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Abstract

The conjugated ene-yne based on covalent organic polymers (COPs) have
been taken great attention in the research field to rectify environmental
issues. Herein we have synthesized a peptide functionalized diacetylene
based compound. The compound which we have synthesized in this project
undergoes self-assemblies to form organogel and also undergoes
topochemical photopolymerization upon UV light irradiation forming a
one-dimensional conjugated ene-yne based nanofibers like covalent organic
polymer (COP) nanostructures, which shows substantial recyclable
photocatalytic activity for the disintegration of dye. Upon UV light
treatment, 89% of the rhodamine b dye disintegration was observed in the
presence of COP as a photocatalyst after 120 minutes. The covalent organic
polymer was found to be highly stable, and there was no significant weight
loss observed after several photocatalytic reactions. The stability of the
photocatalyst was explained from the FT-IR spectrum. These stable and
cheap polymer nanofibers are easy to synthesize and can be reused without
any noticeable loss of activity.
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Chapter 1: Introduction and Reaction Scheme
1.1 Introduction

Water plays an essential role to maintain our daily life and for a healthy society.
Now a day’s water contamination becomes a major factor behalf of the fast
expansion of populations and the reckless evolution of industries. Water
contaminated through numerous sources, among them, the soluble organic dyes
play a vital role in the contamination of water®. Since we are not able to resolve
the environmental issues immediately, but we can reduce the water
contamination by using several approaches, one of them is photocatalytic
disintegration of dye. The increased amount of industrial dye contaminated
water executed important threats on water safety, which can be treated with by
innovative ideas. In the last few decades, research on diacetylene motifs plays
considerable attention. Wegner has reported the first polydiacetylene (PDA)
compound at around 1960s®> because of the colourful feature of these
compounds scientists are very much interested in working on these compounds.
Diacetylene containing compounds due to their versatile utility becomes a
significant research area. The diacetylene containing covalent organic polymers
(COPs) were potentially used in semiconducting fibrous, catalysis, separation
and storage of gas, sensing, optoelectronics, energy storage, and degradation of
harmful dyes®’. Photocatalytic dye degradation helps to reduce water
contamination some extent, and it is indirectly contributing to making a green
environment. Oxide-containing Semiconductors like TiO2, ZnO, Fe203, and
sulfide containing semiconductors like CdS, and ZnS were largely used as good
photocatalysts.®** The photocatalytic activity of these semiconductors can be
enhanced in the visible region by adding some modifier like metal
nanoparticles.!*2* However the modified semiconductor photocatalysts are not
suitable due to their high cost and toxicity. Alternatively, researchers are
looking for cheap and green photocatalyst. Like metal-semiconductor, MOFs
and COPs are also exhibited photocatalytic activity under both in UV and
visible light.?22® There are some Metal-organic frameworks reported which
degrade harmful Rhodamine 6G and methyl orange dye upon visible light

treatment. 1’2427
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The conditions for the photopolymerization of monomeric diacetylenes are the
distance between two diyne axis are 4.9 A, and the angle between the two diyne
axis is 45°. The photopolymerization undergoes through 1,4-addition upon the
treatment of UV light (254 nm). For the polymerization, there was no
requirement of any additional catalyst; therefore, the formation of by-product is
not possible, and it is happening at the room temperature. The COP formed has
a core structure of ene-yne conjugation, and due to the prolonged 7- conjugation
the COP has the intense red colour (Amax = 527 nm) and also shows the excellent

optical and electronic properties.

ene-yne alternated polymer

Figure 1. a) The angle and distance between two diyne axis, b) Schematic representation of
photopolymerization.

To keep in mind, the significance of the degradation of harmful dye by using
the photocatalytic method, peptide-containing diacetylene based compound was
synthesized, and it is converted into the polymeric form (COP) by the treatment
of UV light. The compound after photopolymerization gives a stable
nanofibrous network of peptide-containing conjugated ene-yne based covalent
organic polymer. The activity of the COP as a Photocatalyst was studied by the
photocatalytic disintegration of rhodamine b dye upon the treatment of UV
light. Herein we are reporting a new and different kind of peptide-containing
conjugated ene-yne based covalent organic polymer which shows a significant
amount of photocatalytic activity towards the degradation of organic pollutant

like rhodamine b dye upon the treatment of UV light.
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1.2 Reaction Scheme
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Chapter 2: Experimental sections

