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An additive-free and environmentally friendly strategy has been realized for the construction of
S-substituted isothioureas through visible-light-induced multicomponent reaction starting from o«-
diazoesters, aryl isothiocyanates, amines and cyclic ethers. This methodology features simple operation,
mild reaction conditions, favorable functional group tolerance, easily available starting materials and high
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Sulfur-containing molecules have exhibited wide applications
in materials science, organic synthesis, and pharmaceutical chem-
istry [1-8]. Especially, S-substituted isothioureas as highly valu-
able sulfur-containing compounds have attracted a great deal of re-
search interest from chemists owing to their diverse biological and
medicinal activities such as antiviral [9], antifungal [10], antibac-
terial [11] and antitumor [12]. As shown in Fig. 1, S-substituted
isothiourea-containing molecules have been increasingly designed
and synthesized as NOS inhibitor, anti-cancer agent, calcium ion
channel blocker, or insecticide in the agricultural and pharmaceuti-
cal industries [13-16]. Furthermore, isothioureas as important syn-
thetic intermediates have also been elegantly utilized for the con-
struction of guanidines in synthetic chemistry [17-19].

In term of their importance in pharmaceuticals and synthetic
chemistry, numerous synthetic methods have been exploited for
the preparation of S-substituted isothioureas [20-33]. Classical syn-
thesis strategy involves the reaction of amine with aryl isothio-
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cyanate and subsequent alkylation of thioureas with RX in the
presence of base or microwave (Scheme 1a) [22-24]. This two-
step reaction requires the use of stoichiometric amounts of reac-
tion auxiliaries and extra operation for the purification of thiourea.
During the past several years, some alternative methods have been
developed for the synthesis of S-substituted isothioureas via the
cross-coupling reactions of mercaptothioureas with aryl halides
[25-27] or aryl boronic acids [28] or S-alkylation of arylthioureas
with tetraalkylammonium salts (Scheme 1b) [29]. Nevertheless,
there somehow exist some drawbacks such as the use of large
amounts of additives and expensive reagents, low yields, and rela-
tively harsh reaction conditions.

Multicomponent tandem reactions could provide atom- and
step-economic approach to access various diverse functionalized
molecules in a one-pot operation [30-33]. In this context, Maes et
al. have recently developed a multicomponent strategy for the syn-
thesis of isothioureas from thiosulfonates, iso-cyanides, and (het-
ero)aromatic amines (Scheme 1c) [34]. In 2021, Phukan and co-
workers reported K,COs3-promoted procedure for the synthesis of
isothiourea from N,N-dibromoarylsulfonamides, isonitriles, and thi-
ols (Scheme 1d) [35]. In 2022, Jiang described a copper-catalyzed
multicomponent reaction of thioureas, alkenes, and Togni reagent
II leading to CFs;-containing isothioureas (Scheme 1le) [36]. Al-
though significant progress has been achieved, the use of metal
reagents and stoichiometric amounts of additives still limited their
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Fig. 1. Representative examples of bioactive S-substituted isothioureas containing
molecules.
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Scheme 1. The procedures for the synthesis of S-substituted isothioureas.

wide application. Therefore, the development of mild, green, and
additive-free multicomponent reaction strategy is still highly desir-
able. In recent years, visible-light-promoted multicomponent tan-
dem reactions have been increasingly utilized in synthetic chem-
istry to construct various functional complex molecules owing to
their mild and environmentally friendly features [37-45]. With our
continued research interests in photoinduced multicomponent re-
actions and synthesis of sulfur-containing compounds [46-50], we
describe herein a new visible-light-promoted strategy for the con-
struction of S-substituted isothioureas via four-component reaction
of «-diazoesters, aryl isothiocyanates, amines, and cyclic ethers
(Scheme 1f). This reaction proceeds under mild conditions to af-
ford several S-substituted isothioureas in moderate to good yields
with favorable functional group tolerance without using any metal
catalyst and additives.

