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Abstract: Iodonium(III) salts bearing uracil moieties have recently appeared in the literature, but their
structural scope and utilization are limited because of their hygroscopic characteristics. In this study,
we describe our detailed investigations for synthesizing a series of uracil iodonium(III) salts derived
with various structural motifs and counterions. These new compounds have been utilized as attractive
synthetic modules in constructing functionalized nucleobase and nucleosides.
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1. Introduction

Diaryliodonium(III) salts, one of the useful and important classes of hypervalent iodine
compounds, have a wide range of applications, such as active bactericides, benzyne precursors,
and arylation reagents for reacting a wide range of nucleophiles—even under metal-free conditions [1–8].
N-Heteroaryliodonium salts (Figure 1, center), as well as conventional diaryliodonium salts (Figure 1,
left), have also received considerable attention on account of their importance as versatile arylation
reagents [9,10]. Classically, N-heteroaryliodonium salts could be obtained via the treatment of
unstable vinyliodonium(III) dichloride with aryl lithium reagents [11–13]. The stepwise synthesis
of 3-pyridyl(aryl)iodonium(III) salts via the corresponding 3-pyridyl-iododichloride has also been
reported [14]. Recently, Olofsson et al. reported the one-pot synthesis of N-heteroaryliodonium
triflates from the corresponding N-heteroaryliodides by the reaction toward arenes [15]. Although this
approach is a versatile and reliable synthesis method of N-heteroaryliodonium triflates, there were still
some limitations in the scope of substrates.

Nucleobases are important substructures in biologically active compounds [16,17], and the
introduction of such moiety into iodonium(III) salts would be of high utility in organic synthesis.
In 1998, Kim et al. reported the uracil-5-ylphenyliodonium(III) triflates (Figure 1, right) prepared by the
reaction of 5-tributylstannylated uracils with aryl(cyano)iodonoium triflate. They also demonstrated
the preparation of uracil-5-ylphenyliodonium(III) triflates via the reaction of unfunctionalized uracil with
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phenyliodine(III) diacetate (PIDA) in the presence of triflic acid, and applied it to the palladium-catalyzed
alkenylations [18,19]. Recently, the Gaunt research team prepared heteroaryl-uracil-iodonium(III) triflates
using mCPBA (m-chloroperbenzoic acid) and triflic acid as an oxidant and counterion, respectively, and then
utilized these synthesized salts for organocatalytic arylation of aldehydes [20]. However, the isolation and
application of uracil-iodonium(III) salts remained mostly limited to treating triflate (−OTf) salts [18–22],
and the relationship between their stability and the structural feature of uracil-iodonium(III) salts has
still not been sufficiently explored. This is likely because of their hygroscopic characteristics causing
gradual decomposition, as claimed in previous studies [20]. In this context, we recently developed
a series of stable uracil-iodonium(III) salts with various structural motifs and counterions that are
suitable for isolation and storage [23]. Herein, we report the details of the preparation of further
variation of uracil-iodonium(III) salts, together with their new applications.Molecules 2019, 24, x 2 of 13 
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2. Results and Discussions

Synthetic methods and broad applications of conventional diaryliodonium(III) salts have been
intensively investigated [5–8]. Synthetic routes to diaryliodonium(III) salts typically involve stepwise
methods using a variety of organometallic nucleophiles, such as lithio-, silyl-, stannyl-, and boryl-arenes,
instead of simply arenes themselves (Scheme 1A) [24–27]. To shorten the synthetic route, direct methods
via electrophilic substitution were partially achieved for a limited number of aromatic compounds and
counterions using the iodine(III) compounds activated by strong acids, or [hydroxy(tosyloxy)iodo]arenes;
however, it led to only moderate yields and low regioselectivities (Scheme 1B) [28]. More recently,
the synthesis of diaryliodonium(III) triflates via a straightforward approach, starting from iodoarenes
or aromatic compounds, has been explored with the use of stoichiometric cooxidants such as mCPBA
(Scheme 1C) [29]. As an environmentally-benign transformation utilizing the unique character of
fluoroalcohol media, we established the direct, waste-free method for preparation of diaryliodonium(III)
salts from a variety of arenes using hypervalent iodine(III) reagents (Scheme 1D) [30].Molecules 2019, 24, x 3 of 13 
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In a pilot experiment, using 1,3-dimethyluracil 1a as a substrate, we examined the synthesis of
uracil-aryliodonium triflates bearing electron-donating or electron-withdrawing aryl moieties in order
to determine the influence of the substituent on the benzene ring (Table 1). PIDA derivatives bearing
different para-substituents 2a–e were first used for a protocol previously reported by Kim et al. [18].
The reported triflate 3aa-OTf was produced in a seemingly good yield, and afterwards, the reaction
was precipitated as fine white powder in diethyl ether. However, we became aware that this triflate
3aa-OTf was severely hygroscopic and could not be easily isolated and stored during the experiment
without strict care against air and moisture (Entry 1). Similar chemical behavior was previously noted
by Gaunt et al., who reported that some uracil-aryliodonium(III) triflates are very difficult to handle and
should be abruptly dried under a vacuum [20]. Moreover, triflate 3ab-OTf, which was generated from
p-tolyl-PIDA 2b, was unstable, and its preparation thus resulted in decomposition during the reaction
and workup. In contrast, the triflates 3ac-OTf, 3ad-OTf, and 3ae-OTf, having an electron-withdrawing
aryl moiety, were isolated in moderate to high yields as fine powders (Entries 3–5). Decreasing the
amount of TfOH from two to one equivalent lowered the product yield (Entry 6). Considering the
result from this screening, it seems that the presence of an electron-donating group decreased the
stability of the uracil-aryliodonium triflates. In fact, uracil-iodonium(III) salts applied in different
preparative methods were usually limited to the triflates with electron-deficient aryl moieties [20,21],
which is in good accordance with our present observations.

