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regioselective direct sulfenylation
of uracil with sulfonyl hydrazide as sulfur source
under solvent free conditions†

Cong Wang,‡ad Qi-Yun Peng, ‡a Yi Wu,a Yan-Ling He,b Xiao-He Zheng,b

Hai-Bo Wang,c Jia-Min Xin,d Qing He,a Jun Xie*a and Lei Tang*ae

A facile method was developed for the selective thioetherification of uracils using sulfonyl hydrazide as the

thioetherification reagent. This method offers advantages such as avoiding the use of additives and

expensive metal catalysts, and providing good to excellent yields of various uracil thioethers.

Experimental studies have demonstrated that the reaction follows a free radical pathway. Notably, the

reaction can be carried out without solvent.
A diverse range of uracil-containing compounds show fasci-
nating biological activity and many have been developed for
clinical treatment in the eld of chemotherapy and as nucleo-
tide tools in molecular genetics.1 In particular, 5-sulfur-
substituted uracil occupies an important place in pharmaceu-
tical chemistry, and has widespread applications as a key
structural moiety of antivirals and anticancer agents (Fig. 1).2

For example, 2,4-dihydroxy-5-pyrimidinyl imidothiocarbamate
(DPI) is considered to be an antagonist of YB-1-like drugs for
breast cancer treatment. 5-Phenylthioxypyrimidine
(NSC210778) is thought to be effective in inhibitingmammalian
thymidine phosphorylase, FUDR phosphorylase, DHUDase and
UrdPase. 5-(Phenylthio)acyclouridine (PTAU) can efficiently and
specically inhibit uridine phosphorylase (UrdPase) to prevent
its catabolism of uridine and improve the bioavailability of oral
uridine. Hence, the development of novel efficient and green
strategy for the direct construction of the 5-sulfur-substituted
uracil is highly needed.

In literature, there are a large number of methods to
construct C–S bonds, among which are coupling reactions with
prefunctionalized uracil via thiols,3 disuldes,4 and Bunte
salts.5 These processes frequently involve the use of oxidants
and transition metal catalysts3,4 (Scheme 1a). Furthermore, C–S
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bonds can be formed through the presence of nucleophilic
auxiliary groups, such as NH2 groups, and with the assistance of
a metal-free environment containing I2 or NCS.6 (Scheme 1b).
Although they are useful in forming C–S bonds, they also have
obvious limitations. The use of toxic thiols, the need for
oxidizing agents, large amounts of reaction solvents, and scaled
promoters are all issues of concern. Given the limitations of
current methods, it is imperative that we develop a more
straightforward and environmentally-friendly approach for
synthesizing C–S bonds.

In recent years, sulfonyl hydrazides have gained popularity
as sulfenylating agents due to their numerous advantages.7

They are readily available, easy to handle, odorless, and typically
present as stable solids. As a result, there has been an
increasing number of examples of their use in this capacity. We
are committed to using ecologically safe raw materials and
catalysts in the production of 5-sulfur-substituted uracil deriv-
atives. Herein, In this paper, we introduce a novel method for
directly coupling sulfonyl hydrazide and uracil without the use
of solvents. This method utilizes iodine catalysis to facilitate the
reaction. Notably, the process does not require solvents or
oxidants and produces high yields of the desired product
(Scheme 1c).
Fig. 1 Selected examples of biologically active 5-sulfur-substituted
uracil.
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Scheme 1 Previous protocols for the generation of 5-sulfur-
substituted uracil derivatives (a and b) and our approach (c).
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We found that a reaction of uracil (1a) and sulfonyl hydra-
zide (2a) in the presence of I2 (1 equiv.) and TFA at 120 °C under
atmospheric air produced a 99% yield of the 5-thio-substituted
product 3a (Table 1, entry 1). Subsequently, we investigate the
Table 1 Optimization of reaction conditionsa,b

Entry Additive 2a 2(eq.) [I] (equiv.) Temp (°C) Time Yieldb (%)

1 TFA 1.5 I2 (1) 120 10 min 99
2 — 1.5 I2 (1) 120 10 min 99
3 TFA 1.5 — 120 0.5 h Trace
4 — 1.5 KI (1) 120 3 h Trace
5 — 1.5 NIS (1) 120 15 min 91.7
6 — 1.5 I2 (0.5) 120 10 min 97
7 — 1.5 I2 (0.2) 120 30 min 99
8 — 1.5 I2 (0.1) 120 26 h 99
9 — 1.5 I2 (0.2) 100 13 h 80
10 — 1.5 I2 (0.2) 110 12 h 95
11 — 1.5 I2 (0.2) 130 25 min 99
12 — 1.2 I2 (0.2) 120 8 h 95
13 — 1 I2 (0.2) 120 8 h 91

a Reaction conditions: uracil 1a (0.2 mmol, 28 mg, 1 equiv.), sulfonyl
hydrazide 2a (0.3 mmol, 56 mg, 1.5 equiv.), iodide source, designated
temperature under open air for 0.5 h. b Isolated yield.

4588 | RSC Adv., 2024, 14, 4587–4590
impact of additives and catalysts on the reaction. To our satis-
faction, we observed that even in the absence of additives, the
yield of product 3a reached an impressive 99% (entry 2). It is
shown that this iodine-catalyzed C–S bond formation is indeed
necessary (entry 3).

