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ABSTRACT: 3,4-Fused tricyclic indole scaffolds are ubiquitous in
bioactive natural products and pharmaceuticals. A new protocol for
the synthesis of 3,4-fused tricyclic indoles has been developed
through cascade carbopalladation and C−H amination with N,N-
di-tert-butyldiaziridinone. The protocol allows access to a range of
3,4-fused tricyclic indoles, including those containing various
linkers and fused with medium-sized rings. Rucaparib can be
synthesized via this reaction, providing an advantageous synthetic
method for the FDA-approved cancer medicine.

3,4-Fused tricyclic indoles are essential core structures of many
bioactive natural products and pharmaceuticals and are
attractive synthetic targets in the fields of medicinal chemistry
and organic synthesis (Figure 1)1 The synthesis of these

complex indole molecules is challenging and has been the
subject of numerous synthetic studies.2 Traditionally, 3,4-fused
tricyclic indoles can be synthesized by the intramolecular
cyclization of 4-substituted or 3,4-disubstituted indoles.
However, the functionalization of the four-positions of indoles
is challenging and usually requires multistep synthesis.
Recently, the construction of 3,4-fused tricyclic indoles via
indole ring formation has gained considerable interest.
Compared with the traditional methods, this innovative
approach avoids the laborious synthesis of four-substituted
indole precursors and has great advantages. An elegant
example is the method based on an intramolecular Fischer
indole synthesis, which was developed by Cho and coworkers.3

In 2013, the groups of Boger and Jia reported the synthesis of

3,4-fused tricyclic indoles using alkyne-tethered ortho-iodoani-
lines via palladium-catalyzed intramolecular Larock indole
synthesis.4 Replacing the alkyne moiety with an allene group
can also give 3,4-fused tricyclic indoles.5 The intramolecular
Larock indole syntheses require the presynthesis of multi-
substituted haloanilines as starting materials. Notably, an
innovative method through C−H alkenylation using anilines
tethered to an alkyne at the meta position has been
independently developed by the groups of Jia, Xu and Liu,
Zhou and Li, and Nemoto.6 However, to activate more
hindered C−H bonds, the reactions are restricted to indoles
bearing an alkoxy group.2a The group of Miura and Murakami
disclosed an elegant dearomatizing annulation reaction from
1,2,3-triazole-tethered arenes.7 However, this method requires
an additional oxidation reaction to form indole products and
the presynthesis of 1,2,3-triazole-containing substrates. In all of
these reactions, 3,4-fused tricyclic indoles are directly formed
from the intramolecular cyclization of the substrates, and all of
the substrates preinstalled with a nitrogen-containing group are
used.8 Considerable efforts should still be devoted to
developing efficient and general methods for the synthesis of
3,4-fused tricyclic indoles.
Over the past several decades, transition-metal-catalyzed C−

H functionalization underwent explosive growth.9 C−H
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Figure 1. Selected examples of 3,4-fused tricyclic indoles.
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amination has also gained considerable interest and emerged as
an innovative and powerful strategy for the formation of C−N
bonds.10 In this context, N,N-di-tert-butyldiaziridinone repre-
sents a particularly intriguing C−H aminating reagent.11 N,N-
Di-tert-butyldiaziridinone can diaminate C,C-palladacycles
formed by palladium-catalyzed C−H activation, which
provides an innovative method for the synthesis of N-
heterocycles. We envisioned that a method for the
construction of a 3,4-fused tricyclic indole skeleton could be
developed via the C−H amination reaction with N,N-di-tert-
butyldiaziridinone. It should be mentioned that the indole
moieties of bioactive 3,4-fused tricyclic indoles are bridged
with different ring sizes, and many compounds contain a
medium-sized ring. The formation of medium-sized rings is
often challenging due to entropic factors and transannular
interactions.12 The reaction for the synthesis of 3,4-fused
tricyclic indoles via C−H amination with N,N-di-tert-
butyldiaziridinone is a cascade process and involves several
Pd(II) species during the catalytic cycle. Achieving selective
cyclization and amination in different stages of the catalytic
cycle is crucial for the development of the reaction and is
expected to be challenging, in particular, in the formation of
medium-sized rings.
Rucaparib is a poly(ADP-ribose) polymerase-1 (PARP-1)

