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Abstract: Isothiocyanates are versatile sulfur-containing functional groups that serve as important building blocks in organic
synthesis, medicinal chemistry, and the preparation of thiourea derivatives. A practical and efficient approach for the synthesis of alkyl
and aryl isothiocyanates involves the conversion of the corresponding amines through dithiocarbamate intermediates. In this
methodology, di-tert-butyl dicarbonate (Boc:0) is employed as a dehydrating/thiocarbonyl-transfer reagent in the presence of a catalytic
amount of 4-(dimethylamino)pyridine (DMAP) or 1,4-diazabicyclof2.2.2]octane (DABCO) (1-3 mol%), affording the desired
isothiocyanates in good to excellent yields. The method accommodates a broad range of alkyl and aryl amines and offers operational
simplicity because the major reaction by-products are volatile and can be readily removed by evaporation. The mild reaction conditions,
high efficiency, and straightforward work-up make this protocol an attractive alternative for the preparation of isothiocyanates and
highlight the utility of Boc:0-mediated transformations in sulfur chemistry.
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1. Introduction

Isothiocyanates represent an important class of sulfur-
containing functional groups with broad significance in
natural products, biologically active and pharmaceutical
compounds, bioconjugation chemistry, and the synthesis of
sulfur-containing  heterocycles. Their  pronounced
electrophilicity and compatibility with aqueous reaction
conditions have made them valuable chemoselective
reagents for biomolecular functionalization. Consequently,
considerable efforts have been devoted to developing
efficient methods for their preparation, ranging from
classical thiophosgene-based protocols to the use of

thiocarbonyl-transfer reagents such as
thiocarbonylditriazole, thiocarbonyldiimidazole, and
dipyridyl thionocarbonate. However, several of these

approaches suffer from limited substrate scope, undesirable
side reactions, and the formation of thioureas, particularly
with less-reactive amines.

Conventional Approaches to Isothiocyanate Synthesis

A notable alternative involves the Boc.O-mediated
desulfurylation of dithiocarbamates, providing a direct and
operationally simple route to isothiocyanates. In this
approach, amines are initially converted into their
corresponding dithiocarbamates using carbon disulfide,
followed by treatment with nearly stoichiometric di-tert-
butyl dicarbonate (Boc:0) in the presence of catalytic
DMAP or DABCO (1-3 mol%). The methodology is
characterized by rapid conversion of aliphatic and activated

aromatic amines and offers a particularly convenient work-
up because the principal reaction products, including CO:
and COS, are gaseous, while tert-butanol and residual
carbon disulfide can be readily removed by evaporation.
Mechanistically, Boc:O is proposed to undergo reaction with
the dithiocarbamate intermediate to generate an unstable
mixed dithiocarbamate—carbonate species, which
subsequently  decomposes to  the  corresponding
isothiocyanate with concomitant formation of COS and tert-
butanol. The transformation is compatible with a range of
solvents, including ethanol, aqueous ethanol, methanol,
dichloromethane, THF, acetone, and DMF, highlighting its
operational versatility.

Despite these advantages, substrate-dependent limitations
have been observed. Boc-protection can compete with
isothiocyanate formation in sterically hindered, poorly
soluble, or electronically deactivated amines, while
intramolecular cyclization may predominate in substrates
containing suitably positioned nucleophilic or electrophilic
functionalities. Highly unreactive amines may also fail to
undergo the desired transformation.  Furthermore,
replacement of Boc.O with the less reactive dimethyl
carbonate results predominantly in thiourea formation,
underscoring the importance of the reagent's electrophilicity
in efficient desulfurylation. Overall, Boc.O-mediated
desulfurylation provides a mild, efficient, catalyst-assisted,
and work-up-minimized strategy for the synthesis of
isothiocyanates, representing a useful development in the
broader evolution of practical isothiocyanate synthesis.
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Summary and Synthetic Significance the amine and thiourea formation. From a synthetic
Overall, the Boc:O-mediated  desulfurylation  of  perspective, this methodology provides an attractive

