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Abstract A light-yellow crystalline product (1), which was isolated after one week from
the filtrate of the reaction between S-2-methylbenzyldithiocarbazate and 2,3-
dihydroxybenzaldehyde, was characterised by single crystal X-ray diffraction, FTIR and
NMR spectroscopic analyses. The experimental molecular structure of 1 has been established
by X-ray crystallography and showed, to a first approximation, a planar CoN2S> +
dihydroxyphenyl region that has an almost orthogonal relationship to the rings of the pendant
S-bound benzyl groups. This structure has been verified via density functional theory
calculations using the B3LYP/6311G(d,p) level of theory. The molecular packing featured
linear supramolecular chains along the b-axis sustained by tolyl-C—H...N(imine) and tolyl-C—
H...n(tolyl) interactions; the importance of these contacts is indicated by a Hirshfeld surface

analysis.
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1. Introduction

Dithiocarbazates are hard-soft nitrogen-sulphur donor ligands. Since the 1980’s, many Schiff
bases derived from dithiocarbazates have been synthesised, characterised and investigated
especially for their pharmaceutical potential [1]. The variety of coordination modes in
dithiocarbazates and the ease of modification by introducing different organic substituents to
the dithiocarbazate derivatives [2—7] have been of interest as relatively small modifications in
the structural backbone often gives rise to major differences in their biological properties. For
example, many of these compounds display selective in vitro biological activity against
several cancer cell lines [4,5,7-11]. In addition, some dithiocarbazate ligands and their metal
complexes have also investigated for other applications including as nonlinear optical (NLO)

materials with diverse magnetic and electrochemical properties [12—-14].

The single-crystal X-ray diffraction analysis of S-benzyldithiocarbazate (SBDTC) was
reported thirty years after its synthetic procedure was first established [15] and since then
much work has been carried out on the synthesis of analogous S-substituted dithiocarbazates:
S-allyl [16], isomeric S-2-/3-/4-picolyl [17,18], isomeric S-2-/3-/4-methylbenzyl [7,19,20], S-
napthylmethyl [21], S-quinolin-2yl-methyl [21], S-4-nitrobenzyl [5] and S-4-chlorobenzyl

[22] dithiocarbazates and their transition metal complexes.

As part of our on-going study on Schiff bases derived from S-2-methylbenzyldithiocarbazate
(S2MBDTC) [7] and 2,3-dihydroxybenzaldehyde, we report herein the unexpected formation
of a compound that crystallised during the routine synthetic procedure of S-2-methylbenzyl-
B-N-(2,3-dihydroxybenzylmethylene)dithiocarbazate. The product, 3-[(1Z)-{2-[bis({[(2-
methylphenyl)methyl]sulfanyl})methylidene]hydrazin-1-ylidene}methyl]benzene-1,2-diol

(1), formed from the filtrate after it was left standing for one week, which was fully
characterised by X-ray crystallography, NMR, FT-IR and UV/Vis spectroscopy. To further
support the experimental data, density functional theory (DFT) calculations have been used to

analyse the structural and spectroscopic characteristics of this compound.
2. Experimental Section
2.1. Instrumentation

Melting points were measured using an Electrothermal digital melting point apparatus. FT-IR
spectra were recorded using a PerkinElmer Spectrum 100 with Universal ATR Polarization in

the 4000280 cm™ range. 'H- and *C-NMR spectra were recorded using an NMR JNM
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ECA400 spectrometer with tetramethylsilane (TMS) as the internal reference (placed at 0
ppm). Electronic spectra were recorded in DMSO on a Shimadzu UV-2501 PC recording
spectrophotometer (1000—-200 nm).

2.2. Materials

All chemicals and solvents were of analytical grade and were used without further
purification. Chemicals: 2-methylbenzyl chloride (ACROS), potassium hydroxide (HmbG),
hydrazine hydrate (Fluka), carbon disulphide (Merck) and 2,3-dihydroxybenzaldehyde
(Merck) Solvents: acetonitrile (Fisher), absolute ethanol (QRec), ethanol (QRec) and

methanol (Systerm).

