Chemistry & Biology Interface, 2020, 10, 2, 34-50

REVIEW PAPER ISSN: 2249 -4820

C/s.x

CHEMISTRY & BIOLOGY INTERFACE

CHEMISTRY & BIOLOGY INTERFACE

An official Journal of ISCB, Journal homepage; www.cbijournal.com

Synthesis of Isothiocyanates: A Review

Krishna Srivastava,*! Ashish Bhatt,” Neha Singh,® Richa Khare,* Ranjana Shukla,’ Devdutt
Chaturvedi,’ Ravi Kant!

!Faculty of Chemical Sciences, Shri Ramswaroop memorial university, Lucknow-Deva Road, U.P.

’Department of Chemistry, Mewar university, Chittorgarh, (Rajasthan),312901, India

3Department of Chemistry, ABES Engineering College, Ghaziabad,U.P ,201009, India

‘Department of Chemistry, Amity university, Lucknow Camus, Lucknow, Uttar Pradesh,India

’Department of Chemistry, BBD, National Institute of Technology and Management, Lucknow, Uttar Pradesh, India
SDepartment of Chemistry, Mahatma Gandhi Central University, Motihari, Bihar, India

Email- itsbhatt2007@yahoo.co.in

Received 22 January 2020; Accepted 30 April 2020

Abstract: Naturally occurring isothiocyanates are limited in number. These have been found to be pres-
ent in some species of Cruciferae as progenitors, called glucosinolates, and are released from the injured
plant by the enzyme myrosinase. On the other hand, there is a large number of synthetic isothiocyanates
which constitute an important class of compounds. It is apparent that the chemistry of isothiocyanates has
burgeoned over the years, and it continues to be a blossoming field. The attraction of isothiocyanates as
synthons is obviously due to their diverse reactions and also due to their easy availability. It would not be
out of place to record that, in comparison to isocyanates, their sulfur analogues, isothiocyanates, are less
unpleasant and to some extent less hazardous to work with. In one of our investigations during 1984, we
had to abandon the use of isocyanates as cyclocondensing agents because of the reluctance of a research
scholar who was in the grip of a fear complex caused by the tragic death and crippling of a large number
of Bhopal citizens due to the devastating accident in a chemical plant using methyl isocyanate. Since then
we became interested in isothiocyanates. The purpose of this review is to present highlights of the various
synthetic schemes to obtain the various kind of isothiocyanates.

Keywords: Isothiocyanate, Thiourea, Dithiocarbonate, Thiophosgene.

Introduction of oxygen in the isocyanate group with sulphur.

These are popularly used as antimicrobial !, anti
Isothiocyanates are heteroallenic compounds parasitic 2 and anti tumour agents *. They exist
which are abundantly found in cruciferous in nature as marine sesquiterpenes °. They are
vegetables. These are formed by substitution actively used as anti-proliferative °, enzyme
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inhibitors for HIV virus 7, biological assays
of DNA and proteins *° and pharmaceutical
products '°.

They are used as synthetic intermediates in
nucleophilic and cycloaddition reactions '
They are popularly used as starting materials
in synthesis of sulphur and nitrogen containing
compounds 2. They are used as chemo selective
electrophiles in bio conjugate chemistry because
of their tolerance towards aqueous reaction
conditions '3, also they are key intermediates in

synthesis of sulphur containing heterocycles '*
23

They have been proposed as counterattack
reagents since many of their adducts with
compounds carrying an active hydrogen atom
undergo cyclization spontaneously and can
be manipulated to form heterocycles ?*. They
have contributed to the importance of coumarin
chemistry duetotheirvariedbiological properties
25, Caumarinyl isothiocyanates are synthesized
and used for synthesis of heterocycles like
quinazolinones, thiohydatoins, thiazolodinone,
benzooxazole,benzothiazole?,thiopyrimidones,
thioquinazolones, mercaptoimidazoles,
thioimidazolones,pyridinethiones,pyrrolodines,
benzothiazines ?’. They have industrial, medical
and analytical applications 2-°. They are used
for antifungal and anthelminic activities 3!
They are important reagents for amide ligitation
32 and Edman peptide sequencing 3. They are
used to synthesize unsymmetrical thioureas 3437
and in preparation of irreversible inhibitors 3%,

