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ABSTRACT 
 

In this paper 28 amphibian species are reported from Chandgad taluka in Kolhapur district of Southern                     
Maharashtra in Northern Western Ghats. This contributes 6.26 % of amphibians reported from Indian                  
Subcontinent and 52.83 % of amphibians recorded from Maharashtra. The documented amphibians representing 
07 families and 16 genera. Among the amphibians recorded 03 species belongs to near threatened and 01 species 
belongs to each of endangered, vulnerable and critical category of IUCN.   
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INTRODUCTION 
 

The Indian subcontinent represents 447 amphibians of 
which 406 are anurans, two species are of Salamanders 
and 39 species of caecilians (Dinesh et al., 2020). 
Among these 239 are found in the Western Ghats 
(Dinesh et al., 2017a). Recent studies (Biju & Bossuyt, 
2005ab, 2006; Gururaja et al., 2007; Giri et al., 2003; 
Gower et al., 2008; Howlader et al., 2015; Biju et al., 
2011, 2014; Zachariah et al., 2011ab; Garga et al., 
2018; Dinesh et al., 2017b) show that, there are still 
several new species waiting to be discovered. Kulkarni 
et al., (2013) documented 36 amphibians from our 
neighboring state Goa. Whereas, Maharashtra state har-
bours 53 amphibians (Padhye & Ghate, 2012) contrib-
uting 11.86 % of amphibians found in India. Recently, 
22 amphibians documented from Rahdhanagari Wild-
life Sanctuary Kolhapur (Yadav & Yanckanchi, 2014) 
and 14 amphibians recorded from Shivaji University 
Campus Kolhapur (Yadav et al., 2014). Chandgad talu-
ka in Kolhapur district of Southern Maharashtra is a 
part of the Northern Western Ghats. It is the border area 
between Karnataka and Goa. Since, - there are no pub-
lished data on amphibian diversity from Chandgad, - an 
attempt is made to record the amphibian diversity. 

 
Study Area: 
 

The study area Chandgad taluka (15° 55' 60 N, 74° 23' 
0 E) is located around 800 m asl. and temperature rang-
es from 14.75o C to 36.10o C. The annual rain fall rang-
es from 3000 to 5000 mm/year. Chandgad taluka con-
sists of several temporary ponds, puddles, lakes, irriga-
tion canals, paddy fields and agricultural fields. Habitat 
consists of moist mixed deciduous forest and semi ever-
green mixed forest with acacia plantation, bamboo            
  

forest, open land, grass land. It is also traversed by sev-
eral temporary streams and perennial Rivers such as 
Hiranykeshi, Ghathaprabha and Tamrapani.  
 
MATERIAL AND METHODS 
 

Regular field visits are made to different parts of the 
study area for documentation of amphibians from June 
2017 to February 2019. We also added some field ob-
servation data made during June 2021 to September 
2021. Surveys are made during early morning and in 
late evening by visual encounters survey method. Am-
phibians are intensively searched along the edges of 
streams, temporary water bodies, puddles, ditches, agri-
cultural fields, grasslands, under leaf litter, in forest 
floors, on tree trunks, under stones, logs, rock crevices, 
decaying vegetation etc. We tried to identify the egg 
mass, tadpoles, froglet and adult amphibians in the field. 
The amphibians identified in the field were released 
after taking some images with mobiles, D5300 and 
D7200 Nikon Camera. The unidentified tadpoles and 
amphibians in the field were brought to the laboratory 
and their identification was made by referring the books 
and research articles (McDiarmid & Altig, 1999; Hira-
gond & Saidapur, 1999; Hiragond et al., 2001; Sai-
dapur, 2001; Altig & McDiarmid, 2015; Daniels, 
1997abc, 2011; Gururaja, 2012; Daniel, 1963ab, 1975; 
Bhatta, 1998). Later they were released to the nature. 
We also identified some of the frogs based on their calls 
during the breeding season in late evening. Stereo zoom 
dissecting microscope was used for the observation of 
morphological details of tadpole and caecilian for their 
identity. The status of threatened category of amphibi-
ans is adopted from IUCN Red List of Threatened Spe-
cies (2022). 
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RESULTS AND DISCUSSION 
 

