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Synthesis, Structure and Properties of Amino-Substituted 
Benzhydrylium Ions – a Link Between Ordinary Carbocations and 
Neutral Electrophiles 
Robert J. Mayer,[a] Nathalie Hampel,[a] Peter Mayer,[a] Armin R. Ofial*[a] and Herbert Mayr*[a] 

 

Abstract: Optimized synthetic procedures for the straightforward 

access to eleven amino-substituted diarylmethylium 

tetrafluoroborates are described. These benzhydrylium ions cover a 

range of seven orders of magnitude in electrophilicity and provide a 

link between ordinary carbocations and neutral electrophiles. Five of 

these highly stabilized benzhydrylium tetrafluoroborates were 

characterized by single crystal X-ray crystallography. While the 

experimentally determined bond lengths and angles in the solid state 

perfectly agree with those calculated by DFT methods for the gas 

phase and aqueous solution, crystal packing accounts for large 

differences in the twist angles of the aryl groups found in the solid 

state as compared to calculated structures. 

Introduction 

Benzhydrylium ions (Ar2CH+) have played an important role for 
the development of the mechanistic model of Organic Chemistry. 
After differentiating SN1 and SN2 mechanisms, Ingold and 
Hughes studied the influence of salt additives on the rates of 
benzhydryl halide solvolyses and discovered the so-called 
mass-law (common-ion) effects.[1] Solvolysis studies of 
substituted benzhydryl chlorides by Kohnstam revealed the 
relationship between the “mass-law constants” α and the 
stabilization of the carbocations.[2] Winstein’s investigations of 
the solvolyses of optically enriched p-chlorobenzhydryl chloride 
in various solvents provided essential insights on the role of ion 
pairs in solvolysis reactions.[3] Benzhydryl halides were 
furthermore used by Winstein and Grunwald as model 
compounds to elucidate the origin of dispersion in the 
correlations of solvolysis rates with solvent ionizing power Y.[4] 
Isomerizations of various benzhydryl thiocyanates contributed 
significantly to the interpretation of the ambident reactivities of 
thiocyanate anions.[5,6] Eventually, rate constants of the 
reactions of benzhydrylium ions with alkenes, allylsilanes, and 
arenes gave rise to the first reactivity scales of πCC-systems.[7] 

However, all these reactions have been performed with 
destabilized, unsubstituted, or only weakly stabilized 

benzhydrylium ions. In contrast, amino-substituted 
benzhydrylium ions were rarely used in these mechanistic 
investigations. UV-Vis spectra of a series of amino-substituted 
benzhydrylium ions, generated by dissolving the corresponding 
benzhydrols in acidic solution, have been reported,[8] and stable 
salts have been isolated of the bis(p-(dimethylamino)phenyl)-
methylium ion,[9] the bis(p-(diethylamino)phenyl)methylium ion,[9c] 
and the bis(julolidin-9-yl)methylium ion.[10] While detailed 
structural information about the nature of ion paring in 4,4'-
bis(dimethylamino)benzhydrylium tetrafluoroborate was derived 
from heteronuclear Overhauser effect spectroscopy (HOESY) in 
CD2Cl2 solution,[9f] to our knowledge, X-ray analyses have not 
been reported for amino-substituted benzhydrylium salts. 

In our efforts to quantify polar organic reactivity,[11] 
benzhydrylium ions have been used as reference electrophiles 
for the characterization of the reactivities of π-, n-, and σ-
nucleophiles.[12,13] By variation of the substituents at 4- and 3-
position of the benzhydrylium ions, their electrophilic reactivities 
have been varied by 18 orders of magnitude,[14,15] while the 
steric surroundings of the reaction center are kept almost 
constant. Using benzhydrylium ions and structurally related 
quinone methides as reference electrophiles, the reactivities of 
more than 1100 nucleophiles have been characterized[16] using 
the linear free-energy relationship (1), where electrophiles are 
characterized by one (electrophilicity E) and nucleophiles are 
characterized by two solvent-dependent parameters 
(nucleophilicity N and susceptibility sN).  
 

lg k = sN(N + E)      (1) 
 
