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Novel NHC-mediated synthesis of pyrrolo[2,1-a]lisoquinolines and
their photophysical investigations.

Jagadeesh Krishnan, ! P! Balaraman Vedhanarayanan,® ' B.S. Sasidhar, @ ! Sunil Varughese,

and Vijay Nair®*

Dedicated to Professor R. H. Sahasrabudhey in commemoration of his birth centenary

Abstract: An NHC-mediated synthesis of pyrrolo[2,1-a]isoquinoline
and indolizine derivatives with potential biological activity is reported.
The preliminary photophysical studies of these compounds reveal
that they have potential application in the sensing of Volatile Organic
Compounds (VOCs).

Pyrrolo[2,1-a]isoquinoline  derivatives  constitute  an
important class of heterocyclic compounds, primarily due to the
remarkable biological properties of the lamellarine group of
alkaloids that are endowed with this framework." Inter alia, they
have been reported to inhibit topoisomerase,> HIV and
integrase.® Some other members of the group have been shown
to possess antiimflammatory,* cardiovascular® and
antidepressant® properties. Some selected biologically relevant
pyrroloisoquinoline related compounds are shown in Figure 1. In
addition to biological activities, these T-conjugated molecules
possess excellent photophysical properties which can play
potential role in various applications such as optoelectronics,
sensing, etc.” Not surprisingly, there has been enormous interest
in the synthesis of pyrrolo[2,1-a)isoquinoline derivatives.®
Although a number of protocols have been developed for their
synthesis, most of the endeavours relied on Huisgen [3+2]
dipolar cycloaddition reactions.® A special mention may be made
of the visible light mediated strategies employed by Xia,'*
Glorius,*® Itoh™ and Yang."™

In the context of the recent discovery of NHC-mediated
annulation of enals to a variety of electrophiles resulting in the
synthesis of a wide range of carbo and heterocyclic compounds
in several laboratories, including our own,™ it was of interest to
explore such a strategy for the construction of pyrrolo-[2,1-
alisoquinolines. The successful culmination of our efforts in this
direction constitutes the subject matter of this communication.

In a prototype experiment, DBU (50 mol%) was added to a
suspension of 4-methoxycinnamaldehyde 1a (0.225 mmol), 2-(2-
ethoxy-2-oxoethyl)isoquinolin-2-ium bromide 2a (0.15 mmol),
and IMes.HCI 3a (15 mol%) in DCM and this mixture was stirred
for 24h at room temperature. The reaction mixture upon column
chromatography  afforded the  product, ethyl 2-(4-
methoxyphenyl)pyrrolo[2,1-aJisoquinoline-3-carboxylate 4a, as a
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white crystalline solid in 19% yield (Scheme 1).
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Figure 1. Biologically active pyrroloisoquinoline related compounds.
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Scheme 1. NHC-mediated synthesis of pyrrolo[2,1-a]isoquinoline.

The structure 4a was established by single crystal X-ray
data (Figure 2) and all spectra features are consistent with it.

Figure 2. ORTEP diagram of 4a.

In view of the pleasant result, detailed optimization studies
were undertaken. For this, commonly available NHC precursors
3a-f were used for screening (Table 1). Among the six catalysts
investigated, benzimidazolium catalyst 3c exhibited high
catalytic activity (Table 1, entry 3). After identifying NHC
precursor 3c as the optimal catalyst, the influence of solvent was
studied. Among the solvents tested, THF furnished the desired
product in good yield (Table 1, entry 7, 77%). Other solvents
such as CHsCN, chloroform, toluene and DME afforded the
product in moderate yields (Table 1, entries 8, 9, 10 and 11).
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Subsequently, we examined the effect of bases on the reaction.
Among the five bases tested, DBU furnished the desired product
in good yield. Finally it was found that raising the temperature of
the reaction resulted in a lower yield of product (table 1, entry
16). Based on the above results, it was clear that the formation
of pyrroloisoquinoline carboxylate in higher yield was facilitated
by the combination of benzimidazolium precatalyst 3c and DBU
in THF as the solvent at room temperature (entry 7).