During regular field visits to different parts of the study 
area we found egg clutches of Microhyla nilphamari-
ensis, Clinotarsus curtipes, Indosylvirana caesari, Dut-
taphrynus melanostictus, Hoplobatrachus tigerinus, 
Polypedates maculatus, Nyctibatrachus petraeus and 
some unidentified egg masses. We also observed the 
tadpoles of H. tigerinus, D. melanostictus, C. curtipes, 
M. nilphamariensis, E. cynophlyctis, P. maculatus, N. 
petraeus and some unidentified tadpoles in their natural 
habitat like ponds, puddles, streams etc. We have sight-
ed several adult frogs in their natural habitats namely I. 
caesari, D. melanostictus, Sphaerotheca breviceps, Hy-
drophylax malabaricus, Minervarya goemchi, H. tigeri-
nus, Duttaphrynus scaber, M. nilphamariensis, Micro-
hyla rubra, Rhacophorus malabaricus etc enlisted in 
table 1. During the rainy season we encountered several 
calling males (Images 4, 13, 15a, 16b) and newly meta-
morphosed frogs (froglets) of I. caesari, D. melanos-
tictus, H. tigerinus, E. cynophhlyctis, M. nilphamari-
ensis. We also encountered three individuals of a caecil-
ian from Patne phata, Halkarni and along the mining 
road in Chandgad which were brought to the laboratory 
for further observation. We identified the said caecilian 
up to the genus level and confirmed that, it belongs to 
Gegenophis genus following Bhatta (1998). The mor-
phological details of the said caecilian compared with 
congeners of the known Gegenophis genus. We are 
working on molecular analysis of the said caecilian. As 
per our best of knowledge we are first time reporting the 
above said caecilian. We also observed lot of morpho-
logical variations in Pseudophilautus amboli (Image 
10abc) and Minervarya syhadrensis (Image15abc) frogs 
in nature.  
 We recorded 28 amphibians (Table 1) from the 
study area representing seven families (Figure 1) and 16 
genera (Figure 2) that contribute 6.26% of Indian            
amphibians (Dinesh et al., 2020), 52.83% of amphibians 
recorded in Maharashtra (Padhye & Ghate, 2012) and  
77.78% of amphibians documented in Goa state   

(Kulkarni et al., 2013). Our findings show that,     
Chandgad taluka is rich in amphibian diversity. We 
recorded 93.33% of amphibians documented in Sangli 
district (Sajjan et al., 2017) and 90.32% of amphibians 
reported from Pune district (Padhye et al., 2002) in Ma-
harashtra. Sajjan et al., (2018) recorded 17 anuran spe-
cies from Solapur district. Whereas, this paper reports 
27 anurans from study area which shows the richness of 
amphibians in Chandgad taluka. Microhylidae dominate 
the study area followed by Dicroglossidae and, 
Bufonidae and Rhacophoridae (Figure 1). Among the 
genera Uperodon represents the maximum number of 
species followed by Duttaphrynus (Figure 2). During 
rainy season in Tillari at late night we found adult D. 
melanostictus with a leech attached on its ventral sur-
face. We removed the leach from its body and released 
in its natural habitat (Image 17bc). Photo plate 1 
(Images 1 to 20) shows some of the anurans, caecilian 
and egg mass recorded during the field work. 
 Among the amphibians documented Pseudophi-
lautus amboli belongs to Critically Endangered catego-
ry; Raorchestes bombayensis belongs to vulnerable 
category; Uperodon mormoratus belongs to Enden-
gered category; Duttaphrynus parietalis, Uperodon 
montanus and Clinotarsus curtipes belongs to Near 
Threatened category and, 19 anuran species belong to 
Least Concern category (Table 1, Figure 3) of IUCN 
conservation status (IUCN, 2022).  Most of the times 
we found difficulty in identification of egg masses and 
tadpoles in the field. Studies are needed on develop-
mental stages of anuran larvae, identification of egg 
clutches and tadpoles.  Since, - caecilians are very rare 
and burrowing in habitat, it is difficult to find them in 
their natural habitat. Hence, studies are needed to con-
centrate on habitat, diversity and biology of caecilians 
in the study area which could open a window for re-
searchers to continue further research on amphibian 
developmental biology and behavioral studies. It is also 
necessary to take up some conservation aspect projects 
to conserve critically endangered species P. amboli and 
vulnerable species R. bombayensis.  
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Figure 1. Shows Family wise number of Amphibian Species Recorded in Chandgad Taluka of Kolhapur 
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Sl. 

