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ABSTRACT: In this letter, we report a general one-pot strategy
that utilizes three elementary steps (decarboxylative hydrazination,
Boc deprotection, and heterocycle condensation) to regioselec-
tively prepare hindered C(sp3) substituted pyrazoles and triazoles.
The operational simplicity of this sequence and ubiquity of tertiary
carboxylic acids allow rapid access to hindered N-alkyl azahetero-
cycles that will be useful to practitioners of medicinal chemistry
and agro-chemistry.

The regioselective synthesis of heterocycles is a core
component of medicinal chemistry. Pyrazoles are one of

the most common five-membered heterocycles (Figure 1A),1

often employed for their ability to either π-stack or facilitate
hydrophobic and hydrogen-bond interactions with proteins.2

As such, myriad methods for the synthesis of “flat” N-aryl
pyrazoles have been reported, with most employing the
condensation of hydrazine or dipolar cycloadditions.3 How-
ever, recently it has also been articulated that increasing the sp3

character of molecules is positively correlated to their success
in the clinic, as sp3-rich scaffolds tend to have improved
physiochemical properties and improved target specificity
compared to their “flat” counterparts.4,5 For example, in an
effort to develop an inhibitor of Diacylglycerol Acyltransferase
2 (DGAT2) (2), a 1,1-disubstituted N-cyclopropyl pyrazole
was employed to improve off-target pharmacology and
minimize N-glucuronidation without raising lipophilicity, and
retaining potency (Figure 1B).6 Thus, the development of new
methods to access these sp3-rich scaffolds is an important goal
in medicinal chemistry. We became interested in the synthesis
of tertiary N-substituted pyrazoles to access metabolically
stable 1,1-disubstituted cyclopropane to occupy a hydrophobic
pocket (Figure 2A). Efforts to prepare an intermediate (3)
using routine approaches such as reductive amination (to
access hydrazine) or SN1/SN2 with activated electrophiles were
not fruitful.7 These initial results led us to evaluate a
combination of one- and two-electron disconnections to
enable an alternative retrosynthetic template.8

We were attracted to the condensations of hydrazines such
as 6 to access pyrazoles, as they are one of oldest reported
transformations and represent a cornerstone of synthetic
organic chemistry due to their regioselectivity, modularity, and
facile “dump and stir” protocols.9

Recently, Tunge, König, and Jin have reported the radical
decarboxylative coupling of alkyl carboxylic acids (9) with azo
dicarboxylates 8 under photoredox conditions to give
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Figure 1. Importance of pyrazoles and increasing fraction sp3 in
medicinal chemistry.
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hydrazination products.10 Since tertiary carboxylic acids are
one of the most widely available building blocks, we recognized
that decarboxylative hydrazination (DCH) could provide a
convenient entry to hindered hydrazines from commercial
starting materials, thereby enabling a simple condensation
approach to sterically encumbered N-alkyl pyrazoles. Notably,
while traditional cross-coupling methods favor functionaliza-
tion of the less hindered pyrazole nitrogens,11 the regiocontrol
this strategy provides facilitates access to the more hindered
pyrazole isomers.
To obtain a proof of concept for the underlying strategy,

cyclopropane hydrazine 10 was prepared via photoredox
decarboxylative hydrazination (DCH) in excellent yield
(Figure 2B). Considering the operational simplicity and
robustness of the subsequent Boc-deprotection and condensa-
tion steps to access the desired heterocycles, we reasoned that
our approach could be realized in a one-pot fashion from the
corresponding carboxylic acid. This protocol (Figure 2C)
minimizes workup and purification steps and provides direct
access to tertiary azaheterocycles 12 whose synthesis thus far
has been resource and step intensive.12,13 Operationally, this
was realized via two solvent exchanges, first after the DCH

step, and second after the HCl promoted Boc-deprotection
(open-flask). The crude hydrazine was then subjected to in situ
condensation (open-flask) with the appropriate partner to
afford the desired azahetereocycle after purification (see
Supporting Information (SI) for details).
The efficacy of this reaction sequence was demonstrated

using an array of readily available tertiary carboxylic acids to
prepare a variety of azaheterocycles (Figure 3A and 3B). The
carboxylic acid scope was investigated via subjection to the
decarboxylative C−N formation, in situ Boc deprotection, and
condensation to afford the unsubstituted pyrazole. It is worth
noting that the starting carboxylic acids are commercially
available for all but one example (28) and that the
unsubstituted pyrazole is an ideal starting point for further
functionalization via electrophilic aromatic substitution.14

