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Carbonylonium ions: the onium ions of the carbonyl group
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The nomenclature of cations R!C(=0"R*)R? (R!, R2, R? = H or organyl) has been examined and shown to be in a state of immea-

surable confusion: a pragmatic recommendation is made that the generic term “carbonylonium ions” should be adopted for these

intermediates, which comprises the terms “aldehydium” (R! = H, R2, R? = H or organyl) and “ketonium ions” (R!, R = organyl,

R3 = H or organyl) for the corresponding aldehyde- and ketone-based intermediates, respectively.

Introduction

There is much confusion in the literature over the name of the
intermediates R!C(=0"R3)R? (R!, R, R3=H or organyl [1], 1;
Figure 1).
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Figure 1: Protonated (or organylated) carbonyl (1) and hydroxy (or
organyloxy) carbenium ion (2): two possible representations of the
same intermediate.

In principle, these intermediates could be represented by the
canonical form with a carbon—oxygen double bond, that is, a
protonated (or organylated) carbonyl (1) or as a hydroxy (or
organyloxy) carbenium ion (2; the term carbenium ion is used
for R3C*: a structure, real or hypothetical, representing a carbo-
cation which contains at least one carbon atom having only six
valence electrons [2]; Figure 1). The best way to represent these
intermediates according to the literature is as a protonated (or
organylated) carbonyl (1) [3,4], therefore the names given in the
literature have mostly tried to represent this resonance structure.

These common intermediates are mainly found in acid-cata-
lyzed reactions of aldehydes, ketones, hydrates, hemiacetals and
acetals [5], that is, by protonation of a carbonyl group (alde-
hyde or ketone) or by detachment of a nucleofuge from the

alpha position of an alcohol or an ether (Scheme 1).
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Scheme 1: Acid-catalyzed interconversion of carbonyls, hydrates, hemiacetals and acetals.
One of the fields of Organic Chemistry more concerned on
giving names to these intermediates has been carbohydrate ®
1_0-R3
chemistry. Its researchers have created different terms through- R-0-R R 8 R g o
2 - —-C=
out history looking for a unique, concise and generic name for § 4 5

these kinds of intermediates found when glycosidation reac-
tions take place [6]. “Oxacarbenium ions” [7-11], “oxocarbe-
nium ions” [12-16], “oxycarbenium ions” [17-21], and “carbox-
onium ions” [22,23] are the most extended terms among the dif-
ferent names found in the literature for these intermediates in
this and other fields of Organic Chemistry [24]. All these terms
are ambiguous and none describes the actual structure of these
intermediates. Some of these terms generated long ago when
nomenclature was not as developed as it is today or were
created without any sense of the etymology of the combined
prefix and suffix. Needless to say that all the names that use the
suffix “carbenium” do not represent the actual intermediates
with all the atoms fulfilling the octet rule. Independently of the
prefix used for this particular suffix, these names would refer to
the canonical form with a trivalent carbon atom with six valence
electrons or a modification thereof.

Discussion

Oxacarbenium ions

Firstly, “skeletal replacement” nomenclature (and also in
Hantzsch—Widman nomenclature, but this kind of nomencla-
ture is not applicable to the concerned intermediates) uses the

(T8} 9 <

a” prefixes “oxa”, “aza”, “thia”... [25] for the replacement of
carbon atoms by the heteroatoms oxygen, nitrogen and sulfur,
respectively. Thus, “oxacarbenium ion” would denote a car-
benium ion whose carbon atom is replaced by an oxygen atom,
that is, an oxonium ion (3; Figure 2). Although if a coherent
structure by formal subtraction of hydride from the parent struc-
ture was meant (note the use of carbenium and not carbonium
ion), then an oxidanylium ion (4) would result (Figure 2). Either

way, this term is not appropriate to describe intermediate 1.

