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The cyanation of organic compounds is an important and useful 
process as it directly provides nitriles which in turn can be 
utilized for different transformations. Although, thiocyanate salt 
has emerged as a very mild and environmentally friendly 
“source of CN” alternative to toxic and metal based cyanating 
reagents; its synthetic utility for the cyanation is highly limited 
to very few types of organic compounds. We have explored the 
reactivity of sodium thiocyanate for directly cyanating cyclic 
thioacetals for accessing thiocayano-thioesters with two 
different functional groups in one pot using photoredox catalysis under mild reaction conditions. Based on the reactivity of 
thiocyanate radical, the protocol has been further extended for the direct cyanation of disulfides and diselenides to access 
aryl thiocyanates and aryl selenocyanate.  A series of control experiments and Stern-Volmer studies have been carried out 
to validate the mechanistic pathways. 
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Introduction 

Organic thiocyanates are very important and useful synthetic 
intermediates for the synthesis of tetrazoles and different 
functionalities such as thiols, disulfides, thioethers, trifuloromethyl 
thioethers, thiocarbamates, thioesters, and sulfonyl cyanides.1-9 
Likewise, thioesters are also important synthetic intermediates in 
many bio-synthetic pathways such as native chemical ligation, 
protein synthesis and nucleic acid synthesis.10 Also, thioesters have 
been utilized in the drug delivery applications, biomolecules 
labelling.11 Thioesters have also been employed as important 
building blocks alongside its synthetic utility  as an acyl radical 
equivalent in many acyl transfer reactions.12 Traditionally, the 
cyanation of organic molecules have been achieved using cyanating 
agents or by exploring the combined “CN source” starting from 
solvent (as a carbon source) and ammonium iodide/ammonium 
carbonate/ammonium bicarbonate/urea as nitrogen source under 
palladium catalysis or stoichiometric amount of copper at an 
elevated reaction temperature.13 Most of these protocols relied on 
stoichiometric amount of oxidants, transition metals, ligands, costly 
reagents or more importantly usage of extremely toxic “CN sources” 
(CuCN) at an elevated reaction temperature. In order to overcome 
this, different thiocyanate salts have been explored as “CN source” 
that are inexpensive, easily available, comparatively non-toxic and 
bench-stable. Recently, thiocyanate salt has been used as a source of 
nitrogen for directly accessing phenylglyoxamides starting from 
acetophenone (Scheme 1a).14 The cyanation of aromatic halides has 
been achieved by CuSCN via palladium catalysis to access a wide 
variety of aromatic nitriles (Scheme 1b).15 The reaction of tertiary 
amines and KSCN under oxidizing reaction condition (tbutoxide as an 
oxidant) at an elevated temperature afforded the corresponding 
nitriles (Scheme 1c).16 The cyanation of in situ generated carbene 

from the tosylhydrazone has been reported using KSCN and CuI at  
80 ℃ under alkaline reaction conditions (Scheme 1d).17 Very recently 
for the first time, metal-free cyanation of thiophenol under visible 
light photoredox condition has been achieved by generating 
electrophilic thiocyanate radical as a “source of CN” to access a wide 
variety of aryl thiocyanates under oxygen atmosphere (Scheme 1e).18  

Scheme 1: Application of thiocyanates in organic transformations 

However, this useful and straightforward protocol for the cyanation 
using non-toxic ammonium thiocyanate salt is limited only to 
thiophenols. More importantly, the cyanation of thioethers has not 



  

been achieved till date to the best of our knowledge.  We have been 
working on photoredox catalysis and our continuous interest on 
thioacetals led us to focus on developing a protocol for the direct 
cyanation of organic molecules such as cyclic thioacetals under 
milder reaction conditions using inexpensive and environmentally 
benign cyanating reagents. Based on our experience, the formation       
and the cleavage of the dithioacetals is known to proceed via thiyl 
radical under photoredox condition.19a-c Recently our research group 
has achieved the disulphide-linked-dithioesters starting from 
dithioacetals using base dependent photoredox catalysis and this 
transformation has been proved to proceed via the cleavage of C-S 
bond.19c Based on the same concept, we have hypothesized that the 
in situ generated electrophilic thiocyanate radical can be trapped 
with dithioacetals to generate the molecules with the dual functional 
groups (thiocyano-thiosesters) in a single step under suitable 
reaction conditions. We envisaged that thiocyano-thioesters can 
be synthesized directly from dithioacetals by trapping the thyil 
radical with thiocyanate salt. Herein, we report the direct 
generation of two functional groups to access thiocayano-thioesters 
from dithioacetals under photoredox catalysis in one pot.   

Results and Discussion 

In order to validate our hypthesis we commenced with the 
model reaction of dithiolane 1a and ammonium thiocyanate in 
presence of  K2CO3 as a base, Rhodamine 6G (2 mol%) as a 
photocatalyst, in dry acetonitrile  under oxygen atmosphere by 
irradiating with blue LEDs for 8 h. The reaction afforded the 
corresponding desired product 2a albeit in poor yield (15% 
Table 1, entry 1). Gratfyingly, the reaction of 1a in presence of 
sodium thiocyanate under the reaction conditions afforded the 
desired product 2a in very good yields (83%, Table 1, entry 2). 
In order to further optimize the reaction condition, we screened 
reaction using different photocatalysts such as Eosin Y, 
Rhodamine 6G (Rh6G), Ru(bpy)3Cl2, Ir(bpy)3, Acridinium-
perchlorate and Pyrillium-tetrafluroborate (Table 1, Entries 2 
and 3-6). Among all the photocatalysts, Rh6G found to be 
optimum photocatalyst for the desired transformation by 
affording the desired product 2a in very good yield (83% yield, 
Table 1, entry 2). Later, we screened different solvents and 
among all anhydrous acetonitrile proved to be advantageous 
for the smooth transformation of 1a to thiocayano-thioester 2a 
(Table 1, Entry 2 and 7-11). Among different bases screened, 
K2CO3 turned out to be most suitable base by providing the 
desired product 2a in very good yield (83%) (Table 1. Entries 2 
and 12-15). There was no significant change in the reactivity of 
sodium thiocyanate and potassium thiocyanate on the out 
come of desired product 2a formation (83%, 82% yields 
respectively, see ESI 1.3, Entry 5 and 6). Later, we screened the 
desired reaction with variable stiochimetric amounts  of  sodium 
thiocyanate. We observed that excess sodium thiocyanate (5 
equiv.) was essential for the smooth transformation to access 
the desired product 2a in very good yield (See ESI, 1.3). The 
desired reaction did not work in the absence of light, 
photocatalyst and oxygen indicating these are very essential 

and ncessary requirement for the smooth and facile 
transformation (Table 1, entry 16, 18 and 19). While, the 
reaction in absence of base offered trace amount of desired 
product 2a (Table 1, entry 17). 