Under the reaction conditions bicyclo [1.1.1]- (13), [2.2.1]-
(14−15), [2.2.2]- (16−17, 28), and adamantyl carbocycles
(18−19) proceeded smoothly. These carbocycles are
important alkyl bioisosteres for the phenyl ring, and as such,
new approaches for their modification are of great interest to
medicinal chemists.15 Cyclopropanes are privileged scaffolds
that have a well-documented history as an alkyl isostere and as
a means to address various issues encountered during drug
discovery.16 However, 1,1-disubstituted cyclopropyl hetereo-
cycles are notoriously difficult to access, and it is therefore
noteworthy that several tertiary N-cyclopropyl pyrazoles (22−
24) could be prepared in a straightforward manner via this
sequence. Similarly, 1,1-disubstituted cyclobutane carboxylic
acids could also be converted to the desired sp3-rich N-alkyl
pyrazoles (25−27). Substrate 29 highlights the radical nature
of the DCH, wherein the trans-stereochemistry of the
cyclobutane is set by the neighboring di-Cl phenyl ring.
Under the reaction conditions, various medicinal-chemistry-
relevant heterocyclessuch as pyridines (23, 26), pyrimidine
(21), and triazole (28), among otherswere well tolerated.
Additionally, a range of functional groups including aryl
bromide (20−22, 27), chloride (23, 25−26, and 29),
protected amine (17), ester (15−16), alcohol (19), and
ether (14) were also compatible under the reaction conditions.
Notably, aryl halides are an important functional group handle,
allowing for subsequent diversification using transition-metal
catalysis in an orthogonal manner. Examples 23 and 26 also
demonstrate that the conditions for this synthetic sequence are
mild enough to tolerate activated 2-chloropyridines, which
could then be further functionalized via SNAr. Lastly, late-stage
modification of carboxylic acid intermediate toward 11β-HSD1
inhibitors could also be performed (28).17 Although either the
organo-photocatalyst (Mes-Acr-Ph)10a or CeCl3·7H2O

10b

could be used to access the Boc-protected alkyl hydrazines,
we observed several substrate specific cases (see Figure 3)
where one was advantageous over the other.
Figure 3B illustrates how the extensive hydrazine con-

densation literature could be leveraged to access a range of
different substituted pyrazoles (3, 30−32), aza-indazoles (33),
and triazoles (34), from a common hydrazine precursor. The
resultant esters (3, 30-31), amine (20), and halides (32, 33)
are invaluable functionalities, allowing for divergent modifica-
tion downstream. Unsymmetrical pyrazoles 30 and 31 are
obtained with complete regioselectivity, underscoring a key
advantage of utilizing well-studied condensation reactions to
access pyrazoles. Even in situations where the canonical SN2 or
cross-coupling reaction to install the pyrazole were to work,
poor regioselectivities are often observed and the less hindered

Figure 2. (A) Inspiration for a combination of one- and two-electron
approach to hindered N-alkyl azaheterocycles. (B) See SI for
experimental details.
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isomer is typically favored.11,18 Importantly, a similar yield was
observed when the reaction was performed as three discrete
steps, involving purification of the di-Boc protected hydrazine,
compared to the one-pot procedure (3), highlighting the

operational convenience. Although in some instances low to
moderate yields were observed over the entire sequence (ca.
20%), this still represents a moderate 60−80% yield for each
step. Additionally, we believe the operational ease and lack of

