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Solvent-Mediated Effects in NMR Spectra of 2-Formyl Phenoxyacetic Acid-
Chromatographic Evidence for Internal Cyclisation and Tautomerization
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Summary: The chromatographic analyses reveal that formylphenoxy acetic acid in methanol
undergees autocyclization to afford its cyclic hemiacetal, which slowly transforms into its enolic
tautomer and develops equilibrium between them. The concentration of these time lapsed products
significantly enhanced on adding conc. HCI. The 'H- and "C-NMR data are used to establish their
formation. Antimicrobial activity revealed that FPA showed good growth inhibition for Gram
negative bacterium, and found to be ineffective for yeast tested, while the cyclised structures failed
to exert any growth inhibitory effects on the micro-organisms tested.

Introduction

Salicyaldehyde and its derivatives have been
widely used both in the industry, in synthetic and co-
ordination chemistry, particularly to synthesize the
salen family of ligands for catalytic applications [1].
In order to extend the scope of this reagent, it was
decided to use 2-formyl phenoxyacetic acid, a
derivative of salicyaldehyde. The action .of
aryloxyaliphatic acids on the permeability of blood
vessels [2], and antimicrobial activity against the
human pathogens [3] by o-substituted phenoxyacetic
acid have been reported. The Schiff bases and their
complexes derived from o-formylphenoxyacetic acid
with aminothiazoles, a number of aminobenzene
derivatives, some heterocyclic and aliphatic amines
have shown biological significance such as anti-
nflammatory agents [4], antimetabolites of pyridoxal
phosphate [5], bacteriostatic activity [6], chorismate
synthase inhibition [7], and antitumor activity [8].
Before using this compound as the starting ligand for
extensive investigations, its purity was checked
chrematographically. It was noticed that with time
lapse, it started giving two spots and equilibrium was
established in methanol or MeQH/CHCL solvent
system. The spot (A) corresponding to original FPA
had Ry value 0.1 and the other product (B) is
proposed to be its cyclised hemiacetal has Re value
0.9 while using MeOH as mobile phase. However,
when detailed chromatographic analysis of FPA was
carried out, three spots were observed. These

prefiminary observations warrant further studies to
identify and propose the transformation of (A) to (B)
and (C) components, as mentioned in Scheme . This
interesting behavior in FPA has not been studied
before to the best of our knowledge and is reported
herein.

Aldehydes are transformed into hemiacetal
in the acidic alcoholic solution [9]. In the present
case, FPA contains a carboxylic group, which
provides the acidic medium 1o bring about its
autocyclisation. Consequently, it was decided to
record its 'H- and "C-NMR spectra in polar solvents
like methanol-d, acetone-d; and DMSO-d,.
Structural assignments of different protons and
carbons were arrived at through two dimensional 400
MHz NMR spectra and the DEPT Method. The
comparative chemical shifts of protons and carbons
signals of FPA in CH,OH-d;, Me,CO-d; and DMSO-
dy solvents provide valuable information. It js
worthwhile to infer the following observations from
various chemical shifts collected in Table-1.

Results and Discussion
For Uncyclised FPA (A)

The carboxylic OH group of FPA recorded
its absorption at & 5.13 only in methanol-d,, which
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Scheme 1: Showing conversion of FPA (A) into
Hemiacetal (B) and Tautomer {C).

Table-1(a): Comparative Chemical shifts of 'H &
BC-NMR signals in NMR spectra of FPA in three

solvents.

{i) Methanol-d,

8 3CH 4CH 5CH _ 6CH CH; -COOH CHO C-1  C-2
'H 751 701 730 691 485 513 10.52 - -
BCo128.1 1222 1291 1133 664 1725 1915 162.0 126.5
{11y Acetone-dg

A 3CH 4CH 5CH 6CH CH; -COOH
'H 120 713 179 7162 4.9 -

BC 1145 1224 128.5 1368 659 169.9
(i) DMSO-d,

A  3ICH 4CH 5CH 6CH CH, -COQH -CHO C-1 C-2

-CHO C-1 (-2
10.45
189.7

161.4 1262

'H 708 714 763 771 4.89 10.45 - -
B¢ 1213 1137 136.2 1275 65.0 169.8 189.2  160.2 124.5%
Table-1(b): Chemical shifts (8) of resolved
hemiacetal in Methanol-d,,

A CH; CHO- _ Hemiacetai group C-1 C-2

'H 4.71 - 5,76 R N

Bc 66.2 1725 100.7 157.1 137.4

was not observed in the other two solvents (acetone-
d; & DMSO-d;). Moreover, recorded its chemical
shift at & 172.5, 169.9 and 169.8 for carboxylic
carbon in methanol-d,, acetone-d,; and DMSO-d,.