No. 
Order/Family Common Name Scientific Name 

IUCN Con-

servation 

Status 
  1. Order Anura       

1 Bufonidae Ferguson’s Toad 
Duttaphrynus scaber 
(Schneider, 1799) 

LC 

2 Bufonidae Asian Common Toad Duttaphrynus melanostictus 
(Schneider, 1799) LC 

3 Bufonidae Ridged Toad Duttaphrynus parietalis 
(Boulenger, 1882) NT 

4 Bufonidae Marbled Toad Duttaphrynus stomaticus 
(Lutken, 1864) LC 

5 Dicroglossidae Indian Bull Frog Hoplobatrahcus tigerinus 
(Daudin, 1802) LC 

6 Dicroglossidae Jerdon’s Bull Frog Hoplobatrachus crassus 
(Jerdon, 1853) LC 

7 Dicroglossidae Skittering Frog Euphlyctis cyanophlyctis 
(Schneider, 1799) LC 

8 Dicroglossidae Bombay Wart Frog Minervarya syhadrensis 
(Annandale, 1919) LC 

9 Dicroglossidae  Goan large fejervarya 
Minervarya goemchi 
(Dinesh, Kulkarni, Swamy and Deepak, 
2018) 

NA 

10 Dicroglossidae Indian 
Burrowing Frog 

Sphaerotheca breviceps 
(Schneider, 1799) LC 

11 Dicroglossidae Roland's Burrowing Frog Sphaerotheca rolandae 
(Dubois, 1983) LC 

12 Microhylidae 
Ornate 
Narrow-Mouthed 
Frog 

Microhyla  nilphamariensis 
(Howlader, Nair, Gopalan and Merilä, 2015) NA 

13 Microhylidae Guangdong Rice Frog Microhyla rubra 
(Jerdon, 1853) LC 

14 Microhylidae Indian Dot Frog Uperodon mormoratus 
(Rao, 1937) EN 

15 Microhylidae Marbled Globular Frog Uperodon systoma 
(Schneider, 1799) LC 

16 Microhylidae Indian Globular Frog Uperodon globulosus 
(Günther, 1864) LC 

17 Microhylidae Sri Lankan Bullfrog Uperodon taprobanicus 
(Parker, 1934) LC 

18 Microhylidae Jerdon's Ramanella Uperodon montanus 
(Jerdon, 1853) NT 

19 Microhylidae Eluru Dot Frog Uperodon variegatus 
(Stoliczka, 1872) LC 

20 Nyctibatrachidae Castle Rock Night Frog Nyctibatrachus petraeus 
(Das and Kunte, 2005) LC 

21 Ranidae Bronzed Frog 
Indosylvirana caesari 
(Biju, Garg, Mahony, Wijayathilaka, Sen-
evirathne and Meegaskumbura, 2014) 

NA 

22 Ranidae Malabar Fungoid Frog Hydrophylax malabaricus 
(Tschudi, 1838) LC 

23 Ranidae Bicoloured Frog Clinotarsus curtipes 
(Jerdon, 1853) NT 

24 Rhacophoridae Malabar Gliding 
Frog 

Rhacophorus malabaricus 
(Jerdon, 1870) LC 

25 Rhacophoridae Indian Tree Frog Polypedates maculatus 
(Gray, 1830) LC 

26 Rhacophoridae Amboli Bush Frog Pseudophilautus amboli 
(Biju and Bossuyt, 2009) CE 

27 Rhacophoridae Bombay Bush Frog Raorchestes bombayensis 
(Annandale, 1919) VU 

  2. Order Gym-
nophiona (Apoda)       

28 Indotyphlidae - Gegenophis sp. - 

Table 1. Showing Amphibian Diversity Recorded in Chandgad Taluka of Kolhapur 

Abbreviations used:  NT- Near Threatened, CR- Critically Endangered, EN- Endangered, NA – Not Assessed, VU – Vulnerable, 
LC- Least concerned.  
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Photo plate 1. Images 1 to 20 shows some of the Amphibians 
and Egg mass Recorded in Chandgad Taluka of Kolhapur 
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Tropylium-BF4 as Organocatalyst for Efficient Synthesis of
Nitriles from Aldoximes; Synthetic Scope and Mechanistic
Insights
Athmanand Anchi,[a] Suraj M. Sutar,[a] Rajesh G. Kalkhambkar,*[a] Gabriela L. Borosky,*[b] and
Kenneth K. Laali*[c]