Figure 3. Initial scope for the one-pot synthesis of hindered N-alkyl azahetereocycles from carboxylic acids. Isolated yields reported. Standard
reaction conditions for carboxylic acid scope: alkyl carboxylic acid (1.0 equiv), DBAD (1.5 equiv), photocatalyst, base, MeCN, rt, 4 × 450 nM blue
LEDs; HCl (4 M in dioxane, 30.0 equiv), rt, 16 h; 1,1,3,3-tetraethoxypropane (1.5 equiv), HCl (37%, 3.0 equiv), EtOH (0.25 M), 70 °C, 3 h.
aWith CeCl3·7H2O (0.1 equiv), Cs2CO3 (0.25 equiv), MeCN (0.17 M), 24 h. bWith Mes-Acr-Ph (photocatalyst, 0.02 equiv), DBU (0.25 equiv),
MeCN (0.1 M), 4 h. cCondensation run in MeOH (0.25 M) at 60 °C instead of EtOH. dWith DBAD (2.0 equiv), CeCl3·7H2O (0.1 equiv),
Cs2CO3 (0.2 equiv), MeCN (0.1 M), rt, 40 h; see SI for experimental details for condensation step. DBAD = di-tert-butyl azodicarboxylate, DBU =
1,8-Diazabicyclo[5.4.0]undec-7-ene, Mes-Acr-Ph = 9-Mesityl-10-phenylacridinium tetrafluoroborate.
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direct methods to access these motifs help to offset the
limitations.
The retrosynthetic simplification enabled by this reaction

sequence is further demonstrated by the improved synthesis of
an example from the patent literature, a [2.2.2] bicycle
substituted CF3 pyrazole 36 (Figure 4). This key intermediate

toward RORγ inhibitors was previously accessed in 11 steps
and 0.4% overall yield.19 Instead, when applying the one-pot
DCH/deprotection/condensation template, the commercial
bicyclo[2.2.2]octane carboxylic acid 35 can be converted to
the pyrazole 36 in just one step (35% isolated yield) with
complete regioselectivity.
In summary, we have developed a general one-pot protocol

to access sp3-rich substituted pyrazoles and triazoles from the
corresponding carboxylic acids. By leveraging the ubiquity of
tertiary alkyl carboxylic acids, and the breadth of hydrazine
condensation reactions, this operationally simple, modular, and
regioselective approach simplifies the synthesis of previously
difficult-to-prepare hindered N-alkyl azaheterocycles. This
method has already proven to be invaluable in several internal
medicinal chemistry programs and has been employed by our
external partners as well. As such, we anticipate that this
approach will have meaningful impacts within the drug
discovery and synthetic chemistry communities.

■ ASSOCIATED CONTENT
*sı Supporting Information

The Supporting Information is available free of charge at
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01254.

Detailed experimental procedures and analytical data
(PDF)

■ AUTHOR INFORMATION
Corresponding Authors

Rohan R. Merchant − Department of Discovery Chemistry,
Merck & Co., Inc., South San Francisco, California 94080,
United States; orcid.org/0000-0002-5472-8780;
Email: rohan.merchant@merck.com

Simon B. Lang − Department of Discovery Chemistry, Merck &
Co., Inc., South San Francisco, California 94080, United
States; orcid.org/0000-0001-5380-2996;
Email: simon.lang@merck.com

Authors

Tingting Yu − IDSU, WuXi AppTec Co., Ltd., Shanghai
200131, China

Shuilian Zhao − IDSU, WuXi AppTec Co., Ltd., Shanghai
200131, China

Zhiqi Qi − IDSU, WuXi AppTec Co., Ltd., Shanghai 200131,
China

Takao Suzuki − IDSU, WuXi AppTec Co., Ltd., Shanghai
200131, China

Jianming Bao − Department of Discovery Chemistry, Merck &
Co., Inc., South San Francisco, California 94080, United States

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.0c01254

Author Contributions
§R.R.M. and S.B.L. contributed equally to this work.
Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS
We are grateful to Ethan Wappes, James Roane, W. Michael
Seganish, Donna Hayes (all from Merck & Co., Inc., South San
Francisco, CA, USA), and Brett Ambler (Merck & Co., Inc.,
West Point, PA, USA) for feedback on the manuscript. We
would like to thank Melissa Lin (Merck & Co., Inc., South San
Francisco, CA, USA) and Wilfred Pinto (Merck & Co., Inc.,
Rahway, NJ, USA) for assistance with NMR spectroscopy and
HRMS, respectively.

