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emphasis on the reaction mechanisms. This novel approach is an effective means of preparing a variety of

aromatic and heteroaromatic selenocyanates, which are extremely versatile synthetic precursors of

DOI: 10.1039/d1ra01035b

rsc.li/rsc-advances trifluoromethyl selenides.

1. Introduction

Despite its negative reputation,* selenium has a rich history in
biology®> and biotechnology.® This chalcogen has also been
included in drug design,* ebselen (2-phenyl-1,2-benzisoselena-
zol-3(2H)-one) being an outstanding example, which is endowed
with anti-inflammatory, anti-oxidant and cytoprotective activity,
and with potential applications in the treatment of various
heart and brain diseases.?

“Department of Chemistry, Islamic Azad University, Marand Branch, Marand, Iran
*Department of Chemistry, Islamic Azad University, Ilkhchi Branch, Ilkhchi, Iran
‘Department of Agriculture, Islamic Azad University, Jouybar Branch, Jouybar, Iran
“Department of Chemistry, Payame Noor University, P.O. Box 19395-3697, Tehran,
Iran. E-mail: mrheravi@pnu.ac.ir

Akbar Hassanpour was born in
Tabriz, Iran, in 1978. He
received his B.S. degree in
applied chemistry from Tabriz
Azad University, Iran, and
his M.S. degree in organic
chemistry from Tabriz Univer-
sity, Tabriz, Iran, in 2004 under
the supervision of Prof. Kazem
D. Safa. He completed his PhD
degree in 2008 under the super-
vision of Prof. Kazem D. Safa. He
was a postdoctoral fellow in the
lab of Prof. W. A. Stanczyk at the Centre of Molecular and
Macromolecular Studies in £0dZ, Poland. Now he is working at
Azad University as associate professor. His research interests
include organometallic, organic synthesis, and new methodologies
in nanomaterial synthesis.

© 2021 The Author(s). Published by the Royal Society of Chemistry

selenium-containing compounds,

such as selenols, seleninic acids, selenides, diselenides, and

In this family of compounds, (hetero)aromatic selenocya-
nates have recently attracted the interest of medicinal chemists
due to their remarkable biological activities especially as anti-
cancer and chemopreventive agents.® Benefiting from high
versatility of selenocyanate moiety, this specific class of orga-
noselenium compounds can be also easily converted into many
other significant seleno-organic compounds such as selenols,’
selenides,® diselenides,” and trifluoromethyl selenides.® In
light of the above-mentioned chemistry, many efforts have been
devoted toward the development of innovative and effective
methods to create C-SeCN bond in the past decades." Tradi-
tionally, selenocyanate substituted (hetero)aromatic
compounds are obtained through the reaction of selenocyanate
sources with active aryl species such as aryl halides, arylboronic
acids, and aryl diazonium salt."*** However, toxicity and
mutagenicity of organic halides,” tedious preparing and
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purifying arylboronic acids,'® and high reactivity and instability
of diazonium salts’” may prevent the application of these
methods more or less. To overpass these limitations, the direct
selenocyanation of (hetero)aromatic C-H bonds has emerged as
a powerful and ideal method for the fabrication of (hetero)aryl
selenocyanates which because it does not require any pre-
functionalized starting materials, offers a more atom econom-
ical, greener, and shorter alternative to the classical approaches.
Since a number of remarkable developments in this attractive
research field have taken place during the past few years, seems
it is an appropriate time to summarize those advances. In
continuation of our interest on the direct functionalization of
C-H bonds™>" and modern organic synthesis,* herein, we will
try to provide a comprehensive overview of the synthesis of
selenocyanated arenes and heteroarenes through the direct
selenocyanation of (hetero)aryl Csp®>-H bonds (Fig. 1) with an
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aim to inspire scientists to conduct more research in the field
and develop new and creative synthetic access routes to bio-
logically active organoselenocyanates and other important
organoselenium compounds. Specifically, we have structured
this review based on the selenocyanating agents and the type of
catalysts.

2. Sodium/potassium selenocyanate
as selenocyanating agents

In this section, we describe the available literature on the
oxidative C-H selenocyanation of (hetero)aromatic compounds
using relatively inexpensive sodium/potassium selenocyanate
(KSeCN) as selenocyanating agent. The section is divided into
four sub-sections according to the reaction types: (i) metal-
catalyzed/mediated reactions; (ii) metal-free reactions; (iii)
electrochemical reactions; and (iv) photocatalyzed reactions.

