperatures (I,) were obtained from the variable-
temperature spectra (Figure 41) with an estimated +2K accuracy. The
estimated error of the I, values, viz., £3K is the sum of this error and
the accuracy of the NMR spectrometer temperature, viz., +1K. The 1H NMR
frequency separations measured at slow site-exchange (Av,) are either
maximum frequency separations (Av,) or separations corresponding to the
minimum temperature below which precipitation of material precluded
further measurement. The frequency differences at coalescence (Ay.)
were obtained from the variable-temperature spectra by extrapolation of
linear plots of the frequency separations (Av) against temperature (T).
Extrapolation data and plots are included after the variable temperature
spectra (Figure 41). The estimated error of the Ay, values is the sum
of the measurement error [+0.5 mm (for 1 mm = 1 Hz) and 0.3 mm (for

2 mm = 1 Hz)] and the linear extrapolation error. The latter error was
calculated by substituting I, 3K into the respective linear equation.
The rotational energy barriers (AG¥) were calculated from the
coalescence temperatures (7I;) and the frequencies at coalescence (Av.).
The estimated errors of the AG* data were calculated from the separate
effects of the errors in T, and Av;, and the maximum scatter

incorporating both effects was quoted.
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130
No. Te/K dv/Hz
1 275 4.0
2 283 3.1
3 296 3.0
4 300 2.6
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Dagrees of Freedom

X Coefficient(s) -0.0492154
Std Err of Coef. 0.0126503729
131
No. Te/K dV/Hz
1 275 3.0
2 285 2.5
3 296 2.0
4 300 2.1
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s) -0.03900562
Std Err of Coef. 0.00712840252
132
No. Te/R dV/Hz
1 255 1.75
2 265 1.25
3 270 1.00
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficienti(s) -0.0500
Std Err of Coef. 0.0000
134
No. Te/K dV/Hz
1 265 1.0
2 275 1.0
3 280 1.0
4 285 1.0
5 290 0.9
Regression Qutput:
Constant
Std Err of Y Est
R Squared

No. of Dbservations
Degrses of Freadom

X Coefficient(s)
Std Frr of Coef.

-0.0029729730
0.00206422329

17.39826
0.247249
0.88328
4

2

13.67263
0.139323
0.937384
4
2

Y(CALC)
1.75
1.25
1.00

14.5
1.11E-06
1

3

1

1.80946
0.03971
0.40878
3
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129
No. Te/K dV/Bz
1 255 1.00
2 265 1.00
3 270 0.75
Regreasion Qutput:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s) -0.01428571
Std Err of Coef. 0.0124
136
No. Te/K dVv/Hz
1 296 98
2 305 93
3 . 310 90
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficilent(s) -0.5695365
Std Err of Coef. 0.0115
137
No. Te/K dV/Bz
1 296 21
2 305 19
3 315 17
4 325 15
5 330 14
Regression Qutput:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient{s) -0.204649%97
Std Err of Coef. 0.00253355
138
No. Tc/X dV/Hz
1 296 n
2 305 70
3 315 65
4 320 63
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Fresdom

-0.3508772
0.062181785

X Coefficlent({s)
Std Err of Coef.

Y(CALC)
1.04
0,89
0.82

4.678571
0.133631
0.571429

3

1

Y(CALC)
98
93
90

266.6159
0.115087
0.999595
3
1

Y(CALC)
21
19
17
15
14

81.50103
0.070885
0.99954
5

3

Y{CALC)
72
69

65
63

175.6711
1.149943
0.9409
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Calculation of the percentage n.O.e.

180

The percentage n.0O.e for each interaction was calculated using equation

13, where Ag, Bg, Cg, and Dy represent the height, in mm, of a particular

peak in a trace divided by the scale for the trace of the spectra A, B,

C, and D respectively (figure 42).

2 n.0.e =

Calculations :
Peak 2 : Ag

Peak 3 : Ag

b) Irradiation
Peak 1 : A

Peak 3 : A

c) Irradiation

Ag

Ag

Peak 1

Peak 2

a) Irradiation at v,

.9375,

. 3125,

at vy :

1.5625,

.59375,

at vy :

= ,390625,

.76565,

Bg =

Bg =

150,

144,

144,
144,

144,

144,
144,

150,

(Ag/Bg) % 100 x (Dg/Cg)

H D¢

2 n.0.e

2 n.0.e

Cs = 110

2 n.0.e

Z n.0.e

Cs = 104
Z n.0.e =

2 n.0.e =

(13)

144, Cg = 104
.87

.30

1.42

.54

.38

.71
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3.4 CRYSTAL STRUCTURE DETERMINATION OF 2-DIMETHYLAMINO-3-(2-

HYDROXYBENZOQYL)-~, -DIMETHYLACRYLAMIDE.

Collection and reduction of intensity data.

The crystal used for data collection was grown from 95% ethanol.
Preliminary investigation was carried out using a Stoe reciprocal
lattice explorer. The absence of symmetry in the oscillation photograph
and the de Jong-Bouman photograph of the reciprocal lattice plane hk0
indicated that the crystal was triclinic with the space group Pl or PI.
Crystal density calculation indicated that there were two molecules per
unit cell, suggesting Pl as the correct group. The structure was
successfully refined in Pl which confirmed this assignment. X-ray
intensity data were measured on an Enraf-Nonius CAD4 diffractometer at
298K using graphite-monochromated Mo K@ radiation (A = 0.70930 A). The
data were corrected for Lorenz and polarization effects and for

absorption.

Structure solution and refinement.

Automatic centrosymmetric direct methods were used to determine the
positions of the non-hydrogen atoms. .The structure was refined using
full matrix least-squares; 190 parameters were refined using 3260
observed (I > ¢(I)) reflections. All the non-hydrogen atoms were
assigned anisotropic temperature factors. Hydrogen atoms [with the
exception of the hydroxy hydrogen H(0)]) were placed at calculated
positions based on the corresponding carbon atoms and refined with
common isotropic temperature factors. The position of H(0) was
determined from the difference Fourier map and refined in subsequent
cycles. H(0) is involved in an intramolecular hydrogen bond :
0(1)-H(0) 0.87(3)A; 0(2)...H(0) 1.69(3)A; and O(1)-H(0)...0(2)

150.0(2)°. The final refinement converged to an R factor of 0.069 with
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unit weights for the reflection data. SHELX 158 was used for the

structure solution and refinement.

Structure Analysis.

The crystal data are summarised in tables 12-23 (Appendix 5.2). The
program XANADU 159 was used to calculate dihedral angles of the amide and
enamine functionalities (table 17) and the hydrogen bond (table 18),
mean planes through various groups of atoms (tables 19-22) and the
angles between the normals of the planes (table 23). The plotting
program PLUTO 160 was used to obtain the molecular structure (figure 21
p.97) and packing diagram (figure 22 p.98) viewed in the direction of
minimum overlap. Crystal data are summarised in table 12, the atomic
co-ordinates and equivalent isotropic temperature factors for the non-
hydrogen atoms and the atomic co-ordinates and isotropic temperature
factor for H(0) in table 13, the atomic co-ordinates and isotropic
temperature factors for the hydrogen atoms in table 16, bond lengths and
angles for non-hydrogen atoms and H(0) in table 14, and the anisotropic
temperature factors for non-hydrogen atoms in table 15. Observed and
calculated structure factors are available from the Department of
Chemistry and Biochemistry, Rhodes University, Grahamstown, South

Africa.
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3.5 KINETIC STUDIES.

Standard ethanolic chromone-2-carboxamide solutions were prepared by the
following illustrative procedure : N,N-dimethylchromone-2-carboxamide
129 (5.0 mg, 23.0 mmol) was dissolved in dry EtOH (10 ml) in a 10 ml
volumetric flask and the resulting solution (0.46 ml, 1.05 x 10-3 mmol)
was diluted in a 10 ml volumetric flask. This solution (1.00 ml, 1.05 x
10-3 mmol) was then diluted in a 3 ml reaction volumetric flask to the
required initial concentration. The volumes and corresponding

dimethylamine concentrations used are summarised in Table 24.

Dilution and triggering of the reaction were carried out in a 3 ml
volumetric flask [for the chromone-2-carboxamides (129,130,132, and 133)
standara amide solutions (1.00 ml) were added to the volumetric flask
containing the required ethanolic dimethylamine (332 w/w; 0.22 - 1.43
ml); while ethanolic dimethylamine (33Z w/w; 32.54 - 54.23 1) was added
to the flask containing N,N-dimethyl-7-nitro-chromone-2-carboxamide 131
(1.00 ml)]. The stopwatch was started after combining the reagents and
mixing was achieved by inverting the flask five times. The reaction was
then transferred to the curvette and initial readings were taken after

1l - 2 min.

Concentrations and corresponding absorptions required for the Beer’s Law
determinations of the acrylamides (140,142-143) were calculated using
molar absorption coefficients [e.g. for the parent acrylamide (140), Ay
357 (¢ 29 647 dm3 mol-l em-l)). Standard ethanolic acrylamide solutions
were prepared by the following procedure : (E)-2-(dimethylamino)-3-(2-
hydroxybenzoyl)-N,N-dimethylacrylamide (140) (5.35 mg, 20.4 mmol) was

dissolved in dry EtOH (10 ml) in a 10 ml volumetric flask and the

resulting solution (0.50 ml, 1.02 x 10~ mmol) was diluted in a 10 ml
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volumetric flask. This solution was then diluted in a 3 ml volumetric
flask. The volumes used for the final dilution, and the concentrations,
calculated absorptions (A;), and measured absorptions (4;) are
summarised in table 25 p.186. The linear regression data is summarised

below Table 25.

TABLE 24. Ethanolic dimethylamine concentrations.

Rl Volume®  [Me,NH] Rl VolumeP [MeyNH)
(ml) (mol.1-1) (wl)  (10-2mol.1-1)
H 0.55 1.00 NO, 32.54 5.9
0.66 1.20 37.96 6.9
0.77 1.40 43.38 7.9
0.88 1.60 48.81 8.9
OMe 0.99 1.80 54.23 9.9
1.10 2.00
1.21 2.20
1.32 2.40
1.43 2.60
F 0.22 0.40
0.27 0.50
0.33 0.60
0.38 0.70
0.44 0.80
cl 0.11 0.20
0.17 0.30
0.22 0.40
0.27 0.50
0.33 0.60

8+ 0.1ml. Dz 0.4p1.



TABLE 25. Beer’s Law data for 2-(dimethylamino)-3-
(2-hydroxybenzoyl)-N, N-dimethylacrylamide 140.

[acrylamide] volume Ap A
(1073 mol.1-1)  (ml)

0.7 0.20 0.2 0.233
1.4 0.40 0.4 0.440
2.0 0.59 0.6 0.639
2.7 0.79 0.8 0.858
3.4 0.99 1.0 1.083
4.0 1.19 1.2 1.305

The linear regression data are summarised below :

(1) determinations of Beer’s law p.187-189;

(ii) determinations of the pseudo first order rate constants (k)
P.190-214;

(iii) determinations of the observed rate constants (kg,g) p. 215-217.

(iv) Hammett plot p.217.
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(i) Determinations of Beer’s law.

140 R=H
No. Ca/l10-5 Absorbance Y{cale)
1 0.568 0.233 0.224
2 1.35 0.440 0.438
3 2.02 0.639 0.651
4 2.70 0.858 0.867
5 3.37 1,083 1.081
6 4.05 1.305 1.297
Regression Qutput:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficlent{s) 0.31828
Std Err of Coef. 0.00345
R=H
No. Ca/l10-5 Absorbance Y{cale)
1 0.68 0.235 0.222 |
2 1.35 0,432 0.437
3 2.02 0.641 0.651
4 2,70 0.862 0.868
5 3.37 1.080 1.083
6 4,05 1.311 1,300
Regression QOutput:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degresas of Freedom

X Coefficient(s) 0.31985
Std Err of Coef. 0.00374
142 R=0Me
No. Ca/l0-5 Absorbance Y{cale)
1 0.51 0.207 0.216
2 1,02 0.416 0.408
3 1.53 0.599 0.599
4 2.04 0.802 0.791
5 2.56 0.978 0.986
6 3.06 1.171 1.173
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Dagrees of Freedom

X GCoefficient(s) 0.37521
Std Err of Coef. 0.00439
R=0Me

No. Ca/l0-5 Absorbance Y(cale)

1 0.51 0.221 0.227
2 1.02 0.429 0,424
3 1.53 0.626 0.621
4 2.04 0.821 0.819
5 2.56 1.011 1.020
6 3.06 1.216 1,213
Regression Output:

Constant

Std Err of Y Est

R Squared

No. of Observations
Degreas of Freedom

X Coefficient(s) 0,38678
Std Err of Coef. 0.00305

0.00799
0.00972
0.99953
6
4

0.00478
0.01055
0.99945

6

4

0.02513
0.00937
0.99945
6
4

0.02962
0.00652
0.99975
6
4
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No.

N W=

Yo.

S WP

144
No.

SN

No.

AU DWW

R=ND2
Ca/10-5 Absorbance Y(calc)
0.95 0.224 0.206
1.90 0,419 0.423
2.85 0.620 0.640
3.79 0.848 0.855
4,74 1.072 1,072
5.69 1,302 1.289
Regression Output:
Constant
Std Err of Y Est
R Sgquared

No. of Observations
Degrees of Preedom

X Coefficient(s) 0.22849

Std Err of Coef. 0.00391
R=NO2
Ca/10-5 Absorbance Y{calc)
0.95 0.215 0.201
1.90 0,420 0.417
2.85 0.612 0.634
3.79 0.840 0.847
4,74 1,062 1.064
5.69 1.294 1.280
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Obsarvations
Degreas of Freedom

X Coefficient{(s) 0.22765
Std Erxr of Coef. 0.00383
R=F
Ca/l0-5 Absorbance Y(cale)

0.62 0,221 0.229
1,25 0.426 0.431
1.87 0.651 0.631
2.50 0.835 0,835
3,12 1.033 1.035
3.75 1.233 1.238
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficlent(s) 0.32303
Std Err of Coef. 0.00432
R=F
Ca/l10-5 Absorbance Y(calc)

0.62 0,231 0.225
1.25 0.423 0.426
1.87 0.624 0.625
2,50 0.818 0.828
3.12 1.033 1.027
3.75 1,232 1.230
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s) 0.32139
Std Err of Coef. 0.00261

-0.01110
0.01550
0.99833

6
4

-0.,01530
0.01318
0.99887

6
4

0,02712
0.01129
0.99929
6
4

0.02437
0.00682
0.99974
6
4

Co/10-5 mali—1

Co/10-5 mcli-1

14

188
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No.

LRV RSN S

No.

n o WN -

0.210
0.401
0.596
0.790
0.981
1.175

Regression Output:

R=Cl
Ca/10-5 Absorbance Y(calc)

0.59 0.207
1.17 0,406
1.76 0.600
2.35 0.783
2.93 0.978
3.52 1.179

Constant

Std Err of ¥ Est

R Squared

No. of Observations
Degrees of Fresdom

X Coefficient(s)
Std Err of Coef.

0.32938
0.00226

0.221
0.414
0.611
0,808
1.002
1.199

Regression Output:

R=Cl1
Ca/10-5 Absorbance Y(calc)
0.59 0.214
1.17 0.427
1.76 0.613
2,35 0.801
2.93 0.994
3.52 1.2086
Constant
Std Exr of Y Est
R Squared

No. of Observations
Degress of Freedom

X Coefficlent(s)
Std Err of Coef.

0.33376
0.00394

0.01584
0.00554
0.99981
6
't

0.02384
0.00967
0.99944
6
4

[o}: ] o

Co/10~5 molt-1

14

189
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(ii) Determinations of pseudo first order rate constants (k).

129
RUN 1 R=H Ca=3,5 Cb=1.0 A=1.163 2ZR=83
No. time Absorbance A-At In{A-At) Y{calc)

1 1.58 0,050 1,113 0,107 0.092
2 5.02 0.106 1,057 0.055 0.042
3 7.50 0.146 1.017 0.017 0.006 02
4 10.00 0,185 0.978 -0.,022 -0.030 o
5 15.00 0.255 0,908 -0,097 -0.102
6 20.00 0.322 0.841 -0,173 -0.174 ~02

7 25.00 0.383 0.780 -0,248 -0.246 04
8 30.00 0.439 0.724 -0,323 -0.318 —

9 35.00 0.491 0.672 -0.397 -0.390 = ~08
10 40,00 0.539 0.624 -0.472 -0.462 < -08
11 45.02 0.583 0,580 -0.5453 ~0.535 <
12 50.00 0.624 0.53%9 -0.618 -0.607 = -
13 55.00 0.662 0.501 -0.691 -0.679 -1.2
14 60,00 0.697 0.466 -0,764 -0.751
15 70.00 0.759  0.404 0,906  -0.895 ohe
16 80.03 0.812 0.351 -1.047 -1.040 -5
17 90.00 0.858 0.305 -1,187 -1.184 18
18 100.02 0,897 0.266 -1.324 -1.328 0 20 a0 &0 80 100 120
19 110.00 0.930 0.233 -1,457 -1.472
20 120.00 0.960 0.203 -1.595 -1.616 tme\min

Regression Cutput:
Constant 0.1147
Std Err of Y Est 0.0111
R Squared 0.9996
No. of Observations 20
Degrees of Freedom 18
X Coefficient(s) «0,0144
Std Err of Coef. 0.0001
RUN 2 R=H Ca=3.5 Cb=1,0 A=1,156 ZR=82
No. time Absorbance A-At 1ln(A-At) Y(calc)

1 1.15 0.043 1.113 0.107 0.099

2 5.00 0.101 1.055 0.054 0.044

3 7.50 0.140 1.016 0.016 0.008 c2

4 10.00 0.178 0,978 -0,022 -0.028 0_’

5 15.00 0.248 0.908 -0.097 -0.099

6 20.00 0.313 0.843 -0.171 -0.171 -02}~

7 25.00 0,372 0,784 -0.243 ~0.,242 04}

8 30.00 0.428 0.728 -0.317 -0.314 —

9 35.00 0.479 0.677 -0.390 -0.385 = -05(~
10 40,00 0,527 0.629 -0.464 -0.457 £ ~0B[~
11 45.00 0.570 0,586 -0.534% -0.528 <
12 50.00 0,611 0,545 ~-0.607 -0.600 - -
13 55.00 0.649 0.507 -0.679 -0.671 -2}
14 60.00 0.684 0.472 ~-0,751 ~0.743
15 70.00 0.747  0.409 -0.894 -0.886 ~rar
16 80.00 0,801 0,355 -1.036 -1.029 -8}
17 90.00 0.847 0.309 -1.174 -1.172 18
18 100.02 0.887  0.269 -1,313 -1.315 fo 20 a0 60 B0 100 130 0
19 110.00 0.921 0.235 -1.448 -1.458
20 120.02 0.951 0.205 -1.585 -1.601 trme\min

Regression Output:
Constant 0.1152
Std Err of Y Est 0.0076
R Squared 0.9998
No. of Observations 20
Degrees of Freedom 18
X Coefficient(s) -0.0143

Std Err of Coef. 0.0000
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R=H

time

1,77

3.97

5.00

7.50
10.00
12,50
15.00
17.50
20.02
25.00
30.00
35.00
40.00
45.00
50.02
55.00
60.00
70.00
80.00
90.00

Constant

Ca=3.5 Cb=1.2
Absorbance A-At
0.0568 1.095
0.118 1.045
0,143 1.020
0.198 0.965
0.255 0.908
0.299 0.864
0.344 0.819
0.389 0.774
0.430 0.733
0.506 0.657
0.573 0.590
0.634 0.529
0.5689 0,474
0.738 0.425
0.781 0.382
0.819 0.344
0.855 0.308
0.913 0,250
0.960 0.203
0.997 0,166

Regression Output:

Std Err of Y Est

R Squared

No. of Observations
Degreas of Freadom

X Coefficient(s)
Std Err of Coef.

R=H

time
1.40
3.40
5.00
7.50
10.00
12.50
15.00
17.50
20.00
22.50
25.00
27.50

30.00.

35.00
40.00
45,00
30.00
60.00
70.00
80.00
90.00

Constant

-0.0215

0.0001

Ca=3.5 Cb=1.2

Absorbances A-At

0.056 1,090
0.099 1.047
0,133 1.013
0.185 0.961
0.234 0.912
0.280 0.866
0,324 0.822
0.365 0.781
0.404 0.742
- 04441 0.705
0,476 0.670
0.509 0.637
0.541 0.605
0.602 0.544
0.653 0.493
0.699 0.447
0.741 0.405
0.811 0.335
0.871 0,275
0.917 0.229
0.954 0.192

Regression Qutput:

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

-0.0198
0.0001

A=1.163

1n(A-At)
0,091
0.044
0.020
-0.036
-0.097
-0.146
-0,200
-0,256
-0.311
-0.420
-0.528
-0.637
~-0.747
-0,.856
~-0.962
-1.067
-1.178
-1.386
=-1.595
-1.796

0.1213
0.0072
0.9999
20
18

A=1.146

1n{A-At)
0.086
0.046
0.013
-0.040
-0.092
=0.144
~0.196
=0.247
-0.298
-0.350
=0.400
=0.451
-0.503
-0.609
-0.707
-0.805
-0.904
-1.094
-1.291
-1.474
~1.650

0.1002
0.0122
0.9995
21
19

ZR=85

Y{ecale)
0.083
0.036
0.014

-0.040
-0.094
~0,148
-0.201
-0,255
-0.309
-0,417
-0.524
~0.632
-0,739
-0,.847
-0.955
-1,062
=-1.,170
~1,385
=1.600
=-1.815

AR=83

Y(calce)
0.072
0,033
0.001

-0.048
-0.098
«0.147
-0.197
~0.246

- =0,296

=0.345

-0.395.