Table 1. Influence of substituents on benzene ring of uracil-iodonium(III) triflates.
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4 CF3 I(OAc)2 (2d) 2.0 equiv. 3ad-OTf 75
5 Cl I(OAc)2 (2e) 2.0 equiv. 3ae-OTf 78
6 Cl I(OAc)2 (2e) 1.0 equiv. 3ae-OTf 19

We then confirmed the suitability of N-protecting groups for the uracil molecule in the reaction with
4-ClC6H4I(OAc)2 (2e) to give the corresponding iodonium(III) triflates (Scheme 2). Using acetonitrile as
a solvent instead of dichloromethane allowed the triflate 3ae-OTf to be obtained with a slightly higher
yield of 85%. The N-protected uracils containing benzyl (R1 = Bn, R2 = H; 1b) and methoxymethyl
(R1 = MOM, R2 = H; 1c) groups were treated for the reaction conditions, producing the corresponding
iodonium(III) triflates 3be-OTf and 3ce-OTf in high yields. The conditions could also be applied to
uracil itself (R1 = H, R2 = H; 1d) and 6-methyluracil (R1 = H, R2 = Me; 1e), generating 70% and 90%
yields in the triflates 3de-OTf and 3ee-OTf, respectively. In the case of thymine, or 5-methyluracil as a
substrate, the precipitate was not detected.
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In general, the chemical and physical properties of iodonium(III) salts strongly depend on the nature
of both the aryl moiety and the anionic counterpart. We then began to prepare uracil-iodonium(III)
derivatives carrying different types of counterions, as shown in Table 2. Among the reported various
protocols for iodonium(III) salt synthesis, we conducted the dehydrative condensation of uracil
with a Koser-type reagent (ArI(OH)OTs) for the preparation of uracil-aryliodonium(III) tosylate in
fluoroalcohol medium, according to our established procedure (Scheme 1D) [30]. The reaction was thus
performed with 1,3-dimethyluracil 1a and stoichiometric 4-ClC6H4I(OH)OTs 2f in 2,2,2-trifluoroethanol
(TFE), which successfully gave the desired tosylate 3af-OTs in a high yield (Entry 1). The use of
1,1,1,3,3,3-hexafluoroisopropanol (HFIP) instead of TFE resulted in a small decrease in product yield
(Entry 2). An extensive number of Koser-type reagents are readily available, and their variations
in the dehydrative condensation can expand the structures of the obtained iodonium(III) products.
One example of this extension is the preparation of the mesylate salt, 3ag-OMs (Entry 3). Similar
modification of the counterion was possible by the utilization of the PIDA derivative 2e, which generated
(+)-10-camphorsulfonate 3ae-OCs (Entry 4). Trifluoroacetate and perchlorate anions were conveniently
introduced as counterions to the products, 3ae-OCOCF3 and 3ae-ClO4, under similar reaction
conditions (Entries 5 and 6). We also found that among various counterions, the uracil-iodonium(III)
tosylates demonstrated especially high stability for ease of handling; thus, we sought to prepare
uracil-iodonium(III) tosylates carrying different types of aryl moieties (Entries 7–10). The tosylate
salt 3ah-OTs was non-hygroscopic, stable under air, and tolerable to prolonged storage, while the
corresponding triflate 3aa-OTf was hygroscopic and difficult to handle (Table 2, Entry 7 versus
Table 1, Entry 1). Other tosylates having 4-nitrophenyl and 4-trifluoromethylphenyl moieties could be
synthesized in the same manner (Entries 8 and 9). This protocol in fluoroalcohol was also effective for
the preparation of triflates (Entries 10–12).

Table 2. Facile synthesis of uracil-iodonium(III) salts with various counterions.
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7 Me H I(OH)OTs (2h) none OTs 3ah-OTs 78
8 Me 4-NO2 I(OH)OTs (2i) none OTs 3ai-OTs 20
9 Me 4-CF3 I(OH)OTs (2j) none OTs 3aj-OTs 16

10 Me 4-Cl I(OAc)2 (2e) TfOH OTf 3ae-OTf 98
11 Bn 4-Cl I(OAc)2 (2e) TfOH OTf 3be-OTf 75
12 MEM 4-Cl I(OAc)2 (2e) TfOH OTf 3fe-OTf 55

a 1,1,1,3,3,3-hexafluoroisopropanol (HFIP) was used instead of 2,2,2-trifluoroethanol (TFE). b OMs = methanesulfonyloxy,
c CSA = camphorsulfonic acid, d OCs = camphorsulfonyloxy.

Aiming at developing useful synthetic modules in nucleoside chemistry, we then attempted to
synthesize iodonium(III) salts bearing 2,3,5-tri-O-acetyluridine (Scheme 3). Similarly, to a stirred
solution of 2,3,5-tri-O-acetyluridine 1g and 4-chloroiodobenzene diacetate 2e in dichloromethane,
a solution of TfOH in dichloromethane was added dropwise at room temperature. After completion
of the reaction, the solvent was removed and then precipitated by adding Et2O through stirring of
the desired salt 3ge-OTf. The salt 3ge-OTf was stable as fine powder for at least 1 h with the care of
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moisture. However, as time passed, the hygroscopic salt 3ge-OTf melted and became gummy-like
material. To overcome the instability of this salt 3ge-OTf, we further examined the counterion
exchange [31] and other solvents; unfortunately, all these attempts did not lead to the improvement of
the stability of the salt 3ge-OTf.
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We next performed the one-pot synthesis of uracil-iodonium(III) salts from aryl iodides and
uracils utilizing mCPBA as an oxidant (Scheme 4). The triflates 3ae-OTf—3ce-OTf and 3ee-OTf
mentioned above could be prepared in moderate to high yields using an equimolar amount of
4-chloroiodobenzene (Equation (1)). Likewise, a variety of tosylate salts bearing a broad range of aromatic
moieties, such as 4-chlorobenzene, 2-chlorobenzene, 2,6-dichlorobenzene, 2-trifluoromethoxybenzene,
2-trifluoromethylbenzene, 2-bromobenzene, and 2-cyanobenzene, can be readily prepared (Equation (2)).
In some cases, using HFIP or CH2Cl2 instead of TFE could produce tosylate salts in higher yields.Molecules 2019, 24, x 6 of 13 
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Application studies of the obtained uracil-iodonium(III) salts 3 were then undertaken to exemplify
their utility in several reactions. The selected examples are shown in Scheme 5. Thus, the Cu(I)-catalyzed
sequential C−H and N−H arylation of indole [21] by iodonium triflate 3ae-OTs produced the indoyl
uracil 4 in moderate yield (Scheme 5, Equation (1)). On the other hand, Cu(II)-catalyzed sulfide
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construction through a sulfur-iodine exchange protocol [32] of iodonium(III) triflate 3ae-OTs with
potassium thioacetate generated 5 in 61% yield (Equation (2)).
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Furthermore, as shown in Table 3, the reactive heteroaryne analogues, generated from the uracil
iodonium(III) salts 3 by deprotonation using lithium bis(trimethylsilyl)amide (LiHMDS) [33], could be
trapped with furan 6a—producing the [4 + 2] cycloaddition products 7a. When uracil-iodonium(III)
tosylate 3ae-OTs, including a 4-chlorophenyl group, was applied to the reaction, the cyclization product 7a
was obtained in 31% yield (Entry 1). Although the use of 4-trifluoromethylphenyliodonium(III) tosylate
3aj-OTs led to an inferior product yield (Entry 2), the corresponding tosylate 3ak-OTs—including a
2-chlorophenyl group—improved the yield result of this reaction (Entry 3). We then attempted several
2-substituted aryl iodonium(III) tosylates, such as 2,6-dichlorophenyl 3al-OTs (Entry 4), 2-fluorophenyl
3aq-OTs (Entry 5), 2-trifluoromethoxy 3am-OTs (Entry 6), and 2-trifluoromethylphenyl 3an-OTs (Entry 7).
Among the various uracil iodonium(III) salts tested, 3an-OTs was found to be most promising.