Initially, the reaction of 1-methyl phenyldiazoacetate (1a),
phenyl isothiocyanate (2a), and morpholine (3a) was investigated
in THF with the irradiation of 3 W blue LED lamps. When
the model reaction was conducted in the presence of Cs,COs3
(100 mol%) at room temperature, the four-component product 5aa
with ring-opening of THF was obtained in 85% yield (Table 1, en-
try 1). Then, a series of bases including DABCO, DBU, Et3N, K3POy,
Na,CO3, and KOH were screened to optimize the reaction effi-
ciency, and the results showed that yield of 5aa was not obviously
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Table 1
Screening of the reaction conditions.?
e H Ph
F’h)J\n/OMe [ j _N S~ )\
120 o Additve P Y 0" "COMe
N * 3a light source [Nj
Ph” SCq air, r.t, 3 h
2a s (O)4a S 5aa
Entry Additive Solvent Yield (%)°
1 Cs,CO5 (100 mol%) THF 85
2 DABCO (100 mol%) THF 81
3 DBU (100 mol%) THF 90
4 Et;N (100 mol%) THF 85
5 K3PO4 (100 mol%) THF 88
6 Na,CO; (100 mol%) THF 90
7 KOH (100 mol%) THF 88
8 Ru(bpy)Cl; (2 mol%) THF 90
9 Eosin Y (2 mol%) THF 90
10 Rose Bengal (2 mol%) THF 89
11 Rhodamine B (2 mol%) THF 81
12 - THF 90
13 - THF 73¢
14 - THF 524
15 - THF 84¢
16 - THF of
17 - EtOAc/THF (1/1) 89
18 - CH,Cl,/THF (1/1) 85
19 - DCE/THF (1/1) 74
20 - CH5CN/THF (1/1) 76
21 - DMSO/THF (1/1) trace
22 - Toluene/THF (1/1) 93
23 - Toluene/THF (2/1) 69
24 - Toluene/THF (3/1) 71
25 - Toluene/THF (4/1) 66
26 - Toluene/THF (5/1) 64
27 - Toluene/THF (1/1) 668
28 - Toluene/THF (1/1) on

2 Reaction conditions: 1a (0.2 mmol), 2a (0.2 mmol), 3a (0.1 mmol), additive (2-
100 mol%), solvent (2 mL), 3 W blue LED lamps, r.t., 3 h.

b solated yields based on 3a.

¢ 3 W green LEDs.

4 3 W white LEDs.

¢ 3 W purple LEDs.

f Without light irradiation.

¢ Under N,.

h 60 °C.

increased (Table 1, entries 2-7). Furthermore, the addition of pho-
tocatalyst (2 mol%) such as Ru(bpy)Cl,, Rose Bengal, Eosin Y, or
Rhodamine B did also not improve the reaction efficiency (Table 1,
entries 8-11). Notably, the product 5aa was still obtained in 90%
yield when the reaction was carried out in the absence of any
additive (Table 1, entry 12). Next, the light sources were further
investigated without the use of any additive, and results demon-
strated that 3 W blue LEDs was the best choice and other light
sources such as purple LEDs, green LEDs, and white LEDs would
lead to the relatively lower reaction efficiency (Table 1, entries 13-
15). It should be noted that the transformation did not occur in
the absence of visible light irradiation (Table 1, entry 16). Solvent
effect on the reaction efficiency was also examined. The mixture of
THF with other organic solvents (v/v=1/1) such as EtOAc, CH,Cl,,
DCE and CH3CN also gave the product 5aa in good yield (Table 1,
entries 17-20), and the highest yield of 93% could be obtained by
using toluene/THF (1/1) as the reaction medium (Table 1, entry
22). Further reducing THF loading would lead to lower reaction ef-
ficiency (Table 1, entries 23-26). When the reaction was performed
under N,, the desired product 5aa was only obtained in 66% yield
(Table 1, entry 27). The reaction did not occur at 60 °C in the ab-
sence of light irradiation (Table 1, entry 28).

