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Abstract: Despite the highly strained nature of cyclopropanes
possessing three vicinal quaternary carbon stereocenters, the
regio- and diastereoselective copper-catalyzed carbomagnesia-
tion reaction of cyclopropenes provides an easy and efficient
access to these novel persubstituted cyclopropyl cores with
a complete regio- and diastereoselectivity.

Modern stereoselective synthesis relies on the efficient and
straightforward development of strategies that allow the rapid
preparation of complex molecular architectures from simple
starting materials.[1] In the last decade, numerous approaches
have been reported in the literature to construct aliphatic
chains possessing vicinal stereocenters[2] but the synthetic
difficulty drastically rises on increasing the degree of sub-
stitution. For instance, the diastereoselective formation of
three vicinal tertiary stereocenters is nowadays moderately
well established,[3] but the equivalent formation of two or
three vicinal quaternary carbon stereocenters still represents
an important chemical challenge (Scheme 1a).[4] In recent
years, we have been particularly interested in the develop-

ment of new strategies allowing the preparation of vicinal
stereocenters within acyclic systems by selective ring-opening
of polysubstituted cyclopropanes[5] (see Scheme 1b for
a recent representative example).[6] Nevertheless, none of
our approaches reported so far allowed the formation of
vicinal quaternary stereocenters.[7] One of the reasons was the
lack of methods to selectively prepare persubstituted cyclo-
propanes 1 as unique diastereomers. Despite a few reports of
the synthesis of polysubstituted cyclopropanes,[8] persubsti-
tuted analogs were still inaccessible. Such stereodefined
persubstituted strained rings are potential substrates for
subsequent selective carbon-carbon bond cleavage (Sche-
me 1c).[5] From the onset, it was clear that the selective
formation of three vicinal quaternary carbon stereocenters in
a cyclopropane should generate much torsional strain, as all
bonds are eclipsed.[9] Based on these combined torsional and
ring strain constraints, we initially restricted our efforts to the
selective formation of persubstituted silyl cyclopropanes 2,
hoping that the longer carbon-silicon bond would allow an
easier preparation.[10] In addition, the formation of 2 might
serve as a source of vicinal carbon-persubstituted cyclo-
propanes after subsequent Hiyama-type cross-coupling
reactions.[11] Although we were pleased to report the prepa-
ration of compounds 2 as single diastereomers,[12] all our
attempts to engage them in cross-coupling reactions were
unsuccessful.

As we were seeking a diastereoselective access to
persubstituted cyclopropanes possessing only carbon-based
side chains, we then reconsidered the copper-catalyzed
carbomagnesiation reaction of persubstituted cyclopropenes
as a potential method.[13]

To control the regioselectivity of the carbometallation
reaction, we hypothesized that the presence of a p-hybridized
carbon center linked to the sp2 carbon center of the cyclo-
propene should not only increase the reactivity of the addition
reaction of the organometallic species but also control the
regioselectivity. The diastereoselectivity would then be
steered, in non-polar solvents, by the chelation of the
organometallic species by the ester (Scheme 2).[14] We started
our investigation by preparing various arylated cyclopropenes
3a–m, easily accessible by the well reported Rh-catalyzed
decomposition of diazoacetate with arylated alkynes.[15] The
copper-catalyzed carbomagnesiation of 3a then proceeded
smoothly at �25 8C to yield 4a in excellent yield as a single
diastereomer. As expected, the preferred regioisomer origi-
nates from the formation of the stabilized benzylic organo-
metallic intermediate; importantly, the formation of a single
diastereomer indicates that the in situ formed benzyl cyclo-
propyl magnesium species is configurationally stable under
the experimental condition. As the copper-catalyzed carbo-

Scheme 1. Formation of vicinal stereocenters and persubstituted cyclo-
propanes.
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magnesiation is a syn-addition across the double bond,[13] the
relative configuration was easily established by determining
the coupling constant of the two hydrogens of 4a (J =