Oxocarbenium ions
Secondly, the term “oxocarbenium ion” presents additional
confusion because this term is also used to describe other inter-

mediates. For example, the prefix “oxo” denotes the character-

"oxacarbenium ion" "oxacarbenium ion" "oxocarbenium ion"

(oxonium ion) (oxidanylium ion) (acylium ion)
R3 RS
(0} ®0”
2
R1J@R2 R1J\o’R
2 6

"oxycarbenium ion" "carboxonium ion"

(hydroxy (or alkoxy)
carbenium ion)

Figure 2: Oxacarbenium, oxocarbenium, oxycarbenium and
carboxonium ions.

istic group “=0" [26,27] and, consequently, “oxocarbenium
ion” is a carbenium ion with the group “=0” (i.e., a synonym of
an acylium cation, 5; Figure 2), which is the other use found in
the literature for this term [23,28]. Not only is the term “oxocar-
benium ion” not suitable for describing intermediate 1, but also

it is used to name another intermediate more accurately.

Oxycarbenium ions

Thirdly, another term that presents confusion because it is used
for different intermediates is “oxycarbenium ion”. This term is
the closest term to describe correctly intermediates 1, although
it does not describe the canonical form with the positively-
charged oxygen doubly-bonded to carbon, but the other reso-
nance structure (2; Figure 1). The prefix “oxy” is used in
nomenclature for the additive operation called “concatenation”
where “oxy” represents the group “—O-" [29], e.g., acyloxy
(RCO-0-), alkyloxy (R-O-) and hydroxy (H-O-). Sometimes
the prefix “oxy” is used to represent all the “oxy”-ending
groups, like in “oxymercuriation” for the addition of an
acyloxy, alkyloxy or hydroxy group alongside a group with
mercury to a double bond. “Oxycarbenium ion” can also be
found in the literature with this meaning that it correctly de-
scribes the same intermediate, although not the more realistic

representation of it [30].
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Carboxonium ions

Other research groups, e.g., Olah’s and Prakash’s, have used the
term “carboxonium ion” to describe intermediates 1. The issue
with this term is that it is used for many different oxonium ions
independently of their structure, mainly intermediates with a
variable number of oxygen atoms bound to the central carbon
atom. This name is used to describe protonated carboxylic acids
(carboxylic acidium ions), protonated esters and protonated
aldehydes and ketones amongst others [31]. The name thought
to be originated from the combination of the terms “carbenium”
and “oxonium”, but not correctly applied to such a broad scope
of intermediates. Clearly the intermediates formed from proton-
ation of carboxylic acids and esters are different than the ones
from aldehydes and ketones and therefore should not have the
same name. We recommend applying “carboxonium ion” only
to intermediates whose carbon atom presents the same oxida-
tion state as carboxylic acids, that is, protonated carboxylic
acids and esters (6; Figure 2), in agreement with other terms

LIS

like “carboxy”,

CLINT3

carboxylic”, “carboxylate” and “carboxamide”.
To augment confusion, other researchers have used this term to

describe “oxycarbenium ions” 2 [32,33].

Carbonylonium ions: aldehydium and

ketonium ions

We proceed then to propose a precise and usable term for
describing intermediates 1 after having demonstrated that the
names used in the literature are inaccurate. Modern nomencla-
ture is able to name and describe every single canonical form of
any compound independently of the complexity of the interme-
diate. Applying systematic nomenclature to intermediates 1
would generate the cumbersome names “organylidene oxonium
ions” or “organylidene oxidanium ions” [34]. Clearly, the
length and complexity of these names would prevent
researchers from using them. Another alternative would be to
combine the terms “carbene” (divalent carbon atom bound to a
parent hydride) and “oxonium ion” (or “oxidanium ion”)
forming “carbenoxonium ions” (or “carbenoxidanium ions”).
These other terms are as long as the names currently used in the
literature commented above, but they lack the stem of the func-
tional group they come from and from our point of view
researchers would not grasp the structure of 1 at a glance.
Therefore, the need of coining a new, easy and accurate term is
crying out.