Having established the optimal reaction conditions in hand,
we further explored the scope of this visible-light-mediated four-
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Scheme 2. Substrate scope. Reaction condition: «-diazoester 1 (0.2 mmol), phenyl isothiocyanate 2a (0.2 mmol), morpholine 3a (0.1 mmol), THF (1 mL), toluene (1 mL), 3

W blue LED lamps, r.t., air, 3 h. Isolated yields based on 3a.

component reaction of «-diazoesters, amines, isothiocyanates, and
cyclic ethers. As demonstrated in Scheme 2, a-diazoesters with
a number of substituents at the aromatic ring were successfully
transformed into the desired products 5aa-5am in moderate
to excellent yields. Generally, electron-effect has little influence
on the reaction efficiency, both electron-donating and electron-
withdrawing group substituted substrates were all suitable for this
reaction. On the contrary, steric hindrance has a marked effect on
the activities of w-diazoesters. In comparison with substituents
at para- and meta-position of phenyl ring, ortho-substituted
o-diazoesters would lead to lower reaction efficiency, and the
corresponding products 5ai and 5aj were obtained in 46% and
60% yields, respectively. It should be noted that functional groups
such as halogen, C(O)OMe, CN, and NO, substituents were not an
obstacle for this reaction, which provided a chance for subsequent
structural modification. Furthermore, the scope of «-diazoesters
with a variety of substituents at ester group was also investigated.
In addition to methyl group, other alkyl groups including ethyl,
isopropyl, benzyl, 2-phenylethyl, and isopentyl groups were well
tolerated in this process to afford the corresponding products
5an-5ar in 77%-97% yields.

Then, the scope and limitation of isothiocyanates, amines, and
cyclic ethers have also been investigated under the standard con-
ditions (Scheme 3). In general, aryl isothiocyanates having either
electron-donating or -withdrawing groups on ortho-, meta- and
para-position of aryl rings have shown good reactivities, and the
corresponding four-component products (5ba-5ja) were obtained
in good yields. With respect to amines, in addition to morpholine,
a series of secondary aliphatic amines such as dimethylamine,
piperidine, 4-methylpiperidine, cis-2,6-dimethylmorpholine, N-
isopropylcyclohexanamine, and N-methyl-1-phenylmethanamine
were all suitable substrates to produce the desired products 5ka-
5pa in moderate to excellent yields. Nevertheless, when secondary
aromatic amine such as diphenylamine was used in this reaction

system, none of desired product 5qa was observed. Finally, the
possibility of using other cyclic ethers was investigated under the
standard conditions. It was found that other cyclic ethers such as
tetrahydropyran and 2,5-dihydrofuran were also able to compatible
with this procedure, providing the corresponding products 5ra and
5sa in moderate yields. However, the desired products were not
obtained when acyclic ethers such as diethyl ether and n-butyl
ether were employed in this procedure.

The scalability and practicality of this reaction was further in-
vestigated. When the model reaction was conducted on a 2 mmol
scale, the reaction still maintained a good reaction efficiency and
the product 5aa could be isolated in 87% yield (Scheme 4).

Several control experiments were further conducted to under-
stand the possible reaction mechanism (Scheme 5). Firstly, thiourea
6a was isolated in 99% yield by treatment of phenyl isothio-
cyanate (2a) with morpholine (3a) in the absence of visible-
light irradiation (Scheme 5a). Furthermore, the desired product
5aa was isolated in 92% yield when the reaction of 1-methyl
phenyldiazoacetate (1a), thiourea (6a), and THF was performed un-
der standard conditions (Scheme 5b). These results indicated that
thiourea 6a should be a key intermediate in this reaction system.
Moreover, when radical scavenger TEMPO (2,2,6,6-tetramethyl-
1-piperidinyloxy) or BHT (2,6-di-tert-butyl-4-methylphenol) was
added in this reaction system, the model reaction was not inhib-
ited and the product 5aa was still isolated in 90% and 86% yields,
respectively (Scheme 5c). This result suggested that a radical pro-
cess should not be involved in this multi-component reaction. In
addition, on/off light-irradiation result demonstrated that the con-
tinuous visible-light illumination is important for promoting this
transformation (Fig. 2).