Table 1. Condition Optimization®

/@/\VCHO

COOEt
3catalyst(15mol %) [F N7\ O OMe

COOEt base, solvem Ltemp,
e
& Ph
©E> o5 @

ENC?' Nf>j'

3a Mes  3b Mes
Entry Catalyst base, solvent,temp., time (h) Yield (%)“’]
1 3a DBU, DCM, rt, 24 19
2 3b DBU, DCM, rt, 24 26
3 3c DBU, DCM, rt, 24 55
4 3d DBU, DCM, rt, 24 11
5 3a DBU, DCM, rt, 24 21
6 3a DBU, DCM, rt, 24 30
7 3a DBU, THF, rt, 12 77
8 3a DBU, CH3CN, rt, 24 52
9 3a DBU, CHCls, rt, 24 38
10 3a DBU, Toluene, rt, 24 45
11 3a DBU, DME, rt, 24 31
12 3a KO'Bu, THF, rt, 24 13
13 3a KoCOgs, THF, 1t, 24 23
14 3a DMAP, THF, rt, 24 24
15 3a NEts, THF, rt, 12 71
16 3b DBU, THF, 65 °C, 12 35

[a] Reaction conditions: 1a (0.225 mmaol), 2a (0.15 mmol), carbene precursor
(15mol %), base (50mol%) in 2 mL of solvent. [b] isolated yield.

Subsequent studies were focused on the scope of the
reaction. As shown in Table 2, the reaction works well for a
range of enals having electron-withdrawing or electron donating
substituents on the 4th position of B-aryl ring. The reaction
proceeds smoothly for 5-bromo-2-(2-ethoxy-2-
oxoethyl)isoquinolin-2-ium bromide (4i-4k). In all the cases
products were obtained in moderate to good yields.

The scope of the reaction was further explored by
employing pyridine moiety instead of isoquinoline (Table 3). It
was found that the method was successful in the synthesis of
various substituted phenylindolizine carboxylates in good yields
(6a-6e).

A plausible mechanism for the reaction may be advanced
as follows (Scheme 2). Initially the homoenolate | generated by

10.1002/asia.201601683

WILEY-VCH

the reaction of enal with NHC undergoes aerial oxidation to form
the acyl azolium intermediate 11.'? The latter on Michael type
reaction with isoquinolinium ylide delivers the
tetrahydropyrroloisoquinoline  derivative  1ll.  Subsequent
nucleophilic addition to the carbonyl group of Il followed by the
ejection of NHC leads to the carbonyl derivative of
tetrahydropyrroloisoquinoline  IV.  Conceivably on  two
consecutive aerial oxidations® ** of the latter afforded the
desired pyrolloisoquinoline derivative VII.

Table 2. NHC-mediated synthesis of pyrro|0[2,1—a]isoquino|ines.[a]‘ o

T > ¥
N
N 7 3 =

R1/\/CHO L rCOORZ iEt !
XNV sl w COOR?
1 2 THF, rt, 12h 4
Br R
X
X
N - N cote
N 2
CO,Et CO,Et \
WS WSS
R1 1 R1
R

R1=4-MeO-Ph, 4a, 77% R1 = 4-MeO-Ph, 4i, 80% R1=4-MeO-Ph, 4l, 82%
2-MeO-Ph, 4b, 71% furyl, 4j, 68% 2-MeO-Ph, 4m, 71
thienyl, 4c, 83% thienyl, 4k, 69% furyl, 4n, 68%
4-F-Ph, 4d, 90% 4-F-Ph, 40, 87%
furyl, 4e, 66% thienyl, 4p, 82%
4-Me-Ph, 4f, 71% 4-NO,-Ph, 4q, 55%
Naphthyl, 49, 71% 4—CI—I§h . 71%
Me, 4h, 71% T

1@ Reactions were carried out with 1 (0.225 mmol), 2 (0.15 mmol), 3c (15
mol%), DBU (50 mol%) in 2 mL of THF (stirred for 12h at rt). Misolated yield.

Table 3. NHC mediated synthesis of indolizines. '[!

Et
®
N\> o
N COOEt
/\COOEt 3c .
. CHO, Q BOF R AN
Y TEE NP

THF, rt, 12h 6

R'= 4-MeO-Ph, 6a, 75% R'= Furyl, 6c, 65%
4-F-Ph, 6b, 66% 4-CI-Ph, 6d, 74%

R' = 2-MeO-Ph, 6e,

[a] Reactions were carried out with 1 (0.225 mmol), 5 (0.15 mmol), 3c (15
mol%), DBU (50 mol%) in 2 mL of THF (stirred for 12h at rt). [b] isolated yield.