2.3. Synthesis of S2MBDTC and the formation of 3-[(12)-{2-[bis({[(2-
methylphenyl)methyl]sulfanyl})methylidene]hydrazin-1-ylidene}methyl] benzene-1,2-diol (1)

S-2-methylbenzyldithiocarbazate (S2MBDTC) was synthesised according to a previously
reported method [7]. S2MBDTC (2.12 g) was dissolved in 100 ml acetonitrile/ethanol (9:1)
solution with an equimolar quantity of 2,3-dihydroxybenzaldehyde added to it. The mixture
was stirred and heated (~80°C) for 2 h. The resultant mixture then was allowed to cool to
room temperature and the expected product, S-2-methylbenzyl-B-N-(2,3-
dihydroxybenzylmethylene)dithiocarbazate that formed was filtered. The filtrate was kept at
room temperature. Light-yellow crystals formed after a period of one week which were
analysed by single crystal X-ray diffraction analysis and were found to be an unexpected
product, 3-[(12)-{2-[bis({[(2-methylphenyl)methyl]sulfanyl})methylidene]hydrazin-1-
ylidene}methyl]benzene-1,2-diol (1). The synthetic scheme for the formation of 1 is shown in
Scheme 1. M.p.: 153-155°C. FT-IR (ATR, cm™): 3542, 3497 v(O-H); 1608, v(C=N); 1257,
V(N-N); 978, v(C-S). *H-NMR (CDCls) & (ppm): 2.41, 2.46 (s, 2 x 3H, 2 x CH3), 4.31, 4.51
(s, 2 x 2H, 2 x CH>), 6.84-7.58 (m, 11H, Ar-H), 8.55 (s, 1H, CH) 11.11, 9.89 (s, 2 x 1H, 2 X
OH); *C-NMR (DMSO-ds) & (ppm): 19.2, 19.3 (2 x CHz3), 34.0, 35.3 (2 x CHy), 117.4,
117.5, 119.7, 122.9, 126.4, 126.4, 128.2, 128.3, 130.2, 130.5, 130.7, 130.7, 132.7, 133.3,
137.2. 137.3, 144.8, 146.3 (18 x aromatic-C), 159.9 (C=N), 167.3 (S-C-S). UV/Vis in
DMSO, Amax nm (log & in L mol 'cm™): 328 (4.48).



2.4. Single crystal X-ray structure determination of 1

Intensity data for light-yellow 1 were measured at T = 153 K on an Oxford Diffraction
Gemini E CCD diffractometer fitted with Mo Ka radiation (A = 0.71073 A) so that max Was
29.4°. Data reduction, including analytical absorption correction, was accomplished with
CrysAlisPro [23]. Of the 10166 measured reflections, 5026 were unique (Rint = 0.036) and of
these, 3391 data satisfied the 1 > 2¢(l) criterion of observability. The structure was solved by
direct-methods [24] and refined (anisotropic displacement parameters, C-bound H atoms in
the riding model approximation). A weighting scheme w = 1/[c 2(Fo%) + 0.051P? + 0.384P]
where P = (Fo? + 2F¢?)/3) on F? [25] was introduced. Based on the refinement of 279
parameters, the final values of R and wR (all data) were 0.053 and 0.130, respectively. The
molecular structure diagram was generated with ORTEP for Windows [26] and the packing
diagrams with DIAMOND [27]. Crystal data for C24H2a4N202S> (1): M = 436.60, monoclinic
space group P21/n, a = 10.8207(5) A, b = 9.0774(4) A, ¢ = 22.5231(10) A, B = 98.090(4)°, V
= 2190.29(17) A3, Z = 4, Dx = 1.324 g cm, F(000) = 920, pu = 0.266 mm™. CCDC
deposition number: 1816156.

2.5. Density Functional Theory Calculations

The gas-phase geometry of 1 in the electronic ground state was fully optimised using density
functional theory (DFT). The hybrid B3LYP [28,29] exchange correlation functional was
used in conjunction with a 6-311G(d,p) Pople basis set. The experimental X-ray
crystallographic structure of 1 was used as the initial geometry. Harmonic vibrational
frequencies were calculated to ensure that the optimized geometry represented the local
minimum of the potential energy surface. The electronic excitations of 1 were computed
using time-dependent density functional theory (TD-DFT) [30,31] and included solvation
effects (DMSO) via the polarisable continuum method (PCM). The predicted *H and *3C
NMR chemical shifts in chloroform were obtained using the GIAO approach [32,33]. All
computations were performed using the Gaussian09 (G09) program [34].