2.1 Materials

4-Pentynoic acid, CuCl (copper(l) chloride) and N, N, N, N-tetramethyl
ethylenediamine (TMEDA) were bought from Alfa Aesar India. L-
Phenylalanine,  HOBt  (1-hydroxybenzotriazole), DCC (N, N-
dicyclohexylcarbodiimide), EDC.HCI (1-(3-dimethylaminopropyl)-3-ethyl
carbodiimide hydrochloride) and DMAP (4-dimethylaminopyridine) were
obtained commercially. To carry out the reactions and purification of the
compounds, the solvents were distilled by following the reported literature
procedures. The reactions were monitored by thin-layer chromatography (TLC).
All the intermediates and final compounds were purified and characterized by

using *H NMR (400 MHz) spectroscopy and mass spectrometry.

2.2 General

Mass spectrometry was done on a Bruker MicrOTOF-Q Il by positive mode
electrospray ionization. NMR spectroscopy was carried out on a Bruker AV 400
MHz spectrometer at 298 K. The FT-IR spectra of all the reported compounds
were performed on a Bruker (Tensor-27) FT-IR spectrometer. Raman study was
executed by using a Micro Raman system from Jobin Yvon Horiba LABRAM-
HR visible (400-1100 nm) equipped with an Ar* laser (488 nm, 10 mW)

excitation source and CCD detector.

2.3 Synthesis of Compounds

2.3.1 Synthesis of methyl ester of phenylalanine: Ina 100 mL round
bottom flask 25 mL MeOH was taken and stirred for 15 minutes in cold
condition. Then thionyl chloride (2 equiv) was added via dropping funnel to the
cold solution. Finally, phenylalanine was added to the pre-cooled reaction
mixture, and a guard tube was fitted with the round bottom flask. The reaction
mixture was stirred for 12 hours at room temperature, and the solvent was

evaporated. The crude product was washed with diethyl ether.

2.3.2 Synthesis of compound 4a: 4-pentynoic acid (1 equiv) was taken
in a 100 mL round bottom flask and dissolved in 5 mL of dry DMF. The solution

(4]



was stirred for 10 minutes in cold condition, and then DCC (1.2 equiv) was
added, followed by HOBt (1.2 equiv). Methyl ester protected amino acid was
isolated from its corresponding methyl ester hydrochloride (2.0 eqiv) by
neutralization and subsequently extracted twice with ethyl acetate (2 x 25 mL).
The collected ethyl acetate extracts were dried over anhydrous Na;SO4 and
concentrated to 3 mL. The concentrated solution was then added to the pre-
cooled reaction mixture, and the reaction mixture was stirred for 12 hours. After
completing, the reaction, dicyclohexylurea (DCU) was filtered off. The organic
residue was washed by 1 N HCI (20 mL x 3) followed by Na2CO3z (20 mL x 3)
and brine (20 mL x 3). Then the organic residue was dried over anhydrous
Na>SOs4 and evaporated in vacuum. Finally, the product obtained was purified
by using flash column chromatography (200-400 mesh) using hexane-ethyl
acetate (7:3) as eluent. The product was fully characterized by the spectroscopic
data (*H NMR, 3C NMR, and ESI-MS) (yield 89%, 1.1856 g). *H NMR (400
MHz) data §(ppm) value in CDCls: (1.94, 1H, s), (2.39, 2H, 1), (2.47, 2H, 1),
(3.10, 2H, m), (3.71, 3H, s), (4.89, 1H, s), (6.05, 1H, d), (7.09, 2H), (7.24, 3H).
13C NMR (100 MHz) data 8(ppm) value in CDCls: 171.89, 170.05, 135.72,
129.31, 128.63, 127.20, 76.12, 66.12, 53.18, 52.40, 37.88, 34.86, 15.46.

