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Ready access to benzo[4,5]imidazo[1,2-c]quinazoline scaffold

ABSTRACT: A visible-light photoredox catalyzed radical cascade cyclization of simple ethers with cyanamides is developed at room
temperature. This strategy involves sequential inert C,,;-H/C,,-H functionalizations through intermolecular addition reaction of
oxyalkyl radicals to N-cyano groups followed by radical cyclization of iminyl radicals in situ generated with C-2 aryl rings. This
method allows for efficient synthesis of tetracyclic benzo[4,5]imidazo[1,2-c]quinazolines. Importantly, this is the first example of an

Downloaded via UNIV OF CALIFORNIA SANTA BARBARA on May 14, 2021 at 23:41:13 (UTC).
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

intermolecular—intramolecular radical cascade cyclization reaction of cyanamides.

C yanamide chemistry has been increasingly attracting great
interest in the chemists’ community due to the versatile
reactivities of cyanamides as building blocks' for organic
synthesis. Thus, cyanamides can be used for nucleophilic
additions, cycloadditions, aminocyanation, electrophilic cyan-
ation, and radical reactions. Recently, radical cascade reactions
of cyanamides have emerged as a powerful strategy to assemble
polycyclic N-heterocycle frameworks. Malacria and co-workers
pioneered the introduction of N-acylcyanamides as viable
radical acceptors for the construction of tri- and tetracyclic
quinazolinone derivatives (Scheme 1la).” The methods
typically relied on the toxic tin-based mediators initiated
radical generation from iodoalryls,za’b iodovinyls,2C azides,2d
and phenylselenyls.” The Cui group incorporated the
cyanamide moiety into unactivated alkenes to develop new
radical cascade cyclizations through the alkene difunctionaliza-
tion strategy using Togni’s reagent,3 phosphine oxides,* and
1,3-dicarbonyls® as radical precursors (Scheme 1b). Zhu et al.
reported radical relay reactions of N-cyanamide alkenes to
readily access functionalized y-lactams (Scheme 1c).° How-
ever, these seminal works are restricted to intramolecular
radical reactions of cyanamides. To the best of our knowledge,
the intermolecular version of cyanamides is underexplored to
date, except with thiyl radical to give a rearranged N-acyl
isothioureas, rather than thiylated quinazolinones generated via
radical cascade cyclization (Scheme 1d).
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Photoredox synthesis constitutes a powerful and sustainable
tool to form chemical bonds and complex organic molecular
architectures.” The photoredox catalyzed intramolecular
radical additions to the N-CN moiety have been disclosed.®
Our interest in photochemistry’ and heterocycle synthesis'®
promoted us to radical transformations of N-cyano-
benzimidazoles. We report herein a visible-light photoredox
catalyzed intermolecular radical addition to the N-CN part of
N-cyanobenzimidazoles and subsequent radical cyclization of
the iminyl radicals in situ generated. Our strategy involves a
double C—H functionalization process and enables ready
access to tetracyclic products, benzo[4,S]imidazo[1,2-c]-
quinazolines. Benzimidazoles'' and quinazolines'” are priv-
ileged structural cores prevalent in natural compounds and
bioactive molecules.

In terms of polarity matching, N-cyanobenzimidazoles
would readily couple with nucleophilic radicals. Ethers is
widely used to generate nucleophilic carbon centered radicals
through oxidation.”> We initially chose N-cyano-2-phenyl

Received: November 21, 2020
Published: January 13, 2021

https://dx.doi.org/10.1021/acs.orglett.0c03853
Org. Lett. 2021, 23, 692—696


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Si+Jiang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xiao-Jing+Tian"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shu-Yao+Feng"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jiang-Sheng+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zhi-Wei+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Cui-Hong+Lu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Chao-Jun+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Wei-Dong+Liu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Wei-Dong+Liu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.orglett.0c03853&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853?fig=tgr1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853?fig=tgr1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853?fig=tgr1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853?fig=tgr1&ref=pdf
https://pubs.acs.org/toc/orlef7/23/3?ref=pdf
https://pubs.acs.org/toc/orlef7/23/3?ref=pdf
https://pubs.acs.org/toc/orlef7/23/3?ref=pdf
https://pubs.acs.org/toc/orlef7/23/3?ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c03853?ref=pdf
https://pubs.acs.org/OrgLett?ref=pdf
https://pubs.acs.org/OrgLett?ref=pdf

