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ABSTRACT: A robust nickel-catalyzed oxidative isocyanide insertion/
C−H amination by reaction of readily available N-uracil-amidines with
isocyanides affording polysubstituted pyrimidouracils has been
reported. The reaction proceeds in moderate to quantitative yield,
under mild conditions (i.e., green solvent, air atmosphere, moderate
temperature). The broad range of structurally diverse isocyanides and
N-uracil-amidines that are tolerated make this method an interesting
alternative to the currently available procedures toward pyrimidouracils.

Transition-metal-catalyzed isocyanide insertions have been
dominated by palladium catalysis,1 but the last couple of

years have seen a surge in row IV base metal catalysis.2 In
addition to their higher natural abundancy and lower cost as
advantages, which render these base metals more interesting
from an economic and sustainability standpoint, row IV metals
can also participate in one-electron transfer processes.3 This
reactivity is not observed in palladium catalysis, and opens up
new, mechanistically distinct reaction pathways for the
synthesis of heterocyclic scaffolds. For example, fused
pyrimidine scaffolds commonly occur in nature, and related
heterocycles have been reported to demonstrate a variety of
biological activities, like adenosine potentiating (coronary
dilatators),4 antioxidant,5 antifungal,6 antiviral,7 and antibacte-
rial8 activities. Additionally, similar structures have been
reported as phosphoribosyl-1-pyrophosphate synthetase inhib-
itors9 and dihydrofolate reductase inhibitors.10 Although these
pyrimidouracils show promise as biologically active scaffolds,
the current syntheses have a very narrow scope, utilize highly
specific reactants, or require harsh conditions. Recently, we
reported the Cu(I)-catalyzed oxidative amination of N-uracil-
amidines 1 to afford substituted xanthines (Scheme 1).11 We
envisioned that combining this with isocyanide insertion could
provide efficient access to pyrimido[4,5-d]pyrimidine-2,4-
diones (pyrimidouracils) (Scheme 1). The starting materials,
the N-uracil-amidines 1, are readily available from 6-
chlorouracils.11 We started our studies to develop an
intramolecular imidoylative amination toward functionalized
pyrimidouracils with the model reaction of N-(1,3-dibenzyl-
uracil)benzamidine 1a with t-BuNC (2a). When applying the
reaction conditions developed to obtain 1,3-dibenzyl-8-phenyl-
xanthine (Scheme 1) in combination with 2a, no formation of
the desired compound 3a was observed, irrespective of the
oxidant (see Supporting Information (SI)).11 Optimization of
the transition metal catalyst led to Ni(OAc)2·4H2O as the

optimal catalyst (see SI). Nickel catalysis has been extensively
investigated in polymerization of isocyanides.13 Although
imidoylative nickel catalysis in small molecule synthesis was
first reported in 1993,14 it has remained underinvestigated, and
only a handful of redox-neutral15 and oxidative16 examples
have been reported since. Satisfyingly, 15 mol % Ni(OAc)2·
4H2O in DMSO at 120 °C under an oxygen atmosphere gave
93% pyrimidouracil 3a after 5 h (Table 1, entry 1).
Subsequently, the influence of the temperature, reaction
time, and solvent was studied. The temperature could be
lowered to 50 °C without a significant drop in yield of 3a
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Scheme 1. Direct Oxidative and Oxidative Imidoylative
Amination of N-Uracil-amidines
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(entries 1−6). At this temperature, the reaction is effective in
both polar and apolar aprotic solvents. The efficacy of
recommended solvents with respect to green chemistry12 was
investigated, most of which afforded 3a in good yield (entries
9−13), although protic ethylene glycol did not lead to product
formation (entry 8). Anisole proved to be the optimal solvent
in terms of both efficiency and green credentials, affording 3a in
99% yield after 16 h at 50 °C (entry 11). When we performed
the reaction under air rather than under an atmosphere of
molecular oxygen, no discernible decrease in yield of 3a
(entries 11 and 14) was observed. In the model reaction,
combining 1a and 2a, the catalyst loading could be lowered to
1% (entry 15). Unfortunately, this low loading was later found
to give diminished yields when isocyanides other than t-BuNC
(2a) were employed. Thus, we selected a 5 mol % catalyst as
the optimal conditions for this imidoylative amination (entry
14). Curiously, when the reaction was performed under an
argon atmosphere under otherwise identical conditions, the
corresponding pyrimidouracil 3a was still formed in high yield