Based on the above results and referring to previous re-
ports [51-57], we proposed a possible mechanism as shown in
Scheme 6. Firstly, a-diazoester 1a was irradiated by blue light to
generate an excited state 1a*, Then, the decomposition of an ex-



Y. Lv, H. Ding, J. You et al.

Chinese Chemical Letters 35 (2024) 109107

R1
Ny
3W blue LEDs 2 o)
Ar—Ns, + R® R* / b g N S AS )\f
Ph)J\IrOMe+ f C N7 o ha air, Toluene Ar Y WO OR?
1a0 2 5‘ 4 rt,3h RBN‘RA 5
OCHj F
N Ph H3CO. N _ S« O _Ph N_ .S, +O_ _Ph
e : D (jYMY S
CoMe ¢ . [ j cone [ j COzMe [ j COyMe [Nj CO,Me [Nj CO,Me
O . .
Sba (94%) Sca (97% 5da (98%) Sea (85"0 5fa (93%) 5ga (93%)
_N._S¢_yO_Ph _N._S¢_yO._Ph
F N Ph/N\j/SMOYPh PRSIy PN MY
\©/ Y co Me COzMe N COMe N CO,Me N COMe
[j codle £ [j 2 E o U
Sha (98%) Sia (88%) 5ja (96%) Ska (85%) Sla (81%) 5ma (93%)
Ph
_N._S¢_4yO._Ph N S A
Ny s 4 sMo Ph/NYS(on Ph o NS S(\/EO Ph Ph™SY” e Y Phe S \/\/\o)\cone
CO,Me \O CO,Me _N CO,Me N CoMe N COyMe N
3 Ph” “Ph [ j [ j
): j\ \< Ph o o
5na (76%) 50a (54%) Spa (95%) 5qa (0%) 5ra (47%) Ssa (35%)

Scheme 3. Substrate scope. Reaction condition: «-diazoester 1a (0.2 mmol), isothiocyanate 2 (0.2 mmol), amine 3 (0.1 mmol), cyclic ether 4 (1 mL), toluene (1 mL), 3 W

blue LED lamps, r.t., air, 3 h. Isolated yields based on 3.

N,

H
N
ph)J\I(OMe B
S o Toluene/THF(1/1),

S} r.t., air, 15 h
1a 2a 3a 2 mmol scale

3W blue LEDs

5aa

HOY . . "

2
CO,Me hv
OM
[ j Ph)H]/ e > Ph)HrOMe
[¢]

o N, 8a
(87%, 0.77 @) 1a

H

o &

OMe a
Ph M

9a0

' ,N\ _sH

Scheme 4. Gram scale reaction.

ZT

H ‘C”S
N N air, rt., 2h ’{‘
(a) Ph” \C\ + [ j — >

Ss o THF/Toluene=1/1 j

2a 3a 6a (9 g%)

Ph

N S Ph/NYSMOY
(b) ome PN 3W Blue LEDs N o
Ph + N + — oMe
(@) Toluene, air, r.t.,, 3h [ j
(0]
5aa (92%)

N _N_S¢_O-_Ph
: N [j _3wBleLEDs P S ™Y

(c) Ph)J\"/OMe + Ph” \C\ + N
S O Toluene air, r.t., 3h [ j
1a 2a o~ 4a

5aa (90%)"
5aa (86%)

Scheme 5. Control experiments.

100 4
80

60

Yield (%)

40 ON

20

0 45 90 180 225 270

135
Time (min)

Fig 2. On/off experiments.

S

i gifs

WYM%

[ j CO,Me
© 10a

N S o) Ph
SOHY
[N] CO,Me
O” 5aa

Scheme 6. Possible reaction pathway.

~
Ph proton transfer

cited state 1a* would lead to the formation of carbene intermedi-
ate 8a, which was trapped by THF to give oxonium ylide interme-
diate 9a. While the addition of morpholine (3a) with phenyl isoth-
iocyanate (2a) afforded thiourea 6a, which rapidly tautomerized to
yield intermediate 7a. Next, the nucleophilic attack of intermedi-
ate 7a to oxonium ylide intermediate 9a and further ring-opening
provided 10a. Finally, the intramolecular proton transfer occurred
to afford the final product 5aa.

In conclusion, we have developed a facile and green synthetic
method for the assembly of S-substituted isothioureas via visible-
light-induced four-component reaction of «-diazoesters, isothio-
cyanate, amines, and cyclic ethers. Under mild conditions, a se-
ries of substrates with different functional groups were applicable
in this multi-component tandem reaction. The simple operation,
green energy source, and additive-free conditions for constructing
S-substituted isothioureas are valuable features, which may find
potential application in the pharmaceutical synthesis. Further in-
vestigation on synthetic applications and mechanistic details are
ongoing in our group.
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