2.3.3 Synthesis of compound 5a: In a 100 mL round bottom flask 5 mL
of dry acetone was taken and CuCl (copper(l)chloride) (2 equiv) followed by
TMEDA (2 equiv) was added. The reaction mixture was stirred for 30 minutes,
and then the compound 4a (1 equiv) was added. The reaction mixture was kept
for 24 hours at open air condition. After completing the reaction, the solvent
was evaporated in vacuum, and the residue was dissolved in ethyl acetate. Then
the ethyl acetate part was washed with 1 N HCI (30 mL x 1) and concentrated
by rotary evaporation to get the crude product. The crude product was purified
by using silica gel column chromatography (100-200 mesh) using hexane-ethyl
acetate (5:5) as eluent. The product was fully characterized by the spectroscopic
data (*H NMR, *C NMR, and ESI-MS) (yield 39% 0.3491 g). *H NMR (400
MHz) data §(ppm) value in CDCls: (2.34, 4H, t), (2.54, 4H, 1), (3.10, 4H, d),
(3.70, 6H, s), (4.85, 2H, d), (5.97, 2H, d), (7.07, 4H), (7.23, 6H). 13C NMR (100
MHz) data §(ppm) value in CDCls: 171.96, 170.45, 135.76, 129.31, 128.61,
127.18, 82.76, 69.42, 53.15, 52.38, 37.89, 35.17, 14.68.

(5]



2.3.4 Synthesis of compound 6a: In a 100 mL round bottom flask 1 g of
compound 4a was dissolved in 20 mL MeOH, and 2 mL of 1 N NaOH was
added dropwise. The reaction mixture was stirred for 4-5 hours, and the reaction
was monitored by thin layer chromatography (TLC). After completing the
reaction, the solvent was evaporated, and the residue was dissolved in 30 mL
water. The aqueous part of the reaction mixture was washed with diethyl ether
(2 x 10 mL), then cooled in an ice water bath for 10 minutes and the Ph was
adjusted to acidic Ph upon the dropwise addition of 1 N HCI. It was extracted
with ethyl acetate (3 x 40 mL), and then the ethyl acetate layer was dried over
anhydrous Na;SOs and evaporated under vacuum to yield the corresponding
carboxylic acid, which was used for the next step without any further
purification. The compound was characterized by *H NMR, *C NMR, and ESI-
MS data. *H NMR (400 MHz) data §(ppm) value in DMSO-de: (2.29, 4H, 1),
(2.40, 4H, 1), (2.88, 2H, d), (3.06, 2H, d), (4.42, 2H, d), (7.22, 10H), (8.24, 2H,
d), (12.64, 2H, bs). 3C NMR (100 MHz) data S(ppm) value in DMSO-
de:173.41, 170.47, 138.01, 129.58, 128.67, 126.90, 77.77, 65.79, 53.93, 37.31,
33.90, 15.16.

2.3.5 Synthesis of compound 8a: In a 100 mL round bottom flask
compound 6a (1 equiv) was dissolved in 5 mL of dry DMF. The solution was
stirred for 15 minutes in ice-cold condition, and then HOBT (1 equiv) was
added, followed by EDC.HCI (1.1 equiv). After that, 1-heptylamine (1.5 equiv)
was added to the precooled reaction mixture followed by DMAP (4-
dimethylaminopyridine) (0.05 equiv), and the reaction mixture was stirred for
12 hours. After completion of the reaction, the solvent was evaporated, and the
residue was dissolved in chloroform. The organic residue was washed by 1 N
HCI (20 mL x 3) followed by Na,COs3 (20 mL x 3) and brine (20 mL x 3). Then
the organic residue was dried over anhydrous Na>SOs and evaporated in
vacuum. The purification of the crude product was done by using silica gel
column chromatography (100-200 mesh) using chloroform-methanol (9.5:0.5)
as eluent. The product was fully characterized by the spectroscopic data (*H
NMR, C NMR, and ESI-MS) (yield 39% 0.3491 g). *H NMR (400 MHz) data
8(ppm) value in DMSO-ds: (0.86, 6H, t), (1.29, 20H, m), (2.29, 4H, t), (2.35,
4H, 1), (2.75, 2H, d), (2.91, 6H, m), (4.46, 2H, 1), (7.20, 10H, m), (7.88, 2H, 1),
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(8.14, 2H, d). *C NMR (100 MHz) data 8(ppm) value in DMSO-ds: 171.07,
170.18, 138.29, 129.59, 128.47, 126.68, 77.82, 65.74, 54.48, 39.39, 39.38,
33.99, 31.71, 29.41, 28.88, 26.72, 22.53, 15.17, 14.44.