A variety of the biologically active compounds
which have been synthesized by using
isothiocyanates are reported in several
literature. Triapine, a tridentate a-N-pyridyl
thiosemicarbazone is a potent RR inhibitor
currently undergoing phase 1 and II clinical
trials 3° (Fig. 1). Substitution on the terminal
nitrogen (N4) of the thiosemicarbazone
moiety was reported to increase toxicity of
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thiosemicarbazone derivatives which were
synthesized from isothiocynates “*'. The
terminally dimethylated thiosemicarbazone
(di-2-pyridylketone-4,4,-dimethyl-3-
thiosemicarbazone), derived fromisothiocynates
(Dp44mT, Figure 1) has even been shown to
exhibit a paradoxical hypertoxicity against the
P-gp-overexpressing cervix carcinoma cell
line KB-V1 as compared to its parental cell
line KB-3-1 “*, In particular, there is a strong
link between the thiosemicarbazone backbone,
derived from isothiocynates and MDR selective
toxicity, as exemplified by several isatin-
Bthiosemicarbazones including NSC73306
(Figure 1), NSC658339, NSC716765,
NSC716766,  NSC716768,  NSC716771
and NSC716772 *“*. In addition to these
thiosemicarbazones, the pharmacogenomic
approach also identified a benzothiazole
(NSC693630, Figure 1), derived from
isothiocynates as a candidate MDRselective
agent ‘. The pyrimidinylhydrazone VP035
(Figure 1, upper right panel) has also been
reported to show selective toxicity towards
MDR cell lines, yet in a P-gp independent
manner V.

Over the past years, various methods have been
encountered for symmetrical, cyclic and acyclic
isothiocyanate synthesis. The present review
gives an insight to discuss various synthetic
protocols for synthesis of isothiocyanates.
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Fig.1 Bioactive compounds derived from
isothiocynates

Synthesis of Isothiocyanates

1) From alkyl halides and metal
thiocyanates, rearrangement of thiocyanates:
Although this reaction is one of the oldest
methods of preparing isothiocyanates, it cannot
be predicted a priori whether the reaction of
an alkyl halide with a metal or ammonium salt
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of thiocyanic acid will result in the formation
of a normal thiocyanate or the corresponding
isothiocyanate. The experimental conditions
employed determine which isomer will be
formed and mixtures of both isomers often
result. It appears that the iso thiocyanate is more
thermally-stable compound and thiocyanates
or mixtures thereof can be converted to pure
isothiocyanates at elevated temperatures
especially in the presence of cadmium iodide
or zinc chloride. The salts of thiocyanic acid
most commonly employed are potassium,
ammonium, and less frequently silver thio-
cyanate, tetramethylene diisothiocyanate *® is a
typical example shown below:

2)

Scheme 1

Cl-(CH2)4-C|+ NH4SCN — SCN'(CH2)4-NCS
+ 2NH,CI

Chlorides directly react with sulphur and sodium
cyanide in methanol as shown in the equation

H NCS
H%\/Cl + NaCN + S — %\/
H

H

3) From salts of dithiocarbamic
acid: Salts of dithiocarbamic acid, readily
obtained by the reactions of carbon disulfide
and alkali hydroxides or ammonia with primary
amines, are smoothly cleaved to isothiocyanates
by heavy metal salts chloroformate esters,
phosgene, sodium hypochlorite, or iodine
4932 Each of these methods fail, of course,
if the amine is too weakly basic to form a
dithiocarbamate salt.

Although the alkali metal or ammonium salts
of dithiocarbamic acid derived from primary
amines are relatively stable, the corresponding
heavy metal salts are easily decomposed to
form isothiocyanates. A typical preparation
is that of phenyl isothio cyanate > from
ammonium phenyldithiocarbamate via the lead
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salt intermediate

Scheme 2

Pb(NO3)2
—  » PhNCS
+ NH4NO3
+ HNO; + PbS

S
PhNH)kS—N Ha

And research ** observed that the reactions
of aliphatic dithiocarbamate salts with
chloroformate esters yield the corresponding
aliphatic isothiocyanates in good yield. The
reaction has been interpreted as shown below:

i LI
CICOOR'
RNH)J\SNH4 _— RNH)J\S OR'
- NH4CI l

R-N=C=S + COS + R'OH

The method is not generally applicable for
the preparation of aryl isothiocyanates for
in addition to the expected product, large
quantities of diaryl ureas are formed under
the experimental conditions. These by-
products arise from the cleavage of the
four membered ring intermediate to carbon
disulfide and aryl isocyanates *°, which are
then converted to diaryl ureas in the presence
of water. A recent modification of the method
permits preparation of aryl isothiocyanates
in good yield in aqueous solution. A possible
mechanism for the reaction is also discussed.

Reactions of dithiocarbamate salts with
phosgene * proceed smoothly
Scheme 3
RNH.CSNH, + COCl, RNCS + NH,4Cl
I +HCl + COS

Yields, even in the preparation of complex
aryl isothiocyanates are excellent. Primary and
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secondary isothiocyanates can be prepared
readily by oxidation of dithiocarbamate salts
with sodium hypochlorite. ¥’

RNHCSNH, + 4NaOCl — RNCS + 3NaCl +
+NaOH NH4C1 + Na28+ Na2S04
+H,0

Delaby and co-workers have described the
reaction of acrylonitrile with dithiocarbamate
salts to form isothiocyanates and bis-2-cyano-
ethyl sulphide.