Later on, differently substituted benzhydrylium ions have also 
been used as reference electrofuges (with electrofugality Ef in 
equation 2) for the quantification of leaving group abilities 
(nucleofugalities Nf and susceptibilities sf) in heterolytic 
cleavages, e. g. SN1 reactions,[17] and as reference Lewis acids 
(with Lewis acidity LA in eq 3) for establishing a Lewis basicity 
(LB) scale with respect to C-centered Lewis acids.[18]  
 

lg k = sf(Nf + Ef)     (2) 
 

lg K = LA + LB      (3) 
 
In all these correlations amino-substituted benzhydrylium ions 
(Table 1), which cover a reactivity range of seven orders of 
magnitude in E (four orders of magnitude in Ef) and eight orders 
of magnitude in Lewis acidity LA, adopt an essential role, 
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bridging the gap between ordinary carbenium ions and neutral 
electrophiles, electrofuges, or Lewis acids.  

 
Table 1. Electrophilicity (E), electrofugality (Ef), Lewis acidity (LA), and gas-
phase methyl anion affinities ΔGMA (in kJ mol–1) for benzhydrylium ions 1+–
11+. 

 

 

 

 

 

 

 

 

Ar2CH+ E[a] Ef
[b]

 LACH2Cl2
[c]

 LAMeCN
[c] ΔGMA

[d] 

1+ −10.04 5.05 −12.76 −12.76 −639.8 

2+ −9.45 5.61 −12.62 −12.61 −642.2 

3+ −8.76 4.83 −11.16 −11.46 −654.5 

4+ −8.22 5.22 −10.92 −11.27 −654.0 

5+ −7.69 5.35 −10.46 −10.83 −658.3 

6+ −7.02 4.84 −9.30 −9.82 −670.7 

7+ −5.89 3.46 −7.72 −7.89 −667.1 

8+ −5.53 3.03 −6.82 −7.52 −688.2 

9+ −4.72 1.78 −5.72 [e] −689.9 

10+ −3.85 3.13 −5.39 (–6.33)[f] −711.9 

11+ −3.14 1.79 −4.47 [e] −708.5 

[a] Electrophilicity E from ref [12]; [b] Electrofugality Ef from ref [17a]; [c] Lewis 
acidities LA in dichloromethane and MeCN from ref [18]; [d] Methyl anion 
affinities (ΔGMA) from ref [18]; [e] Not measured; [f] Extrapolated from the 
relationship LAMeCN = 0.878LACH2Cl2 − 1.60, from ref [18]. 

When we introduced benzhydrylium ions as reference 
electrophiles in 2001, we described the principle of the synthesis 
of the amino-substituted benzhydrylium ions 1+–11+ (Table 1) 
and included the promise “Since the synthetic procedures still 
require optimization, we will describe details of these syntheses 
later”.[12] We will now honor this pledge and furthermore report 
about their spectroscopic properties as well as their structural 
aspects by means of quantum chemical calculations and the first 
X-ray structures of benzhydrylium salts.  

Results and Discussion 

Syntheses of diarylmethylium tetrafluoroborates  
The procedure initially described by Jutz for the generation of 
the perchlorate of Michler's Hydrol Blue, 6+-ClO4

–,[9a] was 
modified for the synthesis of the benzhydrylium tetra-
fluoroborates (1+–5+)-BF4

−, which are less electrophilic than 6+. 
Starting materials for the synthesis of the benzhydrylium 

tetrafluoroborates (1+–5+)BF4
− were the aminobenzenes 12a-e 

(Scheme 1). Julolidine (12b) and N-phenylpyrrolidine (12e) are 
commercially available. Lilolidine (12a) was prepared by the 
method of Hallas and Taylor:[19] Acylation of indoline with 3-
chloropropionyl chloride followed by intramolecular Friedel-
Crafts alkylation and reduction with lithium aluminium hydride 
yielded 12a in 44% yield over three steps. For the synthesis of 
1-methylindoline (12c), we followed the route described by 
Gawinecki and co-workers:[20] 1-Formylindoline[21] was prepared 
in 82% yield from indoline and formic acid following the 
procedure used for the formylation of N-methylaniline.[22] 
Reduction of 1-formylindoline with LiAlH4 delivered 1-
methylindoline (86%). Reductive formylation of quinoline with 
formic acid[23] furnished 1-formyl-1,2,3,4-tetrahydroquinoline in 
60% yield, which was subsequently reduced by lithium 
aluminium hydride to deliver 12d (92% yield).[20] 

N

12a
lilolidine

12b
julolidine

12c
1-methyl-indoline

12d
1-methyl-1,2,3,4-tetra-

hydroquinoline

N N N

12e
N-phenyl-
pyrrolidine

N

 

Scheme 1. Aminobenzenes 12a-e.  