As already stated, pyrrolo[2,1-a]isoquinoline based
compounds are well known for their biological properties such as
cytotoxicity, cell differentiation inhibition, etc. However, only
limited attempts have been made to understand the
photophysical properties of these compounds. In view of this, we
have carried out preliminary photophysical investigation, of the
series of pyrrolo[2,1-alisoquinoline derivatives accessed by
synthesis.

The absorption spectrum of 41 showed three peaks at 279
(Amax), 350 and 369 nm in CHCI; solution at concentration of 1 x
10“% M. The emission spectrum of 4l exhibited two emission
peaks at 379 and 395 nm with a shoulder band around 416 nm.
The life time measurement of 4l solution in CHCI; provided a

For internal use, please do not delete. Submitted_Manuscript

This article is protected by copyright. All rights reserved.



Chemistry - An Asian Journal

value of 2.16 ns. The fluorescence quantum yield of 4l
measured as 68%.
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Scheme 2. Mechanism of the reaction.

To shed some light on the mechanism of the reaction, we
carried out an experiment with 2-bromoenal 7 and 2-(2-ethoxy-2-
oxoethyl)isoquinolin-2-ium  bromide 2a in presence of
benzimidazolium catalyst 3c and DBU in THF (Scheme 3.). This
reaction afforded the product as ethyl 2-phenylpyrrolo[2,1-
alisoquinoline-3-carboxylate in  21% vyield. This experiment
provides support for the intermediacy of a, B-unsaturated acyl
azolium invoked in Scheme 2.
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[a] Reaction was carried out with 7 (0.225 mmol), 2a (0.15 mmol), 3c (15
mol%), DBU (50 mol%) in 2 mL of THF (stirred for 24h at rt). [b] isolated yield.

Scheme 3. Reaction of isoquinolium salt with 2-bromo enal. el o]
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Interestingly, it was observed that the colorless CHCls
solution of 4l changed to bright green while adding 1 equivalent
(eq.) of trifluoroacetic acid (TFA) (Figure 3a). This change was
reversible with the addition of 1 eq. of triethylamine (TEA). After
addition of TFA, all the three absorption peaks (279, 350 and
369 nm) of 4l decreased and became broad in nature. At the
same time, a new absorption band appeared around 430 nm.
Similarly, the emission bands (379, 395, and 416 nm ) were
vanished and a new emission band was appeared around 520
nm (Figure 3b). We also observed the visual emission color
change from a mixture of violet and blue to green. To study the
periodic changes of the absorption and emission spectra in the
presence of TFA and TEA, a titration experiment was carried out
with various equivalents of TFA and TEA (Figure 4). Each
addition of TFA (0.1 eq. of TFA) resulted in the periodic
decrease in the absorption peaks at 279, 350 and 369 nm and
periodic increase in the absorption peak at 430 nm. Even 0.3-0.5
equivalents of TFA were good enough to give considerable
changes in the absorption and fluorescence spectra (Figure 4).
The recovery of the absorption peak at 279, 350 and 369 nm
was observed while adding CHCI; solution of TEA. The changes
of emission spectra while adding TFA and TEA were indicated in
the Figure 4b. It clearly show that the periodic decrease in the
emission peaks at 379, 395, and 416 nm and increase of the
same at 520 nm upon addition of TFA and vice versa upon
addition of TEA.

All other derivatives showed similar changes in the
absorption and emission spectra with the addition of TFA and
TEA (see supporting information). These changes in the
photophysical properties could be attributed to the nitrogen atom
in the poly heterocyclic ring being protonated and deprotonated
upon addition of TFA and TEA respectively. In order to study the
ability of these compounds to act as acid sensors in film state,
we drop casted the CHCI3 solution of 4l in a quartz substrate
and the resultant film was exposed to saturated vapours of
various  volatile

acids
(trifluoroacetic
acid, formic acid,
acetic acid,
propionic acid
and butric acid.
The changes in
the emission
intensities at 395
and 520 nm after

[pv]
Fl. Intensity (a.u.)

500 350

450

300 350 400
Wavelength (nm)

250

Figure 3. Absorption (a) and emission (b) spectra of 41 with the addition
of 1 eq. of trifluoroacetic acid (TFA) and 1 eq. of triethyl amine (TEA) in
CHCI3. Insets of Figure 3a and b show color changes after addition of
TFA and TEA under ambient and UV light respectively.