Table 1. Reaction optimizationa-f 

In order to valiadate the necessity of anydrous solvent, we 
carried out the reaction in moist acetonitrile (undried). We 
observed the reduction in the yield of desired product 2a (71%, 
Table 1, entry 20). Based on the exhaustive screening, 
dithiolane 1a (1 equiv.), NaSCN (5 equiv.), K2CO3 (2 equiv.), Rh6G 
(2 mol%) in dry acetonitrile under O2 atmosphere and  blue LEDs 
(15 W) proved to be optimum reaction condition. Having 
optimized the reaction condition, we planned to explore diverse 
substrate scope of dithiolanes so as to generalize this protocol 
(Table 2). All the electronically neutral dithiolanes (1a-c) under 
the optimized reaction conditions offered the corresponding 
thiocyanao-thioesters (2a-c) in very good yields (upto 87%). 
Elelctron rich substrates (1d-1f) reacted smoothly to afford the 
desired products (2d-2f) in very good yields (upto 89%). 
Substrates (1g-1m) containing electron deactivating 
substituents at o/m/p positions also worked well under 

     Entry Catalyst Solvent# Base Yield of 
2a in % 

   1 b Rh6G MeCN K2CO3 15 
2 Rh6G MeCN K2CO3 83 
3 Eosin Y MeCN K2CO3 67 
4 Acr MeCN K2CO3 60 
5 Ru(bpy)3Cl2 MeCN K2CO3 49 
6 Rose Bengol MeCN K2CO3 24 
7 Rh6G tBuOH K2CO3 61 
8 Rh6G DMSO K2CO3 19 
9 Rh6G THF K2CO3 43 

10 Rh6G Dioxane K2CO3 51 
11 Rh6G CHCl3 K2CO3 33 
12 Rh6G MeCN DMAP 70 
13 Rh6G MeCN TEA 41 
14 Rh6G MeCN Na2CO3 62 
15 Rh6G MeCN NaHCO3 58 
16c -- MeCN K2CO3 N.R. 
17 Rh6G MeCN -- Trace 
18d Rh6G (Argon) MeCN K2CO3 N.R. 
19e Rh6G (Without Light) MeCN K2CO3 N.R. 
20f Rh6G (open air) MeCN K2CO3 71 

 

a0.1 mmol 1a, 2 mol% catalyst, 0.2 equiv. base, 0.5 equiv. NaSCN, 2 
mL solvent, O2 baloon; bNH4SCN; cWithout catalyst at 60 oC dunder 
argon; eWithout light; fopen air atmosphere, Blue LED (15 W), #-All 
solvents used were anhydrous. 
 



  

optimized reaction conditions to furnish the desired products 
(2g-m) in a very good yields (upto 82%, Table 1). Naphthalene-
1-dithiolane as well as naphthalene-2-dithiolane derivatives 
(1n, 1o) also offerded the corresponding desired products 2n 
and 2o in very good yields (upto 83%). Further, dithiolane 
derived from aromatic aldehyde with electron withdrawing 
substituent (‒CN) also afforded the desired product 2p in good 
yield and the molecular structure of the 2p was unambiguously 
confirmed by the single crystal X-ray analysis.20 Even the 
dithiolanes derived heterocyclic aldehydes  1q-1r also worked 
smoothly under the reaction conditions to afford corresponding 
products 2q-2r in excellent yields (upto 87%, Table 1). 
Dithiolane substrates containing protecting groups  afforded 
the corresponding products 2s-2u in moderate to good yields 
(up to 76%) and the all protecting groups tolerated the reaction 
conditions. Later, reactivity of dithianes (six-membered cyclic 
thioacetals) have been explored to generalize this protocol. 
Gratifyingly, different dithianes 1v-1ab derived from electron 
rich as well as electron difficeint aromatic aldehydes, and  

Table 2. Substrate scope 

Heteroaromatic aldehydes afforded the corresponding desired 
products 2v-2ab in good yields (upto 66%, Table 1).  
In order to have an insight into the reaction mechanism, we 
carried out few control experiments systematically. The 
reaction of dithiolane 1a in presence of TEMPO did not work 
thus confirming the radical nature of the transformation 
(Scheme 2a). The reaction in absence of oxygen (under argon 
atmosphere) did not work indicating the necessary requirement 
of oxygen for this reaction (Scheme 2b). Later, in order to 
investigate the involvement of singlet oxygen if any in the 
reaction pathway, reaction of 1a was carried out in presence of 
DABCO (singlet oxygen quencher). We observed that reaction 
worked smoothly and DABCO did not have any impact in the 
yield of 2a thus indicating that singlet oxygen has no significant 
role in the reaction pathway (Scheme  2c).21 While, the reaction 
of 1a in presence of p-benzoquinone under standard optimized 
reaction conditions did not work. This result confirmed the 
involvment of superoxide radical anion in the reaction 
mechanism (Scheme  2d).22 The reaction in presence of water 
led to significant reduction in the yield of desired product 2a 
along with the corresponding benzaldehyde as a side product 
1a′ (scheme  2e). 
 
Scheme 2. Control experiments 

 
While, the reaction in dark but in presence of photocatalyst 
under standard reaction conditions at an elavated reaction 
temperature (60 oC) did not work (Scheme 2f). This indicated 
that not only the photocatalyst but also the light is absolutely 
essential for this transformation and the temperature do not 
have any role for the desired product fromation. Further, in 
order to confirm the possible single electron transfer (SET) 
event of Rh6G* with dithioacetal or NaSCN, we carried out the 
Stern-Volmer experiment. This study revealed that the 
efficiency of the SET of Rh6G* with the NaSCN is much higher 
than that of 1a (see ESI 1.4). The efficiency of SET of NaSCN with 
the Rh6G* was further supported by the oxidation potential of 
NaSCN (Eox = +0.66 V vs SCE) which is less than the reduction 
potential of Rh6G* (Ered = +1.39 V vs SCE).23,24 Based on the 
control experiments, Stern-Volmer plot and preceeding 
literature,19b we have depicted the plausible reaction 
mechanism (Fig 1). Upon irradiation of blue light, the 
photocatalyst Rh6G gets excited to Rh6G*. This excited species 
Rh6G* (Ered = +1.39 V vs SCE)23 takes part in SET process with 
sodium thiocyanate (Eox = +0.66 V vs SCE)24 instead of 1a (Eox = 

a0.1 mmol 1a, 2 mol% Rh6G, 0.2 mmol K2CO3, 0.5 mmol NaSCN, 2 mL 
MeCN, O2 baloon; 15 W Blue LEDs; isolated yields in percentage.  