Table 3. Optimization of furan addition to uracil ring with base activation of iodonium(III) salt 3 a.
LiHMDS, lithium bis(trimethylsilyl)amide.
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Entry R1 3 Yield (%) b

1 4-Cl 3ae-OTs 31
2 4-CF3 3aj-OTs 20
3 2-Cl 3ak-OTs 37
4 2,6-Cl 3al-OTs 24
5 2-F 3aq-OTs 22
6 2-OCF3 3am-OTs 28
7 2-CF3 3an-OTs 40 c

a Reactions were performed using 2 equiv of LiHMDS and 5.5 equiv of furan 6a at 10 ◦C in toluene (0.1 M).
b Determined by 1H-NMR. c Isolated yield.

To confirm the scope of this reaction, we examined a variety of arynophiles 6 using the optimized
experimental procedure (Table 4). The cycloaddition using tosylate 3an-OTs with 2,5-dimethylfuran
6b gave the expected product 7b in a 42% yield (Entry 2). In the case of N-substituted pyrroles 6c-e,
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the reactions also proceeded smoothly and finished within 3 h to furnish the corresponding products
7c–e in acceptable yields (Entries 3–5). When diphenylisobenzofuran 6f was subjected to the reaction
at 40 ◦C, the cycloadduct 7f was produced and isolated in 55% (Entry 6).

Table 4. [4 + 2] Cycloaddition using uracil-iodonium(III) salt 3an-OTs a.
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Having established the [4 + 2] cycloaddition conditions using the 3an-OTs above, we were able to
extend the reactivity of the uracil iodonium(III) salts to other types of cycloadditions. The representative
results are given in Scheme 6. Thus, the reaction of 3an-OTs with N-tert-Butyl-phenyl nitrone 8 [34]
afforded a [3 + 2] annulated product 9 (Equation 1). The cycloaddition of 3,4-dihydro-2H-pyran 10 [35]
as an alkynophile yielded the [2 + 2] annulated product 11 (Equation 2). When diphenyldiselenide
12 [36] was subjected to the reaction conditions, σ-bond insertion occurred and the 5,6-difunctionalized
product 13 was obtained in a moderate yield (Equation (3)).
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On the basis of the experimental results in Tables 3 and 4 and Scheme 6, we would speculate that
the reaction mechanisms for these cycloadditions and σ-bond insertion involve the formation of the
heteroaryne analogue of uracil, as in uracilyne 14 (Figure 2). LiHMDS can abstract the Csp2 uracil ring
hydrogen of the iodonium(III) salts 3. Owing to the exceptionally high leaving group ability of the aryl
iodanyl group [37], the facile elimination of 2-substituted iodobenzene for generation of uracilyne 14
was possible. This reactive alkyne species 14, having a highly strained and distorted C≡C bond [38–41],
can react with the arynophiles 6 to give the corresponding cycloadducts 7. At present, there is no
report on the successful generation of cyclic uracil alkyne 14 (uracilyne, Figure 2) and its vicinal
difunctionalization. The aryne chemistry has a synthetic advantage for the multi-functionalization
of aromatic rings in a single operation [42]. Heteroarynes [43,44], such as pyridyne and indolyne
(Figure 2), are thus regarded as attractive tools for the construction of multi-functionalized heteroarene
derivatives [43–49]. When compared with the benzyne chemistry, the application of heteroarynes is
still not fully investigated. For example, the treatment of halouracils with a variety of strong bases
failed to generate 14 [43]. Similarly, uracilyne 14 could not be generated from iodouracil [50]. In a more
recent report, Garg et al. attempted to generate pyrimidyne from silyltriflate precursors, but failed in
the result [51].
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3. Conclusions

In conclusion, we demonstrated detailed investigations and new application protocols concerning
the synthesis of uracil-iodonium(III) salts and their use as attractive synthetic modules in constructing
unique functionalized molecules containing nucleobases. We found that the stabilizing effect of the
tosylate moiety facilitates the preparation of uracil-iodonium(III) salts carrying different types of aryl
moieties. These insights can encourage the utilization of uracil iodonium(III) salt as a useful building
block in organic synthesis. Further investigations on the utilization of uracil iodinium(III) salts are
underway in our research groups.

4. Experimental Section

Melting points (mp) are uncorrected. The 1H-NMR (and 13C-NMR) spectra of the products were
recorded by JEOL JMN-300 or Bruker Avance III 600 spectrometer operating at 400 or 600 MHz (100 or
150 MHz for 13C-NMR) in CD3OD or CDCl3 at 25 ◦C with tetramethylsilane as the internal standard.
The data are reported as follows: chemical shift in part par million (δ), multiplicity (s = singlet,
d = doublet, t = triplet, q = quartet, br = broad singlet, m = multiplet), integration, and coupling
constant (Hz). The infrared spectra (IR) were obtained using a Hitachi 270-50 spectrometer and the
absorptions are reported in reciprocal centimeters (cm−1) for representative peaks. High resolution mass
spectra were measured with a Thermo Scientific Exactive Plus Orbitrap. Phenyliodine(III) diacetate
(PIDA; 2a) and PhI(OH)OTs (HTIB, Koser’s reagent; 2h) are commercially available compounds and
were used as received. Other hypervalent iodone(III) reagents 2b–g and 2i–j were synthesized from
the corresponding commercial iodoarenes by oxidations, according to the literature procedures [52–55].
The N-protected uracils 1b, 1c, and 1f were prepared from uracil by the known methods [56–58].
Solvents and all other starting materials were obtained from commercial suppliers and used without
further purification.
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4.1. General Procedure for the Synthesis of Uracil-Iodonium(III) Triflates