Structurally diverse aldoximes were conveniently transformed
within minutes to the corresponding nitriles by using tropylium
BF4 as organocatalyst, in 1-butyl-3-methylimidazolium ionic
liquids (BMIM-ILs) as solvent, under microwave irradiation. The

scope of this convenient, cyanide free, process for nitrile
synthesis was explored, and DFT computations were employed
to shed light on the mechanistic steps of this catalytic reaction
leading to dehydration.

Introduction

Nitrile groups are widely present in natural products, pharma-
ceuticals, dyes, and polymers. Moreover, the -CN group is a
highly versatile synthon that can be converted to a number of
other significant functional groups such as amides, amines,
aldehydes, and ketones.[1–5] Whereas numerous methods for the
synthesis of aromatic and aliphatic nitriles have been devel-
oped over the years,[1–5] the quest for the development of new,
environmentally more acceptable, cyanide free methods con-
tinues. To this end, nitrile synthesis by dehydration of
aldoximes has received considerable attention. Some of the
more recently reported reagents for the preparation of nitriles
from aldoximes are acetic anhydride/acetic acid,[6] triflic
anhydride,[7] trichloroacetonitrile,[8] SO2F2,

[9] and 4-nitro-triflyl-
imidazole.[10] The latter reagent is closely related to triflyl-
imidazole reported by us for aldoxime to nitrile conversion
almost a decade earlier.[11] Complementing these dehydration
routes are chemoenzymatic methods developed for enantiose-
lective synthesis of chiral nitriles.[12,13]

A recent study reported on the use of in-situ generated
chlorotropylium chloride as catalyst for conversion of oximes to
amides and nitriles.[14] The onium salt was generated from
tropone and oxalyl chloride (loss of CO and CO2) in MeCN

solvent using syringe pump, followed by addition of DBU to
effect deprotonation of the aldoxime-tropylium adduct to form
nitrile.[14] In relation to our long-standing interest in preparation
and synthetic application of carbocation and onium salts,[15–17]

and encouraged by the recently reported efforts to repurpose/
utilize some of these compounds as organocatalysts in
synthesis,[18,19] we report here on the efficacy of the readily
available tropylium-BF4 as organocatalyst for aldoxime to nitrile
conversion, using a very simple set up, employing BMIM-ILs as
solvent.

The BMIM-ILs are ideal solvents for synthetic method
development involving carbocation and onium salts,[15,16] while
also providing the opportunity for recycling and reuse. In an
effort to shed light on the mechanistic steps of this catalytic
reaction leading to dehydration, a DFT computational study
was performed.

Results and Discussion

Synthetic Aspects

At the onset, benzaldoxime was selected as model to
determine efficacy. Working in conventional solvents, low
yields of PhCN were obtained by heating in DCE and DMF for
extended periods (entries 2–3, Table 1). Improved yields were
realized at lower temperatures and shorter reactions times by
using MeCN (entry 4, Table 1). These observations correlate
with the relative solubility of tropylium salt in these solvents
(Table S1). By switching to [BMIM][BF4] better conversions were
reached in relatively short times (entries 5–6, Table 1). By
applying microwave (MW), a 90% yield could be reached after
10 minutes (entry 8, Table 1). Employing [BMIM][PF6] as solvent
resulted in 83% isolated yield after 10 minutes under MW
irradiation. Based on these initial studies, [BMIM][BF4] was
selected as solvent of choice for the study of the scope of this
transformation.

A library of benzonitriles bearing diverse substituents were
synthesized in respectable isolated yields by using 10 mol% of
tropylium-BF4 in [BMIM][BF4] as solvent under MW (entries 1–
11, Table 2). Reactions could also be performed in the recycled
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IL, without a significant impact on isolated yields (entries 2 and
7, Table 2). Efficacy of the recycling/reuse of the IL solvent was
independently checked by using benzaldoxime as model and
repeating the reaction up to four cycles (Figure S1). Reactions

were extended to polycyclic (entries 12, 13) and heterocyclic
aromatic aldoximes (entries 14–16). In entry 12 an isolated yield
of 68% was reached by using a recycled IL for the 4th time.
Representative aliphatic aldoximes were also converted to the