5.97 Hz).[16] Cyclopropyl copper reacts smoothly with an
electrophile, for example, allyl bromide as representative

example, to provide 4b, possessing two vicinal quaternary
carbon centers with similar diastereoselectivity. The comple-
mentary diastereomeric pair was also prepared, by formally
exchanging the alkyl substituent at the cyclopropenyl core
and the alkyl group of the Grignard reagent (compare 4a and
4b with 4c and 4d, Scheme 2), formed as a single diastereo-
mer in all cases. Scaling up the reaction to gram scale did not
affect the overall outcome of the reaction (4e, Scheme 2). The
nature of the alkyl group of the cyclopropenes and also of the
Grignard reagent can be varied (4 l–o, Scheme 2). Changing
the electronic properties of the aromatic ring from electron-
rich (4 f–p, Scheme 2) via electron-neutral (4 q) to electron-
poor (4r and 4s, Scheme 2) altered neither the reaction nor
the selectivity. In addition, a few heteroaromatics, such as
ferrocene or thiophene, as aromatic groups also allowed the
transformation and delivered the desired products with
similarly high regio- and diastereomeric ratios (4t–v,
Scheme 2). It should also be noted that the copper-catalyzed
carbomagnesiation proceeds fast enough at the strained
double bond, while functional groups such as ester or nitriles
remain intact. However, secondary Grignard reagents could
not be satisfactorily added, and the presence of secondary
alkyl side chains on the cyclopropenes drastically decreases
the yield of the transformation. Finally, when the persubsti-
tuted cyclopropenes 3 l and 3m were used as starting
materials, the transformation proceeded similarly to provide,
after reaction of the resulting cyclopropyl magnesium inter-
mediate with allyl bromide, persubstituted cyclopropanes 4w
and 4x as unique diastereomers. These promising results
confirm that our proposed strategy does indeed allow the
formation of three vicinal quaternary carbon stereocenters at
all three carbons of the three-membered ring.

Having established the protocol for a regio- and diaste-
reoselective carbometallation of polysubstituted cyclopro-
penes possessing an aromatic group, we then turned our
attention to the reactivity of alkenyl cyclopropenes 5 (for all
preparative details, see Supporting Information) as this
should provide a new approach to the important molecular
motif of polysubstituted alkenyl cyclopropanes 6.[17] Although
the carbometallation of alkenyl-cyclopropenyl esters was not
very conclusive, we were able to observe that the copper-
catalyzed carbomagnesiation of alkenyl cyclopropyl carbinols
5a–g proceeded smoothly in only 2 h at room temperature to
provide the corresponding alkenyl-cyclopropanes 6a–q as
single diastereomers.

The products of the copper-catalyzed carbomagnesiation
of 5 were obtained with a wide variety of Grignard reagents.
Primary (Scheme 3, 6a and 6b), secondary (Scheme 3, 6c),
allyl (Scheme 3, 6d), benzyl (Scheme 3, 6e) and aryl
(Scheme 3, 6 f) Grignard nucleophiles were all successfully
added, with good yields and selectivities. Tertiary alkyl
Grignards, however, failed to react with the corresponding
alkenyl cyclopropyl carbinol 5a. The regioselectivity and
relative configuration were confirmed by X-ray analysis of
6 f,[18] and the configurations of all other products were
assigned by analogy. The in situ formed cyclopropyl Grignard
intermediate could then react with various electrophiles (such
as allyl and propargyl bromide, CO2 or elemental selenium
followed by MeI) to provide the allylated, allenylated, lactone

Scheme 2. Copper-catalyzed carbomagnesiation of aryl-substituted
cyclopropenyl esters.
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or SeMe products, respectively, in good yields and as unique
diastereomers (Scheme 3, 6g–j). In addition, various substi-
tution patterns of the alkenyl fragments are compatible with
our experimental conditions, as the initial stereochemistry of
the external double bond is preserved in the products
(Scheme 3, 6k–p). Finally, this approach also allows the
preparation of persubstituted alkenyl cyclopropane 6q in
66% yield as a unique diastereomer, underlining, once again,
the power of this strategy for the formation of fully (hexa)-
substituted alkenyl cyclopropanes as a single isomer.