2.4 Topochemical photopolymerization procedure: Topochemical
photopolymerization was performed in both solid as well as in the gel phase. In
the case of the solid phase, 50 mg of powdered sample was taken in a glass slide
and placed in a UV chamber and treated with 254 nm UV light by the use of a
96 W UV lamp. In the case of the gel phase polymerization, in a quartz tube, 2
mL of gel (in toluene) was prepared and treated with 254 nm UV light by the
use of a 96 W UV lamp.

Chapter 3: Results and Discussion/Analysis

3.1 Gelation study of the final compounds: 13.66 mg of the gelator
peptide-containing diacetylene based compound (8a) was taken in a glass vial
and dissolved it in 1 mL of toluene. The mixtures were then sonicated for 30 s
and followed by heating at 105 °C to solubilize the gelator molecules
completely. Then the clean solution was allowed to cool at room temperature.
White, opaque, self-standing organogel (Figure 2) was formed within 5 mins.
The gelation was confirmed by vial-inversion methods. The gelation process
was attributed due to the self-assembly, induced by the =m-m stacking
interactions, intermolecular H-bondings and hydrophobic interactions of the
peptide’s molecules. The gelation process was further checked in several
organic solvents (Table 1), but no gelation was observed.

Figure 2. Organogel of the compound 8a in toluene.

Table 1. Gelation study of the final compound 8a.

(7]



Solvent Observation of compound 8a
(20 mmol)
Toluene Gel
Acetonitrile P
Cyclohexane Sol
Tetrahydrofuran Sol
Chloroform Sol
Dichloromethane Sol
1,4-dioxane Sol

3.2 Rheology study of the gel: Rheological experiment of the gel was
carried out to examine the strength of the gel. The strength of the
supramolecular gel means how much strongly the gel will capture the solvent
molecules inside the three-dimensional network because of that movement of
the solvent molecules will stop. Dynamic frequency sweep and amplitude
sweep experiments of the toluene gel of compound 8a were carried out to know
the storage and loss moduli (G’ and G”). The storage modulus G’ denotes a

solid-like behavior, which indicates the power of the gel to resist the

a) 1000 - b) 1000 .

——G" A

100 _———-‘-—.-—-\_.—As,_._/-_‘//

T T y T
1 10 100 1 10 100
Strain [%)]

G'and G" (Pa)
8

5
G'and G" (Pa)

Angular Frequency (rad/s)

Figure 3. a) Amplitude sweep of toluene gel of compound 8a, b) Dynamic frequency sweep of
toluene gel of compound 8a. Storage modulus G’ is higher than the loss modulus G” which
indicates excellent solid-like behavior of the gel materials.

deformation upon pressure. While the loss modulus G” denotes the liquid-like
character that indicates the intensity of the molecule to flow. The condition for
the formation of the rigid gel is that the value of storage modulus (G’) should be
higher than that of loss modulus (G"). The toluene gel of the compound 8a
shows (Figure 3a and 3b) that the storage modulus (G’) is higher than the loss
modulus (G"). This indicates the formation of a strong supramolecular gel.

(8l



3.3  Polymerization studies: To undergo  topochemical
photopolymerization, the diacetylene units have to arranged in an ordered
manner. The mandatory conditions for the photopolymerization are the angle
between the two diyne axis is 45% and the distance between the two diyne axis
is 4.9 A. Here we have carried out topochemical photopolymerization both in
solid as well as in the gel phase. The peptide containing diacetylene monomers
undergo topochemical photopolymerization through 1,4-addition to form
conjugated ene-yne polymer by the treatment of ultraviolet light. After
polymerization the white color of the monomer changes to red (Figure 4a). In
the case of gel state polymerization, the gel state remains intact after ultraviolet
light irradiation (Figure 4b). To confirm the topochemical photopolymerization

UV visible spectroscopy and Raman spectroscopy was carried out.

a)
UV light (254 nm)

15 min

b)

UV light (254 nm)

15 min

UV light (254 nm)

15 min

Figure 4. a) solid state photopolymerization, b) Gel phase (in toluene) photopolymerization,
¢) Schematic mechanism of photopolymerization.

3.4 UV visible spectroscopic studies: UV-Vis absorption spectra of
compound 8a was recorded using a Varian Caryl00 Bio UV-Vis
spectrophotometer. All the samples were diluted to 2 mM as concentration, and
UV-Vis spectra were recorded. Before UV irradiation, there was no peak in the

visible region, but after UV irradiation, two new peaks generated at the visible

(9l



region (Figure 5). The new peak at 527 nm and 489 nm appeared due to the

formation of the covalent organic polymer.