2.1. Metal-catalyzed/mediated reactions

In 1936, Chao and Lyons reported Cu-mediated regioselective
selenocyanation of simple aniline 1 using sodium selenocya-
nate (NaSeCN) as the source of selenocyano functional group
directly under one-pot condition.”® Inexpensive and stable
Cu(OAc), was used as mediator and p-selenocyanated aniline 2
was obtained in 40% yield as the sole product (Scheme 1).
However, the reaction was inert towards N-methylaniline,
toluene, phenol, anisol, and chlorbenzene. Although only one

low yield example was communicated, this paper represents the

H
‘

Fig.1 Direct selenocyanation of (hetero)aromatic C—H bonds.

SeCN
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NH, NH,
Cu(OAc), (6.2 equiv.)
+ NaSeCN >
(MeCO),0/EtOH/MeCO,H, 60-65 °C, 2 h
H SeCN
1 2, (40%)

Scheme 1 Direct C4 selenocyanation of aniline 1 using NaSeCN.

first example of direct conversion of C-H bond to the C-SeCN
bond and served as an inspiration to synthetic organic chemists
for the development of general, efficient and practical strategies
for the oxidative C-H selenocyanation of (hetero)aromatic
scaffolds.

Drawing inspiration from this work, Nair and co-workers
disclosed the usefulness of KSeCN as the selenocyano source
in the direct C-H selenocyanation of (hetero)arenes,* when
indoles 3 underwent regioselective selenocyanation at the C3
position with KSeCN in the presence of 2.3 equiv. of cerium(wv)
ammonium nitrate ((NH,),Ce(NO;)e) as a mediator in MeOH to
form corresponding 3-(selenocyanato)indoles 4 in high yields
(Scheme 2). N,N-Dimethylaniline was also efficient reactant
under the optimized reaction conditions whereas 1-methyl-
pyrrole was not suitable reactant as the corresponding seleno-
cyanated product was isolated in only 25% yield.

Along this line, in 2017, Wang, Xu, and co-workers demon-
strated an efficient and facile method for the synthesis of C5-
selenocyanated quinolines 6 by treatment of 8-aminoquino-
line amides 5 with KSeCN in presence of CuCl catalyst, K,S,04
oxidant, and tetrabutylammonium iodide (TBAI) additive in
DCE solvent under refluxing condition (Scheme 3).>* Various
alkyl, alkenyl, and (hetero)aryl amide-substituted quinolines
were responded to the reaction under optimized conditions
with moderate to high efficiency. The results indicated that
quinolines having electron-donating groups afforded higher
yields than that of electron-withdrawing groups. When KSeCN
were replaced with KSCN, thiocyanated products were formed
in satisfactory yields. It should be mentioned that the acyl
protected group could be easily removed by treatment with HCI
in refluxing ethanol for 1 h. The mechanistic study suggested
that this transformation began with the chelation of copper
catalyst by 8-aminoquinolin amide 5 to achieve Cu(i)-quinoline

complex A. Next, complex A was oxidized by K,S,0g in the
presence of TBAI to from Cu(u) intermediate B. After that,
deprotonation of complex B produced the amidate-Cu(u) inter-
mediate C. Subsequently, this intermediate C experienced an
intramolecular single electron transfer (SET) to form cationic
radical D. The newly formed radical D underwent radical
coupling reaction with the SeCN radical that was generated by
the oxidation of KSeCN in the presence of K,S,05 to generate
cationic intermediate E. Thereafter, deprotonation of interme-
diate E produced complex F which finally led to the desired
product 6 through a ligand exchange process (Scheme 4).

2.2. Metal-free reactions

In 2016, Prabhu and co-workers informed for the first time the
usefulness of halide ions as catalysts for oxidative selenocya-
nation of (hetero)aromatic compounds with KSeCN.>® To assess
the catalytic performance of different halogen sources, 5-
methoxyindole was chosen as the model substrate. Screening of
various classical halogen sources such as NCS, NBS, NIS, TBAI,
KI, I, conclusively led to N-iodosuccinimide (NIS) as the supe-
rior catalyst, whereas THBP was found to be more effective
oxidant compared to H,0,. In a pursuit to further improve the
yield, AcOH was added as an additive to the reaction mixture.
Under the optimized -conditions, (hetero)arenes
including indole, phenol, aniline, and anisole derivatives 7
reacted efficiently with KSeCN to give the corresponding sele-
nocyanated products 8 in 30-98% yields (Scheme 5). The rela-
tive reaction rates of the examined substrates followed the
order: indoles > anilines = phenols = anisoles. When replacing
KSeCN with KSCN, aryl thiocyanates were obtained. This
protocol was also applicable for gram-scale synthesis of sele-
nocyanated (hetero)arenes without further optimization. The