  

+1.26 V vs SCE) by the reductive quenching pathway to generate 
the photocatalyst radical anion (Rh6G•−, reduced form) and 
thiocyanate radical (oxidized form •SCN).  
 
Fig. 1. Plausible reaction mechanism  

 
This SET event was unambiguously confirmed by the Stern 
Volmer experimental studies (ESI 1.4). Further, Rh6G•−  takes 
part in another SET event with oxygen to generate superoxide 
radical anion and the ground state Rh6G thus completing the 
photocatalyitic cycle. (Fig 1). Simultaneously, highly reactive 
thiocyanate radical species reacts with the dithiolane 1a to form 
an intermediate A1. This would further form the corresponding 
intermediate A2 by shifting of electron from nitrogen to sulfur. 
Highly nucleophilic superoxide radical anion attacks the 
intermediate A2 at the electrophilic carbon to generate 
intermediate A3. This intermediate would further collapse to 
form hydroperoxide intermediate A4. This unstable 
intemediate ultimately breaks down to form the desired 
product 2a. 
 
Fig. 1. Plausible reaction mechanism  
 

 
Based on the plasuible reaction mechanism, it is evident that 
after SET process, the in situ generated oxidized thiocyanate 
radical is more likely to be electrophilic and has high possibility 
to be attacked by the nucleophilic sulfur atom of dithioacetal 
followed by the cleavage of bond (with the neighbouring carbon 
atom). In order to explore the reactivity of thiocyanate radical 

and to validate this hypothesis, we planned to trap this using 
suitable compounds such as aryl disulfides (Fig 2).  
In this regard, we commenced with a model reaction of 
diphenyl disulfide 3a, sodium thiocyanate (5 equiv.) under 
standard optimum reaction conditions used for obtaining 
thiocyano-thioesters. Gratifyingly, we obtained the 
corresponding desired phenyl thiocyanate 4a in excellent yield 
(93%, Table 3). Encouraged by this initial success, we planned to 
generalise this protocol as further application and for the wider 
applicability (Table 3). 
 
Table 3. Substate scope 

 
Reaction of differen diaryl disulfides 3b-3f, reacted smoothly 
with sodium thiocyanate under the reaction conditions to 
afford the corresponding aryl thiocyanates 4b-4f in excellent 
yields (up to 95%, Table 3). Even diphenyl diselenide 3g reacted 
smoothly with sodium thiocyanate under the reaction 
conditions to afford the corresponding phenyl selenocyante 4g 
in very good yield (89%). This protcol also proved to be very 
efficient in synthesizing thiocyantes from easily accessible diaryl 
disulfides in one pot. 
 
Conclusions 
In summary, we have successfully developed the safe and 
environmentally benign protocol for the cyanation of cyclic 
thioacetals and disulfides to access thiocyano-thioesters and aryl 
thiocyanates respectively using commercially viable and nontoxic 
sodium thiocyanate as a cyanating source under visible light 
conditions. The protocol offers the direct access to a wide range of 
thiocyano-thioesters and aryl thiocyantes starting from dithioacetals 
and aryl disulfides respectively for the first time using the 
photoredox-catalysis under ambient reaction condition. The 
protocol proved to be efficient and worled under ambient reaction 
condition using clear energy source and do not require external 
oxidizing reagent.   

EXPERIMENTAL SECTION 

General Information: Reagent Information: All reactions were 
carried out with distilled and dried solvents using oven-dried glass 

a3 (0.1 mmol), Rh6G (2 mol%), K2CO3 (0.2 mmol), NaSCN (0.5 mmol),  
MeCN (2 mL), O2 baloon, Blue LEDs (15W) 



  

wares under dry Argon atmosphere, unless otherwise stated. All 
reagents were purchased from commercial sources and used as 
received, unless otherwise indicated. Thin layer chromatography 
(TLC) was performed using silica gel 60 GF254 pre-coated aluminum 
backed plates (2.5 mm) with detection by UV light. Visualization was 
accomplished by irradiation with a UV light at 254 nm and vanillin 
staining agent. Column chromatography was performed using silica 
gel (100-200 mesh) eluting with petroleum ether and ethyl acetate. 
Petroleum ether and ethyl acetate mixture was used as gradient 
elution for column chromatography. Analytical Information: All 
isolated compounds were characterized by Proton (1H) and carbon 
(13C) NMR spectra were recorded on a 400 MHz Jeol ECS-400 and 
Bruker Avance III HD Ascend 400 MHz spectrometer. All Nuclear 
Magnetic Resonance spectra were recorded in CDCl3. The NMR 
spectra were recorded using tetramethyl silane (TMS) as the internal 
standard. 1H NMR spectra were recorded at 400 MHz and 13C NMR 
spectra were recorded at 100/150 MHz (Bruker and Jeol), unless 
otherwise noted. Chemical shifts (δ) are reported in ppm downfield 
from CDCl3 (δ = 7.26 ppm) for 1H NMR and relative to the central 
CDCl3 resonance (δ = 77.16 ppm) for 13C NMR spectroscopy. For 1H 
NMR, data are reported as follows: chemical shift, multiplicity (s = 
singlet, d = doublet, t = triplet, q = quartet, p = pentet, s = sextet, h = 
heptet, m = multiplet, br = broad), coupling constants (J) and 
integration. Coupling constants (J) are reported in Hertz (Hz). Carbon 
chemical shifts are reported in ppm from tetramethyl silane (TMS) 
with the solvent resonance as the internal standard (CDCl3 δ 77.0 
ppm). coupling constants (J) are given in Hz and integration. 13C NMR 
spectra were recorded with complete proton decoupling. 19F NMR 
spectra were recorded at 377 MHz. Mass samples were analyzed by 
high resolution mass spectrometry (HRMS) using ESI TOF. Melting 
points were measured in an open glass capillary and values are 
uncorrected. Mass samples were analyzed by High-Resolution Mass 
Spectrometry (HRMS) using ESI-TOF. Melting points were measured 
in capillary tubes on a Büchi B-540 apparatus, are uncorrected. 
Fluorescence emission spectra were obtained on a Fluoromax-4 
spectrofluorometer from Horiba Jobin-Yvon, with xenon light source 
in a 3 mL, Hellma fluorescence cuvette (path length 1.0 cm). 