dithiocarbamates represents a mild, chemoselective, and
operationally simple approach to the rapid synthesis of
isothiocyanates in high yields and with excellent purity,
while largely avoiding conventional purification procedures.
The transformation is particularly effective for aliphatic and
activated aromatic amines, for which isothiocyanate
formation can generally be achieved within approximately
15 min. In contrast, deactivated arylamines require longer
reaction times to ensure complete formation of the
corresponding dithiocarbamate intermediate and thereby
minimize competing pathways, including Boc-protection of

alternative ~ to  conventional  isothiocyanate-forming
protocols, particularly in multistep and complex synthetic
sequences, where minimizing isolation, extraction, and
chromatographic purification of reactive isothiocyanate
intermediates is highly advantageous. The combination of
rapid reaction rates, high product purity, mild conditions,
and minimal work-up requirements underscores the practical
utility of this strategy for the preparation of isothiocyanates
and their subsequent transformation into thioureas and other
sulfur-containing derivatives.

Table 1: Scope of isothiocyanates prepared by Boc,o mediated desulfurylation of dithiocarbamates®
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4 Reactions were performed using CS, (1.0 equiv), NEt; (1.0 equiv), Boc,O (0.99 equiv) and
DMAP (or DABCO) (1-3 mol2%) in EtOH (or other suitable solvent) at rt.
® Isolated yields. Quant = quantitative yield (=98%).
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Table 2: Comparison of Representative Synthetic Approaches for the Preparation of Isothiocyanates

Entry |Starting material Reagent/system Catalyst/additive| Major product Key advantages Major limitations
. . . . Classical, efficient, |Toxic and hazardous reagent;
1 | Primary amines | Thiophosgene (CSCl) Base Isothiocyanates broad substrate scope difficult handling
. . Thiocarbonyldiimidazole . Mild thiocarbonyl- Formatlon of imidazole-
2 | Primary amines Base/solvent |Isothiocyanates derived by-products;
(TCDI) transfer reagent . . .
purification may be required
3 | Primary amines Thiocarbonylditriazole Base Isothiocvanates Effective Substrate-dependent
Y (TCDT) Y thiocarbonyl transfer |efficiency; additional work-up
Useful for
. . Dipyridyl . . isothiocyanate Reagent preparation and by-
4 | Primary amines thionocarbonate (DPT) Isothiocyanates formation and product formation
desulfurylation
. . . Stoichiometric reagent
5 |Dithiocarbamates Uronium-based coupling — Isothiocyanates Efﬁment- consumption and waste
reagents desulfurylation .
generation
6 [Dithiocarbamates Phosphonium-based . Isothiocyanates Effegtlye conversion Gene?aFes phosphorus-
reagents of dithiocarbamates containing by-products
Efficient Stoichiometric reagent;
7 |Dithiocarbamates PPhsBr2 — Isothiocyanates . conventional purification may
desulfurylation
be necessary
8 |Dithiocarbamates TsCl Base Isothiocyanates Simple and eff.ectlve Formg t}on of sulfonyl-
desulfurylation containing by-products
Mild, rapid, high- . .
. . DMAP/DABCO|, .. yielding, volatile by- | Bo¢;protection and thiourea
9 | Primary amines Boc20 0 Isothiocyanates L formation with some
(1-3 mol%) products, minimal
substrates
work-up
10 Primary amines/ Dimethyl carbonate . Thioureas L:tses’niie;?lﬁi?éﬁ IPredominantly gives thioureas
dithiocarbamates (DMCO) P Y rather than isothiocy
carbonate reagent
2. Explanation and Critical Discussion isothiocyanates. A major practical advantage is the

The development of isothiocyanate synthesis has progressed
from classical thiophosgene-based procedures toward safer
and more operationally convenient thiocarbonyl-transfer and
dithiocarbamate-desulfurylation strategies. Thiophosgene
remains one of the most established reagents because of its
high reactivity toward amines; however, its toxicity,
volatility, and handling requirements have encouraged the
development of alternative approaches.

Thiocarbonyl-transfer reagents such as
thiocarbonyldiimidazole, thiocarbonylditriazole, and
dipyridyl thionocarbonate provide useful alternatives and
can efficiently generate isothiocyanates under relatively mild
conditions. Nevertheless, these approaches may involve
reagent-derived by-products and, depending on the substrate,
require  additional  extraction or  chromatographic
purification.