To a stirred solution of 1,3-dimethyluracil 1a (0.50 mmol) and 4-chloroiodobenzene diacetate 2e
(0.55 mmol) in dichloromethane or acetonitrile (2 mL), a solution of trifluoromethanesulfonic acid
(ca. 150 mg, 1.0 mmol, 2 equiv) in acetonitrile (1 mL) was added dropwise at room temperature, and the
resulting slightly colored solution was stirred for 3 h. After addition of methanol (~2 mL), the solvents
were removed under reduced pressure. The residue was then treated with diethyl ether with stirring
for precipitation of the iodonium(III) salt. The precipitate was filtered and dried in vacuo to give a
pure iodonium(III) salt in powder form.

(1,3-Dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)(4-nitrophenyl)iodonium triflate (3ac-OTf). A white
powder, m.p. 212–213 ◦C. IR (KBr) cm−1: 1716, 1663, 1352, 1248, 1023, 632. 1H-NMR (600 MHz,
CD3OD) δ 3.34 (s, 3H), 3.50 (s, 3H), 8.33 (d, 2H, J = 9.0 Hz), 8.39 (d, 2H, J = 9.0 Hz), 8.97 (s, 1H) ppm.
13C-NMR (150 MHz, CD3OD) δ 28.4, 37.0, 88.2, 120.3, 125.9, 136.2, 150.2, 150.9, 155.0, 159.4 ppm. HRMS
(FAB): Calcd. for C12H11IN3O4 [M − OTf]+: 387.9789, found: 387.9791.

(1,3-Dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)(4-(trifluoromethyl)phenyl)iodonium triflate (3ad-OTf).
A white powder, m.p. 190–191 ◦C. IR (KBr) cm−1: 1723, 1680, 1614, 1325, 1229, 1025, 639. 1H-NMR
(600 MHz, CD3OD) δ 3.34 (s, 3H), 3.49 (s, 3H), 7.85 (d, 2H, J = 8.4 Hz), 8.35 (d, 2H, J = 8.4 Hz), 8.96
(s, 1H) ppm. 13C-NMR (150 MHz, CD3OD) δ 28.4, 37.0, 88.1, 118.6, 128.0, 128.1, 128.2, 135.7, 150.9,
154.8, 159.4 ppm. HRMS (FAB): Calcd. for C13H11F3IN2O2 [M − OTf]+: 410.9812, found: 410.9816.

(4-Chlorophenyl)(1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)iodonium triflate (3ae-OTf).
A white powder, m.p. 154–155 ◦C. IR (KBr) cm−1: 1717, 1662, 1514, 1251, 1227, 1024, 631. 1H-NMR
(600 MHz, CD3OD) δ 3.34 (s, 3H), 3.48 (s, 3H), 7.55 (d, 2H, J = 9.0 Hz), 8.13 (d, 2H, J = 9.0 Hz), 8.92
(s, 1H) ppm. 13C-NMR (150 MHz, CD3OD) δ 29.8, 38.3, 89.5, 113.6, 133.0, 138.1, 140.4, 152.3, 155.9,
160.8 ppm. HRMS (FAB): Calcd. for C12H11ClIN2O2 [M − OTf]+: 376.9548, found: 376.9546.

(2,4-Dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)(4-chlorophenyl)iodonium triflate (3de-OTf). A white powder,
m.p. 191-192 ◦C. IR (KBr) cm−1: 1738, 1670, 1366, 1216, 1164. 1H-NMR (600 MHz, CD3OD) δ 7.56
(d, 2H, J = 9.0 Hz), 8.10 (d, 2H, J = 9.0 Hz), 8.70 (s, 1H) ppm. 13C-NMR (150 MHz, CD3OD) δ 90.9,
113.5, 133.0, 137.9, 140.4, 143.5, 152.2, 154.6, 161.6 ppm. HRMS (DART): Calcd. for C10H7ClIN2O2

[M − OTf]+: 348.9235, found: 348.9236.

4.2. General Procedure for the Synthesis of Uracil-Iodonium(III) Tosylates

To a solution of 1,3-dimethyluracil 1a (0.20 mmol) in 2,2,2-trifluoroethanol (TFE) (3 mL),
(4-chlorophenyl)(hydroxy)iodonium tosylate 2f (0.22 mmol) was added and it was stirred at room
temperature. After completion of the reaction, the solvent was removed under vacuum. The product
was then precipitated by the addition of Et2O with stirring. The precipitate was filtered to give
uracil-iodonium(III) salt 3af-OTs as a white powder.

(4-Chlorophenyl)(1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)iodonium tosylate (3af-OTs).
A white powder, m.p. 186–187 ◦C. IR (KBr) cm−1: 1715, 1656, 1615, 1214, 1169, 997, 682. 1H-NMR
(600 MHz, CD3OD) δ 2.37 (s, 3H), 3.33 (s, 3H), 3.47 (s, 3H), 7.23 (d, 2H, J = 7.8 Hz), 7.54 (d, 2H, J = 9.0
Hz), 7.69 (d, 2H, J = 7.8 Hz), 8.12 (d, 2H, J = 9.0 Hz), 8.92 (s, 1H) ppm. 13C-NMR (150 MHz, MeOD) δ
19.9, 28.4, 36.9, 88.2, 112.3, 125.5, 128.4, 131.6, 136.7, 139.0, 140.3, 142.2, 150.9, 154.5, 159.4 ppm. HRMS
(FAB): Calcd. for C12H11ClIN2O2 [M − OTs]+: 376.9548, found: 376.9569.