Organic Letters

pubs.acs.org/OrgLett

Scheme 1. Intra- and Intermolecular Radical Addition to
Cyanamides

Intramolecular radical addition to the N-CN moiety
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Radical cascade cyclization via double C-H functionalization

benzimidazole (la) and tetrahydrofuran (2a) as model
substrates using 3.0 equiv of di-tert-butyl peroxide (DTBP)
as the oxidant for photoredox transformation under irradiation
by 25 W blue light LED lamp. An array of photocatalysts,
including the extensively studied Ir-/Ru-based complexes and
organocatalysts, were screened. All the photocatalysts tested
except phenothiazine could promote this photochemical
reaction (see the ESI, Table S1). The catalysts [Ir-
(dFppy),(dtbbpy) JPF¢ ([Ir—F]), Ir(dtbbpy)(ppy),]PF, and
fac-Ir(ppy); (1 mol % loading) afforded good yields of 62—
74% (Table 1, entries 1—3). Likewise, the organocatalysts, like
Eosin Y series, methylene blue, and riboflavin, achieved
comparable efficacies with 3 mol % being used (Table 1,
entries 4—7). The use of THF mixed, respectively, with DCE
and EtOAc in 1:1 volume ratio, led to slight decrease in the
yields (Table 1, entries 8 and 9). It is worth noting that the
type of oxidant exerted a significant impact on the reaction
efficiency. The peroxides, TBHP, TBPB, and DTBP, could
trigger the radical cascade cyclization, with the former being
less effective (Table 1, entries 10 and 11). The amount of
oxidant was optimized to be 2.0 equiv, and the time of
irradiation was kept for 14 h (Table 1, entries 12—15).
Notably, the blue light with the wavelength ranging from 420
to 470 nm could efficiently facilitate the transformation (see
the ESI, Table S5). Under the optimal conditions, 85% of
compound 3 was obtained. Besides, without either photo-
catalyst or light irradiation, only trace or none of 3 was
detected by GC-MS.

Having established the optimal reaction conditions, we
turned our attention to exploring the generality of this
photoredox process. As is shown in Scheme 2, all the N-
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Table 1. Optimization of Reaction Conditions”
CL
\
b
=N
O 3

[Ir-F] (1 mol%)
DTBP (3.0 equiv)

25 W blue LED, 12 h

1a CN 2a "general conditions”
entry variation from general conditions yield (%)”

1 none 74

2 [Ir(dtbbpy) (ppy).]PFs 70

3 facIr(ppy)s 62

4 Eosin Y-H, 68°
S Eosin Y—Na, 70°
6 Methylene blue 68°
7 Riboflavin 68°
8 THF (0.25 mL) in DCE (0.25 mL) 62

9 THF (0.25 mL) in EtOAc (0.25 mL) 65
10 TBHP 64
11 TBPB 54
12 1.5 equiv of DTBP 68
13 2.0 equiv of DTBP 81
14 2.5 equiv of DTBP 75
15 for 14 h 85
16 w/o photocatalyst trace
17 in dark N.R

“General conditions: 1a (0.1 mmol), 2a (0.5 mL), DTBP (3.0 equiv),
Ir[ (dFppy),(dtbbpy) ]PF, ([Ir—F]) (1 mol %), r.t., 25 W blue LED
(460—470 nm), 12 h. PIsolated yields. “Photocatalyst (3 mol %).
DTBP = di-tert-butyl peroxide, DCE = 1,2-dichloroethane, TBHP =
tert-butyl hydroperoxide (70% solution in water), TBPB = tert-butyl
peroxyl benzoate, N. R. = no reaction.

cyanobenzimidazoles tested could smoothly undergo the
visible-light initiated oxidative radical cascade cyclization,
providing 6-functionalized tetracyclic benzo[4,5]imidazo[1,2-
c]quinazolines in moderate to good yields. The substituents on
the C-2 aryl rings of benzimidazoles 1, -Me, -OMe, -F, -Cl, -Br,
and -CF; could be well tolerated in this photochemical
oxidative reaction. It is worthwhile to note that the electron-
rich groups favored the reaction while the electron-deficient
ones diminished the reaction yields. Moreover, it was found
that the functional groups located at the ortho-, meta-, and
para-position of the benzimidazolyl C-2 aryl ring afforded
comparable yields (Scheme 2, for -Me, compounds 4, 7, and
10; for -Cl, compounds 6, 8, and 14), indicating that the steric
effect imposed little influence on the reaction efficiency.
Notably, this cascade cyclization possessed an excellent
regioselectivity, and the in situ generated iminyl radicals
preferentially attacked the aryl rings at the para- position of the
substituents with the meta-substituted subtrates (Scheme 2,
compounds 7—9). Benzimidazoles 1, with 2,4-dimethyl and
3,5-dimethyl attached at the C-2 aryl ring, reacted well under
the standard conditions to furnish compounds 17 and 18 in
82% and 83% yields, respectively. Similarly, compounds 19 and
20 bearing dichloro groups were obtained in 65% and 67%
yields, respectively. Furthermore, the introduction of sub-
stituents to the fused benzene ring of benzimidazoles enriched
the substrate scope with respect to benzimidazoles 1, with high
reaction efficiencies (Scheme 2, compounds 21-23).

Next, other ethers 2 such as 1,3-dioxolane, 1,4-dioxane, and
2-methyltetrahydrofuran, as radical precursors were also
explored. To our delight, these substrates delivered their
individual cyclization products 24—26 in 35—72% yields under

https://dx.doi.org/10.1021/acs.orglett.0c03853
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Scheme 2. Substrate Scope”
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“Reaction conditions: 1a (0.2 mmol), 2a (1.0 mL), DTBP (2.0
equiv), [Ir—F] (1 mol %), r.t., 25 W blue LED (460—470 nm), 14 h.
The r.r. (regioisomeric ratio) determined by GC. bYield for 1 mmol
scale.