■ REFERENCES
(1) (a) For an overview of pyrazoles in bioactive compounds, see:
Kramer, C. S. Pyrazoles. In Priviledged Scaffolds in Medicinal Chemistry.
Design, Synthesis, Evaluation; Bras̈e, S., Ed.; The Royal Society of
Chemistry: Croydon, 2016; pp 115−131. (b) Khan, M. F.; Alam, M.
M.; Verma, G.; Akhtar, W.; Akhter, M.; Shaquiquzzaman, S. The
therapeutic voyage of pyrazole and its analogs: A review. Eur. J. Med.
Chem. 2016, 120, 170−201. (c) Roughley, S. D.; Jordan, A. M. The
medicinal chemist’s toolbox: An analysis of reactions used in the
pursuit of drug candidates. J. Med. Chem. 2011, 54, 3451−3479.
(2) (a) Da Costa, L.; Scheers, E.; Coluccia, A.; Casulli, A.; Roche,
M.; Di Giorgio, C.; Neyts, J.; Terme, T.; Cirilli, R.; La Regina, G.;
Silvestri, R.; Mirabelli, C.; Vanelle, P. Structure-Based Drug Design of
Potent Pyrazole Derivatives against Rhinovirus Replication. J. Med.
Chem. 2018, 61, 8402−8416. (b) Radeva, N.; Schiebel, J.; Wang, X.;
Krimmer, S. G.; Fu, K.; Stieler, M.; Ehrmann, F. R.; Metz, A.;
Rickmeyer, T.; Betz, M.; Winquist, J.; Park, A. Y.; Huschmann, F. U.;
Weiss, M. S.; Mueller, U.; Heine, A.; Klebe, G. Active Site Mapping of
an Aspartic Protease by Multiple Fragment Crystal Structures:
Versatile Warheads to Address a Catalytic Dyad. J. Med. Chem.
2016, 59, 9743−9759. (c) McDonald, E.; Jones, K.; Brough, P. A.;
Drysdale, M. J.; Workman, P. Discovery and Development of
Pyrazole-Scaffold Hsp90 Inhibitors. Curr. Top. Med. Chem. 2006, 6,
1193−1203. (d) Newhouse, B. J.; Hansen, J. D.; Grina, J.; Welch, M.;
Topalov, G.; Littman, N.; Callejo, M.; Martinson, M.; Galbraith, S.;
Laird, E. R.; Brandhuber, B. J.; Vigers, G.; Morales, T.; Woessner, R.;
Randolph, N.; Lyssikatos, J.; Olivero, A. Non-oxime pyrazole based
inhibitors of B-Raf kinase. Bioorg. Med. Chem. Lett. 2011, 21, 3488−
3492.
(3) Karrouchi, K.; Radi, S.; Ramli, Y.; Taoufik, J.; Mabkhot, Y. N.;
Al-Aizari, F. A.; Ansar, M. Synthesis and Pharmacological Activites of
Pyrazole Derivatives: A Review. Molecules 2018, 23, 134.
(4) (a) Lovering, F.; Bikker, J.; Humblet, C. Escape from Flatland:
Increasing Saturation as an Approach to Improving Clinical Success. J.
Med. Chem. 2009, 52, 6752−6756. (b) Lovering, F. Escape from
Flatland 2: complexity and promiscuity. MedChemComm 2013, 4,
515−519.
(5) For applications of this strategy, see: (a) Sun, S.; Jia, Q.; Zenova,
A. Y.; Wilson, M. S.; Chowdhury, S.; Focken, T.; Li, J.; Decker, S.;
Grimwood, M. E.; Andrez, J.-C.; Hemeon, I.; Sheng, T.; Chen, C.-A.;
White, A.; Hackos, D. H.; Deng, L.; Bankar, G.; Khakh, K.; Chang, E.;

Figure 4. Simplified synthesis of N-alkyl pyrazole 36 toward RORγ
inhibitors. See SI for experimental details.

