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Abstract — We describe a new approach for the construction of bicyclic uracil
systems and vicinal functionalization by utilizing uracil-iodonium(III) salts. Our
method efficiently furnishes various multi-functionalized uracil derivatives in a

single step.

This paper is dedicated to Professor Tohru Fukuyama on the occasion of his 70th

birthday.

Uracil is an important structural unit that is incorporated into pharmaceutical intermediates and useful
building blocks for bioactive compounds.! Functionalized uracils are typically prepared by
heterocyclization involving multiple steps? or transition metal-catalyzed cross-coupling of halogenated or
metallated uracils.? In recent years, direct C-H functionalization of uracils by arylation,?*< alkenylation,
acetoxylation,* and trifluoromethylation,*™ have been attempted with the aim of increasing the demand
for step economy and byproduct reduce. Consecutive direct C-H functionalization at the C-5 and C-6
positions of the uracil ring is considered a suitable approach to obtain highly functionalized
5,6-disubstituted uracils. However, the only example of this strategy is the synthesis of
6-aryl-5-trifluoromethyluracil derivatives by two successive C-H functionalizations in a stepwise fashion,
reported by Hocek and co-workers (Scheme 1A).* While the aforementioned method represents a reliable
route to vicinal difunctionalized uracils, a more efficient and complementary methodology is required for

further advance of uracil functionalization and synthesis of new uracil derivatives. In this communication,
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we report a new and direct method for accessing vicinal-functionalized uracils via single-step operation

with base activation of uracil-iodonium(III) salts 1 (Scheme 1B).

(A) Consecutive direct C-H funationalization (ref. 4i)
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Scheme 1. Reported vicinal functionalization of uracils (A) and our suggested strategy (B)

In 1995, Kitamura reported the preparation of phenyl[o-(trimethylsilyl)phenyl]iodonium(III) triflate, an
efficient aryne precursor for trapping a series of furans (Figure 1), by the vicinal functionalization of

benzene rings using hypervalent iodine compounds.>
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Figure 1. Reported iodonium(III) salts as aryne precursors and aryne trapping with furan (Mes = mesityl)
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In 2016, Stuart’ and Wang®* independently discovered that arynes generated from diaryliodonium(III)
salts by ortho-deprotonation and elimination of the hypervalent iodine group under basic conditions
underwent cycloaddition with furans or N-arylation with secondary amides and amines. More recently,
Yoshimura and Zhdankin demonstrated that pseudocyclic arylbenziodoxaborole triflates can serve as
specific aryne precursors, and obtained various aryne adducts by utilizing this new synthetic module.?! In
these transformations, hypervalent iodonium(IIl) salts® were utilized as promising aryne precursors>
among various compounds for aryne chemistry.Z8 The iodonium(III) strategy has also been extended to
the generation of a highly strained cyclic alkyne,? bicyclo[2.2.1]hept-2-en-5-yne, from norbornadienyl
iodonium(III) triflate.*?

Iodonium(III) salts incorporating a nucleobase or nucleoside moiety have recently appeared in the
literature 12 However, the hygroscopic nature of uracil-iodonium(IIl) salts renders their isolation and
application difficult, leading to their gradual decomposition.!®® Thus, the relationship between the
stability and structure of these uracil-iodonium(III) salts has not been explored thus far. Consequently, the
application of uracil-iodonium(IIl) salts is restricted to a few reactions such as palladium-catalyzed
alkenylation!® and organocatalytic arylation of aldehydes. 1%

We recently reported a facile synthesis of uracil-iodonium(III) salts 1 with various counterions (Scheme
2).1L In this study, we found that the introduction of an electron-withdrawing group into the aryl moiety
has beneficial for the isolation and prolonged storage of these salts. As a new application of this unique
nucleobase synthetic module, the efficient vicinal functionalization of the uracil ring mediated by 1 is

now examined. To the best of our knowledge, there has been no report on the one-step vicinal

functionalization of the uracil ring and the successful generation of uracil cyclic alkyne species.
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Scheme 2. Synthesis of uracil-iodonium(III) salts (our previous work)