(entry 16).17 With these conditions in hand, we set out to
investigate the scope of this transformation. First we
investigated the reaction of different isocyanides 2 with
benzimidamide 1a, affording pyrimidouracils 3 (Scheme 2A).
Tertiary aliphatic isocyanides smoothly couple with 1a to
afford the corresponding pyrimidouracils 3a and 3f under the

Table 1. Optimization of Conditions for Direct Oxidative
Imidoylative Amination towards 3aa

aSelected examples, full optimization study in the SI. Reaction
conditions: N-(1,3-dibenzyluracil)benzimidamide (1a, 0.5 mmol, 1
equiv), tert-butyl isocyanide (2a, 1.5 mmol, 3.0 equiv), and Ni(OAc)2·
4H2O (0.025 mmol, 5 mol %) were stirred at indicated temperature
for indicated time. bColored according to Chem21 solvent guide12

(red = hazardous, yellow = problematic, green = recommended).
cYield determined by 1H NMR analysis using 1,3,5-trimethoxy-
benzene as an internal standard. dNi(OAc)2.4H2O (15 mol %) and t-
BuNC (2a, 1.0 mmol, 2.0 equiv). ePerformed under an air
atmosphere. fNi(OAc)2·4H2O (1 mol %). gPerformed under an Ar
atmosphere. EG = ethylene glycol, MIBK = methyl isobutyl ketone,
DMC = dimethyl carbonate, PC = propylene carbonate.

Scheme 2. Isocyanide Scope in Combination with
Substituted N-(1,3-Dibenzyluracil)-benzimidamides 1a−da

aReaction conditions: 1 (0.5 mmol), isocyanide 2 (1.25 mmol),
Ni(OAc)2·4H2O (0.025 mmol) in anisole (2 mL), run under air at 50
°C. bPerformed on 1 mmol scale.
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optimized conditions. Utilization of aliphatic secondary
isocyanides afforded pyrimidouracils 3b and 3c, in good
yields, and even the use of functionalized N,N-diethyl-4-
isocyanopentan-1-amine furnished the product 3g in accept-
able yield. Both cyclic (3c) and acyclic (3b, 3g) secondary
isocyanides are tolerated. Primary and benzylic isocyanides
were also readily inserted, leading to the corresponding
pyrimidouracils 3d, 3e, 3h, and 3i in high yield. Even aromatic
isocyanides appear compatible with the optimized conditions.
For example pyrimidouracil 3j was formed in good yield using
our methodology. Even the electron-deficient methyl 2-
isocyanobenzoate could be converted into pyrimidouracil
3m, although in diminished yield. Employing the notoriously
unstable 2-naphtyl isocyanide did not furnish pyrimidouracil
3k, but led to immediate and full decomposition. Next, we
turned our attention to chart the scope of the N-(1,3-
dibenzyluracil)amidines 1 in this nickel-catalyzed cross-
dehydrogenative imidoylative amination process. First, we
studied substitutions on the N-(1,3-dibenzyluracil)-
benzimidamides (1b−d) as input for our reaction (Scheme
2B). The use of N-(1,3-dibenzyluracil)-4-chloro-
benzimidamide 1b with differently substituted isocyanides 2
led to the isolation of the corresponding functionalized
pyrimidouracils 4a−c in excellent yields. With a stronger
electron-withdrawing trifluoromethyl group on the benzimida-
mide moiety (1c), our protocol generally afforded pyrimidour-
acils 4d−f in slightly lower yields. Similar observations were
observed with the more electron-rich N-(1,3-dibenzyluracil)-4-
methoxybenzimid-amide 1d affording pyrimidouracils 4g−i
(Scheme 2B). These results confirm the above-described
finding that our reaction not only is quite generally compatible
with tertiary isocyanides but also tolerates primary, secondary
aliphatic and aromatic isocyanides. Hereafter, N-(1,3-dibenzyl-
uracil)alkimidamides 1e−g featuring an aliphatic rather than
an aromatic R2-functionality were also investigated (Scheme
3). Gratifyingly, N-(1,3-dibenzyluracil) acetimidamide 1e was
readily converted to the corresponding pyrimidouracils 5a−h
under the previously optimized conditions using a range of
diversely functionalized isocyanides 2.
Pyrimidouracil 5b was isolated in moderate yield (30%),

