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Amino acid side-chain modification report card

PROTEIN COMPATIBILITY SCALE

Fully compatible Compatible Progress made Preliminary Unanswered
challenge
- protein or antibody - protein or antibody - larger peptide or protein - small peptides only - no peptide examples
substrates substrates substrates (di-, tri-, tetra-peptides)
- methods unavailable or
Multiple modes of reactivity, Any 3 of the following: - partially chemoselective - proof-of-concept studies demonstrated on single
each with all of the following: | - aqueous, mild conditions - non-aqueous or harsh - not chemoselective amino acids only
- aqueous, mild conditions - fully chemoselective conditions (extreme temp | - protecting groups required | - poised for innovation
- fully chemoselective - multiple modes of reactivity or pH) - not biocompatible (organic
- reproducible - reproducible - one (or few) examples reaction media, high temp)

The amino acid side-chain modification report card provides a graphical overview of available residue-specific modification strategies.
Organized by amino acid and subdivided into various reaction classifications (A—L), the report card aims to provide readers with an
illustrative summary of available methods and the degree to which they have been evaluated on protein substrates. Historical methods for
bioconjugation and recent developments for peptide and protein functionalization were categorized and evaluated on the basis of their
suitability for the residue-specific modification of peptides, proteins, and antibodies. The specific parameters used for evaluation are

outlined in the “Protein Compatibility Scale” above.

A few notes on the categorization and evaluation process:
- In some cases, a synthetic method falls into more than one reaction classification (A—L). We have generally categorized such
methods into all relevant reaction classifications. For example, a Pd-catalyzed arylation might fall under the categories of arylation

(B), cross-coupling (H), and transition-metal functionalization (L).



The compatibility “score” is not meant to be a judgment of the quality of a particular strategy or specific body of work; rather, the
score is intended to provide an objective assessment of the suitability of each reaction type, based on available literature, for
residue-specific modifications. For example, a “preliminary” functionalization strategy has been demonstrated on small peptides,
while a “fully compatible” approach has been successfully applied to the chemoselective modification of proteins and/or

antibodies.

A number of comprehensive reviews and literature methods were consulted to assign appropriate compatibility scores. Relevant references

are provided in the following lists and amino acid-specific charts. While we have aimed to thoroughly evaluate available methods

(particularly those reported in the last decade), the following charts are intended to be representative rather than exhaustive in nature. We

refer readers to relevant reviews, where applicable, and have highlighted in purple references that are discussed in more detail in the body

of the manuscript.
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Hermanson, G. T. (2013) Bioconjugate Techniques, 3™ ed., Academic Press, San Diego, CA, USA.

Koniev, O., and Wagner, A. (2015) Developments and recent advancements in the field of endogenous amino acid selective bond
forming reactions for bioconjugation, Chem. Soc. Rev. 44, 5495-5551.

McKay, C. S., and Finn, M. G. (2014) Click chemistry in complex mixtures: bioorthogonal bioconjugation, Chem. Biol. 21, 1075—
1101.

Boutureira, O., and Bernardes, G. J. (2015) Advances in chemical protein modification, Chem. Rev. 115,2174-2195.

Bondalapati, S., Jbara, M., and Brik, A. (2016) Expanding the chemical toolbox for the synthesis of large and uniquely modified
proteins, Nat. Chem. 8, 407—418.

Spicer, C. D., and Davis, B. G. (2014) Selective chemical protein modification, Nat. Commun. 5, 4740.
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Acc. Chem. Res. 48, 1971-1978.
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Noisier, A. F., and Brimble, M. A. (2014) C—H functionalization in the synthesis of amino acids and peptides, Chem. Rev. 114,
8775-8806.

Sletten, E. M., and Bertozzi, C. R. (2009) Bioorthogonal chemistry: Fishing for selectivity in a sea of functionality, Angew. Chem.
Int. Ed. 48, 6974-6998.

Narayanan, A., and Jones, L. H. (2015) Sulfonyl fluorides as privileged warheads in chemical biology, Chem. Sci. 6, 2650-2659.
Sengupta, S., and Mehta, G. (2017) Late stage modification of peptides via C—H activation reactions, Tetrahedron Lett. 58, 1357—
1372.

Chalker, J. M., and Davis, B. G. (2010) Chemical mutagenesis: selective post-expression interconversion of protein amino acid
residues, Curr. Opin. Chem. Biol. 14, 781-789.

