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p-Diketones and PB-oxo esters are thiocyanated with the
NaSCN/(NH,),Ce(NOj3)¢ system or with pre-generated di-
rhodanogen. Malonates undergo thiocyanation only with the
NaSCN/(NH,),Ce(NO3)4 system.
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Thiocyanates prepared from carbonyl compounds are known as
intermediates in the synthesis of thymidine,! triazole,? thiazo-
lidine and cyclic thiourea derivatives,’ some of which possess
herbicidal activity.* Thiocyanates are of interest due to their
antitumor, antiasthmatic and insecticidal activity.’

Here, were prepared thiocyanates from B-dicarbonyl com-
pounds that differ significantly in their ability to undergo
enolization. This reaction is characteristic of 3-diketones and is
less typical of B-oxo esters, whereas diesters (malonates) are
virtually not enolized. Thiocyanomalonates are mainly obtained
by the replacement of a halogen atom with a thiocyanate anion
including one-pot halogenation followed by the replacement of
a halogen atom.*®-% Thiocyanation of diketones and oxo esters
is usually carried out using metal thiocyanates and oxidizing
agents, such as hypervalent iodine compounds,* @’ potassium
persulfate and copper(ll) salts® or bromodimethylsulfonium
bromide.? Another method commonly employed in the synthesis
of thiocyanates from diketones and oxo esters is based on the
substitution of a halogen atom in 2-halo-1,3-dioxo derivatives on
treatment with metal thiocyanates.(@-(©)-10

In the present study, the thiocyanation of a-substituted -di-
carbonyl compounds la-r with cerium(IV) ammonium nitrate
(CAN) and sodium thiocyanate affords thiocyanates 2a-r
(Scheme 1).7

¥ General procedure. Diethyl malonate 1a (0.50 g, 2.0 mmol) and NaSCN
(0.162-0.648 g, 2.0-8.0 mmol) were mixed with EtOAc (10 ml), and
then CAN (1.096—4.386 g, 2.0-8.0 mmol) was added with stirring. The
reaction mixture was stirred for 3 h at 20-25 °C, then CH,Cl, (10 ml) was
added, and the mixture was poured into water (30 ml) and extracted with
CH,Cl, (315 ml). Combined organic extracts were successively washed
with a saturated NaHCO; solution (30 ml) and water (30 ml), dried over
MgSO, and filtered. The solvent was evaporated under water-jet pump
vacuum. Product 2a was isolated by column chromatography on silica
gel using light petroleum—ethyl acetate as the eluent with an increasing
ethyl acetate gradient from 0 to 20%.

For more details and characteristics of compounds 2a-r, see Online
Supplementary Materials.

© 2016 Mendeleev Communications. Published by ELSEVIER B.V.
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The reactivity of malonates in the thiocyanation with NaSCN/
CAN system is essentially different from that of diketones and oxo
esters. Optimization was performed using model diethyl benzyl-
malonate 1a treated with NaSCN and CAN. The effect of the
solvent nature, reagent ratio and synthesis procedure on the
yield of diethyl 2-benzyl-2-thiocyanomalonate 2a is outlined in
Table 1.

The experiments were carried out by two different proce-
dures. In runs 1-5, the thiocyanation was performed by mixing
malonate 1a and NaSCN followed by the addition of the oxidizing
agent CAN, which provided the presence of all three reagents in
the mixture in the beginning of the reaction. In runs 6-9, malonate
1a was added to dirhodanogen pre-generated from NaSCN and
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la-r 2a-r
R! R? R3 Yield of 2 (%)
a OEt CH,Ph OEt 96
b OEt Me OEt 95
c OEt Et OEt 95
d OEt Bu OEt 96
e OEt CH,CH=CH, OEt 96
f OEt Ph OEt 90
g Me hexyl Me 83
h Me (CH;),COOEt Me 95
i Me (CH,),CN Me 87
j Me CH,Ph Me 98
k Me 4-CIC¢H4CH, Me 95
1 Me 4-BrC¢H4CH, Me 85
m Me 4-N02C6H4CH2 OEt 80
n Me 4-MeC¢H4CH, OEt 80
o Me Bu OEt 88
p Me hexyl OEt 85
q (CH2)4 OEt 89
r Me (CH,),CN OEt 85
Scheme 1
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Table 1 Thiocyanation of model malonate 1a and -diketone 1j.

Run  Substrate ll\d(l)\llirsrggo CAN Solvent  Product OYflezl(z% )

19 la 1:2:3 EtOAc 2a 82

24 la 1:3:2 EtOAc 2a 86

34 la 1:3:3 EtOAc 2a 96

44 la 1:3:4 EtOAc 2a 84

54 la 1:4:3 EtOAc 2a 84

6b la 1:3:3 EtOAc 2a traces

7b la 1:3:3 Acetone 2a traces

8’ 1a 1:3:3 AcOH 2a traces

9b la 1:1:1 AcOH 2a traces
104 1j 1:3:3 AcOH 2j 96
114 1j 1:3:3 Acetone  2j 97
124 1j 1:3:3 EtOH 2j 91
13 1j 1:3:3 EtOAc  2j 98
144 1j 1:3:3 EtOAc 2 95

4CAN was added to a mixture of NaSCN and 1, 20-25°C, 3 h. bCompound
1 was added 10 min after the mixing of NaSCN and CAN, 20-25°C, 3 h.

CAN. In the second case, thiocyanation product 2a was virtually
not detected. In runs 1-5, the reagent ratio was varied. The best
results were achieved using 1a:NaSCN:CAN in a ratio of 1:3:3.
The unusual feature of the thiocyanation of malonates is that it
occurs only when CAN, NaSCN and 1la are simultaneously
present in the starting reaction system. This is apparently attributed
to the principally different reaction mechanism, which involves
the transfer of the thiocyanate moiety from the cerium coor-
dination sphere to malonate.'!

The optimum reaction conditions for the synthesis of thio-
cyanates from [-diketones and (-oxo esters were determined
using the reaction of 3-benzylpentane-2,4-dione 1j with NaSCN
and CAN (Table 1).

In runs 10-13, the conditions of the mixing of reactants
provide the presence of all three reagents in the mixture in the
beginning of the thiocyanation. In run 14, diketone 1j was
thiocyanated with pre-generated dirhodanogen. Product 2j was
synthesized in 91-98% yield regardless of the mixing mode.
Apparently, the pre-generated (SCN), adds at the enol form of
the B-diketone.

The optimum reaction conditions given in Table 1 for run 3
were used to synthesize thiocyanates 2a-r from o-substituted
[-dicarbonyl compounds in yields indicated in Scheme 1.

In summary, the method proposed for the synthesis of thio-
cyanates using the NaSCN/CAN system is suitable for the
thiocyanation of various o-substituted B-dicarbonyl compounds

containing alkyl, benzyl or phenyl substituents in the o-position.
The main achievements of the work are the development of one-
step experimental procedure, application of available cerium(IV)
ammonium nitrate and sodium thiocyanate, and simplicity of
product isolation.
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