The absorption spectrum of 4l showed three peaks at 279
(Amax), 350 and 369 nm in CHCI; solution at concentration of 1 x
10* M. The emission spectrum of 4| exhibited two emission
peaks at 379 and 395 nm with a shoulder band around 416 nm.
The life time measurement of 4l solution in CHCI; provided a
value of 2.16 ns. The fluorescence quantum vyield of 4l
measured as 68%.

: ; . : y exposure (30
400 450 500 550 600
sec were
Wavelength (nm) )
measured and

compared (Figure 5). Among these acids, TFA showed better
sensing ability because of its higher vapour pressure and higher
acidity compared to other acids. This film could be reused
several times after exposing to air for 3 to 5 minutes. For
practical application, the same film can be prepared on filter
paper strip by drop casting the chloroform solution and used to
detect volatile acids (Figure 5b). Thus, the preliminary
photophysical studies reveal that these compounds have
potential application in the sensing of VOCs (Volatile Organic
Compounds) such as acetic acid, substituted propionic acid, etc,
which are biomarkers present in the exhaled breath of cancer
patients.™ *® A detailed investigation regarding sensing ability of
these fluorescent compounds are in progress.
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Figure 4. (a) Absorption and (b) emission spectra of 4l with the addition of
various (0.1 — 1) equivalents of trifluoroacetic acid and triethyl amine in CHCls.
Insets of Figure 4a and b show color changes of 4l upon addition of TFA and
TEA, under ambient and UV light respectively.
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Figure 5. a) 3D plot of emission changes of 4l film drop casted in quartz after
exposing to various volatile acids; b) Photograph shows visual emission
change of 4l coated on filter paper strip after exposing to saturated vapours of
TFA for 30 seconds.
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In conclusion, we have developed a facile synthesis of
pyrrolo[2,1-a]isoquinolines and indolizines with potential
biological activities. The simple and mild reaction conditions and
the good yields of products are likely to make the reaction
attractive for its application in the synthesis of a variety of natural
and unnatural pyrrolo[2,1-alisoquinolines and indolizines. The
preliminary photophysical studies reveal that these compounds
have potential application in the sensing of VOCs which are
biomarkers present in the exhaled breath of cancer patients.

Acknowledgements

We thank the Science & Engineering Research Board
(SERB), New Delhi, for the project SB/S1/0C-22/2014. We also
thank the Council of Scientific and Industrial Research (CSIR)
and the University Grants Commission (UGC) New Delhi, for
financial assistance. We thank Dr. Rajeev S. Menon for valuable
suggestions.

Keywords: N-heterocyclic carbenes ¢ indolizines pyrrolo[2,1-
aJisoquinolines * Organocatalysis ¢ acyl azolium

[1] (a) C. Bailly, Curr. Med. Chem. Anti-Cancer Agents 2004, 4, 363-378.
(b) S. T. Handy, Y. Zhang, Org. Prep. Proced. Int. 2005, 37, 411-445.

(c) H. Fan, J. Peng, M. T. Hamann, J. F. Hu, Chem. Rev. 2008, 108,

[ENTRY

[9]

[10]

[11]

10.1002/asia.201601683

WILEY-VCH

264-287. (d) D. Pla, F. Albericio, M. Alvarez, Anti-Cancer Agents Med.
Chem. 2008, 8, 746-760. (¢) S. M. Reddy, M. Srinivasulu, N.
Satyanarayana, A. K. Kondapi, Y. Venkateswarlu, Tetrahedron, 2005,
61, 9242-9247. (f) A. R. Quesada, M. D. G. Gravalos, J. L. F. Puentes,
Br. J. Cancer, 1996, 74, 677-682. (g) T. Ohta, T. Fukuda, F. Ishibashi,
M. lwao, J. Org. Chem. 2009, 74, 8143-8153.

E. Marco, W. Laine, C. Tardy, A. Lansiaux, M. Iwao, F. Ishibashi, C

Bailly, F. Gago, J. Med. Chem. 2005, 48, 3796-3807.

(a) M. V. R. Reddy, M. R. Rao, D. Rhodes, M. S. T. Hansen, K. Rubins,
F. D. Bushman, Y. Venkateswarlu, D. J. Faulkner, J. Med. Chem. 1999,
42, 1901-1907. (b) A. Aubry, X-S. Pan, L. M. Fisher, V. Jarlier, E.
Cambau, Antimicrob. Agents Chemather. 2004, 48, 1281-1288.

