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Novel route to the synthesis of 4-quinolyl isothiocyanates
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Abstract—4-Quinolyl isothiocyanates were synthesized in a regiospecific fashion from the corresponding 4-chloroquinolines and sil-
ver thiocyanate in refluxing toluene. The products were isolated in quantitative yield and high purity (>95%) by simple filtration and
concentration. Reactivity and mechanism of the reaction are discussed. The new approach would provide a new mean which had
been lacking for the synthesis of functionalized 4-quinolinyl isothiocyanate.
� 2006 Elsevier Ltd. All rights reserved.
Isothiocyanate is a very useful building block in syn-
thetic chemistry, especially for constructing heterocycles
such as thiodiazole, triazole, thiouracil, thioquinazo-
lone, thiopyrimidine, etc.1 It has been proven to be a
key reagent in Edman peptide sequencing and other bio-
logical assays of DNA and protein.2 Due to their syn-
thetic and biological importance,3 several methods for
the preparation of isothiocyanate have been reported.4,5

Although these methods were shown to be highly effec-
tive in alkyl and homocyclic systems, they suffered from
the limited scope such as their applicability to hetero-
cyclic systems. In fact, the synthesis of N-heterocyclic
isothiocyanates has been a very challenging topic,5,6 as
they are prone to oligomerize by autocatalysis. As a
result, they are generally generated in situ and trapped
with amines or other reagents. Recently, 2-methyl-4-
quinolyl isothiocyanate was synthesized.7 Although the
overall yield was as high as 80%, it required a two-step
process including the isolation of a thiuronium salt
intermediate, treatment with aqueous sodium hydroxide
solution, and recrystallization in a nucleophilic solvent
of aqueous alcohol. Nevertheless, it is the only 4-quin-
olyl isothiocyanate ever reported.

Our ongoing medicinal chemistry effort prompted us to
undertake the synthesis of a variety of 4-quinolinyl
isothiocyanates as key building blocks in the search
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for compounds with pharmacological importance. Our
efforts using reported transformations starting from 4-
aminoquinoline had led to failure. We turned to the di-
rect replacement of the chlorine atom in 4-chloroquino-
lines with inorganic thiocyanates, inspired by the
previous work of Kristian.8 Our use of silver thiocyanate
turned out to be successful. In a typical reaction, a mix-
ture of 4-chloroquinoline and silver thiocyanate in anhy-
drous toluene was rapidly stirred at 110 �C for 12 h.9

The reaction mixture was filtered and the filtrate was
concentrated under vacuum to provide 4-quinolyl isothio-
cyanate as an off-white solid in quantitative yield.10

Attempts to purify the isothiocyanate on silica gel or
recrystallization resulted in its decomposition. However,
the crude product was sufficiently pure (>95%) for rou-
tine synthetic uses.

Representative examples of 4-quinolyl isothiocyanates
that were successfully prepared using our new approach
are listed in Tables 1 and 2. The data illustrate the broad
scope of the reaction. The reaction was compatible with
a variety of functional groups. Interestingly, the elec-
tronic nature of the substitution did not significantly
affect the reaction. For instance, the substrates with
electron withdrawing groups, such as phenyl, fluorine,
bromine, chlorine, trifluoromethyl, and carboxylic ester
groups gave the products in similar yields and purities to
those with electron-donating groups such as methyl,
methoxy, and methylthio. The 4-chlorine is specifically
activated during the reaction with no apparent effect
on the other positions. The availability of these halo-
quinolyl isothiocyanates was found to be valuable
for further chemical transformations. The quantitative
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Table 1. Synthesis of 4-quinolyl isothiocyanates

N

Cl

R

N

NCS

R

2 eq AgSCN

toluene, 110 oC
12 hr

Yield:   100%

Purity:  100%  (HPLC-CLND)

  >95%  (1H NMR)a b

Entry Chloride a Isothiocyanate b

1

N

Cl

N

NCS

2

N

Cl

O

O

N

NCS O

O

3

N

Cl

F

N

NCS

F

4

N

Cl

Br

N

NCS

Br

5

N

Cl

CF3

N

NCS

CF3

6

N

Cl

O

N

NCS

O

7

N

Cl

Cl N

NCS

Cl

8

N

Cl

Br N

NCS

Br

9

N

Cl

O N

NCS

O

10

N

Cl

CF3 N

NCS

CF3

Table 2. Synthesis of 2- and 8-substituted 4-quinolyl isothiocyanates
(reaction, yield, and purity as in Table 1)
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nature and regiospecificity of this reaction coupled with
the minimal purification requirements make it an effi-
cient synthesis.

During the course of this study, we noticed an important
effect of the size of the substituents at both positions 2
and 8 on the outcome of the reaction. As shown in Table
2, with a substituent at 2-position the reaction is much
slower (18 h for methyl and 60 h for phenyl). When a tri-
fluoromethyl group, an isostere of an i-propyl or t-alkyl
groups,11 was present at 2-position (entry 13), the chlo-
ride failed to react. The steric effect of groups at 8-posi-
tion was not as pronounced as that at position 2. For
instance, 4-chloro-8-trifluoromethyl quinoline (entry
15), a counterpart of entry 13, was converted into isothi-
ocyanate in 60 h. These results suggested that the ring
nitrogen may interact with a silver cation to promote
the aromatic substitution. Interestingly, 8-methylthio
group (entry 16) accelerated the reaction as compared
to entry 11. The high affinity between sulfur atom and
silver cation further suggested participation of silver.
Finally, we noted that silver salt is critical to the reaction.
When the silver salt was replaced with either potassium
thiocyanate or copper(I) thiocyanate, very little or no
product was obtained. Besides the driving force of the
formation of silver chloride, it is worth to note the pos-
sible catalytic role of the silver cation.

Reactions of silver thiocyanate with 4-chloroquinoline
(entry 1) and 2-methyl-4-chloroquinoline (entry 11) were
monitored by HPLC-CLND. The kinetics of both reac-
tions seemed to be similar with the exception that the
latter was much slower. The outcome of the reaction is
outlined in Figure 1 for entry 11 and a typical stepwise
process. In the first five hours, 52% of the starting mate-
rial was converted exclusively into an intermediate,
which was isolated and found to be 2-methyl-4-quinolyl
thiocyanate (17). When submitted to the same reaction
conditions, intermediate 17 rearranged to isothiocyanate
11b quantitatively. Figure 1 also showed a noticeable
induction period (about two hours) followed by a
chain-like kinetics. When one equimole (to silver thio-
cyanate) of TEMPO was initially added, the reaction
failed to proceed. This observation strongly suggested
the involvement of radical intermediates in the process.
It was not clear however if the silver cation acted as an
electron-transferring agent in this radical reaction. The
details of the reaction mechanism and the role of the sil-
ver cation are currently under investigation and the
results will be published in due course.
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Figure 1. Reaction of 2-methyl-4-chloroquinoline with AgSCN.
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In summary, we have described a novel and practical
approach to the construction of 4-quinolyl isothiocyanates
by reacting 4-chloroquinolines and silver thiocyanate in
refluxing toluene. A stepwise kinetics was illustrated.
The protocol provides a simple and efficient access to
4-quinolyl isothiocyanates in quantitative yield and
excellent purity.
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