various

H SeCN
\ (NH,),Ce(NO3)6 (2.3 equiv.) \
R? + KSeCN - R?
N MeOH, 0 °C, 30 min N
\ . \ )
3 R 4 R
R'=H, Me 4 examples (70-80%)
R?=H, Me, Ph (average yield: 74%)

Scheme 2 Ce-mediated selenocyanation of indoles 3 with KSeCN.
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H CuCl (20 mol%) SeCN
KZSZOS (2 equiv.)
T TBAI (10 mol%) T
R'— + KSeCN > R'-p
L~ DCE, 120 °C, 24 h L~
N N
HN R2 HNYRz

5 0 6 0

R'=H, 3-Me, 3-Cl, 7-Me, 7-OMe, 7-Cl, 3-Br-7-Me

R?="Pr, 'Bu, Ph, CH=CMe,

10 examples (55-83%)
(average yield: 66.5%)

Scheme 3 Cu-catalyzed regioselective C5-selenocyanation of 8-aminoquinolin amides 5 with KSeCN.

suggested mechanism for this reaction started with the gener-
ation of iodoselenocyanate (ISeCN) through the reaction of
KSeCN with NIS. The formed highly electrophilic ISeCN then
trapped by nucleophilic indole on its C-3 position (para-position
in the case of aniline, phenol, and anisole) to afford the ex-
pected product. In the next step, reduced iodide oxidized by
TBHP to generate iodonium species which then subsequently
reacted with another molecule of KSeCN to give iodothiocyanate
and complete the catalytic cycle (Scheme 6).

Four years later, the group of Liu-Wei disclosed the synthesis
of 1-selenocyanatopyrrolo[1,2-a]quinoxalines 10 in modest to

6
SeCN CuCl
X
~
N
'
Cul—N R
XH \n/
F 0
X (X=CI, I', HSO," or SO4%)
H SeCN
90
NS
N
|
Cul---N R
E \n/

KSO,-

"SeCN ———% KSeCN + 1/2K,S,04

/

NS @
N
|
Cu!

good yields and complete regioselectivity from the corre-
sponding pyrrolo[1,2-a]quinoxalines 9 and KSeCN under the
action of NCS without additional oxidants or additives in EtOAc
solvent at room temperature (Scheme 7).>” This method toler-
ated a series of electron-donating and weak electron-
withdrawing functional groups. However, the substrates
bearing strong electron-withdrawing groups (e.g., NO,) were
ineffective under standard condition. The authors properly
solved this limitation using MeCN as solvent, which afforded
decent yields of the desired products.

a” l\n/
H
A 0 1/2K,8,04
"Bu,NI
KSO,
"Bu,N*
| X
~
N
/%un-—N R
Cl |
I's H\n/
0
"Bu,NKSO,
N "Bu NI + KHSO,

—
N
—N R éu"—N R
\n/ Cl/ \n/
D 0 C (0]
Cr

Scheme 4 Possible mechanism of the selenocyanation of 8-aminoquinolin amides 5.
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NIS (10 mol%)
H TBHP (1 equiv.) SeCN
AcOH (3 equiv.) ‘
+ KSeCN -
MeCN, r.t., 12 h
7 8
SeCN  8a, R'=R?=H; (98%) OH OMe
8b, R'=H, R?= 5-OMe; (98%)
wlZ TN 8¢, R'=H, R’= 5-Ph; (95%) =
S 8d, R'=H, R?= Br; (95%) R |
N 8¢, R'=H, R?=5-CN; (75%) A N5 Bk
R! 8f, R'= H, R?= 5-CH=CH-CO,Me; (98%) € ¢
8g, R1]= H, R2=2 2-Me; (98%) SeCN SeCN
- r— . 0,
Rl o HH( s /;) 8j, R=H; (36%) 8m, (30%)
R2. _R? d d ; 8k, R=2,6-Me,; (58%)
N 81, R=3-Br; (32%)
=z 8n, R'= H, R2= R3= Me; (70%) NCSe
R'— 80, R'=H, R*= R3=Et; (75%)
S 8p, R'=H, R?>= Me, R*=Bn; (33%)
8q, R'=2,6-Me,, R?>= R3=H; (66%) N\ 8s, R=H; (80%)
SeCN 8r, R'=2,4-(CH=CH),-, R?= R3= H; (77%) R 8t,R=Bn; (72%)

Scheme 5 Prabhu's synthesis of (hetero)aryl selenocyanates 8.

