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Abstract

© 2018, © 2018 Taylor & Francis Group, LLC. The previously proposed mechanism for phospha-
Michael  addition  of  tertiary  phosphines  to  electron-deficient  alkenes  has  been  amended
according to the secondary kinetic isotope effects provided by α-deuterated activated alkenes.
The data obtained have shown that rate-determining protonation of intermediate phosphonium
zwitterion proceeds not  directly  at  its  carbanionic  center  but  first  at  a  heteroatom of  the
attached  electron-withdrawing  group,  with  subsequent  isomerization  of  the  enolic/eniminic
intermediate to stable keto-/cyanophosphonium product.

http://dx.doi.org/10.1080/10426507.2018.1542402

Keywords

kinetic isotope effects, Kinetics, mechanism, reactive intermediates, vibrational-rotational
coupling

References

[1] Methot, J. L.,; Roush, W. R. Nucleophilic Phosphine Organocatalysis. Adv. Synth. Catal. 2004, 346, 1035–1050.
[2] Ye, L.-W.,; Zhou, J.,; Tang, Y. Phosphine-Triggered Synthesis of Functionalized Cyclic Compounds. Chem. Soc.

Rev. 2008, 37, 1140–1152.
[3] Basavaiah, D.,; Reddy, B. S.,; Badsara, S. S. Recent Contributions from the Baylis-Hillman Reaction to Organic

Chemistry. Chem. Rev. 2010, 110, 5447–5674.
[4] Marinetti, A.,; Voituriez, A. Enantioselective Phosphine Organocatalysis. Synlett 2010, 2010, 174–194.
[5] Karanam,  P.,;  Reddy,  G.  M.,;  Koppolu,  S.  R.,;  Lin,  W.  Recent  Topics  of  Phosphine-Mediated  Reactions.

Tetrahedron Lett. 2018, 59, 59–76.
[6] Galkin, V. I.,; Salin, A. V.,; Bakhtiyarova, Y. V.,; Sobanov, A. A. Kinetics and Mechanism of Triphenylphosphine

Quarternization with Unsaturated Carboxylic Acids in the Medium of Acetic Acid. Russ. J. Gen. Chem. 2009, 79,
919–924.

[7] Salin, A. V.,; Sobanov, A. A.,; Bakhtiyarova, Y. V.,; Khabibullin, A. A.,; Galkin, V. I. Kinetic Study of the Reaction
of Triphenylphosphine with Acrylic Acid in Alcohol Media. Russ. J. Gen. Chem. 2010, 80, 1738–1742.

[8] Salin, A. V.,; Sobanov, A. A.,; Bakhtiyarova, Y. V.,; Khabibullin, A. A.,; Galkin, V. I. Kinetics and Mechanism of
Quaternization of Tertiary Phosphines with Unsaturated Carboxylic Acids. Kinetic Studies of the Reactions in
Aprotic Solvents. Russ. J. Gen. Chem. 2011, 81, 824–830.

[9] Salin, A. V.,; Sobanov, A. A.,; Bakhtiyarova, Y. V.,; Khabibullin, A. A.,; Galkin, V. I.,; Cherkasov, R. A. Kinetic
Study of the Reaction of Tertiary Phosphines with Acrylic Acid in Aprotic Solvents. Phosphorus, Sulfur Silicon
Relat. Elem 2011, 186, 854–856.

http://dx.doi.org/10.1080/10426507.2018.1542402


[10] Salin, A. V.,; Sobanov, A. A.,; Bakhtiyarova, Y. V.,; Khabibullin, A. A.,; Galkin, V. I.,; Cherkasov, R. A. Kinetics and
Mechanism  of  Triphenylphosphine  Quarternization  with  Unsaturated  Carboxylic  Acids  in  Various  Media.
Phosphorus, Sulfur Silicon Relat. Elem 2011, 186, 857–859.

[11] Salin, A. V.,; Fatkhutdinov, A. R.,; Il'in, A. V.,; Sotov, E. I.,; Sobanov, A. A.,; Galkin, V. I.,; James, B. R. Mechanistic
Aspects of Reactions of Triphenylphosphine with Electron-Deficient Alkenes in Acetic Acid Solution. J. Phys. Org.
Chem. 2013, 26, 675–678.

[12] Salin, A. V.,; Fatkhutdinov, A. R.,; Ii'In, A. V.,; Galkin, V. I.,; Shamsutdinova, F. G. Solvent Effect on Kinetics and
Mechanism  of  the  Phospha-Michael  Reaction  of  Tertiary  Phosphines  with  Unsaturated  Carboxylic  Acids.
Heteroatom Chem. 2014, 25, 205–216.