18, 83%

%/—/ °
26, 72% (r.r. 1:0.71)

the standard conditions. It should be noted that 2-methyl-
tetrahydrofuran gave two inseparable regioisomeric products
26 with a 1:0.7 ratio (determined by GC). Besides, 80% yield
of product 3 in a 1 mmol scale verified the applicability of this
photochemical method.

To shed light on the plausible mechanism for this novel
radical cascade cyclization, a series of control experiments were
carried out (Scheme 3). When 3 equiv of the radical inhibitor
2,6-di(tert-butyl)-4-methylphenol (BHT) was added under the
standard conditions, the reaction was almost completely
inhibited, with the possible benzylated tetrahydrofuran being
detected by GC-MS (m/e 290.25) (Scheme 3a). The addition
of a commonly used radical trapper, 2,2,6,6-tetramethyl-1-
piperidinyloxyl (TEMPO, 3 equiv), to the standard reaction
system led to only trace of the target product 3, and also the
adduct aminoxylated tetrahydrofuran was found by GC-MS
(m/e 227.20) (Scheme 3b). Furthermore, the adduct 2-(2,2-
diphenyl vinyl)tetrahydrofuran (m/e 250.15) was observed in a
considerable amount'* when the standard reaction was carried
out in the presence of 1,1-diphenylethylene (DPE, 3 equiv)
(Scheme 3c). These experimental results imply the involve-
ment of radical species in the present transformation.

To preliminarily unveil the role of the photoirradiation, an
on/off blue light irradiation experiment was performed (Figure
1). The result shows that continuous exposure to visible light is
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Scheme 3. Control Experiments

2 BHT (3 equiv)
DTBP (2 equiv)
0 [Ir-F] (1 mol%) 0
1a + Q 3a +
25 W blue LED, 14 h

trace

OH

Found by GC-MS: 290.25

b) TEMPO (3 equiv)
DTBP (2 equiv)
0 [Ir-F1 (1 mol%)
1a + Q 3a + N
25 W blue LED, 14 h ~0 o
trace
Found by GC-MS: 227.20
©) DPE (3 equiv) o
DTBP (2 equiv)
O | 0,
- . Q [Ir-F] (1 mol%) 3a + |
25 W blue LED, 14 h Ph”” Ph
Found by GC-MS: 250.15
90
|
80 . !/:
70
60 - . b
2 50 - / : : : :
o | n - - . .
3 . : : © OFF -
. OFF .
30 . . .
[ ] | | : i
20 4 . - OFF - :
10 I OFF | .
O T I T I T T T I T
0 3 6 9 12 15 18 21 24 27
Time/h

Figure 1. ON/OFF experiments.

indispensable to the high reaction efficiency and also indicates
that a radical-chain process is unlikely to be a predominant
pathway, albeit can not be excluded, for the present
photoredox reaction. Furthermore, fluorescence quenching
experiments were conducted to ascertain whether the photo-
catalyst first reacted with DTBP under photoirradiation (see
the Supporting Information for details).

On the basis of the above preliminary exgerimental results
combined with the previous literatures,"**™"'* a plausible
mechanism involved in photoredox catalysis is proposed in
Scheme 4. First, the photocatalyst, [Ir—F], is excited by blue
light irradiation to result in the formation of the excited
species, [Ir—F]*, which would then reduce the oxidant DTBP
to a tert-butoxyl radical and a tert-butoxyl anion via a single
electron transfer (SET) process, along with the generation of a
radical cation, [Ir—F]*". The resultant fert-butoxyl radical
undergoes hydrogen atom transfer (HAT), selectively
abstracting the most hydridic hydrogen atom from tetrahy-
drofuran to afford a nucleophilic ether carbon-centered radical,
R-. Subsequently, the radical R+ can participate in intermo-
lecular nucleophilic addition to the cyano group of la to
produce an iminyl radical, A, which is then transformed into
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Scheme 4. Plausible Mechanism for Photochemical Radical
Cascade Cyclization
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the intermediate B through radical cyclization. The species B
would be further oxidized by the [Ir—F]*" in situ generated
through another SET reaction, thus providing an intermediary
cation, C, and concomitantly regenerating the Ir-based
photocatalyst. Finally, the intermediate C deprotonates by
the tert-butoxyl anion to yield the product 3.

In conclusion, we have disclosed a radical cascade cyclization
reaction of simple ethers with benzimidazole-based cyanamides
through visible light photoredox catalyzed double C—H
functionalization. The protocol includes intramolecular radical
addition of oxyalkyl radicals to the cyano moieties and the
subsequent intramolecular cyclization of the iminyl radical in
situ generated and allows for ready access to benzo[4,5]-
imidazo[1,2-c]quinazolines. To the best of our knowledge, this
is the first example of an intermolecular—intramolecular radical
cascade cyclization reaction of cyanamides. Our method will
provide an alternative strategy for the construction of
imidazoquinazolines from the view of sustainable chemistry
and could find its applications in medicinal research and
material developments. Extensive investigation on the radical
chemistry of benzimidazole-based cyanamides is under way in
our laboratory.