1.00

—Eefore UV irradiation
s B, (e U irra diation

0.754

0.50 1

0.254

Absaorbance

F,\\_

350 400 450 500 550 600
Wavelength {nm)

0.00 4

Figure 5. UV-visible spectrum of the compound before and after UV irradiation.

3.5 Raman spectroscopic studies: Raman spectroscopy of the
compounds were carried out by using a Jobin Yvon Horiba LABRAM-HR
Raman spectrometer. A small amount of powdered sample was taken on a piece
of a glass slide, and the spectra were recorded by using a He-Ne laser source
having an excitation wavelength of 633 nm and with an acquisition time of 10
seconds using a 10x objective. The compound 8a prior to the UV irradiation
exhibited a peak at 2263 cm™ which corresponds to the characteristic stretching
frequency of 1,3-butadyne. After UV irradiation, we observed the peak at 2263
cm* diminished, and a new peak at 2102 cm™ appeared (Figure 6). The sharp
peak at 2102 cm™ was due to the presence of a C=C bond in the conjugated
polymer. From literature, we can say that the peaks between 1400 and 1600 cm"
! were due to the stretching vibration of en-yne. The peak at 1490 cm™ was also
observed, which is due to the presence of C=C in en-yne conjugated covalent

organic polymer.

[10]



before UV iradiation
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Raman s hifticm™
Figure 6. Raman spectrum of the compound before UV irradiation and after UV irradiation.

3.6 Powder X-ray diffraction studies: Powder X-ray diffraction studies
were carried out by putting the samples on the glass plate. Experiments were
recorded using Rigaku Smart Lab X-ray diffractometer with a wavelength of
1.5406 A. To know the structural information, compound 8a was characterized
by powder X-ray diffraction (PXRD) technique. PXRD spectra of both before
UV irradiation and after UV irradiation shows strong diffraction lines around
20 = 20° (Figure 7). There are no significant changes in PXRD spectra of
compound 8a before UV irradiation and after UV irradiation. The diffraction
peak at 20 =20.12° (d = 4.4A) at 20 = 21.33° (d = 4.16A) were the characteristic
distance between hydrogen-bonded two molecules. The specific n-n stacking
interactions between the aromatic motifs played a significant role during the
self-assembly, which was revealed from the diffraction peak at 20 = 28.74°

corresponding to the d spacing value 3.10A.

[11]
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Figure 7. Wide angle powder X-ray diffraction spectrum of the compound 8a before and after
UV light irradiation.

3.7 Morphological studies: We examined the morphologies of the toluene
gels of compound 8a before and after UV irradiation by SEM (Scanning
Electron Microscopy) images. SEM images of xerogel of compound 8a showed
like cross-linked fibrous network before (Figure 8a) and after UV irradiation
(Figure 8b). No significant morphological change was observed after the

photopolymerization.

Figure 8. SEM images of the compound a) before UV irradiation, b) after UV irradiation.

For the morphological studies, Atomic Force Microscopy (AFM) was also
performed of the gels of compound 8a before and after UV irradiation. AFM

images also show the fibrous network before (Figure 9a) and after (figure 9b)

[12]



a)

UV irradiation. Both before UV irradiation and after UV irradiation shows

similar kind of morphology.

Figure 9 AFM images of the compound a) Before UV irradiation b) After UV irradiation.

3.8 Cyclic voltammetry (CV) studies: The electrochemical
measurement was performed in a single cell of three electrodes. The working
electrode was prepared by drop-casting the solution (1 mg/mL in
tetrahydrofuran) of polymer sample on glassy carbon (GC) electrode, a Pt wire
was used as a counter electrode, and the reference electrode was Ag/AgCl. The
working electrode was dipped into the electrochemical cell, which contains 0.1
M tetrabutylammonium hexafluorophosphate (TBAPFs) solution in
acetonitrile. The cyclic voltammetry experiment of the compound was
performed from the range of —3.0 V to +3.0 V. The CV measurement shows
that the oxidation and reduction processes of the covalent organic polymers are
irreversible. From the cyclic voltammogram of covalent organic polymer it was
observed that the oxidation peak at +1.7 V and the reduction peak at -0.9 V
(Figure 10) and the calculated band gap of the polymer was 2.78 eV. For the

calculation of band gap, we have used the following formulas,
Enomo = _[Eg;l.set +4.8 - Eferrocene] eV

Erumo = [E}c?)gglet + 4.8 — Eferrocene] eV

Epana gap — [ELumo — Enomo] €V

[13]
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Figure 10. Cyclic voltammogram of PDA-COPO.