3. Results and Discussion

S-2-methylbenzyldithiocarbazate (S2MBDTC) is an ester produced from the reaction of
hydrazine hydrate with carbon disulphide followed by the alkylation or arylation of the
dithiocarbazate salts with different alkyl/aryl halides, at temperatures below 5°C and in the

presence of a base (potassium hydroxide was used in this reaction) [5,7,16-22]. However, the
4



concentration of potassium hydroxide plays an important role in determining the formation of
the esters, where sometimes diesters are formed as a secondary by-product [35]. This occurs
via a second Sn2 reaction occurring through the thione sulphur atom reacting with a second
molecule of 2-methylbenzylchloride at higher temperatures, followed by a second
deprotonation of S2ZMBDTC. Similar diester formation have been reported by other
researchers [36-38].

As shown in the reaction scheme (Scheme 1), the inseparable and unstable intermediate
mixture of S2MBDTC and diester was reacted with 2,3-dihydroxybenzaldehyde in
acetonitrile:ethanol (9:1) at 80°C for 2 hours which produced two light-yellow products that
were chemically stable and separable: S2MdiOH Schiff base (desired product for biological
work) and an unexpected product (1). In our synthetic protocol, the S2MdiOH Schiff base
formed from the reaction solvent mixture immediately upon cooling and was collected via

filtration, whilst product (1) - present in the filtrate - crystallised after one week at room

temperature.
OH
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Scheme 1: Formation of 1

The proposed mechanism leading to the formation of product 1 is shown in Scheme 2. 1

formed by nucleophilic addition via several steps: (a) nucleophilic attack of diester
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dithiocarbazate onto the carbonyl C of the aldehyde (2,3-dihydroxybenzaldehyde), (b) (c)
Bronsted-Lowry acid-base reactions, (d) dehydration reaction and (e) Bronsted-Lowry acid-
base reaction. The spectroscopic studies and computational calculations were in agreement

with the confirmed structure of the compound via crystallographic analysis.
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Scheme 2. Working hypothesis for the likely reaction mechanism for the formation of 1 from

starting materials X (diester dithiocarbazate) and Y (2,3-dihydroxybenzaldehyde)



3.1  Crystal and molecular structure of 1

The molecular structure of 1 is illustrated in Fig. 1 and features a central and planar CoN2S;
core with a r.m.s. deviation of the six fitted atoms of 0.0160 A, and with maximum deviations
above and below the plane of 0.0287(16) and 0.0238(12) A for the N2 and C18 atoms,
respectively. The dihydroxyphenyl ring was inclined to this plane forming a dihedral angle
of 4.15 (11)°, reflecting a small twist about the hydrazine N1-N2 bond as seen in the value of
the C1-N1-N2-C18 torsion angle of 177.0(2)°. By contrast, the substituted benzyl rings are
almost orthogonal to the central plane forming dihedral angles of 71.57(5) and 84.01(5)° with
the S1- and S2-bound groups, respectively. The benzyl rings were splayed out, forming a
dihedral angle of 63.53(7)°. The molecule featured two intramolecular hydrogen bonds,
namely hydroxyl-O—H...O(hydroxyl) and hydroxyl-O-H...N(imine); structural details are
given in Table 1. A discussion of the key geometric parameters is presented along with those

obtained from DFT analysis in Section 3.2.

Fig. 1. ORTEP diagram of 1 showing atom labels and displacement ellipsoids at the 70%
probability level.



Table 1

Geometric parameters (A, °) characterising intra- and inter-molecular contacts in 1.

A H B H...B A...B A-H...B Symmetry operation
Ol Hlo N2 1.901(18) 2.627(3) 144(2) X,V, Z

02 H2 02 2.20(3)  2.680(3) 116(3) X,V, Z

C16 H16 N1 2.59 3.535(3) 172 1-x, 1-y, -z

Cl4 H14  Cg(C3-C8) 2.83 3.635(3) 144 1-X, -y, -Z

Conventional hydrogen bonding interactions were absent in the molecular packing of 1 owing
to the participation of the O1, O2 and N2 atoms in intramolecular interactions.
Centrosymmetrically-related molecules were connected into dimeric aggregates via tolyl-C—
H...N(imine) interactions, Table 1. The aggregates were connected into a linear
supramolecular chain along the b-axis via tolyl-C—H...xn(tolyl) interactions, Fig. 2a and Table
1. Chains pack without directional interactions between them according to the distance
criteria assumed in PLATON [39]. A view of the unit cell contents is shown in Fig. 2b. A
more detailed analysis of the supramolecular association in the crystal of 1 is given in the

discussion of the Hirshfeld surfaces in Section 3.2.