[13] Salin, A. V.,; Aminova, R. M.,; Galkin, V. I. Quantum Chemical Investigation on the Reaction Mechanism of
Tertiary Phosphines with Unsaturated Carboxylic Acids: An Insight into Kinetic Data. Int. J. Quantum Chem.
2013, 113, 1086–1094.

[14] Salin, A. V.,; Fatkhutdinov, A. R.,; Il'in, A. V.,; Galkin, V. I. Effect of Anchimeric Assistance in the Reaction of
Triphenylphosphine with α,β-Unsaturated Carboxylic Acids. Int. J. Chem. Kinet. 2014, 46, 206–215.

[15] Salin, A. V.,; Fatkhutdinov, A. R.,; Il'in, A. V.,; Shamsutdinova, F. G. Effect of Anchimeric Assistance in Addition
Reaction of  Bifunctional  Tertiary Phosphines to Electron-Deficient  Alkenes.  Int.  J.  Chem. Kinet.  2016,  48,
161–168.

[16] Salin, A. V. Mechanistic Insights into Phospha–Michael Reaction of Tertiary Phosphines with Electron-Deficient
Alkenes. Phosphorus, Sulfur Silicon Relat. Elem 2016, 191, 1625–1627.

[17] Cole, A. R. H.,; Green, A. A. Far Infrared Spectrum of Acrylonitrile. J. Mol. Spectrosc. 1973, 48, 246–253.
[18] Kisiel, Z.,; Pszczółkowski, L.,; Drouin, B. J.,; Brauer, C. S.,; Yu, S.,; Pearson, J. C. The Rotational Spectrum of

Acrylonitrile up to 1.67THz. J. Mol. Spectrosc 2009, 258, 26–34.
[19] Kraśnicki,  A.,;  Kisiel,  Z.,;  Drouin,  B.  J.,;  Baruer,  C.  S.,;  Pearson,  J.  C.  Terahertz  Spectroscopy of  Isotopic

Acrylonitrile. J. Mol. Struct. 2011, 1006, 20–27.
[20] Kisiel,  Z.,;  Martin-Drumel,  M.-A.,;  Pirali,  O.  Lowest  Vibrational  States of  Acrylonitrile  from Microwave and

Synchrotron Radiation Spectra. J. Mol. Spectrosc. 2015, 315, 83–91.
[21] Salin, A. V. Secondary Deuterium Kinetic Isotope Effects in Phospha-Michael Addition of Tertiary Phosphines to

Electron-Deficient Alkenes. ChemistrySelect 2017, 2, 6984–6990.
[22] Anslyn, E. V.,; Dougherty, D. A. Book Modern Physical Organic Chemistry, University Science Books: Sausalito,

CA, 2006.; 421–441.
[23] Salin, A. V.,; Musin, R. Z. Synthesis of 2-d-Acrylamide. J Labelled Comp Radiopharm. 2018, 61, 595–598.
[24] Salin, A. V.,; Il'in, A. V.,; Shamsutdinova, F. G.,; Fatkhutdinov, A. R.,; Islamov, D. R.,; Kataeva, O. N.,; Galkin, V. I.

The Pudovik Reaction Catalyzed by Tertiary Phosphines. Curr. Org. Synthesis 2016, 13, 132–141.
[25] Il'in,  A.  V.,;  Fatkhutdinov,  A.  R.,;  Salin,  A.  V.  Efficient  Hydrophosphorylation  of  Activated  Alkenes  under

Phosphine Catalysis. Phosphorus Sulfur Silicon Relat. Elem. 2016, 191, 1628–1629.
[26] Salin, A. V.,; Il’in, A. V.,; Shamsutdinova, F. G.,; Fatkhutdinov, A. R.,; Galkin, V. I.,; Islamov, D. R.,; Kataeva, O. N.

Phosphine-Catalyzed Addition of P(O)–H Compounds to Ethyl Phenylpropiolate. Tetrahedron Lett. 2015, 56,
6282–6286.

[27] Salin, A. V.,; Il'in, A. V.,; Faskhutdinov, R. I.,; Galkin, V. I.,; Islamov, D. R.,; Kataeva, O. N. Tributylphosphine
Catalyzed Addition of Diphenylphosphine Oxide to Unsubstituted and Substituted Electron-Deficient Alkenes.
Tetrahedron Lett. 2018, 59, 1630–1634.

[28] Janesko, B. G.,; Fisher, H. C.,; Bridle, M. J.,; Montchamp, J.-L. P(O)H to P-OH Tautomerism: A Theoretical and
Experimental Study. J. Org. Chem. 2015, 80, 10025–10032.