inhibitor.13 It was approved by the FDA as Rubraca (rucaparib
camsylate) for the treatment of ovarian cancer in 2016.14 Only
several syntheses of rucaparib have been reported, and they
generally follow two strategies (Figure 2): (1) The 3,4-fused

tricyclic indoles are constructed from 6-fluoro indole
derivatives, and the 4-((methylamino)methyl)phenyl group is
introduced at a late stage.1g,15 The synthesis of 6-fluoro indole
derivatives requires multiple steps, and the installation of a
functional group to the three- or four-positions of the indoles is
often low-yielding. Furthermore, an additional brominating
reaction is needed to introduce the 4-((methylamino)methyl)-
phenyl group. (2) Multisubstituted indole derivatives bearing a
4-((methylamino)methyl)phenyl group are first synthesized,
and rucaparib is formed via the late-stage cyclization. However,
the synthesis of multisubstituted indole derivatives requires
quite a number of steps.13,16 It is still highly desirable to
develop facile and efficient synthetic methods for rucaparib.
Herein we report a general synthetic protocol for 3,4-fused

tricyclic indoles through palladium-catalyzed C−H amination
with N,N-di-tert-butyldiaziridinone. The reaction was success-
fully applied to the synthesis of rucaparib, which represents an
advantageous method for the synthesis of this cancer medicine.

We commenced the studies by investigating the reaction of
model substrate 1a with N,N-di-tert-butyldiaziridinone (2). As
shown in Table 1, 3,4-fused six-membered tricyclic indole 3a

was formed in 90% yield using 10 mol % of Pd(OAc)2 as the
catalyst and Cs2CO3 as the base (entry 1). The yield was
improved to 98% by adding 0.5 equiv of KOPiv (entry 2). 3a
was not observed or was obtained in a lower yield when the
reaction was carried out in other solvents (entries 3−6).
Decreasing the amount of Pd(OAc)2 led to a lower yield
(entry 7). However, an excellent yield was obtained by using
ligand P(o-tol)3 (entry 8). Notably, even 2 mol % of Pd(OAc)2
gave a yield of 91% (entry 9), which indicates the high
efficiency and practical utility of the protocol. The yield
dramatically decreased when the catalyst loading was reduced
to 1 mol % (entry 10). In this reaction, most of 1a was
recovered, and no other side products were observed. The
yield was improved to 78% when the reaction time was
prolonged to 36 h.
Having developed an efficient protocol for the construction

of 3,4-fused tricyclic indoles, we then studied the substrate
scope of the reaction. The compatibility of various iodoaryl
groups was first investigated. As shown in Scheme 1, phenyl
groups bearing an electron-donating substituent (methyl and
methoxyl) were compatible (3b and 3c). It should be noted
that the yields decreased only slightly when 2 mol % of
Pd(OAc)2 was used. Although the presence of a withdrawing
substituent (trifluoromethyl) led to a moderate yield, it could
be enhanced to 85% by adding ligand P(o-tol)3 (3d). The
chloro and fluoro groups were well-tolerated, and the desired
products were formed in good or excellent yield (3e and 3f).
Even the pyridine moiety-containing substrates were suitable,
and the reaction provides a new method for the synthesis
tricyclic 6-azaindoles (3g−i).
Next, the performance of diverse substituents on the alkynyl

groups was studied. A range of phenyl groups bearing different
substituents were first examined. As shown in Scheme 2, the
phenyl groups bearing various functionalities at the para
positions were compatible, and high yields could be achieved
by choosing suitable conditions (3j−m). The meta- and ortho-

Figure 2. Strategies for the synthesis of rucaparib.

Table 1. Survey of the Reaction Conditions

entry
Pd(OAc)2
(mol %) solvent ligand (mol %) yield (%)a

1 10 DMF 90b

2 10 DMF 98 (96c)
3 10 toluene
4 10 THF 52
5 10 MeCN 38
6 10 DMA 90
7 5 DMF 78
8 5 DMF P(o-tol)3 (10) 95
9 2 DMF P(o-tol)3 (4) 91
10 1 DMF P(o-tol)3 (2) 56 (78%d)

(SM = 41%)
aYields were determined by 1H NMR analysis of the crude reaction
mixture using CHCl2CHCl2 as the internal standard. bNo KOPiv.
cIsolated yield. d36 h.
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substituted phenyl groups also gave high yields for both
electron-donating and -withdrawing substituents (3n−q). The
naphthyl and thiophenyl groups were suitable, and the
corresponding products were formed in a good or moderate
yield (3r and 3s). The suitability of an alkyl group was also
investigated (3t). Although the desired product was not
generated in the case of a methyl group under the conditions
without a ligand, it was obtained in a 76% yield by using P(o-
tol)3. The unsubstituted alkyne failed to form the desired
product (3u).
The compatibility of different linkers was also investigated.