-0.444
~0.494
=0.593
-0.692
-0.791
-0.890
-1.088
-1.286
=1.484
-1.682

in{ A-AL)

tn{ A-At)

-18
~-1.8
-2
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R=H Cb=3.5 Cb=1.4
time Absorbance A-At

1.38 0.066 1.104
3.17 0.127 1,043
5.00 0.177 0,993
7.15 0,238 0.932
10.00 0.312 0.858
12.38 0.370 0.800
15,03 0.430 0.740
17.50 0.481 0.589
20.00 0.528 0.642
22.50 0.573 0.597
25.00 0.613 D0.557
28.00 0.660 0.510
30.00 0.688 0.482
32,52 0.720 0.450
35.00 0.750 0.420
40,02 0.803 0.367.
45,02 0.849 0.321
50.00 0.887 0.283
60.02 0.949 0,221
70.13 0,996 0.174
Regression Qutput:

Constant

Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s) -0.0273
Std Err of Coef. 0.0003
R=H Ca=3.5 Cb=1.4
time  Absorbance A-At
1.55 0.063 1,127
3.00 0.105 1.085
5.02 0.163 1.027
8.20 0.249 0.941
10.02 0.295 0.895
14.98 0.410 0,780
17.18 0.455 0,735
20.03 0.510 0.680
25.15 0.599 0.591
30.67 0.680 0.510
35.67 0.744 0,446
40,02 0.793 0.397
45,02 0.842 0.348
50,02 0.885 0,305
60.06 0.957 0.233
Regression Qutput:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Fresedom

X Coefficient(s) -0.0270
Std Exr of Coef. 0.0001

A=1.170

1n(A-Ar)
0.099
0.042
-0.007
-0,070
-0.153
-0.223
-0.301
-0.373
-0.443
-0.516
~0.585
~0.673
-0.730
-0.799
-0.868
-1.002
-1.136
-1.262
-1.510
-1.749

0.1102
0,0212
0.9985
20
18

A=1.190

In{A-At)
0,120
0.082
0.027

-0.,061
-0.111
-0.248
-0,308
-0.386
-0.526
-0.673
-0.807
-0.924
' ~1,056
-1,187
~1.457

0.1584
0.0038
0.9999
15
13

ZR=85

Y(cale)
0.072
0.024

-0.026
-0.085
-0.163
-0.228
~0.300
-0.368
-0.436
-0.504
=0.572
-0.654
-0.709
-0.778
-0.845
-0.982
=-1.119
-1.255
-1.528
~1.804

AR=80

Y{calc)
0,117
0,077
0.023

-0.063
-0.112
-0.246
-0.305
-0,382
-0.520
-0.669

-0.804

-0.922
-1.056
-1.191
-1.462

In{a-at}

In{ A-At)

-16

192
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Cb=1.6

A-Ar
1.081
1.007
0.940
0.858
0.810
0.773
0.710
0.657
0.638
0.579
0.527
0.479
0.437
0.398
0.362

0.331 -

0.302
0.276
0.252
0.212

Regression Output:

R=H Ca=3.5
time Absorbance
1.38 0,079
3.25 0.153
5.00 0.220
7.32 0.302
8.82 0.350
10.00 0.387
12.25 0.450
14,22 0.503
15.00 0,522
17.50 0.581
20.00 0.633
22.53 0.681
25,00 0.723
27.50 0.762
30.00 0.798
32.50 0.829
35.00 0.858
37.50 0.884
40.00 0.908
45.00 0.948
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s) -0.03786
Std Err of Coef. 0.0001
R=H Ca=3,5 Cb=1.6
time  Absorbance A-At
1,42 0.084 1,096
3.38 0.154 1.026
5.00 0.213 0.967
7.13 0.286 0.894
8.23 0.321 0.859
10.00 0.373 0.807
12,50 0.442 0.738
15.00 0.505 0.675
17.50 0.560 0.620
20.00 0.612 0.568
22.50 0.658 0.522
25.00 0.699 0.481
27.50 0.737 0.443
30.00 0,772 0.408
32.50 0.803 0.377
35.00 0.833 0.347
37.50 0.858 0.322
40,00 0.8381 0.299
45.00 0.921 0.259
50.00 0.954 0.226
Regression Cutput:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

-0.0331
0.0003

A=]1.16

In({A-At)
0.078
0,007

-0,062
-0.153
-0.211
-0.257
=0.342
=-0.420
-0.449
-0.546
-0.641
-0.736
-0,828
-0.921
-1.016
-1,106
~1.197
-1,287
-1.378
-1.551

0.1190
0.0081
0.9997
20
18

A=1.180

1n({A-At)
0.092
0.026
~0.034
-0.112
-0,152
-0.214%
-0.304
-0.393
~-0.478
-0.566
-0,650
-0.732
-0.814
-0.896
~0.976
-1.058
-1,133
-1.207
-1.351
~1.487

0.1143
0,0204
0.9983
20
18

IR=82

Y(cale)
0.067
-0.003
-0.069
=0.156
-0.212
-0.257
~0.341
-0.415
-0.445
-0.539
-0.633
-0.728
~0.820
-0.914
-1.008
-1,102
-1.196
-1,290
-1.384
-1,572

IR=81

Y{(calc)
0.067
0.002

-0.051
0,122
-0,158
-0.217
-0.299
-0.382
=0.465
-0.547
-0,630
-0.713
-0.795
-0,878
-0,951
~1,044
-1,126
-1,209
-1.374
~1,540

In{ &a-At)

In( A-AL)
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RUN 1

-4
b [+]
—OWO NN SN

B bt bt b bt e b et
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RUN 2

No

OOV ARINSWN

R=H Ca=3.5 Cb=1.8
time Absorbance A-At
1.78 0.104 1.089
3.85 0.195 0.998
5.00 0,245 0.948
7.12 0.330 0.863
8.55 0.385 0.808
10.00 0.435 0.758
12.13 0.503 0.690
13.72 0,550 0.643
15,00 0.586 0.607
17.32 0.645 0.548
18.68 0.676 0.517
20.00 0.705 0.488
22.18 0.750 0.443
25,02 0.800 0.393
27.53 0.840 0.353
30.02 0.876 0.317
32.33 0.907 0.286
35.00 0.935 0.258
37.85 0.964 0.229
40.00 0.983 0.210
Regression Qutput:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degreea of Freedom

X Coefficient(s) -0.0433
Std Exr of Coef. 0.0001
R=H Ca=3.5 (Cb~1.8
time Absorbance A-At
1.23 0.082 1.069
3.00 0.161 0,990
3.90 0,200 0.951
5,00 0.246 0.905
7.00 0.324 0.827
8,00 0.360 0,791
9.98 0.427 0.724
12.12 0.492 0.659
13.87 0.540 0.611
15.02 0.570 0.581
17.05 0.619 0.532
18.50 0.651 0.500
20.00 0.681 0.470
22,48 0.727 0,424
25.00 0.769 0,382
27.55 0.809 0.342
30.00 0,840 0.311
32.50 0.869 0.282
35.00 0.894 0.257
40.00 0.932 0.219
Regression Qutrputs
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s) -0.0419
Std Err of Coef. 0.0004

A=1.193

1n{A-At)
0.085
~0.002
-0.053
~0.147
-0,213
-0.277
-0.371
-0.442
-0.499
-0.601
-0.660
-0.717
-0.814
-0.934
-1.041
~1.149
-1.252
-1.355
-1.474
-1.561

0.1555
0.0072
0.9998
20
18

A=1.151

1n{A-At)
0.067
-0.010
-0.050
-0.100
~0.190
-0.234
-0,323
-0.417
-0.493
-0.543
-0.631
-0.693
-0.755
-0.858
-0.962
-1.073
-1.168
-1.266
-1.359
-1.519

0.0979
0.0189
0.9985
20
18

IR=82

Y{cale)
0.078
-0.011
«0,061
-0.153
=0.215
-0.277
-0,369
-0.438
-0.494
-0.594
<0.653
-0.710
-0.804
-0.927
~1.036
~1.144
-1.252
-1.359
-1,483
-1.576

ZR=81

Y(cale)
0.046
-0,028
=0.065
-0.111
-0.195
«0.237
-0.320
-0.409
-0.483
-0.531
-0.616
~-0.5677
-0,739
-0.843
-0.949
-1.055
-1.158
-1.263
-1.367
-1.577

In{ A-At)

In( A-at)
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RUN 1
No

WIS WN =

RUN 2

=
—— 7]
—OWOLNOOUNHWN

B bt bt bt bt s et bt
CUWNANUL™WN

NN
~N -

R=0OMe Ca=3.0 Cb=1.8
time Absorbance A-At
1.22 0.060 1.092
3.00 0.107 1.045
5.00 0.157 0.995
7.00 0.204 0.948
8.00 0.228 0.924
10,00 0.272 0.880
12.50 0.326 0.826
15.00 0.376 0.776
17.70 0.426 0.726
20.00 0.465 0.687
22.50 0.506 0.646
25.00 0.545 0.607
27.50 0.581 0.571
30.00 0.615 0.537
32.50 0.646 0.506
35.00 0.676 0.476
40.00 0.730 0.422 -
45.00 0.778 0.374%
50.00 0.820 0.332
55.00 0.858 0.294
65,00 0.916 0.236
70.00 0.942 0.210
Regression Qutput:
Constant
Std Exrr of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s) -0.0241
Std Err of Coef. 0.0001

R=0Me Ca=3.0 Cb~=1.8

time Absorbance A-At
1.03 0.052 1.114
3.00 0.103 1.063
5.00 0.153 1,013
7.00 0.202 0.964
8.50 0.236 0.930
10.00 0,270 0.896
12.50 0.323 0,843
15.00 0.372 0.794
17.52 0.419 0.747
20.00 0.463 0.703
22.50 0,504 0.662
25.00 0.542 0.624
27.50 0.578 0.588
30.00 0.612 0.554
32.50 0.644 0.522
35,00 0.674 0.492
40,00 0.728 0.438
45,00 0.775 0,391
50.00 0.818 0.348
55.00 0.855 0.311
60.00 0.888 0.278
70.00 0.942 0.224

Regression Output:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom

X Coefficient(s) -0.0235
Std Err of Coef. 0.0001

A=1.152

In{A-At)
0.088
0.044

-0.005
-0.053
-0.079
-0.128
-0.191
-0,254
-0,320
-0,375
~0.437
-0.499
~0.560
-0,622
-0.681
-0.742
-0.863
-0.983
-1,103
=-1.224
-1.444
-1.561

0,1095
0.0078
0.9998
22
20

A=1.166

1n{A-At)
0.108
0.061
0.013
-0.037
-0.073
-0.110
-0.171
-0,231
<0.292
-0.352
-0.412
-0.472
-0.531
-0.591
-0.650
-0.709
-0.826
-0.939
-1.056
-1.168
-1.280
-1.496

0.1219
0.0087
0.9997
22
20

ZR=82

Y({cale)
0.080
0.037

-0.011
~0.059
-0,084
-0.132
-0.192
-0.252
-0.318
-0.373
-0.433
-0.494
~0.554
-0.614
-0.675
-0.735
-0.856
-0.976
-1.097
-1.218
-1.459
-1.579

ZR=81

Y(calce)
0.098
0.052
0.005

~0.042
-0.078
-0.113
-0.171
-0.230
-0.289
-0.347
-0.406
-0.465
-0.523
-0.582
-0.641
-0,699
-0.817
-0.934
-1.051
-1.169
-1.286
-1.521

In( A-at)

tn{ A-AL)
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RUN 1
No
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RUN 2
No.

R=0Me

time

1.32

2.50

5.00

7.00

9.00
10.00
12.58
15.00
17.52
20.00
22.50
25.00
27.50
30.00
32.50
35.00
40.00
45.00
50.02
55.02

Constant

Ca=3.0

Absorbance

0.072
0.112
0.194
0.255
0.313
0.340
0.406
0.463
0.518
0.568
0.615
0.658
0.697
0.733
0.767
0.798
0.853
0.900
0.939
0.973

Cb=2.0

A-At
1,110
1,070
0.988
0.927
0.869
0.842
0.776
0.719
0.664
0,814
0,567
0.524
0.485
0,449
0,415

0.384 .

0.329
0.282
0.243
0.209

Regression Output:

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

R=0Me

time

1.58

2.50

5.00

7.00

8.00
10.00
12.50
15.00
17.50
20.00
22,50
25.00
27.50
30,02
32.50
35,00
40,00
45,00
50,00
55.00

Constant

-0.0312

0.0001

Ca=3.0 Cb=2.0

Absorbance A-At

0.086 1.109
0,114 1.081
0.191 1.004
0.248 0.947
0.276 0.919
0.328 0.867
0.389 0.806
0.446 0.749
0.499 0.696
0.547 0.648
0.592 0.603
0.634 0,561
0.673 0.522
0.709 0.486
0.742 0,453
0,773 0.422
0.829 0.366
0.876 0.319
0.917 0.278
0.952 0.243

Regresaion Qutput:

Std Err of Y Est

R Squared

No. of Observations
Degrees of Fresdom

X Coefficient(s)
8td Err of Coef.

-0.0286
0.0001

A=1,182

1n(A-Ar)
0.104
0.068
-0.012
-0.076
-0.140
-0.172
-0.254
-0.330
~0.409
~0.488
~0.567
-0.646
-0.724
-0.801
-0.879
~0.957
-1.112
~1.266
-1.415
-1.565

0.1397
0.0051
0.9999
20
18

A=1.195

1n{A-Ar)
0,103
0.078
0.004
-0.054
-0.084
=0.143
-0.216
-0.289
-0.362
-0.434
-0.506
-0.578
-0.650
-0.722
-0.792
-0.863
-1,005
-1.143
-1.280
-1.415

0.1420
0.0060
0.9998
20
18

AR=82

Y{(calc)
0.098
0.062

=0.016
-0.079
-0.141
=-0.172
-0.253
-0.329
~0.407
-0,485
=-0.563
=0.641
-0.719
«0.797
-0.875
~0.953
-1.109
-1.265
-1,422
-1.578

AR=80

Y{cale)
0.097
0,071

~0.001
-0,058
-0.087
-0.144
-0.215
-0.287
-0.358
-0.429
-0,501
-0,572
~0.644
-0.716
-0.787
-0,858
-1,001
-1.144
-1,287
-1.430

In( A-At)

In{ A-At)
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Cb=2.2

A-At
1.127
1.085
1.026
0.990
0.935
0,905
0.856
0.824
0.767
0,740
0.689
0.641
0.596
0.575
0.525

0,480 |

0.440
0.403
0,338
0.284
0.240
0,203

Regression Qutput:

R=0Me Ca=3.0
time Absorbance
1.42 0.100
2.50 0.142
4,02 0.201
5.00 0.237
6.62 0.292
7.50 0.322
9.00 0.371
10.05 0.403
12.02 0.460
13.00 0.487
15.00 0.538
17.00 0.586
19.00 0.631
20.00 0.652
22,52 0.702
25.00 0.747
27.50 0,787
30.00 0.824
35.00 0.889
40.00 0.943
45,00 0.987
50.00 1.024
Constant
Std Err of Y Est
R Squared

No. of Observatiomns
Degrees of Freedom

X Coefficient(s) -0.0355
Std Err of Coef. 0.0001
R=0Ns Ca=3.0 Cb=2.2
time Absorbance A-At

1.45 0,095 1.09¢6
2.50 0.134 1,057
4,00 0,188 1.003
5.00 0.222 0.969
6.92 0.285 0.906
7.50 0.303 0.888
9.02 0.34% 0.842
10.00 0.378 0.813
12.02 0.432 0.759
13.00 0.458 0.733
15.00 0.507 0,684
17.00 0.552 0.639
19,00 0.594 0.597
20.00 0.614 0.577
22.50 0.660 0.531
25.00 0.703 0.488
27.50 0,742 0.449
30.00 0.778 0.413
35.00 0.840 0.351
40,01 0.892 0.299
45.00 0.935 0.256
50.00 0.970 0.221
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

-0.0333
0.0002

A=1.227

In{A-At)
0.120
0.082
0.026

-0.010

-0.067

-0,100

-0.155

~0.194

-0.265

-0.301

-0.373

-0.445

-0.518

-0.553

-0.644

-0.734

-0.821

-0.909

-1,085

-1.259

~1.427

-1.595

0.1631
0.0069
0.9998
22
20

A=1.191

In(A-At)
0,092
0.055
0.003

-0,031
-0.099
-0.119
-0.172
=-0.207
-0.276
-0,311
-0.380
-0,448
-0.516
-0.550
-0.633
-0.717
-0.801
-0.884
-1.047
-1.207
-1.363
=1,510

0.1269
0.0109
0.9995
22
20

IR=83

Y(calc)
0.113
0.074
0.020

0,014
-0.072
-0,103
~0.157
-0.194
-0.264
-0.299
-0.370
-0.441
-0,512
-0.547
-0.637
-0.725
-0.814
-0.902
-1.080
-1.258
-1,435
-1.613

AR=81

Y(cale)
0.079
0.044%

-0.006
=0.040
-D.104
-0,123
-0.174
=-0,.206
=0,274
~0.306
-0,.373
=0.440
=0.506
~-0.540
-0.623
-0,706
-0.790
-0.873
1,040
-1.206
-1.373
=-1,539

In{ a-aL)

In{ A-At)

-1
-12
—1.4
-156
-18
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R=0Me

time
1.05
2.50
4,00
5.00
6.70
7.50
9.00
10.00
11.78
12.50
14.00
15.00
17.00
19.00
20.00
22.50
25.00
27.50
30.00
35.00
37.52
40.00

Constant

Ca=3.0 Cb=2.4
Absorbanca A-At
0.083 1.142
0.151 1.074
0.219 1.006
0.262 0.963
0.330 0.895
0.3561 0.864
0.4186 0.809
0.450 0.775
0.508 0.717
0.530 0.695
0.574 0.651
0.602 0.623
0,653 0.572
0.700 0.525
0.722 0.503
0.773 0.452
0.818 0.407
0.858 0.367
0.895 0.330
0.957 0.268
0.983 0.242
1.006 0.219

Regression Output:

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freadom

X Coefficient{s)
Std Err of Coef.

R=0Me

time

1.35
2,50
4.00
5.00
5.78
7.50
9.00
10,00
11.98
14.00
15,02
18,12
20.00
22.50
25.00
©27.50
30.00
32.77
35.00
37.52
40,00
42,50

Constant

-0.0426
0.0001
Ca=3.0 Cb=2.4
Absorbance A-At

0.097 1.094
0.147 1.044
0,209 0.982
0,249 0,942
0.314 0.877
0,339 0.852
0.390 0.801
0.423 0.768
0,484 0.707
0.539 0.652
0.566 0.625
0.639 0.552
0,630 0.511
0.728 0.463
0.771 0.420
0,811 0.380
0.846 0.345
0.881 0.310
0.906 0.285
0.932 0.259
0,954 0.237
0.975 0.216

Regrassion Qutput:

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef,

-0.0397
0.0001

A=1,225

1n(A-At)
0.133
0.071
0.006
=-0.038
-0.111
=0,1456
-0,212
-0,255
-0.333
-0.364
-0.429
-0.473
-0.559
=0.644
~0,687
=0.794
-0.899
-1,002
-1,109
-1,317
-1,419
-1,519

0.1710
0.0058
0.99%99
22
20

A=1.191

In(A-At)
0.090
0.043

-0.018
-0.060
-0.131
-0.160
~0.222
-0.264
=0.347
-0.428
-0.470
~0,594%
-0.671
-0.770
-0.868
-0,968
-1.064

-1,171"

-1.253
-1.351
=1.440
-1.532

0.1334
0.0090
0.9997
22
20

ZR=82

Y{cale)
0.126
0,065
0.001

-0,042
=0.114
-0.148
-0,212
-0.255
-0.331
~-0.361
=0,425
=-0,468
-0.553
-0.538
=0.680
-0,787
-0.893
-1.000
-1.106
-1,319
-1.426
-1,532

AR=82

Y{calc)
0.080
0.034

-0,025
-0.065
-0.136
=0.164
-0,224

=0.263 |

-0.342
=0.422
-0,463
-0.586
-0.660
-0.759
-0.858
-0,958
-1.057
-1.167
-1.255
-1.355
-1.454
-1.553

1n{ A-At)

In{ &-AL)

-1.2
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RUN 1

=
Q
.
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RUN 2
No.

OO0 O 2 DN

R=0Me Ca=3.0 Cb=2.6

time  Absorbance A-At
1.18 0.100 1.097
2.50 0.168 1,029
4,00 0.242 0.955
5.00 0.287 0.910
6.00 0.330 0.867
7.00 0.372 0,825
8.00 0,412 0.785
9,00 0,449 0,748
10,00 0.486 0.711
12.00 0.552 0.645
13.00 0.582 0.615
15.00 0.638 0,559
17.00 0.590 0.507
20.02 0,756 0,441
22.50 0.805 0.392

25.00 0.847 0.350 .

27.50 0.885 0.312
30.00 0.918 0.279
32.50 0.946 0.251
35.00 0,972 0.225

Regression Qutpur:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom

X Coefficient(s) =-0.0471
Std Exrr of Coef. 0,.0002
R=0Me Ca=3.0 Cb=2,6

time  Absorbance A-At
1.35 0,112 1,086
2.50 0.172 1.026
4,00 0.246 0.952
5.03 0.296 0.902
6.00 0,340 0.858
7.00 0.382 0.816
8.00 0,422 0.776
9.00 0.461 0.737
10.00 0.498 0.700
12.00 0,564 0.634
13.00 0.595 0.603
15,00 0.652 0,546
17.50 0.715 0,483
20,00 0,771 0.427
22,50 0.819 0.379
25.00 0,861 0.337
27.50 0.899 0.299
30.00 0.932 0.266
32.50 0,951 0.237
35.00 0.986 0.212

Regression Output:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Exr of Coef.

-0.,0488
0.0002

A=1,197

1n{A-At)
0.093
0.029
=0.046
=0.094
-0,143
-0.192
=0.242
-0.290
=0.341
=0.439
-0.486
-0.582
-0.679
-0.819
-0.936
-1.050
-1.165
~1.277
-1.382
-1,492

0.1354
0.0102
0.9996
20
18

A=1.198

In{A-At)
0.083
0.026

=0.,049
=-0,103
-0.153
-~0,203
=-0.254
-0,303
-0.357
-0,.456
-0,506
-0,605
-0.728
-0.851
-0.970
-1,088
-1.207
~1.324
-1.440
-1.551

0.1371
0.0091
0.9997
20
18

AR=81

Y{calc)
0.080
0.018

-0.053
-0.100
~0.147
-0.194
-0.242
-0.289
-0.336
~0.430
-0.477
-0.571
-0.666
-0.808
-0.925
-1,043
-1.161
-1,278
-1,396
-1.514

AR=82

Y{cale)
0.071
0,015

-0.058
-0.108
-0.156
-0,205
-0.253
-0,302
=0.351
~0.449
-0,497
-0.595
-0,717
-0.839
-D.961
-1,083
-1,205
-1,327
-1,449
-1,571

In{ A-At )

In{ A-AL)
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R=NO2 Ca=5.5 Cb=0.059
time Absorbance A-At
1.18 0.069 1.091
5.00 0.129 1,031
7.65 0.169 0.991

10.02 0.203 0.957
12.75 0.24] 0.919
15.00 0,272 0.888
17.65 0,307 0.853
20.00 0.337 0.823

25.02 0.395 0.765
30.02 0.448 0.712
35.00 0.497 0.663
40.00 0.543 0.617
45.00 0.585 0.575
50,02 0.629 . 0.531
60.00 0.697 0.463
70.02 0.755 0.405 -
Regression Qutput:

Constant

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedem

X Coefficient(s) -0.0145
Std Err of Coef. 0.0001

R=ND2 Ca=5.5 Cb=0.059

time Absorbance A-At

1.25 0.066 1.142
3.28 0.100 1.108
5.00 0.130 1.078
7.85 0.176 1.032
10.00 0.210 0.998
12.82 0.253 0.955
15.00 0,285 0.923
17.67 0.323 0.885
20.00 0.357 0.851
22.77 0.393 0.815
25.00 0,421 0.787
30.00 0.481 0.727

35.00 0.536. 0.672
40,00 0.587 0.621

45.00 0.635 0.573
50.00 0.678 0.530
55.00 0.718 0,490
60.00 0.754 0.454
65.00 0.790 0.418
70.00 0.822 0.386
80.00 0.879 0.329
Regression Dutput:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degress of Freedom

X Coefficient(s) -0,0158
Std Err of Coef. 0.0000

A=1.160

1n{A-Ar)

0.087

0,031
-0.009
-0.044
-0,084
=0.119
-0.159
=0.195
-0.268
~0,340
~0.411
-0.483
-0.553
-0.633
-0.770
~0.904

0.0990
0.0047
0.9998
16
14

A=1.208

ln{A-At)
0.133
0.103
0.075
0.031
-0.002
-0.046
~0.080
-0.122
-0,161
=0.205
=0.240
-0.319
-0.397
~0.476
-0,557
-0.635
-0.713
-0.790
-0.872
-0.952
-1.112

0.1554
0.0014
1.0000
21
19

ZR=65

Y(calc)
0.082
0.027

=0.012
-0.046
-0.086
-0.118
-0.157
=0.191
-0.264
-0.336
-0,408
-0.481
-0.553
-0.626
-0,770
-D.915

AR=73

Y(cale)
0.136
0.104
0.076
0.031

=0,003
-0,047
-0.082
=-0.124
=0.161
-0.205
=0.240
-0.319
-0.398
=0.477
=-0.556
-0.635
=0.714
-0,793
-0.872
~-0,951
-1.109