O O
N—I + KSeCN ——>» N—K + ISeCN
(6] (6]
I1SeCN H
KSeCN
7
I+
SeCN
'BuOH ‘/
I
8

TBHP

Scheme 6 Presumable pathway of the formation of (hetero)aryl
selenocyanates 8.

Concurrently, Hao and Song along with their co-workers
presented the molecular iodine-catalyzed direct C3-selective
selenocyanation of 2-arylimidazo[1,2-a]pyridines 11 with KSeCN
in the most environmentally benign solvent, water, under ambient
temperature.”® The optimized condition for this C-H activation
reaction is the use of 20 mol% of I, as catalyst and 1.5 equiv. of
(diacetoxyiodo)benzene (PIDA) as an oxidant. Under these condi-
tions, the desired 3-selenocyanatoimidazo[1,2-a]pyridines 12 were
obtained with up to 97% yields (Scheme 8). Importantly, imidazo
[2,1-b]thiazole, aniline, and anisole derivatives were also amenable

© 2021 The Author(s). Published by the Royal Society of Chemistry

substrates in this oxidative selenocyanation and the respective
mono-selenocyanated products were formed in moderate to high
yields. Intriguingly, when the reaction was performed at 110 °C,
only bis(aryl)selane products were obtained instead of aryl sele-
nocyanates. The author explained this observation by the homo-
Iytical cleavage of Se-CN bond of aryl selenocyanates to generate
nitrile and selenyl radicals, which the later reacts with another
molecule of arene substrate to form the corresponding bis(aryl)
selane.

In a related study, Laali and colleagues reported a method-
ology for the synthesis of 3-selenocyanato-carbazoles 14 starting
from carbazoles 13 and KSeCN in presence of 1.5 equiv. of
Selectfluor under an inert atmosphere at room temperature
(Scheme 9).° The reaction afforded the highest yields when
MeCN was used as a solvent. Both N-substituted and NH-free
carbazoles underwent the reaction under standard conditions.
In addition, indoles were also responded to the methodology
with high efficiency.

In 2020, Sorabad and Maddani reported a mild and metal-
free direct selenocyanation method of NH-free aniline and
indole derivatives 15 with KSeCN.** In this case, they used
K,S,0s as the oxidizing agent and DCE as solvent. Both
electron-releasing and electron-withdrawing substituent
provided good yields (Scheme 10). The results indicated that
indoles afforded higher yields compared to the anilines under
the identical conditions. The most important point was that
this reaction proceeded through a free radical pathway instead
of aromatic electrophilic substitution reaction. It should be
mentioned that the system was also amenable to the regiose-
lective reaction of N-aryl enaminones, providing o-SeCN-
substituted enaminone products in excellent yields.

Very recently, the group of Huang synthesized a wide range
of (hetero)aryl selenocyanates 18 via NaNOz-mediated oxidative

RSC Adv, 2021, 11, 22305-22316 | 22309
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H NCSe
N N
I X % NCS (1.5 equiv.) I X %
Rl— * KSeCN ——————— I
= 7 tOAc, r.t., = =
N R? N R?
9 10

R!=H, 7-Me, 8-F
R?= H, Ph, 4-OMe-C4H,, 4-Br-C¢H,

6 examples (40-72%)
(average yield: 53%)

Scheme 7 Direct synthesis of 1-selenocyanatopyrrolo[1,2-alquinoxalines 10 from pyrrolo[1,2-alquinoxalines 9 and KSeCN under the action of

NCS.

selenocyanation of the corresponding (hetero)aromatic
compounds 17 with KSeCN employing HCI as an additive in
MeCN at room temperature.** As shown in Scheme 11, various
electron-rich aniline, anisole, and indole derivatives were
compatible with this process and produced up to 99% yields of
desired selenocyanated products. However, the presence of
electron-withdrawing groups in the substrate considerably
decreased the efficiency of this reaction. For example, while
anisole having a methyl group on the ortho-position gave the
corresponding C4-selenocyanated product in 99% yield, the
anisole having a bromo group on this position afforded the
desired product in only 27% yield. According to the authors, the
mechanism of this process includes the generation of nitrogen
oxide active species (NO,) through the reaction of sodium nitrite
with aqueous hydrochloric acid, its reaction with KSeCN to give
“SeCN ion, and the direct electrophilic selenocyanation of
electron-rich arenes with "SeCN (Scheme 12).