For Cyclised FPA (Hemiacetal)
2Hbenzofe] [1,4] dioxepin-3(5H)-one

S-hydroxy-

FPA was dissolved in distilled methanol and
changes were monitored within one hour on silica gel
TLC plate using mixture of distilled methanol and
chloroform (1:9 respectively) as mobile phase system
revealing the presence of two spots corresponding to
original compound (Ry 0.1) and an other internally
cyclised product (R¢ 0.9) mentioned as (B) and (C)
respectively in the text. The concentration of (B) was
negligible.

The methanolic solution of FPA, which was
allowed to stay for 5-days at room temperature, was
used to run its 'H- and "C—NMR spectra. Its TLC
results indicated two spots corresponding to (A) and
(B) as already mentioned. It has been observed that
aldehydic form of FPA undergoes internal cyclisation
only in methanol, while it failed to underge similar
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cyclisation in acetone and DMSO. Hence, under our
experimental conditions, no signal for the hemiacetal
form would be observed in these more polar solvents.
The cychised (hemiacetal) and uncyclised {aldehydic)
form of this ligand reflect pertinent additional
variations. The preceding discussion about the
behavior of FPA in methanol was however restricted
only to its uncyclised aldehydic form.

However, the proposed hemiacetal (B)
present in the methanolic solution manifests its own
NMR signals for various protons and carbons as
shown in Table-1. It is quite obvious that its proton
signals for CH, and hemiacetalic-H record at & 4.71
and 5.76, while C signals for CH, (6 66.2),
hemiacetalic carbon (6 100.7), C-1 {6 157.1}, C-2 (8
137.4) and carbonyl carbon (& 172.5} are noteworthy.

It may further be noted that in 'H-NMR
spectrum, afdehydic proton of (A) signal at & 10.52
was very much reduced, while there was an intense
and pronounced signal at & 5.76 due to methine
proton of the hemiacetalic group. The corresponding
carbon signals were observed at § 191.5 and 100.7
for the aldehydic and hemiacetal groups in DEPT
spectrum in methanol-d,, However, in the case under
discussion, this ratio for aldehydic and hemiacetalic
protons was 1:16 respectively, which was arrived at
through the comparison of integration of aldehydic
proton (0.62) and hemiacetal-H (10.06). The
methanolic solution containing two components (A &
B) when loaded on silica gel, gave three components,
two of which had the same Ry values, while the third
component (C) has changed R¢ value of 0.85. At this
stage, methanolic solution of FPA was kept for five
days at room temperature was subjected to HPLC
analysis, which confirmed the presence of three
components, having 3.02, 3.31 and 5.04 min as
retention time, while their relative ratio was
10.15:10.81:1. These observations confirmed the
presence of solvent mediated transformation of FPA
affording internally cyclised hemiacetal (B) and its
enolic tautomer (C) mainly in methanolic solution.
Their concentrations appeared to increase as the time
lapse increases. One of the samples in methanolic
solution was allowed to stay at room temperature for
90 days. During this long lapse of time, there was
virtually only one spot corresponding to (C). The
acidic medium significantly promoted these
transformations even during much shorter time lapse.
This behavior was, then utilized to isolate the three
components in acetone and 400 MHz NMR spectra
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Table-2(a). Chemical shifts (8) of unresolved hemiacetal in Acetone-dg
A 3CH 4CH SCH 6CH CH, CO- Hemiacetal group C-1 C2
'H 7.49 6.90 7.15 6.80 4.90 6.0 - -
“c 1280 1205 127.5 1140 670 1720 990 156.7  138.0
Table-2(b): Chemical shifts (§) of tautomer (C) in Acetone-ds,
3 3CH 4CH SCH 6CH Olefinic group Tautomeric group Hemi-acetal group C-1 C-2
H 7.43 6.87 7.0 6.60 5.30 150 6.40 - -
c 127.0 1225 128.0 117.0 74.8 176.0 88.0 1511 1430
were run in acetone-ds. The spectral results are  clearly demonstrates that FPA is capable of

shown for each component (Table-2).