General procedure A for the synthesis of compounds 1: (1,3-
dithiane and 1,3-dithiolane protection of aldehyde)25  

To a round bottom flask containing SiO2, PPA (6.5 w/w %) was added 
DCM (10 mL) and stirred well for 15 min. After that DCM was 
evaporated to obtain a well mixed SiO2-PPA mixture. To this mixture, 
DCM (15 mL), aldehyde (1 equiv.; 1.5 mmol) and 1, 2-dithiane (1.2 
equiv.), or 1,3-dithiane (1.2 equiv.) were added, and stirred for 6 h at 
room temperature. After completion of the reaction (monitored by 
TLC) the solution was filtered through cotton. The filtrate was treated 
with saturated KOH solution (5 mL) and stirred for 30 min to quench 
excess dithiane. After which, solution was extracted with 
dichloromethane (3 x 20 mL). The combined extracts was dried over 
anhydrous sodium sulfate, filtered and concentrated under reduced 
pressure. The crude product was further purified by column 
chromatography over silica gel to afford the corresponding 
compound 1.    

General procedure B for the synthesis of thioester-thiocyanate 2.  

An oven-dried round bottom flask equipped with a stir bar and 
rubber septum is charged with dithiolane 1 (0.1 mmol, 1 equiv.), 
K2CO3 (0.2 mmol, 2 equiv.), NaSCN (0.5 mmol, 5 equiv.)  Rhodamin6G 
(2 mol%), dry MeCN (2 mL). The reaction mixture was initially purged 
with O2 for 5 min and the oxygen atmosphere was maintained 
throughout the reaction (using a Oxygen balloon). The reaction 
mixture was stirred under the irradiation of blue LEDs (15 W) at room 
temperature for 6-12 h (monitored by TLC). After completion of the 
reaction, the solvent was removed under reduced pressure and the 
crude residue was purified by column chromatography over silica gel 
using mixture of petroleum ether/EtOAc as an eluent to afford the 
corresponding 2. (Note-The presence of moisture and the impurity 
of 1, 2-ethanedithiol in dithiolane (1) greatly influences the yield of 
reaction. Dry solvent is must to avoid the deprotection to 
corresponding aldehyde. The reaction temperature is 25-30 oC). 

General procedure  C for the synthesis of aryl thiocyanate 4. 

An oven-dried round bottom flask equipped with a stir bar and 
rubber septum is charged with diaryl disulfide 3 (0.1 mmol, 1 equiv.), 
K2CO3 (0.2 mmol, 2 equiv.), NaSCN (0.5 mmol, 5 equiv.)  Rhodamin 
6G (2 mol%), MeCN (2 mL). The reaction mixture was initially purged 
with O2 for 5 min and the oxygen atmosphere was maintained 
throughout the reaction (using a Oxygen balloon). The reaction 
mixture was stirred under the irradiation of blue LEDs (15 W) at room 
temperature for 6-12 h (monitored by TLC). After completion of the 
reaction, the solvent was removed under reduced pressure and the 
crude residue was purified by column chromatography over silica gel 
using mixture of petroleum ether/EtOAc as an eluent to afford the 
corresponding 2. (Note-The presence of moisture and the impurity 
of 1, 2-ethanedithiol in dithiolane (1) greatly influences the yield of 
reaction. Dry solvent is must to avoid the deprotection to 
corresponding aldehyde. The reaction temperature 25-28 oC). 

Product Characterization data: 

S-(2-thiocyanatoethyl) benzothioate (2a): The compound 2a was 
prepared following the General Procedure B.  colourless liquid (18 
mg, 83% yield), Rf = 0.4 (1:15 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 8.06 – 7.83 (m, 2H), 7.71 – 7.52 (m, 1H), 7.52 – 7.38 (m, 2H), 
3.57 – 3.35 (m, 2H), 3.27 – 3.10 (m, 2H). 13C{1H} NMR (100 MHz, 
CDCl3): δ (ppm) δ 190.75, 136.37, 134.16, 128.96, 127.52, 111.62, 
33.61, 29.11. HRMS (ESI-TOF) m/z calcd. For C10H10NOS2 [M+H]+ 
224.0198; found 224.0197. 
S-(2-thiocyanatoethyl) 4-(tert-butyl)benzothioate (2b): The 
compound 2b was prepared following the General Procedure B.  
White silid  (24 mg, 87% yield), Mp: 91.5-92.5 oC; Rf = 0.4 (1:15 :: 
EA:pet ether), 1H NMR (400 MHz, CDCl3): δ 7.89 (d, J = 8.4 Hz, 2H), 
7.49 (d, J = 8.5 Hz, 2H), 3.69 – 3.34 (m, 2H), 3.25 – 3.06 (m, 2H), 1.34 
(s, 9H). 13C{1H} NMR (100 MHz, CDCl3): δ (ppm) δ 190.27, 158.12, 
133.74, 127.44, 125.91, 111.68, 35.39, 33.67, 31.17, 29.00. HRMS 
(ESI-TOF) m/z calcd. For C14H18NOS2 [M+H]+ 280.0824; found 
280.0827. 



  

S-(2-thiocyanatoethyl) 3,5-dimethylbenzothioate (2c): The 
compound 2c was prepared following the General Procedure B.  
colourless liquid (21 mg, 84% yield), Rf = 0.4 (1:15 :: EA:pet ether), 1H 
NMR (400 MHz, CDCl3): δ 7.56 (s, 2H), 7.24 (s, 1H), 3.45 (m, 2H), 3.21 
(m, 2H), 2.38 (s, 6H). 13C{1H} NMR (100 MHz, CDCl3): δ (ppm) δ 
191.29, 139.07, 136.76, 136.14, 125.55, 111.97, 34.02, 29.40, 21.65. 
HRMS (ESI-TOF) m/z calcd. For C12H14NOS2 [M+H]+ 252.0511; found 
252.0517. 
S-(2-thiocyanatoethyl) 4-methoxybenzothioate (2d): The compound 
2d was prepared following the General Procedure B.  White silid (22 
mg, 89% yield),  Mp: 97.5-99.2 oC; Rf = 0.4 (1:9 :: EA:pet ether), 1H 
NMR (400 MHz, CDCl3): δ 7.92 (d, J = 8.8 Hz, 2H), 6.93 (d, J = 8.8 Hz, 
2H), 3.87 (s, 3H), 3.43 (m, 2H), 3.22 – 3.18 (m, 2H). 13C{1H} NMR (100 
MHz, CDCl3): δ (ppm) δ 189.09, 164.38, 129.76, 129.20, 114.11, 
111.73, 55.73, 33.77, 29.00. HRMS (ESI-TOF) m/z calcd. For 
C11H12NO2S2 [M+H]+ 254.0304; found 254.0309. 
S-(2-thiocyanatoethyl) 3,5-dimethoxybenzothioate (2e): The 
compound 2e was prepared following the General Procedure B.  
colourless liquid (24 mg, 84% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H 
NMR (400 MHz, CDCl3): δ 7.08 (d, J = 2.3 Hz, 2H), 6.68 (t, J = 2.3 Hz, 
1H), 3.83 (s, 6H), 3.51 – 3.34 (m, 2H), 3.26 – 3.08 (m, 2H). 13C{1H} NMR 
(100 MHz, CDCl3): δ 190.60, 161.02, 138.20, 111.54, 106.35, 105.16, 
55.75, 33.48, 29.20. HRMS (ESI-TOF) m/z calcd. For C12H14NO3S2 