Scheme 4

[
PhNH-CS.NH,4
—_—

2CH,=CHCN PhNCS + (CNCH,CH,),S

+ NHj;

*Alkyl and aryl amines are converted smoothly
to  corresponding  isothiocyanates  via
dithiocarbamates in excellent yields using di-ter
butyl dicarbonate(Boc,0) and 1-3% of DMAP
(4-Dimethylaminopyridine) or DABCO (1,4-
Diazabicyclo[2.2.2]octane) as catalyst. Most of
the by-products are volatile hence; workup
requires simple evaporation of the reaction
mixture.

Although the previous methods are efficient,
there was a need of clean work up procedure
avoiding use of chromatography. Di-ter butyl
dicarbonate (Boc,0) is a suitable agent for
desulphurisation as this reagent may involve
CO, and COS during the reaction. Residual
CS, and ter-butanol together with the solvent
should be removed easily by evaporation. As
the formation of dithiocarbamate in the case of
most amines proceeds rapidly, isothiocyanates
can be synthesized directly from the amine in
the presence of excess carbon disulphide.

It was observed that a catalytic amount of
DMAP or DABCO (1-3%) increased the
reaction rate significantly resulting in formation
of isothiocyanates from corresponding amines
in minutes with visible evolution of gas from
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reaction mixture. In the stepwise reaction, the
electrophile Boc,O reacts with dithiocabamate
with evolution of CO, to form an unstable mixed
dithiocarbamate/carbonate adducts that rapidly
decomposes to the isothiocyanates, COS and ter-
butanol (schemel). One equivalent of triethyl
amine was used for stabilization and complete
formation of dithiocarbamate as reported earlier
58, The reaction is carried out in polar conditions
ethanol, or methanol though it proceeds well in
non polar solvents as DCM (dichloromethane),
THF (tetrahydrofuran) or in dipolar solvents as
DMF (N,N-dimethyl formamide) and acetone.
Boc,0O was added in almost stoichiometric
amounts (0.99equiv) to avoid formation of
residual di-tert-butyl dicarbonate as a by-
product. Although the reaction can proceed via
various pathways such as Boc protection of
amine or amine’s conversion to isothiocyanate,
these reactions are rarely observed . However,
Boc-protected amine formation was observed to
be upto 14% in GCMS in case of 1-adamantyl
amine and poorly soluble aryl amines along
with the case of deactivated aryl amines as para-
bromoaniline(8%).

Scheme 5
S S O
N S EtsNH 'NF Ts” toBut
(H
B
R-N=C=S + {BuOH+ COS

An improved procedure for the synthesis
of isothiocyanates from the corresponding
dithiocarbamic acid salts via a desulphurization
strategy using molecular iodine and sodium
bicarbonate in water/ethyl acetate biphasic
medium. The reagents used are easily available,
non-toxic and cheap. This method is accepted
due to its environmental acceptability of
reagents, cost effectiveness.
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During the process the dithiocarbamic acid
salt is easily converted into the corresponding
isothiocyanate by treating it with iodine in
presence of sodium bicarbonate in water/ethyl
acetate biphasic medium in good to excellent
yields in shorter time (15 minutes). The water/
ethyl acetate has potential advantages. The
coexistence of water with ethyl acetate helps in
extracting the isothiocyanate to the organic layer
leaving behind the impurities in the aqueous
layer which in turn facilitates an easy work up
process. lodine is soluble in ethyl acetate and on
stirring, dissolves and gets delivered at water/
ethyl acetate interface for desulphurization.
The water phase dissolves the base sodium
bicarbonate over organic bases offer a mild and
effective green approach towards synthesis of
isothiocyanates.

Scheme 6

=

H
\ N

H /
_N__S NHEt, ——> - S<
R 3 ho R
s ) S
HCO;

R-N=C=S + Nal
— o+
+ L. NH,Ety +H,CO3 + sl

Various dithiocarbamic salts of aryl amines
with electron withdrawing groups in both ortho
and para positions afford excellent yields .
Aromatic ring containing two fluro groups in
ortho and para positions gave isothiocyanates in
excellent yields. Isothiocyantaes were obtained
in very high yields from their corresponding
dithiocarbamate salts containing high electron
withdrawing substituents in meta and para
positions. This methodology worked well with
substrates having electron withdrawing groups.
Similar results were obtained while preparing
aliphatic isothiocyanates of n-butyl, dodecayl
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and cyclohexyl dithiocarbamates. The method
was effective as well with dithiocarbamate salts
of bezyl piperonyl and homoveratrylamines.
The reactions were clean and thioureas and
other by-products were not obtained during the
preparation of isothiocyanates.The reactions
were fast and facile at room temperatures. The
products were obtained in high yields is pure
without requiring any further purification.