B ASSOCIATED CONTENT
® Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853.

Experimental details, characterization data for new
compounds, copies of NMR spectra (PDF)

B AUTHOR INFORMATION
Corresponding Author

Jiang-Sheng Li — Hunan Provincial Key Laboratory of
Material Protection for Electric Power and Transportation,
School of Chemistry and Food Engineering, Changsha
University of Science and Technology, Changsha 410114,
China; ® orcid.org/0000-0001-8359-4120; Email: jsli@
csust.edu.cn

Authors

Si Jiang — Hunan Provincial Key Laboratory of Material
Protection for Electric Power and Transportation, School of
Chemistry and Food Engineering, Changsha University of
Science and Technology, Changsha 410114, China

Xiao-Jing Tian — Hunan Provincial Key Laboratory of
Material Protection for Electric Power and Transportation,
School of Chemistry and Food Engineering, Changsha
University of Science and Technology, Changsha 410114,
China

Shu-Yao Feng — Hunan Provincial Key Laboratory of
Material Protection for Electric Power and Transportation,
School of Chemistry and Food Engineering, Changsha
University of Science and Technology, Changsha 410114,
China

Zhi-Wei Li — Hunan Provincial Key Laboratory of Material
Protection for Electric Power and Transportation, School of
Chemistry and Food Engineering, Changsha University of
Science and Technology, Changsha 410114, China

Cui-Hong Lu — Hunan Provincial Key Laboratory of Material
Protection for Electric Power and Transportation, School of
Chemistry and Food Engineering, Changsha University of
Science and Technology, Changsha 410114, China

Chao-Jun Li — Department of Chemistry and FQRNT Centre
for Green Chemistry and Catalysis, McGill University,
Montreal, Quebec H3A 0B8, Canada; © orcid.org/0000-
0002-3859-8824

Wei-Dong Liu — National Engineering Research Center for
Agrochemicals, Hunan Research Institute of Chemical
Industry, Changsha 410007, China

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.0c03853

Notes

The authors declare no competing financial interest.

B ACKNOWLEDGMENTS

We would thank the Financial support from National Key
R&D Program of China (No. 2017YFB0307200), Hunan
Provincial Key Laboratory of Agricultural Chemicals (HKLA-
OF2020001), Scientific Research Fund of Hunan Provincial
Education Department (19C0091), Young Teachers Develop-
ment Project of CSUST (2019QJCZ039), International
Cooperative Extended Project for “Double First-Class”,
CSUST (20181C21), Hunan Provincial Graduate Student
Teaching Reform and Research Project (JG2018B081), Hunan
Provincial Graduate Student Scientific Research Innovation
Project (CX20190698), and National Undergraduate Training
Programs for Innovation and Entrepreneurship of China
(202010536017).

B REFERENCES

(1) (a) Larraufie, M.-H.; Maestri, G.; Malacria, M.; Ollivier, C.;
Fensterbank, L.; Lacote, E. The Cyanamide Moiety, Synthesis and
Reactivity. Synthesis 2012, 44, 1279—1292. (b) Prabhath, M. R. R;;
Williams, L.; Bhat, S. V.; Sharma, P. Recent Advances in Cyanamide
Chemistry: Synthesis and Applications. Molecules 2017, 22, 615.

(2) (a) Servais, A.; Azzouz, M.; Lopes, D.; Courillon, C.; Malacria,
M. Radical Cyclization of N-Acylcyanamides: Total Synthesis of
Luotonin A. Angew. Chem., Int. Ed. 2007, 46, 576—579. (b) Beaume,
A.; Courillon, C.; Derat, E.; Malacria, M. Unprecedented Aromatic
Homolytic Substitutions and Cyclization of Amide-iminyl Radicals:
Experimental and Theoretical Study. Chem. - Eur. ]. 2008, 14, 1238—
1252. (c) Larraufie, M.-H.; Courillon, C.; Ollivier, C.; Lacote, E,;
Malacria, M.; Fensterbank, L. Radical Migration of Substituents of
Aryl Groups on Quinazolinones Derived from N-Acyl Cyanamides. J.
Am. Chem. Soc. 2010, 132, 4381—4387. (d) Larraufie, M.-H.; Ollivier,
C.; Fensterbank, L.; Malacria, M.; Lacote, E. Radical Synthesis of