Organic Letters pubs.acs.org/OrgLett Letter

https://dx.doi.org/10.1021/acs.orglett.0c01254
Org. Lett. XXXX, XXX, XXX−XXX

D

https://pubs.acs.org/doi/10.1021/acs.orglett.0c01254?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c01254/suppl_file/ol0c01254_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Rohan+R.+Merchant"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-5472-8780
mailto:rohan.merchant@merck.com
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Simon+B.+Lang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0001-5380-2996
mailto:simon.lang@merck.com
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Tingting+Yu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Shuilian+Zhao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Zhiqi+Qi"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Takao+Suzuki"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jianming+Bao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01254?ref=pdf
https://dx.doi.org/10.1016/j.ejmech.2016.04.077
https://dx.doi.org/10.1016/j.ejmech.2016.04.077
https://dx.doi.org/10.1021/jm200187y
https://dx.doi.org/10.1021/jm200187y
https://dx.doi.org/10.1021/jm200187y
https://dx.doi.org/10.1021/acs.jmedchem.8b00931
https://dx.doi.org/10.1021/acs.jmedchem.8b00931
https://dx.doi.org/10.1021/acs.jmedchem.6b01195
https://dx.doi.org/10.1021/acs.jmedchem.6b01195
https://dx.doi.org/10.1021/acs.jmedchem.6b01195
https://dx.doi.org/10.2174/156802606777812086
https://dx.doi.org/10.2174/156802606777812086
https://dx.doi.org/10.1016/j.bmcl.2010.12.038
https://dx.doi.org/10.1016/j.bmcl.2010.12.038
https://dx.doi.org/10.3390/molecules23010134
https://dx.doi.org/10.3390/molecules23010134
https://dx.doi.org/10.1021/jm901241e
https://dx.doi.org/10.1021/jm901241e
https://dx.doi.org/10.1039/c2md20347b
https://dx.doi.org/10.1039/c2md20347b
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01254?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01254?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01254?fig=fig4&ref=pdf
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.0c01254/suppl_file/ol0c01254_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.orglett.0c01254?fig=fig4&ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c01254?ref=pdf