C. J. Cavallito, A. P. Gray, Fr. Pat. 2135297, 1973; Chem. Abstr, 1973,
79, 96989.

B. E. Maryanoff, D. F. MeComsey, J. F. Gardocki, R. P. Shank, M. J.
Constanzo, S. O. Nortey, C. R. Schneider, P. E. Setler, J. Med. Chem,
1987, 30, 1433-1454.

B. E. Maryanoff, J. L. Vaught, R. P. Shank, D. F. McComsey, M. J.
Costanzo, S. O. Nortey, Journal of Medicinal Chemistry, 1990, 33,
2793-2797.

(a) Y. Jiang, W. Kong, Y. Shen, B. Wang, Tetrahedron 2015, 71, 5584-
5588. (b) S. E. Kiruthika, A. Nandakumar, P. T. Perumal, Org. Lett.
2014, 16, 4424-4427.

(a) Y. Han, H. Hou, Q. Fu, C. Yan, Tetrahedron, 2011, 67, 2313-2322.
(b) C. Yu, Y. Zhang, S. Zhang, H. Lic, W. Wang, Chem. Commun, 2011
47, 1036-1038. (c) H. Huang, Y. Li, Q. Ye, W. Yu, L. Han, J. Jia, J. Gao
J. Org. Chem. 2014, 79, 1084-1092. (d) Y. Liu, Y. Zhang, Y. Shen, H.
Hua, J. Xu, Org. Biomol. Chem. 2010, 8, 2449-2456. (e) N. Fernandez,
L. Carrillo, J. L. Vicario, D. Badia, E. Reyes, Chem. Commun., 2011, 47
12313-12315. (f) D. S. Allgauer, P. Mayer, H. Mayr, J. Am. Chem. Soc.
2013, 135, 15216-15224. (g) J. L. G. Ruano, A. Fraile, M. R. Martin, G.
Gonzalez, C. Fajardo, A. M. Martin-Castro, J. Org. Chem, 2011, 76,
3296-3305. (h) T. Xu, G. Liu, Org. Lett. 2012, 14, 5416-5419. (i) L.
Xiang, Y. Yang, X. Zhou, X. Liu, X. Li, X. Kang, R. Yan, G. Huang, J.
Org. Chem, 2014, 79, 10641-10647. (j) J. Brioche, C. Meyer, J. Cossy,
Org. Lett, 2015, 17, 2800-2803. (k) S. Muthusaravanan, S. Perumal, P.
Yogeeswari, D. Sriram, Tetrahedron Letters, 2010, 51, 6439-6443. (|)
Y.Shang, L. Wang, X. He, M. Zhang, RSC Adv, 2012, 2, 7681-7688.
(m) D. S. Allgauer, H. Mayr, Eur. J. Org. Chem. 2013, 6379-6388. (m)
D.Bakshi, A. Singh, Asian J. Org. Chem, 2016, 5, 70-73. (n) Z. Yang, N

Lu, Z. Wei, J. Cao, D. Liang, H. Duan, Y. Lin, J. Org. Chem. 2016, 81,
11950-11955. (0) Y. Yue, Y. Sun, S. Zhao, X. Yan, R. Li, Y. Shi, K

Zhuo, J. Liu, Chem. Asian J. 2016, 11, 3339 — 3344.

(a) I. Yavari, M. Piltan, L. Moradi, Tetrahedron, 2009, 65, 2067-2071. (b)
I. Yavari, A. Mokhtarporyani-Sanandaj, L. Moradi, Tetrahedron Lett,
2007, 48, 6709-6712. (c) I. Yavari, Z. Hossaini, M. Sabbaghan,
Tetrahedron Lett, 2006, 47, 6037-6040. (d) S. Su, A. J. Porco, Jr., J.
Am. Chem. Soc, 2007, 129, 7744-7745. (e) Y. Yu, Y. Liu, A. Liu, H. Xie,
H. Li, W. Wang, Org. Biomol. Chem, 2016,14, 7455-7458. (f) S.
Nekkanti, N. Praveen Kumar, P. Sharma, A. Kamal, F. M. Nachtigall, O.
Forero-Doria, L. S. Santos, N. Shankaraiah, RSC Adv, 2016, 6, 2671-
2677.