Table 1. Optimization of reaction conditions for synthesis of PhCN.[a]

Entry Solvent Temperature(°C) Time Yield[b](%)

1 DCM 50 12 h Trace
2 DCE 80 5 h 22
3 DMF 100 3 h 47
4 MeCN 80 3 h 64
5

[BMIM][BF4]

50 3 h 61
6 80 2 h 78
7

MW
5 min 87

8 10 min 90
9

[BMIM][PF6]

50 3 h 60
10 80 2 h 72
11

MW
5 min 81

12 10 min 83

[a] Reaction condition: Benzaldoxime (1 mmol), Tropylium-BF4 (10 mol%), Conventional Solvents (5–15 mL), [BMIM][X] (2–3 mL). [b] Isolated yield of the
nitrile product.

Figure 1. Free energy (energy) profile for the dehydration reaction of (E)-benzaldoxime (gas phase values in black, results in MeCN solvent in green). Figure 1 is
inserted too early. It should be inserted after Table 2, in the Computational Study section.
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Table 2. Scope of the aldoxime to nitrile conversion.[a]

Entry Aldoxime Product Time(min) Yield[b](%)

1 5 87

2 5 89[c]

3 5 90

4 6 81

5 8 76

6 7 83

7 8 79[d]

8 10 73

9 10 72

10 7 79

11 8 72

12 10 68[e]
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nitriles in good yields (entries 17–18). The crucial role of
tropylium as organocatalyst for this reaction was underscored
in control experiments, by heating benzaldoxime in BMIM-IL in
the absence of tropylium, where no conversion was observed
even after prolonged heating.

Computational Study

With the aim of unveiling the catalytic role of the tropylium salt
in the dehydration reaction of aldoximes to yield nitriles, DFT
calculations were performed for (E)-benzaldoxime as a model
compound (Figure 1). The computed path revealed the gen-
eration of an intermediate via covalent bond formation
between the hydroxyl anion and tropylium cation Tr+. Accord-
ing to the observed mechanism, coupling of the HO� anion to
Tr+ took place early on the reaction coordinate, but in concert
with the proton transfer from C to BF4

� ; that is, both transfer
processes were concerted but asynchronous. In this way, the
HO� migration occurred while the energy was increasing,
whereas the proton was transferred at the transition state (TS)
of the first reaction step. This proton transfer was achieved
through an initial hydrogen bonding to BF4

� , yielding nitrile
and complexed BF3 - HF. In the second step, OH protonation by
HF took place without activation energy, leading to sponta-

neous release of H2O, regenerating the tropylium. Although the
observed activation barrier was high (ΔG¼6 =37.3 kcal/mol, gas
phase value), the overall reaction path was very exoergic
(ΔGr= � 42.6 kcal/mol, gas phase result).

In comparison, with MeCN as solvent, the first step afforded
a protonated nitrile (nitrilium ion), which in the second step
transferred this proton to the OH group (Figure 1). This
mechanistic change stems from the favored stabilization of
ionic species by a polar solvent, in contrast to the neutral
system generated in the gas phase. Because charge separation
decreased in the TS, solvation by MeCN increased the energy
barrier to ΔG¼6 =48.8 kcal/mol, while the total exoergicity of
the reaction was retained (ΔGr= � 41.9 kcal/mol).

For comparison, the same mechanistic path was also
evaluated for (Z)-benzaldoxime. The DFT energies observed for
the Z-isomer were more favorable, with a decrease in the
barrier of ca. 5 kcal/mol, and an increment of about 7 kcal/mol
in the exoergicity for the whole process (Figure 2). This can be
ascribed to a deformed and, consequently, higher-energy Z-
aldoxime structure in the initial noncovalent complex formed
by the reactants, in which the HC=NOH group is rotated by 49
degrees out of the plane of the phenyl ring, while this
deviation is only 14 degrees in case of the E-isomer.
Accordingly, in this complex the Z-isomer exhibited longer Ph-

Table 2. continued

Entry Aldoxime Product Time(min) Yield[b](%)

13 10 71

14 9 75

15 8 73

16 9 76

17 6 86

18 7 83

[a] Reaction condition: Aldoxime (1 mmol), Tropylium-BF4 (10 mol%), [BMIM][BF4] (3–4 mL). [b] Isolated yield. [c] Yield using recycled IL (2nd cycle). [d] Yield
using recycled IL (3rd cycle). [e] Yield using recycled IL (4th cycle).
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CH and N-OH bond distances (Figure 3). While both transition
states presented similar energies, for the Z-isomer the initial
complex was around 7 kcal/mol less stable than the corre-
sponding E-aldoxime complex. In MeCN as solvent, the
activation barrier for (Z)-benzaldoxime was lowered by about
13 kcal/mol as compared to the E-isomer, whereas the general
exoergicity increased by ca. 7 kcal/mol.