By following published procedures for Vilsmeier–Haack 
formylations the aminobenzenes 12a–d were further converted 
to the corresponding aldehydes 13a–d (13e is commercially 
available). Then, phosphorus oxychloride-promoted 
condensation of 12a–e with the corresponding carbaldehydes 
13a–e[24] and subsequent treatment with an aqueous solution of 
sodium tetrafluoroborate gave rise to the formation of (1+–5+)-
BF4

– (Scheme 2). The syntheses of 4,4'-bis(dimethylamino)-
benzhydrylium (6+) salts with different counterions (TfO–, BF4

–, 
PF6

–, ClO4
–) starting from the 4,4'-bis(dimethylamino)benzhydrol 

have been described before.[9] 
For synthesizing benzophenones with weaker electron-

donating amino substituents, we used an SNAr reaction 
elaborated by Hepworth and coworkers.[8g] As described in the 
literature,[8g] 15a was obtained in 81% yield by heating a solution 
of 4,4'-difluorobenzophenone (14) with an excess of morpholine 
in sulfolane (Scheme 3). Reduction of 15a with sodium 
borohydride gave the benzhydrol 16a,[8g] which was converted 
into the benzhydrylium tetrafluoroborate 8+-BF4

– by treatment 
with ethereal tetrafluoroboric acid. The deep blue color of the 
reaction mixture indicated the formation of 8+-BF4

–, which 
precipitated upon addition of diethyl ether, in analogy to the 
synthesis of 6+-BF4

−.[9f] 
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N

R1

R4

R2

R3

H

O
R1

N

R4

R2

R3

POCl3

DMF

12a 13a (69%)

12b 13b (78%)

12c 13c (69%)

12d 13d (83%)

13e (commercially available)

1) 12 (1.2 equiv)
POCl3 (1.3 equiv)

2) aq. NaBF4

N

R1

R4

R1

N

R4

R2

R3

R2

R3

BF4H

1+-BF4
− (69%)

2+-BF4
− (82%)

3+-BF4
− (72%)

4+-BF4
− (50%)

5+-BF4
− (77%)  

Scheme 2. Synthesis of benzhydrylium tetrafluoroborates (1+–5+)-BF4
– by 

phosphorus oxychloride-promoted condensation. 

O

FF
sulfolane

reflux, 16 h

O

NN
O O

EtOH
reflux, 9 h

OH

NN

O O

HBF4·OEt2

CH2Cl2
r.t., 30 min

8+-BF4
− 

(83%)

14 15a (81%)

16a (91%)

NaBH4 (1.5 equiv)
KOH (10 mol-%)

morpholine

 

Scheme 3. Synthesis of the tetrafluoroborate 8+-BF4
–. 

Nucleophilic aromatic substitutions of 4,4’-difluorobenzophenone 
(14) were also used to introduce anilino substituents. The 
reactions of 14 with mixtures of N-methylaniline or 
diphenylamine and potassium tert-butoxide furnished 15b and 
15c, respectively, in moderate yields (Scheme 4). The 
benzophenones 15b and 15c were subsequently reduced to the 
benzhydrols 16b and 16c, which were treated with ethereal 
tetrafluoroboric acid to give the benzhydrylium salts 7+-BF4

– and 
9+-BF4

–, which precipitated from the reaction mixture. 

O

FF DMSO

O

NN

R R

EtOH
reflux, 4–20 h

HBF4·OEt2

Et2O
r.t.

7+-BF4
− (R = Me, 92%)

9+-BF4
− (R = Ph, 83%)

Ph

N
H R

Ph Ph

15b (R = Me, 60%)
15c (R = Ph, 48%)

OH

NN

R R

Ph Ph

16b (R = Me, 92%)
16c (R = Ph, 91%)

KOtBu (2–2.5 equiv)

R = Me
R = Ph

NaBH4 (1.5 equiv)
KOH (10 mol-%)

14

 

Scheme 4. Synthesis of benzhydrylium tetrafluoroborates (7+,9+)-BF4
–. 