2.3. Electrochemical reactions

After pioneering works by Melnikov®* and Cauquis* research
groups of the electrochemical selenocyanation of small libraries
of electron-rich arenes using KSeCN as the selenocyanting agent
in the years of 1947 and 1971, respectively, the first general
report of the synthesis of (hetero)aryl selenocyanates through
the direct and site-selective selenocyanation of hetero(aromatic)
C-H bonds under electrochemical conditions was published in
2018 by Sun et al.** In this investigation, nine 3-selenocyanato-
indole derivatives 20 were efficiently synthesized through the
treatment of respective C3-unsabstituted indoles 19 with KSeCN
in an undivided cell with platinum electrodes under constant
current of 18 mA at room temperature. The reactions were

carried out in MeCN without supporting electrolyte under an
inert atmosphere, tolerated multiple groups of substituents
(e.g., F, Cl, NO,, OMe), and provided the target products in
moderate to excellent yields within 3 h (Scheme 13). Notably,
the protocol was applicable to gram-scale synthesis without any
difficulty. The methodology was also shown to be compatible
with aniline derivatives. However, similar reaction conditions
could not be generalized to pyrroles and anisoles. The sug-
gested mechanism for this reaction is represented in Scheme
14. Initially, selenocyanate anion (~SeCN) gets oxidized by
a single-electron-transfer process at the anode to form ‘SeCN
radical, which then undergoes homocoupling to generate sele-
nocyanogen ((SeCN),). A subsequent heterolytic Se-Se bond
cleavage of (SeCN), provides the electrophile 'SeCN and
regenerates the nucleophilic “SeCN. In the next step, 'SeCN
reacts with indole 19 to afford the hydroindole cation inter-
mediate A. Finally, deprotonation of this cation D gives the ex-
pected product 20.

In 2020, Liu and Sun along with their co-workers proposed
the electrosynthesis of 3-selenocyanated imidazopyridines 22
via regioselective oxidative C-H selenocyanation of imidazo-
pyridines 21 with KSeCN using an undivided electrolytic cell
under transition-metal- and oxidant-free conditions.*® With
platinum plate electrodes and "Bu,NPF4 supporting electrolyte,
the reaction was conducted at a constant current density of 5
mA cm™? in MeCN at room temperature for 6 h and yields of up
to 65% were obtained (Scheme 15). The authors proposed
mechanism for this transformation is analogous to the one
depicted for indoles.

Along this line, very recently, Xu and colleagues devised
a method for electrolytic C-H selenocyanation of imidazo[1,5-a]

1, (20 mol%)

A&N — /R2
Rl_\/N / \ / + KSeCN

11

H
R'=H, 6-Me, 6-Br, 7-Me, 8-OMe
R?=H, 4-Cl, 4-CF;, 3-Cl

Scheme 8

22310 | RSC Adv, 2021, 11, 22305-22316

PIDA (1.5 equiv.) 1 /YN —\ R’
» R'—
VAR

H,0,r.t,3h

NG

12

SeCN

8 examples (48-97%)
(average yield: 75%)

I>-catalyzed C3-selective selenocyanation of 2-arylimidazo[1,2-alpyridines 11 with KSeCN in water.

© 2021 The Author(s). Published by the Royal Society of Chemistry
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R? H R? SeCN
Selectfluor (1.5 equiv.)
+ KSeCN >
MeCN, N,, r.t., 2 h
N

[ |

R' 13 R' 14
R'=H, Pr 4 examples (16-86%)
R?=H, SCN (average yield: 55%)

Scheme 9 Selectfluor-mediated direct selenocyanation carbazoles 13 with KSeCN.

K,8,05 (1.5 equiv.)