The IR spectrum of the isolated component
(A), superimposed on the similarly run IR spectrum
of the original compound (FPA). The NMR spectral
data of the chromatographically isolated components
are also shown for proposed hemiacetal (B) and its
tautomer {C) (Table-2). When the spectral data for
the hemiacetal {B) formed in MeOH, which also
contained uncyclised FPA, were compared with
respective 'H- and "“C-NMR signals of the
chromatographically isolated hemiacetal (B), there
was very little difference between them.

Tautomer (C) (Z)-5H-benzofe] [1,4] dioxepine-3,5
diol

The NMR spectral data, as shown in Table-
2, for the chromatographically isolated tautomer (C)
of cyclised hemiacetal (B) indicate olefinic proton
absorptions at & 5.30, the enolic OH at & 15.0 and
hemihedral proton at 6 6.40. Benzene ring protons at
C-3, C-4, C-5, and C-6 correspond to & 7.43, 7.00,
729 and 6.66. The carbon signals for olefinic,
tautomeric and hemihedral forms indicate at § 74.8,
176.0, and 95.0 respectively. Moreover, its benzene
ring carbons-1,2,3,4,5 and 6 signal absorption at &
151.1, 1400, 127.0, 1225 1280 and 1170
respectively.

It may be pertinent to conclude that FPA
undergoes internal cyclisation preferably in protic
solvent like methanol. Under our experimental
conditions, virtually no signals for hemiacetal or its
tautomer could be traced in more polar aprotic
solvents like acetone-dg and DMSO-dg.
Conspicuously, fluctuating behavior in the 'H- and
C.NMR signals in these polar solvents cannot be
fully rationalized. These complexities attributed
partly to fluxional mark of FPA in these solvents
which have quite diverging electronic environments
and pose varying steric interactions in solution. This

undergoing fluxional behavior.

This autocyclisation reaction is well known
in carbohydrates [9]. The hemiacetal form is
generally facilitated in the acidic medium {10]. In our
case, the concentration of both cyclised hemiacetal
(B) and its tautomer C initiatly increased many fold
in the acidic medium within minutes, Hence, with the
aid of spectral data and detailed chromatographic
analysis, we can considerably rationalize the
transformation of FPAA to its hemiacetal (B) which
eventually transforms to tautomer (C).

Antimicrobial Activity

Compound {A), cyclic hemiacetal and its
enolic form were screened for their antibacterial as
well as antifungal activities against locally isolated
Escherichia coli and Saccharomyces cerevisiae
bacterial and yeast strains respectively by disc
diffusion method. An overnight incubated cultures of
these microbes were introduced onto the surface of
sterile nutrient agar plates, and a sterile glass spreader
was used for even distribution of the inoculum. The
discs measuring 10.15 mm in diameter were prepared
from Whatman No. | filter paper and sterilized. The
sterile discs were loaded with 10 pul of a standard
solution of the test compound and were placed on a
nuirient agar medium. The plates were inverted and
incubated for one day at 37 °C. Solvent was used as a
control. Solutions of the compounds A-C were
prepared by dissolving 10 mg /ml in acetone for
antimicrobial assays. From each of these equimolar
solutions, 10 ul solution was loaded onto a sterile
filter paper disc with the help of micropipette fitted
with sterile tip. The inhibition zones were measured
and compared with the controls. The bacterial and
yeast growth inhibition zone values are summarized
in Table-3. As the solutions of compounds A-C for
antimicrobial assays were equimolar and moreover
their equal amount 10. u! were loaded on to the filter
paper discs, thus from the growth inhibition zone
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Table-3; Zone of Growth Inhibition (mm).

Compound Escherichia coli Saccharomyces cerevisiae
{ATTK-2006) {SN-2006)

Control 000 0.0 .00 0.0

FPA (A) 13.00 £ 0.5 .00+ 0.0

Hemicetal (B) 0.00 £ 0.0 3.00 £ 0.0

Tautomer (C) 0.00 = 0.0 0.00 £ 0.0

Values are means of three replicates S.D

produced by the compound A for the bacterial
species £.coli, it can be inferred that at the given dose
the compound A is antibacterial as compared to
compound B and C. The screening data obtained
during this investigation revealed that the original
compound showed good growth inhibition for the
Gram negative bacterium, E. coli. It was found
ineffective for the yeast tested. Regarding the
evaluation of antimicrobial activities of the cyclic
isomers (cyclic hemiacetal and its tautomer), it may
be noticed that they failed to exert any growth
inhibitory effects on the microorganisms tested.
Thus, it can be safely concluded that cyclic forms of
the compound cannot be used for antimicrobial
activities and the target compound itself possesses
valuable antibacterial activity. It might be considered
for further investigations.
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