Because of their tendency to condense,[25] attempts to crystallize 
benzhydrols 16b or 16c from boiling petroleum ether delivered 
ethers 17b and 17c (Scheme 5), as indicated in the 1H NMR 
spectra by the disappearance of the OH resonances (δH = 2.1–
2.7 ppm, in CDCl3) and the replacement of the Ar2CH–OH 
doublet at δH = 5.7–5.8 ppm (3J1H-OH = ca. 3.5 Hz) of the 
benzhydrol by a singlet at δH = 5.3–5.4 ppm for the 
corresponding ether (Ar2CH)2O. Given that they cleanly react 
with tetrafluoroboric acid, also ethers 17b and 17c (which 
sometimes form during evaporation of the solvent from 16b or 

16c) can be employed as starting materials for the synthesis of 
the benzhydrylium tetrafluoroborates 7+-BF4

– and 9+-BF4
– (final 

step in Scheme 4). 

O

NN

R R

Ph Ph

NN
Ph

R

Ph

R

17b (R = CH3)
17c (R = Ph)

OH

NN
R R

Ph Ph

16b (R = CH3)
16c (R = Ph)

petroleum ether
reflux, 30–60 min

 

Scheme 5. Condensation of benzhydrols 16b or 16c to give the ethers 17b 
and 17c. 

For the synthesis of the benzhydrylium salts 10+-BF4
– and 11+-

BF4
– we started from the diarylmethanes 18a,b (Scheme 6).[26,27] 

Trifluoroacetylation of the amino groups of 18a,b, as described 
by Armstrong and Jones for analogous compounds,[28] and 
subsequent reduction of the resulting amides 19a,b yielded the 
diarylmethanes 20a,b. Oxidation of the central CH2 unit by DDQ 
in methanol and subsequent reduction of the resulting 
benzophenones 21a,b with sodium borohydride furnished the 
benzhydrols 22a,b. The reactions of 22a,b with tetrafluoroboric 
acid in diethyl ether yielded the corresponding benzhydrylium 
tetrafluoroborates 10+-BF4

– and 11+-BF4
–.  

NHHN
R R

NN
R R

18a (R = Me)
18b (R = Ph)

O

CF3

O

CF3

NN

R R

CF3CF3

NN

R R

CF3CF3

O

NN
R R

CF3CF3

OH

10+-BF4
– (R = Me, 91%)

11+-BF4
– (R = Ph, 46%)

Et2O, 
0 °C to r.t., 24 h

AlCl3 (3 equiv)
NaBH4 (6 equiv)

Et2O
r.t., 5 d

DDQ (2 equiv)

MeOH
reflux, 5 h

NaBH4 (1.5 equiv)
KOH (10 mol-%)

EtOH
reflux, 15–18 h

19a (R = Me, 81%)
19b (R = Ph, 77%)

20a (R = Me, 82%)
20b (R = Ph, 82%)

21a (R = Me, 76%)
21b (R = Ph, 83%)

22a (R = Me, 96%)
22b (R = Ph, 76%)

Et2O
r.t., 30 min

HBF4·OEt2

(CF3CO)2O
(2 equiv)

 

Scheme 6. Synthesis of benzhydrylium tetrafluoroborates (10+–11+)-BF4
–. 

Spectroscopic Characterization of Benzhydrylium Ions 1+–
11+. In contrast to the yellow or red alkyl- and alkoxy-substituted 
benzhydryl cations, which have absorption maxima between 443 
and 535 nm,[29] the p-amino-substituted benzhydrylium ions are 
blue with absorption maxima between 586 and 674 nm (Figure 1, 
Table 2). 
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Figure 1. Absorption spectra of selected benzhydrylium tetrafluoroborates in 
CH2Cl2.  

Table 2. UV-Vis absorption maxima λmax (in nm) of solutions of benzhydrylium 
tetrafluoroborates (1+–11+)-BF4

– in different solvents (with their lg ε values in 
parentheses) 

Ar2CH+   λmax (nm)   

 
CH2Cl2 MeCN DMSO[a] H2O other solvents 

1+ 640 
(5.21) 

632 
(5.16) 

640 
(5.10) 

630 
(4.98) 

638 (5.14)[b] 

2+ 643 
(5.31) 

635 
(5.26) 

644 
(5.21) 

634 
(5.17) 

638 (5.23)[c] 

637 (5.27)[d] 

3+ 626 
(5.21) 

616 
(5.14) 

625 
(5.11)  

614 
(5.01) 

619 (5.14)[b] 