DCE,r.t,2h

H SeCN

15 16
(Het)Ar= 2-F-aniline, 3-Cl-aniline, 3-Br-aniline, 7 examples (70-99%)
2,6-Me,-aniline, indole, 2-Me-indole, (average yield: 83%)
5-Br-indole

Scheme 10 K,S,Og-mediated oxidative selenocyanation of aniline
and indole derivatives 15 with KSeCN.

quinolines 23 with KSeCN in an undivided cell with Ni and
graphite plates as the electrodes using "Bu,NBF, as a support-
ing electrolyte and TFA as an additive in MeCN solvent at room
temperature to afford C3-selenocyanated imidazo[1,5-a]quino-
lines 24 (Scheme 16).°® The reaction scope was extensively
investigated and 29 examples were obtained in modest to high
yields, ranging from 35% to 88%. Notably, a wide panel of
important functional groups such as fluoro, trifluoromethyl,
ether, amide and urethane functionalities were well tolerated by

H KSeCN
NaNO, ———— NO, — = *SeCN

H H SeCN
©/ *SeCN SeCN H ©/
17 A 18

Scheme 12 Mechanistic proposal for the reaction in Scheme 11.

this reaction which might provide potential opportunities for
further manipulation of the end products.

2.4. Photocatalyzed reactions

The possibility of synthesizing (hetero)aryl selenocyanates
through the photocatalyzed oxidative selenocyanation of Cqryi~
H bonds using KSeCN was first realized by Hajra and co-
workers, who showed that the treatment of 2-phenylimidazo
[1,2-a]pyridine 25 with 3 equiv. of KSeCN in the presence of

NaNO, (1.5 equiv.)

SeCN

ll il .OMe

18k, (97%)

H SeCN
aq HCI (3 M)
+ KSeCN >
MeCN, r.t., 48 h
17 18
R R MeO
NCSe \ / N\ NCSe \ / OMe NCSe OH
18a, R=H; (53%) 18d, R= H; (44%) 18}, (54%) OMe
18b, R=2-Br; (49%) 18e, R=2-OMe; (51%)
18¢, R=3-Me; (52%) 18f, R=2-Me; (99%)
18g, R=2-Br; (27%)
18h, R= 3-OMe; (99%) NCSe OEt

18i, R= 3-Me; (90%)

/ N
\
RZ

181, R'=R?= H; (96%)
18m, R'= 5-OMe, R?= Me; (94%)

18n, (90%) OEt

SeCN
SeCN

180, (63%) OMe

Scheme 11 NaNO,-mediated selenocyanation of (hetero)aromatic compounds 17 with KSeCN.
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H SeCN
X Pt(+) / Pt(-): I= 18 mA X
R+ N+ kseen = R N
7N MeCN, Ar,r.t.,3h ~\
\ 1 \ 1
9 R 20 R
R'=H, Me 9 examples (41-94%)

R?=2-Me, 5-OMe, 5-F, 5-Cl, 5-NO,, 6-Me

(average yield: 73%)

Scheme 13 Electrosynthesis of 3-selenocyanato-indoles 20 reported by Sun.

Pt cathode

Pt anode

“SeCN

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

a catalytic amount of eosin Y under blue LED irradiation at
room temperature afforded 2-phenyl-3-selenocyanatoimidazo
[1,2-a]pyridine 26 in 51% yield after 3 h (Scheme 17a).*” Later,
Bettanin, Lenardao, and co-workers tried to extend this chem-
istry to indoles.*® By employing unsubstituted indole 27 as the
model reactant, the authors carefully studied the reaction
variables such as photocatalyst, light source and solvent. It was
found that performing the process in the presence of a catalytic
amount of rose bengal (5 mol%) in MeCN at room temperature
under irradiation of blue LEDs was the optimum reaction
condition, giving the expected C3-selenocyanated indole 28 in
a yield of 91% (Scheme 17b). Nevertheless, no comment was

(cc)

R2

Pt(+) / Pt(-): I= 5 mA
"BuyNPFg (2.5 equiv.)

[ T

1/, H,
te
H+
NCSe H SeCN
X ) I X N\
% R
N+ = N
\ H
A 20
NH,4* or metalic cation
+e

NHj or other base

Scheme 14 Plausible mechanism for electrosynthesis of 3-selenocyanato-indoles 20.

made by the authors regarding the substrate scope or possible
mechanistic pathway of this synthetic strategy.

3. Triselenodicyanide as
selenocyanating agent

In 2004, Kachanov and co-workers disclosed for the first time
the usefulness of triselenodicyanide, Se;(CN),, as an efficient
selenocyanating agent for the direct selenocyanation of (hetero)
aromatic C-H bonds without the requirement for any catalyst or
additive.®® They showed that aniline derivatives 29 in the
treatment with in situ generated Se;(CN), (from the reaction of

R?