In{a-at}

ta{ A-At)

200




RUN 1
No.

e e b b b
VOENIMTNDPOUN~OOVITIANAMNNDWN -

RUN 2
No

BO NN SN

R=NO2 Ca=5.5 Cb=0.069

time Absorbance A-At
1.33 0.082 1.005
5.00 0.157 0.930
7.50 0.203 0.884
10.00 0.247 0,840
12.68 0,292 0.795
15.00 0,333 0.754
17.67 0.373 0.714
20.00 0.407 0.680
22.75 0.444 0.643
25.12 0.475 0.612
27.77 0,503 0.582
30.00 0.530 0.557
35.00 0.589 0.498
40,00 0.635 0.452
45,00 0.677 0.410
50.02 0.713 0.374

33.02 0.746 0.341°

60.03 0.775 0.312
70,00 0.822 0.265

Regression Output:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom

X Coefficient(s) -0.0198
Std Err of Coef. 0.0002

R=NO2 Ca=5.5 Cb=0.069
time  Absorbance A-At
‘1,22 0.076 0,966
5.00 0.148 0.894
7.62 0,196 0.846
10,00 0.239 0.803
12.60 0.284 0.758
15,00 0.322 0.720
17.62 0.360 0.682
20.00 0,389 0.653
22.67 0.425 0.617
25.00 0.455 0.587
27.65 0,487 0.555
30.00 0.512 0.530
35.00 0.567 0.475
40,00 0.611 0.431
45,00 0.652 0.390
50.00 0.688 0.354
55.00 0.721 0,321
60.00 0.755 0,287
70.02 0.803 0.239
Regression Qutput:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s) -0.0204
Std Err of Coef. 0.0001

A=1.087

1n(A-At)

0.005
-0.073
-0.123
=0.174
-0.229
-0.282
=-0,337
-0,386
«0,442
-0.491
=-0,541
-0.585
-0,697
-0.794
-0.892
-0,983
-1.076
-1.165
~-1.328

0.0147
0.0148
0.9987
19
17

A=1.042

1n{A-At)
-0.035
=0.112
=0.167
-0.219
-0.277
-0.329
-0,383
-0.426
-0.483
-0.533
-0.589
-0.635
-0.744
-0.842
-0.942
-1.038
-1.136
-1,248
-1.431

-0.0184%
0.0070
0.9997

19
17

2R=76

Y(calc)
-0.012
-0.084%
-0.134
-0.183
-0,236
~0,282
-0.335
-0.381
-0,435
-0.482
-0.534
-0.578
=0.677
-0.776
-0.875
=0.974
-1.073
=-1.172
-1.369

AR=77

Y{(calc)
-0.043
=0.121
=0.174
=0,223
=0.276
=0,325
-0,378
-0,427
-0,481
-0.529
-0.583
-0.631
-0,733
-0.835
-0,937
=-1.039
-1.142
-1,244
-1,448

In( A-At)

Fn( A-AL)

201




RUN 1

=z
[+]

=
LS WN DOV WNI—

RUN 2

=
- )
EOOVOWUNNSWN =,

DN 4t bt bt bt s Gt et st
OV SN

R=NO2 Ca=5.5 Cb=0.07%
time  Absorbance A-At
1.65 0.117 1.018
2,83 0.151 0.984
5.00 0.210 0.925
7.77 0,278 0.857
10,00 0.330 0.805
12,77 0.389 0.746
15.00 0.437 0.698
17.70 0.486 0.649
20.00 0.525 0.5610
22.70 0.567 0.568
25,00 0,600 0.535
27.73 0.636 0.499
30.00 0.663 0.472
32.65 0.694 0,441
35.00 0.717 0.418
40,00 0.763 0.372
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degreas of Fresdom

X Coefficient(s) -0.02686

Std Err of Cosf.

R=NO2

time

1,52

2.50

3.88

5.00

7.70
10,00
12.82
15.00
17.87
20.00
22,92
25.00
27.72
30.00
32.87
35.02
37.77
40.00
45.00
50.00

Constant

0.0002

Ca=5,5 Cb=0.079

Absorbanca

0.097
0,128
0.165
0.197
0.268
0,324
0.387
0.435
0.491
0,531
0.581
0.615
0.656
0.688
0,725
0.753
0.783
0.808
0.856
0.897

A-At
1.135
1.104
1.067
1.035
0.964
0.908
0,845
0.797
0.741
0.701

0.631 -

0.617
0.576
0.544
0.507
0.479
0.449
0.424
0.376
0.335

Regression Qutput:

Std Err of Y Est

R Squared

No. of Observations
Degrses of Freedom

X Coefficient(s)
Std Err of Coef.

~0.0254

0.0001

A=1.135

In{A-At)
0.018
-0.016
-0.078
-0.154
-0,217
-0.293
-0,360
~0.432
-0.494
-0.566
-0.625
«0.695
-0.751
~-0.819
-0.872
=-0.989

0.0486
0.0109
0.9989
16
14

A=1,.232

1n(A-Atr)
0.127
0,099
0,065
0.034
-D0.037
-0.097
-0.168
-0.227
-0.300
-0.355
-0.429
-0.483
-0.552
-0.609
~0.679
-0.736
-0.801
-0.858
-0.978
-1.094

0.1574
0.0062
0.9997
20
18

AR=567

Y{cale)
0.005
-0,027
-0.084
-0.158
-0,217
-0,291
-0,350
=0.421
-0.483
-0,554
-0.615
-0.688
=-0.748
-0.819
-0,881
-1.014

AR=78

Y(calc)
0.119
0.094
0.059
0,031

-0.038
-0,096
-D0,168
-0.223
-0.296
-0,350
=0,424
=0.477
-0,546
-0,603
=0.676
=-0,731
-0,.801
-0.857
-0.984
-1.111

In( A-at)

tn{ &-At)

-1
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RUN 1

=
]
.

B e it et e bt bt bt bt bt
DV OWNPUVNSEWNHOOO N WN-

RUN 2
No.

WD N -

R=NOZ

time

1.13

2.50

3.50

5.00

7.47

8.50
10.00
12.57
14,00
15.00
17.55
20.00
22.75
25.00
27.57
30.32
32.95
35.00
37.57
40.00

Constant

Ca=5.5 Cb=0.089

Absorbance A-At

0.096
0.139
0.169
0.212
0,277
0.303
0.339
0.395
0.424
0.444
0.490
0,535
0.575
0.606
0.640
0.669
0.696
0.714
0.736
0.756

0.917
0.874
0.844
0,801
0.736
0.710
0.674
0.618
0.589
0.569
0.523
0.478
0,438
0.407
0.373
0.344
0.317
0.299%
0.277
0.257

Regression Cutput:

Std Err of Y Est

R Squared

No. of Observations
Degreas of Fresedom

X Coefficient{s)
Std Err of Coef.

R=NO2

time

1.13

2.50

3.50

5.00

7.47

8.50
10,02
12.62
13.50
15.00
17.62
20,00
22,58
25.00
27.53
30.00
32.52
35.00
40.00

Constant

~0.0329
0.0002

Ca=5.5 Cb=0.089

Absorbance A-At

0.098
0.143
0.174
0.220
0.289
0.316
0.353
0.413
0.433
0.462
0.511
0.552
0.591
0.630
0.658
0.687
0.714
0.737
0,778

0.918
0.873
0.842
0.796
0.727
0,700
0.663
0.603
0.583
0.554
0.503
0.484
0.425
0.336
0.358
0.329
0.302
0.279
0,238

Regression Output:

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

-0.0350
0.0002

A=1.013

In{A-At)
-0.087
-0.135
~0.170
-0.222
-0.307
-0.342
-0.395
-0.481
-0.529
-0.564
-0.648
~0.738
-0.826
-0.899
-0.986
-1.067
-1.149
-1.207
-1.284
-1.359

-0.0630
0.0112
0.9993

20
18

A=1.016

ln(A-At)
-0.086
-0,136
-0.172
-0.228
-0.319
-0.357
~0.411
-0,506
~0.540
-0.591
-0.683
-0.768
-0.856
-0.952
-1.027
-1.112
-1.197
-1.277
-1.435

-0.0580
0.0099
0.9995

19
17

AR=75

Y(calc)
-0.100
=0.145
=-0.178
-0.228
-0,309
-0.343
-0,392
-0.477
-0,524
-0.557
-0.641
-0.722
-0.812
-0.886
-0.971
-1,062
-1.148
-1.216
-1.300
-1,380

ZR=76

Y(cale)
=0.098
=0,146
-0,181
-0,233
-0.320
=-0.356
~0.409
=-0.500
=-0.531
=-0.584
=-0.676
~0.759
-0.849
=-0.934
=-1,023
=-1,110
-1.198
-1.285
=1.460

in{ A-AL)

In{ A=At}

203

time\min
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RUN 1

=
o
.

V@O

RUN 2
No.

—
= OWONGUL S WN -

bt s et e b s e
QDN

R=NO2 Ca=5.5 Cb=0.099

time Absorbance A-At
1.40 0.120 0.917
3.00 0.181 0.856

4.00 0.216 0.821
5.00 0.250 0.787
6.00 0.282 0.755
7.00 0,313 0.724
8.00 0.343 0.694
9.00 0.370 0.667
10.00 0.397 0.640
12.00 0.450 0,587
14.02 0.495 0.542
15.00 0.516 0.521
17.48 0.564 0.473
20.00 0,606 0.431
22.52 0.645 0.392
25.00 0.678 0.359
27.50 0.708 0.329

30.00 0.735 V.302

Regression Output:
Constant
5td Err of Y Est
R Squared
No. of Obsarvations
Degraes of Freedom

X Coefficlent(s) =0.0391
Std Err of Coef. 0.0003

R=ND2 Ca=5.5 Cb=0.099

time Absorbance A-At
1,77 0.139 0.903
3.02 0.187 0.855
4,07 0,222 0.820
5,00 0.254 0,788
6.00 0.286 0.756
7.00 0.317 0.725
9,00 0.374 0.668
10.00 0,400 0.642
12.65 0.465 0.577
14,02 0.495 0,547
15.02 0.516 0,526
17.00 0,560 0.482
20,00 0.613 0,429
22,52 0.650 0.392
25.00 0.684 0.358
27.50 0,715 0,327
30,00 0.741 0,301
32,50 0.765 0.277

Regression Output:
Constant
Std Err of Y Est
R Squared
No., of Observations
Degrees of Freedom

X Coefficient(s) -0.0389
Std Err of Coef. 0.0003

A=1.037

In{A-Ar)
-0.087
-0.155
-0.197
-0.240
-0.281
-0.323
-0.3865
~0.405
-0.446
-0.533
~0.612
-0,652
-0.749
-0.842
-0.936
-1.024
-1.112
-1.197

-0.0496
0.0125
0.9988

18
16

A=1.042

1n{A-At)
-0.102
~0.157
-0.198
-0.238
-0.280
-0.322
-0.403
-0.443
-0.550
-0.603
-0.642
-0.730
-0,846
-D.936
-1.027
-1,118
-1.201
-1.284

-0.0498
0.0132
0.9989

18
15

AR=71

Y{ecale)
-0.104
-0,167
-0,206
-0,245
-0,.284
-0.323
-0,362
=0.402
=-0.441
=0,519
-0.598
=0.636
-0.733
-0.832
-0,930
-1.027
-1,125
-1,223

AR=73

Y{ecale)
-0.119
=-0,167
-0.208
=0.244
-0.283
=0.322
~0.400
-0.438
=0.541
=-0.595
=-0.634
=0.710
-0.827
-0,925
=1.021
-1,119
=-1,216
=-1.313

tn{ A-At)

ta( a-at)
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132
RUN 1

VDN SN -

N et rd ol ey e
CSCOVWRNVNIPVNDWN=O

RUN 2

=2
[+]
.

WOV SN

"X Coefficient({s)

R=F Ca=3.0 Cb=0.4
time  Absorbance A-At
1.38 0.053 1.115
3.52 0.102 1.066
5.02 0.136 1,032
7.50 0.188 0.980
10.00 0.239 0,929
12.52 0.288 0.880
15,02 0.334 0.834
17,50 0.376 0.792
20,00 0.416 0,752
22.52 0.453 0.715
25.00 0.489 0.679
27.73 0.526 0.642
30.00 0,555 0.613
32.52 0.586 0.582
35.00 0.615 0.553
40.00 0.668 0.500
45.00 0.715 3.453 °
50,00 0.757 J.411
60.00 0.829 0.339
70.00 0.8856 0.282
Regressicn Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s) -0.0202
Std Err of Coef. 0.0001
R~F Ca=3.0 Cb=0.4
time  Absorbance A-At

1.25 0,046 1.012
3.50 0.091 0.967
5.00 0,121 0,937
7.50 0,168 0.890
10.00 0.213 0.845
12,50 0.255 0.803
15.00 0.295 0.763
17.50 0.333 0.725
20.00 0.370 0.6388
22.50 0.403 0.655
25.00 0,436 0.622
27.50 0.466 0.592
30.00 0.495 0.563
32.50 0.522 0.536
35.00 0.548 0.510
40,00 0.597 0,461
45,00 0.638 0.420
50,00 0.677 0.381
55.00 0.711 0,347
60.00 0.741 0.317
65.00 0.771 0.287
70.00 0.797 0.261
Regression Qutpur:

Constant

Std Err of Y Est
R Squared

No. of Observations
Degress of Froadom

-0.0197

Std Err of Coef. 0.0001

A=1.168

In{A-At)
0.109
0.064
0,031

-0.020
-0.074%
-0,128
-0.182
-0.233
-0,285
-0,335
-0.387
=0.443
-0.489
-0.541
-0.592
-0.693
-0.792
-0.889
-1.082
-1.266

0.1245
0.0093
0.9994
20
18

A=1.058

1In{A-At)
0,012
-0.034
-0.065
-0.117
-0.168
-0.219
-0.270
-0.322
-0.374
=0.423
=0,475
-0.524
=0.574
-0.624
-0.673
=0,774
-0.868
-0.965
-1.058
-1.149
-1.248
-1.343

0.0258
0.,0076
0.9997
22
20

AR=76

Y{calc)
0.097
0.053
0.023

-0.027
-0.078
-0.129
=0.179
-0,229
=0.230
-0,331
-0.381
=0.436
-0.482
-0,533
=0,.583
-0.684
-0.785
-0.886
-1,088
=1.290

AR=75

Y{cale)
0,001
=0.043
-0.073
=0,122
=0.172
=0,221
=0.270
=0.320
~-0,369
=0.418
~0,468
-0.517
=-0.566
=-0.616
-0.665
~0.764
-0.862
=0.961
-1.060
-1.158
~-1,257
-1.356

In{A-at)

In{ A-AL)
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RUN 1

=
-]
.

[ it e oy
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[

RUN 2

=2
o

DO NOVn D W -

R=F Ca=3.0 Cb=0.5

time Absorbance A-At

1.25 0.066 1.090
3.00 0.122 1.034
5.00 0.184 0.972
7.00 0.243 0.913
8,00 0.270 0.886
10.00 0.324 0.832
12.02 0.373 0.783
13.00 0.397 0.759
15.00 0.442 0.714
17.50 0.495 0.661
20.00 0.542 0.614
22,50 0.586 0,570
25,00 0.627 0.529
27.50 0.666 0.490
30.00 0.700 0.456
32,50 0,732 0.424.
35.00 0.762 0.394
40.00 0.814 0.342
45,00 0.859 0.297
50,00 0.897 0.259
55.00 0.929 0.227
Regressiocn Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coafficlent(s) =0.0294
Std Err of Coef. 0.0002
R=F Ca=3.0 Cb=0.5
time Absorbance A-At
1,37 0.066 1.011
3.17 0,118 0.959
5.00 0.168 D.909
7.00 0.219 0.858
8.00 0.243 0.834
10.00 0.290 0.787
12.00 0,337 0.740
13.00 0,355 0.722
15.00 0.395 0.682
17.50 0,442 0.635
20.00 0.484 0.593
22.50 0.524 0.553
25.00 0.561 0.516
27.50 0,595 0.482
30,00 0.627 0.450
32.50 0.656 0.421
35.00 0.683 0.394
40,00 0,732 0,345
45.00 0.774 0.303
50.00 0,809 0.268
55,00 0.839 0,238
60.00 0.866 0.211
Regression Qutput:
Constant
Std Err of Y Est
R Squared

No. of Observations
Dagress of Freedom

X Coefficient(s) -0.0270
Std Err of Coef. 0.0002

A=1.156

1n{A-Ar)
0.086
0.033
-0.028
-0.091
=0.121
~0.184
~0.245
-0.276
-0.337
0,414
-0.488
-0.562
-0.637
-0.713
-0,785
-0.858
-0.931
-1.073
-1,214
-1.351
-1.483

0.1092
0.0109
0.9995
21
19

A=1.077

1ln(A-At)
0,011
-0.042
-0.095
=0.153
-0.182
~0.240
=0.301
-0,326
-0,383
-0.454
-0.523
~0,592
-0.662
=0.730
-0.799
-0.865
=-0.931
-1.064
~1,194
-1,317
=1,435
-1.556

0.0261
0.0149
0.9990
22
20

IR=83

Y{calc)
0.072
0.021

~-0,038
-0,097
-0.126
-0.185
-0.245
=0.274
-0,332
-0.406
-0.480
-0,553
-0.627
-0,701
-0.774
-0.848
-0.921
-1,069
-1.216
-1,363
-1.510

AR=83

Y(calc)
=-0.011
~0.059
~-0.109
=-0.163
=-0.189
~0.243
-0.297
=0.324
-0.378
-0.446
=-0.513
-0,580
=-0.648
-0,715
-0.782
-0.850
-0,917
-1,052
-1.187
~1,321
-1.456
-1.591

tn( &-al)

In(A-at)
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RUN 1

D ONWNUL S WON—

BN =t bt st bt bt bt bt o s s
=RV N - RN BT I RN AN -

NN
N -

RUN 2
No.

N = et bt s et bt b e s b
CVWRNLANIWNEOO® TN WM -

NN
N -

R=F

time
1.25
2.50
4,00
5.00
6,77
7.50
9.02
10.00
12.00
13.07
14.00
15.00
17.00
18.00
20.00
22.00
24,00
25.00
27.50
30.02
32.50
35.00

Constant

Ca=3.0

Absorbance

0.090
0.154
0.226
0.271
0.345
0.374
0.431
0.466
0,531
0.564
0.590
0.617
0.667
0.691
0.734
0.774
0.809
0.825
0.862
0.894
0.924
0.950

Cb=0.6

A-At
1.077
1,013
0.941
0.896
0.822
0.793
0.736
0.701
0.636
0.5603
0.577
0,550
0.300
0.476
0.433

0,393 .

0,358
0.342
0.305
0.273
0.243
0.217

Regression Output:

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freodom

X Coefficient{s)
Std Err of Coef.

R=F

time
1.35
2.50
4.00
5.00
6.88
7.50
9.00
10.00
12,08
13.00
14.00
15,00
17.00
18.00
20,00
22,00
24.00
25.00
27.50
30.00
32.50
35.00

Constant

-0.0476
0.0002
Ca=3.0 Cb=0.6
Absorbancs A-At

0,081 1,023
0.130 0.974
0,188 0.915
0.227 0.877
0,292 0.812
0.312 0,792
0.360  0.744
0,390 0.714
0,448 0.656
0.471 0.633
0,495 0.609
0.519 0.585
0.564 0.540
0.584% 0.520
0.623 0.481
0.662 0.442
0.695 0.409
0.710 0.394
0.743 0.3561
0.773 0.331
0.801 0.303
0.826 0.278

Regression Output:

Std Err of Y Est

R Squared

No. of Obsearvations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

-0.0391
0.0003

A=1.167

in(A-At)
0.074
0.013
~0.061
-0.110
-0,196
=0,232
-0,307
-0.353
-0.453
-0.506
-0.550
-0.598
-0.693
-0,742
~-0.837
-0.934
-1.027
-1.073
-1,187
-1.298
=1,415
-1,528

0,1232
0.0076
0.9998
22
20

A=1.104

In{A-At)
0.023
=0.026
-0.0838
-0,131
-0.208
-0,233
-0.296
-0,337
-0.422
=0.457
-0.496
-0,536
=0,616
=0,654
=0.732
-0,816
-0.8%4
-0.931
-1.019
-1.106
-1.194
-1,280

0.0579
0.0122
0.9991
22
20

1R=81

Y(cale)
0.064
0.004

-0.067
-0,115
=-0.199
-0.234
-0,306
-0,353
0,448
-0,499
-0.544
-0,591
-0.587
-0.734
-0,829
-0,925
-1.020
-1.068
-1,187
-1.307
-1.425
~1.544

ZR=75

Y(calce)
0.005
~0,040
-0.0938
-0,137
-0.211
-0,235
-0.294

T -0.333

=0.414
=0.450
-0.489
-0.528
-0.606
<0,645
-0.723
-0.802
-0,830
-0.919
-1.016
-1.114
-1,212
-1.309

In{ A-at}

In{ A&t )
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R=F Ca=3.0 Cb=0.7

time Absorbance A-At
1.37 0.121 0.935
2.00 0.156 0.900
3.00 0.205 0.851
4,00 0.254 0.802
5.00 0.300 0.756
6.00 0.343 0.713
7.00 0.384 0.672
8.00 0.423 0,633
9.00 0.458 0.598
10.00 0.493 0.563
11.00 0,525 0.531
12.00 0,555 0,501
13.00 0.584 0.472
15.00 0.635 0.421
17.00 0.681 0.375

18.00 0.702 0.354 .

20.00 0.740 0.316
22.50 0.782 0.274
25.00 0.818 0.238
27.50 0.849 0,207

30.00 0.879 0.177
32.50 0.902 0.154
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degress of Freedom

X Coefficient(s) ~0.0579
Std Err of Coef. 0.0001
R=¥ Ca=3.0 Cb=0.7
time  Absorbance A-At
1.40 0.112 0.968
2,00 0,143 0.937
3,00 0,193 0.887
4,00 0.242 0.838
5.00 0.287 0.793
6.00 0.330 0.750
7.00 0.370 _ 0.710
8.00 0,408 0.672
9,00 0.444 0.636
10,00 0.478 0.602
11.00 0.509 0.571
12.00 0.539 0.541
13.00 0.567 0.513
15.00 0,618 0,462
17.00 0.663 0.417
18.00 0.683 0.397
20.00 0.721 0.359
22.50 D.763 0.317
25,00 0.798 0.282
27.50 0.829 0.251
Regression Qutput:
Constant :
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

-0.0522
0.0004

A-1.056

1ln{A-At)
-0.067
-0,105
-0.161
-0,221
-0.280
-0.338
-0.397
=0.457
-0.514%
-0.574
~0,5633
-0.691
-0.751
-0.865
-0,931
-1.038
-1,152
-1.295
-1.435
-1.575
-1.732
-1.871

0.0076
0.0040

0.9999 °

22
20

A=1.080

1n(A-At)
~-0.033
=-0.065
-0.120
-0,177
-0,.232
-0.288
=-0,342
=0,397
~0,453
=-0.507
-0.560
-0.614
=0.667
-0.772
-0.875
-0.924
-1,024
-1,149
~1.266
-1.382

0.0247
0.0125
0.9991
20
18

*R=85

Y(cale)
-0.072
-0.108
-0.166
=0.224
-0,282
-0.340
-0.398
=0.456
-0.513
-0.571
-0.629
~0.687
~0.745
-0.861
-0.977
-1.034
-1.150
-1,295
~1.440
~1.584
-1.729
~1.874

AR=77

Y(calc)
-0.048
-0,080
-0,132
-0.184
-0.236
-0.289
=0.341
-0,393
=0.445
-0.497
=0,550
-0,602
-0.654
-0.758
-0,863
-0.915
-1.019
-1.150
-1,280
-1.411

In( A-AL)

In{ &-At)

-1.2
-1.4
-16
-18

-2
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R=F Ca=3,0 Cb=0.8

time Absorbance A-At
1.48 0,160 0.963
2.02 0.201 0.922
2.50 0.236 0.887
3.00 0.271 0.852
4.00 0.335 0,788
5,00 0.395 0.728
6.00 0.450 0.673
7.00 0.501 0.622
8.02 0.548 0.575
9.00 0.591 0.532
10.00 0.632 0,491
11.00 0.668 0.455
12.00 0.703 0.420
13.00 0.733 0.390
14.02 0.763 0,360
15.00 0.788 0.335.