(4-Chlorophenyl)(1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)iodonium mesylate (3ag-OMs).
A white powder, m.p. 185–186 ◦C. IR (KBr) cm−1: 1739, 1715, 1662, 1218, 1158, 1033. 1H-NMR
(600 MHz, CD3OD) δ 2.70 (s, 3H), 3.34 (s, 3H), 3.49 (s, 3H), 7.56 (d, 2H, J = 9.0 Hz), 8.13 (d, 2H,
J = 9.0 Hz), 8.94 (s, 1H) ppm; 13C-NMR (150 MHz, CD3OD) δ 29.8, 38.3, 40.0, 90.0, 113.7, 133.0, 138.1,
140.4, 152.4, 156.0, 160.8 ppm. HRMS (FAB): Calcd. for C12H11ClIN2O2 [M − OMs]+: 376.9548,
found: 376.9545.
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(4-Chlorophenyl)(1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)iodonium (+)-10-camphorsulfonate
(3ae-OCs). A white powder, m.p. 194–195 ◦C. IR (KBr) cm−1: 1747, 1717, 1653, 1353, 1217, 1204.
1H-NMR (600 MHz, CD3OD) δ 0.87 (s, 3H), 1.15 (s, 3H), 1.41–1.44 (m, 1H), 1.61–1.63 (m, 1H), 1.91
(d, 1H, J = 14.4 Hz), 2.05–2.08 (m, 2H), 2.34–2.37 (m, 1H), 2.67–2.69 (m, 1H), 2.77 (d, 1H, J = 14.4 Hz),
3.31–3.33 (m, 1H), 3.36 (s, 3H), 3.51 (s, 3H), 7.57 (d, 2H, J = 9.0 Hz), 8.15 (d, 2H, J = 9.0 Hz), 8.96 (s,
1H) ppm. 13C-NMR (150 MHz, CD3OD) δ 20.1, 20.4, 25.8, 27.8, 29.8, 38.4, 43.6, 44.0, 59.6, 89.6, 113.7,
132.9, 138.1, 140.3, 152.4, 156.1, 160.9, 218.2 ppm. HRMS (FAB): Calcd. for C12H11ClIN2O2 [M − OCs]+:
376.9548, found: 376.9552.

(4-Chlorophenyl)(1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)iodonium trifluoroacetate (3ae-OCOCF3).
A white powder, m.p. 174–175 ◦C. IR (KBr) cm−1: 1714, 1652, 1609, 1191, 1137. 1H-NMR (600 MHz,
CD3OD) δ 3.36 (s, 3H), 3.50 (s, 3H), 7.58 (d, 2H, J = 8.4 Hz), 8.14 (d, 2H, J = 8.4 Hz), 8.94 (s, 1H) ppm;
13C-NMR (150 MHz, CD3OD) δ 28.4, 36.9, 88.2, 112.3, 130.2, 131.6, 136.6, 138.8, 139.0, 150.9, 154.4,
159.4 ppm. HRMS (FAB): Calcd. for C12H11ClIN2O2 [M − OCOCF3]+: 376.9548, found: 376.9556.

(4-Chlorophenyl)(1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)iodonium perchlorate (3ae-ClO4).
A white powder, m.p. 134–135 ◦C. IR (KBr) cm−1: 1720, 1653, 1610, 1120, 1083. 1H-NMR (600 MHz,
CD3OD) δ 3.34 (s, 3H), 3.49 (s, 3H), 7.54 (d, 2H, J = 8.4 Hz), 8.13 (d, 2H, J = 8.4 Hz), 8.91 (s, 1H) ppm;
13C-NMR (150 MHz, CD3OD) δ 29.8, 38.4, 89.4, 113.6, 133.0, 138.1, 140.4, 152.4, 156.0, 160.9 ppm; HRMS
(FAB): Calcd. for C12H11ClIN2O2 [M − ClO4]+: 376.9548, found: 376.9563.

4.3. Reaction of Uracil-Iodonium(III) Tosylates with Arynophiles

In a flame-dried flask, under nitrogen, to a mixture of iodonium salt 3an-OTs (0.50 mmol) and
furan 6a (2.75 mmol, 5.5 equiv) in toluene (5 mL, 0.1 M) in an ice-cooled bath maintained at 10 ◦C,
LiHMDS (0.77 mL (1.3 M in toluene), 1.0 mmol, 2.0 equiv) was dropwise added by syringe, and the
mixture was stirred for 3 h. After completion of the reaction checked by TLC, the reaction mixture
was quenched with an aqueous solution of ammonium chloride. The resultant biphasic solution was
extracted with CH2Cl2, dried with solid sodium sulfate, and then concentrated. The residue was
purified by column chromatography on silica gel using hexane-EtOAc as eluent to give 7a as a white
solid (40%).

1,3-Dimethyl-5,8-dihydro-5,8-epoxyquinazoline-2,4(1H,3H)-dione (7a). A white solid, mp 140–141 ◦C. IR:
2967, 2928, 1662, 1466, 1389, 1361, 1151 cm−1. 1H-NMR (400 MHz, CDCl3) δ 7.34 (dd, J = 5.6, 1.6 Hz,
1H), 7.01 (dd, J = 5.2, 2.0 Hz, 1H), 5.83–5.92 (m, 1H), 5.58–5.66 (m, 1H), 3.46 (s, 3H), 3.27 (s, 3H) ppm;
13C-NMR (100 MHz, CDCl3) δ 170.5, 158.2, 151.5, 148.0, 138.8, 118.6, 81.4, 81.0, 33.4, 28.2 ppm; HRMS
(FAB): Calcd. for C10H11N2O3 [M + H]+: 207.0770, found: 207.0771.

The reactions of other substrates 3, 8, 10, and 12 shown in Table 3 and Scheme 6 were performed
by the same experimental procedures.

Author Contributions: N.T. and T.D. conceived and designed the experiments and directed the project; N.T., T.H.
and S.U. performed the experiments; H.S. and Y.Y. analyzed the data and checked the experimental details; T.K.
contributed to critical discussion and presentation of the results; N.T. and T.D. wrote the paper.

Funding: This work was supported by JSPS KAKENHI Grant Number 16K18854. T.D. acknowledges the support
from JSPS KAKENHI (C) Grant Number 19K05466 and the Ritsumeikan Global Innovation Research Organization
(R-GIRO) project.

Acknowledgments: We thank Central Glass Co., Ltd. for the generous gift of fluoroalcohol.

Conflicts of Interest: The authors declare no conflict of interest.

References and Notes

1. Varvoglis, A. Hypervalent Iodine in Organic Synthesis; Academic Press: San Diego, CA, USA, 1997.
2. Ochiai, M. Chemistry of Hypervalent Compounds; Akiba, K., Ed.; Wiley-VCH: New York, NY, USA, 1999;

Volume 12.