Rl
TG
+ KSeCN
SN N\ 7/
21 H

R'=H, Me
R?=H, 4-Me, 4-F, 4-Br, 4-CF,

MeCN, air, r.t., 6 h

1
R = /N - X
- P VY
22 SeCN

6 examples (52-65%)
(average yield: 58%)

Scheme 15 Electrolytic C—H selenocyanation of imidazopyridines 21 with KSeCN.
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IR C(+)/Ni(-): I= 12 mA 1 't N
R!-4- "Bu,NBF, (6.6 equiv.) R'-4-
2 TFA (2.3 equiv.) S
ot N N—H + KSeCN : : - s N7 N\ SeCN
):N MeCN, air, r.t., 3 h ):
N
23 Rr? 24 R?

R'=H, 5-OMe, 6-Me, 7-Me

29 examples (35-88%)
(average yield: 70%)

R2= Me, Et, "Pr, ‘Pr, "Bu, ‘Bu, ***Bu, “Hex, -CH,-CH=CH,, -(CH,),SMe, -(CH,),NHCO,Bn, -(CH,),;NHCOCF};,
Bn, Ph, 4-Me-C4H,, 4-OMe-CgH,, 4-F-C¢H,, 4-CF;-CgH,, 3-Me-CgH,, 3-F-C¢H,, 2-Me-C¢H,, 2-OMe-CgH,,

1-naphthyl, 2-thienyl

Scheme 16 Electrochemical synthesis of C3-selenocyanated imidazoll,5-alquinolines 24.

(a)

NN cosin Y (5 mol%) NN
) Ph + KSeCN )
N MeCN, blue LEDs, r.t., 3 h N
H SeCN
25 26, (51%)
(b) H SeCN
\ Rose Bengal (5 mol%) \
+ KSeCN -
N MeCN, blue LEDs, r.t., S h N
H H
27 28, (91%)
Scheme 17 (a) Hajra’ synthesis of 2-phenyl-3-selenocyanatoimidazo

[1,2-alpyridine 26; (b) photocatalyzed regioselective selenocyanation
of indole 27 with KSeCN.

selenium dioxide with malononitrile) in DMSO at room
temperature, underwent C4-H selective selenocyanation to
afford p-selenocyano anilines 30 in good to quantitative yields
within 15-45 min (Scheme 18). Notably, presence of either
electron-donating or electron-withdrawing groups in the phenyl
ring periphery did not have much impact in the yield of the
reactions. In addition, site-selective C3-H selenocyanation of
indole derivatives have also been demonstrated in this report.

Unfortunately, the authors did not propose a plausible mech-
anism for this C-Se bond formation reactions. A decade later,
Palop's research group applied this protocol in the synthesis of
a library of bioactive hybrid selenosulfonamides.*®

Recently, Redon and Vanelle along with their co-workers
developed a similar protocol for regioselective selenocyana-
tion of imidazo[1,2-a]pyridines 31 at the C3 position using the
merge of SeO, with CH,(CN), as the selenocyano source.** The
reaction was undertaken under an air atmosphere at ambient
temperature, tolerated by various important functional groups
(e.g., OMe, F, Cl, Br, NO,, CN), and generally afforded the
desired C3-selenocyanated products 32 in high to excellent
yields (Scheme 19). The protocol was also equally applicable to
other imidazoheterocyclic compounds such as imidazopyr-
imidine, imidazothiazole and imidazobenzothiazole. This
transformation was also compatible for the scale up reaction as
exemplified by the formation of 2-phenyl-3-selenocyanatoimi-
dazo[1,2-a]pyridine on a 1.5 g scale (84%). Furthermore, the
authors were able to demonstrate that the SeCN functional
group in 2-phenyl-3-selenocyanatoimidazo[1,2-a]pyridine could
be easily transformed into SeO,H, SeCF3, Se-Se, SePh, and SeMe
groups. However, they were silent on the possible mechanistic
pathway for this transformation.

Se0, (2 equiv.) + CH,(CN), (1 equiv.)

DMSO, r.t., 15 min

R2 R2 R2 R2
\N/ ¢ \N/
X7y Se3(CN), Xy
R'p ! > R'4p !
AN r.t., 15-40 min AN
H SeCN
29, (1.5 equiv.) 30

R!=H, 3-Me, 3-CH,OH, 3-CO,H, 2-CO,H
R?=H, Me, Et
R? + R*= -(CH,),0(CH,),-

9 examples (65-99%)
(average yield: 83.5%)

Scheme 18 Regioselective selenocyanation of aniline derivatives 29 using Sez(CN),.
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SeO, (3 equiv.)
CH,(CN); (1 equiv.)