Bearing in mind the positive role of [BMIM][BF4] as solvent
for Tr+ catalyzed dehydration, we set out to evaluate the
mechanism for a ternary system consisting of (E)-benzaldoxime,
Tr salt, and [BMIM][BF4]. In this model, [BMIM][BF4] interacted
with the aldoxime and tropylium by forming several hydrogen
bonds (Figure 4), while at the same time the activation energy
increased by around 10 kcal/mol, and the exoergicity decreased
by ca. 20 kcal/mol in the gas phase (Figure 5). Solvation with
MeCN further increased the barrier by 5 kcal/mol, while
improving the exoergicity by 16 kcal/mol. Unfortunately, due to
absence of the needed parameters in Gaussian 16, this model
study could not implement solvation effects due to
[BMIM][BF4], nor the effect of microwave irradiation. Interest-

ingly, in MeCN as solvent the energies evaluated with and
without the presence of IL were similar, suggesting that
[BMIM][BF4] may not have a significant role in solvation effects
governing the general energetics of the mechanism, and that
its primary function may be to improve the solubility of
tropylium salt. The computed high activation energies, along
with the expected rise in energy barriers by polar solvents,
could rationalize the experimentally observed positive effect of
microwave irradiation to enhance the reactivity.

Finally, in order to ascertain if [BMIM][BF4] could itself act as
an organocatalyst via complexation to the aldoxime, the same
reaction path was computed for the aldoxime/IL system
(Figure 6). This assumption was discarded on the basis of the
endoergicity found for the first reaction step; moreover, the
corresponding TS could not be located, implying that this
process would present a particularly high energy barrier. This
finding is in concert with the experimental observation.

Figure 2. Dehydration reaction of (Z)-benzaldoxime (gas phase values in black, results in MeCN in green).
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Conclusions

We have reported a convenient, cyanide free, process for nitrile
synthesis by dehydration of aldoximes employing Tr+BF4

� as
organocatalyst and BMIM-BF4 as solvent under MW irradiation
and examined the scope of the reaction. To shed light on the
mechanistic steps leading to dehydration, a DFT model study
was performed. A two-step pathway was computationally
determined, which involved the coupling between hydroxyl
anion and tropylium cation to form a covalent intermediate,
and water release that regenerated the tropylium salt.
Although the overall reaction path was very exoergic, the
calculated high activation barrier explains the enhancement in
the experimentally observed reactivity under MW irradiation. In
concert with DFT computed energetics, control experiments
showed that the reaction does not proceed in BMIM-IL alone
without tropylium.

Experimental Section
The reagents and solvents employed were high purity commercial
samples (Fischer, Merck and Sigma-Aldrich), which unless otherwise
stated were used as received. Reactions were carried out in oven-
dried RB flasks. Thin-layer chromatography (TLC) was performed on
Merck silica gel 60F254 (0.25 mm thickness) plates detected by UV
light (254 nm) and iodine vapors. Purification of the crude products
was carried out by flash column chromatography using silica gel
(100-200 mesh). Melting points were determined on electro
thermal apparatus and are uncorrected. Microwave (MW) assisted
reactions were carried out in a Biotage Microwave reactor. The IR
spectra were recorded on a Nicolet-Impact-410 FT-IR spectrometer.
NMR spectra (1H/13C) were recorded on DELTA2 400 MHz and
Bruker DRX 400 MHz spectrometers using CDCl3 and calibrated
using internal standard (1HNMR at 400 MHz and fully decoupled
13CNMR at 100 MHz with δ values reported in ppm). GC-MS
analyses were performed on a Shimadzu 2010 series mass selective
detector instrument. Elemental analysis was carried out by using
Heraus CHN rapid analyser.