16.00 0.813 0.310
17.00 0.835 0.2838
18.00 0.855 0.268
19.00 0.875 0.248
20.00 0.892 0.231
22,50 0.931 0.192

Regression Qutput:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom

X Cosffilcient(s) -0.0771
Std Erxr of Coef. . 0.0002
R=F Ca=3.0 Cb=0.8

time Absorbance A-At

1.38 0.137 0.968
2.00 0.181 0.924
2.50 0.213 0.892
3.00 0.246 0.859
4.00 0.307 0.798
5.02 0.364 0.741
6.00 0,416 0.689
7.02 0.464 0.641
8.00 0.508 0.597
9.02 0.549 0.556
10.00 0.587 0.518
11.00 0.621 0.484
12.00 0.653 0.452
13.00 -0.683 0.422
14,00 0.710 0.395
15.00 0.735 0,370
16,00 0,759 0.346
17.00 0.779 0,326
18.00 0.799 0.306
19.00 0.818 0.287
Regression Qutput:
Constant
Std Err of Y Eat
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s) -0.0694%
Std Err of Coef. 0.0004

A=1.123

1n({A-Atr)
-0,038
-0.081
-0.120
-0,160
-0.238
-0.317
-0,396
=0.475
-0.553
-0.631
-0.711
-0.787
-0,868
-0.942
-1.022
-1.094
-1.171
-1.245
-1.317
~-1,394
-1.,465
-1.650

0.0672
0.0070
0.,9998
22
20

A=1,105

In{A-At)
-0.033
-0.079
-0.114
-0.152
-0.226
-0.300
-0,373
=0.445
-0.516
~-0,587
-0.658
-0.726
-0.794
-0.863
-0.929
-0.994
-1,061
-1,121
-1.184
-1.248

0.0492
0.0108
0.9993
20
18

AR=83

Y{cale)
-0.047
-0,088
-0,125
=-0.164
=0.241
-0.318
-0,395
0,472
-0.551
-0.626
-0.704
-0.781
-0,858
-0.935
-1,013
-1,089
-1,166
-1,243
~1.320
-1.397
-1.474
-1.667

AR=74

Y{cale)
=-0.047
=-0.090
-0.124
-0.159
-0.228
-0.299
-0.367

-0.438

<0.3506
~0.577
=0.645
~0.714
-0.783
-0.853
~0.922
-0.991
~1.061
-1.130
=1,200
-1.269

In{ A-At)

In{A-aAt)
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R=C1 Ca=3.5 Cb=0.2

time  Absorbance A-At
1.18 0.039 1.135
5.00 0.097 1.077
7.50 0.133 1.041
10.00 0.168 1.006
12.50 0.202 0.972
15.00 0,235 0.939

17.53 0.266 0,908
20.00 0,297 0.877
25.00 0.355 0.819
30.00 0.408 0.766
35.00 0.458 0.716
40.00 0.505 0.669
45.02 0.549 0.625
50.02 0.590 0.584

55.00 0.627 0.547

60.00 0.663 0.511 -

70.00 0.727 0.447
80.00 0.782 0.392
90.00 0,829 0,345
100.00 0.872 0.302
110.00 0.908 0,266

120.00 0.940 0.234
130.00 0.968 0.206
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Frssdom

X Coefficient(s) -0.0133
Std Err of Coef. 0.0000
R=C1 Ca=3.5 Cb=D.2

time  Absorbanca A-At

1.48 0.042 1.088
5.00 0.094 1.036

7.52 0,130 1,000
10.00 0.163 0.967
12.50 0.196 0.934
15.00 0.229. . 0.901
17.50 0,259 0.871
20.00 0.288 0.842
25,00 0.344 0.786
30.00 0.396 0.734
35.00 0.444 0.686
40.00 0,489 0.641

45.00 0,531 0.599
50,00 0.570 0.560
55.00 0.606 0.524
60.00 0.640 0.490
70.00 0.702 0,428
80.00 0.754 0.376
90.00 0.800 0.330
100.00 0.839 0,291
110.10 0.874 0.256
120.00 0,904 0.226
130.23 0.930 0,200

Regrassion Output:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Fresdom

X Coefficient{s) -0.0132
Std Err of Cosf. 0.0001

A=1.174

1n{A-Ar)
0.127
0.074
0.040
0,006
-0.028
-0.063
-0.097
=-0.131
-0.200
-0.267
-0.334
-0.402
-0.470
-0.538
-0.603
-0.671
=0.805
-0.936
-1.064
-1.197
-1.324
-1.452
-1,580

0.1342
0.0063
0.9999
23
21

A=1.130

In(A-At)
0.084
0.035

-0.000
-0.034%
-0.068
-0.104
-0,138
-0.172
=0.241
-0.309
-0.377
-0.445
-0,512
-0,580
-0.646
-0.713
-0.849
-0.978
-1.109
-1,234%
-1.363
-1.487
-1.5609

0.0917
0.0095
0.9997
23
21

AR=82

Y{calc)
0.119
0.068
0.035
0.001

-0.032
-D.065
~0.099
-0,132
-0,198
~0.265
-0.331
-0.397
-0.464
=0.531
-0.597
-0.663
-0.796
-0.929
-1.062
-1,195
-1.328
-1,461
~1.594

iR=82

Y{calce)
0.072
0.026

-0,008
-0,041
-0.074
-0,107

=0.140 .

=0.173
-0.239
-0.306
=0.372
=0,438
-0.504
=-0.571
~0.637
-0.703
-0.835
-0.968
~1,100
'1 '233
-1,367
-1.498
-1.633

tn{ A-at)

In( A-At )

-1.2
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R=Cl

time

1.40

3.50

5.00

7.00

9.00
10,00
12.50
15.00
17.50
20.00
22.50
25.00
27.50
30.00
32.50
35.00
40,00
42.53
45.00
50.00
55.00
60.00

Constant

Ca=3.5

Absorbance

0.080
0.147
0.193
0,250
0.305
0,332
0,393
D.451
0.504
0.533
0.599
0.642
0.681
0.717
0.752
0.782
0.838
0.864
0.887
0.930
0.965
0,993

Cb=0.3

A-At
1,128
1,061
1.015
0.958
0.903
0.876
0.815
0.757
0,704
0.655
0.609
0.566
0.527
0.491
0.456

0.426 .

0.370
0.344
0.321
0.278
0.243
0.215

Regression Qutput:

Std Err of Y Est

R Squared

No. of Observations
Degrees of Presdom

X Coefficlent{s)
Std Err of Coef.

R=Cl

time

1.28

3.50

5.00

7.07

8.50
10.00
12.50
15.00
17.50
20.00
22.50
25,00
27.50
30.00
32.50
35.00
40.00
42,50
45.02
50.00
55.00
60.00

Constant

-0.0286
0.0001
Ca=3.5 Cb=0.3
Absorbance A-At

0.069 1.069
0.134 1,004
0.178 0.960
0.234 0.904
0.271 0.867
0.309 0.829
0.3686 0.772
0.420 0.718
0.470 0.6638
0.516 0.622
0.559 0.579
0.599 0.539
0.636 0.502
0.671 0.467
0.702 0.436
0.732 0.406
0.785 0,353
0.808 0.330
0.830 0.308
0.370 0,268
0.904 0,234
0,933 0.205

Regression Output:

Std Err of Y Est

R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s)
Std Err of Coef.

-0,0283
0.0001

A=1.208

In(A-Ar)
0.120
0.059
0.015

-0.043

-0.102

-0.132

~-0,203

-0.278

-0.351

-0.423

-0.496

-0.569

~0.641

=0.711
~0.785

-0.853

=-0.994%

-1,067

-1.136

-1.280

=1.415

-1.537

0.1519
0.0077
0.9998
22
20

A=1.138

1n(A-At)
0.067
0.004
-0.041
-0.101
~0.143
-0.188
-0.259

-0.331°

=0.403
=0.475
=0.546
-0.618
-0.689
-0.761
-0.830
-0.501
~1.041
-1.109
-1.178
-1.317
~1.452
-~1.585

0.0946
0.0065
0.9998
22
20

ZR=82

Y{calc)
0.112
0.052
0.009

-0.048
-0.105
-0.134
-0,205
-0.277
-0,348
~0.419
-0.491
-0.562
-0.634
=-0.705
-0.777
-0.848
-0.991
-1.063
-1,134
-1.276
~-1.419
-1.562

AR=82

Y{cale)
0,058
=-0,004
-0.047
-0.105
=0.146
-0.188
-0.259

-0,329

-0.400
~0.471
=0,541
-0.612
-0.683
-0.753
-0,824
-0.895
-1.036
-1.107
-1.178
-1.319
~1.460
-1.601

In{ A=AL)

In{ a-At)
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R=Cl Ca=3.5 Cb=0.4

time Absorbance A-At
1.37 0.104 1.091
2.50 0.135 1.040
3.50 0.198 0.997
5.00 0.260 0.935
7.02 0.336 0.859
8.00 0.371 0.824%
9.00 0.405 0.790
10.00 0.438 0.757
11.98 0,497 0.698
13.02 0.527 0.668
15.00 0.578 0.617
17.50 0.639 0.556
20.00 0.692 0.503
22,50 0.739 0.456
25.00 0.782 0.413
27.50 0.821 0.374
30.00 0.854 0.341
32.50 0.885 0.310
35.00 0.912 0.283
37.50 0.936 0.259
40,00 0.958 0.237
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Obsarvatrions
Degrees of Freedom

X Coefficient(s) -0.0398
5td Err of Coef. 0.0002

R=C1 Ca=3.5 Cb=0.4

time  Absorbance A-At
1.58 0.127 1.021
2,57 0.172 0.976
3.50 0.213 0.935
5.00 0,278 0.870
7.00 0.354 0,794
8.00 0.390 0.758
9.00 0.424 0.724
10.00 0.457 0.691
12.07 0.520 0.628
13.00 0.546 0.602
15.02 0.599 0.549
17.50 0.658 0.490
20.00 0.711 0.437
22.50 0.757 0.391
25.00 0.799 0.349
27.50 0.836 0.312
30.00 0.868 0.280
32,50 0.897 0.251
35.00 0.922 0.226
37.50 0.944 0.204
40.00 0.965 0.183
45.00 0.999 0.149
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s) =0.0447
Std Err of Coef. 0.0002

A=1,195

In(A-At)
0.087
0.039

-0.003
-~0.067
=0.152
-0.194
-0.236
-0.278
-0.360
-0.403
-0.483
-0.587
-0.687
-0.783
-0.884
-0.983
-1.076
-1.171
-1.262
-1.351
~1.440

0.1240
0.0129
0.9993

21 -

19

A-1.148

1n(A-Atr)
0.021
-0.024
~-0.067
-0.139
-0.231
-0.277
-0.,323
-0.370
-0.465
-0.507
-0.600
-0.713
-0.828
-0.939
-1.053
-1.165
~1.273
-1.382
-1.487
-1.590
~1.698
~1.904

0.0784
0.0113
0.9997
22
20

IR=80

Y(cale)
0,069
0.024

-0.015
=0.075
-0.155
-0.194
-0.234
-0,274
-0,.353
-0.394
-0.473
-0.572
~0.672
-0,771
-0.871
-0.970
-1.070
-1.169
-1,269
-1.368
-1.468

AR=87

Y(calc)
0.008
-0.036
-0,078
-0.145
-0.235
-0.279
-0.324
-0.369
=0.461
-0.503
-0.593
-0.704
-0.816
-0.927
-1.039
-1.151
-1.263
-1.374
~1,486
-1.598
-1.710
-1,933

tn{ A-At)

ta{ A-at)
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R=C1 Ca=3.5 Cb=0.5

time Absorbance A-Ar
1.48 0.148 0.993
2.00 0.184 0.957
3.00 0,246 0.895
4,00 0.306 0.835
5,00 0.361 0.780
7.00 0,460 0.681
8.00 0.506 0.635
9.00 0.547 0.594

10.00 0,386 0.555
12.00 0.657 0.484%
13.01 0.688 0.453
14,00 0.717 0.424
15.00 0,745 0.396
17.10 0.796 0.345
18.00 0,817 0.324
19.00 0.837 0.304

20.00 0.856 0.285°

22.02 0.890 0.251
23.02 0.906 0.235

24.00 0.920 0,221
25.00 0.933 0.208
27.50 0,966 0.175
Regression Output:
Constant
Std Err of Y Est
R Squared

No. of Observations
Degrees of Freedom

X Coefficient(s) -0.0667
Std Err of Coef. 0.0002

R=C1 Ca=3.5 Cb=0.5

time Absorbance A-At
1.38 0.131 1.026
2,00 0.171 0.986
3.00 0.231 0.926
4.00 0.288 0.869
5.00 0.342 0.815
6.00 0.393 0.764
7.00 0.440 0.717
8.00 0.484 0.673
9.00 0.525 0.632
10.00 0.564 0.593
11,00 0.599 0.558
12.00 0.633 0.524
13.00 0.664 0.493
14.00 0.695 0.462
15.00 0.722 0.435
16.00 0.749 0.408
17.00 0.772 0.385
18.00 0,795 0.362
20,00 0.837 0.320

22.50 0.882 0.275
25.00 0.919 0.238
27.50 0.952 0.205
Regression Dutput:
Constant
Std Err of Y Est
R Squared

No. of Obssarvations
Degrees of Fraadom

X Coefficient(s) -0.0619
Std Err of Coef. 0.0002

A=1,141

1n{A-At)
-0,007
=0.044
=0.111
-0,180
-0.248
-0.384
-0.454
-0.521
-0.589
~0.726
-0.792
-0.858
-0.926
-1.064
-1.127
-1.191
~1.255
-1.382
~1.448
-1,510
-1.570
~1.743

0.0821
0.0072
0.9993
22
20

A=1,157

In{A-At)
0.026
=0.014
=-0,077
=0,140
=0.205
~0.269
-0.333
-0.396
-0.459
-0.523
-0.583
=0.646
-0.707
-0.772
-0.832
-0.896
=-0.955
-1.016
-1.139
-1,291
=-1,435
-1,585

0.1021
0.0067
0.9998
22
20

IR=85

Y(calc)
~-0,017
=-0,051
-0.118
=0.184
-0,251
=-0.384
-0.451
-0,518
=-0.584
=0.718
-0.785
-0.851
-0.918
-1.058
-1.118
-1,184
-1.251
-1,386
-1.452
-1.518
-1.584
-1.751

ZR=82

Y(cale)
0.017
=-0.022
=-0.084
=0.146
-0,208
=0.269
0,331
-0,393
=0,455

=0.517

=0,579
-0.641
~0.703
=0.765
-0.827
-0.889
=0,951
-1.013
-1,136
-1,291
=1.446
-1.601

In{ A-AL)

In( a~AL}

-12

-1.2
-1.4
-16
-18
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RUN 1
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RUN 2
No.

WR NS WM —

R=Cl Ca=3,5 Cb=0.6

time  Absorbance A-At
1.45 0.203 0.951
2.00 0.250 0.904
2,50 0.292 0.862
3.00 0.332 0.822

3.50 0,369 0.785
4.00 0,406 0.748
4,50 0.439 0.715
5.00 0.473 0.681
5.50 0.504 0.650

6.00 0.534 0.620
6.50 0.563 0.591
7.00 0.589 0.565
8.00 0.638 0.516
9.00 0.684 0.470
10.00 0.724 0.430
11.00 0.759 0.395-
12,00 0.794 0.360
13.00 0.824 0.330
14.00 0.851 0.303
15.00 0.875 0.279
17.00 0.918 0.236
19.00 0.951 0.203
Regrassion Qutpur:

Constant

Std Err of Y Est

R Squared

No. of Observations
Degreas of Freedom

X Coefficient{s) -0.0893
Std Err of Coef. 0.0006

R=C1 Ca=3,5 Cb=0.6

time Absorbance A-At
1.33 0.179 0.931
2.00 0.238 0.872
2.50 0,280 0.830
3.00 0.321 0.789

3.50 0.359 0.751
4,00 0.395 0.715
4,52 0.430 0.680
5,00 0,463 0.647
5.50 0.495 0.615
6.00 0.525 0.585
6.50 0,554 0.556
7.00 0.580 0.530
8.00 0.630 0,480
9.00 0.675 0.435
10,00 0.715 0.395
11.00 0.752 0.358
12,00 0.785 0.325
13.00 0.815 0.295
14,00 0.841 0.269
15.00 0,865 0,245
17.00 0.907 0.203
19.00 0,940 0.170

Regression Output:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freesdom

X Coefficient(s) -0.0971
Std Erxr of Coef. 0.0003

A=1.154

In(A-At)
-0.050
=0.101
-0.149
=0,196
-0.242
-0.290
=0.335
-0.384
=-0.431
-0,478
-0.526
=0,571
-0.662
-0.755
=-0.844
-0.929
=-1,022
-1.109
=1.194
-1.277
~1,444
-1.595

0.0637
0.0133
0.9992
22
20

A=1.110

In{A-Ar)
-0.071
-0.137
-0.186
-0.237
-0.286
-0,335
-0.386
-0,435
-0,486
-0.536
-0.587
=0,635
«0,734
-0.832
-0,929
-1,027
=-1,124
-1,221
=-1.313
-1.406
-1,595
-1,772

0.0498
0.0080
0.9998
22
20

IR=82

Y{calc)
-0,066
-0,115
-0.160
-0.204
-0.249
-0.294
-0,338
-0.383
-0,428
-0,472
-0.517
-0,562
0,651
-0.740
-0,.830
-0,919
-1.008
-1.097
-1.187
-1,276
=1,455
-1.633

AR=85

Y{cale)
-0.079
=0.144
-0.193
-0,242
-0,290
-0,339
-0,389

-0,436 .

~0.484
~0.533

" 0,581

=0.630
=0.727
~0.824
=0.921
-1.018
-1,116
-1.213
-1,310
-1.407
-1,601
=1.795

In{ A-At)

In( A-At)

-12
-14
-18
-18
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RUN 1

No.

L & W N

RUN 2
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130
RUN 1

WS -

RUNZ

[V -V Ll g

Determinations of the observed rate constants (k).

/

R=H
Cb {Cb)2 ka
1,00 1.00 1,43
1.20 1.44 1.98
1.40 1.96 2.70

1.60 2.56 3.31
1.80 3.24 4,19

Regression Output:
Constant
Std Err of Y Est
R Squared
N¥o. of Obssrvations
Degrees of Freedom

X Coefficlent(s) 1.22
Std Err of Coef. 0.03
R=H

Ch {Cb)2 ka

1.00 1.00 1.44
1.20 1.44 2.15
1.40 1.96 2,73
1.60 2.56 3.76
1.80 3.24 4.33

Regression Output:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Fresdom

X Coefficient(s) 1.31
Std Err of Coef. 0.08
R=0Me

Cb (Cb)2 ka

1.80 3.24 2.41
2,00 4,00 3.12
2,20 4,84 3.55
2.40 5.76 4.26

2.60 6.76 4,71

Regrassion Qutput:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom

X Coefficient(s) 0.65
Std Err of Coef. 0.04
R=0Ma

Cb {Cb)2 ka

1.80 3.24 2,35
2.00 4,00 2,86
2,20 4,85 3.33
2.40 5.76 3.97
2.60 6.76 4.88

Regression Qutput:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degress of Freedom

X Coefficient(s) 0.70
Std Err of Coaf. . 0.04

Y{cale)
1.45
1.99
2.62
3.36
4.19

0.230
0.053
0.998
5
3

Y(cale)
1.52
2.09
2,78
3.56
4.46

0.205
0.148
0.988
3
3

Y{cale)
2.52
3.01
3.56
4,16
4.80

0.416
0.120
0,987

5

3

Y{calc)
2.30
2,83
3.42
4,07
4,77

0.014
0.106
0.991

ka/min~1

ka/min-1

ke/min—1

kafmin=1

45
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RUN 1
No.

Lo WA -

RUN 2
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132
RUN 1

[V R NNV

RUN 2

[C R R

R=NO2

Cb {Cb)2 ka
0,059 0.003 1.450
0.069 0.005 1,980
0.079 0.006 2,660
0.089 0.008 3.290
0.099 0.010 3.910

Regression Output:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Presdom

X Coefficient(s) 392.6
Std Err of Coef. 14.6
R=NO2

Cb (Cbh)2 ka

0.059 0.003 1.580
0.069 0.005 2,040
0.079 0.006 2,540
0.089 0.008 3.510
0.099 0.010 3.890

Regression Qutput:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom

X Coefficient(s) 384.5
Std Err of Coef. 31.6
R=F

Cb {Cb)2 ka

0.40 0.16 2.02
0.50 0.25 2,94
0.60 0.36 4,76
0.70 0,49 5.79
0.80 0.64 7,71

Regression Output:
Constant
S5td Err of Y Est
R Squared
No. of Observations
Degreas of Freedom

X Coefficient{s) 11.83
Std Err of Coef. 0.64
R=F

Cb (Ch)2 ka

0.40 0.186 1.97
0.50 0.25 2.70
0.60 0.36 3.91
0.70 0.49 5.22
0.80 0.64 6.94

Regression Qutput:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Fresdom

X Coefficient(s) 10,43
Std Err of Coef. 0.28

Y(cale)
1.496
1.998
2.579
3.239
3,977

0.129
0.073
0.996
3
3

Y{cale)
1,574
2.066
2.635
3.281
4,004

0.235
0.158
0.980
5
3

Y{(Calc)
2.04
3.11
4,41
5.95
7.72

0.150
0.243
0.991
5
3

Y{calc)
1.85
2.79
3.94
5.29
6.86

0.186
0.108
0.998
3
3

a/min=1

ka/min-1

ka/min—1

ka/rin—1
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RUN 1 R=C1
No. Cb {Cb)2 ka Y{cale)
1 0.20 0.04 1.33 1.43
2 0.30 0.09 2.86 2.562
3 0.40 0.16 3.98 4.28
4 0.50 0.25 6.67 6,41
5 0,60 0.36 8,93 9.02
Regression Output:
Constant 0.485
Std Err of Y Est 0.278
R Squared 0.994
No. of Observations 5
Dogress of Freasdom 3
X Coefficient(s) 23.72
Std Err of Coef. 1.09
RUN 2 R=C1
No. Cb {Cb)2 ka Y{cale)
1 0.20 0.04 1.32 1.37
2 0.30 0.09 2.83 2.83
3 0,40 0.16 4,47 4.40
4 0.50 0.25 8.19 6.67
5 0.60 0.36 9.71 9,45
Regression Output:
Constant 0,357
Std Err of Y Est 0.340
R Squared 0.992
No. of Obsarvations 5
Degreas of Freedom 3
X Coefficient{a) 25.26
Std Err of Coef. 1.33

{iv) Hammett plot.

R sigma k{obs) log(kx/kh) Y(cale)
OMe 0.10 0,000113 =0,273 =0.14
NO2 0.71 0.064800 2.485 2.59

)4 0.34 0,001850 0.941 0,93
c1 0.37 0.004080 1.284 1,06

Regression Output:
Constant «0.59
Std Err of Y Est 0.19
3 0098
No. of Obasrvations 4,00
Degrees of Freedom 2.00

X Coefficlent(s) 4,48
Std Err of Coef. 0.45

ba/min-1

ke/min—1
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3.6 POTENTIOMETRIC DETERMINATION OF DISSOCIATION CONSTANTS.