As shown in Scheme 3, the amides bearing an alkyl or phenyl
group were compatible, and the reactions were high-yielding
(5a−c). The presence of a methyl group on the methylene
carbon resulted in a yield of 80% (5d). An amide linker that
links the iodobenzene and the alkyne in an opposite way gave a
much lower yield (5e). It is notable that excellent yields were
obtained for amine and ether linkages (5f and 5g). However,

the reaction was far less efficient in the presence of an ester
linker (5h).
Many bioactive 3,4-fused tricyclic indoles contain a medium-

sized ring. The construction of medium-sized rings still
remains a challenge in organic synthesis. Notably, our reaction
is applicable to the formation of medium-sized rings and
therefore provides a facile method for the synthesis of indole-
annulated medium-sized ring compounds (Scheme 4). A

seven-membered indole product was formed in 88% yield
under the standard conditions consisting of ligand P(o-tol)3
(5i). An ether linkage was also compatible, albeit in a lower
yield (5j). Eight- and even nine-membered rings could be
constructed, and various linkers were tolerated (5k−o).
The synthesis of rucaparib started with the Sonogashira

coupling of commercially available compounds 6 and 7. The
reaction afforded compound 8 in high yield. The resulting
compound 8 was converted to p-methoxybenzyl (PMB)-
protected amine compound 9. The condensation of 9 and 10,
which is cheap, yielded the key intermediate 11. 11 was
subjected to the standard conditions to afford compound 12 in
87% yield. A yield of 61% was still obtained, even using 2 mol
% of Pd(OAc)2. Finally, treating 12 with trifluoroacetic acid

Scheme 1. Substrate Scope with the Respect to the Iodoaryl
Groups

aPd(OAc)2 (10 mol %). bPd(OAc)2 (10 mol %), P(o-tol)3 (20 mol
%). cPd(OAc)2 (2 mol %), P(o-tol)3 (4 mol %).

Scheme 2. Substrate Scope with the Respect to the Alkynyl
Groups

aPd(OAc)2 (10 mol %). bPd(OAc)2 (10 mol %), P(o-tol)3 (20 mol
%). cPd(OAc)2 (2 mol %), P(o-tol)3 (4 mol %).

Scheme 3. Substrate Scope with the Respect to the Linkers

aPd(OAc)2 (10 mol %); bPd(OAc)2 (10 mol %), P(o-tol)3 (20 mol
%). cPd(OAc)2 (2 mol %), P(o-tol)3 (4 mol %).

Scheme 4. Substrate Scope with the Respect to the Ring
Sizes
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(TFA) provided rucaparib in 88% yield. Notably, the synthesis
was carried out on a gram scale, which demonstrated the
practical utility of this method (Scheme 5). This new method
has advantages, including readily available starting materials,
few steps, and a high overall yield.

A tentative mechanism is proposed for the tricyclic indole-
forming reaction by using compound 1a as the model substrate
(Scheme 6).11 The reaction is initiated by the oxidative

addition of 1a to Pd(0), affording aryl Pd(II) species A. The
subsequent intramolecular carbopalladation yields vinyl Pd(II)
species B. The Pd(II) species cleaves the aryl C−H bonds to
form C,C-palladacycle C as the key intermediate. The resulting
C,C-palladacycle undergoes oxidative addition to N,N-di-tert-
butyldiaziridinone to generate pallada(IV)cycle D. Intermedi-
ate D is converted into tricyclic indole product 3a with the
release of tert-butyl isocyanate (tBuNCO) and Pd(0).
In conclusion, we have developed a general protocol for the

synthesis of 3,4-fused tricyclic indoles through palladium-
catalyzed C−H amination with N,N-di-tert-butyldiaziridinone.
A wide range of 3,4-fused tricyclic indoles, including those
containing various linkers and fused with medium-sized rings,
can be synthesized by this new protocol. Notably, the reaction
has been successfully applied to the synthesis of rucaparib, an

FDA-approved cancer medicine, providing an advantageous
synthetic method for it.

■ ASSOCIATED CONTENT
*sı Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01513.