Kwan, R.; Lin, S.; Nelkenbrecher, K.; Sellers, B. D.; DiPasquale, A. G.;
Chang, J.; Pang, J.; Sojo, L.; Lindgren, A.; Waldbrook, M.; Xie, Z.;
Young, C.; Johnson, J. P.; Robinette, C. L.; Cohen, C. J.; Safina, B. S.;
Sutherlin, D. P.; Ortwine, D. F.; Dehnhardt, C. M. Identification of
Selective Acyl Sulfonamide-Cycloalkylether Inhibitors of the Voltage-
Gated Sodium Channel (NaV) 1.7 wiyj Potent Analgesic Activity. J.
Med. Chem. 2019, 62, 908−927. (b) Hirata, K.; Kotoku, M.; Seki, N.;
Maeba, T.; Maeda, K.; Hirashima, S.; Sakai, T.; Obika, S.; Hori, A.;
Hase, Y.; Yamaguchi, T.; Katsuda, Y.; Hata, T.; Miyagawa, N.; Arita,
K.; Nomura, Y.; Asahina, K.; Aratsu, Y.; Kamada, M.; Adachi, T.;
Noguchi, M.; Doi, S.; Crowe, P.; Bradley, E.; Steensma, R.; Tao, H.;
Fenn, M.; Babine, R.; Li, X.; Thacher, S.; Hashimoto, H.; Shiozaki, M.
SAR Exploration Guided by LE and FSP3: Discovery of a Selective
and Orally Efficacious RORγ Inhibitor. ACS Med. Chem. Lett. 2016, 7,
23−27. (c) Knoepfel, T.; Furet, P.; Mah, R.; Buschmann, N.; Leblanc,
C.; Ripoche, S.; Graus-Porta, D.; Wartmann, M.; Galuba, I.; Fairhurst,
R. A. 2-Formylpyridyl Ureas as Highly Selective Reversible-Covalent
Inhibitors of Fibroblast Growth Factor Receptor 4. ACS Med. Chem.
Lett. 2018, 9, 215−220.
(6) Futatsugi, K.; Kung, D. W.; Orr, S. T. M.; Cabral, S.; Hepworth,
D.; Aspnes, G.; Bader, S.; Bian, J.; Boehm, M.; Carpino, P. A.; Coffey,
S. B.; Dowling, M. S.; Herr, M.; Jiao, W.; Lavergne, S. Y.; Li, Q.;
Clark, R. W.; Erion, D. M.; Kou, K.; Lee, K.; Pabst, B. A.; Perez, S. M.;
Purkal, J.; Jorgensen, C. C.; Goosen, T. C.; Gosset, J. R.; Niosi, M.;
Pettersen, J. C.; Pfefferkorn, J. A.; Ahn, K.; Goodwin, B. Discovery
and Optimization of Imidazopyridine-Based Inhibitors of Diacylgly-
cerol Acyltransferase 2 (DGAT2). J. Med. Chem. 2015, 58, 7173−
7185.
(7) For a one-pot approach to pyrazoles from amines using an
unstable oxidant, see: Armstrong, A.; Jones, L. H.; Knight, J. D.;
Kelsey, R. Oxaziridine-Mediated Amination of Primary Amines:
Scope and Application to a One-Pot Pyrazole Synthesis. Org. Lett.
2005, 7, 713−716.
(8) For recent perspectives, see: (a) Yan, M.; Lo, J. C.; Edwards, J.
T.; Baran, P. S. Radicals: Reactive Intermediates with Translational
Potential. J. Am. Chem. Soc. 2016, 138, 12692−12714. (b) Smith, J.
M.; Harwood, S. J.; Baran, P. S. Radical Retrosynthesis. Acc. Chem.
Res. 2018, 51, 1807−1817.
(9) (a) Knorr, L. Einwirkung von Acetessigester auf Phenyl-
hydrazine. Ber. Dtsch. Chem. Ges. 1883, 16, 2597−2599. (b) Brown,
D. G.; Boström, J. Analysis of past and present synthetic method-
ologies on medicinal chemistry: Where have all the reactions gone? J.
Med. Chem. 2016, 59, 4443−4458.
(10) (a) Lang, S. B.; Cartwright, K. C.; Welter, R. S.; Locascio, T.
M.; Tunge, J. A. Photocatalytic Aminodecarboxylation of Carboxylic
Acids. Eur. J. Org. Chem. 2016, 2016, 3331−3334. (b) Yatham, V. R.;
Bellotti, P.; König, B. Decarboxylative hydrazination of unactivated
carboxylic acids by cerium photocatalysis. Chem. Commun. 2019, 55,
3489−3492. (c) Feng, G.; Wang, X.; Jin, J. Decarboxylative C-C and
C-N Bond Formation by Ligand-Accelerated Iron Photocatalysis. Eur.
J. Org. Chem. 2019, 2019, 6728−6732.
(11) Liang, Y.; Zhang, X.; MacMillan, D. W. C. Decarboxylative sp3