[M+H]+ 284.0410; found 284.0413. 
S-(2-thiocyanatoethyl) 2-methoxy-5-(trifluoromethoxy)benzothioate 
(2f): The compound 2f was prepared following the General 
Procedure B.  colourless liquid (28 mg, 83% yield); Rf = 0.4 (3:20 :: 
EA:pet ether), 1H NMR (400 MHz, CDCl3): δ 7.71 (d, J = 3.0 Hz, 1H), 
7.38 (dd, J = 9.1, 3 Hz, 1H), 7.02 (d, J = 9.1 Hz, 1H), 3.97 (s, 3H), 3.40 
(m, 2H), 3.22 (m, 2H). 13C{1H} NMR (100 MHz, CDCl3): δ 188.38, 
157.15, 142.41, 127.26, 126.27, 124.38, 122.82, 121.82, 119.26, 
113.36, 111.64, 56.40, 33.29, 29.72. HRMS (ESI-TOF) m/z calcd. For 
C12H11F3NO3S2 [M+H]+ 338.0127; found 338.0131. 
S-(2-thiocyanatoethyl) 4-chlorobenzothioate (2g): The compound 2g 
was prepared following the General Procedure B.  colourless liquid 
(21 mg, 82% yield); Rf = 0.4 (3:20 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 7.88 (d, J = 8.4 Hz, 2H), 7.44 (d, J = 8.4 Hz, 2H), 3.53 – 3.33 
(m, 2H), 3.24 – 3.17 (m, 2H). 13C{1H} NMR (100 MHz, CDCl3): δ 189.60, 
140.63, 134.67, 129.28, 128.83, 111.52, 33.48, 29.21. HRMS (ESI-
TOF) m/z calcd. For C10H9ClNOS2 [M+H]+ 257.9809; found 257.9811. 
S-(2-thiocyanatoethyl) 2-chlorobenzothioate (2h): The compound 2h 
was prepared following the General Procedure B.  colourless liquid 
(19 mg, 73% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 7.71 – 7.67 (m, 1H), 7.49 – 7.43 (m, 2H), 7.36 (ddd, J = 7.7, 
6.3, 2.3 Hz, 1H), 3.50 – 3.45 (m, 2H), 3.28 – 3.24 (m, 2H). 13C{1H} NMR 
(100 MHz, CDCl3): δ 190.76, 136.54, 133.02, 131.26, 129.50, 127.04, 
111.54, 33.34, 30.09. HRMS (ESI-TOF) m/z calcd. For C10H9ClNOS2 

[M+H]+ 257.9809; found 257.9810. 
S-(2-thiocyanatoethyl) 3-chlorobenzothioate (2i): The compound 2i 
was prepared following the General Procedure B.  colourless liquid 
(19 mg, 73% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 7.91 (t, J = 2.1 Hz, 1H), 7.83 (dt, J = 7.9, 1.3 Hz, 1H), 7.58 
(ddd, J = 8.0, 2.1, 1.0 Hz, 1H), 7.42 (t, J = 7.9, 1.0 Hz, 1H), 3.49 – 3.45 
(m, 2H), 3.24 – 3.20 (m, 2H). 13C{1H} NMR (100 MHz, CDCl3): δ 189.63, 
137.81, 135.27, 134.02, 130.26, 127.47, 125.61, 111.48, 33.42, 29.26. 