We initially investigated the cycloaddition with furan 2a employing stable uracil-iodonium(III) tosylate
1a'! bearing a 4-chlorophenyl group (Table 1). To our delight, when using lithium hexamethyldisilazide
(LiHMDS) as the base in toluene, the corresponding bicyclic Diels-Alder adduct 3a was obtained in 31%
yield (Entry 1). Compound 3a could be further converted into bioactive quinazoline-2,4-diones that are

difficult to access by the conventional method from isatoic anhydride precursors.l2 Among the various
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solvents tested, toluene was found to be the best for this reaction system. Further examination of the base
(NaHMDS, LDA, NaO'Bu, ‘BuLi) did not lead to superior results.

In general, the chemical and physical properties of iodonium(IIl) salts strongly depend on the nature of
the aryl moiety and the anionic counterpart. Hence, we next examined iodonium(III) tosylates bearing a
variety of aryl moieties (Entries 2-7). While the use of 4-trifluoromethylphenyliodonium(III) tosylate 1b
was ineffective (Entry 2), tosylate l¢ bearing a 2-chlorophenyl group improved the yield of the
cycloadduct 3a (Entry 3). We then tested various 2-substituted phenyliodonium(III) tosylates, including
2,6-dichlorophenyl 1d (Entry 4), 2-fluorophenyl 1e (Entry 5), 2-trifluoromethoxyphenyl 1f (Entry 6), and
2-trifluoromethylphenyl 1g (Entry 7). The product yield was most promising when using 1g with an ortho
electron-withdrawing group (Entry 7). Regarding the anionic counterpart, replacing the tosylate with
triflate, trifluoroacetate, and perchlorate significantly decreased the product yield. A higher concentration
of substrate 1g was used with the aim of accelerating the reaction, but the product yield was not improved

(Entry 8).

Table 1. Optimization of furan addition to uracil ring with base activation of iodonium(III) salt 1¢

pes D
0 .
o)\N | e . @ LHMDS OJ\N |

8 2 toluene Vi
10°C, 3 h 3a
1
Entry I(T11) R! Yield (%)
1 1a 4-Cl 31
2 1b 4-CF; 20
3 lc 2-Cl 37
4 1d 2, 6-Cl, 24
5 le 2-F 22
6 1f 2-OCF; 28
7 1g 2-CF; 40¢
8¢ 1g 2-CF3 19

“ Reactions were performed using 2 equiv of LIHMDS and 5.5 equiv of furan 2a at 10 °C in toluene (0.1
M). ® Determined by "H-NMR. ¢Isolated yield. ¢ Reaction was performed using 0.2 M concentration of
substrate 1.
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With the optimal reaction conditions in hand (Table 1, Entry 7), we then explored the scope of this [4+2]
cyclization (Table 2). The reaction of uracil iodonium(III) salt 1g and 2,5-dimethylfuran 2b proceeded to
afford the product in an acceptable yield (Entry 2). When N-substituted pyrroles 2c-e were subjected to
the reaction conditions, the desired [4+2] cycloaddition products 3c-e also obtained (Entries 3-5). The
reaction of diphenylisobenzofuran 2f did not proceed smoothly at 10 °C, but when the temperature was
increased to 40 °C, the corresponding annulated product 3f was obtained in good yield (Entry 6). Note

that these reactions did not proceed when 4-chlorophenyliodonium(III) tosylate 1a was used instead of

1g.