C-N coupling via dual copper and photoredox catalysis. Nature 2018,
559, 83−88.
(12) For the cross-coupling of an arylvinyl boronic acid followed by
Simmons-Smith cyclopropanation, see: Estrada, A. A.; Feng, J. A.;
Fox, B.; Leslie, C. P.; Lyssikatos, J. P.; Pozzan, A.; Sweeney, Z. K.; De
Vincente Fidalgo, J. Inhibitors of Receptor-Interacting Protein Kinase
1. WO 2017136727, October 8, 2017.
(13) For the conversion of a cyclopropylamine to the hydrazine and
condensation, see: Frattini, S.; Bakker, R.; Giovannini, R.; Fossati, G.;
Hamprecht, D.; Lingard, I.; Pautsch, A.; Wellenzohn, B. Preparation
of heteroarylcarboxamide derivatives as plasma kallikrein inhibitors.
WO 2017072021, May 4, 2017. For the preparation of the
cylcopropyl amine see: Zhang, D.; Zheng, H.; Wang, X. General
and cost-effective synthesis of 1-heteroaryl/arylcycloalkylamines and
their broad applications. Tetrahedron 2016, 72, 1941−1953.
(14) EAS examples in a med-chem setting: (a) Yoshikawa, M.;
Saitoh, M.; Katoh, T.; Seki, T.; Bigi, S. V.; Shimizu, Y.; Ishii, T.; Okai,

T.; Kuno, M.; Hattori, H.; Watanabe, E.; Saikatendu, K. S.; Zou, H.;
Nakakariya, M.; Tatamiya, T.; Nakada, Y.; Yogo, T. Discovery of 7-
Oxo-2,4,5,7-tetrahydro-6H-pyrazolo[3,4-c]pyridine Derivatives as Po-
tent, Orally Available, and Brain-Penetrating Receptor Interacting
Protein 1 (RIP1) Kinase Inhibitors: Anaylsis of Structure-Kinetic
Relationships. J. Med. Chem. 2018, 61, 2384−2409. (b) Roppe, J.;
Smith, N. D.; Huang, D.; Tehrani, L.; Wang, B.; Anderson, J.;
Brodkin, J.; Chung, J.; Jiang, X.; King, C.; Munoz, B.; Varney, M. A.;
Prasit, P.; Cosford, N. D. P. Discovery of Novel Heteroarylazoles That
Are Metabotropic Glutamate Subtype 5 Receptor Agonsits with
Anxiolytic Activity. J. Med. Chem. 2004, 47, 4645−4648.
(15) (a) Meanwell, N. A. Synopsis of some recent tactical
application of bioisosteres in drug design. J. Med. Chem. 2011, 54,
2529−2591. (b) Stepan, A. F.; Subramanyam, C.; Efremov, I. V.;
Dutra, J. K.; O’Sullivan, T. J.; DiRico, K. J.; McDonald, W. S.; Won,
A.; Dorff, P. H.; Nolan, C. E.; Becker, S. L.; Pustilnik, L. R.; Riddell,
D. R.; Kauffman, G. W.; Kormos, B. L.; Zhang, L.; Lu, Y.; Capetta, S.
H.; Green, M. E.; Karki, K.; Sibley, E.; Atchison, K. P.; Hallgren, A. J.;
Oborski, C. E.; Robshaw, A. E.; Sneed, B.; O’Donnell, C. J.
Application of the Bicyclo[1.1.1]pentane Motif as a Nonclassical
Phenyl Ring Biostere in the Design of a Potent and Orally Active γ-
Secretase Inhibitor. J. Med. Chem. 2012, 55, 3414−3424. (c) Mykhai-
liuk, P. K. Saturated bioisosteres of benzene: where to go next? Org.
Biomol. Chem. 2019, 17, 2839−2849.
(16) Talele, T. T. The “Cyclopropyl Fragment” is a Versatile Player
that Frequently Appears in Preclinical/Clinical Drug Molecules. J.
Med. Chem. 2016, 59, 8712−8756.
(17) Waddell, S. T.; Santorelli, G. M.; Maletic, M. M.; Leeman, A.
H.; Gu, X.; Graham, D. W.; Balkovec, J. M.; Aster, S. D. Triazole
derivatives as inhibitors of 11-beta-hydroxysteroid dehydrogenase-1.
US 20040133011, July 8, 2004.
(18) A radical decarboxylative hydrazination/condensation approach
avoids regioisomeric mixtures from classical alkylation methods and
provides a complementary approach to direct cross-coupling (ref 11)
where the presence of ligated copper ensures coupling takes place at
the least hindered site.
(19) Beck, H. P.; Booker, S. K.; Bregman, H.; Cee, V. J.; Chakka, N.;
Cushing, T. D.; Epstein, O.; Fox, B. M.; Geuns-Meyer, S.; Hao, X.;
Hibiya, K.; Hirata, J.; Hua, Z.; Human, J.; Kakuda, S.; Lopez, P.;
Nakajima, R.; Okada, K.; Olson, S. H.; Oono, H.; Pennington, L. D.;
Sasaki, K.; Shimada, K.; Shin, Y.; White, R. D.; Wurz, R. P.; Yi, S.;
Zheng, X. M. Pyrazole amide derivative. WO 2015129926, September
3, 2015.