Schwieter, K. E., and Johnston, J. N. (2016) On-demand complex peptide synthesis: An aspirational (and elusive?) goal for peptide
synthesis, J. Am. Chem. Soc. 138, 14160-141609.

Basle, E., Joubert, N., and Pucheault, M. (2010) Protein chemical modification on endogenous amino acids, Chem. Biol. 17, 213—
227.

Lim, R. K., and Lin, Q. (2010) Bioorthogonal chemistry: recent progress and future directions, Chem. Commun. 46, 1589—-1600.
Stephanopoulos, N., and Francis, M. B. (2011) Choosing an effective protein bioconjugation strategy, Nat. Chem. Biol. 7, 876—
884.

Roberts, M. J., Bentley, M. D., and Harris, J. M. (2012) Chemistry for peptide and protein PEGylation, Adv. Drug Deliv. Rev. 64,
116-127.

Chalker, J. M. (2017) Metal-Mediated Bioconjugation, In Chemoselective and Bioorthogonal Ligation Reactions, pp 231-270,
Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim, Germany.

Malins, L. R. (2016) Transition metal-promoted arylation: An emerging strategy for protein bioconjugation, Aust. J. Chem. 69,
1360-1364.

Yang, M., Li, J., and Chen, P. R. (2014) Transition metal-mediated bioorthogonal protein chemistry in living cells, Chem. Soc.
Rev. 43, 6511-6526.

Antos, J. M., and Francis, M. B. (2006) Transition metal catalyzed methods for site-selective protein modification, Curr. Opin.
Chem. Biol. 10, 253-262.

van Maarseveen, J. H., Reek, J. N., and Back, J. W. (2006) Transition-metal catalysis as a tool for the covalent labeling of proteins,
Angew. Chem. Int. Ed. 45, 1841-1843.

Sambasivarao, K., and Kakali, L. (2005) Post-assembly peptide modifications by chemical methods, Curr. Med. Chem. 12, 849—
875.

Glazer, A. N. (1970) Specific Chemical Modification of Proteins, Annu. Rev. Biochem. 39, 101-130.
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Amino acid-specific modification charts

ALANINE

@ Alkylation Pd-catalyzed C-H arylation:
Gong, W., Zhang, G., Liu, T., Giri, R., and Yu, J.—Q. (2014) J. Am. Chem. Soc. 16940—-16946.
Tang, J., He, Y., Chen, H., Sheng, W., and Wang, H. (2017) Chem. Sci. 8, 4565-4570.
Arylation
Pd-catalyzed C-H acetoxylation: Gong, W., Zhang, G., Liu, T., Giri, R., and Yu, J.—Q. (2014) J. Am. Chem. Soc. 16940—-16946.
Acylation Pd-catalyzed C-H arylation:

Gong, W., Zhang, G., Liu, T, Giri, R., and Yu, J.—Q. (2014) J. Am. Chem. Soc. 16940—-16946.
Tang, J., He, Y., Chen, H., Sheng, W., and Wang, H. (2017) Chem. Sci. 8, 4565-4570.

Halogenation
Pd-catalyzed C-H arylation:

© OO

Gong, W., Zhang, G., Liu, T, Giri, R., and Yu, J.—Q. (2014) J. Am. Chem. Soc. 16940-16946.

Oxidation Tang, J., He, Y., Chen, H., Sheng, W., and Wang, H. (2017) Chem. Sci. 8, 4565-4570.
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Reviews

Kenyon, G. L. and Bruice, T. W. (1977) Methods Enzym. 47, 407—430.

Chalker, J. M., Bernardes, G. J. L., Lin, Y. A., and Davis, B. G. (2009) Chem. Asian. J. 4, 630-640.

Cal, P. M. S. D., Bernardes, G. J. L., and Gois, P. M. P. (2014) Angew. Chem. Int. Ed. 53, 10585-10587.
Gunnoo, S. B. and Madder, A. (2016) ChemBioChem 17, 529-533.