https://dx.doi.org/10.1021/acs.orglett.0c03853
Org. Lett. 2021, 23, 692—696


https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c03853/suppl_file/ol0c03853_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jiang-Sheng+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0001-8359-4120
mailto:jsli@csust.edu.cn
mailto:jsli@csust.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Si+Jiang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xiao-Jing+Tian"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shu-Yao+Feng"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zhi-Wei+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Cui-Hong+Lu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Chao-Jun+Li"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-3859-8824
http://orcid.org/0000-0002-3859-8824
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Wei-Dong+Liu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853?ref=pdf
https://dx.doi.org/10.1055/s-0031-1289749
https://dx.doi.org/10.1055/s-0031-1289749
https://dx.doi.org/10.3390/molecules22040615
https://dx.doi.org/10.3390/molecules22040615
https://dx.doi.org/10.1002/anie.200602940
https://dx.doi.org/10.1002/anie.200602940
https://dx.doi.org/10.1002/chem.200700884
https://dx.doi.org/10.1002/chem.200700884
https://dx.doi.org/10.1002/chem.200700884
https://dx.doi.org/10.1021/ja910653k
https://dx.doi.org/10.1021/ja910653k
https://dx.doi.org/10.1002/anie.200907237
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853?fig=sch4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c03853?fig=sch4&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c03853?ref=pdf

Organic Letters

pubs.acs.org/OrgLett

Guanidines from N-Acyl Cyanamides. Angew. Chem., Int. Ed. 2010,
49, 2178—2181. (e) Larraufie, M. H.; Malacria, M.; Courillon, C.;
Ollivier, C.; Fensterbank, L.; Lacote, E. Synthesis of Natural
Quinazolinones and some of their Analogues through Radical
Cascade Reactions Involving N-Acylcyanamides. Tetrahedron 2013,
69, 7699-77085.

(3) Zheng, J; Deng, Z.; Zhang, Y.; Cui, S. Copper-Catalyzed
Divergent Trifluoromethylation/Cyclization of Unactivated Alkenes.
Adv. Synth. Catal. 2016, 358, 746—751.

(4) Zheng, J; Zhang, Y.; Wang, D.; Cui, S. Silver(I)-Mediated
Phosphorylation/Cyclization Cascade of N-Cyanamide Alkenes for
Divergent Access to Quinazolinones and Dihydroisoquinolinones.
Org. Lett. 2016, 18, 1768—1771.

(5) Xu, G; Tong, C.; Cui, S.; Dai, L. A Silver Catalyzed Domino
Reaction of N-Cyanamide Alkenes and 1,3-Dicarbonyls for the
Synthesis of Quinazolinones. Org. Biomol. Chem. 2018, 16, 5899—
5906.

(6) (a) Chen, D, Ji, M. S.;; Zhu, C. Intramolecular Nitration-
Aminocarbonylation of Unactivated Olefins: Metal-Free Synthesis of
y-Lactams. Chem. Commun. 2019, S5, 7796—7799. (b) Liu, J.; Chen,
D.,; Ji, M; Wu, X,; Zhu, C. Synthesis of y-Lactams via
Trifluoromethylative Aminocarbonylation of Unactivated Olefins.
Tetrahedron Lett. 2020, 61, 151479.

(7) (a) Xuan, J; Lu, L.-Q; Chen, J.-R; Xiao, W.-J. Visible-Light-
Driven Photoredox Catalysis in the Construction of Carbocyclic and
Heterocyclic Ring Systems. Eur. J. Org. Chem. 2013, 2013, 6755—
6770. (b) Liu, Q.; Wu, L.-Z. Recent Advances in Visible-Light-Driven
Organic Reactions. Natl. Sci. Rev. 2017, 4, 359—380. (c) Liu, W.; Li,
C.-J. Recent Synthetic Applications of Catalyst-Free Photochemistry.
Synlett 2017, 28, 2714—2754. (d) Chen, J.-Y.; Wu, W,; Li, Q.; Wei,
W.-T. Visible-Light Induced C(sp3)-H Functionalization for the
Formation of C-N Bonds under Metal Catalyst-Free Conditions. Adv.
Synth. Catal. 2020, 362, 2770—2777. (e) Gan, Z; Li, G; Yang, X;
Yan, Q; Xu, G; Li, G,; Jiang, Y.-Y,; Yang, D. Visible-Light-Induced
Regioselective Cross-Dehydrogenative Coupling of 2-Isothiocyanato-
naphthalenes with Amines Using Molecular Oxygen. Sci. China:
Chem. 2020, 63, 1652—1658. (f) Xie, L.-Y.; Bai, Y.-S; Xu, X.-Q,;
Peng, X,; Tang, H.-S,; Huang, Y; Lin, Y.-W,; Cao, Z.; He, W.-M.
Visible-Light-Induced Decarboxylative Acylation of Quinoxalin-
2(1H)-ones with a-Oxo Carboxylic Acids under Metal,, Strong
Oxidant- and External Photocatalyst-Free Conditions. Green Chem.
2020, 22, 1720—1725. (g) He, W.-B,; Gao, L.-Q.; Chen, X.-J.; Wu, Z.-
L.; Huang, Y.; Cao, Z.; Xu, X.-H.; He, W.-M. Visible-Light-Initiated
Malic Acid-Promoted Cascade Coupling/Cyclization of Aromatic
Amines and KSCN to 2-Aminobenzothiazoles without Photocatalyst.
Chin. Chem. Lett. 2020, 31, 1895—1898. (h) Wu, K.; Wang, L.; Colon-
Rodriguez, S.; Flechsig, G. U; Wang, T. Amidyl Radical Directed
Remote Allylation of Unactivated sp3 C-H Bonds by Organic
Photoredox Catalysis. Angew. Chem., Int. Ed. 2019, $8, 1774—1778.
(i) Xie, L.-Y,; Fang, T.-G; Tan, J.-X,; Zhang, B.; Cao, Z; Yang, L.-H,;
He, W.-M. Visible-Light-Induced Deoxygenative C2-Sulfonylation of
Quinoline N-Oxides with Sulfinic acids. Green Chem. 2019, 21, 3858—
3863. (j) Teng, Q.-H.; Yao, Y.; Wei, W.-X; Tang, H.-T.; Li, J.-R.; Pan,
Y.-M. Direct C—H Sulfenylation of Quinoxalinones with Thiols under
Visible-Light-Induced Photocatalyst-Free Conditions. Green Chem.
2019, 21, 6241—6245.