HRMS (ESI-TOF) m/z calcd. For C10H9ClNOS2 [M+H]+ 257.9809; found 
257.9810. 
S-(2-thiocyanatoethyl) 4-fluorobenzothioate (2j): The compound 2j 
was prepared following the General Procedure B.  colourless liquid 
(19 mg, 79% yield); Rf = 0.5 (1:9 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 8.09 – 7.83 (m, 2H), 7.22 – 6.99 (m, 2H), 3.47 (m, 2H), 3.22 
(m, 2H). 13C{1H} NMR (100 MHz, CDCl3): δ 189.08, 167.53, 164.98, 
132.62, 132.59, 130.05, 129.95, 116.15, 115.93, 111.41, 33.44, 29.10. 
HRMS (ESI-TOF) m/z calcd. For C10H9FNOS2 [M+H]+ 242.0104; found 
242.0106. 
S-(2-thiocyanatoethyl) 3-bromobenzothioate (2k): The compound 2k 
was prepared following the General Procedure B.  colourless liquid 
(25 mg, 82% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 8.07 (t, J = 1.9 Hz, 1H), 7.88 (dt, J = 7.9, 1.4 Hz, 1H), 7.74 
(ddd, J = 8.0, 2.0, 1.0 Hz, 1H), 7.36 (t, J = 7.9 Hz, 1H), 3.60 – 3.37 (m, 
2H), 3.28 – 3.07 (m, 2H). 13C{1H} NMR (100 MHz, CDCl3): δ 189.50, 
137.96, 136.91, 130.46, 130.35, 126.03, 123.15, 111.43, 33.39, 29.23. 
HRMS (ESI-TOF) m/z calcd. For C10H9BrNOS2 [M+H]+ 301.9303; found 
301.9309. 
S-(2-thiocyanatoethyl) 3-iodobenzothioate (2l): The compound 2l 
was prepared following the General Procedure B.  colourless liquid 
(25 mg, 72% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 8.30 (q, J = 1.7 Hz, 1H), 8.02 – 7.87 (m, 2H), 7.33 – 7.19 (m, 
1H), 3.51 (m, 2H), 3.24 (m, 2H).13C{1H} NMR (100 MHz, CDCl3): δ 
189.40, 142.84, 137.96, 136.20, 130.57, 126.65, 111.48, 94.47, 33.43, 
29.24. HRMS (ESI-TOF) m/z calcd. For C10H9INOS2 [M+H]+ 349.9165; 
found 349.9171. 
S-(2-thiocyanatoethyl) 4-trifluorobenzothioate (2m): The compound 
2m was prepared following the General Procedure B.  white solid (25 
mg, 81% yield), Mp: 89.5-91.1 oC; Rf = 0.4 (1:9 :: EA:pet ether), 1H 
NMR (400 MHz, CDCl3): δ 8.14 – 7.84 (m, 2H), 7.81 – 7.63 (m, 2H), 
3.65 – 3.37 (m, 2H), 3.32 – 3.08 (m, 2H).13C{1H} NMR (100 MHz, 
CDCl3): δ 189.97, 139.08, 139.06, 135.55, 135.22, 130.61, 127.87, 
126.12, 126.08, 126.04, 126.00, 124.87, 122.16, 111.43, 33.36, 29.36. 
HRMS (ESI-TOF) m/z calcd. For C11H9F3NOS2 [M+H]+ 292.0072; found 
292.0078. 
S-(2-thiocyanatoethyl) naphthalene-2-carbothioate (2n): The 
compound 2n was prepared following the General Procedure B.  
yellow solid (23 mg, 83% yield), Mp: 79.1-80.6 oC; Rf = 0.4 (1:9 :: 
EA:pet ether), 1H NMR (400 MHz, CDCl3): δ 8.52 (s, 1H), 8.01 – 7.94 
(m, 2H), 7.93 – 7.86 (m, 2H), 7.61 (m, 2H), 3.52 (m, 2H), 3.27 (m, 
2H).13C{1H} NMR (100 MHz, CDCl3): δ 190.64, 136.15, 133.67, 132.52, 
129.78, 129.22, 129.02, 128.90, 128.01, 127.30, 123.07, 111.63, 
33.69, 29.24. HRMS (ESI-TOF) m/z calcd. For C14H12NOS2 [M+H]+ 
274.0355; found 274.0353. 
S-(2-thiocyanatoethyl) naphthalene-1-carbothioate (2o): The 
compound 20 was prepared following the General Procedure B.  
colourless liquid (21 mg, 77% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H 
NMR (400 MHz, CDCl3): δ 8.64 – 8.44 (m, 1H), 8.09 (m, 1H), 8.05 (m, 
1H), 7.90 (m, 1H), 7.65 – 7.54 (m, 2H), 7.52 (m, 1H), 3.63 – 3.37 (m, 
2H), 3.37 – 3.11 (m, 2H).13C{1H} NMR (100 MHz, CDCl3): δ 192.76, 
134.33, 133.91, 133.88, 129.28, 128.60, 128.51, 126.98, 125.17, 
124.59, 111.67, 33.62, 29.97. HRMS (ESI-TOF) m/z calcd. For 
C14H12NOS2 [M+H]+ 274.0355; found 274.0357. 



  

S-(2-thiocyanatoethyl) 4-cyanobenzothioate (2p): The compound 2p 
was prepared following the General Procedure B.  white solid (20 mg, 
79% yield) Mp: 84.1-85.6 oC; Rf = 0.4 (1:9 :: EA:pet ether), 1H NMR 
(400 MHz, CDCl3): δ 8.07 – 8.02 (m, 1H), 7.81 – 7.76 (m, 1H), 3.55 – 
3.48 (m, 1H), 3.26 – 3.20 (m, 1H).13C{1H} NMR (100 MHz, CDCl3): δ 
189.57, 139.33, 132.76, 127.90, 117.69, 117.35, 111.26, 33.23, 29.42. 
HRMS (ESI-TOF) m/z calcd. For C11H9N2OS2 [M+H]+ 249.0151; found 
249.0155. 
S-(2-thiocyanatoethyl) thiophene-2-carbothioate (2q): The 
compound 2q was prepared following the General Procedure B.  
colourless liquid (19 mg, 84% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H 
NMR (400 MHz, CDCl3): δ 7.84 – 7.80 (m, 1H), 7.70 – 7.66 (m, 1H), 
7.16 – 7.12 (m, 1H), 3.48 – 3.44 (m, 2H), 3.25 – 3.21 (m, 2H).13C{1H} 
NMR (100 MHz, CDCl3): δ 182.55, 141.18, 133.74, 131.96, 128.23, 
111.47, 33.64, 29.24. HRMS (ESI-TOF) m/z calcd. For C8H8NOS3 

[M+H]+ 229.9763; found 229.09766. 
S-(2-thiocyanatoethyl) 4-bromothiophene-2-carbothioate (2r): The 
compound 2r was prepared following the General Procedure B.  
colourless liquid (19 mg, 84% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H 
NMR (400 MHz, CDCl3): δ 7.70 (d, J = 1.4 Hz, 1H), 7.56 (d, J = 1.5 Hz, 
1H), 3.56 – 3.37 (m, 2H), 3.28 – 3.09 (m, 3H).13C{1H} NMR (100 MHz, 
CDCl3): δ 181.89, 141.63, 133.94, 130.84, 111.23, 33.49, 29.40. HRMS 
(ESI-TOF) m/z calcd. For C8H7BrNOS3 [M+H]+ 307.8868; found 
307.8872. 
S-(2-thiocyanatoethyl) 3-(1,3-dithiolan-2-yl)benzothioate (2s): The 
compound 2s was prepared following the General Procedure B.  
colourless liquid (15 mg, 47% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H 
NMR (400 MHz, CDCl3): δ 8.08 (d, J = 1.9 Hz, 1H), 7.85 (dt, J = 7.8, 1.4 
Hz, 1H), 7.77 (dt, J = 7.7, 1.3 Hz, 1H), 7.42 (t, J = 7.8 Hz, 1H), 5.65 (s, 
1H), 3.53 (ddd, J = 7.0, 5.9, 3.8 Hz, 2H), 3.49 – 3.43 (m, 2H), 3.39 (ddd, 
J = 8.1, 6.2, 3.8 Hz, 2H), 3.21 (dd, J = 8.6, 6.2 Hz, 2H).13C{1H} NMR (100 
MHz, CDCl3): δ 190.37, 142.17, 136.57, 133.72, 129.19, 127.14, 
126.97, 111.59, 55.59, 40.55, 33.55, 29.15. HRMS (ESI-TOF) m/z 
calcd. For C13H14NOS4 [M+H]+ 327.9953; found 327.9960. 
S-(2-thiocyanatoethyl) 3-(tosyloxy)benzothioate (2t): The compound 
2t was prepared following the General Procedure B.  colourless liquid 
(29 mg, 76% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 7.87 – 7.82 (m, 0H), 7.73 (d, J = 8.3 Hz, 1H), 7.54 – 7.50 (m, 
0H), 7.43 (t, J = 8.0 Hz, 0H), 7.34 (d, J = 8.0 Hz, 1H), 7.29 – 7.24 (m, 
1H), 3.45 (dd, J = 8.3, 6.4 Hz, 1H), 3.20 (dd, J = 8.3, 6.4 Hz, 1H), 2.46 
(s, 1H.13C{1H} NMR (100 MHz, CDCl3): δ 189.26, 149.82, 145.87, 
137.70, 131.99, 129.98, 128.52, 127.90, 125.89, 121.27, 111.29, 
33.27, 29.16, 21.79. HRMS (ESI-TOF) m/z calcd. For C17H16NO4S3 