*A highly efficient and simple protocol for the
synthesis of isothiocyanates and cyanamides
from their respective amines  have been
developed in the presence of a mild, efficient,
and non-toxic reagent tetrapropylammonium
tribromide  (TPATB).High  environmental
acceptability of the reagents, cost effectiveness
and high this methodology viable.

Although many synthetic methods for the
preparation of isothiocyanates have been
reported to date ¢'-*” most methods suffer from
the employment of highly toxic reagents.
Thus, there is still need for a commercially
viable and environmentally acceptable
protocol for the synthesis of isothiocyanates.
The synthesis of isothiocyanates via
TPATB(tetrapropylammonium tribromide)-
mediated decomposition of dithiocarbamate
salt in the presence of sodium bicarbonate in
water/ethyl acetate biphasic solvent system at
room temperature (Scheme 7) emerged as an
effective method.

Scheme 7
H - o+ TPATB
_N._S NHEt; ————> R-N=C=S + NaBr
R™Y™ ® NaHCOj, g
S H,O/EtOAc + Br.NEt;
+ H,CO4 + sl

The water/ethyl acetate biphasic solvent
system has several important advantages. In
addition to the versatile character of both water
and ethyl acetate, the presence of both water
with ethyl acetate helps in the extraction of
isothiocyanate to the organic layer leaving
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behind the impurities in the aqueous layer
which brings about an easy workup. TPATB
(tetrapropylammonium tribromide) is soluble
in ethyl acetate and on stirring dissolves, thus
diffuses to the water-ethyl acetate interphase
for desulfurization. Moreover, the water phase
dissolves the base sodium bicarbonate and keeps
the dithiocarbamic acid salt in aqueous layer.
The use of sodium bicarbonate over organic
bases offers a mild and effective green approach
towards the synthesis of isothiocyanates. The
mechanism of the present transformation is
given in Scheme 8.

Scheme 8
TPATB
- H
1 s e, e M8
e t3 ~ r
R \n/ HZO/Hexane_j s
S HCO,

|

R-N=C=S + NaBr
- +
+ Br.NEt; + H2003+Sl

In conclusion a general, economical and
environmentally novel method for the
preparation of isothiocyanates and cyanamides
from their corresponding dithiocarbamic acid
salts has been developed. The use of non-toxic
and eco-friendly reagents and solvents without
the formation of any side products has rendered
this methodology potentially useful. The yield
could in fact be considered as very good if not
excellent.

*Synthesis of isothiocyantes from ethyl
triphenyl phosphonium tribromide (ETPPTB),
the analysis of its reactivity profile and its
efficacy in various reactions like bromination,
acylations etc. In this method, it was observed
that ETPPTB (ethyl triphenyl phosphonium
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tribromide) works well as desulphurizing
agent for synthesis of isothiocyanates from
corresponding  dithiocarbamate  precursor.
The dithiocarbamic acid salts were prepared
following a modified procedure which is
represented in scheme.

Scheme 9

H _ o+
EtsN
R-NH, £ R’N\H/S' NHEt;
CSs
(R = Alkyl/ aryl)
Scheme 9(a). Preparation of dithiocarbamate salt.

EtPh3PBrs > EtPhsPBr

K

R-N=C=$
- +
+ Br.NEts +S |

Scheme 9(b). Proposed mechanism for formation of
isothiocyanate.

ETPPTB (ethyl triphenyl phosphonium
tribromide) has been synthesized and its
reactivity studied. Its ease of preparation,

Mildness and efficacy in organic reactions such
as bromination, acylation and isothiocyanate
preparation shows that the reagent could be a
useful addition to the existing lot of reagents.

*Dithiocarbamatesaltswere preparedbyreaction
of triethylenediamine and carbamodithioic acids
which were formed by treatment of aromatic
amines with carbon disulphide. Isothiocyanates
were then obtained by treated dithiocarbamate

salts ~ with  BTC  (bis(trichloromethyl)
carbonate). 4-isothiocyanates were then
Chemistry & Biology Interface
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obtained by treated dithiocarbamate salts
with  BTC  (bis(trichloromethyl)carbonate).
4-isothiocyanatebenzoic acid was prepared by
reaction of 4-aminobenzoic acid with TCDI
(1,1’-Thiocarbonyldiimidazole) in the presence
of TEA (triethyl amine).