@ Aminoethylation to form Lys mimics:

Lindley, H. (1956) Nature, 178, 647-648.
Raftery, M. A. and Cole, R. D. (1966) J. Biol. Chem. 241, 3457-3461.
Smith, H. B. and Hartman, F. C. (1987) J. Biol. Chem. 263, 4921-4925.
Simon, M. D., Chu, F., Racki, L. R., de la Cruz, C. C., Burlingame, A. L., Panning, B., Narlikar, G. J., and Shokat, K. M. (2007) Cell 128, 1003—1012.
Huang, R., Holbert, M. A., Tarrant, M. K., Curtet, S., Colquhoun, D. R., Dancy, B. M., Dancy, B. C., Hwang, Y., Tang, Y., Meeth, K., Marmorstein, R., Cole, R. N.,
Khochbin, S., and Cole, P. A. (2010) J. Am. Chem. Soc. 132, 9986-9987.
Cross metathesis:
Lin, Y. A., Chalker, J. M., Floyd, N., Bernardes, G. J. L., and Davis, B. G. (2008) J. Am. Chem. Soc. 130, 9642-9643.
Chalker, J. M., Lin, Y. A., Boutureira, O., and Davis, B. G. (2009) Chem. Commun. 3714-3716.

Arylpropionitriles:

Koniev, O., Leriche, G., Nothisen, M., Remy, J.-S., Strub, J.-M., Schaeffer-Reiss, C., Van Dorsselaer, A., Baati, R., Wagner, A. (2014) Bioconjugate Chem. 25, 202—-206.
Kolodych, S., Koniev, O., Baatarkhuu, Z., Bonnefoy, J.-Y., Debaene, F., Cianférani, S., Van Dorsselaer, A., Wagner, A. (2015) Bioconjugate Chem. 26, 197—200.

Allenamides: Abbas, A., Xing, B., and Loh, T.-P. (2014) Angew. Chem. Int. Ed. 53, 7491-7494.
a-halocarbonyls:

Goddard, D. R. and Michaelis, L. (1935) J. Biol. Chem., 112, 361-371.

Mackworth, J. F. (1948) Biochem. J. 42, 82—-90.

Gerwin, B. . (1966) J. Biol. Chem. 242, 451-456.

Clark, P. I. and Lowe, G. (1977) J. Chem. Soc. Chem. Commun. 923-924.

Clark, P. I. and Lowe, G. (1977) Eur. J. Biochem. 84, 293-299.

Davis, N. J. and Flitsch, S. L. (1991) Tet. Lett. 32, 6793-6796.

Kim, J.-R., Yoon, H. W., Kwon, K.-S., Lee, S.-R., and Rhee, S. G. (2000) Anal. Biochem. 283, 214-221.
Schelté, P., Boeckler, C., Frisch, B., and Schuber, F. (2000) Bioconjugate Chem. 11, 118—123.
Macmillan, D., Bill, R. M., Sage, K. A., Fern, D., and Flitsch, S. L. (2001) Chem. Biol. 8, 133—145.
Macmillan, D., Bill, R. M., Sage, K. A., Fern, D., Flitsch, S. L. (2001) Chem. Biol. 8, 133—-145.
Swanwick, R. S., Daines, A. M., Tey, L.-H., Flitsch, S. L., and Allemann, R. K. (2005) ChemBioChem 6, 1338—1340.
Grant, G. A. (2017) Curr. Protoc. Protein, 87:15.1.1-15.1.23.