Simple names of protonated functional groups (or the corre-
sponding organyl derivatives) based on the stem of the name of
the functional group followed by a suffix indicating the posi-
tively-charged groups has made nomenclature richer and more
fluent. IUPAC has given name to several functional groups
as protonated species and organyl derivatives thereof:

imine—iminium, amide—amidium, nitrile-nitrilium, amine—

Beilstein J. Org. Chem. 2018, 14, 2568-2571.

aminium [34]. In this sense, we propose the use of “alde-
hydium” and “ketonium ions” (forlorn names by IUPAC proba-
bly because they cannot be used in systematic nomenclature)
for protonated aldehydes and ketones, respectively, terms shyly
used in the literature [35-37]. Finally, the only remaining matter
would be to give a name to intermediates 1 as a whole: a
generic term for a protonated (or organylated) carbonyl. A
straightforward name would be derived from “carbonyl” plus
one of the two suffixes used for naming positively-charged mo-
lecular entities: “ium” or “onium”. Because “carbonylium ion”
is already used for naming some of intermediates 5 [38], we
therefore propose the new term “carbonylonium ion”. We
reckon that this term unambiguously describes the structure of
intermediates 1, researchers would immediately visualize its
structure with a glimpse and there would not be any confusion
because of its novelty it has not been used for any other inter-
mediate. This term is also consistent with names such as “di-

azonium” and “uronium ions”.

Conclusion

We have coined the new term “carbonylonium ions” to name
the intermediates R!C(=0"R3)R2 (R!, R2, R3 = H or organyl).
We believe this unequivocal name could end the historic confu-
sion carried by the nomenclature of these intermediates. We
hope that this name is integrated soon in the vocabulary of
Organic Chemistry. We also propose the use of the terms “alde-
hydium” and “ketonium ions” to specify the nature (aldehyde or
ketone, respectively) of these intermediates.

ORCID® iDs

Daniel Blanco-Ania - https://orcid.org/0000-0001-7605-5559
Floris P. J. T. Rutjes - https://orcid.org/0000-0003-1538-3852

References

1. For the definition of organyl groups, see: IUPAC home page.
http://www.chem.gmul.ac.uk/iupac/class/misc.html#21 (accessed Jun
5,2018).

2. IUPAC home page.
http://www.chem.gmul.ac.uk/iupac/class/ionra.html#13 (accessed June
5,2018).

3. Stuart, D.; Wetmore, S. D.; Gerken, M. Angew. Chem., Int. Ed. 2017,
56, 16380—16384. doi:10.1002/anie.201710263

4. Olah, G. A.; Berrier, A. L.; Prakash, G. K. S. J. Am. Chem. Soc. 1982,
104, 2373-2376. doi:10.1021/ja00373a007

5. Palm, V. A.; Haldna, U. L.; Talvik, A. J. In The Chemistry of the
Carbonyl Group; Patai, S., Ed.; Wiley: New York, 1966; p 421.

6. The term “glycosylium ions”, one of the different names used for these
intermediates when they form part of a saccharide, is beyond the
scope of this publication whose goal is to give a generic name for
intermediates 1 independently of their substitution (R, R2 and R3).

7. McClelland, R. A. Carbocations. In Organic Reaction Mechanisms
Series; Knipe, A. C., Ed.; John Wiley & Sons: U.K., 2015; Vol. 48,
pp 251-266. doi:10.1002/9781118930786.ch6

2570


https://orcid.org/0000-0001-7605-5559
https://orcid.org/0000-0003-1538-3852
http://www.chem.qmul.ac.uk/iupac/class/misc.html#21
http://www.chem.qmul.ac.uk/iupac/class/ionra.html#13
https://doi.org/10.1002%2Fanie.201710263
https://doi.org/10.1021%2Fja00373a007
https://doi.org/10.1002%2F9781118930786.ch6

10.

1

-

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

e

22.

23

24,

25.

26.

27.

28.

. Hosoya, T.; Takano, T.; Kosma, P.; Rosenau, T. J. Org. Chem. 2014,

79, 7889-7894. doi:10.1021/jo501012s

. Williams, I. H.; Ruiz Pernia, J. J.; Tufién, |. Pure Appl. Chem. 2011, 83,

1507-1514. doi:10.1351/PAC-CON-10-10-12

Walvoort, M. T. C.; Dinkelaar, J.; van den Bos, L. J.; Lodder, G;
Overkleeft, H. S.; Codée, J. D. C.; van der Marel, G. A.
Carbohydr. Res. 2010, 345, 1252-1263.
doi:10.1016/j.carres.2010.02.027