presumably due to the volatility of isopropyl isocyanide.
Compared to the 2- arylated pyrimidouracils 4, the 2-
methylpyrimidouracils 5 are generally produced in somewhat
lower yields. The relatively low yield of 5g can be explained by
the promiscuous reactivity of N-(2-isocyanoethyl)morpholine.
These β-amino isocyanides are known to intramolecularly form
internal imidoyl species as a side reaction.18 Aromatic
isocyanides such as 2,6-dimethylphenylisocyanide are compat-
ible with the developed conditions (5h), although naphthyl
isocyanide again did not furnish isolable quantities of 5i.
Increasing the size of the amidine substituent (R2) leads to a
significant and consistent increase in the yield of pyrimidour-
acils 5. Thus, when isopropyl-substituted amidine 1f was
reacted with tert-butyl-, cyclohexyl-, and 2,6-dimethylphenyl
isocyanide, the corresponding pyrimidouracils 5j−m could be
isolated in good to quantitative yield. Unfortunately,
immediate polymerization was observed in the synthesis of
5n, as the reaction mixture turned black and turbid upon
adding 2-bromo-4-fluorophenyl isocyanide. Pyrimidouracil 5n
was not observed. Satisfyingly, our catalytic system has a high
tolerance for the amidine substrate, as illustrated by the use of
N-(1,3-dibenzyluracil)pivalimidamide 1g (Scheme 3). The
corresponding 7-tert-butyl pyrimidouracils 5o−s could be

obtained in good to excellent yields under the optimized
conditions. The substrate 1g showed excellent compatibility
with secondary and tertiary aliphatic isocyanides to afford 5o
and 5p, but also with benzyl isocyanide, allowing for the
formation of 5q. Our system proves to be compatible with
commercially available aromatic isocyanides as well, as
evidenced by the isolation of 5r and 5s in good yields. Even
the use of the α-acidic methyl isocyanoacetate led to the
formation of 5t, albeit in low yield (14%). To directly access
pyrimidouracils of type 6, featuring N-methyl substituents, we
also performed several reactions with N-(1,3-dimethyluracil)-
benzimidamide 1h (Scheme 4). The combination of 1h with
primary, secondary, and tertiary aliphatic isocyanides gave the
corresponding dimethylated pyrimidouracils 6a−c in good to

Scheme 3. Isocyanide Scope in Combination with N-(1,3-
dibenzyluracil)alkanimidamides 1e−g

aReaction conditions: 1 (0.5 mmol), isocyanide 2 (1.25 mmol),
Ni(OAc)2·4H2O (0.025 mmol) in anisole (2 mL), run under air at 50
°C.
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excellent yields. Pyrimidouracils 6 are more prone to tailing,
rendering column chromatography more cumbersome. Still,
functionalized isocyanides perform rather well in combination
with 1h. For example, the N5-functionalized pyrimidouracil 6d
was isolated in a respectable 51% yield while 49% of the
substrate 1h could be recovered. Apparently this reaction
proceeds less readily, similar to the formation of 5g (Scheme
3). Satisfyingly, the reaction with aromatic 4-methoxyphenyl
isocyanide afforded the corresponding 1,3-dimethylated-5-(4-
methoxy-phenyl)-pyrimidouracil 6e, albeit in only 21% yield.
It is noteworthy that our methodology can be used in

combination with a deprotection step to liberate 1,3-
unsubstituted pyrimidouracils 7 or 5-aminopyrimidouracils 8
allowing postfunctionalization (Scheme 5A). Palladium-cata-
lyzed hydrogenolysis afforded the 1,3-debenzylated pyrimi-
douracil 7 with excellent conversion. However, purification
proved challenging, providing the target compound 7 in only
50% isolated yield. Similarly, when pyrimidouracil 1a was
treated with triflic acid the amine 8 was obtained quantitatively
without further purification (Scheme 5B).