Halogen substitution:
Goddard, D. R. and Michaelis, L. (1935) J. Biol. Chem., 112, 361-371.
Conte, M. L., Pacifico, S., Chambery, A., Marra, A., Dondoni, A. (2010) J. Org. Chem. 75, 4644—4647.
Boutureira, O., Bernardes, G. J. L., D'Hooge, F., Davis, B. G. (2011) Chem. Commun. 47, 10010-10012.
Grant, G. A. (2017) Curr. Protoc. Protein, 87:15.1.1-15.1.23.
Maruani, A., Alon, S., Canavelli, P, Lee, M. T. W., Morgan, R. E., Chudasama, V., Caddick, S. (2015) Chem. Commun. 51, 5279-5282.
Disulfide bridges:
Balan, S., Choi, J.-w., Godwin, A., Teo, |., Laborde, C. M., Heidelberger, S., Zloh, M., Shaunak, S., Brocchini, S. (2007) Bioconjugate Chem. 18, 61-76.
Lewis, A., Tang, Y., Brocchini, S., Choi, J.-w., Godwin, A. (2008) Bioconjugate Chem. 19, 2144-2155.
Smith, M. E. B., Schumacher, F. F,, Ryan, C. P., Tedaldi, L. M., Papaioannou, D., Waksman, G., Caddick, S., Baker, J. R. (2010) J. Am. Chem. Soc. 132, 1960-1965.
Smith, M. E. B., Schhumacher, F. F., Ryan, C. P., Tedaldi, L. M., Papaioannou, D., Waksman, G., Caddick, Baker, J. R. (2010) J. Am. Chem. Soc. 132, 1960—-1965.
Jones, M. W, Strickland, R. A., Schumacher, F. F., Caddick, S., Baker, J. R., Gibson, M. I., Haddleton, D. M. (2012) J. Am. Chem. Soc. 134, 1847—1852.
Collins, J., Tanaka, J., Wilson, P., Kempe, K., Davis, T. P., McIntosh, M. P., Whittaker, M. R., Haddleton, D. M. (2015) Bioconjugate Chem. 26, 633-638.
Wang, T., Wu, Y., Kuan, S. L., Dumele, O., Lamla, M., Ng, D. Y. W., Arzt, M., Thomas, J., Mueller, J. O., Barner-Kowollik, C., Weil, T. (2015) Chem. Eur. J. 21, 228-238.

Pd-mediated cross-coupling:
Al-Shuaeeb, R. A. A, Kolodych, S., Koniev, O., Delacroix, S., Erb, S., Nicolay, S., Cintrat, J.-C., Brion, J.-D., Cianférani, S., Alami, M., Wagner, A., Messaoudi, S.
(2016) Chem. Eur. J. 22, 11365-11370.
Vinogradova, E. V., Zhang, C., Spokoyny, A. M., Pentelute, B. L., Buchwald, S. L. (2015) Nature 526, 687-691.
Trifluoromethylation:
Capone, S., Kieltsch, I., Flégel, O., Lelais, G., Togni, A., and Seebach, D. (2008) Helv. Chim. Acta 91, 2035-2056.
Bottecchia, C., Wei, X.-J., Kuijpers, K. P. L., Hessel, V., Noel, T. (2016) J. Org. Chem. 81, 7301-7307.
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Tucker, M. J., Courter, J. R., Chen, J., Atasoylu, O., Smith, A. B., Ill, Hochstrasser, R. M. (2010) Angew. Chem. Int. Ed. 49, 3612-3616.
Spokoyny, A. M., Zou, Y., Ling, J. J., Yu, H., Lin, Y.-S., Pentelute, B. L. (2013) J. Am. Chem. Soc. 135, 5946-5949.

Brown, S. P. and Smith, A. B., lll. (2015) J. Am. Chem. Soc. 137, 4034—4037.

Zhang, C., Welborn, M., Zhu, T., Yang, T., Yang, N. J., Santos, M. S., Van Voorhis, T., and Pentelute, B. L. (2016) Nat. Chem. 8, 120-128.

Julia—Kocienski-like reagents: Toda, N., Asano, S., and Barbas, C. F,, lll. (2013) Angew. Chem. Int. Ed. 52, 12592—12596.
Pd-mediated arylation: Vinogradova, E. V., Zhang, C., Spokoyny, A. M., Pentelute, B. L., Buchwald, S. L. (2015) Nature 526, 687-691.

Strain-release functionalization: Gianatassio, Y., Lopchuk, J. M., Wang, J., Pan, C.-M., Malins, L. R., Prieto, L., Brandt, T. A., Collins, M. R., Gallego, G. M., Sach, N. W.,
Spangler, J. E., Zhu, H., Zhu, J., and Baran, P. S. (2016) Science 351, 241-246.

Methylsulfonyl benzothiazole: Zhang, D., Devarie-Baez, N. O, Li, Q., Lancaster, J. R., Xian, M. (2012) Org. Lett. 14, 3396-3399.
2-azidoacrylates: Ariyasu, S., Hayashi, H., Xing, B., and Chiba, S. (2017) Bioconjugate Chem. 28, 897-902.
7-oxanorbornadiene:

Hong, V., Kislukhin, A. A., Finn, M. G. (2009) J. Am. Chem. Soc. 131, 9986—-9994.
Kislukhin, A. A., Higginson, C. J., Hong, V. P., and Finn, M. G. (2012) J. Am. Chem. Soc. 134, 6491-6497.