Having successfully synthesized stereodefined polysubsti-
tuted aryl- and alkenyl-cyclopropanes, we wondered whether
we could extend this concept of carbometallation to the

formation of alkynyl-cyclopropanes 8. However, the selectiv-
ity of the carbometallation reaction could become a problem,
because the carbocupration of alkynes is a well-known
reaction and usually proceeds at similar temperature.[19]

We did indeed observe that the copper-catalyzed carbo-
magnesiation of alkynyl-cyclopropenyl carbinol 7a was
completely stereo- and regioselective, providing, at room
temperature, the corresponding alkynyl cyclopropane carbi-
nol 8a as a single product with an outstanding diastereose-
lectivity (Scheme 4). Various Grignard nucleophiles were
added, such as primary (Scheme 4, 8a–c) and secondary
(Scheme 4, 8 d and 8e) alkyls, with similar efficiency. The
intermediate cyclopropyl Grignard reacts efficiently with
electrophiles such as allyl bromide or dimethylformamide to
afford 8 g and 8h as single diastereomers (Scheme 4). In the
latter case, a single lactol is formed because of steric
constraints in the final product. The regioselectivity and
relative configuration was confirmed by X-ray analysis of 8h
(Scheme 4).[20] Finally, when the reaction was performed on
the persubstituted alkynyl-cyclopropenyl carbinol 7c, the
resulting alkynyl persubstituted cyclopropane derivative 8 i
was obtained in 44% yield as a unique diastereomer, together
with its allenyl counterpart, the latter resulting from equili-
bration of the propargyl Grignard intermediate with the
allenylmagnesium bromide intermediate (see Supporting
Information).

Scheme 3. Copper-catalyzed carbomagnesiation of alkenyl-substituted
cyclopropenyl carbinols.

Scheme 4. Copper-catalyzed carbomagnesiation of alkynyl-substituted
cyclopropenyl carbinols.
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In conclusion, we have developed, for the first time, an
efficient and broadly applicable approach to the synthesis of
polysubstituted and stereodefined cyclopropyl rings possess-
ing vicinal quaternary carbon stereocenters. Despite the
highly strained nature of these ring systems, the regio- and
diastereoselective copper-catalyzed carbomagnesiation reac-
tion of persubstituted cyclopropenes represents an excellent
access to persubstituted cyclopropane derivatives as single
diastereomers. We are currently investigating the selective
ring-opening of these molecular backbones as a new route to
vicinal quaternary stereocenters in acyclic systems.

Acknowledgements

This project has received funding from the Israel Science
Foundation (grant N8 330/17) and by the Ministry of Science
and Technology (grant 2023994). I.M. is holder of the Sir
Michael and Lady Sobell Academic Chair.

Conflict of interest

The authors declare no conflict of interest.

Keywords: carbon quaternary stereocenters ·
copper-catalyzed carbomagnesiation · diastereoselectivity ·
persubstituted cyclopropanes

[1] a) D. S. Peters, C. R. Pitts, K. S. McClymont, T. P. Stratton, C. Bi,
P. S. Baran, Acc. Chem. Res. 2021, 54, 605 – 617; b) I. Marek, Y.
Minko, M. Pasco, T. Mejuch, N. Gilboa, H. Chechik, J. P. Das, J.
Am. Chem. Soc. 2014, 136, 2682 – 2694; c) T. Brueckl, R. D.
Baxter, Y. Ishihara, P. S. Baran, Acc. Chem. Res. 2012, 45, 826 –
839; d) W. R. Gutekunst, P. S. Baran, Chem. Soc. Rev. 2011, 40,
1976 – 1991.

[2] For recent reviews, see: a) F. Zhou, L. Zhu, B.-W. Pan, Y. Shi, Y.-
L. Liu, J. Zhou, Chem. Sci. 2020, 11, 9341 – 9365; b) G. Eppe, D.
Didier, I. Marek, Chem. Rev. 2015, 115, 9175 – 9206; c) M.
B�schleb, S. Dorich, S. Hanessian, D. Tao, K. B. Schenthal,
L. E. Overman, Angew. Chem. Int. Ed. 2016, 55, 4156 – 4186;
Angew. Chem. 2016, 128, 4226 – 4258; d) D. Pierrot, I. Marek,
Angew. Chem. Int. Ed. 2020, 59, 36 – 49; Angew. Chem. 2020, 132,
36 – 49.