In order to elucidate the mechanism, several control
experiments were performed (Scheme 6). A radical mecha-

nism19 involving homolytic aromatic substitution is not
deemed likely, as addition of TEMPO (2.0 equiv) does not
hamper the formation of pyrimidouracil 3a under standard
reaction conditions (Scheme 6a).19a,20 Such a mechanism
would imply a heterolytic aromatic substitution, which is also
deemed unlikely due to the fact this reactivity is not observed
in the less electron-rich benzamidine analogue 9, even under
elevated temperatures. Additionally, we investigated the
possibility of β-hydride elimination of proposed intermediate
II (Scheme 7). Replacing the amidine proton with a benzyl
functionality (11) completely inhibits the conversion to 5-
(tert-butylimino)-5,6-dihydropyrimido[4,5-d]pyrimidine-2,4-
(1H,3H)-dione 12. While this lends some credibility to a

Scheme 4. Isocyanide Scope in Combination with N-(1,3-
Dimethyluracil)benzimidamide 1h

aReaction conditions: 1h (0.5 mmol), isocyanide 2 (1.25 mmol),
Ni(OAc)2·4H2O (0.025 mmol) in anisole (2 mL), run under air at 50
°C.

Scheme 5. Post-functionalization of Pyrimidouracils

Scheme 6. Control Experiments

Scheme 7. Proposed Mechanism
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mechanism including a β-hydride elimination mediated
formation of the corresponding carbodiimide V, it does not
fully exclude the Ni(II)/Ni(III) catalyzed mechanism (Scheme
7).16a,b,21 The reaction is initiated by the formation of N-
amidinonickel intermediate I. Subsequent insertion of the
isocyanide affords C-amidinonickel intermediate II. This
intermediate undergoes C−H functionalization to give nickela-
cycle intermediate III. After one-electron oxidation to cyclic
Ni(III) intermediate IV, reductive elimination furnishes the
observed pyrimidouracils and a Ni(I) species, which undergoes
a second one-electron oxidation to regenerate the Ni(II)
catalyst. Alternatively, β-hydride elimination from the likely
intermediate II affords the carbodiimide V, which may cyclize
to the product 3.
In conclusion, we have developed a highly effective and

robust nickel-catalyzed cross-dehydrogenative imidoylative
amination of N-uracil-amidines (1) with isocyanides affording
underexplored fused pyrimidouracils. The transformation
proceeds with high efficiency, regardless of the steric and
electronic nature of the N-uracil-amidine substrate. Addition-
ally, this imidoylative C−H functionalization is compatible
with a broad range of isocyanides, including primary,
secondary, and tertiary aliphatic, benzylic, and aromatic
isocyanides. Finally, we were able to liberate the corresponding
deprotected products 7 and 8 using standard procedures.
Current efforts in our laboratories are directed toward a better
understanding of the mechanism of this type of transformation
as well as further scaffold variations to access a broader range
of nitrogen heterocycles.
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Beńed́icte Morel − University of Antwerp, Antwerp,
Belgium

Hung-Chien Lin − Vrije Universiteit Amsterdam,
Amsterdam, The Netherlands

Thomas R. Roose − Vrije Universiteit Amsterdam,
Amsterdam, The Netherlands

Pieter Mampuys − Vrije Universiteit Amsterdam,
Amsterdam, The Netherlands, and University of Antwerp,
Antwerp, Belgium; orcid.org/0000-0001-7599-8168

Complete contact information is available at:
https://pubs.acs.org/10.1021/acs.orglett.9b04387

Author Contributions
§J.W.C. and B.M. contributed equally.

Notes

The authors declare no competing financial interest.

■ ACKNOWLEDGMENTS

Financial support from The Netherlands Organization for
Scientific Research (NWO), the Research Foundation Flanders
(FWO), the Francqui Foundation, and the University of
Antwerp (BOF Scholarship to J.W.C.) is gratefully acknowl-
edged. The research leading to these results has also received
support from the Innovative Medicines Initiative (www.imi.
europa.eu) Joint Undertaking under Grant Agreement No.
115360, resources of which are composed of financial
contribution from the European Union’s Seventh Framework
Programme (FP7/2007-2013) and EFPIA companies’ in kind
contribution.