Figure 3. Initial noncovalent complexes for benzaldoxime isomers: (a) (E)-
benzaldoxime; (b) (Z)-benzaldoxime.

Figure 4. Transition states for the: (a) binary system ((E)-benzaldoxime/
tropylium salt); (b) Ternary system ((E)-benzaldoxime/tropylium salt/
[BMIM][BF4]). Forming/breaking bonds are displayed as dashed black lines,
and hydrogen bonds are shown as dotted green lines.
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General procedure for the synthesis of aldoximes (for a slightly
different procedure see Ref. 9). The selected aldehyde (87 mmol)
was dissolved in water (45 mL) at 40 °C. A solution of the
corresponding hydroxylamine hydrochloride (90 mmol) and sodium

acetate (87 mmol) in water (25 mL) was added, and the reaction
mixture was stirred at about 80 °C under nitrogen for 2 h. The
mixture was cooled and extracted with diethyl ether, the organic

Figure 5. Dehydration reaction of (E)-benzaldoxime in presence of [BMIM][BF4] (gas phase values in black, results in MeCN in green).

Figure 6. Formation of nitrile from (E)-benzaldoxime in presence of [BMIM][BF4].
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phase was washed with brine, dried over Na2SO4, filtered, and the
filtrate was evaporated to dryness in vacuum.

General procedure for the synthesis of nitriles from aldoximes:
An oven dried 25 mL RB flask equipped with magnetic stir bar was
charged with [BMIM][BF4] (3–4 mL), Aldoxime (1 mmol), tropylium
tetrafluoroborate (10 mol%), and the resulting mixture was irradi-
ated in the microwave reactor at 90 °C for a specified time, while
monitoring the progress of the reaction by TLC. Upon completion,
the reaction mixture was extracted with ether (3 times). The
combined organic phase was washed with brine, dried over
anhydrous Na2SO4, filtered and concentrated under reduced
pressure. The resulting crude product was purified by silica gel
column chromatography (100–200 mesh) using n-hexane and ethyl
acetate (95 :05).

General procedure for recycling and re-use of [BMIM][BF4]: The
brown-colored IL after each run was dried overnight under vacuum
at 60 °C and reused directly in subsequent runs (up to 4 cycles),
after which it was set aside for recovery as follows: the combined
brown-colored IL recovered from several experiments were dis-
solved in dry acetonitrile and filtered through celite to remove
insoluble brown particles. After removal of solvent from filtrate, the
recycled IL was dried overnight under vacuum at 60 °C and reused
in subsequent runs.

Computational Procedures

Density functional thery (DFT) calculations at the B3LYP[20]-D3[21]/6-
311+G(d,p) level were performed with the Gaussian 16 package of
programs.[22] Harmonic vibrational frequency computations were
carried out at the same level of theory in order to characterize the
optimized stationary point as minima (no imaginary frequencies) or
transition states (TSs, one imaginary frequency). Intrinsic reaction
coordinate (IRC)[23] calculations were performed to confirm that the
located TSs connected the correct reactants and products.
Solvation effects were taken into account by geometry optimiza-
tions with the polarized continuum model using the integral
equation formalism variant (IEFPCM).[24]

Supporting Information Summary

Analytical and spectral data as well as Table S1 (solubility) and
Figure S1 (recycling), are gathered in the supporting informa-
tion file.
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King Cobra Ophiophagus hannah is the 
longest venomous snake that measures 
up to 5.5 m (18 ft) in length (Wallach et al. 
2014).  This rare species belongs to the 
‘Vulnerable’ category of the IUCN (Stuart et 
al. 2012).  It is widely distributed in southern 
and southeastern Asia up to 2,000 m (Stuart 
et al. 2012).  King Cobra inhabits a variety of 
habitats from degraded forests, mangrove 
swamps, agricultural fields, plantations, 
grasslands, wetlands, dense forests, primary 

forests, and secondary forests nearby human 

habitats and streams (Daniel 2002; Stuart 

et al. 2012; Whitaker & Captain 2015).  In 

the Indian subcontinent it occurs in dense 

forest and hilly areas of tea/coffee estates 

in the Western Ghats of southern India, 

the Himalayan slopes, parts of central and 

northeastern India, and the Andaman Islands 

(Sangha et al. 2011; Murthy & Murthy 2012; 

Chandra et al. 2014).
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