Fig. 2. Packing diagram for 1 with (a) a view of the supramolecular chain in the crystal,
formed along the b-axis and sustained by tolyl-C—H...N(imine) and tolyl-C—H...x(tolyl)
interactions between adjacent molecules shown as orange and purple dashed lines
respectively. Non-acidic and non-participating H atoms are omitted. (b) a view of the unit
cell along the b-axis. One supramolecular chain is highlighted in space-filling mode. (For
interpretation of the references to colour in this figure legend, the reader is referred to the

web version of this article.)

A structural analogue of 1 in which the m-OH group was replaced by a methoxy group
showed through overlay of the two molecules (not shown), a great similarity in the molecular
conformations, apart for the orientation of one of the o-tolyl groups which was folded
towards the rest of the molecule as opposed to what was observed in 1 [40].

The gas phase B3LYP/6-311G(d,p) optimised structure of 1 is shown in Fig. 3. The

calculated bond lengths and angles are in agreement with the values obtained from the

crystallographic analysis above (see Table 2). This similarity was consistent with the absence

of strong directional intermolecular interactions in the crystal. The deviations in the selected
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bond lengths/angles of 1 ranged from 0.006-0.038 A/0-3.3°, whereby the maximum bond
length deviation corresponded to the C2-S1 bond and the maximum bond angle deviation

corresponded to the N2-N1-C1 angle.

o

Fig. 3. B3LYP/6-311G(d,p) gas-phase geometry of 1

Table 2

Selected molecular structure parameters of 1

Bond length (A) Experimental B3LYP/6-311G(d,p)
C2-S1 1.818(3) 1.856

S1-C1 1.739(2) 1.771

C1-S2 1.763(2) 1.787

S2-C10 1.828(3) 1.859

C1-N1 1.293(3) 1.287

N1-N2 1.407(2) 1.383

N2-C18 1.281(3) 1.291

Bond Angle (°) Experimental B3LYP/6-311G(d,p)
C1-S1-C2 102.0(1) 101.4

C1-S2-C10 103.0(1) 104.1

N2-N1-C1 111.5(2) 114.8

N1-N2-C18 113.3(2) 114.1

S1-C1-S2 117.5(1) 118.3
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S1-C1-N1 120.1(2) 119.3
S2-C1-N1 122.4(2) 122.4

The X-ray and B3LYP/6-311G(d,p) C1-S1 and C1-S2 bond distances both indicated
single bond character, consistent with a previous report [40]. The bond lengths of N1-N2 and
C18-N2 were consistent with single and double bonds, respectively; the latter with an E-
configuration. Despite the planarity in the central residue, there was little evidence for
extensive delocalization of m-electron density over these atoms [41]; Fhe-CH NI NI-N2-and

Q N nona aYalalda' alala Qn imited ‘ala a alalia\V/al naca om ala ala onfig on
vaAv mLw v wAY Ci Ci C vaviv v v vinw, o o v 1w v

about-the- N-N=C-bend-was-E{40}. The S1-C1-S2 bond angle was systematically narrower
than the S1-C1-N1 and S2-CI1-N1 bond angles, again consistent with the single bond

character of the C1-S1 and C1-S2 bhonds.

3.2.  Hirshfeld surface analysis of 1

The calculated Hirshfeld surfaces [42,43] for 1 were performed in accord with earlier studies
on organic molecules [44] and provide additional insight into the supramolecular associations
in the crystal of 1. The intermolecular C—H...N interactions involving tolyl-C18 as the donor
and imine-N2 as an acceptor leading to dimeric aggregation in the crystal are viewed as
bright-red spots near these atoms on the Hirshfeld surface mapped over dnorm in Fig. 4a. The
edge-to-edge short interatomic C...C contact involving dihydroxyphenyl-C24 is also viewed
in Fig. 4a as a faint-red spot. The influence of the tolyl-C14—H...n(tolyl) interaction is evident
from the Hirshfeld surface mapped over the electrostatic potential as blue and light-red
regions corresponding to the donor and acceptor, respectively, in Fig. 4b. Referring to Table
3, the short interatomic C...H/H...C contacts involving tolyl-H14 in the crystal are
highlighted in the Hirshfeld surface mapped with the shape-index property about a reference

molecule in Fig. 4c.
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(c)