(@) Y. Zou, L. Lu, L. Fu, N. Chang, J. Rong, J. Chen, W-J. Xiao, Angew.
Chem. Int. Ed. 2011, 50, 7171-7175. (b) B. Sahoo, M. N. Hopkinson, F.
Glorius, Angew. Chem. Int. Ed. 2015, 54, 1-6. (c) A. Fujiya, M. Tanaka,
E. Yamaguchi, N. Tada, A. ltoh, J. Org. Chem. 2016, 81, 7262-7270.
(d) K. B. Manjappa, J. Syu, D. Yang, Org. Lett. 2016, 18, 332-335.

(a) M. Christmann, Angew. Chem. Int. Ed. 2005, 44, 2632-2634. (b) K.
Zeitler, Angew. Chem. Int. Ed. 2005, 44, 7506-7510. (c) N. Marion, S.
Diez-Gonzélez, S. Nolan, Angew. Chem. Int. Ed. 2007, 46, 2988-3000.
(d) D. T. Cohen, K. A. Scheidt, Chem. Sci. 2012, 3, 53-57. (e) X.
Bugaut, F. Glorius, Chem. Soc. Rev. 2012, 41, 3511-3522. (f) A.
Grossmann, D. Enders, Angew. Chem. Int. Ed. 2012, 51, 314-325. (g) J.
Douglas, G. Churchill, A. Smith, Synthesis. 2012, 44, 2295-2309. (h) J.
Izquierdo, G. E. Hutson, D. T. Cohen, K. A. Scheidt, Angew. Chem. Int.
Ed. 2012, 51, 11686-11698. (i) S. J. Ryan, L. Candish, D. W. Lupton,
Chem. Soc. Rev. 2013, 42, 4906-4917. (j) S. De Sarkar, A. Biswas, R.
C. Samanta, A. Studer, Chem. Eur. J. 2013, 19, 4664-4678. (k) J.
Mahatthananchai, J. W. Bode, Acc. Chem. Res. 2014, 47, 696-707. (1)
M. N. Hopkinson, C. Richter, M. Schedler, F. Glorius, Nature. 2014, 510,
485-496. (m) R. S. Menon, A. T. Biju, V. Nair, Chem. Soc. Rev. 2015,

For internal use, please do not delete. Submitted_Manuscript

This article is protected by copyright. All rights reserved.



Chemistry - An Asian Journal 10.1002/asia.201601683

WILEY-VCH

44, 5040-5052. (n) D. M. Flanigan, F. Romanov-Michailidis, N. A. White,
T. Rovis, Chem. Rev. 2015, 115, 9307-9387.

[12] (a) J. H. Park, S. V. Bhilare, S. W. Youn, Org. Lett, 2011, 13, 2228-2231.
(b) D. Xie, D. Shen, Q. Chen, J. Zhou, X. Zeng, G. Zhong, J. Org.
Chem. 2016, 81, 6136-6141

[13] S. Zhu, C. Qin, Y- L. Wang, Q. Chu, J. Fluorine Chem. 1999, 99, 183-
187.

[14] (a) C. Yao, D. Wang, J. Lu, T. Li, W. Jiao, C. Yu, Chem.Eur. J. 2012, 18,
1914-1917. (b) B. Zhang, P. Feng, Y. Cui, N.Jiao, Chem. Commun.
2012, 48, 7280-7282. (c) S. R. Yetra, A. Bhunia, A. Patra, M. V. Mane,
K. Vanka, A. T. Biju, Adv. Synth. Catal. 2013, 355, 1089-1097.

[15] A. W. Boots, J. J. B.N.van Berkel, J. W. Dallinga, A. Smolinska, E. F.
Wouters, F. J. van Schooten, J. Breath Res., 2012, 6, 027108.

[16] Y. Y. Broza, H. Haick, Nanomedicine, 2013, 8, 785-806.

For internal use, please do not delete. Submitted_Manuscript

This article is protected by copyright. All rights reserved.



Chemistry - An Asian Journal

COMMUNICATION

vCOOEt

DBU
THF, rt, 12h

Fllter
Paper Strip

Vapours of
Volatile Acids

Fluorescence Under UV Light

For internal use, please do not delete. Submitted_Manuscript

This article is protected by copyright. All rights reserved.

10.1002/asia.201601683

WILEY-VCH

Author(s), Corresponding
Author(s)*

Page No. — Page No.
Title