.Jiang, Y. L.; Ichikawa, Y.; Stivers, J. T. Biochemistry 2002, 41,

7116-7124. doi:10.1021/bi025694y

Hagen, B.; van der Vorm, S.; Hansen, T.; van der Marel, G. A;;
Codée, J. D. C. Stereoselective Glycosylations — Additions to
Oxocarbenium lons. In Selective Glycosylations: Synthetic Methods
and Catalysts; Bennett, C. S., Ed.; Wiley-VCH: Weinheim, Germany,
2017; pp 1-28. doi:10.1002/9783527696239.ch1

Gilissen, P. J.; Blanco-Ania, D.; Rutjes, F. P. J. T. J. Org. Chem. 2017,
82, 6671-6679. doi:10.1021/acs.joc.7b00632

Martin, A.; Arda, A.; Désiré, J.; Martin-Mingot, A.; Probst, N.; Sinay, P.;
Jiménez-Barbero, J.; Thibaudeau, S.; Blériot, Y. Nat. Chem. 2016, 8,
186-191. doi:10.1038/nchem.2399

Mensink, R. A.; Elferink, H.; White, P. B.; Pers, N.; Rutjes, F. P. J. T;
Boltje, T. J. Eur. J. Org. Chem. 2016, 4656—4667.
doi:10.1002/ejoc.201600898

Denekamp, C.; Sandlers, Y. J. Mass Spectrom. 2005, 40, 1055—-1063.
doi:10.1002/jms.880

Goméz, A. M.; Lobo, F.; Lépez, J. C. Carbohydr. Chem. 2016, 41,
26-58. doi:10.1039/9781782620600-00026

Ramachandran, P. V.; Nicponski, D. R.; Gagare, P. D. Allylsilanes,
Allylstannanes, and Related Compounds. In Comprehensive Organic
Synthesis, 2nd ed.; Knochel, P.; Molander, G. A.; Johnson, J., Eds.;
Elsevier: Amsterdam, Netherlands, 2014; Vol. 1, pp 72—-147.
Carmona, A. T.; Moreno-Vargas, A. J.; Robina, I. Carbohydr. Chem.
2009, 35, 33—-70. doi:10.1039/b901499n

Barry, C. S.; Bushby, N.; Harding, J. R.; Hughes, R. A.; Parker, G. D.;
Roe, R.; Willis, C. L. Chem. Commun. 2005, 3727-3729.
doi:10.1039/b504562b

.Semeyn, C.; Blaauw, R. H.; Hiemstra, H.; Speckamp, W. N.

J. Org. Chem. 1997, 62, 3426-3427. doi:10.1021/j0970369f
Miller, S. R.; Krasutsky, S.; Kiprof, P. J. Mol. Struct.: THEOCHEM
2004, 674, 43-47. doi:10.1016/j.theochem.2003.12.044

.Olah, G. A.; Burrichter, A.; Rasul, G.; Gnann, R.; Christe, K. O.;

Prakash, G. K. S. J. Am. Chem. Soc. 1997, 119, 8035-8042.
doi:10.1021/ja970908y

The generic name “oxonium ions” has also been used (for an example,
see ref. [3]), but it is not considered here because it does not specify
the substitution on the oxygen. This term is also used for
positively-charged tervalent oxygen atoms (3; Figure 2).

Favre, H. A; Powell, W. H. Nomenclature of Organic Chemistry:
IUPAC Recommendations and Preferred Names 2013; The Royal
Society of Chemistry: Cambridge, U.K., 2014; pp 89-94.

Favre, H. A.; Powell, W. H. Nomenclature of Organic Chemistry:
IUPAC Recommendations and Preferred Names 2013; The Royal
Society of Chemistry: Cambridge, U.K., 2014; p 422.

Favre, H. A; Powell, W. H. Nomenclature of Organic Chemistry:
IUPAC Recommendations and Preferred Names 2013; The Royal
Society of Chemistry: Cambridge, U.K., 2014; pp 736-738.
Goodman, |. Heterochain Block Copolymers. In Comprehensive
Polymer Science and Supplements; Allen, G.; Bevinton, J. C., Eds.;
Pergamon Press: Oxford, England, 1989; Vol. 6, pp 369-401.
doi:10.1016/B978-0-08-096701-1.00191-9

Beilstein J. Org. Chem. 2018, 14, 2568-2571.