Fig. 4. Hirshfeld surfaces for 1: (a) mapped over dnorm in the range -0.133 to +1.351 au and
highlighting C—H...N interactions through black dotted lines, (b) mapped over the
electrostatic potential in the range -0.060 to +0.037 au highlighting intermolecular C—
H...n/n.. H-C interactions as black dotted lines and (c) mapped with the shape-index property
about a reference molecule highlighting short interatomic H...H, O...H/H...O and C...H/H...C

contacts by sky-blue, black and red dashed lines, respectively. (For interpretation of the

12



references to colour in this figure legend, the reader is referred to the web version of this

article.)

Table 3

Summary of short interatomic contacts in the molecular packing of 1.

Contact Distance (A) Symmetry operation
H17C...H24 2.17 1-x, -y, -z
C24..C24 3.354(4) 2-X, 2-y, -Z
C7..H14 2.77 1-x, -y, -z

C8...H14 2.79 1-x, -y, -z

C13..H5 2.75 YotX, Yoy, Yo-Z
C20...H17B 2.75 X, 1+y, z

O1...H6 2.67 YotX, Yoy, Yotz
02...H8 2.64 2-x,1-y, -z
S1..C13 3.492(3) 1-x, -y, -z

The overall two-dimensional fingerprint plot for 1 characterising features of interatomic
H..H, N..H/H..N and C...H/H...C contacts is illustrated in Fig. 5a. The percentage
contributions from the different interatomic contacts to the Hirshfeld surface are summarised
in Table 4. A pair of short spikes at de + di ~ 2.2 A in the middle and at de + di ~ 2.6 A
flanking these peaks in Fig. 5a indicate the presence of short interatomic H...H contacts
(Table 3) and the intermolecular C—H...N interactions (Table 1), respectively. The features
due to interatomic C...H/H...C and O...H/H...O contacts shown in the overall fingerprint plot
are viewed more clearly from those delineated into C...H/H...C and O...H/H...O contacts [45]
in Figs 4b,c, respectively. The short interatomic C..H/H...C and O...H/H...O contacts
summarized in Table 3 are viewed as the distribution of points in pairs at around de + di <

sum of their van der Waal radii, i.e. 2.72 A and 2.90 A in Figs 4b and c, respectively. The
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small contribution of 2.0% from C...C and C...S/S...C contacts to the Hirshfeld surface are
due to the presence of their respective short interatomic contacts (Table 3). The other
interatomic contacts summarised in Table 4 are separated by relatively long distances and
have a negligible effect upon the packing.

e

di

di

di

(c) A 1o 14 18 22 26
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Fig. 5. (a) The overall two-dimensional fingerprint plot for 1 with labels a, b, ¢ highlighting
H...H, N..H/H...N and C...H/H...C contacts, respectively, (b) fingerprint plot delineated into
C...H/H...C contacts and (c) fingerprint plot delineated into O...H/H...O contacts.

Table 4

Percentage contribution of intermolecular contacts to the Hirshfeld surface of 1.

Contact Percentage contribution
H...H 52.8
C...H/H...C 24.1
O..H/H..O 8.3
S..H/H...S 4.8
N...H/H...N 3.4
C.C 2.0
C..S/s..C 2.0
C...N/N...C 2.0
C..0/0...C 0.5
S..S 0.1

3.3. Experimental and calculated vibrational spectra of 1

The experimental and the calculated frequencies in the infrared spectra of 1 were in
the range of 4000 to 280 cm™ and 4000 to O cm™, respectively. The important infrared
vibrations are summarised in Table 5. In order to minimize theoretical error, simulated
vibrations were scaled by using a scaling factor of 0.9682 [46]. From the infrared spectrum, 1
did not show any medium bands at 3100 cm™ due to v(N-H) vibrations, providing strong
evidence for the presence of the SC(-S)=N band. The stretching vibration modes of S-C-S for
the experimental and calculated spectra were at 978 and 941 cm™ respectively. The

corresponding experimental and calculated vibration frequencies of v(o-OH) appeared at
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3497 and 3207 cmt, while v(m-OH) was observed at 3542 and 3654 cm™, respectively. The
azomethine v(C=N) vibration frequencies for the experimental and calculated spectra were at
1678 and 1641 cm™, respectively. The differences in the vibrational frequencies can be
explained by the fact that the experimental spectrum was obtained in the solid-state, while

DFT calculations were run in the gas-phase.