General information, general procedure for the synthesis
of the substrates, general procedure for the synthesis of
3,4-fused tricyclic indoles, procedure for the synthesis of
rucaparib, characterization of the substrates, character-
ization of the products, NMR spectra, and references-
(PDF)

■ AUTHOR INFORMATION
Corresponding Author

Yanghui Zhang − School of Chemical Science and Engineering,
Shanghai Key Laboratory of Chemical Assessment and
Sustainability, Tongji University, Shanghai 200092, China;
orcid.org/0000-0003-2189-3496; Email: zhangyanghui@

tongji.edu.cn

Authors

Cang Cheng − School of Chemical Science and Engineering,
Shanghai Key Laboratory of Chemical Assessment and
Sustainability, Tongji University, Shanghai 200092, China

Xiang Zuo − School of Chemical Science and Engineering,
Shanghai Key Laboratory of Chemical Assessment and
Sustainability, Tongji University, Shanghai 200092, China

Dongdong Tu − School of Chemical Science and Engineering,
Shanghai Key Laboratory of Chemical Assessment and
Sustainability, Tongji University, Shanghai 200092, China

Bin Wan − School of Chemical Science and Engineering,
Shanghai Key Laboratory of Chemical Assessment and
Sustainability, Tongji University, Shanghai 200092, China

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.0c01513

Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
The work was supported by the National Natural Science
Foundation of China (no. 21971196 and 21672162)

■ REFERENCES
(1) (a) Peat, A. J.; Buchwald, S. L. J. Am. Chem. Soc. 1996, 118,
1028−1030. (b) Canan Koch, S. S. L.; Thoresen, H.; Tikhe, J. G.;
Maegley, K. A.; Almassy, R. J.; Li, J.; Yu, X. H.; Zook, S. E.; Kumpf, R.
A.; Zhang, C.; Boritzki, T. J.; Mansour, R. N.; Zhang, K. E.; Ekker, A.;
Calabrese, C. R.; Curtin, N. J.; Kyle, S.; Thomas, H. D.; Wang, L. Z.;
Calvert, A. H.; Golding, B. T.; Griffin, R. J.; Newell, D. R.; Webber, S.
E.; Hostomsky, Z. J. Med. Chem. 2002, 45, 4961−4974. (c) Koizumi,
Y.; Kobayashi, H.; Wakimoto, T.; Furuta, T.; Fukuyama, T.; Kan, T. J.
Am. Chem. Soc. 2008, 130, 16854−16855. (d) Qin, H.; Xu, Z.; Cui,
Y.; Jia, Y. Angew. Chem., Int. Ed. 2011, 50, 4447−4449. (e) Bronner, S.
M.; Goetz, A. E.; Garg, N. K. J. Am. Chem. Soc. 2011, 133, 3832−
3835. (f) Tahara, Y. K.; Ito, M.; Kanyiva, K. S.; Shibata, T. Chem. -
Eur. J. 2015, 21, 11340−11343. (g) Alluri, S. R.; Riss, P. J. ACS Chem.
Neurosci. 2018, 9, 1259−1263. (h) Chaudhuri, S.; Bhunia, S.; Roy, A.;
Das, M. K.; Bisai, A. Org. Lett. 2018, 20, 288−291.

Scheme 5. Synthesis of Rucaparib

aPd(OAc)2 (5 mol %), P(o-tol)3 (10 mol %). bPd(OAc)2 (2 mol %),
P(o-tol)3 (4 mol %).

Scheme 6. Plausible Mechanism

Organic Letters pubs.acs.org/OrgLett Letter

https://dx.doi.org/10.1021/acs.orglett.0c01513
Org. Lett. XXXX, XXX, XXX−XXX

D

https://pubs.acs.org/doi/10.1021/acs.orglett.0c01513?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c01513/suppl_file/ol0c01513_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Yanghui+Zhang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0003-2189-3496
http://orcid.org/0000-0003-2189-3496
mailto:zhangyanghui@tongji.edu.cn
mailto:zhangyanghui@tongji.edu.cn
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Cang+Cheng"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xiang+Zuo"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Dongdong+Tu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Bin+Wan"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01513?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01513?fig=sch5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01513?fig=sch5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01513?fig=sch6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01513?fig=sch6&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c01513?ref=pdf