4-Thiazolidinones and their analogs were
prepared according to the routes 7 depicted in
scheme 2. Aryl isothiocyanates were treated with
active methylene compounds and potassium
hydroxide in DMF to provide ketene-N,S-acetal
salts. These salts were further reacted with
2-chloroacetyl chloride, 3-bromopropanoyl
chloride or 1,2-dibromoethane to give
compounds 5-11 or 13-31.Compound 12 was
prepared by de-protection of compound 11 with
TFA (trifluoroaceetic acid) in DCM. Reaction
of isothiocyanate with 2-mercaptoacetic acid
offered an intermediate 2-(carbamothioylthio)
acetic acid, which was subsequently cyclised to
produce the additional analogues.

Scheme 10

i N _SH NN
R-NH, —= R0 /" —— RN=C=S

S

HOOCONHZ +TDCI ——> HOOC@—NCS

A strategy for preparation of isothiocyanates
via diacetoxy iodobenzene (DIB) mediated
decomposition of dithiocarbamate salts.

3) Isothiocyanates from thioureas: The

cheap and readily available diarylthioureas

are easily cleaved by hot mineral acids to aryl

isothiocyanates and salts of aryl amines.
Scheme 11

HCl
DI Gres « O
N™ON
H H

+ HCI
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If unsymmetrical disubstituted thioureas
are used both possible isothiocyanates are
formed. According to a method described
monoarylthioureas can be cleaved by extended
heating in a suitable inert solvent. Aryl
isothiocyanates result in good yield with the
liberation of ammonia.

4) Isothiocyanates from primary amines and
thiophosgene; The reaction of thiophosgene
with primary amines to form isothiocyanates
has long been known, and proceeds smoothly
in most cases. Although the reaction appears
to be analogous to the commercially important
phosphgenation of amines to form isocyanides,
thiophosgene  and  isothiocyanates  are
relatively insensitive to water in cold and the
reaction can be conducted in aqueous media.
Hydroxyl, carboxyl, thiol or sulfamide groups
on the amine decrease the water sensitivity
even further and in contrast to the preparation
of isocyanates do not appear to interfere
with the formation of isothiocyanates. It has
been shown that the reaction proceeds via
the thiocarbamyl chloride, which eliminates
hydrogen chloride to form the isothiocyanate.

Scheme 12

RNH; + CSCl, —> RNHCSCI + HCI

RNCS + HCI

Thus, the amine salts, as well as the free
amines, can be thiophosgenated are preferred,
since the side reactions of isothiocyanates with
free amine to form symmetrical thiourea can
materially lower the yields unless thiophosgene
is always present in excess. Aromatic amines
are exception and are generally employed as
the free bases because of their weakly basic
character.
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Also, isothiocyanates were synthesized starting
from proper amines like 2-napthylamine
and Commercialized substituted thiophenol
obtained from p-chlorophenol and p-nitrophenol
in presence of alcoholic solution of hydrochloric
acid. 34-78% isothiocyanates obtained were
crystalline. Yields of derivatives with bulkier
groups were lower as compared to the ones
having more remote acetyl group.

*Aryl isothiocyanates with strong electron
withdrawing fluorine were prepared by a more
straight forward and convenient synthetic
route in one step and good yield (Scheme 13).
Reaction of flurophenyl amines with carbon
disulphide in presence of triethylamines gave
ethyl chloroformate in ice bath, flurophenyl
isothocyanates were obtained in the range of
40-89%. 8087

Scheme 13

R@NH CICOOC,Hs, EtsN R@—NCS
\ 7/ % s, EtN \_/

R= 2-F, 4-F, 2,4-F,, 2,6-F,, 2-CF3, 3-CF

*A general and facile one pot synthesis of a
broad range of alkyl and aryl isothiocyanates
have been developed from their corresponding
primary amines under aqueous conditions. This
two step process synthetic process involves an
in situ generation of a dithiocarbamate salt from
the amine substrate by reacting it with CS, in
presence of a base followed by elimination to
form this isothiocyanate product with cyanuric
acid as the desulphurylation agent.

Scheme 14
CS,(12eq.
SRSy go T
R-NH, 2 s2eg) N § K R-N=C=S
H,0 RO (0.5eq.)

S

These methods were successful with substrates
having highly electron withdrawing groups as
CF,, CN, CH,CO, NO,. From previous methods,
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considering that TCT (2,4,6-trichloro-1,3,5-
triazine) is an efficient desulphurylation reagent,
it was speculated that it can be used for
desulphurylation of dithiocabamates to form
isothiocyanates. Initialy, the method begins
with aniline to prepare phenyl
isothiocyanate(Scheme 15) via N-phenyl
dithiocarbamate followed by desulphurylation
with TCT (2,4,6-trichloro-1,3,5-triazine). As
inorganic bases were more efficient for the
conversion of arylamines to  N-aryl
dithiocarbamates in aqueous systems, inorganic
bases were chosen to screen the optimum
reaction conditions for the one pot synthesis.