[3] a) M. Burns, S. Essafi, J. R. Bame, S. P. Bull, M. P. Webster, S.
Balieu, J. W. Dale, C. P. Butts, J. N. Harvey, V. K. Aggarwal,
Nature 2014, 513, 183 – 188; b) D. Leonori, V. K. Aggarwal, in
Synthesis and Application of Organoboron Compounds (Eds.: E.
Fern�ndez, A. Whiting), Springer International Publishing,
Cham, 2015, pp. 271 – 295, and references therein; c) R. Vabre,
B. Island, C. J. Diehl, P. R. Schreiner, I. Marek, Angew. Chem.
Int. Ed. 2015, 54, 9996 – 9999; Angew. Chem. 2015, 127, 10134 –
10137; d) E. Haimov, Z. Nairoukh, A. Sterenberg, T. Berko-
witch, T. F. Jamison, I. Marek, Angew. Chem. Int. Ed. 2016, 55,
5517 – 5520; Angew. Chem. 2016, 128, 5607 – 5610; e) R. W.
Hoffmann, Angew. Chem. Int. Ed. Engl. 1992, 31, 1124 – 1134;
Angew. Chem. 1992, 104, 1147 – 1157; f) K. Mori, S. Kuwahara,
Tetrahedron 1986, 42, 5539 – 5544.

[4] For recent reviews and reports for two vicinal quaternary
stereocenters, see: a) E. A. Peterson, L. E. Overman, Proc. Natl.
Acad. Sci. USA 2004, 101, 11943 – 11948; b) R. Long, J. Huang, J.
Gong, Z. Yang, Nat. Prod. Rep. 2015, 32, 1584 – 1601; c) W. Shao,

J. Huang, K. Guo, J. Gong, Z. Yang, Org. Lett. 2018, 20, 1857 –
1860; d) E. Picazo, L. A. Morrill, R. B. Susick, J. Moreno, J. M.
Smith, N. K. Garg, J. Am. Chem. Soc. 2018, 140, 6483 – 6492;
e) L. Deng, M. Chen, G. Dong, J. Am. Chem. Soc. 2018, 140,
9652 – 9658; f) X. Liu, P. Wang, L. Bai, D. Li, L. Wang, D. Yang,
R. Wang, ACS Catal. 2018, 8, 10888 – 10894; g) J. H. Kim, Y.
Chung, H. Jeon, S. Lee, S. Kim, Org. Lett. 2020, 22, 3989 – 3992;
h) J. C. Hethcox, S. E. Shockley, B. M. Stoltz, Angew. Chem. Int.
Ed. 2018, 57, 8664 – 8667; Angew. Chem. 2018, 130, 8800 – 8803;
i) T. Y. Chang, J. J. Dotson, M. A. Garcia-Garibay, Org. Lett.
2020, 22, 8855 – 8859; j) G. Zhu, C. Zhou, S. Chen, S. Fu, B. Liu,
Org. Lett. 2019, 21, 7809 – 7812; k) H. Zheneg, Y. Wang, C. Xu,
X. Lu, L. Lin, X. Liu, X. Feng, Nat. Commun. 2018, 9, 1968; l) F.-
G. Zhang, I. Marek, J. Am. Chem. Soc. 2017, 139, 8364 – 8370;
m) V. Lanke, F.-G. Zhang, A. Kaushansky, I. Marek, Chem. Sci.
2019, 10, 9548 – 9554.

[5] Y. Cohen, A. Cohen, I. Marek, Chem. Rev. 2021, 121, 140 –
161.

[6] J. Bruffaerts, D. Pierrot, I. Marek, Nat. Chem. 2018, 10, 1164 –
1170.

[7] For selected examples see: a) V. Lanke, I. Marek, J. Am. Chem.
Soc. 2020, 142, 5543 – 5548; b) M. Cormier, A. de la Torre, I.
Marek, Angew. Chem. Int. Ed. 2018, 57, 13237 – 13241; Angew.
Chem. 2018, 130, 13421 – 13425; c) A. Cohen, J. Chagneau, I.
Marek, ACS Catal. 2020, 10, 7154 – 7161; d) J. Huang, I. Marek,
Eur. J. Org. Chem. 2020, 3133 – 3137; e) S. Singh, J. Bruffaerts, A.
Vasseur, I. Marek, Nat. Commun. 2017, 8, 14200.

[8] For selected examples see: a) F. Tang, P. J. Ma, Y. Yao, Y. J. Xu,
C. D. Lu, Chem. Commun. 2019, 55, 3777 – 3780; b) M. Bos, T.
Poisson, X. Pannecoucke, A. B. Charette, P. Jubault, Chem. Eur.
J. 2017, 23, 4950 – 4961; c) A. Edwards, M. Rubin, J. Org. Chem.
2018, 83, 8426 – 8448; d) G. Benoit, A. B. Charette, J. Am. Chem.
Soc. 2017, 139, 1364 – 1367.