Molecules 2019, 24, 3034 11 of 13

3. Zhdankin, V.V.; Stang, P.J. Recent developments in the chemistry of polyvalent iodine compounds. Chem. Rev.
2002, 102, 2523–2584. [CrossRef] [PubMed]

4. Wirth, T. (Ed.) Hypervalent Iodine Chemistry; Springer-Verlag: Berlin, Germany, 2003.
5. Merritt, E.A.; Olofsson, B. Diaryliodonium salts: A journey from obscurity to fame. Angew. Chem. Int. Ed.

2009, 48, 9052–9070. [CrossRef] [PubMed]
6. Yoshimura, A.; Zhdankin, V.V. Advances in Synthetic Applications of Hypervalent Iodine Compounds.

Chem. Rev. 2016, 116, 3328–3435. [CrossRef] [PubMed]
7. Aradi, K.; Tóth, B.L.; Tolnai, G.L.; Novák, Z. Diaryliodonium Salts in Organic Syntheses: A Useful Compound:

Class for Novel Arylation Strategies. Synlett 2016, 27, 1456–1485. [CrossRef]
8. Stang, P.J. Polyvalent Iodine in Organic Chemistry. J. Org. Chem. 2003, 68, 2997–3008. [CrossRef] [PubMed]
9. Aggarwal, V.K.; Olofsson, B. Enantioselective alpha-arylation of cyclohexanones with diaryl iodonium salts:

Application to the synthesis of (-)-epibatidine. Angew. Chem. Int. Ed. 2005, 44, 5516–5519. [CrossRef]
[PubMed]

10. Stang, P.J.; Chen, K. Hybrid, Iodonium-Transition Metal, Cationic Tetranuclear Macrocyclic Squares. J. Am.
Chem. Soc. 1995, 117, 1667–1668. [CrossRef]

11. Beringer, F.M.; Nathan, R.A. Diaryliodonium salts from aryllithium reagents with trans-chlorovinyliodoso
dichloride. J. Org. Chem. 1969, 34, 685–689. [CrossRef]

12. Stang, P.J.; Olenyuk, B.; Chen, K. Preparation of Nitrogen-Containing Bis(heteroaryl)iodonium Salts. Synthesis
1995, 937–938. [CrossRef]

13. Pirguliyev, N.S.; Brel, V.K.; Akhmedov, N.G.; Zefirov, N.S. An Efficient Ligand Exchange Reaction of
(E)-[(β-(Trifluoromethanesulfonyloxy)ethenyl](phenyl)iodonium Triflates with Aryl-and Alkynyllithium
Reagents Leading to Diaryl- and Alkynyliodonium Triflates. Synthesis 2000, 81–83. [CrossRef]

14. Carroll, M.A.; Nairne, J.; Woodcraft, J.L. Diaryliodonium salts: A solution to 3-[18F] fluoropyridine. J. Label.
Compd. Radiopharm. 2007, 50, 452–454. [CrossRef]

15. Bielawski, M.; Malmgren, J.; Pardo, L.M.; Wikmark, Y.; Olofsson, B. One-pot synthesis and applications of
N-heteroaryl iodonium salts. ChemistryOpen 2014, 3, 19–22. [CrossRef] [PubMed]

16. Huryn, D.M.; Okabe, M. AIDS-driven nucleoside chemistry. Chem. Rev. 1992, 92, 1745–1768. [CrossRef]
17. Knapp, S. Synthesis of Complex Nucleoside Antibiotics. Chem. Rev. 1995, 95, 1859–1876. [CrossRef]
18. Roh, K.R.; Kim, J.Y.; Kim, Y.H. Novel Synthesis of 5-Phenyliodonium Triflate Substituted Uracil Nucleosides.

Chem. Lett. 1998, 27, 1095–1096. [CrossRef]
19. Roh, K.R.; Kim, J.Y.; Kim, Y.H. Palladium Catalyzed Alkenylation or Alkynylation at C-5 of Uracil Nucleosides

Using Novel Phenyliodonium Triflate. Tetrahedron Lett. 1999, 40, 1903–1906. [CrossRef]
20. Toh, Q.Y.; McNally, A.; Vera, S.; Erdmann, N.; Gaunt, M.J. Organocatalytic C-H bond arylation of aldehydes

to bis-heteroaryl ketones. J. Am. Chem. Soc. 2013, 135, 3772–3775. [CrossRef] [PubMed]
21. Modha, S.G.; Greaney, M.F. Atom-economical transformation of diaryliodonium salts: tandem C-H and N-H

arylation of indoles. J. Am. Chem. Soc. 2015, 137, 1416–1419. [CrossRef]
22. Altomonte, S.; Telu, S.; Lu, S.; Pike, V.W. Pd(0)-Mediated 11C-Carbonylation of Aryl(mesityl)iodonium Salts

as a Route to [11C]Arylcarboxylic Acids and Derivatives. J. Org. Chem. 2017, 82, 11925–11932. [CrossRef]
[PubMed]

23. Takenaga, N.; Ueda, S.; Hayashi, T.; Dohi, T.; Kitagaki, S. Facile Synthesis of Stable Uracil-Iodonium(III) Salts
with Various Counterions. Heterocycles 2018, 97, 1248–1256. [CrossRef]

24. Beringer, F.M.; Dehn, J.W., Jr.; Winicov, M. Diaryliodonium Salts. XIV. Reactions of Organometallic
Compounds with Iodosobenzene Dichlorides and with Iodonium Salts. J. Am. Chem. Soc. 1960, 82,
2948–2952. [CrossRef]

25. Koser, G.F.; Wettach, R.H.; Smith, C.S. New methodology in iodonium salt synthesis. Reactions of [hydroxy
(tosyloxy) iodo] arenes with aryltrimethylsilanes. J. Org. Chem. 1980, 45, 1543–1544. [CrossRef]

26. Pike, V.W.; Butt, F.; Shah, A.; Widdowson, D.A. Facile synthesis of substituted diaryliodonium tosylates by
treatment of aryltributylstannanes with Koser’s reagent. J. Chem. Soc. Perkin Trans. 1 1999, 245–248. [CrossRef]

27. Carroll, M.A.; Pike, V.W.; Widdowson, D.A. New synthesis of diaryliodonium sulfonates from arylboronic
acids. Tetrahedron Lett. 2000, 41, 5393–5396. [CrossRef]