(2) Reviews on the synthesis of 3,4-fused tricyclic indoles:
(a) Nemoto, T.; Harada, S.; Nakajima, M. Asian J. Org. Chem.
2018, 7, 1730−1742. (b) Yuan, K.; Jia, Y. Youji Huaxue 2018, 38,
2386−2399. (c) Connon, R.; Guiry, P. J. Tetrahedron Lett. 2020, 61,
151696.
(3) (a) Park, I.-K.; Park, J.; Cho, C.-G. Angew. Chem., Int. Ed. 2012,
51, 2496−2499. (b) Park, J.; Kim, S.-Y.; Kim, J.-E.; Cho, C.-G. Org.
Lett. 2014, 16, 178−181. (c) Park, J.; Kim, D.-H.; Das, T.; Cho, C.-G.
Org. Lett. 2016, 18, 5098−5101.
(4) (a) Shimamura, H.; Breazzano, S. P.; Garfunkle, J.; Kimball, F.
S.; Trzupek, J. D.; Boger, D. E. J. Am. Chem. Soc. 2010, 132, 7776−
7783. (b) Breazzano, S. P.; Poudel, Y. B.; Boger, D. L. J. Am. Chem.
Soc. 2013, 135, 1600−1606. (c) Shan, D.; Gao, Y.; Jia, Y. Angew.
Chem., Int. Ed. 2013, 52, 4902−4905. (d) Liu, H.; Zhang, Z.; Shan,
D.; Pitchakuntla, M.; Ma, Y.; Jia, Y. Org. Lett. 2017, 19, 3323−3326.
(5) (a) Nakano, S.; Inoue, N.; Hamada, Y.; Nemoto, T. Org. Lett.
2015, 17, 2622−2625. (b) Inoue, N.; Nakano, S.; Harada, S.;
Hamada, Y.; Nemoto, T. J. Org. Chem. 2017, 82, 2787−2793.
(6) (a) Zhang, X.; Li, Y.; Shi, H.; Zhang, L.; Zhang, S.; Xu, X.; Liu,
Q. Chem. Commun. 2014, 50, 7306−7309. (b) Zhou, B.; Yang, Y.;
Tang, H.; Du, J.; Feng, H.; Li, Y. Org. Lett. 2014, 16, 3900−3903.
(c) Tao, P.; Jia, Y. Chem. Commun. 2014, 50, 7367−7370. (d) Tao,
P.; Chen, Z.; Jia, Y. Chem. Commun. 2016, 52, 11300−11303.
(e) Suzuki, Y.; Tanaka, Y.; Nakano, S.; Dodo, K.; Yoda, N.;
Shinohara, K.; Kita, K.; Kaneda, A.; Sodeoka, M.; Hamada, Y.;
Nemoto, T. Chem. - Eur. J. 2016, 22, 4418−4421.
(7) Miura, T.; Funakoshi, Y.; Murakami, M. J. Am. Chem. Soc. 2014,
136, 2272−2275.
(8) During the preparation of the manuscript, the Luan group
reported an elegant method for the construction of tricyclic indole
scaffolds using hydroxylamine derivatives: Fan, L.; Hao, J.; Yu, J.; Ma,
X.; Liu, J.; Luan, X. J. Am. Chem. Soc. 2020, 142, 6698−6707.
(9) (a) C−H Activation; Yu, J.-Q., Shi, Z., Eds.; Springer:
Heidelberg, Germany, 2010. (b) Zhang, Y.; Shi, G.; Yu, J.-Q.
Carbon−Carbon σ-Bond Formation via CH Bond Functionalization.
Comprehensive Organic Synthesis II 2014, 3, 1101−1209. (c) Giri, R.;
Thapa, S.; Kafle, A. Adv. Synth. Catal. 2014, 356, 1395−1411. (d) Liu,
C.; Yuan, J.; Gao, M.; Tang, S.; Li, W.; Shi, R.; Lei, A. Chem. Rev.
2015, 115, 12138−12204. (e) Lyons, T. W.; Sanford, M. S. Chem.
Rev. 2010, 110, 1147−1169. (f) Daugulis, O.; Roane, J.; Tran, L. D.
Acc. Chem. Res. 2015, 48, 1053−1064. (g) Miao, J.; Ge, H. Eur. J. Org.
Chem. 2015, 2015, 7859−7868. (h) Gensch, T.; Hopkinson, M. N.;
Glorius, F.; Wencel-Delord, J. Chem. Soc. Rev. 2016, 45, 2900−2936.
(i) Moselage, M.; Li, J.; Ackermann, L. ACS Catal. 2016, 6, 498−525.
(j) Baudoin, O. Acc. Chem. Res. 2017, 50, 1114−1123. (k) Song, G.;
Li, X. Acc. Chem. Res. 2015, 48, 1007. (l) Xu, Y.; Dong, G. Chem. Sci.
2018, 9, 1424−1432. (m) Chen, Z.; Rong, M.-Y.; Nie, J.; Zhu, X.-F.;
Shi, B.-F.; Ma, J.-A. Chem. Soc. Rev. 2019, 48, 4921−4942. (n) Li, B.-
J.; Shi, Z.-J. Chem. Soc. Rev. 2012, 41, 5588−5598. (o) Rej, S.; Ano,
Y.; Chatani, N. Chem. Rev. 2020, 120, 1788−1887.
(10) Recent reviews on C−H amination, see: (a) Louillat, M. L.;
Patureau, F. W. Chem. Soc. Rev. 2014, 43, 901−910. (b) Jiao, J.;
Murakami, K.; Itami, K. ACS Catal. 2016, 6, 610−633. (c) Park, Y.;
Kim, Y.; Chang, S. Chem. Rev. 2017, 117, 9247−9301. (d) Timsina, Y.
N.; Gupton, B. F.; Ellis, K. C. ACS Catal. 2018, 8, 5732−5776.
(11) (a) Zheng, Y.; Zhu, Y.; Shi, Y. Angew. Chem., Int. Ed. 2014, 53,
11280−11284. (b) Shao, C.; Zhou, B.; Wu, Z.; Ji, X.; Zhang, Y. Adv.
Synth. Catal. 2018, 360, 887−892. (c) Zhou, B.; Wu, Z.; Ma, D.; Ji,
X.; Zhang, Y. Org. Lett. 2018, 20, 6440−6443. (d) Ma, D.; Ji, X.; Wu,
Z.; Cheng, C.; Zhou, B.; Zhang, Y. Adv. Synth. Catal. 2019, 361, 739−
746.
(12) Huang, L.; Dai, L.-X.; You, S. -Li. J. Am. Chem. Soc. 2016, 138,
5793−5796.
(13) (a) Porcelli, L.; Quatrale, A.; Mantuano, P.; Leo, M. G.;
Silvestris, N.; Rolland, J. F.; Carioggia, E.; Lioce, M.; Paradiso, A.;
Azzariti, A. Mol. Oncol. 2013, 7, 308−322. (b) Plummer, R.; Lorigan,
P.; Steven, N.; Scott, L.; Middleton, M. R.; Wilson, R. H.; Mulligan,
E.; Curtin, N.; Wang, D.; Dewji, R.; Abbattista, A.; Gallo, J.; Calvert,