[9] A. M. De Lio, B. L. Durfey, A. L. Gille, T. M. Gilbert, J. Phys.
Chem. A 2014, 118, 6050 – 6059.

[10] J. R. Rumble, CRC Handbook of Chemistry and Physics, 101st
ed. (Internet Version 2020) CRC Press/Taylor & Francis, Boca
Raton, FL, 2020.

[11] a) Y. Nakao, T. Hiyama, Chem. Soc. Rev. 2011, 40, 4893 – 4901;
b) T. Hiyama, J. Organomet. Chem. 2002, 653, 58 – 61; c) S. E.
Denmark, C. S. Regens, Acc. Chem. Res. 2008, 41, 1486 – 1499;
d) S. E. Denmark, J. Org. Chem. 2009, 74, 2915 – 2927.

[12] Y. Cohen, I. Marek, Org. Lett. 2019, 21, 9162 – 9165.
[13] a) N. Yan, X. Liu, J. M. Fox, J. Org. Chem. 2008, 73, 563 – 568;

b) D. Didier, P.-I. Delaye, M. Simaan, B. Island, G. Eppe, H.
Eijsberg, A. Kleiner, P. Knochel, I. Marek, Chem. Eur. J. 2014,
20, 1038 – 1048; c) D. S. M�ller, I. Marek, Chem. Soc. Rev. 2016,
45, 4552 – 4566.

[14] S. R. Roy, D. Didier, A. Kleiner, I. Marek, Chem. Sci. 2016, 7,
5989 – 5994.

[15] T. Ye, M. A. McKervey, Chem. Rev. 1994, 94, 1091 – 1160.
[16] D. J. Patel, M. E. H. Howden, J. D. Roberts, J. Am. Chem. Soc.

1963, 85, 3218 – 3223.
[17] a) M. Meazza, H. Guo, R. Rios, Org. Biomol. Chem. 2017, 15,

2479 – 2490; b) T. Hudlicky, J. W. Reed, Angew. Chem. Int. Ed.
2010, 49, 4864 – 4876; Angew. Chem. 2010, 122, 4982 – 4994;
c) J. E. Baldwin, Chem. Rev. 2003, 103, 1197 – 1212; d) J. Wang,
S. A. Blaszczyk, S. Li, W. Tang, Chem. Rev. 2021, 121, 110 –
139.

[18] The relative stereochemistry of 6 f was determined by X-ray
structure analysis. Deposition Number 2050906 (for 6f) contains
the supplementary crystallographic data for this paper. These
data are provided free of charge by the joint Cambridge
Crystallographic Data Centre and Fachinformationszentrum
Karlsruhe Access Structures service www.ccdc.cam.ac.uk/
structures.

[19] a) J. F. Normant, A. Alexakis, Synthesis 1981, 841 – 870.

Angewandte
ChemieCommunications

11807Angew. Chem. Int. Ed. 2021, 60, 11804 –11808 � 2021 Wiley-VCH GmbH www.angewandte.org