■ REFERENCES
(1) (a) Vlaar, T.; Ruijter, E.; Maes, B. U. W.; Orru, R. V. A. Angew.
Chem., Int. Ed. 2013, 52, 7084−7097; Angew. Chem. 2013, 125,
7222−7236. (b) Lang, S. Chem. Soc. Rev. 2013, 42, 4867−4880.
(c) Qiu, G.; Ding, Q.; Wu, J. Chem. Soc. Rev. 2013, 42, 5257−5269.
(d) Collet, J. W.; Ackermans, K.; Lambregts, J.; Maes, B. U. W.; Orru,
R. V. A.; Ruijter, E. J. Org. Chem. 2018, 83, 854−861.
(2) Collet, J. W.; Roose, T. R.; Ruijter, E.; Maes, B. U. W.; Orru, R.
Angew. Chem., Int. Ed. 2020, 59, 540.
(3) Maes, J.; Mitchell, E. A.; Maes, B. U. W. Chapter 16: Base Metals
in Catalysis: From Zero to Hero. Green and Sustainable Medicinal
Chemistry: Methods, Tools and Strategies for the 21st Century
Pharmaceutical Industry; The Royal Society of Chemistry: 2016; pp
192−202. DOI: 10.1039/9781782625940-00192.
(4) Nott, M. W. Br. J. Pharmacol. 1970, 39, 287−295.
(5) (a) de la Cruz, J. P.; Carrasco, T.; Ortega, G.; de la Cuesta, F. S.
Lipids 1992, 27, 192−194. (b) Vartale, S. P.; Kalyankar, B. D.; Ubale,
P. N. Journal of Applicable Chemistry 2016, 5, 427−434.
(6) Aksinenko, A. Y.; Goreva, T. V.; Epishina, T. A.; Trepalin, S. V.;
Sokolov, V. B. J. Fluorine Chem. 2016, 188, 191−195.
(7) Sanghvi, Y. S.; Larson, S. B.; Matsumoto, S. S.; Nord, L. D.;
Smee, D. F.; Willis, R. C.; Avery, T. L.; Robins, R. K.; Revankar, G. R.
J. Med. Chem. 1989, 32, 629−637.
(8) Sharma, P.; Rane, N.; Gurram, V. K. Bioorg. Med. Chem. Lett.
2004, 14, 4185−4190.
(9) Fry, D. W.; Becker, M. A.; Switzer, R. L. Mol. Pharmacol. 1995,
47, 810−815.
(10) Gebauer, M. G.; McKinlay, C.; Gready, J. E. Eur. J. Med. Chem.
2003, 38, 719−728.
(11) Morel, B.; Franck, P.; Bidange, J.; Sergeyev, S.; Smith, D. A.;
Moseley, J. D.; Maes, B. U. W. ChemSusChem 2017, 10, 624−628.
(12) Prat, D.; Wells, A.; Hayler, J.; Sneddon, H.; McElroy, C. R.;
Abou-Shehada, S.; Dunn, P. J. Green Chem. 2016, 18, 288−296.
(13) (a) Schwartz, E.; Koepf, M.; Kitto, H. J.; Nolte, R. J. M.;
Rowan, A. E. Polym. Chem. 2011, 2, 33−47. (b) Nolte, R. J. M. Chem.
Soc. Rev. 1994, 23, 11−19. (c) Millich, F. Chem. Rev. 1972, 72, 101−
113. (d) Millich, F. Macromol. Rev. 1980, 15, 207−253.
(14) Kiyoi, T.; Seko, N.; Yoshino, K.; Ito, Y. J. Org. Chem. 1993, 58,
5118−5120.

