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A facile and environmentally friendly visible-light-induced three-component reaction of «-diazoesters,
cyclic ethers and NaSCN to construct organic thiocyanates has been developed at room temperature. This
reaction could occur under photocatalyst- and additive-free conditions to afford a number of organic
thiocyanates with moderate to good yield and favorable functional group tolerance.

© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

As highly valuable functionalities, thiocyanates are widely ex-
isted in the core structural motifs of a wide range of natural prod-
ucts and biologically active molecules, such as Psammaplin B, 9-
thiocyanato pupukeanane, and fasicularin (Fig. 1) [1-5]. More im-
portantly, organic thiocyanates are also key intermediates in or-
ganic synthesis since they can be readily transformed to a vari-
ety of sulfur-containing derivatives including thiocarbamates [6,7],
thioethers [8,9], thionitriles [10], and sulfur heterocycles, etc. [11-
13].

Owing to their importance in pharmaceuticals and synthetic
chemistry, numerous synthetic strategies have been exploited for
the synthesis of organic thiocyanates. Generally, organic thio-
cyanates are prepared by the nucleophilic substitutions of alkyl
halides with thiocyanide, trimethylsilyl isothiocyanate or acyl
isothiocyanates [14-18]. In recent years, some alternative synthetic
methods have been developed for the synthesis of organic thio-
cyanates through the thiocyanation of enaminones [19,20], alkyl-
boronic acids [21], epoxides [22], alkenes [23-25], ketones [26-28],
and arenes [29,30] using a variety of thiocyanating reagents un-
der different reaction conditions. Nevertheless, most of the above-
mentioned reactions involve the use of transition metals, strong
oxidants, corrosive halogen reagents, or strong acids, which have
negative environmental impacts. Thus, the development of a mild,
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facile and environmentally benign thiocyanation procedure from
easily available substrates is highly desirable.

As abundant and clean energy source, visible light has been
extensively utilized for promoting various synthetic transforma-
tions under mild and environmentally friendly conditions [11,31-
47]. a-Diazoesters are easily prepared, handled and colored com-
pounds, which are increasingly used in photoinduced reactions to
construct a number of valuable organic compounds via free car-
bene intermediates at room temperature [48,57]. With our con-
tinuous interests in photochemical reactions [58-60] and synthe-
sis of organosulfur compounds [61-63], herein, we wish to report
a new and photocatalyst-free strategy for the assembly of organic
thiocyanates via three-component reaction of «-diazoesters, cyclic
ethers and NaSCN (Scheme 1). This methodology provides a mild
and efficient approach to access a series of diverse organic thio-
cyanates without requiring the use of any metal reagent, oxidant,
and additive.

Initially, 1-methyl phenyldiazoacetate and KSCN were chosen as
the model substrates to screen the reaction conditions by the ir-
radiation of 3 W blue LED lamps at room temperature. The three-
component product 4a was isolated in 27% yield when the reaction
was carried out in THF by using of Eosin B (2 mol%) as the photo-
catalyst (Table 1, entry 1). Then, other photocatalysts such as Rose
Bengal, Eosin Y, 4CzIPN and Acridine Red were examined, and the
result showed the yield of product 4a was not obviously increased
(Table 1, entries 2-5). To our delight, the reaction efficiency was
greatly improved when reaction was conducted in the absence of
photocatalyst (Table 1, entry 6). Encouraged by this result, other
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Scheme 1. Visible-light-induced three-component reaction of «-diazoesters, cyclic
ethers and NaSCN to synthesize organic thiocyanates.

Table 1
Screening of the reaction conditions.?
e Additive / hv oSNNS
Ph)HI/OMe + MSCN + THF ————= )Yo
air, 4h Ph
1(a) 2 3a 4a OMe

Entry  Additive MSCN Solvent Yield (%)
1 Eosin B (2 mol%) KSCN THF 27
2 Rose Bengal (2 mol%) KSCN THF 21
3 Eosin Y (2 mol%) KSCN THF 15
4 4CzIPN (2 mol%) KSCN THF 19
5 Acridine Red (2 mol%) KSCN THF 33
6 - KSCN THF 56
7 - NH4SCN THF 67
8 - NaSCN THF 75
9 Cs,COs (1 equiv.) NaSCN THF 20
10 DABCO (1 equiv.) NaSCN THF 14
11 - NaSCN THF 350
12 - NaSCN THF 30¢
13 - NaSCN THF 694
14 - NaSCN THF 70¢
15 - NaSCN THF 78f
16 - NaSCN THF 0¢
17 - NaSCN THF 57h
18 - NaSCN DCE/THF (1:1) 24
19 - NaSCN CH,Cl,/THF (1:1) 23
20 - NaSCN CH3CN/THF (1:1) 5
21 - NaSCN DMEF/THF (1:1) 10
22 - NaSCN toluene/THF (1:1) 7
23 - NaSCN DCE/THF (1:2) 47
24 - NaSCN DCE/THF (1:4) 61

3 Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), additive, solvent (2 mL), 3
W blue LED lamps, r.t., 4 h. Isolated yields based on 1a.
3 W green LEDs.
3 W white LEDs.
32 W blue LEDs.
10 W blue LEDs.
5 W blue LEDs.
Without light irradiation.
Under N,.