https://doi.org/10.1021/acs.accounts.0c00821
https://doi.org/10.1021/ja410424g
https://doi.org/10.1021/ja410424g
https://doi.org/10.1039/c0cs00182a
https://doi.org/10.1039/c0cs00182a
https://doi.org/10.1039/D0SC03249B
https://doi.org/10.1021/cr500715t
https://doi.org/10.1002/anie.201507549
https://doi.org/10.1002/ange.201507549
https://doi.org/10.1002/anie.201903188
https://doi.org/10.1002/ange.201903188
https://doi.org/10.1002/ange.201903188
https://doi.org/10.1038/nature13711
https://doi.org/10.1002/anie.201504756
https://doi.org/10.1002/anie.201504756
https://doi.org/10.1002/ange.201504756
https://doi.org/10.1002/ange.201504756
https://doi.org/10.1002/anie.201601883
https://doi.org/10.1002/anie.201601883
https://doi.org/10.1002/ange.201601883
https://doi.org/10.1002/anie.199211241
https://doi.org/10.1002/ange.19921040905
https://doi.org/10.1016/S0040-4020(01)88157-6
https://doi.org/10.1073/pnas.0402416101
https://doi.org/10.1073/pnas.0402416101
https://doi.org/10.1039/C5NP00046G
https://doi.org/10.1021/acs.orglett.8b00380
https://doi.org/10.1021/acs.orglett.8b00380
https://doi.org/10.1021/jacs.8b03404
https://doi.org/10.1021/jacs.8b05549
https://doi.org/10.1021/jacs.8b05549
https://doi.org/10.1021/acscatal.8b03905
https://doi.org/10.1021/acs.orglett.0c01307
https://doi.org/10.1002/anie.201804820
https://doi.org/10.1002/anie.201804820
https://doi.org/10.1002/ange.201804820
https://doi.org/10.1021/acs.orglett.0c03226
https://doi.org/10.1021/acs.orglett.0c03226
https://doi.org/10.1021/acs.orglett.9b02791
https://doi.org/10.1021/jacs.7b04255
https://doi.org/10.1039/C9SC03832A
https://doi.org/10.1039/C9SC03832A
https://doi.org/10.1021/acs.chemrev.0c00167
https://doi.org/10.1021/acs.chemrev.0c00167
https://doi.org/10.1038/s41557-018-0123-7
https://doi.org/10.1038/s41557-018-0123-7
https://doi.org/10.1021/jacs.0c01133
https://doi.org/10.1021/jacs.0c01133
https://doi.org/10.1002/anie.201808709
https://doi.org/10.1002/ange.201808709
https://doi.org/10.1002/ange.201808709
https://doi.org/10.1021/acscatal.0c01762
https://doi.org/10.1002/ejoc.201901741
https://doi.org/10.1039/C9CC00963A
https://doi.org/10.1002/chem.201604564
https://doi.org/10.1002/chem.201604564
https://doi.org/10.1021/acs.joc.8b01063
https://doi.org/10.1021/acs.joc.8b01063
https://doi.org/10.1021/jacs.6b09090
https://doi.org/10.1021/jacs.6b09090
https://doi.org/10.1021/jp5058989
https://doi.org/10.1021/jp5058989
https://doi.org/10.1039/c1cs15122c
https://doi.org/10.1016/S0022-328X(02)01157-9
https://doi.org/10.1021/ar800037p
https://doi.org/10.1021/jo900032x
https://doi.org/10.1021/acs.orglett.9b03531
https://doi.org/10.1021/jo702176x
https://doi.org/10.1002/chem.201303569
https://doi.org/10.1002/chem.201303569
https://doi.org/10.1039/C5CS00897B
https://doi.org/10.1039/C5CS00897B
https://doi.org/10.1039/C6SC02191C
https://doi.org/10.1039/C6SC02191C
https://doi.org/10.1021/cr00028a010
https://doi.org/10.1021/ja00903a036
https://doi.org/10.1021/ja00903a036
https://doi.org/10.1039/C6OB02647H
https://doi.org/10.1039/C6OB02647H
https://doi.org/10.1002/anie.200906001
https://doi.org/10.1002/anie.200906001
https://doi.org/10.1002/ange.200906001
https://doi.org/10.1021/cr010020z
https://doi.org/10.1021/acs.chemrev.0c00160
https://doi.org/10.1021/acs.chemrev.0c00160
https://www.ccdc.cam.ac.uk/services/structures?id=doi:10.1002/anie.202102509
https://www.ccdc.cam.ac.uk/structures/?
https://www.ccdc.cam.ac.uk/structures/?
https://doi.org/10.1055/s-1981-29622
http://www.angewandte.org


[20] The relative stereochemistry of 8h was determined by X-ray
structure analysis. Deposition Number 2026400 (for 8h) contains
the supplementary crystallographic data for this paper. These
data are provided free of charge by the joint Cambridge
Crystallographic Data Centre and Fachinformationszentrum

Karlsruhe Access Structures service www.ccdc.cam.ac.uk/
structures.

Manuscript received: February 18, 2021
Accepted manuscript online: March 20, 2021
Version of record online: April 14, 2021

Angewandte
ChemieCommunications

11808 www.angewandte.org � 2021 Wiley-VCH GmbH Angew. Chem. Int. Ed. 2021, 60, 11804 –11808

https://www.ccdc.cam.ac.uk/services/structures?id=doi:10.1002/anie.202102509
https://www.ccdc.cam.ac.uk/structures/?
https://www.ccdc.cam.ac.uk/structures/?
http://www.angewandte.org