Aqueous ethanolic chromone-2-carboxylic acid standard solutions (502
v/v; 0.01M and 0.005M) were obtained by dissolving the appropriate
masses (mg) in 952 ethanol (half the volume of the volumetric flask
used) with heating and stirring, and on cooling, diluting with water to
the required volume (Table 26). Aqueous benzoic acid and salicylic acid
standard solutions (0.01M) were obtained by respectively dissolving
benzoic acid (0.12230 g, 1.00 mmol) and salicylic acid (0.13833 g, 1.00
mmol) in water (100 ml). Standard NaOH solutions (0.01M and 0.005M)
were obtained by diluting standard 0.1M-NaCH. The pH buffers 2, 4, and
6, were obtained using commercial vials or tablets with dilution to the
appropriate volumes. A British Drug House (B.D.H) pH buffer 3.1,
devised by Prideaux and Ward,l6l was also obtained by dilution in the

appropriate volume.

Table 26. Standard chromone-2-carboxylic acid solutions.

Rl Volume mass(mg)
(ml) (g)

H 250 0.4754
50 0.0474

OMe 50 0.05505

NO, 25 0.05879

F 25 0.05204

cl 25 0.05615

Br 25 0.06726
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The pH was measured using a Knick Digital-pH-meter 646 and an Ingold
combined electrode; and the pH meter was calibrated with pH buffers 4
and 7 using standard procedures.!® Once calibrated, the pH region of
the expected pK, (ca. pH 2.7) was checked using pH buffers 2 and 3.1,
which consistently gave readings of 2.01 and 3.16 respectively. It was
then assumed that the meter would read accurately in the pH range 2-4.
The 0.01M-chromone-2-carboxylic acid sclutions (5ml) were maintained at
25 (+£0.2)°C, using a waterbath, and titrated with 0.01M-NaOH (ca. 10
ml). The titrations were done slowly to ensure that the temperature was
maintained throughout the titration. In the case of the methoxy
analogue 113, 0.005M-acid and NaOH solutions were used. Magnetic

stirring was stopped while the pH readings were taken.

This procedure was also validated by initially determining the pK,
values of benzoic acid (pK, = 4.21 = 0.02 cf 1lit.,163 4,19 at 25°C)
and salicylic acid (pK; = 3.07 = 0.01 cf 1it.,163 2,97 at 19°C), by
potentiometry in 0.01M-aqueous solutions of the appropriate acids at

25°C.

In each case, the determination was duplicated using the same standard
solution (solution 1), and then repeated using a second standard acid
solution (solution 2). The pK, values are summarised in table 27. The
reported pK, value, in each case, is the logarithm of the mean of the
dissociation constants obtained using solution 1 (average of two
determinations) and the dissociation constant obtained using sclution 2.
Linear regression data for the plots of pK, against log (ky,s) and sample

titration curves for each acid are summarised after Table 27 p.220.



TABLE 27. Dissociations constants of the
chromone-2-carboxylic acids 112-118 at 25°C.

0
Rl

0 CO,H

pKaa

Compd. Rl Solution 1 Solution 2 Mean value
112 7-H 2.74 2.74 2.6 2.69+ 0.05
113 7-0meP 2.96 2.99 2.94 2.96+ 0.02
114 7-N0y 2.65 2.59 2.57 2.60x 0.03
115 7-F 2.62 2.62 2.64 2.63x 0.01
116 7-C1 2.67 2.67 2.60 2.64 £ 0.04
117 7-Br 2.65 2.67 2.63 2.64x 0,02
118 6-C1 2.65 2.55 2.63 2.62x 0,02

4 potentiometric titration in 0.01M-aqueous ethanol (50% v/v).

b potentiometric titration in 0.005M-aqueous ethanol {50% v/v).

Determination of the relationship between pK, and log{kops)-

R
B
NO2
F

Cl

OMe
NO2

cl

pKa k(obs) log({kobs)
2.69 0,000212 -3.674
2.60 0,064800 -1.188
2.63 0.001850 -2.733
2.64 0,004080 -2.389
Regression Output:

Conatant

Std Err of Y Est

R Squared

No. of Observations

Degrees of Freedom

X Coefficient(s) -25.91
Std Err of Coef. 6.41
pKa k{obs) log{kobs)
2.69 0.000212 ~3.674
2,96 0.000113 =3.947
2.60 0.064800 -1.188
2.63 0.001850 -2.733
2.64 0.004080 -2.389

Regression Qutput:
Constant
Std Err of Y Est
R Squared
No. of Observations
Degrees of Freedom

X Coefficient(s) -5.58
Std Err of Coef. 2.90

Y(calc)
~3.79
-1.46
=2.24
~2.50

65.90
0.42
0.89
4,00
2.00

Y(calc)
-2.71
4,21
-2.21
-2.37
-2.43

12,29
0.85
0.55
5.00
3.00

bg (ais)

by fats)
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No. Vol/ml
1 0,000
2 0.520
3 1.005
4 1.485
5 2.000
6 2,185
7 2,255
8 2.330
9 2.357

10 2.395

11 2.435

12 2.475

13 2.510

14 2.555

15 2.590

16 2.775

17 3.035

18 3.575

19 4,045

20 4,085

21 4,125

22 4,205

23 4,240

24 4,280

25 4,325

26 4.355

27 4,394

28 4.425

29 4,460

30 4,495

31 4.534

32 4,575

33 4,605

34 4,680

35 4,800

36 4,905

37 5.025

38 5.215

39 5,405

40 5.680

4] 5.970

42 6,485

43 7,074

a4 7.497

45 7.995

46 8.975

47 9.975

pH
2.47
2.49
2.55
2.62
2,71
2.74
2.76
2.78
2.79
2.79
2.80
2.82
2.82
2.84
2.85

2.90 -

2.99
3.28
4,06
4.23
4,46
5.23
5.69
6.17
6.60
7.03
7.72
9.23
9.75
10.01
10.16
10.29
10.39
10,58
10,77
10.89
10.99
11,11
11.20
11.29
11.36
11.45
11.52
11,55
11.59
11.64
11.68

112
R=H
Vi(Ave) d{

0.260
0.762
1.245
1.742
2,093
2.220
2,292
2,344
2.376
2.415
2.455
2.493
2.533
2.573
2.683
2,905
3.305
3.810
4,065
4.105
4.165
4,223
4,260
4.302
4,340
4,375
4.410
4,443
4.478
4,514
4.554
4.590
4,643
4,740
4.853
4,965
5,120
5,310
5.542
5.825
6.228
6,779
7.285
7.746
8.485
9.475

pH)/av

0.038
0.124
0.146
0.175
0.162
0.286
0.267
0.370
0.000
0.250
0.500
0,000
0.444
0.286
0.270
0,346
0.537
1.660
4,250
5.750
9.625
13.143
12.000
9.356
14.333
17.692
48,710
14.857
7.429
3.846
3.171
3.333
2.533
1.583
1.143
0.833
0.632
0,474
0.327
0.241
0,175
0,119
0.071
0,080
0.051
0.040

V2{Ave) d[d(pH)/dV]V

0.511
1.004
1.494
1.917
2.156
2,256
2,318
2.360
2.396
2,435
2.474
2.513
2.553
2.628
2.794
3,105
3.557
3.938
4,085
4,135
4,194
4,241
4,281
4,321
4.357
4,392
4,426
4,450
4.496
4.534
4,572
4,616
4,691
4,796
4,909
5,043
5,213
5.426
5.684
6.026
6,503
7.032
7.516
8,115
8.980

0.170
0.046
0.058

-0.036
0.969
-0.263
2.033
~11.396
6.410
5.250
-13.333
11.111
-3.968
-0.140
0.341
0.477
2.223
10.159
37.500
64.583
61.180
-30.476
-57.516
127.407
97.362
886.211
~1025.834
-212.245
-96.822
-15.886
4.580
-15.238
-9,744
-3.915
-2.751
-1.302
-0.831
-0.630
~0.304
-0.166
-0.101
-0.095
0.020
-0.040
-0.011

A

doHi/av

dlgHY/dviy
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W WAL W -

Vol/ml
0.000
0.519
1,044
1.514
2.019
2,244
2.278
2.318
2.501
2.464
2.509
2,558
2,599
2.674
2.859
3.080
3.549
3.999
4,219
4,299
4,351
4.379
4,464
4,584
4,719
4,799
4,900
4,940
5.024
5.077
5.119
5.161
5.199
5.240
5.284
5.324
5,369
5.404
5.454
5.479
5.511
5,589
5,664
5.751
5.879
6.001
6.518
6.994
7.494
8.000
9,039

10.019

pH
2.68
2.71
2.75
2.80
2.87
2.91
2.92
2.92
2.94
2.95
2.96
2.96
2.97
2.99
3.03
3.09
3.24
3.45
3.63
3.72
3.76
3.80
3.92
4.14
4.46
4,72
5.02
5.18
5.60
5.86
6.14
6.43
6.70
6.98
7.28
7.85
8.80
9.35
9.62
9.74
9.83
10.05
10.22
10.34
10.49
10.61
10.91
11.03
11.13
11.18
11.28
11,32

113
R=0Me
Vi(ave) d(pH)/dV VZ(Ave) d[d{pH)/dV]V

0.260
0.782
1.279
1.767
2,131
2.261
2.298
2,360
2.433
2.487
2.534
2.579
2.637
2,767
2,970
3.315
3.774
4,109
4.259
4.325
4,365
4,421
4,524
4.652
4,759
4.850
4.920
4.982
5.050
5.098
5.140
5.180
5.220
5.262
5.304
5.346
5.386
5.429
5.466
5.495
3.550
5.627
5.708
35.815
5.940
6.260
6.756
7.244
7.747
8.520
9,529

0.058
0.076
0.106
0.139
0.178
0.294
0.000
0.261
0.159
0.222
0.000
0.244
0.267
0.216
0.271
0.320
0.467
0.818
1.125
0.769
1.429
1.412
1.833
2,370
3,250
2.970
4,000
5.000
4,906
6.667
6.905
7.105
6.829
6.818
14.250
21.111
15.714
5.400
4.800
2.812
2,821
2.267
1.379
1.172
0,984
0.580
0.252
0.200
0.099
0.096
0.041

0.520
1,030
1,523
1.949
2.196
2.280
2,329
2.396
2.460
2.510
2,556
2.507
2,702
2.868
3.142
3.544
3.942
4.184
4,292
4,345
4,393
4.473
4,588
4,705
4,804
4.885
4,951
5.016
5.074
5.119
5.160
5.200
5,241
5.283
5.325
5.367
5.408
5.448
5.481
5.523
5.588
5.667
5.761
5.878
6.100
6.508
7.000
7.495
8.133
9.024

0.035
0.061
0.066
0.107
0.898
=7.949
3.918
-1.126
1.176
-4.728
5.420
0.392
-0.388
0.272
0.140
0.320
1.049
2.045
-5.390
16.484
-0.297
4.113
4,212
8.183
-3.091
14.606
16.129
-1.377
37.074
5.669
5.013
-6.987
-0.261
176.948
161.438
-134.921
-242.689
-16.000
-69.737
0.146
-7.240
-10.955
~-1.930
-1.506
-1.262
-0.661
-0.107
-0.201
-0.003
-0.055

&

dpHi/dv

doH)/aviv

222

T 1

-3

200

100

vol/rmi

NM




=z
]
.

W00 SO BN -

Vol/ml
0.000
0.515
1.000
1.630
2.001]
2.099
2.180
2.265
2.359
2.400
2.440
2.480
2.522
2.565
2,615
2.700
3.010
3.475
3.778
3.995
4.080
4,175
4,260
4.34]
4.430
4.520
4.565
4,605
4,645
4.685
4,730
4,775
4.820
4.861
4.915
4.950
5.021
5.118
5.202
5.282
5.385
5.479
5.555
5.800
6.021
6.525
7.119
7.558
8.125
9,020
9.975

pH
2,36
2.38
2.43
2.51
2.57
2.59
2.60
2.62
2,64
2.65
2.66
2.67
2.67
2.68
2.69
2.71
2.79
2,95
3.11
3.28
3,36
3.46
3.58
3.76
4.02
4.52
4,95
5.41
5.97
6.49
7.08
8.00
9,17
9,50
9.84
10.03
10.29
10.51
10.65
10,76
10.85
10,93
10.96
11.11
11.20
11.35
11,45
11.50
11,55
11.58
11.61

114

R=N02

V1{Ave) d{pH)/dV

0.258
0.758
1.315
1.815
2.050
2.139
2.223
2.312
2.380
2,420
2.460
2.501
2,543
2.590
2.658
2,855
3.243
3.627
3.886
4,037
4.128
4,218
4,300
4,383
45.475
4,542
4.585
4.625
4.665
4,708
4,753
4,798
4,841
4.888
4,932
4,986
3.070
5.160
5.242
5,333
5.432
5.517
5.678
5.911
6,273
6.822
7.338
7.841
8,572
9.497

0.039
0.103
0.127
0.362
0.204
0.123
0.235
0.213
0.244
0.250
0.250
0.000
0,233
0.200
0,235
0.258
0.344
0.528
0.783
0.941
1.053
1.412
2,222
2.921
5,556
9.556
11.500
14,000
13.000
13.111
20,444
26,000
8,048
6.296
5.429
3.662
2,268
1.667
1,375
0.874
0.851
0.395
0.612
0.407
0.298
0.168
0.114
0.088
0,034
0.031

V2(Ave) d[d(pH)/dV]V

0.508
1.036
1.565
1.933
2.095
2,181
2,267
2.346
2.400
2.440
2.481
2,522
2.567
2.624
2.756
3.049
3.434
3.756
3.962
4,082
4,173
4,259
4.343
4,430
4.509
4.564
4.605
4.645
4.686
4.730
4,775
4,819
4,864
4.910
4,959
5.027
5.115
5.201
5.288
5.383
5,474
5.597
5.794
6.092
6.548
7.080
7.590
8.207
9.035

0.129
0.043
0.069
0.181
-0.901
1.347
-0.252
0.461
0.151
-0.000
-6.098
5,472
-0.700
0.523
0.115
0.222
0.479
0.982
1.045
1.238
3.990
9.765
8.225
29.432
59.259
45.752
62.500
-25.000
2.614
162.963
123,457
-417.470
-36.894
-19.499
-33.332
-16.594
-6.645
-3.557
-5.478
-0.231
-5.369
1.355
-0.880
-0.302
-0.235
-0.105
-0.051
-0.075
-0.002

A

dgHy/av

ddpH)/dviv

223

251

435

vol/rmi
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Vol/ml
0.000
0.540
0.980
1.501
1.980
2,115
2.255
2.345
2.440
2.490
2.530
2.570
2.610
2.660
2.750
2.941
3.490
3.980
4.122
4.261
4.401
4,530
4,677
4,760
4.805
4.855
4,900
4.940
4,989
5.041
5.078
5.160
5.259
5.398
5.480
5.621
5.859
6.000
6.499
7.030
7.505
8.142
8.860
9.882

pH
2.39
2,39
2.4]
2.47
2.53
2.56
2.59
2.61
2.62
2.63
2.64
2.65
2.66
2.67
2.69
2.74
2.93
3.21
3.33
3.50
3,77
4,22
5.52
6.66
7.23
8.51
9.43
9.78
9.98
10.05
10.19
10.45
10.64
10.82
10.91
11.02
11.18
11,24
11.40
11,51
11.55
11.61
11.64
11.72

115

R=F

Vi{Ave) d(pH)/dY

0.270
0.760
1.240
1.740
2.047
2.185
2,300
2,393
2.465
2.510
2.550
2.590
2,635
2,705
2.846
3.216
3.735
4,051
4,191
4,331
4,465
4.603
4,718
4,782
4.830
4.878
4,920
4.965
5.015
5.059
5.119
5.210
5.329
5.439
5.351
5.740
5.929
6.250
6.764
7.267
7.823
8.501
9.371

0.000
0.045
0.115
0.125
0.222
0.214
0.222
0.105
0.200
0.250
0.250
0.250
0.200
0.222
0.262
0.346
0.571
0.845
1,223
1.929
3.488
8.844
13.735
12.667
25.600
20.444
8.750
4.082
1.346
3.784
3.171
1.919
1.295
1,098
0.780
0.672
0.426
0.321
0,207
0.084
0.094
0.042
0.078

V2(Ave) d{d(pH}/dV]V

0.515
1.000
1,490
1.894
2.116
2,242
2,346
2.429
2.487
2.530
2.570
2.612
2.670
2.775
3.030
3.475
3.893
4,121
4.261
4,398
4,534
4.661
4,750
4,806
4.854
4.899
4,942
4,990
5.037
5.089
5.164
5.269
5.38%
5.495
5.645
5.835
6.090
6.507
7.016
7.545
8.162
8.936

0.093
0.145
0.020
0.316
-0.058
0.069
-1.264
1.307
1.111
-0.000
0.000
-1.111
0.317
0.282

0.228

0,434
0.866
2.690
5.058
11.597
38.806
42,534
-16.692
272.281
~108.338
~275.163
-104.907
-54.168
54.778
-10.303
-13.829
=5.246
-1.786
~2.847
-0.56%
-1.302
-0.328
-0.220
-0.244
0.018
-0.077
0.042

&

dlpH)/dv

dd{pHY/dviv

-100

-200
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No.

D O DD

Vol/ml
0.000
0.522
1.002
1.490
2,030
2.160
2.295
2,380
2.460
2.500
2.550
2,598
2.640
2,760
3.050
3.502
4.123
4,270
4,405
4,540
4.630
4.680
4,720
4,802
4,851
4,899
4,940
4,981
5.030
5.065
5.120
5.160
5.199
5.240
5.330
5.400
5.502
5.741
6,000
6.521
7.050
7.492
8.002
8.915
9.919

pH
2.37
2.40
2.43
2.47
2.52
2,58
2.61
2.62
2.64
2.66
2.67
2.68
2,69
2.7
2.78
2.94
3.32
3.48
3.70
4,07
4,47
4.74
3.00
5.61
5.99
6.37
6.75
7.09
7.70
8.59
9.22
9.51
9.74
9.89
10.15
10.33
10.49
10.81
11.01
11.25
11.40
11.47
11.54
11.63
11.68

V1{Ave)

0.261
0.762
1.246
1.760
2.095
2,228
2,337
2.420
2,480
2.525
2,574
2.619
2,700
2,905
3.276
3.813
4,196
5.337
4,472
4,585
4,635
4.700
4.761
4.827
4,875
4,919
4.960
5.005
5,047
5.092
5,140
5.179
5.220
5,285
3.365
_3.451
5.622
5.870
6.261
6.786
7.271
7.747
8.459
9.417

118
R=CL

d({pH)/dv

0.057
0,063
0.082
0.093
0.462
0,222
0.118
0.250
0.500
0.200
0,208
0,238
0.167
0.24]
0.354
0.612
1.088
1.630
2,741
4,044
5.400
6,500
7.439
7.755
7.917
9.268
8,293
12.449
25.429
11.455
7.250
5.897
3.639
2.889
2.571
1.569
1,339
0.772
0.461
0.284
0.158
0.137
0.099
0.050

V2(Ave) d[d{pH)/dV)V

0.511
1.004
1.503
1.927
2.161
2.282
2.379
2,450
2.502
2,550
2,596
2,659
2.803
3.091
3.544
4.005
4.267
4.405
4,529
4.620
4.678
4,731
4.794
4,851
4,897
4.940
4.983
5.026
5.070
5.116
5.160
5,200
5,252
5.325
5,408
5.536
5,746
6.066
6.523
7.028
7.509
8,103
8.938

0.010
0.040
0.021
1.101
-1.806
-0.951
1.604
4.167
=-6.667
0.170
0.661
-0.882
0.364
0.304
0.481
1.241
3.838
8.230
15.144
13.651
24,444
15.394
4,826
3.331
30.374
-23.795
92.362
309.038
-310.534
-88.517
34,242
~55.972
11,7350
-3.968
-11.660
-1.347
-2.276
-0.799
-0.337
-0.258
-0.044
~0.054
<0.051

kY

dpHy/av

ddpHl/aviv

225
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20
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WO WO WO N

Vol/ml
0.000
0.636
1.023
1.468
2.062
2,193
2.303
2,345
2.642
2.483
2.528
2.573
2.673
2,805
3.043
3,493
4,021
4,203
4,384
4,553
4,688
4,784
4,885
4,938
4,984
5.024
5.082
5.123
5.164
5.265
5.413
5.558
5.728
6,025
6.528
7.018
7.563
8,103
9,003
9,983

pH
2.36
2.40
2.42
2.48
2,55
2.60
2.62
2.63
2.65
2.66
2.67
2.68
2.70
2.71
2.79
2.94
3.24
3.43
3.71
4.16
5.02
5.79
6.57
6.95
7.42
8.62
9.31
9.63
9.83
10.18
10.51
10,71
10.93
11,14
11.33
11,46
11.54
11.59
11.66
11.70

117
R=Br

V1(Ave) d(pH)/dY

0.318 0.063
0.829 0.052
1.245 0.:35
1.765 0.:18
2.127 0.382
2,248 0.182
2.324 0.238
2.393 0.2086
2.462 0.244
2.505 0.222
2.550 0.222
2.623 0,200
2.739 0.076
2.924 0.336
3.268 0.333
3.757 0.568
4.112 1.044
4.293 1,547
4,468 2.663
4.620 6.370
4,736 8.021
4.835 7.723
4.912 7.170
4.961 10.217
5.004 30,000
5.053 11.897
5.102 7.805
5.143 4.878
5.214 3.465
5.339 2,230
5.486 1,379
5.643 1.294
5.877 0.707
6.276 0.378
6.773 0.265
7.290 0.147
7.833 0.093
8.553 0.078
9.493 0.041

VZ{Ave) d{d(pH)/dV}V

0.574 -0.022
1.037 0.200
1,505 -0.033
1.946 0,728
2,188 -1.659
2.286 0.740
2,359 -0.459
2,428 0.547
2.484 ~0.504
2.528 0.000
2,587 -0.307
2.681 -1.071
2.832 1.407
3.096 ~0.008
3.512 0.480
3.934 1.340
4,203 2.771
4,381 6.376
4,544 24,392
4.678 14,290
4.785 -3.026
4,873 -7.181
4,936 61.567
4,982 460,061
5.028 ~369.458
5.078 -82.660
35.123 -71.386
3.179 -19.897
5.277 -9.925
S5.412 -5.805
5.564 =0,541
5,760 -2.514
6.076 -0,823
6.525 =0.226
7.032 -0,229
7.562 -0.100
8.193 -0.021
9,023 -0,039

dlpHl/av

dclpHl/dviV
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Vol/ml
0.000
0.480
0.975
1.505
1.980
2,195
2.315
2.405
2.480
2.575
2.656
2,735
3.000
3.285
3.515
3.735
3.99%4
4.117
4.295
4.465
4,575
4.745
4.790
4,820

4,910
4.995
5.040
5.115
5.170
5.280
5.445
5.645
5,820
5.990
6,290
6,545
6.795
6,993
7.545
8.015
8.985
9.995

pH
2.31
2.35
2.39
2.46
2.53
2.57
2.39
2.61
2.62
2.64
2.66
2.68
2.75
2.84
2.92
3.03
3.19
3.30
3.52
3.86
4.18
5.88
6.17
6.38
6.84
7.55
7.83
9.49
9.61
10.14
10.60
10,93
11.07
11.21
11.37
11.45
11.52
11.55
11.66
11.71
11.80
11.85