DMSO, r.t., 30 min

H
31

R=H, 6-Me, 6-Cl, 6-Br

(Het)Ar=Ph, 4-Me-C¢H,, 4-OMe-C¢H,, 4-F-C4H,, 4-CI-C4H,,
4-Br-Cg¢H,, 4-CF5-C¢Hy, 4-CN-C4¢H,, 3-NO,-C¢H,,
3-CN-C¢Hy, 2-thienyl, 2-furyl

SeCN
32

15 examples (80-98%)
(average yield: 89.5%)

Scheme 19 C3-H selenocyanation to imidazo[1,2-alpyridine scaffolds 31 developed by Redon and Vanelle.
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H Se (2 equiv.). SeCN
TMSCN (2 equiv.)
DMSO, 120 °C, 24 h
34
R2 MeO SeCN
—

NCSe \ / NRIZ / —

NCSe OMe N

N~
34a, R'=Me, R%= H; (63%) N
34b, R'=H, R?=2-Br; (71%) - 34c, (57%) 34d, (91%) Ph
— SeCN
SeCN N
Ph N
S N/ —N N N\ /
SeCN Ph
3de, (72%) 34f, (75%) 34g, (99%)

Scheme 20 Catalyst-free oxidative C—H selenocyanation of (hetero)arenes 33 with elemental selenium and TMSCN.

SeCN
Se_ -
‘/ sé -
path a
33 A 34
Se, T
33 TMSCN, Se(O)
path b
B

Plausible mechanism for the reaction in Scheme 20.

Se(0)
DMSO

TMSCN

Scheme 21

Gratifyingly, various electron-rich arenes and N-heteroarenes
were compatible with this reaction and produced correspond-
ing mono-selenocyanated products 34 in moderate to excellent
yields (Scheme 20). In this reaction DMSO served as dual role as
the solvent and the mild oxidant. Interestingly, when elemental
selenium was replaced by elemental sulfur, the reaction fur-
nished the thiocyanated products without difficulty. According
to the author proposed mechanism this reaction may proceeds
through the formation of di(hetero)aryl diselenide A via C-Se
cross-coupling reaction of (hetero)arene 33 with elemental

4. Combination of elemental
selenium and TMSCN as
selenocyanating agent

In 2018, Yan and colleagues reported an innovative method-
ology for regioselective oxidative C-H selenocyanation of
(hetero)arenes 33 by using elemental selenium and trime-
thylsilyl cyanide (TMSCN) as a novel combined selenocyanation
source in DMSO under catalyst and additive-free conditions.**
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selenium in the presence of DMSO followed by direct cyanation
with TMSCN via the C-Se bond cleavage (Scheme 21, path a). In
another possibility, nucleophilic attack of another molecule of
(hetero)arene 33 on diselenide intermediate A affords
symmetrical selenoether B, which in the presence of Se(0) and
TMSCN converts to the final product 34 (Scheme 21, path b).

5. Conclusion

The (hetero)aryl selenocyanates have been identified as
a potentially bioactive class of compounds that exhibit a broad
range of biological activities such as antimicrobial, anti-
leishmanial, anticancer and chemopreventive activities. Hence,
it is of interest to seek convenient and efficient synthetic
methodologies to selectively access this class of organoselenium
compounds. Recently, direct selenocyanation of (hetero)aromatic
C-H bonds has been emerging as one of the extremely robust
methodologies for the construction of the titled compounds
within a single click. Since this page of (hetero)aryl selenocyanates
synthesis don't need to the pre-functionalized substrates, it is
greatly greener, shorter, and atom economical compared to the
traditional procedures which rely on the use of active aryl species
such as aryl metal reagents, aryl halides, aryl diazonium salt, and
arylboronic acids. However, the majority of reported examples of
this chemistry are limited to the use of odorous and air-sensitive
KSeCN as selenocyanating agent. In addition, the scope of
(heter)arenes that underwent reaction is limited to nitrogen-
containing heteroarene and electron-rich arene substrates.
Consequently, further research should be focused on development
of powerful, stable, and odorless sources of selenocyanating agents
and highly active catalytic systems with much broader substrate
scope. We hope that this review will be beneficial to stimulate
scientists to further research and thinking on this topic.
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