Arylsulfones: Patterson, J. T., Asano, S., Li, X., Rader, C., and Barbas, C. F., lll. (2014) Bioconjugate Chem. 25, 1402-1407.

Trifluoromethylation:

Capone, S., Kieltsch, I., Flégel, O., Lelais, G., Togni, A., and Seebach, D. (2008) Helv. Chim. Acta 91, 2035-2056.
Bottecchia, C., Wei, X.-J., Kuijpers, K. P. L., Hessel, V., Noel, T. (2016) J. Org. Chem. 81, 7301-7307.

[Review] Jacob, C., Giles, G. I., Giles, N. M., Sies, H. (2003) Angew. Chem. Int. Ed., 42, 4742—-4758.

Disulfide formation:
Fontana, A., Scoffone, E., Benassi, C. A. (1968) Biochemistry 7, 980-986.
King, T. P, Li, Y., Kochoumian, L. (1978) Biochemistry 17, 1499-1506.
Macindoe, W. M., van Oijen, A. H., and Boons, G.-J. (1998) Chem. Commun. 847-848.
Davis, B. G., Maughan, M. A. T., Green, M. P,, Uliman, A., and Jones, J. B. (2000) Tetrahedron: Asymm. 11, 245-262.
Gamblin, D. P., Garnier, P., Ward, S. J., Oldham, N. J., Fairbanks, A. J., and David, B. G. (2003) Org. Biomol. Chem. 1, 3642-3644.
Gamblin, D. P., Garnier, P., van Kasteren, S., Oldham, N. J., Fairbanks, A. J., Davis, B. G. (2004) Angew. Chem. 116, 846—851.
Bernardes, G. J. L., Gamblin, D. P., and Davis, B. G. (2006) Angew. Chem. Int. Ed. 45, 4007—4011.
van Kasteren, S. |., Kramer, H. B., Jensen, H. H., Campbell, S. J., Kirkpatrick, J., Oldham, N. J., Anthony, D. C., Davis, B. G. (2007) Nature 446, 1105—1109.
Gamblin, D. P., van Kasteren, S., Bernardes, G. J. L., Chalker, J. M., Oldham, N. J., Fairbanks, A. J., and Davis, B. G. (2008) Mol. BioSyst. 4, 558-561.
Zhao, Y.-J., Zhai, Y.-Q., Su, Z.-G., Ma, G.-H. (2010) Polym. Adv. Technol. 21, 867-873.
Trisulfide formation:

Bernardes, G. J. L., Marston, J. P., Batsanov, A. S., Howard, J. A. K., and Davis, B. G. (2007) Chem. Commun. 3145-3147.

® Maleimides:

Moore, J. E. and Ward, W. H. (1955) J. Am. Chem. Soc. 78, 2414—-2418.

Smyth, D. G., Blumenfeld, O. O., and Konigsberg, W. (1964) Biochem J. 91, 589-595.

Wu, C.-W.,, Yarbrough, L. R., and Wu, F. Y.-H. (1976) Biochemistry 15, 2863—-2868.

Yoshitake, S., Yamada, Y., Ishikawa, E., Masseyeff, R. (1979) Eur. J. Biochem. 101, 395-399.

Brown, R. D. and Matthews, K. S. (1979) J. Biol. Chem. 254, 5128-5134.

Ghosh, S. S., Kao, P. M., McCue, A. W., and Chappelle, H. L. (1990) Bioconjugate Chem.1, 71-76.

Schelté, P., Boeckler, C., Frisch, B., and Schuber, F. (2000) Bioconjugate Chem. 11, 118-123.

Kratz, F., Warnecke, A., Scheuermann, K., Stockmar, C., Schwab, J., Lazar, P., Drlckes, P., Esser, N., Drevs, J., Rognan, D., Bissantz, C., Hinderling, C., Folkers, G., Fichtner, I.,
Unger, C. (2002) J. Med. Chem. 45, 5523-5533.

Zhang, Y., Bhatt, V. S, Sun, G., Wang, P. G., and Palmer, A. F. (2008) Bioconjugate Chem. 19, 2221-2230.

Betting, D. J., Kafi, K., Abdollahi-Fard, A., Hurvitz, S. A., and Timmerman, J. M. (2008) J. Immunol. 181, 4131-4140.