118
R=6-C1

Vi{Ave) d{pH)/dV V2(Ave) d[d{pH)/dV)V

0.240
0.728
1.240
1.743
2.088
2.255
2,360
2,442
2.527
2.615
2.696
2,867
3.143
3.400
3.625
3.865
4.056
4,206
4.380
4,520
4.660
4,768
4,805
4,865
4.952
5.018
5.077
35.143
5.225
5.362
5.545
5.732
5,905
6,140
6.418
6.670
6.894
7.269
7.780
8.500
9.490

0.083
0.081
0.132
0.147
0.186
0.167
0.222
0.133
0.211
0.247
0.253
0.264
0.316
0.348
0.500
0.618
0.894
1,236
2.000
2.909
10.000
6.444
7.000
5,111
8,353
6,222
22.133
2,182
4,818
2.788
1.650
0.800
0.824
0.533
0.314
0.280
0.152
0.199
0.106
0.093
0.050

0.484
0.984
1.491
1.915
2.171
2.308
2.401
2,485
2.571
2.655
2,781
3.005
3.271
3.513
3.745
3.960
4,131
4.293
4.450
4,590
4,714
4,786
4.835
4.909
4.985
5.047
5.110
5.184
5,294
5.454
5,639
5.81%
6,022
6,279
6.544
6,782
7.082
7.524
8.140
8.995

-0.005
0.100
0.030
0.112

-0.116
0.529

-1.077
0.908
0.413
0.078
0.064%
0.188
0.124
0.676
0.492
1.448
2,270
4,391
6.494

50.649

=33.075

14.815

-31.481
"37.049-
-32.780
265.185
=306.946

31.956

=14.766

-6.235

-4.533
0.136

-1.235

-0.791

~0.134

=0.574%
0.127

-0.182

-0.019

=0.044

dpHav
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5. APPENDICES

5.1 SPECTRAL DATA.
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5.2 CRYSTALLOGRAPHIC DATA.

Table 12. Crystal data for (E)-2-(dimethylamino)-3-(2-hydroxybenzoyl)-
N,N-dimethylacrylamide 140.2

Formula C14H1gN704
Molar mass 262.31
Crystal system triclinic
Space group Pl

a(d) 6.8745(6)
b(&) 9.353(1)
c(i) 10.872(1)
a{®) 94.536(8)
B(°®) 99.245(8)
v(®) 91.223(8)
v(43) 698.38(21)
Z 2
D.(g.cm™l) 1.2637(4)
F(000) 280

p (em1) 0.71
Number of reflections 4195

(2 <8< 30°)

Observed reflections 3260

[{> o ()]

R{unit weights) 0.069
Nparameters 190

2 Estimated standard deviations in parentheses.
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Table 13. Fractional coordinates (x10%) and equivalent isotropic
temperature factors (AZ, x103) for (E)-2-(dimethylamino)-
3-(2-hydroxybenzoyl)-~N, N-dimethylacrylamide 140.2.b

atom x/a y/b z]lc Uéq
C(1) 3746(3) 2544 (2) 7544(2) 40(1)
C(2) 4446(3) 1354(2) 8181(2) 44 (1)
C(3) 3164 (4) 227(3) 8319(3) 34(1)
C(4) 1200(4) 271(3) 7832(3) 60(1)
C(5) 472(4) 1427(3) 7209(3) 62(1)
C(6) 1730(3) 2549(3) 7066(3) 53(1)
0(1) 6362(3) '1258(2) 8686(2) 66(1)
H(0) 6934 (51) 2084(37) 8613(32) 98(12)*
0(2) 6909(2) 3670(2) 7972(2) 61(1)
C(7) 5145(3) 3749(2) 7440(2) 42(1)
C(8) 4480(3) 4935(2) 6764(2) 43(1)
C(9) 5709(3) 6084 (2) 6666(2) 40(1)
C(10) 7921(3) 6067(2) 7141¢2) 42(1)
N(1) 5105(3) 7253(2) 6094(2) 47(1)
C(11) 3046(4) 7375(3) 5518(3) 57(1)
C(12) 6442(4) 8452(3) 5964(3) 60(1)
0(3) 8996(2) 5627(2) 6412(2) 56(1)
N(2) 8558(3) 6626(2) 8313(2) 50(1)
C(13) 10644 (4) 6488(3) 8826(3) 71(1)
C(14) 7234(5) 7056(4) 9187(3) 76(1)

* jsotropic temperature factor
Ueq = 1/3 P Ej Uij ai*aj*(ai.aj)
8 For atom labelling see figure 21 p.97 (Section 2.3).

b Estimated standard deviations in parentheses.
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Table 14, Bond lengths (&) and angles (°) for (E)-2-(dimethylamino)-
3-(2-hydroxybenzoy1)-N,NLdimethylacrylamide 140.2:b.c

C(1)-C(2) 1.410(3) C(1)-C(6) 1.400(3)
C(1)-C(7) 1.489(3) C(2)-C(3) 1.392(3)
C(2)-0(1) 1.351(3) C(3)-C(4) 1.371(3)
C(4)-C(35) 1.381(4) C(5)-C(6) 1.380(3)
0(1)-H(O) 0.87(3) 0(2)-C(7) 1.263(2)
C(7)-C(8) 1.422(3) C(8)-C(9) 1.374(3)
C{9)-C(10) 1.526(3) C(9)-N(1) 1.340(3)
C(10)-0(3) 1.222(3) C(10)-N(2) 1.339(3)
N(1)-C(1l1) 1.464(3) N{1)-C(12) 1.465(3)
N(2)-C(13) 1.465(3) N(2)-C(14) 1.458(3)
C(2)-C(1)-C(8) 117.7(2) C(2)-C(1)-C(7) 119.3(2)
C(6)-C(1)-C(7) 123.0(2) C{1)-C(2)-C(3) 120.6(2)
C(1)-C(2)-0(1) 122.1(2) C(3)-C(2)-0(1) 117.3(2)
C(2)-C(3)-C(4) 119.9(2) C(3)-C(4)-C(5) 120.8(2)
C(4)-C(5)-C(6) 119.9(2) C(l)-C(6)-C(5) 121.2(2)
C(2)-0(1)-H(0) 106.0(2) C(1)-C(7)-0(2) 117.6(2)
C(1)-C(7)-C(8) 120.1(2) 0(2)-C(7)-C(8) 122.3(2)
C(7)-C(8)-C(9) 122.1(2) . C(8)-C(9)-C(10) 121.3(2)
C(8)-C(9)-N(1) 123.86(2) €(10)-C(9)-N(1) 115.0(2)
C(9)-C(10)-0(3) 118.2(2) C(9)-C{10)-N(2) 117.1(2)
0(3)-C(10)-N(2) 124.5(2) C(9)~N(1)-C(11) 121.1(2)
C(9)~-N(1)-C(12) 123.0(2) C(11)-N(1)-C(12) 115.9(2)
C(10)-N(2)-C(13) 117.8(2) C(10)-N(2)-C(14) 123.1(2)
C(13)-N(2)-C(14) 117.5(2)

3 For atom labelling see figure 21 p.97 (Section 2.3).
b Estimated standard deviations in parentheses.
¢ Bond Lengths and angles inyolving hydrogen atoms, excepting the phenolic

hydrogen, are not listed as their positions were calculated and not refined.
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Table 15. Anisotropic temperature factors (42, x103) for (B)-2-
(dimethylamino)-3-(2-hydroxybenzoyl)-¥N, N-dimethylacrylamide 140.2.P

atom U(1l1) U(22) U(33) U(23) U(13) U(12)
C(1) 37(1) 39(1) 42(1) 4(1) 6(1) 2(1)
C(2) 42(1) 42(1) 47(1) 3(1L 2(1) 3(1)
C(3) 53(1) 40(1) 68(2) 12(1) 2(1) 0(1)
C(4) 52(1) 48(1) 80(2) 11(1) 5(1) -11(1)
C(5) 40(1) 58(2) 85(2) 17(1) -1(1) -6(1)
C(o) 40(1) 49(1) 69(2) 15(1) 1(1) 2(1)
0(1) 44(1) 59(1) 93(2) 31(1)  -10(1) 0(1)
0(2) 40(1) 55(1) 84(1) 24(1) -8(1) -4(1)
C(7) 37(1) 41(1) 47(1) 5(1) (1) 0{1)
Cc(8) 37(1) 43(1) 50(1) 9(1) 2(1) 1(1)
C(9) 40(1) 41(1) 38(1) I 3(1) 1(1)
C{10) 41(1) 36(1) 47(1) 4(1) 3(1) -2(1)
N{1) 47(1) 41(1) 51(1) 9(1) -1(1) -1(1)
C(11) 52(1) 51(1) 63(2) 1241) -7{1) 6(1)
C(l12) 66(2) 45(1) 69(2) 16(1) 4(1) -10(1)
0(3) 45(1) 63(1) 59(1) -1(1) 15(1) -1(1)
N(2) 50(1) 48(1) 46(1) 1(1) =4(1) -3(1)
C(13) 55(2) 77(2) 72(2) 15(2) -19(1) -10(1)
C(1l4) 84(2) 89(2) 51(2) «11(1) 8(1) 17(2)

2 For atom labelling see figure 21 p.97 (Section 2.3).

b Estimated standard deviations in parentheses.
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Table 16. Fractional coordinates (x10%) for hydrogen atoms for
(E)-2-(dimethylamino)-3-(2-hydroxybenzloyl)-
N,N-dimethylacrylamide 140.2:P

x/a y/b z/c U
H(3) 3715(4) -679(3) 8809(3) 82(4)
H{4) 212(4) -607(3) 7938(3) 82(4)
H(5) -1079(4) 1451(3) 6834(3) 82(4)
H(6) 1149(3) 3448(3) 6577(3) 82(4)
H(0) 6934(51) 2084 (37) 8613(32) 98(12)
H(8) 2961(3) 4932(2) 6312(2) 82(4)
H(114) 2818(4) 8447(3) 5231(3) 176(6)
H(11B) 2095(4) 7161(3) 6187(3) 176(6)
H(11lC) 2704 (4) 6607(3) 4711(3) 82(4)
H(124) 5614 (4) 9168(3) 5362(3) 176(6)
H(12B) 7712(4) 8105(3) 5565(3) 176(6)
H(12C) 6924 (4) 9005(3) 6876(3) 176(6)
H(13A) 10942(4) 7148(3) 9700¢3) 176(6)
H(13B) 11647(4) 6801(3) 8219(3) 176(6)
H(13C) 10840(4) 5376(3) 9001(3) 176(6)
H(14A) 8074(5) 7683(4). 9980(3) 176(6)
H(14B) 6618(5) 6102(4) 9496(3) 176(6)
H(14C) 6056(35) 7685(4) 8753(3) 176(6)

3 For atom labelling see figure 21 p.97 (Section 2.3).

b Estimated standard deviations in parentheses.
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Table 17. Torsion angles {(°) of the amide and

B -amino-vinyl ketone functionalities.?

03 Cl10 N2 Cl13 -10.55
03 C10 N2 Clg -175.88
03] Cl10 N2 Cl13 173.99
co C10 N2 Cl4 8.65
N1 C9 Cl0 N2 90.65
N1 c9 Ccl0 03 -85.11
cs8 c9 Cl0 N2 -92.96
cs8 C9 Clo 03 91.29
cs C9 Nl cl11 0.00
cs8 co- Nl Clz2 -178.11
Cl0 C9 N1 Cl1 175.93
Clo ceo N1 Cl2 -1.81

Table 18. Torsion angles (°) in the vicinity of the

intra-molecular hydrogen-bond.?

Cé Cl c7 c8 ~4.10
C6 Cl c7 02 1795.75
Cc2 Cl c7 c8 177.77
c2 Ccl C7 02 -2.37
C7 Cl c2 01 -1.07
Cc7 C1 c2 C3 178.44
C6 Cl c2 01 180.00
C6 C1 c2 C3 0.00
Cl Cc2 01 HO 7.16
C3 Cc2 01 HO -172.37

34 For atom labelling see figure 21 p.97 (Section 2.3).
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Table 19. Deviations from the mean plane 1
defined by C1-C12, H0, N1, O1, and 02.2

Cl -0.0219 02 0.0576
Cc2 -0.0229 Cc7 -0.0031
C3 -0.0078 C8 -0.0496
C4 0.0077 C9 -0.0058
C5 0.0146 Clo -0.0796
C6 -0.0004 N1l 0.0263
01 -0.0287 Cl1 0.0082
HO 0.0732 Cl2 0.0323

Table 20. Deviations from the mean plane 2 of
the amide functionality defined by
Cc9, €10, 03, N2, and Cl4.2

c9 -0.0192 N2 0:0820
Cl10 -0.0065 Cl4 -0.0399
03 0.0025

Table 21. Deviations from the mean plane 3 of the
B-amino-vinyl ketone functionality
defined by C8, C9, N1, Cl1l1 and C12.2

c8 -0.0087 Cl1 -0.0019
C9 0.0066 c12 -0.0101
N1 0.0141

3 For atom labelling see figure 21 p.97 (Section 2.3).
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Table 22, Deviations from the mean plane 4 of
the hydrogen-bond chelation defined
by 1, C2, 01, HO, 02, and C7.2

Cl 0.0110 HO 0.0375
c2 0.0094 02 0.0013
01 -0.0401 c7 -0.0191

3 For atom labelling see figure 21 p.97 (Section 2.3).

Table 23, The angles (°) between the

normals to the planes.

1 and 2 85.14
1 and 3 1.28
1 and 4 2.17
2 and 3 B86.40
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5.2 PUBLICATIONS.

Manuscript as published in Synth. Commun., 1990, 20, 727, by courtesy of
Marcel Dekker, Inc.

CHROMONE STUDIES. PART 2.1 AN EFFICIENT SYNTHESIS

OF N,N-DIMETHYLCHROMONE-2-CARBOXAMIDES

Deborah N. Davidson and Perry T. Kaye*
Department of Chemistry, Rhodes University

P.0. Box 94, Grahamstown, 6140,
Republic of South Africa

ABSTRACT: Chromone-2-carboxylic acids are efficiently transformed
into the N,N-dimethylcarboxamides, without concomitant formation

of unwanted products, by reacting the corresponding acid chlorides
with dimethylammonium chloride in pyridine.

The potential of chromone derivatives in asthma therapy is
well illustrated by the established action of compounds such as
khellin, a naturally-occuring furochromone, and the widely used
synthetic drug, disodium cromoglycate.?2 Certain chromone
carboxamides have also been shown to exhibit some antlallergic
activity.? In order to explore thé conformational properties of
such compounds, we required a range of model carboxamides,
Including the H,g:dimethylchromone-2-cafhoxamides[3(aJ); Scheme].
However, the preparation of these (latter) compounds, from phe

corresponding acid chlorides (2), was complicated by:-

*To whom correspondence should be addressed.
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i) competitive formation of the ethyl carboxylate analogues,

when using ethanolic dimethylamine;?

ii) heterogeneous reaction mixtures with hydrolytic potential,

when using aqueous dimethylamine;>

iii) the susceptibility of chromones to nucleophilic attack at

C-2 by excess dimethylamine and consequent ring opening to

afford products such as (4);6

iv) the difficulties associated with handling and metering pure

dimethylamine (b.p.7°C);7 and

v) unacceptably low yields.4’

0] 0
| |
————
R 0 CO,H R 0
1 2
o CONMe,
NMe,
OH
4
SCHEME

Reagents 1) SOC1,, DMF, CICH,CH,CY;

11) Heghi,C1,pyridine, 0°C.

CocCl R 0
3

R

a H

b OMe

c NO,

d F

e Cl

1 Br

CONMe,



The foregoing difficulties were obviated by the simple but
effective expedient of generating dimethylamine in situ from
the amine salt, dimethylammonium chloride, in pyridine. The
pyridine thus serves as reaction solvent; as base, releasing
nucleophilic dimethylamine from its hydrochloride salt and
neutralising the HCl liberated during acyl substitution; and,
presumably, as nucleophilic catalyst, enhancing acyl
substitution.?® Previous applications involving ammonium salts
include the acid catalysed ammonolysis of ethyl benzoate;’
the acylation of amines by carboxamides;1® and, recently,
Schotten~Baumann acylation of 1,3,5-tris({(aminomethyl)benzene

trihydrochloride.!!

In our method, the acid chlorides (2) were reacted with two

equivalents of dimethylammonium chloride in pyridine, at ca. 0°C,

to afford the corresponding chromone-2-carboxamides (3) in
overall yields ranging from moderate to excellent (Table). The
general procedure is illustrated by the following example.
A slurry of dimethylammonium chloridel? (1.50g, 18.4 mmol)
in dry pyridine (5 ml) was added slowly to a pre-cooled
{- 5°C), stirred solution of chromone-2-carbonyl chloride
(2a) [generated? from the acid (1a)(1.75 g, 9.2 mmol)] in
dry pyridine (15 ml), ensuring that the temperature of the
resulting mixture did not exceed 0°C. After stirring for
2 h at 0°C and then for a further 20 h at room

temperature, the black mixture was poured into 2M-HCl

259
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TABLE Data for N,N-dimethylaminochromone-2-carboxamides(3)

Microanalytical Data (%)

CONMe, cCrude Chromotographed Melting
Yield? Yield®? Point Found Molecular Requires
Compd. R (%) (%) (°c) c H N Formula c H N

3a H 76 62 115-116°

3b OMe 92 83 120-1224 63.0 5.1 5.7 Cy3Hy3N04 63.15 5.3 5.7
3c NO2 68 66 152-153¢ 55.4 3.8 10.6 CyaH10N505 55.0 3.8 10.7
3d F 76 64 144-1469 61.85 4.3 6.1 CyHy0FNO5 61.3 4.3 6.0
e CI 80 72 146-1479 57.3 3.7 5.5 CyoH1gCINO5 57.3 4.0 5.6
3t Br 96 7 143-1459 48.8  3.45 4.8 CyoH10Bri0; 8.7 3.4 47

a gyerall yield from the corresponding acids (1); the crude material was essentially clean by 1H NMR spectroscopy.

b gverall yield from acid (1) after flash chromatography. € Lit.6 115-116°C. ¢ New compound which gave

satisfactory spectroscopic (IH and 13¢ NMR, IR, and MS) analyses.

092
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{200 ml). After standing for 0.5 h, the resulting mixture
was extracted (EtOAc) and the organic extracts were washed
{(ca.5% aq. NaHCO; and then satd.ag.NaCl), dried (anhyd.
Mgs04), and evaporated. The residue (1.51 g) was
chromatographed (flash chromatography on silica gel;
elution with EtOAc) to afford N,N-dimethylchromone-2-

carboxamide (3a) (1.24 g).
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Chromone Studies. Part 3. NMR Analysis of Rotational Isomerism in 4-Oxo0-44-

chromene-2-carboxamides

Deborah N. Davidson and Perry T, Kaye "’

Department of Chemistry, Rhodes Universily, P.O. Box 94, Giahamstown, 6140, Republic of South Africa

Temperature dependent splilting o! N-alkyl 'H and 2C NMR signals in a series of 4-oxo0-44-
chromenn-2-carboxamides has been analysed in lerms of rotation of the amide group. Rotational
barriers have been calculaled Trom dynamic 'H NMR data and the conformational options have been

explored,

Various 4.ox0.-4/7.chromene derivalives are known to exhibit
anli-allergic activity, these include the widely nsed synthelic
drug. disodium cromoglycate? and certain 4.0x0-4/1-chrom-
ene carboaamides.’ In an earlier communicalion * we described
an IR study of rotational isomerism in a series of 4-0xn-47/-
chromene-2-carboxylate esters. As part of an investigation into
elecironic and conformational effects in chromone systems with
medicinal polential, we now report the results of NMR stuadies
of rotational isomerisin in a series of 4-oxo-4//-chromene-2-
carboxamides,

Resulis and Discussion

The 4-0x0-477-chromene- 2-carhoxamides (4) were obiained by
reacting the acil chlorides {3) with the appropriate secondary
amine or, in 1he case of the N N-dimethylearboxamides, with
dimethylimmonium chloride in pyridine’ (Scheme 1). Sym-

o
Rn?
1
Rt oM
E n' n’ nJ
1 s OMe H NMe
@ , b NOp H  NMe
R c F H  NMe;
2 | 4 © H  NMay
A 0~ “COoMH o Br H  NMey
1 H Me  NMe,
! l 9 H H  NMe
}
o h H H NP
- Y N "::l
2 I ) H HoOON )
R o” “cocl

coR?

Scheme 1 Reagems: i, SOCH DM CICH,CH,CE §, Me,NIHC) -
pyridine ur R'11 ag. NallCO, or R pyridine

metrically substituted amides were used in order to simphify
analysis of the dynamic NMR data, while the N-nlkyl and ring
substitucnis were chosen 1o clucidate clectronic and steric
cffcets on the rolameric equilibria.

In the d-oxo-4/i-chromene-2-carboxamides [4 R* = R
(Scheme 2)). the vonformalional encrgy minima associaled

nt

Rt

an\R.

] 11
Scheme 2

with simultaneous rotation about the N-CO amd (-2-CO
bonds may be expected 1o correspond 1o two equivalent pairs
of quasi-planar t conjugatcd conformers (Ja = llaand Ib = 11h).
In two recent investigalions™? of sysicms exhibiting simul-
tancous rolation ahbout scparate bonds, the sitc-exchange
processes were sulliciently slow for dynamic NMR analysis of
individual rotational barriers. In the 4-oxo-4//-chromene-2-
carboxamides {4), however, al ambient temperature C-2-CO
rolation is expecicd lo be rapid, relative 1o the NMR time-
scitle,} and 1o reguire analysis by an allernative technigue. The
sensitivily of IR carbonyl absorption bands to conformational
change often makes IR speciroscopy (with its very much
shorter time-scale) a useful probe for studying rapitl rotations
involving carbonyl groups.* Unfortunately, the amide and 4-
oxv-4//-chromence 1R carbonyl absorpiion hands of the 4-oxo-
471-chromene-2-carboxamides (4) overlap extensively {al ca.
1650 em"), prechuding use of IR spectroscopy for analysing
rotation about the C-2-CO bond. Rolation about the N-CO
bond, on the other hand, should be sulficienily inhibited by
delocalisation effects (Fig. 2), [ie. k,. k,. <€ ky, &y (Scheme 2)]
to permil analysis by dynamic NMR methods. The nbscrved
splitting of N-alkyl "1l {Fig. | and Table 1) and *C NMR
sipnals is thus ainributed to slow site-exchange of the N-alkyl
substituents§ and variable temperature 'H NMR spectroscopy
has been used 1o explore rotation about the N-CQ bond in the
title compounds (4).

1t should be nolcd that rotation of the amide group in a

1 Sicricinteractions inanalugous e idesappeartoinicifere with the
co-planarity of the ic and carb ide ay 4

{ Even in sterically hindered arrho-subsiitvicd benzamides, C-1-C0
rolational barricrs are less than 60 k) mnl '.*

§ Dynamic rate processes involving nitrogen inversion and ring reversal
are considered 1o be significanily lnsicr than N- CO rotation.® -
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Table 1 Dala from dynamic NMR study of 4-oxo-4li~chromene~2-carbo-xamidcs [C)d

0
R?
|
R' O COR?

4
Compound R’ R? R? T.MK Av,*[Hz AGY/kI mol™! kyon /s’
4 OMe H NMe, 302 25+ 07 697 + 1.5 4
4h NO, H NMe, 05 18 + 0.6 MN2+19 2
ac F H NMe, 270 1.0 + 05 64.1 + 23 36
4d i " NMe, <2557 — — —_
de Br H NMe, 290 1.0 + 0.3 69.0 + 1.6 5
4f H Me NMe, > 3457 — >723 4 0.2 <]
4g H H NMe, 270 08 1+ 03 646 + 1.9 29
4h H H NPr, 318 872 1+ 22 63.5 + 0.7 46
4 H H NO 332 136 1 1.1 722 £ 09 1
4j H H N: > 325 616 + 1.6 66.5 + 0.9 14

* Variable temperature 300 MHz '"H NMR spectra recorded using solutions in CDCl,. * Coalescence temperature { + 3 K). © Frequency separation at
conlescence (see reference 12). # Free energy of activation for N-CO rotation; AG? = RT,(22.96 -+ In T,/Av,).* First-order rate conslant at 298 K for

N-COrotation;ink = In(ky7/h) —
36.5 + 0.5 Ha.