Table 2. [4+2] Cycloaddition using uracil-iodonium(III) salt 1g*

o . v 0O R?
Me. I R? R? Me< 2
N \W/ LiIHMDS | T
| - CFs 4 . > L
o] N OTs N2 toluene O~ N , he
Me == o Me R
1g ) 10°C, 3 h 1
Entry 2 R? Y 3 Yield (%)’

1 2a H (@) 3a 40
2 2b Me O 3b 42
3 2¢ H NPh 3¢ 38
4 2d H NBoc 3d 45
5 2e H N-4-CF3CsHg4 3e 42
6° R2._Y<__R? Ph 0] 3f 55

\W/

2f

“ Reactions were performed using 2 equiv of LIHMDS and 5.5 equiv of arynophile 3 at 10 °C in toluene
(0.1 M). ? Isolated yield. ¢ Reaction was performed at 40 °C.

Although further investigation is required,!® uracil-iodonium(III) salt 1g could be used for other types of
cycloadditions as well (see Scheme 3 for selected examples). N-fert-Butyl-a-phenyl nitrone 2g%

furnished a [3+2] annulated product 3g (Eq. 1), which is a medicinally privileged scaffold. The
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application of 3,4-dihydro-2H-pyran 2h%! as an alkynophile afforded the [2+2] annulated product 3h (Eq.

2). When diphenyldiselenide 2i®® was utilized, o-bond insertion, which is characteristic of the aryne

reactivity, occurred to give the 5,6-difunctionalized product 3i (Eq. 3).
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Scheme 3. Selected examples of other vicinal functionalizations of uracil ring utilizing

uracil-iodonium(III) salt 1g ([3+2] and [2+2] cycloadditions, and c-bond insertion)

Based on the experimental results, we propose that the reaction mechanism involves the formation of

uracilyne 4 (Figure 2). First, LIMHDS abstracts the Csp? uracil hydrogen of iodonium(III) salt 1. Because

of the exceptionally high leaving group ability of hypervalent iodine(III),% facile elimination of

2-iodobenzotrifluoride occurs to generate a uracil-heteroaryne analog, the so-called “uracilyne” 4. This

reactive alkyne species 4, having a highly strained and distorted C =C bond,* reacts with the trapping

agent 2 regioselectively to afford the corresponding cycloadduct 3.
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To the best of our knowledge, there is no report on the successful generation of cyclic uracil alkyne 4
(uracilyne, Figure 2) or its vicinal functionalization. Aryne chemistry offers a strategic advantage for the
multi-functionalization of aromatic rings in a single synthetic operation. Heteroaromatic versions of
arynes,> such as pyridyne and indolyne (Figure 2), are attractive tools for the synthesis of
multi-functionalized heteroarene derivatives.'® However, in contrast to benzyne chemistry, the synthetic
utilization of heteroarynes is not fully explored. As per the literature, the treatment of halouracils with a
variety of strong bases failed to generate 4.!°% In a more recent effort, Garg and co-workers attempted to
generate pyrimidyne from silyltriflate precursors but were unsuccessful.16¢

To shed further light on the specific application of uracil iodonium(III) salts, we compared the reactivity
of a halogenated uracil, as shown in Scheme 4. The reaction of 5-iodouracil 5, instead of iodonium(III)
salt 1, with furan 2a under our optimized conditions did not proceed, and cycloadduct 3a was not

obtained at all.

Med | Me
N)Jj/ | "
| 0 LIHMDS (2.0 eq) )ﬁ‘
O)\'ﬂ - >§> Ay "

toluene (0.1 M)

(o}
h
5 2a (5.5 eq) 10°C, 24 3a

Scheme 4. Unsuccessful cycloaddition using 5-iodouracil 5

In summary, we have succeeded in the vicinal functionalization of the uracil ring in a single synthetic
operation by utilizing uracil-iodonium(III) salts with basic activation.l” The reactive intermediates of this
reaction are believed to include a highly strained heterocyclic alkyne species, uracilyne 4. This new
finding would trigger the utilization of uracilyne as a useful building block in organic synthesis. Further

investigation on the rationalization and utilization of uracilyne generation is in progress in our laboratory.
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