28. Kitamura, T.; Matsuyuki, J.; Taniguchi, H. Improved Preparation of Diaryliodonium Triflates. Synthesis 1994,
147–148. [CrossRef]

http://dx.doi.org/10.1021/cr010003+
http://www.ncbi.nlm.nih.gov/pubmed/12105935
http://dx.doi.org/10.1002/anie.200904689
http://www.ncbi.nlm.nih.gov/pubmed/19876992
http://dx.doi.org/10.1021/acs.chemrev.5b00547
http://www.ncbi.nlm.nih.gov/pubmed/26861673
http://dx.doi.org/10.1002/chin.201634223
http://dx.doi.org/10.1021/jo030022e
http://www.ncbi.nlm.nih.gov/pubmed/12688766
http://dx.doi.org/10.1002/anie.200501745
http://www.ncbi.nlm.nih.gov/pubmed/16052649
http://dx.doi.org/10.1021/ja00110a035
http://dx.doi.org/10.1021/jo01255a044
http://dx.doi.org/10.1055/s-1995-4023
http://dx.doi.org/10.1055/s-2000-6234
http://dx.doi.org/10.1002/jlcr.1190
http://dx.doi.org/10.1002/open.201300042
http://www.ncbi.nlm.nih.gov/pubmed/24688890
http://dx.doi.org/10.1021/cr00016a004
http://dx.doi.org/10.1021/cr00038a006
http://dx.doi.org/10.1246/cl.1998.1095
http://dx.doi.org/10.1016/S0040-4039(98)02491-5
http://dx.doi.org/10.1021/ja400051d
http://www.ncbi.nlm.nih.gov/pubmed/23445238
http://dx.doi.org/10.1021/ja5124754
http://dx.doi.org/10.1021/acs.joc.7b01704
http://www.ncbi.nlm.nih.gov/pubmed/28972758
http://dx.doi.org/10.3987/COM-18-S(T)80
http://dx.doi.org/10.1021/ja01496a066
http://dx.doi.org/10.1021/jo01296a050
http://dx.doi.org/10.1039/a809349k
http://dx.doi.org/10.1016/S0040-4039(00)00861-3
http://dx.doi.org/10.1055/s-1994-25423


Molecules 2019, 24, 3034 12 of 13

29. Bielawski, M.; Olofsson, B. High-yielding one-pot synthesis of diaryliodonium triflates from arenes and
iodine or aryl iodides. Chem. Commun. 2007, 2521–2523. [CrossRef] [PubMed]

30. Dohi, T.; Ito, M.; Morimoto, K.; Minamitsuji, Y.; Takenaga, N.; Kita, Y. Versatile direct dehydrative approach
for diaryliodonium(III) salts in fluoroalcohol media. Chem. Commun. 2007, 4152–4154. [CrossRef] [PubMed]

31. Jalalian, N.; Petersen, T.B.; Olofsson, B. Metal-free arylation of oxygen nucleophiles with diaryliodonium
salts. Chem. Eur. J. 2012, 18, 14140–14149. [CrossRef]

32. Wang, M.; Wei, J.; Fan, Q.; Jiang, X. Cu(II)-catalyzed sulfide construction: both aryl groups utilization of
intermolecular and intramolecular diaryliodonium salt. Chem. Commun. 2017, 2918–2922. [CrossRef]

33. Takenaga, N.; Ueda, S.; Hayashi, T.; Dohi, T.; Kitagaki, S. Vicinal Functionalization of Uracil Heterocycles
with Base Activation of Iodonium(III) Salts. Heterocycles 2019, 99, 865–874. [CrossRef]

34. Matsumoto, T.; Sohma, T.; Hatazaki, S.; Suzuki, K. On the Regiochemistry of Cycloaddition of Unsymmetrical
Aryne with Nitrone Remarkable Effect of Trialkylsilyl Substituent. Synlett 1993, 11, 843–846. [CrossRef]

35. Yedulla, V.R.; Pradhan, P.; Yang, L.; Lakshman, M.K. Cycloaddition of Arynes and Cyclic Enol Ethers as a
Platform for Access to Stereochemically Defined 1,2-Disubstituted Benzocyclobutenes. Eur. J. Org. Chem.
2015, 2015, 750–764. [CrossRef] [PubMed]

36. Toledo, F.T.; Marques, H.; Comasseto, J.V.; Raminelli, C. The diorgano dichalcogenides addition to benzyne
under mild conditions. Tetrahedron Lett. 2007, 48, 8125–8127. [CrossRef]

37. Okuyama, T.; Takino, T.; Sueda, T.; Ochiai, M. Solvolysis of Cyclohexenyliodonium Salt, a New Precursor for
the Vinyl Cation: Remarkable Nucleofugality of the Phenyliodonio Group and Evidence for Internal Return
from an Intimate Ion—Molecule Pair. J. Am. Chem. Soc. 1995, 117, 3360–3367. [CrossRef]

38. Cheong, P.H.; Paton, R.S.; Bronner, S.M.; Im, G.Y.; Garg, N.K.; Houk, K.N. Indolyne and aryne distortions
and nucleophilic regioselectivites. J. Am. Chem. Soc. 2010, 132, 1267–1269. [CrossRef]

39. Bronner, S.M.; Mackey, J.L.; Houk, K.N.; Garg, N.K. Steric effects compete with aryne distortion to control
regioselectivities of nucleophilic additions to 3-silylarynes. J. Am. Chem. Soc. 2012, 134, 13966–13969. [CrossRef]

40. Medina, J.M.; Mackey, J.L.; Garg, N.K.; Houk, K.N. The role of aryne distortions, steric effects, and charges in
regioselectivities of aryne reactions. J. Am. Chem. Soc. 2014, 136, 15798–15805. [CrossRef]

41. Picazo, E.; Houk, K.N.; Garg, N.K. Computational predictions of substituted benzyne and indolyne
regioselectivities. Tetrahedron Lett. 2015, 56, 3511–3514. [CrossRef]

42. Heaney, H. The Benzyne and Related Intermediates. Chem. Rev. 1962, 62, 81–97. [CrossRef]
43. Reinecke, M.G. Heteroarynes. Tetrahedron 1982, 38, 427–498. [CrossRef]
44. Kauffmann, T.; Wirthwein, R. Progress in the Hetaryne Field. Angew. Chem. Int. Ed. 1971, 10, 20–33.