[M+H]+ 394.0236; found 394.0242. 
S-(2-thiocyanatoethyl) 2-(allyloxy)benzothioate (2u): The compound 
2u was prepared following the General Procedure B.  colourless 
liquid (20 mg, 71% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H NMR (400 
MHz, CDCl3): δ 7.84 (dd, J = 7.8, 1.8 Hz, 1H), 7.48 (ddd, J = 8.5, 7.4, 
1.8 Hz, 1H), 7.10 – 6.90 (m, 2H), 6.12 (ddt, J = 17.2, 10.5, 5.3 Hz, 1H), 
5.49 (dq, J = 17.2, 1.5 Hz, 1H), 5.34 (dq, J = 10.5, 1.4 Hz, 1H), 4.69 (dt, 
J = 5.2, 1.5 Hz, 2H), 3.49 – 3.25 (m, 2H), 3.25 – 3.05 (m, 2H). 13C{1H} 
NMR (100 MHz, CDCl3): δ 189.47, 157.70, 134.51, 132.46, 130.11, 
126.03, 120.94, 118.56, 113.54, 111.88, 70.01, 33.54, 29.67. HRMS 
(ESI-TOF) m/z calcd. For C13H14NO2S2 [M+H]+ 280.0460; found 
280.0464. 

S-(3-thiocyanatopropyl) benzothioate (2v): The compound 2v was 
prepared following the General Procedure B.  colourless liquid (14 
mg, 60% yield); Rf = 0.4 (1:19 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 7.98 – 7.94 (m, 2H), 7.62 – 7.57 (m, 1H), 7.49 – 7.45 (m, 2H), 
3.23 (m, 2H), 3.07 (m, 2H), 2.26 – 2.20 (m, 2H). 13C{1H} NMR (100 
MHz, CDCl3): δ 191.46, 136.74, 133.87, 128.87, 127.44, 112.06, 
32.75, 30.12, 26.84. HRMS (ESI-TOF) m/z calcd. For C11H12NOS2 

[M+H]+ 238.0355; found 238.0361. 
S-(3-thiocyanatopropyl) 4-methylbenzothioate (2w): The compound 
2w was prepared following the General Procedure B.  colourless 
liquid (15 mg, 61% yield); Rf = 0.4 (1:19 :: EA:pet ether), 1H NMR (400 
MHz, CDCl3): δ 7.87 – 7.83 (m, 2H), 7.27 – 7.24 (m, 2H), 3.21 (m, 2H), 
3.06 (m, 2H), 2.42 (s, 3H), 2.25 – 2.19 (m, 2H). 13C{1H} NMR (100 MHz, 
CDCl3): δ 191.04, 144.82, 134.23, 129.52, 127.50, 112.10, 32.76, 
30.17, 26.74, 21.87. HRMS (ESI-TOF) m/z calcd. For C12H14NOS2 

[M+H]+ 252.0511; found 252.0518. 
S-(3-thiocyanatopropyl) 4-(tert-butyl)benzothioate (2x): The 
compound 2x was prepared following the General Procedure B.  
colourless liquid (18 mg, 63% yield); Rf = 0.4 (1:19 :: EA:pet ether), 1H 
NMR (400 MHz, CDCl3): δ 7.94 – 7.81 (m, 2H), 7.49 – 7.35 (m, 2H), 
3.22 (m, 1H), 3.06 (m, 2H), 2.22 (m, 2H), 1.34 (s, 9H). 13C{1H} NMR 
(100 MHz, CDCl3): δ 191.04, 157.78, 134.13, 127.36, 125.82, 112.11, 
35.36, 32.75, 31.20, 30.18, 26.72. HRMS (ESI-TOF) m/z calcd. For 
C15H20NOS2 [M+H]+ 294.0981; found 294.0985. 
S-(3-thiocyanatopropyl) 4-chlorobenzothioate (2y): The compound 
2y was prepared following the General Procedure B.  colourless liquid 
(18 mg, 66% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 7.98 – 7.70 (m, 2H), 7.53 – 7.30 (m, 2H), 3.23 (m, 2H), 3.06 
(m, 2H), 2.23 (m, 2H). 13C{1H} NMR (100 MHz, CDCl3): δ 190.29, 
140.31, 135.07, 129.19, 128.78, 111.97, 32.71, 30.04, 26.97. HRMS 
(ESI-TOF) m/z calcd. For C11H11ClNOS2 [M+H]+ 271.9965; found 
271.9966. 
S-(3-thiocyanatopropyl) 4-fluorobenzothioate (2z): The compound 2z 
was prepared following the General Procedure B.  colourless liquid 
(15 mg, 59% yield); Rf = 0.4 (1:9 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 8.02 – 7.95 (m, 2H), 7.17 – 7.11 (m, 2H), 3.23 (m, 1H), 3.06 
(m, 1H), 2.22 (m, 1H). 13C{1H} NMR (100 MHz, CDCl3): δ 189.93, 
167.50, 164.96, 133.10, 133.07, 130.06, 129.96, 116.15, 115.93, 
112.00, 32.71, 30.09, 26.96. HRMS (ESI-TOF) m/z calcd. For 
C11H11FNOS2 [M+H]+ 256.0261; found 256.0267. 