H. Cancer Chemother. Cancer Chemother. Pharmacol. 2013, 71,
1191−1199.
(14) Beck, B. C.; Ferrando, I.; Perales, J. B.; Speake, J. D.; Ferrando,
I. PCT Int. Appl. WO 2019115000 A1, 2019.
(15) (a) Gillmore, A. T.; Badland, M.; Crook, C. L.; Castro, N. M.;
Critcher, D. J.; Fussell, S. J.; Jones, K. J.; Jones, M. C.; Kougoulos, E.;
Mathew, J. S.; McMillan, L.; Pearce, J. E.; Rawlinson, F. L.; Sherlock,
A. E.; Walton, R. Org. Process Res. Dev. 2012, 16, 1897−1904.
(b) Baus, N.; Biljan, T.; Dogan, J.; Janton, N.; Mihovilovic, M.;
Mundorfer, T.; Pipercic, S. M.; Samec, D. S.; Skugor, M. M.; Tuksar,
M. PCT Int. Appl. WO 2018140377 A1, 2018.
(16) Stankovic, N. S.; Ma, C.; Nayyar, N. PCT Int. Appl. US
20060063926 A1, 2006.

Organic Letters pubs.acs.org/OrgLett Letter

https://dx.doi.org/10.1021/acs.orglett.0c01513
Org. Lett. XXXX, XXX, XXX−XXX

E

https://dx.doi.org/10.1016/B978-0-08-097742-3.00329-3
https://dx.doi.org/10.1007/s00280-013-2113-1
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c01513?ref=pdf