Organic Letters pubs.acs.org/OrgLett Letter

https://dx.doi.org/10.1021/acs.orglett.0c01254
Org. Lett. XXXX, XXX, XXX−XXX

E

https://dx.doi.org/10.1021/acs.jmedchem.8b01621
https://dx.doi.org/10.1021/acs.jmedchem.8b01621
https://dx.doi.org/10.1021/acs.jmedchem.8b01621
https://dx.doi.org/10.1021/acsmedchemlett.5b00253
https://dx.doi.org/10.1021/acsmedchemlett.5b00253
https://dx.doi.org/10.1021/acsmedchemlett.7b00485
https://dx.doi.org/10.1021/acsmedchemlett.7b00485
https://dx.doi.org/10.1021/acs.jmedchem.5b01006
https://dx.doi.org/10.1021/acs.jmedchem.5b01006
https://dx.doi.org/10.1021/acs.jmedchem.5b01006
https://dx.doi.org/10.1021/ol0474507
https://dx.doi.org/10.1021/ol0474507
https://dx.doi.org/10.1021/jacs.6b08856
https://dx.doi.org/10.1021/jacs.6b08856
https://dx.doi.org/10.1021/acs.accounts.8b00209
https://dx.doi.org/10.1002/cber.188301602194
https://dx.doi.org/10.1002/cber.188301602194
https://dx.doi.org/10.1021/acs.jmedchem.5b01409
https://dx.doi.org/10.1021/acs.jmedchem.5b01409
https://dx.doi.org/10.1002/ejoc.201600620
https://dx.doi.org/10.1002/ejoc.201600620
https://dx.doi.org/10.1039/C9CC00492K
https://dx.doi.org/10.1039/C9CC00492K
https://dx.doi.org/10.1002/ejoc.201901381
https://dx.doi.org/10.1002/ejoc.201901381
https://dx.doi.org/10.1038/s41586-018-0234-8
https://dx.doi.org/10.1038/s41586-018-0234-8
https://dx.doi.org/10.1016/j.tet.2016.02.060
https://dx.doi.org/10.1016/j.tet.2016.02.060
https://dx.doi.org/10.1016/j.tet.2016.02.060
https://dx.doi.org/10.1021/acs.jmedchem.7b01647
https://dx.doi.org/10.1021/acs.jmedchem.7b01647
https://dx.doi.org/10.1021/acs.jmedchem.7b01647
https://dx.doi.org/10.1021/acs.jmedchem.7b01647
https://dx.doi.org/10.1021/acs.jmedchem.7b01647
https://dx.doi.org/10.1021/jm049828c
https://dx.doi.org/10.1021/jm049828c
https://dx.doi.org/10.1021/jm049828c
https://dx.doi.org/10.1021/jm1013693
https://dx.doi.org/10.1021/jm1013693
https://dx.doi.org/10.1021/jm300094u
https://dx.doi.org/10.1021/jm300094u
https://dx.doi.org/10.1021/jm300094u
https://dx.doi.org/10.1039/C8OB02812E
https://dx.doi.org/10.1021/acs.jmedchem.6b00472
https://dx.doi.org/10.1021/acs.jmedchem.6b00472
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.0c01254?ref=pdf