T —m e o n o

thiocyanating reagents such as NH4SCN and NaSCN were further
investigated, and result demonstrated that the use of NaSCN could
increase the yield of product 4a to 75% (Table 1, entry 8). The ad-
dition of base such as Cs,CO3 or DABCO did not improve the re-
action efficiency (Table 1, entries 9 and 10). Next, the low yield
was detected when other light sources such as green LEDs and
white LEDs were employed in this reaction (Table 1, entries 11 and
12). The highest yield (78%) was obtained when reaction was per-
formed under the irradiation of 5 W blue LED lamps (Table 1, en-
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try 15). No transformation was observed without light-irradiation
(Table 1, entry 16). Furthermore, the desired product 5a was ob-
tained in 57% yield when the model reaction was conducted under
nitrogen atmosphere (Table 1, entry 17). Finally, the screening of
a number of mixed solvents found that the mixture of other or-
ganic solvents with THF gave the relatively low reaction efficiency
(Table 1, entries 18-24).

With the above optimal conditions in hand, we further exam-
ined the scope of this visible-light mediated three-component re-
action of «-diazoesters, NaSCN, and cyclic ethers. As shown in
Scheme 2, in general, the reaction of «-diazoesters with vari-
ous electron-donating and electron-withdrawing substituents on
the phenyl ring were efficiently converted into the correspond-
ing products 4b-4m in moderate to good yields. Notably, some
functional groups such as -Cl, -F, -Br, -CF3, -C(O)OMe and -CN
groups could be well accommodated in the present procedure,
which could be further utilized for subsequent modification. Fur-
thermore, the reaction could also be extended to heteroarylcycle
a-diazoester, and the desired product 4n could be obtained in
47% yield. Moreover, a series of substituents at ester group of o-
diazoester were also examined. It was found that alkyl groups such
as ethyl, isopropyl, isobutyl, 2-phenylethyl, benzyl, isopentyl, and
allyl groups were all compatible with this process to give the cor-
responding products 40-4u in 52%-70% yields. Unfortunately, the
reaction was not expanded to other diazo compounds such as 2-
diazo-1-phenylbutane-1,3-dione. Finally, other cyclic ethers were
also evaluated under the standard conditions. In addition to THF,
cyclic ethers including tetrahydropyran and 2,5-dihydrofuran were
also suitable substrates, providing the corresponding products 4v
and 4w in 27% and 31% yields. Nevertheless, only a trace amount
of product 4x was detected when 1,4-dioxane was employed in the
present reaction system, which might be caused by the weaker nu-
cleophilicity of 1,4-dioxane. Moreover, when acyclic ethers such as
n-butyl ether and diethyl ether were investigated in this system,
none of the desired products were detected.

Some control experiments were further carried out to under-
stand the possible reaction mechanism (Scheme 3). Firstly, deu-
terium experiment with D,0 was conducted in anhydrous THF
to investigate the hydrogen source of «a-carbon hydrogen at ester
(Scheme 3a), and the deuteration phenomenon was observed by
TH NMR (see Supporting information). The result suggested that
proton at «-position of ester derived from water in solvent. Fur-
thermore, when radical scavenger TEMPO (2,2,6,6-tetramethyl-1-
piperidinyloxy) was added in this system, the model reaction was
not suppressed and the product 4a was still obtained in 70% yield
(Scheme 3b). This result indicated that this three-component re-
action might not involve a radical process. Moreover, the result of
On/Off light-illumination experiments showed that the continuous
visible-light irradiation was important for promoting this three-
component reaction (Fig. 2).

To demonstrate the synthetic utility of this method, the model
product 4a was treated with Ph,P(O)H in the presence of DBU, and
an enzymatically stable phosphate analogue, phosphonothioate A
was obtained in 60% yield (Scheme 4).

On the basis of the above results and previous reports [48-56],
a plausible mechanism was proposed as demonstrated in Scheme
5. Firstly, an excited state 1a* was generated from «-diazoester 1a
under the irradiation of blue light. Subsequently, the carbene inter-
mediate 5a was formed through the decomposition of an excited
state 1a*. Then, the interaction of THF with carbene intermediate
5a would lead to the formation of oxonium ylide intermediate 6a,
which was attacked by NaSCN 2a to afford carbon anion interme-
diate 7a. Finally, the product 4a was produced from carbon anion
intermediate 7a by hydrogen abstraction from water in solvent.

In summary, we have presented a facile and environmentally
friendly visible-light-induced method for the assembly of organic
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Scheme 2. Substrate scope. Reaction condition: «-diazoester 1 (0.2 mmol), NaSCN 2 (0.4 mmol), cyclic ethers 3 (2 mL), 5 W blue LED lamps, r.t., air, 4 h. Isolated yields
based on 1.
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