3.9 Dye degradation studies: The electronic properties of the covalent
organic polymer were investigated to explain the source of the photocatalytic
activity in the presence of UV light. Cyclic voltammetry (CV) experiments were
performed to determine the band gap of the covalent organic polymer, and it
reveals that the band gap was 2.6 eV. This experimental data supports the
activity of the covalent organic polymer as a photocatalyst in the presence of
ultraviolet light. Photons carrying energy equal to or higher than that of the band
gap (2.6 eV) are capable of generating electrons and holes by the excitation of
electrons (e”) from the valence band (VB) to the conduction band (CB) and
keeping the holes (h*) at the valence band (Figure 12). The excited electron
reacts with atmospheric O> and generates highly reactive superoxide radical.
The excited holes react with the water molecule and produce O». The superoxide
radical plays the main role in the degradation of the organic pollutant to the eco-
friendly molecules. Photocatalytic degradation of dye was carried out in the
presence of argon gas to examine the role of oxygen. The efficiency of the
covalent organic polymer for the disintegration of rhodamine-b dye was reduced
to some extent. These experimental results signify the role of superoxide radical
(02 7) in the disintegration of dyes. It is observed that the covalent organic
polymer which we have synthesized in this project shows photocatalytic activity
for the disintegration of rhodamine-b dye in the presence of UV light (Figure

11a). The percentage of rhodamine-b dye disintegrates in the presence of the

[14]



UV light with the help of covalent organic polymer as a photocatalyst was
calculated by using the below-given equation, where Aq is the absorbance of the

dye at the initial stage, and Ay is the absorbance of the dye at a time “t.”
% degradation = (Ao — A)/Ao

By using this equation, it is observed that after the120 minutes irradiation of
UV light Photocatalyst (COP) was able to degrade 87% of the rhodamine-b dye.
The covalent organic polymer was found to be highly stable, and there was no
significant weight loss observed after several photocatalytic reactions. The
stability of the photocatalyst was explained by the given FT-IR spectrum, which

shows no significant change prior and later to the photocatalysis (Figure 11b).
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Figure 11. a) Photocatalytic degradation of rhodamine b dye in the presence of PDA-COP under
UV light, b) FT-IR spectrum of the compound before and after catalysis.
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Figure 12. A probable mechanism for dye degradation in the presence of COP as a
photocatalyst.
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Chapter 4: Conclusion

We have synthesized and characterized a peptide-containing diacetylene based
compound. Further, we have studied the topochemical photopolymerization of
this compound and also the gelation test. The compound showing gelation
properties in the toluene solvent and it undergoes photopolymerization readily
under UV light exposure to form conjugated ene-yne based covalent organic
polymer (COP). The covalent organic polymer exhibits photocatalytic activity
and degrades rhodamine b upon the treatment of UV light.

[16]



APPENDIX-A

'H NMR, BC NMR and Mass Spectrometry of the compounds
Figure 13:*H NMR (400 MHz, CDCls) spectrum of compound 4a:
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Figure 14:13C NMR (100 MHz, CDCls) spectrum of compound 4a:
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Figure 15:'H NMR (400 MHz, CDCls) spectrum of compound 5a:
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Figure 16:*C NMR (100 MHz, CDCls) spectrum of compound 5a:
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Figure 17:*H NMR (400 MHz, DMSO-dg) spectrum of compound 6a:
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Figure 18:13C NMR (100 MHz, DMSO-ds) spectrum of compound 6a:
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Figure 19:'H NMR (400 MHz, DMSO-dg) spectrum of compound 8a:
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Figure 20:3C NMR (100 MHz, DMSO-ds) spectrum of compound 8a:
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Figure 21: ESI-MS spectrum of compound 4a:
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Figure 22: ESI-MS spectrum of compound 5a:
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Figure 23: ESI-MS spectrum of compound 6a:
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Figure 24: ESI-MS spectrum of compound 8a:
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