Then, the effects of different iodine source on reaction were
investigated. Among I2, KI, and NIS, Obviously, I2 produced the
best yield 99% (entry 1 and entries 4, 5). Next, the effect of
catalytic loading on the reaction was investigated. When the
catalyst loading was decreased to 20 mol%, the product yield
was 99% (Table 1, entry 7). However, when the catalyst loading
decreased to 10 mol%, the yield did not decrease but the reac-
tion time was extended to 26 h (Table 1, entry 8). The best option
was 120 °C (entries 9–11) in the additional investigation of the
effect of temperature. In avoiding waste of reagents, we
screened the dosage of sulfonyl hydrazide 2a and nally deter-
mined 1.5 eq. sulfonyl hydrazide as the optimal equivalent
(entries 12 and 13). On the basis of detailed investigations, the
optimized reaction conditions were determined as entry 7 aer
careful study.

Aer the establishment of optimal reaction conditions, the
substrate range and functional group tolerance of the procedure
were explored (Scheme 2). Various substituted aryl sulfonyl
hydrazides 2a–n, naphthyl sulfonyl hydrazide 2o, heteroaryl
sulfonyl hydrazide 2p, and alkanesulfonyl hydrazide 2q were
treated with uracil 1a, resulting in good yields. In general,
substituted aryl sulfonyl hydrazides with electron-donating
groups (–Me, –OMe) proceeded very well, and excellent yields
of the products were obtained (3a and 3c).

Although the yield of para-NO2 sulfonyl hydrazide (3h) was only
65%, meta-NO2 substituted arylsulfonyl hydrazides and others
electron-withdrawing groups (F/Cl/Br/CF3) showed excellent
conversions (3d–3g, 3i–3k). The introduction of multiple electron-
withdrawing groups on arylsulfonyl hydrazides leads to a decrease
in the conversion rate. For example, the introduction of electron-
withdrawing groups in both the neighbouring and interstitial
positions of the sulfonyl hydrazide simultaneously leads to lower
yield (3m 48%). Notably, the conversions of sulfonyl hydrazides
with double steric hindrance and naphthyl sulfonyl hydrazides
were also very high (3n, 99%, 3o, 99%). Despite a decrease in the
conversion of alkylsulfonylhydrazides and heteroarylsulfonyl-
hydrazides, they still yielded 5-thiouracil (3p, 65% and 3q, 79%)
in moderate quantities. In addition, the scheme is applicable not
only to N-substituted uracil but also to natural uracil and C6-
substituted uracil. The N-substituted uracil and the single N-
substituted uracil had excellent yields (3r–3t). C6-substituted
uracil and natural uracil were also obtained in moderate to
good yields (3u–3x).

Considering the signicant application value of 5-sulfur-
substituted uracil, we proceeded with an gram scale experi-
ment. To our satisfaction, the reaction yielded an exceptionally
high amount (99%) of the product 3a [eq. (a)]. In addition,
treatment of the compound 3a with 3-Chloroperbenzoic acid
(m-CPBA) gave the sulfone compounds product 4a in high yield
[eq. (b)] (Scheme 3).

To clarify the reaction mechanism, several control experi-
ments were performed (Scheme 4). The absence of product 3a
© 2024 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Range of substrates for sulfonyl hydrazide and uracil
sulfonation.[a,b]

Scheme 3 Scale-up experiments and post-functionalization of
sulfonylurea products.

Scheme 4 Control experiments.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
Fe

br
ua

ry
 2

02
4.

 D
ow

nl
oa

de
d 

on
 1

0/
29

/2
02

5 
4:

50
:1

8 
A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
[Scheme 4(a)] aer adding 2 equiv. of 2,2,6,6-tetramethyl-1-
piperidinyloxy (TEMPO) to the standard reaction indicates
that the free radical pathway is involved in the reaction.
© 2024 The Author(s). Published by the Royal Society of Chemistry
Subsequently, 2a was subjected to standard conditions, result-
ing in the formation of 5a (yield 43.2%) and 6a (yield 46%)
[Scheme 4(b)]. Further, both compounds 5a and 6a were reacted
with 1a, leading to the formation of the desired product 3a with
yields of 37% and 70% respectively [Scheme 4(c) and (d)]. This
observation suggests that 5 and 6 serve as the two key inter-
mediates in the reaction. Additionally, we discovered that 3a
can be obtained in high yield even under N2 protection, indi-
cating that the involvement of air is not necessary for the
reaction [Scheme 4(e)].

According to the above results and previous studies. A
probable mechanism of free radical-mediated reactions is out-
lined in Scheme 5. Initially, substrate 2 is converted to
RSC Adv., 2024, 14, 4587–4590 | 4589
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Scheme 5 Possible radical-mediated reaction mechanism.
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intermediate 6 catalyzed by iodine. Meanwhile, N2, HOI and HI
are released during this conversion process.8 Subsequently, the
intermediate 5 was produced by the removal of H2O by reduc-
tion 6.9

Which then converted to the sulfur radical (RSc) ether via
direct radical cracking.10 Subsequently, the sulfur radical (RSc)
was added to the double bond of uracil to form the uracil free
radical A. Then, The uracil free radical intermediate A could be
oxidized by HOI to an uracil carbon cation B.3 At last, product 3
is obtained aer the subsequent loss of a proton from B.11

Conclusions

In this study, we have successfully developed a solvent-free
direct thioetherication reaction of sulfonylhydrazine with
uracil. The reaction employs iodine as a catalyst and demon-
strates high selectivity. The method is characterized by the
absence of a metal catalyst and solvent, making it straightfor-
ward to execute. Furthermore, the reaction can be applied to
a diverse array of substrates. Notably, the reaction yields 5-thi-
oxopyrimidine derivatives in high quantities.
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