Ahlgren, S., Orlova, A., Rosik, D., Sanstrém, M., Sjéberg, A., Baastrup, B., Widmark, O., Fant, G., Feldwisch, J., and Tolmachev, V. (2008) Bioconjugate Chem. 19, 235-243.

Kafi, K., Betting, D. J., Yamada, R. E., Bacica, M., Steward, K. K., and Timmerman, J. M. (2009) Mol. Immunol. 46, 448—456.

Tedaldi, L. M., Smith, M. E. B., Nathani, R. I., Baker, J. R. (2009) Chem. Commun. 6583-6585.

Smith, M. E. B., Schhumacher, F. F., Ryan, C. P., Tedaldi, L. M., Papaioannou, D., Waksman, G., Caddick, Baker, J. R. (2010) J. Am. Chem. Soc. 132, 1960-1965.

Schumacher, F. F., Nobles, M., Ryan, C. P., Smith, M. E. B., Tinker, A., Caddick, S., and Baker, J. R. (2011) Bioconjugate Chem. 22, 132-136.



@ &

® © 0 ® ® O @® 6 ©

CYSTEINE

Alkylation

Arylation

Acylation

Halogenation

Oxidation

1,4-Addition

Condensation

Cross-Coupling

Pericyclic

Reaction

Photo Reaction

Radical
Reaction

Transition-Metal
Functionalization

0000CJ0000CO OO

Maleimides (continued):

Ehrlich, G. K., Michel, H., Truitt, T., Riboulet, W., Pop-Damkov, P., Goelzer, P., Hainzl, D., Qureshi, F., Lueckel, B., Danho, W., Conde-Knape, K., and Konkar, A. (2013) Bioconugate
Chem. 24, 2015-2024.
Boswell, C. A., Marik, J., Elowson, M. J., Reyes, N. A., Ulufatu, S., Bumbaca, D., Yip, V., Mundo, E. E., Majidy, N., Van Hoy, M., Goriparthi, S. N., Trias, A., Gill, H. S., Williams, S. P,,
Junutula, J. R., Fielder, P. J., and Khawli, L. A. (2013) J. Med. Chem. 56, 9418-9426.
Wang, T., Wu, Y., Kuan, S. L., Dumele, O., Lamla, M., Ng, D. Y. W., Arzt, M., Thomas, J., Mueller, J. O., Barner-Kowollik, C., Weil, T. (2015) Chem. Eur. J. 21, 228-238.
Grant, G. A. (2017) Curr. Protoc. Protein, 87:15.1.1-15.1.23.
Electron-deficient acetylenes:
Shiu, H.-Y., Chan, T.-C., Ho, C.-M., Liu, Y., Wong, M.-K., and Che, C.-M. (2009) Chem. Eur. J. 15, 3839-3850.
Trofimov, B. A., Mal'kina, A. G., Shemyakina, O. A., Nosyreva, V. V., Borisova, A. P., Khutsishvili, S. S., and Krivdin, L. B. (2009) Synthesis 3136-3142.
Shiu, H.-Y., Chong, H.-C., Leung, Y.-C., Wong, M.-K., and Che, C.-M. (2010) Chem. Eur. J. 16, 3308-3313.
Vinyl sulfones:
Masri, M. S. and Friedman, M. (1988) J. Protein Chem. 7, 49-54.
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Kramer, J. R., and Deming, T. J. (2012) Biomacromolecules 13, 1719-1723.

Via reaction with epoxide:
Fraenkel-Conrat, H. (1944) J. Biol. Chem., 154, 227.
Gharakhanian, E. G. and Deming, T. J. (2015) Biomacromolecules 16, 1802—1806.
Gharakhanian, E. G. and Deming, T. J. (2016) Chem. Commun. 52, 5336-5339.
Alkylation—-demethylation:
Kramer, J. R. and Deming, T. J. (2013) Chem. Commun. 49, 5144-5146.

@ Via ReACT reagents:
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Rh-catalyzed diazo reactions: Popp, B. V., and Ball, Z. T. (2011) Chem. Sci. 2, 690-695.

Acylation with KAT reagents: Galvez, A. O., Schaack, C. P., Noda, H., and Bode, J. W. (2017) J. Am. Chem. Soc. 139, 1826—1829.
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Halogenation
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