Scheme 15
)
-+
PhNH, + CS, N9 phNHCS Na + Ph\N)J\N/Ph
1 2-1 H H
22
TCT
N s N__s_ N
PR YT P
s N?N s NaOH pines
S__S 4
HN .
Ph

As per the literature N-phenyl dithiocarbamate
was generated by mixing aniline and CS,
in water in presence of NaOH at room
temperature. After the aniline disappeared
completely, the mixture was cooled to 0°C
and TCT (2,4,6-trichloro-1,3,5-triazine) in
CH,CI, was added. This biphasic mixture was
stirred for 30 minutes and further treated with
NaOH to form a clear solution. The workup
yielded 61% phenyl isothiocyanate along with
small amount of N,N’-diphenyl urea as a by-
product. Moreover, under this condition, the
by-product TMT was easily soluble in water to
form a clear solution and thus, convenient to the
layers separation during the workshop. Under
optimal conditions, an overall yield of phenyl
isothiocyanate from aniline was obtained up to
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98%. It should be noted that choosing K,CO, as
the reaction base was crucial. It was found out
that dithiocarbamate could form a clear aqueous
solution while the corresponding sodium salt
was much less soluble and the ammonium
salt was almost insoluble and difficult to stir.
Although the isolation of intermediate 3 was not
successful (scheme 1), the fact that the formation
of the side product TMT was observed strongly
indicated the presence of this intermediacy.

The newly developed method could convert a
wide range of primary alkyl and arylamines into
their corresponding isothiocyanates in excellent
yields and provides promise for further
scale-up activities. Moreover, this method is
advantageous over many other methods for the
synthesis of highly electron-deficient aromatic
isothiocyanates. 8- 116

*An efficient, mild, chemo selective
and convenient protocol for synthesis of
isothiocyanate derivatives. The protocol was
applied successfully in the novel synthesis
of anthelmintic drug 4-isothiocyanato-4’
nitrodiphenyl ether and its analog. Here, the
conversion of amines to isothiocyanates is done
in presence of a different base, ferrous sulphate
as novel catalyst.

Amine, carbon disulphide and acetone
were stirred at room temperature to form
dithiocarbamate salt which was subsequently
treated with triethyl amine and ferrous sulphate
to secure isothiocyanates. This reaction can’t be
completed without ferrous sulphate to secure
isothiocyanates, thus it is used as catalysts. The
purified product was isolated using n-hexane. '’
A broad range of structurally diverse aromatic
amines have been used.
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Scheme 16

N NH, RL\ NCS
RT/ - =

HO\©\ o
W OCLS
H
o s
3 H
1
. o L
—_—
O,N NH, O,N NCS
4 5

This method is further used for synthesis
of anthelminic drug 4-isothiocyanato-4’-
nitrodiphenyl ether scheme 16.

This is a simple novel method for synthesis of
isothiocyanates with relatively short reaction
times, utilization of cheap and readily available
reagents and high yields of products are some
of the advantages of the present protocol. These
are advantageous for modern day large scale
operations.

*A straight forward and convenient synthesis
of aryl isothiocyanates from aryl amines on
the basis of Kaluza method as shown in the
following equation.'’®'?! Aryl amines readily
react with carbon disulphide and sodium
hydroxide in water to give sodium aryl
dithiocarbamates which were treated directly
with ethyl chloroformate at 35°-45°C to give
aryl isothiocyanates.

Scheme 17

cs, ©® CcicooEt
ArNH, =22 ARNHOSS Na—— = Ar=NCS
a

1 2 3
(@) Ar =0-FCgH,  (e) Ar =3,4-F,CgH3 (i) Ar=0-CICgH,
(b) Ar = p-FCgHs  (f) Ar = 2,3,4-F5CgH, () Ar = 2,6-Cl,CgH3

(c) Ar=m-FCgHs (g) Ar = 3,4-CIFCgH3 (k) Ar=m-CgHgy
(d) Ar = 2,4-F,CgHg (h) Ar = CgHs () Ar = 0-BrCgH,

—~~ o~

* A mild and efficient method for the conversion
of alkyl and aryl amines to isothiocyanates

using(CH,),CO-CS, as a co solvent and
triphosgene as dehydrosulfurization reagent.
High yields, mild reactions conditions and
excellent functional group compatibility make
it become a versatile synthetic method for the
preparation of isothiocyantes compared with
reported methods. A series of isothiocyantes
were prepared in good yields by decomposition
of dithiocarbamates using cholorosilanes such
as MiSiCl, Me,SiCl,, MeSiCl, and SiCl,. ">