[CrossRef]
45. Bronner, S.M.; Bahnck, K.B.; Garg, N.K. Indolynes as electrophilic indole surrogates: fundamental reactivity

and synthetic applications. Org. Lett. 2009, 11, 1007–1010. [CrossRef] [PubMed]
46. Im, G.Y.; Bronner, S.M.; Goetz, A.E.; Paton, R.S.; Cheong, P.H.; Houk, K.N.; Garg, N.K. Indolyne experimental

and computational studies: synthetic applications and origins of selectivities of nucleophilic additions. J. Am.
Chem. Soc. 2010, 132, 17933–17944. [CrossRef] [PubMed]

47. Goetz, A.E.; Garg, N.K. Regioselective reactions of 3,4-pyridynes enabled by the aryne distortion model.
Nat. Chem. 2013, 5, 54–60. [CrossRef] [PubMed]

48. Saito, N.; Nakamura, K.; Shibano, S.; Ide, S.; Minami, M.; Sato, Y. Addition of cyclic ureas and 1-methyl-2-
oxazolidone to pyridynes: A new approach to pyridodiazepines, pyridodiazocines, and pyridooxazepines.
Org. Lett. 2013, 15, 386–389. [CrossRef]

49. Fang, Y.; Larock, R.C. Nucleophilic addition to 2, 3-pyridyne and synthesis of benzonaphthyridinones.
Tetrahedron 2012, 68, 2819–2826. [CrossRef] [PubMed]

50. The reaction of 5-iodouracil, instead of iodonium(III) salt 3, with furan 6a under our optimized conditions
did not proceed, and cycloadduct 7a was not obtained at all.

51. Medina, J.M.; Jackl, M.K.; Susick, R.B.; Garg, N.K. Synthetic studies pertaining to the 2,3-pyridyne and
4,5-pyrimidyne. Tetrahedron 2016, 72, 3629–3634. [CrossRef]

52. Kazmieczak, P.; Skulski, L.; Karaszkiewicz, L. Syntheses of (Diacetoxyiodo) arenes or Iodylarenes from
Iodoarenes, with Sodium Periodate as the Oxidant. Molecules 2001, 6, 881–891. [CrossRef]

53. Miralles, N.; Romero, R.M.; Fernandez, E.; Muniz, K. A mild carbon-boron bond formation from
diaryliodonium salts. Chem. Commun. 2015, 51, 14068–14071. [CrossRef]

http://dx.doi.org/10.1039/b701864a
http://www.ncbi.nlm.nih.gov/pubmed/17563816
http://dx.doi.org/10.1039/b708802g
http://www.ncbi.nlm.nih.gov/pubmed/17925959
http://dx.doi.org/10.1002/chem.201201645
http://dx.doi.org/10.1039/C6CC09201B
http://dx.doi.org/10.3987/COM-18-S(F)93
http://dx.doi.org/10.1055/s-1993-22628
http://dx.doi.org/10.1002/ejoc.201403250
http://www.ncbi.nlm.nih.gov/pubmed/27642260
http://dx.doi.org/10.1016/j.tetlet.2007.09.111
http://dx.doi.org/10.1021/ja00117a006
http://dx.doi.org/10.1021/ja9098643
http://dx.doi.org/10.1021/ja306723r
http://dx.doi.org/10.1021/ja5099935
http://dx.doi.org/10.1016/j.tetlet.2015.01.022
http://dx.doi.org/10.1021/cr60216a001
http://dx.doi.org/10.1016/0040-4020(82)80092-6
http://dx.doi.org/10.1002/anie.197100201
http://dx.doi.org/10.1021/ol802958a
http://www.ncbi.nlm.nih.gov/pubmed/19178159
http://dx.doi.org/10.1021/ja1086485
http://www.ncbi.nlm.nih.gov/pubmed/21114321
http://dx.doi.org/10.1038/nchem.1504
http://www.ncbi.nlm.nih.gov/pubmed/23247178
http://dx.doi.org/10.1021/ol303352q
http://dx.doi.org/10.1016/j.tet.2012.02.002
http://www.ncbi.nlm.nih.gov/pubmed/23519554
http://dx.doi.org/10.1016/j.tet.2016.02.038
http://dx.doi.org/10.3390/61100881
http://dx.doi.org/10.1039/C5CC04944J


Molecules 2019, 24, 3034 13 of 13

54. Iinuma, M.; Moriyama, K.; Togo, H. Simple and Practical Method for Preparation of [(Diacetoxy) iodo] arenes
with Iodoarenes and m-Chloroperoxybenzoic Acid. Synlett 2012, 23, 2663–2666. [CrossRef]

55. Merritt, E.A.; Carneiro, V.M.T.; Silva, L.F., Jr.; Olofsson, B. Facile synthesis of Koser’s reagent and derivatives
from iodine or aryl iodides. J. Org. Chem. 2010, 75, 7416–7419. [CrossRef] [PubMed]

56. Carvalho, C.M.B.; Fujita, M.A.; Brocksom, T.J.; Oliveira, K.T. Synthesis and photophysical evaluations of
β-fused uracil-porphyrin derivatives. Tetrahedron 2013, 69, 9986–9993. [CrossRef]

57. Su, T.-L.; Huang, J.-T.; Burchenal, J.H.; Watanabe, K.A.; Fox, J.J. Synthesis and biological activities of 5-deaza
analogs of aminopterin and folic acid. J. Med. Chem. 1986, 29, 709–715. [CrossRef] [PubMed]

58. Cernova, M.; Cerna, I.; Pohl, R.; Hocek, M. Regioselective direct C-H arylations of protected uracils. Synthesis
of 5- and 6-aryluracil bases. J. Org. Chem. 2011, 76, 5309–5319. [CrossRef] [PubMed]

Sample Availability: Samples of the products are available from the authors.

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/chin.201313052
http://dx.doi.org/10.1021/jo101227j
http://www.ncbi.nlm.nih.gov/pubmed/20925420
http://dx.doi.org/10.1016/j.tet.2013.09.069
http://dx.doi.org/10.1021/jm00155a021
http://www.ncbi.nlm.nih.gov/pubmed/3754585
http://dx.doi.org/10.1021/jo2006494
http://www.ncbi.nlm.nih.gov/pubmed/21591730
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Results and Discussions 
	Conclusions 
	Experimental Section 
	General Procedure for the Synthesis of Uracil-Iodonium(III) Triflates 
	General Procedure for the Synthesis of Uracil-Iodonium(III) Tosylates 
	Reaction of Uracil-Iodonium(III) Tosylates with Arynophiles 

	References