Organic Letters pubs.acs.org/OrgLett Letter

https://dx.doi.org/10.1021/acs.orglett.9b04387
Org. Lett. 2020, 22, 914−919

918

https://pubs.acs.org/doi/10.1021/acs.orglett.9b04387?goto=supporting-info
http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.9b04387/suppl_file/ol9b04387_si_001.pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Romano+V.+A.+Orru"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0003-1142-6798
http://orcid.org/0000-0003-1142-6798
mailto:r.v.a.orru@vu.nl
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Eelco+Ruijter"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0002-1105-3947
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Bert+U.+W.+Maes"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0003-0431-7606
mailto:bert.maes@uantwerp.be
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Jurrie%CC%88n+W.+Collet"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Be%CC%81ne%CC%81dicte+Morel"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Hung-Chien+Lin"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Thomas+R.+Roose"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Pieter+Mampuys"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
http://orcid.org/0000-0001-7599-8168
https://pubs.acs.org/doi/10.1021/acs.orglett.9b04387?ref=pdf
http://www.imi.europa.eu
http://www.imi.europa.eu
https://dx.doi.org/10.1039/9781782625940-00192
https://dx.doi.org/10.1039/9781782625940-00192
https://dx.doi.org/10.1039/9781782625940-00192?ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.9b04387?ref=pdf


(15) (a) Fei, X.-D.; Tang, T.; Ge, Z.-Y.; Zhu, Y.-M. Synth. Commun.
2013, 43, 3262−3271. (b) Liu, R.; Juan; Wang, P.; Fei; Yuan, W.;
Kui; Wen, L.; Rong; Li, M. Adv. Synth. Catal. 2017, 359, 1373−1378.
(16) (a) Hao, W.; Tian, J.; Li, W.; Shi, R.; Huang, Z.; Lei, A. Chem. -
Asian J. 2016, 11, 1664−1667. (b) Shinde, A. H.; Arepally, S.;
Baravkar, M. D.; Sharada, D. S. J. Org. Chem. 2017, 82, 331−342.
(c) Wang, G.-N.; Zhu, T.-H.; Wang, S.-Y.; Wei, T.-Q.; Ji, S.-J.
Tetrahedron 2014, 70, 8079−8083. (d) Yuan, W.-K.; Liu, Y. F.; Lan,
Z.; Wen, L.-R.; Li, M. Org. Lett. 2018, 20, 7158−7162.
(17) Under an argon atmosphere, the reaction likely proceeds to
completion via an acceptorless dehydrogenative mechanism, albeit
much slower than under an air or oxygen atmosphere (for details, see
Supporting Information).
(18) (a) Osborn, H.; Schneider, J. F. 2-Morpholinoethyl Isocyanide.
Encyclopedia of Reagents for Organic Synthesis, 2012; DOI: 10.1002/
047084289X.rm291.pub2. (b) Cioc, R. C.; Schaepkens van Riempst,
L.; Schuckman, P.; Ruijter, E.; Orru, R. V. A. Synthesis 2017, 49,
1664−1674.
(19) (a) Zhu, T.-H.; Wang, S.-Y.; Wei, T.-Q.; Ji, S.-J. Adv. Synth.
Catal. 2015, 357, 823−828. (b) Zhu, Z.-Q.; Wang, T.-T.; Bai, P.;
Huang, Z.-Z. Org. Biomol. Chem. 2014, 12, 5839−5842.
(20) Zhu, T.-H.; Xu, X.-P.; Cao, J.-J.; Wei, T.-Q.; Wang, S.-Y.; Ji, S.-
J. Adv. Synth. Catal. 2014, 356, 509−518.
(21) Yan, Q.; Chen, Z.; Yu, W.; Yin, H.; Liu, Z.; Zhang, Y. Org. Lett.
2015, 17, 2482−2485.

Organic Letters pubs.acs.org/OrgLett Letter

https://dx.doi.org/10.1021/acs.orglett.9b04387
Org. Lett. 2020, 22, 914−919

919

http://pubs.acs.org/doi/suppl/10.1021/acs.orglett.9b04387/suppl_file/ol9b04387_si_001.pdf
https://dx.doi.org/10.1002/047084289X.rm291.pub2
https://dx.doi.org/10.1002/047084289X.rm291.pub2?ref=pdf
https://dx.doi.org/10.1002/047084289X.rm291.pub2?ref=pdf
pubs.acs.org/OrgLett?ref=pdf
https://dx.doi.org/10.1021/acs.orglett.9b04387?ref=pdf