(8) (a) Han, Y.-Y,; Jiang, H; Wang, R; Yu, S. Synthesis of
Tetracyclic Quinazolinones Using a Visible-Light-Promoted Radical
Cascade Approach. J. Org. Chem. 2016, 81, 7276—7281. (b) Qian, P.;
Deng, Y.; Mei, H.; Han, J.; Zhou, J.; Pan, Y. Visible-Light Photoredox
Catalyzed Oxidative/Reductive Cyclization Reaction of N-Cyanamide
Alkenes for the Synthesis of Sulfonated Quinazolinones. Org. Lett.
2017, 19, 4798—4801.

(9) (a) Liu, Q; Liu, F; Yue, H; Zhao, X; Li, J.; Wei, W.
Photocatalyst-Free Visible Light-Induced Synthesis of f-Oxo Sulfones
via Oxysulfonylation of Alkenes with Arylazo Sulfones and Dioxygen
in Air. Adv. Synth. Catal. 2019, 361, 5277—5282. (b) Liu, Q. S.; Wang,
L. L; Yue, H. L,; Li, J. S;; Luo, Z. D.; Wei, W. Catalyst-Free Visible-
Light-Initiated Oxidative Coupling of Aryldiazo Sulfones with Thiols

696

Leading to Unsymmetrical Sulfoxides in Air. Green Chem. 2019, 21,
1609—1613. (c) Lv, Y.; Bao, P.; Yue, H.; Li, J.-S.; Wei, W. Visible-
Light-Mediated Metal-Free Decarboxylative Acylations of Isocyanides
with a-Oxocarboxylic Acids and Water Leading to a-Ketoamides.
Green Chem. 2019, 21, 6051—6055. (d) Bao, P.; Liu, F; Lv, Y.; Yue,
H.; Li, J.-S.; Wei, W. Visible-Light-Promoted Acridine Red Catalyzed
Aerobic Oxidative Decarboxylative Acylation of a-Oxo-Carboxylic
Acids with Quinoxalin-2(1H)-ones. Org. Chem. Front. 2020, 7, 492—
498.

(10) (a) Li, J. S.; Yang, P. P,; Xie, X. Y,; Jiang, S.; Tao, L.; Li, Z. W,;
Lu, C. H; Liu, W. D. Catalyst-Free Electrosynthesis of Benzimida-
zolones through Intramolecular Oxidative C—N Coupling. Adv. Synth.
Catal. 2020, 362, 1977—1981. (b) Li, J.-S.; Yang, P.-P.; Chen, G.-Q;
Xie, X.-Y.; Li, Z.-W,; Li, W.-S.; Liu, W.-D. Co,(CO);-Catalyzed Base-
Free Arylsulfonyl Transfer Process via the S-N Bond Cleavage of N-
Cyano-N-Phenyl Arenesulfonamides. Asian ]. Org. Chem. 2019, 8,
246-250. (c) Li, J. S.; Xie, X. Y.; Yang, P. P,; Jiang, S.; Tao, L.; Li, Z.
W, Lu, C. H; Liu, W. D. Electrochemical Synthesis of 1,2,4-
Thiadiazoles through Intermolecular Dehydrogenative S-N Coupling.
Adv. Synth. Catal. 2020, 362, 771-775.

(11) (a) Ajani, O. O.; Aderohunmu, D. V.; Ikpo, C. O.; Adedapo, A.
E.; Olanrewaju, I. O. Functionalized Benzimidazole Scaffolds:
Privileged Heterocycle for Drug Design in Therapeutic Medicine.
Arch. Pharm. (Weinheim, Ger.) 2016, 349, 475—506. (b) Akhtar, J.;
Yar, M. S.; Sharma, V. K; Khan, A. A; Ali, Z.; Haider, R.; Pathak, A.
Recent Progress of Benzimidazole Hybrids for Anticancer Potential.
Curr. Med. Chem. 2020, 27, 5970—6014. (c) Beltran-Hortelano, L;
Alcolea, V.; Font, M.; Perez-Silanes, S. The Role of Imidazole and
Benzimidazole Heterocycles in Chagas Disease: A review. Eur. J. Med.
Chem. 2020, 206, 112692.