Table 5
Experimental and DFT calculated vibrational frequencies for 1
Experimental B3LYP/6-311G(d,p)
v(S-C-9) 978 941
v(C=N) 1678 1641
v(0-OH) 3497 3207
v(m-OH) 3542 3645

3.4. NMR spectra of 1

Selected experimental and simulated *H and **C NMR data are tabulated in Table 6.
Experimentally, in the *H NMR spectrum, the absence of a resonance peak for NH (~13.00-
14.00 ppm) was evidence that (1) was formed. This was in good agreement with the IR data
which showed the absence of an v(NH) band at ca 3100 cm™. The upfield signals at 2.41 and
2.46 ppm suggested the presence of sp3-type CHs protons and two clear signals at 4.31 and
4.51 ppm correspond to the CH; protons. The corresponding simulated chemical shifts of the
CHs and CHa protons were calculated at 2.48, 2.54 ppm and 4.22, 4.48 ppm respectively. The
duplication of the proton signals was also indicative of the formation of 1. In the 3C NMR
experimental spectrum, two signals at 19.21 and 19.34 ppm correspond to CH3 of the o-tolyl
groups, and two signals at 34.02 and 35.38 ppm correspond to CHa. The simulated **C NMR
data showed the presence of CHz and CH> at 19.81, 19.94 and 40.86, 45.12, respectively. The
duplication of the signals is again consistent with the formulation of 1. A downfield signal at
167.27 ppm indicated the presence of a quaternary carbon attached the sulphur atoms.
Finally, the absence of a signal at ~190-200 ppm due to the C=S functionality also indicated
that the product was not the expected Schiff base [41,47].
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Table 6

Experimental and calculated *H and **C NMR chemical shifts (ppm) for 1

Experimental

B3LYP/6-311G(d,p)

'H NMR

-CHs 2.41,2.46
-CH2 431, 4.51
-CH 8.29

1BC NMR

S-C-S 167.27
-CHs 19.21, 19.34
-CH2 34.02, 35.38
-C=N 159.94

2.48,2.54
4.22,4.48
8.58

177.64
19.81, 19.94
40.86, 45.12
164.88

3.5. Absorption studies and frontier molecular orbital analysis of 1

The experimental UV-vis spectrum of 1 showed a prominent absorption peak at 328
nm, whereas the theoretical absorption peak was observed at 325 nm. The HOMO and
LUMO of 1 are shown in Fig. 6. The highest oscillator strength corresponded to HOMO-
LUMO electron transfer at 325 nm. Figure 6 showed that the HOMO was predominantly
centrered on the diester and azomethine moieties. Conversely the LUMO was largely
centered on the 2,3-dihydroxyphenyl ring and as well as the diester and azomethine moieties.

Thus, the excitation observed at 325 nm was assigned to be n—n*, where nonbonding

electrons of the azomethine nitrogen at the ground state were excited to the 7* LUMO.

AE=325 nm



(@)

Fig. 6. Frontier molecular orbitals (a) HOMO and (b) LUMO of the optimised 1 using
B3LYP/6-311G(d,p).

4. Conclusions

In this work, the unexpected formation of 3-[(12)-{2-[bis({[(2-methylphenyl)
methyl]sulfanyl})methylidene]hydrazin-1-ylidene}methyl]benzene-1,2-diol 1 from the
reaction between S-2-methylbenzyldithiocarbazate and 2,3-dihydroxybenzaldehyde is
reported. The compound was fully characterised by FTIR, UV/Vis *H-NMR and *C-NMR
spectroscopy and as well as single crystal X-ray diffraction analysis. The DFT approach
using B3LYP/6-311G showed strong correlation with the experimental results: X-ray
crystallography and spectroscopic data. Frontier molecular orbital analysis results showed the
HOMO and LUMO localised on the diester and azomethine moieties, with additional
localisation of the LUMO on the 2,3-dihydroxyphenyl ring, explaining the nature (n—x*) of
the UV transition.
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