335K A_ 3’5_"1_
325KA330K/ \ SOSKA
a0k -/ "\ 32}_"]\_ 3ML
315K _/\\—/\~315K /Mq 206 K J\
305 K _,/L/L_i"’éi)"”}t\_ 285K n
296 K M_ZS&/L/‘L 275K u
a7 34 38 38 3.2 303
L] 4i 4a
Fig.1 Variable iemperature 'H NMR spectra showing N-alkyl signals
for selected 4-oxo-d74-chr -2-carb ides (4)
o o
R
— LA
R o + SR
O-
Fig. 2

symmetrically substituted benzamide, for example, effectively
involves site-exchange between a pair of equivalent quasi-
planar conformers.® In the 4-oxo-4/{-chromene-2-carbox-
amides (4), however, the situation is complicated by the non-
equivalence of rotamer types (a) and (b) (Scheme 2) and the
measvret] rates of site-exchange must represent some com-
bination of the individual rates, &, [Ia] and &,. [1b].'°

AGV/RT.! No splitting of NMe, signal observed. * No coulescence of the NMe signals observed; Avat 345K =

The '"H NMR frequency scparations measured at slow site
exchange® {Avy) vary widely (1-99 Hz), the separations
being smallest for the N,N-dimethylcarboxamides. For each
compound examined Avy, must reflect the dilference in the
average magnetic environment of the nuclei concerned and,
more specifically, their average spatial orientation relative to
the magnetically anisotropic 4-oxo-4#{-chromene and carbox-
amide ® moieties,

Factors which contribute 1o such orientation of the relevant
nuclei undoubtedlyvnclude: dipole-dipole and steric® intcrac-
tions; *gear-meshing’!! of the isopropy! groups in compound
4h; and ring-conformational constraints in the heterocyclic
analogues 4f and 4j. Thus, comparable deshielding of the M-
methyl groups in the N,N-dimethylcarboxamides (4a-c,e and g)
accounts for their remarkably small Av, values; in fact, in the
case of the 8-chloro-N,N-dimethylcarboxamide (4d), splitting of
the N-methyl 'H NMR signals could not be achieved within the
accessible temperature ranget—an observation which
undoubtedly reflects the chemical shift equivalence of these
signals at slow site exchange rather than an unusually low
rotational barrier.}

Rotational energy barriers (AG3, 64-72 kJ mol™!; Table 1),
determined for the 4-oxo-4#-chromene-2-carboxamides 4 a-¢,
e, g—j Irom the coalescence data,'? lie within the typical amide
range {50-100 kJ mol™'). More pertinent is the correspond-
ence between these results and the AG? data obtained for
comparable  N,N-dialkylbenzamides.'>'* The tendency to-
wards slightly higher rotational barriers in the 4-oxo-4-
chromene analogues is consistent with the expectation that
the clectron-withdrawing 4-oxo-4//-chromene system should
reduce competitive delocalisation® and, hence, increase the

* At maximum separation (Avy) or at the minimum temperature below
which precipitation of maicrial precluded flurther
1 Material precipitated below 255 K.

1 Splitting of N-alky) signals was observed in the ambient '>C NMR
specira of all the 4-oxo-4H-chromene-2-carb ides (4) ined,
including 4d.

ement.
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)
carboxamide
plane

I _3-methyl

chromone group

plane

N -methyl
groups

(i)

Fig. 3 Proposed conformation of compound 4f based on computer-
modeiled structure; (i) ‘wire-frame’ and (ii) ‘spacefill’ representations

n-character of the N-CO bond and the magnitude of the
rotational barrier. Similar arguments, based on the net electron-
withdrawing properities of substituent R’ may well explain the
gradation of AG! values in the series of N,N-dimethylcarb-
oxamides R! = F {4c) < Br (de) < NO, (db)—a trend which
parallels resulis obtained for the corresponding para-substituied
N,N-dimethylbenzamides.'? The anomalous result for the 7-
methoxy analogue (4a), while possibly reflecting the influence of
changing conformer populations on the overall rate of rotation,
nevertheless emphasises the complexity of the rotameric
equilibria and the need for caution in interpreting the AG? data,
particularly when AG? differences are comparable with the
estimated errors.

The influence of electron-releasing inductive effects on nitro-
gen Jone-pair delocalisation (Fig. 2) appears to be illustrated
by the higher rotational barrier (relative to compound 4g)
observed for the pyrrolidine derivative (4i) and, to a lesser
extent, for the piperidine analogue (4). The dilference in AG?
for carboxamides 4i and 4j is consistent with the greater case
with which a pyrrolidine nitrogen is expected to adopt the
planar sp? arrangement necessary for effective lone-pair de-
localisation. In spite of an electron-releasing inductive effect,
such delocalisation may, of course, be inhibited by steric
destabilisation of the carboxamide ground-siate ! *—a situation
which presumably obtains in the case of N,N-diisopropyl-4-
ox0-47i-chromene-2-carboxamide (4h). (Rotational barriers for
henzamide analogues are reported 1o follow a similar pattern:
N, N-diisopropylbenzamide € N N-dimethylbenzamide'* ~ 1.
benzoylpiperidine.'®)

In 4-0x0-4H-chromene-2-carboxylate esters, bulky 3-sub-
stituents appear to prevent co-planarity of the ester and
chromene planes ¢ and similar conformational constraints were
expected to operate in the 3-methyl-4-oxo0-4H-chromene-2-
carboxamide (4N —an expectation which is supported both by
computer modelling and by carlier studies ol benzamide
analogues.® 'H NMR analysis of this compound (41) reveals N-
methyl signals which are well separated (37 Hz) and which, even
at 345 K, show no sign of coalescence. These observations,
which indicate significant inhibition of N-methyl site-exchange,
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are accommodated by the proposed conformation (Fig. 3), in
which: {/) the essentially planar N,N-dimethylcarboxamide
group occupics an average position perpendicular, or quasi-
perpendicular, 10 the chromone plane; (ii) the N-methyl groups
are diastereotopic; and (iif) there is significant steric hindrance
to rotation about both the C-2-CO and N-CO bonds.

F.xperimental

The 4-oxo-4}-chromene-2-carboxamides (4) were obtained by
treating the acid chlorides (3) * [obtained from the correspond-
ing carboxylic acids {2)*}: with dimethylammonium chloride in
pyridine ' (4a-g); with the appropriate amine in aq. NaHCO,
(47)? or in pyridine (4h,j).

'C NMR spectra were edited with the aid of DEPT (75
MHz) and ORD (125 MHz) techniques. All coupling constants
are in Hz. Variable temperature 'H NMR data were obtained
from CDCl, solutions of the 4-0x0-4}{-chromene-2-carbox-
amides (4) on a Bruker AM 300 NMR spectrometer and
temperatures are judged 10 be correct within + 1 K. Computer
modelling for compound 4f was effected using the Tripos
Associates soltware package, ALCHEMY 11,

Analytical data for new compounds are as follows:

7-Fluoro-4-oxo-4H-chromene-2-carboxylic acid (2c) m.p.
230 °C (EtOH) (Found: C, 57.4; H, 2.5. C,,HFO, requires: C,
57.%; H, 24%) 8,(500 MHz [*H,)DMSO) 6384 (1 H, s,
CH=C),7.32-7.36 () H,m, 6-H), 7.60 (1 H, dd. J,, 2 and >J;; 10,
8-H),8.03 (1 H.dd,J,9 and *J,,;:6,5-H) and 8.9 (60 MHz | H,br
s, CO,H): 8¢ (75 MHz [2HgJDMSO) 105.60 (d, 2Jcr 26, C-8),
113.67 (C-3), 114.69 (d, 2Jg 23, C-6), 120.92 (C-4a). 127.82 (d,
3cr 11, C-5), 151.56 (C-2), 156.56 (d, *J 14, C-8a), 161.16
(CO,H), 165.49 (d. 'J¢r 253, C-7) and 176.66 (C-4); v,,,,(KBr)
3300-2700 (OH), 1740 (CO-OH) and 1630 (CO) cm~}; m/z 208
(M*, 100%).

N.N,3-methril-A4-oxo-4H-chromene-2-carboxamide (4f) m.p.
74-76 °C (E10Ac) (Found: M* 231.090. C,,H,,NO, requires
M., 231.090); 8,,(500 Mz CDC,) 1.96 (3 11,5, 3-Me), 295 (3 H,
s, NMe), 3.07 (3 H, s, NMe), 7.31-7.35 (2 H, m, 6-H and 7-H).
7.56-7.60 (1 H,m, 8-H) and 8.11 (1 H.dd, J 2 and R, 5-H); 6,(75
MHz; CDCl,) 9.98 (3-Me), 34.56 (NMe), 37.63 (NMe), 117.36
(C-3), 117.88 (C-8), 122.89 (C-4a), 125.24 and 125.78 (C-5 and
C-6), 133.72 (C-7), 154.39 (C-Ba), 155.61 (C-2), 162.40 (CO-N)
and 177.82 (C-4); v,,,,.(K Br) 1640 and 1635 (CO) em~'; m/z 231
(M*, 100%).

N,N-Diisopropyi-4-oxo-4H-chromene-2-carbo xamide (4h)
nm.p. 95-96 °C (EtOAc) (Found: C, 70.65; H, 7.3; N, 5.3.
C,6H,sNO; requires: C, 70.3; H, 7.0; N, 5.1%): 8,(500 MHz
CDCl,) 1.29 (6 H, brs, CHMe,), 1.55 (6 H, brs, CHMe,). 3.60 (1
H, brs, NCH), 3.91 (1 H, brs, NCH), 649 (1 H, s, CH=C), 7.49-
7.55and 7.76-7.83 (2 H,2 x m, 6-H and 7-H), 7.57 (1 H,d, J 8,
8-H) and 8.23 (1 H, d J 7, 5-H), §.(125 MHz; CDCl;) 19.94
{CHMe,), 20.57 (C11Mfe,), 46.28 (NCH), 51.12 (NCH), 109.50
{C-3), 117.96 (C-8), 124.06 (C-4a), 125.45 and 125.48 (C-5 and
C-6), 133.98 (C-7), 155.46 (C-8a), 159.83 (C-2), 161.33 (CO-N)
and 177.37 (C-4): v,,,, 1655 and 1640 (CO) cm™*; m/z 273 (M*,
24%), 216 (100%,).

1-(4-Ox0-4H-chromen-2-ylcarbonyl)pyrrolidine  (41) m.p.
103-105°C (E1OAc) (Found: M*' 243.089. C,,H,,NO,
requires: M, 243.090); 4,,(500 MHz, CDCl,) 1.83-1.89 ([4 H, m,
CH,{CH,),CH,). 3.51 (2 H,1,NCH,), 3.63 (2 H, 1, NCH,), 6.62
(1 H,s,CH=C),7.27-7.30and 7.56-7.60 (2 H,2 x m,6-Hand 7-
H), 7.36 (1 H, d, J 8, 8-H) and 8.03 (1 H, dd, J 2 and 8, 5-H);
3125 MHz; CDCl,) 23.49 (CH,), 26.09 (CH,), 46.92 (NCH,),
48.08 (NCH,), 111.91 (C-3), 117.87 (C-8), 123.94 (C-4a), 125.35
and 125.47 (C-5 and C-6), 134.06 {C-7), 155.16 (C-8a), 157.86
(C-2), 159.60 (CO-N) and 177.48 (C-4); v_,.(KBr) 1640 and
1630 (CO) cm™'; m/z 243 (M *, 100%).

1-(4-Oxo-4H-chromen-2-yl)-carbonyl)piperidine (4j) m.p. 65—
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66 °C (EtOAc) (lit,!? 50.5-92 °C) (Found: C, 70.5; H, 5.9; N,
5.6. C,3H,sNO, requires: C, 70.0; H, 5.9; N, 54%), 8,(500
MHz;, CDCl,) 1.57-1.66 [6 H, m, (CH,),], 3.39 (2 H, br s,
NCH,). 3.62 (2 11, br s, NCH,), 6.39 (1 H, s, CH=C), 7.34-7.37
and 7.61-7.65 (2 H,2 x m, 6-H and 7-11), 7.41 (1 H,d, J 9, 8-H)
and 8.11 (1 H, dd, J 2 and 8, 5-H); 6.(125 MHz; CDCl,) 24.17,

25.21 and 26.34 (NCH,CH,CH,CH,CH,), 43.21 (NCH,),
48.03 (NCH,), 110,96 (C-3), 118.09 (C-8), 124.09 (C-4a), 125.57
(C-5 and C-6), 134.09 {(C-7), 155.61 {C-8a), 158.42 (C-2), 160.67
(CO-N) and 177.26 (C-4); v,,,,.(K Br) 1655 and 1650 (CO) cm™;
mjz 257 (M *, 35%,) and 89 (100%).
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Chromone Studies. Part 4.? Structural Analysis of Chromone-derived 2-Amino-

3-(2-hydroxybenzoyl)acrylamides

Deborah N. Davidson, Robin B. English and Perry T. Kaye*
Department of Chemistry, Rhodes University, PO Box 94, Grahamstown 6140, Republic of South Africa

A combination of X-ray crystallographic, 'H, C NMR and IR spectroscopic, and computer-
modelling techniques have been used to explore both configurational and conformational aspects of
the structures of a series of substituted 2-amino-3-{2-hydroxybenzoyl)acrylamides.

Chromone derivatives such as disodium cromoglycate (DSCG
1.2 and certain chromone-2-carboxamides? are known to
exhibit anti-allergic activity. In fact, DSCG 1 is widely used * in
asthma therapy, its mode of action apparently involving,
amongsi other things, stabilisation of mast cells in the bronchial
mucosa.®® To our knowledge, however, the molecular basis for
such action has yet to be established.* *” The susceptibility of
chromones to ring opening, via C-2 attack by various nitrogen,?
and oxygen nucleophiles,” has prompted us to explore the
possible implication of -this molecular process in chromone
pharmacology. Thus, appropriate chromones may block or
modily receptor interactions by binding covalently, through
C-2, to biogenetic nucleophiles such as mast-cell proteins or in-
flammatory mediators like histamine '° (Fig. 1). Consequently,
we have begun a detailed examination of the reactions ol
chromone-2-carboxamides (2, Scheme 1) with amines as modcls
for in vivo nucleophiles.

e §
P — CON(CH,);
u
R O] ~CON(CHy), R 0" INMR?
N 3
2 R*NH
HG
3 4
R R R R R
s H Ms  Me Y
b OMe Me Mo
€ NO; Me Mo
g p2 Moo M 22 CON(CH,),
& CI  Me Me
1 Br Me Me \9
9 H ~{CH)y— R o
5
Scheme 1

In principle, ring opening of chromones may alford products
having either E- or Z-double-bond configurations. Zagorevskii
et al,'" in an earlier investigation of related systems, used 'H
NMR J, ; vinyl coupling constants and IR spectroscopy to
establish: the E-configuration of N,N-disubstituted B-amino-
vinylketones 6; thc Z-configuration of N-monosubstituted
analogues 7. and the significance of intra-molecular hydrogen
bonding in both series. However, they were unable to determine
the double-bond geometry in the products of reactions of 2-
substituted chromones with secondary amines. In this com-

[o]
o} R
s 3
.. T
7 X —_ x
O“2"A H
8 1 OH
Fig.1 Putative interaction of biogenetic nucleophiles {e.g. X = N, 0, 8)
with chromone syslems
(,>H
o o-CHCHCH

o O
00
NsO,c~ O 07 “CO,Na
1

Fig. 2 X-Ray crystal structure of 2-(dimethylamino)-3-(2-hydroxy-
benzoyl)-N.N-dimethylacrylamide (3a), showing the crystallographic
numbering

munication we describe the use of X-ray crystallographic,
spectroscopic and computer-modelling methods in clucidating
the stereochemistry of such compounds 5.

A definitive determination of the solid-state structure of the
parent system 5a was achieved by single crystal X-ray dilfrac-
tion analysis. The crystal structure (Fig. 2) clearly indicates the
E-geometry of the double bond in this compound. Other
significant features of the solid siate structure are: (i) intra-
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cn,fn,cu, CHs.. .. CH;

" “CON(CHy)y ({CHyINCQ™ ™

c}o: -— \9

H _H

R! (o] R! 0
T
1.0A
25A
RI
(a) (b) (¢)

Fig. 3 (a) Favoured E-configuration of compounds Sa-f illustrating delocalisation and hydrogen-bonded chelation. (5) Unfavourable steric
interaction (sce footnote * on p. 1183) in the alternative 1 of the E-di i (c) Unfav ble steric interaction (see footnote * on

p. 1183) in a planar conformation of the Z-diastereoisomer.

Table 1 Comparative 'H and '*C NMR chemical shifts for com-
pounds 5s-f (sce Fig. 4)

13C Nucleus S Sa Ad*
CONMe, 3406 0.44

3684 0.46
NMe, 3938 0.52

40.11 0.82
C-1 166.44 0.52
C-2 158.76 1.54
C3 88.81 031
Cc4 189.74 172
3-H* 5.75 0.12

* Maximum variation {rom value for compound 5a in the series 5b-{.
* 'H nucleus.

molecular hydrogen bonding between the phenolic hydroxy
and the syn-orientated ketone carbonyl groups; (ii) the
orthogonal (ca. 85°) arrangement of the planar * carboxamide
moiety with respect to the rest of the molecule; and (jii) the
remarkable co-planarity® of all of the remaining crystalio-
graphically determined atoms. The observed co-planarity is
consi with significant delocalisation of the dimethylamino
nitrogen lone pair into the extended conjugated system, an effect
which is, undoubtedly, enhanced by the hydrogen-bonding
chelation (Fig. 3).

1t is apparent, from IR and NMR spectroscopic data, that the
solid-state (crystal) conformation of the parent system Sa is
essentially maintained in solution (in chloroform at least) and
it may also be argued that the same configurational and
conformational features, in fact, characterise all of the 2-amino-
3-(2-hydroxybenzoylacrylamides 5a—g examined. Thus the
NMR data. obtaincd for CDCl, solutions, provide compelling
evidence for E-gcometry in cach of the 2-amino-3-(2-hydroxy-
benzoyl)acrylamides 5a-g. Fitstly, the chemical shifts for the
vinyl protons (3-H) and the non-aromatic carbons exhibit only
marginal variations within the series (Table 1; Fig. 4), and the 3-

* Maximum deviations from the least-square planes were: 0.0820 A
(carboxamide moiety) and 0.0796 A (rest of the molecule).

@) CHy , CHs

5
() (c)
N‘PAJ o]
32 28 R
5

Fig. 4 (a) Comy ds § with bering (sce Table 1 for NMR data);
(5) partial "H NMR spectrum for 5 (R* = F); (c) partial '*C NMR
spectrum for 5d (R' = F)

H chemical shifts are closer to the calculated '? value for the
E-isomer (5.51 ppm) than for the Z-isomer (6.08 ppm).
Secondly, in each of the compounds 5a-{, both the amino- and
carboxamido '*C N-methyl signals are split [in the '"H NMR
spectra only the corresponding carboxamido signals are clearly
split, the amino N-methyl signals typically appearing, at
ambient temperature, as broad, post-coalescence singlets (Fig.
4)).1 While slow site-exchange of N-alkyl groups is typical of
N,N-disubstituted carboxamides, the parallel splitting of the
dimethylamino *°C signals is particularly significant, the impli-
cation being hindered rotation between resonance-stabilised

1 The assignment of 'H and **C NMR N-methyl signals is based on
comparisons betwecn the relevant spectra of the dimethylamino (5»-1)
and pyrrolidino (5;) analogues.
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planar conformers in which the N-methyl groups are dia-
stereotopic. Such an arrangement is only possible il the
acrylamides 5a-g adopt the E-configuration illustrated in Fig.
3(a), since molecular modelling studies * clearly indicate that in
the Z-diastereoisomer [Fig. 3(c)], co-planarity of the dimethyl-
amino and vinyl ketone moieties is sterically prohibited.
[Unfavourable sleric interactions* would also destabilise the
alternative planar rotamer, Fig. 3(h), even when the carbox-
amide moiety is perpendicular to the rest of the molecule.] The
significance of these steric constraints is urther illustrated by
the orthogonal orientation of the carboxamide group in the
crystal siructure ol the parent system 3a. This orientation,
which is presumably maintained in solution, obviales un-
favourable steric interaction with the vinyl ketone oxygen
without inhibiting lone-pair delocalisation in the independently
planar carboxamide group.

IR carbonyl absorption band frequencies tend to be sensitive
to structural change and it is noteworthy that, in the solid (K Br
disc) and solution (chloroform) spectra of compounds 3a-g,
these bands exhibil minimal [requency variation (ce. +10
c¢m!). Moreover, the general superposition of both ketone and
carboxamide carbonyl absorption bands at low (ca. 1650 cmy™')
frequencies reflects effective delocalisation and concomitant
reduction in the double-bond character of both carbonyl
groups. Such frequency shifts are characteristic of planar
carboxamide moieties but, more pertinently in this instance,
argue independently lor the essential co-planarity of the
dimethylamino and aryl vinyl ketone systems. Furthermore, in
both the solid state and solution IR spectra of each compound
5a-g, the hydroxyl stretching band is shified below 3000 cm™'.
This observation [together with the low field resonance {(ca. 8
14) of the phenolic proton in the 60 MHz 'H NMR spectrum
of each compound) is indicative'* of the strongly hydrogen-
bonded chelate conformation iltustrated in Fig. 3.

C-2 nucleophilic attack is, of course, equally likely at either
face of the chromone-2-carboxamides (2, Scheme 1) and ring-
opening (via raccmic intermediates 4) to the corresponding (£)-
dimethylaminoacrylamides § may be attributed either to
product development control or, in view of the reported !? E/Z-
configurational lability of related systems, 10 predominance of
the more stable diastercoisomer. Effective n-participation by the
dimethylamino nitrogen lone pair is expecled to account for
stabilisation of the essentially planar, conjugated E-products §,
relative 1o the corresponding Z-isomers. In the mono-sub-
stituted amino analogues 7 examined by Zagorevskii ef al,'!
however, syn-orientated amino and vinyl ketone groups can
achieve co-planarity without steric strain, and the configur-
ation which permits *double hydrogen bonding’ is apparently
favoured.

Experimental
'H and '*C NMR spectra were obtained from CDCI, solutions
on Bruker AM 300 and WM 500 MHz or Varian Gemini 200
MHz spectromelers. Computer modelling was effected using
Tripos Associates” software package, ALCHEMY I1. The title
compounds Sa-g were obtained by treating the corresponding
chromone-2-carboxamides 2a-f'* with ethanolic dimethyl-
amine as illustrated in the lollowing example (all coupling
constant values J are given in Hz).