S-(3-thiocyanatopropyl) 4-cyanobenzothioate (2aa): The compound 
2aa was prepared following the General Procedure B.  colourless 
liquid (14 mg, 55% yield); Rf = 0.4 (2:15 :: EA:pet ether), 1H NMR (400 
MHz, CDCl3): δ 8.07 – 8.03 (m, 1H), 7.79 – 7.76 (m, 1H), 3.27 (t, J = 6.9 
Hz, 1H), 3.06 (t, J = 7.1 Hz, 1H), 2.28 – 2.22 (m, 1H). 13C{1H} NMR (100 
MHz, CDCl3): δ 190.24, 139.77, 132.75, 127.87, 117.86, 117.10, 
111.84, 32.65, 29.89, 27.25. HRMS (ESI-TOF) m/z calcd. For 
C12H11N2OS2 [M+H]+ 263.0307; found 263.0311. 
S-(3-thiocyanatopropyl) benzofuran-2-carbothioate (2ab): The 
compound 2ab was prepared following the General Procedure B.  
colourless liquid (14 mg, 55% yield); Rf = 0.4 (2:15 :: EA:pet ether), 1H 
NMR (400 MHz, CDCl3): δ 7.71 (dt, J = 8.0, 1.0 Hz, 1H), 7.59 (dq, J = 
8.5, 0.9 Hz, 1H), 7.55 (d, J = 1.0 Hz, 1H), 7.49 (ddd, J = 8.5, 7.2, 1.3 Hz, 
1H), 7.33 (ddd, J = 8.0, 7.1, 1.0 Hz, 1H), 3.27 (t, J = 6.8 Hz, 2H), 3.08 (t, 



  

J = 7.1 Hz, 2H), 2.26 (p, J = 6.9 Hz, 2H). 13C{1H} NMR (100 MHz, CDCl3): 
δ 181.73, 155.63, 150.79, 128.49, 126.90, 124.25, 123.37, 112.53, 
111.91, 111.78, 32.60, 29.99, 26.21. HRMS (ESI-TOF) m/z calcd. For 
C13H12NOS2 [M+H]+ 278.0304; found 278.0309. 
thiocyanatobenzene (4a): The compound 4a was prepared following 
the General Procedure C.  colourless liquid (25 mg, 93% yield); Rf = 
0.4 (1:99 :: EA:pet ether), 1H NMR (400 MHz, CDCl3): δ 7.54 (dd, J = 
6.4, 3.0 Hz, 2H), 7.49 – 7.37 (m, 3H). 13C{1H} NMR (100 MHz, CDCl3): 
δ 130.30, 130.15, 129.61, 124.50, 110.62. HRMS (ESI-TOF) m/z calcd. 
For C7H6NS [M+H]+ 136.0215; found 136.0217. 
1-methyl-4-thiocyanatobenzene (4b): The compound 4b was 
prepared following the General Procedure C.  colourless liquid (27 
mg, 92% yield); Rf = 0.4 (1:99 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 7.44 – 7.40 (m, 2H), 7.25 – 7.20 (m, 2H), 2.37 (s, 3H). 13C{1H} 
NMR (100 MHz, CDCl3): δ 140.36, 131.06, 130.81, 120.64, 111.15, 
21.27. HRMS (ESI-TOF) m/z calcd. For C8H8NS [M+H]+ 150.0372; 
found 150.0375. 
1-methoxy-4-thiocyanatobenzene (4c): The compound 4c was 
prepared following the General Procedure C.  colourless liquid (30 
mg, 90% yield); Rf = 0.4 (2:98 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 7.62 – 7.35 (m, 2H), 7.04 – 6.77 (m, 2H), 3.82 (s, 3H). 13C{1H} 
NMR (100 MHz, CDCl3): δ 161.40, 133.93, 115.93, 113.86, 111.73, 
55.64. HRMS (ESI-TOF) m/z calcd. For C8H8NOS [M+H]+ 166.0321; 
found 166.0328. 
1-chloro-4-thiocyanatobenzene (4d): The compound 4d was 
prepared following the General Procedure C.  colourless liquid (32 
mg, 95% yield); Rf = 0.4 (2:98 :: EA:pet ether), 1H NMR (400 MHz, 
CDCl3): δ 7.49 – 7.46 (m, 2H), 7.44 – 7.41 (m, 2H). 13C{1H} NMR (100 
MHz, CDCl3): δ 136.35, 131.62, 130.61, 122.86, 110.15. HRMS (ESI-
TOF) m/z calcd. For C7H5ClNS [M+H]+ 169.9826; found 169.9831. 
1-fluoro-4-thiocyanatobenzene (4e): The compound 4e was prepared 
following the General Procedure C.  colourless liquid (28 mg, 93% 
yield); Rf = 0.4 (2:98 :: EA:pet ether), 1H NMR (400 MHz, CDCl3): δ 7.60 
– 7.51 (m, 2H), 7.18 – 7.11 (m, 2H). 13C{1H} NMR (100 MHz, CDCl3): δ 
164.89, 162.39, 133.31, 133.22, 119.25, 119.21, 117.74, 117.52, 
110.60. HRMS (ESI-TOF) m/z calcd. For C7H5FNS [M+H]+ 154.0121; 
found 154.0125. 
2-thiocyanatopyridine (4f): The compound 4f was prepared following 
the General Procedure C.  colourless liquid (24 mg, 91% yield); Rf = 
0.4 (1:9 :: EA:pet ether), 1H NMR (400 MHz, CDCl3): δ 8.50 (ddd, J = 
4.8, 2.0, 0.9 Hz, 1H), 7.75 (td, J = 7.8, 1.9 Hz, 1H), 7.58 (dt, J = 8.1, 1.0 
Hz, 1H), 7.26 (ddd, J = 7.5, 4.8, 1.1 Hz, 1H). 13C{1H} NMR (100 MHz, 
CDCl3): δ 150.65, 150.09, 138.58, 122.87, 122.11, 109.13. HRMS (ESI-
TOF) m/z calcd. For C6H5N2S [M+H]+ 137.0168; found 137.0172. 

selenocyanatobenzene (4g): The compound 4g was prepared 
following the General Procedure C. yellow liquid (32 mg, 89% yield); 
Rf = 0.4 (1:9 :: EA:pet ether), 1H NMR (400 MHz, CDCl3): δ 7.65 – 7.60 
(m, 2H), 7.43 – 7.36 (m, 3H). 13C{1H} NMR (100 MHz, CDCl3): δ 132.87, 
130.50, 129.89, 121.93, 101.60. HRMS (ESI-TOF) m/z calcd. For 
C7H6NSe [M+H]+ 183.9660; found 183.9667. (Note – 4f causes 
vomiting sensation if inhilaed for long) 
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