Bis(trichloromethyl)carbonate (BTC) usually
called triphosgene or solid phosgene, being
a substitute for phosgene and diphosgene
in synthesis is safe and convenient to be
used with good selectivity and yields under
mild conditions. The use of triphosgene as a
dehydrosulphurization reagent in the preparation
of isothiocyanate has been reported by Chaskar
and co-workers. Most isothiocyanates bearing
electron-withdrawing groups were obtained
in good yields by their methods. Though, it is
not suitable for anilines bearing strong electron
withdrawing groups as cyano and nitro groups.
It is well known that some strong electron-
withdrawing  substituents are important
pharmacophores and pharmaceuticals.

Scheme 18

H 9
DABCO R,N\H/S HN%

CS,/(CH3),CO 3

R-NH,

R = alkyl or aryl

In the exploratory studies, a strong electric-
withdrawing amine, p-nitro aniline selected
to investigate the effect of solvents.
P-Nitro aniline and CS, in the presence of
1,4-diazabicyclo[2.2.2]-Octan(DABCO)
reacted in different solvents at room temperature.
The was even no precipitation of product (b) in
ethanol after 24 hrs.

via dithiocarbamates
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In other solvents, the reaction didn’t complete
in 24 hrs and only a little precipitation was
afforded. The yield with toluene was good but
was not optimal due to toxicity and pungent
smell. Acetone was less efficient than toluene
but its dissolution capacity was much better
for p-nitro aniline. It was found that yield
increased upto 90% when (CH,),CO-CS, in
ratio 1:5 was used as co-solvent in formation of
isothiocyanate.

* A pot synthesis of pyridyl isothiocyanates from
the corresponding amines has been developed.
This method involves aqueous iron(III) chloride
mediated desulphurization of a dithiocarbamate
salt that is generated in situ by treatment of an
amine with carbon disulphide in the presence
of DABCO or sodium hydride. The choice of
base is of importance for the dithiocarbamate
salts. This one pot process works well for a
wide range of pyridyl isothiocyanate. Utilizing
this protocol some highly electron deficient
pyridyl and aryl isothiocyanate are obtained in
moderate to good yields. There are two main
methods to convert substituted aminopyridines
into the corresponding isothiocyanate analogue
(Scheme 19).

Scheme 19
s
% >~CI Base PyNCS
-HCI py—NH -HCI
Desulfyrylation
Py-NFz — reagents
8 s, o @
cs2 VY—SH Base ). -HBase
Py—NH Py—NH
The most well known method is based
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on thiophosgene and later refinements
of thiocarbonyl transfer reagents such as
thiocarbonyl diimidazole and dipyridyl
thionocarbonate '**1%,  The high toxicity
and incomparability of thiophosgene with
many functional groups limit its general use
furthermore these thiocarbonyl transfer reagents
are not readily available and often do not work as
desired due to formation of thiourea by-products.
Another two step approach, based on reagent
promoted decomposition of dithiocarbamate
salts into isothiocyanates was proposed by
Le Count. The intermediate dithiocarbamate
salts are generated by treatment of amine with
carbon disulphide and Et,N.Although some
desulphurylating reagents for this approach wer
developed. In first step, preparing the N-pyridyl
dithiocarbamate salts was neglected. Most of
these methods are efficient only for electron
rich pyridyl isothiocyanate as electron deficient
aminopyridines are less reactive to form
dithiocarbamate salt, resulting in low yield.

Le count’s work, iron(IlT)chloride has been
proved to be effective for decomposition of
dithiocarbonate salts was investigated, so
its important to improvise the preparation
as once dithiocarbamates were obtained as
desulphurylation process proceeds gradually.
Initially, 3-amino-6-chloropyridine was chosen
as model substrate to prepare isothiocyanate in
a one pot process. Initially, the effect of various
bases was evaluated by performing the model
reaction in tetrafuran when inorganic bases and
organic bases were employed, the conversion
of thiocarbamate salts were low, even after 12
hrs, the yield was less than 30%. Trimethyl
amine and potassium tert-butaoxide was used
for 12 hrs, resulting in formation of large
amount of thiourea. With DABCO as a base,
the conversion took 4 hrs and resulted excellent
yields. However THF is a non polar solvent
with low dielectric constant, the corresponding
ammonium salts in non polar solvents are
present entirely as ion pairs.
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A mechanism for formation of pyridyl
dithiocarbamate salts is proposed. Step one,
amine attacks on carbon disulphide leads to
formation of dithiocarbamic acid, which is
reversible. The driving force of reaction is
most importantly the reaction of base with
dithocarbamic acid to bring about stable
dithiocarbamate salts. A greater ion pair basicity
corresponds to tighter ion pair, which eases
the generation of dithiocarbamates, the ion
pair basicities of Et,N and DABCO suit with
observed different reactivity. When DABCO
is used as a base, it has been found that THF
was the best solvent among DMF, acetone,
MeCN,EtOH,CH,Cl,.Next step, with suitable
conditions, on addition of FeCl, to unpurified
one pot reaction for complete conversion for 1
hr at room temperature.