29.Favre, H. A.; Powell, W. H. Nomenclature of Organic Chemistry:
IUPAC Recommendations and Preferred Names 2013; The Royal
Society of Chemistry: Cambridge, U.K., 2014; p 700.

30. Geibel, I.; Dierks, A.; Schmidtmann, M.; Christoffers, J. J. Org. Chem.
2016, 81, 7790-7798. doi:10.1021/acs.joc.6b01441

31.0lah, G. A;; Laali, K. K.; Wang, Q.; Prakash, G. K. S. Carboxonium,
Carbosulfonium, and Carbazonium lons. Onium lons; John Wiley &
Sons: New York, NY, 1998; pp 269-345.

32.Tidwell, T. T. Ketenes II; John Wiley & Sons: Hoboken, NJ, 2006;
pp 582-583.

33.Mayr, H.; Gorath, G. J. Am. Chem. Soc. 1995, 117, 7862—-7868.
doi:10.1021/ja00135a002

34.Favre, H. A.; Powell, W. H. Nomenclature of Organic Chemistry:
IUPAC Recommendations and Preferred Names 2013; The Royal
Society of Chemistry: Cambridge, U.K., 2014; pp 1082—-1088.

35. Spera, M. L.; Chen, H.; Moody, M. W.; Hill, M. M.; Harmann, W. D.
J. Am. Chem. Soc. 1997, 119, 12772-12778. doi:10.1021/ja972766d

36.Akglin, E.; Tunali, M. Arch. Pharm. 1988, 321, 9-11.
doi:10.1002/ardp.19883210105

37.Paulsen, H. Cyclic Acyloxonium lons in Carbohydrate Chemistry. In
Advances in Carbohydrate Chemistry and Biochemistry; Tipson, R. S.,
Ed.; Academic Press: New York, NY, 1971; Vol. 26, pp 127-195.

38.Favre, H. A.; Powell, W. H. Nomenclature of Organic Chemistry:
IUPAC Recommendations and Preferred Names 2013; The Royal
Society of Chemistry: Cambridge, U.K., 2014; p 1093.

License and Terms

This is an Open Access article under the terms of the
Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0). Please note

that the reuse, redistribution and reproduction in particular
requires that the authors and source are credited.

The license is subject to the Beilstein Journal of Organic
Chemistry terms and conditions:
(https://www.beilstein-journals.org/bjoc)

The definitive version of this article is the electronic one
which can be found at:
doi:10.3762/bjoc.14.233

2571


https://doi.org/10.1021%2Fjo501012s
https://doi.org/10.1351%2FPAC-CON-10-10-12
https://doi.org/10.1016%2Fj.carres.2010.02.027
https://doi.org/10.1021%2Fbi025694y
https://doi.org/10.1002%2F9783527696239.ch1
https://doi.org/10.1021%2Facs.joc.7b00632
https://doi.org/10.1038%2Fnchem.2399
https://doi.org/10.1002%2Fejoc.201600898
https://doi.org/10.1002%2Fjms.880
https://doi.org/10.1039%2F9781782620600-00026
https://doi.org/10.1039%2Fb901499n
https://doi.org/10.1039%2Fb504562b
https://doi.org/10.1021%2Fjo970369f
https://doi.org/10.1016%2Fj.theochem.2003.12.044
https://doi.org/10.1021%2Fja970908y
https://doi.org/10.1016%2FB978-0-08-096701-1.00191-9
https://doi.org/10.1021%2Facs.joc.6b01441
https://doi.org/10.1021%2Fja00135a002
https://doi.org/10.1021%2Fja972766d
https://doi.org/10.1002%2Fardp.19883210105
http://creativecommons.org/licenses/by/4.0
https://www.beilstein-journals.org/bjoc
https://doi.org/10.3762%2Fbjoc.14.233

	Abstract
	Introduction
	Discussion
	Oxacarbenium ions
	Oxocarbenium ions
	Oxycarbenium ions
	Carboxonium ions
	Carbonylonium ions: aldehydium and ketonium ions

	Conclusion
	ORCID iDs
	References