(12) (a) Alagarsamy, V.; Chitra, K.; Saravanan, G.; Solomon, V. R;;
Sulthana, M. T.; Narendhar, B. An Overview of Quinazolines:
Pharmacological Significance and Recent Developments. Eur. J. Med.
Chem. 2018, 151, 628—685. (b) Shang, X. F.; Morris-Natschke, S. L.;
Yang, G. Z,; Liy, Y. Q; Guo, X;; Xu, X. S.; Goto, M,; Lj, J. C; Zhang,
J. Y; Lee, K. H. Biologically Active Quinoline and Quinazoline
Alkaloids Part II. Med. Res. Rev. 2018, 38, 1614—1660.

(13) (a) Luo, W.; Yang, K; Yin, B. Recent Progress in Radical
Alkylation of Heteroarenes Based on C(sp3)-H bond Cleavage
Strategy. Youji Huaxue 2020, 40, 2290—2307. (b) Singsardar, M,;
Laru, S.; Mondal, S.; Hajra, A. Visible-Light-Induced Regioselective
Cross-Dehydrogenative Coupling of 2 H-Indazoles with Ethers. J. Org.
Chem. 2019, 84, 4543—4550. (c) Yuan, J.; Fu, J; Yin, J.; Dong, Z;
Xiao, Y.; Mao, P.; Qu, L. Transition-Metal-Free Direct C-3 Alkylation
of Quinoxalin-2(1H)-ones with Ethers. Org. Chem. Front. 2018, S,
2820—2828. (d) Wei, W,; Wang, L.; Yue, H,; Bao, P.; Liu, W.; Hu, C,;
Yang, D.; Wang, H. Metal-Free Visible-Light-Induced C-H/C-H
Cross-Dehydrogenative-Coupling of Quinoxalin-2(H)-ones with
Simple Ethers. ACS Sustainable Chem. Eng. 2018, 6, 17252—17257.
(e) Xia, D.; Li, Y.; Miao, T.; Li, P.; Wang, L. Visible-Light-Induced
Dual C-C Bond Formation via Selective C(sp3)-H Bond Cleavage:
Efficient Access to Alkylated Oxindoles from Activated Alkenes and
Simple Ethers under Metal-Free Conditions. Green Chem. 2017, 19,
1732-1739. (f) Guo, S.-R.; Kumar, P. S.; Yang, M. Recent Advances
of Oxidative Radical Cross-Coupling Reactions: Direct a-C(sp3)—H
Bond Functionalization of Ethers and Alcohols. Adv. Synth. Catal.
2017, 359, 2-25. (g) Le, C.; Liang, Y. F.; Evans, R. W,; Li, X. M,;
MacMillan, D. W. C. Selective sp3 C-H Alkylation via Polarity-Match-
Based Cross-Coupling. Nature 2017, 547, 79—83.

(14) The adduct of m/e 250.15 could not be isolated even by
preparative thin-layer chromatography, due to the concomitant
compound of m/e 252.10.

(15) (a) Jin, J.; MacMillan, D. W. C. Direct alpha-Arylation of Ethers
through the Combination of Photoredox-Mediated C-H Functional-
ization and the Minisci Reaction. Angew. Chem., Int. Ed. 2015, 54,
1565—1569. (b) Dian, L.; Zhao, H; Zhang-Negrerie, D.; Du, Y.
Cobalt-Catalyzed Twofold Direct C(sp2)—C(sp3) Bond Coupling:
Regioselective C-3 Alkylation of Coumarins with (Cyclo)alkyl Ethers.
Adv. Synth. Catal. 2016, 358, 2422—2426.