Dimethylamine (25% w/w solution in EIOH, 3.14 cm?; 13.2
mmol) was added to a solution of N,N-dimethylchromone-2-

* The required structures were modelled, and the resulting interatomi ic
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carboxamide 2a (0.500 g, 2.3 mmol) in dry EAIOH (17 cm®).
After being stirred at room temperature (35°C for the pre-
paration of compounds Sb-g) for 20 h, the solution was cooled
and evaporated under reduced pressure to alford a crude solid
(0.53 g) which was chromatographed t on silica (elution with
EtOAc) to afford 2-(dimethylamino)-3-(2-hydroxybenzoyl)-
N.N-dimethylacrylamide (3a) (0.374 g, 62%), m.p. 165-166 "C
{from EtOH) (lit,'® 166-167 °C); 6,(500 MHz; CDCl,) 2.89
and 3.09 (6 H, 2 x 5, CONMe,), 3.06 (6 H, s, NMe,), 5.75 (1 H,
s, CH=C), 6.75-6.79 and 7.29-7.33(2 H, 2 x m, 4-H and §’-H),
6.88 (1 H,dd,J 1 and 8,3-H), 7.67 (1 H.dd,.J 2 and 8,6’-H) and
13.60 (60 MHz; 1 H, s, OH); 6.(75 MHgz; CDCl,) 34.06 and
36.84 (CONAMe,), 39.38 and 40.11 (NMe,), 88.81 (C-3), 117.78
and 117.88 {C-3’ and C-5), 120.18 (C-1"), 128.03 {C-6"), 133.75
(C-4°), 158.76 (C-2), 162.53 (C-2’), 166.44 (CO-N) and 189.74
(C-4); v,,,,.(KBr)/cm=! 2920 and 1648.

Analytical data for new compounds are as lollows. 2-(Di-
methylamino)-3-{2-hydroxy-4-methoxybenzoyl)-N,N-dimethyi-
acrylamide (5b) (0.212 g, 36%), m.p. 154-156 °C (from E10Ac);
[m{z Found: 292141 (M*, 10%). C,H,,N,O, requires:
292.142]; 6,/(300 MHz; CDCl,) 290 and 3.09 (6 H, 2 x s,
CONMe,), 3.04 (6 H, br 5, NMe,), 3.78 (3 H, 5, OMe), 5.65
(1 H, s, CH=C), 6.31-6.37 (2 H, m, 3-H and 5’-H), 7.58 (1 H, d,
J 9, 6-H) and 14.10 (60 MHz 1 H, s, OH); 675 MHz
CDCl,) 34.48 and 37.30 (CONMe,), 39.47 and 40.09 (NMe,),
55.37 (OCH,), 89.12 (C-3), 101.02 and 106.43 (C-3’ and C-5"),
113.95 (C-1"), 129.63 (C-6"), 157.89 (C-2), 164.26 {C-4"), 165.33
(C-2"), 16693 (CO-N) and 18901 (C-4); v, (KBr)jem'
2930, 1660 and 1650; mjz 292 (M *, 10%) and 220 (100%).

2-(Dimethylamine)-3-(2-hydroxy-4-nitrobenzoyl)-N,N-di-
methylacrylamide (5¢) (0.305 g, 52%,), m.p. 160-161 °C (from
EtOAc) (Found: C, 54.8; H, 5.7; N, 13.5. C, ,H, N, O, requires:
C, 54.7; H, 5.6; N, 13.7%); 6,,(300 MHz; CDCl,) 2.92 and 3.11
(6 H,2 x 5, CONMe;,), 3.07 and 3.19 (6 H,2 x s, NMe,), 5.71
(1 H,s,CH=C),7.58 (1 H,dd, J2and 9, 5"-H), 7.69 (1 H.d.J 2,
3-H) 7.79 (1 H,d, J 9, 6°-H) and 13.85 (60 MHz 1 H, s,
OHY); 6.(75 MHz; CDCl,) 34.50 and 37.14 (CONMe,), 39.90
and 40.93 (NMe,), 83.04 (C-3), 112.28 and 113.52 (C-3’ and C-
5, 124.82 (C-1"), 128.87 (C-6’), 150.53 (C-4"), 160.30 (C-2),
163.09 (C-2°), 16592 (CO-N) and 188.02 (C-4); v,,.(KBr)/
cm-! 2920 and 1645; m/z 307 (M *, 113) and 72 (100%).

2-(Dimethylamino)-3-(8-fluoro-2-hydroxybenzoyl )-N,N-
dimethylacrylamide (5d) (0.228 g, 39%), m.p. 164-166 °C (from
EtOAc) (Found: C, 59.7; H, 6.3; N, 10.0. C,,H;N,0O,F
requires: C, 60.0; H, 6.1: N, 10.0%); 6,,(300 MHz; CDCl,) 2.89
and 3.08 (6 H, 2 x s, CONMge,), 3.06 (6 H, br s, NMe,), 5.63
(1 H, s, CH=C), 6.44-6.58 (2 H, m, 3’-H and 5’-H), 7.65 (1 H, dd.
J 7and 9, 6’-H) and 14.0 (60 MHz | H, s, OH); 475 MHz
CDCly) 34.39 and 37.15 (CONMe;), 39.59 and 40.40 (NMe,),
88.96 (C-3), 104.73 and 105.81-(2 x d, *Jcr 23 and 2Jy 24,C-¥
and C-5), 117.25 (d, *J¢p 3, C-1°), 130.18 (d, 3Jgp 11, C-67),
159.03 (C-2), 165.27 (d, *J¢f 15, C-2°), 166.10 (d, ' J¢y 254, C-4°),
166.62 (CO-N) and 189.10 (C-4); v,,,(KBr)/em~' 2910 and
1660; m/z 280 (M *, 9%) and 208 (100%).
3-(4-Chloro-2-hydroxyhenzoyl)-2-(dimethylamino)-N,N-

dimethylacrylamide Se (0.327 g, 55%), m.p. 124-125 °C (from
E10Ac), [infz Found: 296.092 (M*, 12%). C,,H,,N,0,Cl
requires: 296.093}; 6,,(300 MHz CDCl,) 2.89 and 3.09 (6 H,
2 x 8, CONMte,), 3.07 (6 H, br s, NMe,), 5.66 (1 H, s, CH=0),
6.74 (1 H,dd, J2and 9, 5-H), 6.89 (1 H,d, J 2, 3"-H), 7.57 (1 H,
d, J 9, 6-H) and 13.85 (60 MHz 1 H, s, OH); 675 MHgz
CDCl,) 34.48 and 37.07 (CONMe,), 39.70 and 40.60 (NMe,).
88.88 (C-3), 118.24 and 118.39 (C-3’ and C-5), 118.85 (C-1),
129.10 (C-6), 139.32 (C-4°), 159.09 (C-2), 163.52 (C-2), 16645

distances measured, using the software package, ALCHEMY 1. The
planar arrang were obtained by altering the relevant torsion
angles of energy-minimised structures.

+ Preparative layer chromatography was 1ypically employed 1o obiain
analytical samples.
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Table 2 Fractional coordinates ( x 10*) for 2-(dimethylamino)-3-(2-
hydroxybenzoyl)-N,N-dimethylacrylamide **

Atom x/a yib 2/e
() 1746(3) 2 544(2) 7 544(2)
C(2) 4 446(3) 1 354(2) 8 181(2)
C(3) 3 164(4) 227(3) 8 319(3)
C(4) 1 200(4) 271(3) 783203)
C(5) 472(4) 1 42703) 7209(3)
C(6) 1 730(3) 2 549(3) 7066(3)
o) 6362(3) 1 258(2) 8 686(2)
H(0) 6934(51) 2084(37) 8613(32)
[0.0]] 6909(2) 3670(2) 7972(2)
(N 5145(3) 3749(2) 7 440(2)
C(R) 4 480(3) 4935(2) 6764(2)
C(9) 5 709(3) 6084(2) 6 666(2)
C(10) 7921(3) 6067(2) 7 141(2)
N(1) 5 105(3) 72532) 6 094(2)
cn 3046(4) T3715(3) 5 518(3)
Cc(12) 6 442(4) 8 452(3) 5964(3)
03) 8 996(2) 5627(2) 6412(2)
N2) 8 558(3) 6626(2) 8 313(2)
c(13) 10 644(4) 6 488(3) 8 826(3)
C(14) 7 234(5) 7 056(4) 9 187(3)

detand
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345and 3.65-3.72[3Hand | H,2 x m,N(CH,),].5.72(1 H,s,
CH=C), 6.76-6.93 (2 H, m, 4’-H and 5’-H), 7.28-7.37 (1 H,m, 3"-
H), 7.69 (1 H, dd, J 2 and 8, 6’-H) and 13.70 (60 MHz | H, s,
OH); 8450 MHz, CDCly) 24.82 and 25.39 [CH,(CH,),CH,].
34.41 and 37.24 (2 x NMe), 48.57 and 48.78 [N(CH,),]. 89.84
(C-3), 118.30 and 118.61 (C-3’ and C-5"), 120.70 (C-1°), 128.62
(C-6%), 134.35 (C-4), 156.74 (C-2), 163.31 (C-2"), 167.65 (CO-N)
and 190.44 (C-4); v,....(KBr)/cm™' 2930, 2870 and 1650; m/z 288
(M*, 2%) and 121 (100%,).

Crystal Data.—C HsN,0,, M = 262.31. Triclinic, a =
68745(6), b = 9.353(1), ¢ = 10871) A, o« = 94.536(8),
B = 99.245(8), y = 91.223(8)°, V = 687.4(1) A® (by least-
squares refinement on diffractometer angles for 25 auto-
matically centred reflections, 4 = 0.7093 A), space group PI,
Z =2, D, = 1.264 g cm™>, yellow blocks, u = 0.71 cm™".

Data Collection and Processing—CAD4 difftactometer, o~
20 mode with o scan width = 0.5 + 0.35 tan 0, variable o scan
speed (max = 5.49° min™"), graphite-monochromated Mo-Kx
radiation: 4195 reflections measured (2 < 0 < 30°, 7:9-9,
k:13-13,1:0-15), 3260 observed with / > a(/). No crystal decay
observed.

Structure Analysis and Refinement—Direct methods ' fol-
lowed by full-matrix least-squares refinement with all non-
hydrogen atoms anisotropic, and hydrogen atoms (with the

* Foratom labclling, sce Fig. 2.* Esti d deviations in paren-
theses.

Tahle 3 Sclected bond lengths/A and angles/® for 2-(dimcthylamino)

3-(2-hydroxybenzoyl)- N, N-dimcthylacrylamide**

C(H-C(N 1.489%(3) C(2)-0O(1) 1.351(3)
O(1)-H(" 0.87(3) O2)-C(M 1.263(2)
C(NH-C(8) 1.422(3) C(8)-C(9) 1.374(3)
C(O-C(10) 1.526(3) C(9)-N(1) 1.340(3)
C(10)-O(3) 1.222(3) C(10)-N(2) 1.339(3)
N(1)-C(t1) 1.464(3) N(1)-C(12) 1.465(3)
N(2)-C(13) 1.465(3) N2)-C(14) 1.458(3)
C(-C(H-C(ND 119.3(D) C(6)-C(1)-C(T) 123.0(2)
C(1)-C(2»-0O(1) 122.1(2) C(3-C(H-O(h) 117.3(2)
C(2)}-O(1)-H() 106.0(2) C(N-C(T-0Q2) 117.6(2)
C(H-C(N-C®) 120.1¢2) O(2}-C(N-C(8) 122.3(2)
C(N-C(8)-C9 122.4) C(8)-C(9)-C(10) 121.3(2)
C(8)-C(9)-N(1) 123.6(2) C(10)-C(9)»-N(1) 115.0(2)
C(9-C10)-((3) 118.2(2) C(9)-C(10)-N(2) 117.1(2)
O3)-C(10-N(2) 124.52) CO-N()-C(tH 121.1Q2)
C(9)-N(1)-C(12) 123.(2) C(I)-N(1)-C(12) 1159(2)
C(10)-N(2)-C¢13)  117.8(2) C(10)-N(2)-C(14)  123.1(2)
C(11)-N(2)-C(14) 117.5(2)

“ For atom labelling, sce Fig. 2. * Esti d dard deviations in

parcnthescs.

(CO-N) and 188.99 (C-4); v,,.(KBr)/cm™' 2920 and 1660; m/z
296 (**C1, M *, 12%) and 224 (100%).

3-(4- Bromao-2-hydroxybenzoyl)-2-(dimethylamino)-N,N-
dimethylacrylamide (51) (0.265 g. 46%,), m.p. 124-125 °C (from
EtOAc)(Found: C,49.2; H,5.1: N, 8.4.C, ,H, ,N,0,Br requires:
C,49.3; H, 50; N, 8.2%); 6,((300 MHz; CDCl,) 2.89 and 3.08 (6
H, 2 x s, CONMe,), 3.06 (6 H, 2 x s, NMe,), 565 (1 H. s,
CH=C). 6.89 (1 H, dd, J 2 and 9, 5'-H), 7.06 (1 H, d, J 2, 3"-H),
7.50 (1 H,d,J 9, 6"-H) and 13.80 (60 MHz 1 H, s, OH), /75
MHz;, CDCl,) 34.40 and 37.11 (CONMe,), 39.74 and 40.52
(NMe,), 88.88 (C-3), 119.30 (C-1), 121.28 and 121.40 (C-3' and
C-5%), 127.63 (C-4"), 129.21 (C-6"), 159.33 (C-2), 163.56 (C-2'),
166.49 (CO-N) and 189.28 (C-4); v, (KBr)/cm~' 2920 and
1660; mfz 340 ("°Br, M*, 6%) and 72 (100%).

3-(2-Hydroxybenzoyl)-N N-dimethyl-2-pyrrolidinoacryl-
amide (5g) (0.594 g, 90%), m.p. 183-184 °C (from EOH)
(Found: C, 66.3; H. 7.05; N, 9.2. C, (H ,,N,O; requires: C, 66.65;
H, 70, N, 9.7); §,(200 MHz; CDCl,) 1.86-2.11 [4 H, m,
CH,(CH,),CH,], 2.94 and 3.11 (6 H, 2 x s, CONMe,), 3.36~

ption of the phenolic hydrogen) in calculated positions with
common isotropic temperature factors. The phenolic hydrogen
[H(0)] was located from a difference Fourier map and
its position refined. H(0) is involved in an intramolecular
hydrogen bond: O(1)-H(0) 0.87(3) A; O(2) - - - H(0) 1.69(3) A;
and O(1)-H(0) - - - O(2) 150.0(2)°. Unit weights were used. The
final R valuc was 0.069 (190 parameters). Final fractional
atomic coordinates are given in Table 2, and some selected bond
lengths and angles are presented in Table 3. A diagram of the
molecule appears in Fig. 2. Full lists of bond lengths and bond
angles, thermal parameters and hydrogen atom coordinates
have been deposited at the Cambridge Crystallographic Data
Centre (CCDC).*
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Chromone Studies. Part 5. Kinetics and Mechanism of the Reaction of 4-Oxo-
4H-chromene-2-carboxamides with Dimethylamine

Deborah N. Davidson and Perry T. Kaye *

Department of Chemistry, Rhodes University, P.O. Box 94, Grahamstown, 6140, South Africa

The dimethylamine-mediated ring-opening of a series of N,N-dimethyl-4-oxo0-4/-chromene-2-
carboxamides to the corresponding (£)-2-(N,N-dimethylamino)-3-(2-hydroxybenzoyi)acrylamides
has been monitored by UV spectroscopy, and a mechanistic sequence which accommodates the

observed third-order kinetics is presented.

In our investigations of substituent effecis in chromone (4-ox0-
4/{-chromene) systems we have previously examined the
internal rotation of 4-oxo-47{-chromene-2-carboxylate esters
by IR spectroscopy? and N-methyl site-exchange in 4-oxo-
4}{-chromene-2-carboxamides by DNMR techniques.’ The
susceptibility of chromone derivatives to ring-opening via
nucleophilic atlack at C-2 is well illustrated by the amine-
mediated Jormation of (£)-2-(N,N-dimethylamino)-3-(2-
hydroxybenzoylacrylamides 4 from 4-oxo-4H-chromene-2-
carboxamide precursors 3," and the possible implication of such

?H
o o SHCHH
| ]
Na0,c” ™0 0~ “CONa
1
o] o]
] L ]
B 0~ “co,H R 0~ “CONMs,
2 3
]
R1
a H
b MeO NMe,
¢ F
7 “CONM
d Cl 2
® NO, 0
R OH
4
Scheme 1 Reagemis: i, SOC),~DMF-CICH,CH,CI; ii, Me,;NH,Cl -

pyridine; iii, cthanolic Me;NH-EIOH

reactions in the molecular-level pharmacology of anti-allergic
drugs such as disodium cromoglycate {DSCG, 1) has prompted
the presenl kinetic study of substituent effects on the ring-
opening process.

Experimental

Materials.—The N,N-dimethyl-4-0x0-4H-chromene-2-carb-
oxamides 3a e were prepared from the corresponding 4-oxo-
471-chromene-2-carboxylic acids 2a—e as described previously
and the identity of the ring-opened products as (£)-2-(N,N-

om
o
o
b
£
4]
1]
0
<

0 | I 2 A 3. i ) J

0 10 20 30 40 5 60 70

time/min
Fig.1 Plots of absorbgnce ps. time for reaction of N,¥V-dimethyl-4-oxo-

4 H-chromene-2-carboxamide 3a with Me,NH at 30 °C. [Me ,NH]/mol
dm 3 (a), 1.0; (8), 1.2; (c) 1.4; (d), 1.6; {e), 1.8.

dimethylamino)-3-(2-hydroxybenzoylacrylamides 4  has
already been established.! The exact concentration of the
ethanolic dimethylamine (supplied by Fluka as a 33% w/w
solution) was determined by titration against 0.1 mol dm™? HCL.
Ethanol, used as a solvenl for the reactions, was dried by
distillation from magnesium ethoxide.®

Kinetic Procedure~The lormation of the acrylamides 4 was
followed on a Beckmann UV 5240 spectrophotometer, the
absorbance changes being measured, in each case, at the
wavelength corresponding to the absorption maximum of the
particular acrylamide 4 (e.g. Fig. 1). In all cases, the absorption
maxima of reactants and products were well separated. The
wavelength, inilial concentrations of 4-oxo-4#{-chromene-2-
carboxamide 3 and dimethylamine, and the duration of each
reaction are summarised in Table 1. Quariz cuvelles with 10
mm pathlength were used, and the cuvetie chamber, reaciion
flask, and reagent solutions were maintained at 30 (10.2) °C.
Initial 4-oxo-4/{-chromene-2-carboxamide 3 concentrations
were chosen to produce maximum acrylamide 4 absorbances of
ca. 1.0-1.2 absorbance units and dimethylamine concentrations
were chosen 10 ensure ca. 80%, transformation within 1-1.5 h
(Table I). The final absorbance readings (}im,_, ,.4,) were taken
after 15-24 h. All determinations were duplicated. The lincar
{Beer’s Law) relationship between acrylamide 4 concentration
and absorbance was confirmed over the corresponding ranges
.used for each system.

Use of large excesscs of dimethylamine { > 10% [3]} permitied
pseudo-first-order analysis of the reactions, linear plots of
In (4 — A,) against time [eqn. {1)] aflording pseudo-first-order
rate constants [k,, eqn. (3)] at different dimethylamine
concenirations. The ring-opening reactions were shown to be
third-order overall [eqn. (2)] and the rate constants {(k,,,) were
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Table ! Reaction parameters Table 3 Rate constants (k,,,) for 1he ring-opening of N,N-dimethyl-4-
ox0-41{-chromene-2-carboxamides 3 by dimethylamine a1 30 °C
Reaction
kY [Amrdc]/lo s [Me,NH]/ Completion lime keona/ 107*
R’ mm  moldm?® moldm? (%) {min) R! dm® mol-?s!
H 157 35S 1.0-1.8 80-35 40-120 H 2,12 + 0.08
OMe 261 30 18-26 65-76 32-30 OMe 113 1 0.05
NO, 388 55 0.059-0.099 80-R2 35-70 NO, 648 + 7
F 353 3S 04-0.8 74-85 19-70 F 185+ 1.2
Ct 358 38 0.2-0.6 30-87 17.5-130 Cl 408 + 1.3
5 In(Ad—A)=~kgt+In(A4— Ay )
where A, = initia) absorbance, 4, = absorbance
al /‘ attime,fand 4 = lim,_, 4,
- 1 Rate = kg, [3] [MeNH]}? (03]
e 3t / ol
£ 4 =k 3] &)
2, ~ .

v

-
¥

0 i A i 1 A L )
056 1 15 2 25 3 35 4
[Dimethylamine)®mol® dm™®

Fig. 2 Plot of pseudo-first-order rale constants &, va. [Me,NH)? for
the reaction of NN- dlm¢lhyl-4—om-4ll chromene-2-carboxamide 3a
with Me,NH a1 30°C

Table 2 Pseudo-firsi- order rate consl'mls (k,) for the ring-opening of
N.N-dimethyl-4-oxo-4H-chr 2 ides 3 by dimethyl-
amine at 30°C

[Amide)/
D3mol  [Me,NH)

R? dm? moldm™> &, */104s!

H 35 1.00 2.40 1 0.02
1.20 345 + 0.15
140 4.53 + 0.03
1.60 590 £ 038
1.80 7.10 % 0.12

OMe 30 1.80 397 + 0.05
2.00 " 498 + 022
210 573 + 013
240 6.87 + 0.25
2.60 797 + 0.15

NO, 55 0059 253 £ 0.12
0069 3.35 + 0.05
0.079 433 % 000
0.089 5.67 + 0.18
0.099 6.50 + 0.02

I 35 0.40 333 4 0.05
0.50 4.70 + 0.20
0.60 7.23 + 0.72
070 9.18 } 048
0.30 12.22 1 0.65

l 35 0.20 2.22 4 002
0.30 475 + 003
040 7.05 1 0.42
0.50 10.72 + 0.40
0.60 15.53 + 0.65

* Mean value from duplicate runs.

determined from plots of pseudo-first-order rate constants (k,)
against [Me;NH]? (eg. Fig. 2). The relevant data are
summarised in Tables 2 and 3. Best straight line fits were
obtained by linear regression analysis of the experimental data.

where k, = k,,[Me,NH]?

Results and Discussion

In related kinetic studies, Szabo e al. have shown that
hydroxide-ion-induced cleavage of the pyrone ring in
chromone® and isoflavonoid derivatives’*® follows second-
order kinetics {Rate cc [subs(rale][OH J}). They proposed a

mechanistic seq h 2) in which the first step (5—6),
o o o o
R - R P
X8
) o R — ! R?
0~ “R? 0" “CH
3 -] 7
[+]
H R
R?
() OH
8
Scheme 2

involving hydroxide ion attack at C-2, is considered to be rate-
determining, and suggesied ® that the measured rate constanis
reflect the electron density at C-2 and, hence, the susceplibility
of chromone derivatives to C-2 nucleophilic atlack. -

Consequently, we expected the reactions of NN-
dimethyl-4-ox0-4 H-chromene-2-carboxamides 3 with
dimethylamine 10 follow second-order kinetics with C-2 atlack
by dimethylamine being rate-determining. In the cvent, our
results clearly show that these ring-opening reactions follow
third-order (rather than second-order) kinetics overall and
require formulation of 1he rate equation as indicated in eqn. (2).
The mechanism which we are now proposing is delailed in
Scheme 3 and is consisient with a rate expression [eqn. {(4)]
which, for k,K,K, = k.., is identical to the experimentally
determined relationship {eqn. (2)]).

Rate = k3K, K, [3] [Me;NH]? @

The proposed mechanism (Scheme 3) comprises two
conscentive equilibria followed by a rate-determining ring-
opening step. In the first equilibrivm, readily reversible
nucleophilic attack by the amine at C-2 of the 4-oxo-4i/-
chromene-2-carboxamide 3 affords the dipolar species 9 in
which loss of the nenrral amine (9—3; Fig. 3) occurs more
readily than ring-fission (9—11). The next step is simply an acid-
base equilibrium, the second molecule of amine now acting as a
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