*A highly efficient yet simple protocol for
synthesis of isothiocyanates from respective
amines in presence of a mild, non-toxic reagent,
tetrapropylammonium tribromide(TPATB)
proposed. High environmental acceptance of
reagent, good yield adds to this method.

The dithiocarbamic acid salt is converted into
a corresponding isothiocyanate treating it with
TPATB in presence of sodium bicarbonate in
water/ethyl acetate biphasic medium in good to
excellent yields in shorter time as shown in the
schemel.
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Scheme 20

O ® NaHCO3
R \ﬂ/s NHEt; H20EOAC  oncs + NaBr +
©

®
S Br NHEt; + HyCO3 + S

Preparation  of from

dithiocarbamate salt

isothiocyanate

The water/ethyl acetate biphasic medium is
potential solvent system as it helps in extracting
the isothiocyanate to the organic layer leaving
behind the impurities in aqueous layer which
facilitates an easy work up. TPATB is soluble
in ethyl acetate and dissolved on stirring,
thus getting delivered to water-ethyl acetate
interphase for desulphurylation. The water
phase dissolves the base sodium carbonate and
retains dithiocarbamic acid salt in aqueous layer.
The use of sodium bicarbonate over organic
bases offers a mild and effective green approach
towards the synthesis of isothiocyanates. Thus
the method offers an economically as well as
ecologically viable process for the preparation
of isothiocyanates. The reaction was performed
on freshly prepared dithiocarbamate salts
synthesized from variety of alkyl and aryl
amines.

TPATB
©® éT—Br
N SNHEt3 = o p-NS.
R \ﬂ/ H,O/Hexane R \g/ Br
S

o ®
R-NCS + NaBr + Br NHEt,
+H,CO3 + S

Mechanism of the formation of isothiocyanate
from dithiocarbamate salt

Substrates containing activating substituents

gave the expected products efficiently as
also did substrates containing deactivating
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substituents. Trisubstituted substrates as well as
highly hindered substrates gave corresponding
isothiocyanates in higher yields. Benzyl
substrate and aliphatic substrates also gave their
expected products in excellent yields.

S5)Miscellaneous Preparations of
Isothiocyanates: When the, reaction is
conducted under pressure at 12Q-130°C,

elemental sulfur adds to the carbon nitrogen
double bond of methylene aniline to form
phenyl isothiocyanate and other compounds.

* [sonitriles similarly add sulphur and isocyanic
acid- adds to the carbon-carbon double
bond of olefinic compounds according to
Markownikoff’s rule, yielding secondary or
tertiary isothiocyanates. 164167

Carbodi-imides, phosphinimines, and
phosphoni-mines are cleaved by carbon disulfide
at elevated temperatures to form isothiocyanates
and other products. Isocyanates are readily
converted to isothiocyanates by heating under
pressure in the presence of phosphorous penta-
sulfide, or carbon disulfide.

*Coumarinyl isothiocyanates are prepared from
6-amino coumarins with carbon disulphide and

iodine in pyridine.Condensation of anthranilic
aCid 168-171

Scheme 21
Ry
OO —
NCS
1 1
1a-c 2a-c
Conclusion:

Isothiocyanates remain very important starting
materials for the construction of heterocycles.
Notwithstanding the prolific use of addition-
cyclization approach for this purpose, its scope
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continues to be enormous. Carbon bases and
organometallic compounds, particularly those
hitherto unexplored, can provide adducts
suitable for heterocyclic synthesis. Therefore,
reactions of isothiocyanates with new substrates
should be studied with this perspective in
mind. Also, search for novel isothiocyanates
and investigation of their photochemistry and
cycloaddition reactions would be rewarding.
Furthermore, the possibility of desulfurization
of isothiocyanate-derived products could be
profitably exploited in the preparation of diverse
compounds, particularly those having carbonyl
in place of thiocarbonyl groups which would
obviate the use of harmful isocyanates. In
conclusion, it should be added that a judicious
application of the knowledge gained over the
years in the further exploration of this area
would pay dividend.
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