An alternative strategy involves the desulfurylation of
preformed dithiocarbamates. A variety of uronium- and
phosphonium-based reagents, as well as triphenylphosphine
dibromide and tosyl chloride, have been investigated for this
purpose. Although effective, these methods generally rely on
stoichiometric reagents and consequently generate additional
waste, which can complicate purification and reduce their
operational attractiveness.

In this context, the Boc.O-mediated desulfurylation strategy
represents an important methodological development. The
combination of nearly stoichiometric Boc.O with catalytic
DMAP or DABCO (1-3 mol%) enables rapid conversion of
dithiocarbamate intermediates into the corresponding

formation of volatile by-products, including CO2 and COS,
together with tert-butanol and residual solvent components
that can be readily removed by evaporation. Consequently,
the method substantially reduces the need for conventional
extraction and chromatographic purification.

However, the Boc.O protocol is not universally applicable.
Steric hindrance, poor solubility, and electronic deactivation
of aromatic amines can decrease the efficiency of
isothiocyanate  formation. Competing Boc-protection,
thiourea formation, or intramolecular cyclization may also
occur in  appropriately  functionalized  substrates.
Interestingly, replacement of Boc.O with dimethyl carbonate
does not provide the same selectivity, with thioureas being
formed predominantly. This observation highlights the
importance of the higher electrophilic reactivity of Boc2O in
promoting efficient dithiocarbamate desulfurylation.

Synthetic Applications and Extension to Thioureas

The synthetic significance of isothiocyanates extends
considerably beyond their isolation as individual products,
as they represent highly versatile electrophilic intermediates
for the construction of a variety of sulfur-containing
compounds. Among these transformations, their conversion
into thiourea derivatives is particularly important because
thioureas constitute a valuable class of compounds with
applications in medicinal chemistry, coordination chemistry,
catalysis, supramolecular chemistry, and heterocyclic
synthesis. The pronounced electrophilicity of the central
carbon atom of the isothiocyanate group (-N=C=S)
facilitates its reaction with nucleophilic amines, enabling
efficient formation of substituted thioureas under mild
conditions.
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The Boc.O-mediated methodology is therefore particularly
attractive when considered as part of a sequential amine-to-
isothiocyanate-to-thiourea strategy. In the first step, the
primary amine 1is converted into a dithiocarbamate
intermediate using carbon disulfide and triethylamine.
Subsequent Boc.O-mediated desulfurylation generates the
corresponding isothiocyanate, which can then undergo
nucleophilic addition with a second amine to furnish the
desired thiourea derivative. Such a sequential approach
provides a useful synthetic pathway in which the reactive
isothiocyanate need not necessarily be isolated, thereby
reducing handling and purification requirements.

The ability to generate isothiocyanates under mild and
operationally simple conditions is particularly advantageous
for the preparation of unsymmetrical thioureas. By selecting
structurally different amines in the two stages of the
sequence, diverse substitution patterns can be introduced
around the thiocarbonyl centre. This feature is synthetically
valuable for accessing libraries of thiourea derivatives for
structure—activity relationship studies and for the preparation
of functional molecules containing multiple heteroatom-rich
motifs.

Furthermore, the minimal work-up associated with the
Boc:O-mediated transformation offers potential advantages
in multistep and convergent synthetic sequences.
Conventional isolation of isothiocyanates can involve
extraction, drying, concentration, and chromatographic
purification, which may be wundesirable when the
intermediates are reactive or unstable. In contrast, generation
of the isothiocyanate followed by direct trapping with a
suitable nucleophile can simplify the overall synthetic
sequence and improve the practicality of thiourea synthesis.

From a methodological perspective, this strategy also
demonstrates the complementary relationship between
isothiocyanate and thiourea chemistry. Whereas Boc:O-
mediated desulfurylation provides an efficient route to the
isothiocyanate  functionality, subsequent nucleophilic
addition transforms this reactive intermediate into a
synthetically valuable thiourea framework. Thus, the
methodology can be viewed not only as an approach to
isothiocyanate synthesis but also as a platform for the
preparation of structurally diverse sulfur-containing
compounds.