https://dx.doi.org/10.1021/acs.orglett.0c03853
Org. Lett. 2021, 23, 692—696


https://dx.doi.org/10.1002/anie.200907237
https://dx.doi.org/10.1016/j.tet.2013.05.058
https://dx.doi.org/10.1016/j.tet.2013.05.058
https://dx.doi.org/10.1016/j.tet.2013.05.058
https://dx.doi.org/10.1002/adsc.201500965
https://dx.doi.org/10.1002/adsc.201500965
https://dx.doi.org/10.1021/acs.orglett.6b00481
https://dx.doi.org/10.1021/acs.orglett.6b00481
https://dx.doi.org/10.1021/acs.orglett.6b00481
https://dx.doi.org/10.1039/C8OB01252K
https://dx.doi.org/10.1039/C8OB01252K
https://dx.doi.org/10.1039/C8OB01252K
https://dx.doi.org/10.1039/C9CC03736E
https://dx.doi.org/10.1039/C9CC03736E
https://dx.doi.org/10.1039/C9CC03736E
https://dx.doi.org/10.1016/j.tetlet.2019.151479
https://dx.doi.org/10.1016/j.tetlet.2019.151479
https://dx.doi.org/10.1002/ejoc.201300596
https://dx.doi.org/10.1002/ejoc.201300596
https://dx.doi.org/10.1002/ejoc.201300596
https://dx.doi.org/10.1093/nsr/nwx039
https://dx.doi.org/10.1093/nsr/nwx039
https://dx.doi.org/10.1055/s-0036-1590900
https://dx.doi.org/10.1002/adsc.202000448
https://dx.doi.org/10.1002/adsc.202000448
https://dx.doi.org/10.1007/s11426-020-9811-6
https://dx.doi.org/10.1007/s11426-020-9811-6
https://dx.doi.org/10.1007/s11426-020-9811-6
https://dx.doi.org/10.1039/C9GC03899J
https://dx.doi.org/10.1039/C9GC03899J
https://dx.doi.org/10.1039/C9GC03899J
https://dx.doi.org/10.1016/j.cclet.2020.02.011
https://dx.doi.org/10.1016/j.cclet.2020.02.011
https://dx.doi.org/10.1016/j.cclet.2020.02.011
https://dx.doi.org/10.1002/anie.201811004
https://dx.doi.org/10.1002/anie.201811004
https://dx.doi.org/10.1002/anie.201811004
https://dx.doi.org/10.1039/C9GC01175G
https://dx.doi.org/10.1039/C9GC01175G
https://dx.doi.org/10.1039/C9GC03045J
https://dx.doi.org/10.1039/C9GC03045J
https://dx.doi.org/10.1021/acs.joc.6b00869
https://dx.doi.org/10.1021/acs.joc.6b00869
https://dx.doi.org/10.1021/acs.joc.6b00869
https://dx.doi.org/10.1021/acs.orglett.7b02163
https://dx.doi.org/10.1021/acs.orglett.7b02163
https://dx.doi.org/10.1021/acs.orglett.7b02163
https://dx.doi.org/10.1002/adsc.201900984
https://dx.doi.org/10.1002/adsc.201900984
https://dx.doi.org/10.1002/adsc.201900984
https://dx.doi.org/10.1039/C9GC00222G
https://dx.doi.org/10.1039/C9GC00222G
https://dx.doi.org/10.1039/C9GC00222G
https://dx.doi.org/10.1039/C9GC03253C
https://dx.doi.org/10.1039/C9GC03253C
https://dx.doi.org/10.1039/C9GC03253C
https://dx.doi.org/10.1039/C9QO01334B
https://dx.doi.org/10.1039/C9QO01334B
https://dx.doi.org/10.1039/C9QO01334B
https://dx.doi.org/10.1002/adsc.202000198
https://dx.doi.org/10.1002/adsc.202000198
https://dx.doi.org/10.1002/ajoc.201800721
https://dx.doi.org/10.1002/ajoc.201800721
https://dx.doi.org/10.1002/ajoc.201800721
https://dx.doi.org/10.1002/adsc.201901290
https://dx.doi.org/10.1002/adsc.201901290
https://dx.doi.org/10.1002/ardp.201500464
https://dx.doi.org/10.1002/ardp.201500464
https://dx.doi.org/10.2174/0929867326666190808122929
https://dx.doi.org/10.1016/j.ejmech.2020.112692
https://dx.doi.org/10.1016/j.ejmech.2020.112692
https://dx.doi.org/10.1016/j.ejmech.2018.03.076
https://dx.doi.org/10.1016/j.ejmech.2018.03.076
https://dx.doi.org/10.1002/med.21492
https://dx.doi.org/10.1002/med.21492
https://dx.doi.org/10.6023/cjoc202004024
https://dx.doi.org/10.6023/cjoc202004024
https://dx.doi.org/10.6023/cjoc202004024
https://dx.doi.org/10.1021/acs.joc.9b00318
https://dx.doi.org/10.1021/acs.joc.9b00318
https://dx.doi.org/10.1039/C8QO00731D
https://dx.doi.org/10.1039/C8QO00731D
https://dx.doi.org/10.1021/acssuschemeng.8b04652
https://dx.doi.org/10.1021/acssuschemeng.8b04652
https://dx.doi.org/10.1021/acssuschemeng.8b04652
https://dx.doi.org/10.1039/C6GC03323G
https://dx.doi.org/10.1039/C6GC03323G
https://dx.doi.org/10.1039/C6GC03323G
https://dx.doi.org/10.1039/C6GC03323G
https://dx.doi.org/10.1002/adsc.201600467
https://dx.doi.org/10.1002/adsc.201600467
https://dx.doi.org/10.1002/adsc.201600467
https://dx.doi.org/10.1038/nature22813
https://dx.doi.org/10.1038/nature22813
https://dx.doi.org/10.1002/anie.201410432
https://dx.doi.org/10.1002/anie.201410432
https://dx.doi.org/10.1002/anie.201410432
https://dx.doi.org/10.1002/adsc.201600349
https://dx.doi.org/10.1002/adsc.201600349
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c03853?ref=pdf