Overall, the extension of Boc.O-mediated isothiocyanate
formation toward thiourea synthesis highlights the broader
synthetic utility of this transformation. The combination of
rapid isothiocyanate generation, mild reaction conditions,
volatile by-products, and the possibility of sequential
nucleophile trapping makes this strategy particularly
attractive for multistep synthesis and the preparation of
structurally  diverse  thiourea  derivatives.  Further
development of such one-pot or telescoped processes,
particularly with challenging and multifunctional substrates,
could enhance the applicability of this methodology in
medicinal, pharmaceutical, and heterocyclic chemistry.

3. Conclusion and Future Perspectives

Isothiocyanates have emerged as versatile sulfur-containing

building blocks with broad applications in organic synthesis,
medicinal chemistry, bioconjugation, and the construction of
sulfur-containing heterocycles. The development of efficient
and operationally convenient methods for their preparation
has therefore remained an important objective in synthetic
chemistry.  Although  classical  thiophosgene-based
procedures and subsequent thiocarbonyl-transfer reagents
provide effective access to isothiocyanates, concerns
associated with reagent toxicity, substrate limitations,
stoichiometric waste, side reactions, and purification
requirements have stimulated the development of milder and
more practical alternatives.

Among these approaches, Boc:O-mediated desulfurylation
of dithiocarbamates represents a particularly attractive
strategy for the preparation of alkyl and aryl isothiocyanates.
The methodology combines the rapid formation of
dithiocarbamate intermediates with efficient Boc.O-
promoted desulfurylation in the presence of -catalytic
amounts of DMAP or DABCO. Its principal advantages
include mild reaction conditions, high product yields and
purity, short reaction times for many substrates, and a
remarkably simple work-up. The generation of gaseous and
volatile by-products, together with the possibility of
avoiding extensive extraction and chromatographic
purification, provides a significant operational advantage
over several conventional protocols.

The substrate-scope studies demonstrate that the
methodology is particularly effective for aliphatic and
activated aromatic amines, whereas deactivated, sterically
hindered, or poorly soluble amines may require modified
reaction conditions. Competing processes, including Boc-
protection, thiourea formation, and intramolecular
cyclization, illustrate that the efficiency of the
transformation is influenced by both the electronic and
structural characteristics of the substrate. These limitations
nevertheless provide useful mechanistic insights and indicate
opportunities for further methodological development. The
contrasting behavior observed with dimethyl carbonate,
which predominantly affords thioureas, further emphasizes
the importance of reagent reactivity in controlling the
outcome of dithiocarbamate desulfurylation.

From a broader synthetic perspective, the significance of this
methodology extends beyond the preparation of isolated
isothiocyanates. The highly electrophilic isothiocyanate
functionality provides a convenient entry to thioureas and
other sulfur-containing compounds, and the possibility of
generating and trapping the isothiocyanate intermediate in a
sequential or one-pot process can be particularly valuable in
multistep  synthesis. Such strategies can minimize
intermediate isolation and purification and may facilitate the
rapid preparation of structurally diverse thiourea libraries.

3.1 Future Perspectives

Future research should focus on expanding the substrate
scope toward highly deactivated, sterically demanding,
poorly soluble, and multifunctional amines, for which
competing pathways currently limit the efficiency of the
transformation. Further optimization of catalyst structure
and loading may provide improved selectivity while
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reducing reagent consumption. Development of more

sustainable solvent systems, lower-energy reaction
conditions, and catalytic rather than stoichiometric
activation  strategies would further enhance the

environmental profile of the methodology.

The integration of this chemistry into continuous-flow,
telescoped, and one-pot synthetic processes represents
another promising direction. In particular, direct conversion
of amines into thioureas without isolation of the intermediate
isothiocyanate could substantially simplify multistep
synthesis and improve process efficiency. Application of the
methodology to complex pharmaceutical intermediates,
biologically  relevant  molecules, and  late-stage
functionalization could further establish its practical value.

Overall, Boc:O-mediated dithiocarbamate desulfurylation
provides a useful combination of efficiency, mildness,
chemoselectivity, and operational simplicity. Continued
development toward broader substrate compatibility,
improved sustainability, and integrated one-pot processes
should strengthen its position among contemporary
strategies for isothiocyanate and thiourea synthesis.
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