4+ 628 
(5.26) 

620 
(5.21) 

629 
(5.17) 

618 
(5.13) 

623 (5.23)[c] 

5+ 620 
(5.34) 

612 
(5.28) 

622 
(5.21) 

610 
(5.15) 

613 (5.20)[e] 

6+ 613 
(5.28) 

605 
(5.22) 

616 
(5.14) 

604 
(5.15) 

608 (5.17)[c] 

7+ 623 
(5.21) 

613 
(5.20) 

[f] [f]  

8+ 621 
(5.29) 

612 
(5.17) 

[f] [f] 613 (4.49)[e] 

9+ 674 
(5.04) 

645 
(5.06) 

[f] [f] 657 (5.01)[g] 

10+ 593 
(5.29) 

586 
(5.21) 

[f] [f]  

11+ 601 
(5.19) 

592 
(5.10) 

[f] [f]  

[a] Cations 2+–6+ react slowly with DMSO, which results in a lower precision of 
lg ε in this solvent. For the nucleophilic reactivity of DMSO (oxygen attack), 
see ref [30]; [b] In 98% acetic acid, from ref [8d]; [c] In 98% acetic acid, from ref 
[8b]; [d] As perchlorate salt in nitromethane, from ref [10]; [e] Benzhydrol 
dissolved in 98 % acetic acid, from ref [8g]; [f] Reliable measurements are not 
possible because the benzhydrylium ion reacts with the nucleophilic solvent. 
[g] Benzhydrol dissolved in an acetic acid/trifluoroacetic acid-mixture (90/10), 
from ref [8f]. 

The absorption maxima of 1+–11+ are almost identical in 
dichloromethane and DMSO, at approximately 10 nm longer 
wavelengths than in acetonitrile and water. The λmax values in 
dichloromethane correlate moderately with the electrophilicity 
parameters E of 1+–11+. Figure 2 shows that the more reactive 
(less stabilized) carbenium ions generally absorb at shorter 
wavelengths. This trend does not hold for the structurally similar 
electrophiles 1+/2+ and 3+/4+, however, which may somehow be 
related to the observation that carbenium ions 1+ and 3+ react 
over higher intrinsic barriers than their higher homologs 2+ and 
4+. Due to extended conjugation, the broad, red-shifted 
absorption band of the diphenylamino-substituted benzhydrylium 
ion 9+ differs significantly from those of the other benzhydrylium 
ions.  

−11 −10 −9 −8 −7 −6 −5 −4 −3 −2
580

600

620

640

660

680

Electrophilicity E

λ m
ax

[n
m

] H2O

CH3CN

CH2Cl2

DMSO

1+
2+

3+
4+

5+
6+

7+
8+ 9+

10+
11+

 

Figure 2. Plot of the absorption maxima λmax of benzhydrylium ions in different 
solvents (from Table 2) against the electrophilicity E. The correlation line 
depicted is for CH2Cl2 (λmax = −6.02E + 578.9, R2 = 0.815; the data for 9+ was 
omitted for the correlation).  

The 13C NMR chemical shifts of the central carbon atoms of 
substituted benzhydrylium ions (Table 3) correlate well with the 
empirical electrophilicity parameters E (Figure 3). For the whole 
range of electrophiles, the best correlation of electrophilicity with 
δ(13C) is obtained by a second-order polynomial (see legend of 
Figure 3), while for the smaller subset of amino-substituted 
benzhydrylium ions also a linear regression can be performed. 
In the case of the amino-substituted benzhydrylium ions 1+–11+ 
also the proton resonances at the carbocationic center (in 
CD3CN) correlate linearly with the electrophilicity E (δH = 0.131E 
+ 8.72, R2 = 0.97, see Figure S1 in the Supporting Information).  

The cationic centers of tritylium ions (Figure 3, grey rhombic 
entries) are shifted downfield by 20–30 ppm compared to those 
of benzhydrylium ions of equal electrophilicity E. However, the 
correlation of electrophilicity parameters with δC holds only within 
the different families, and in the series of the (dimethylamino)-
substituted tritylium ions, increasing electrophilicity is even 
associated with a higher shielding of the carbenium center 
(Figure 3, grey rhombs).  
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Table 3. Reactivity parameters E and 13C and 1H NMR spectroscopic data for 
benzhydrylium ions Ar2CH+. 13C and 1H NMR spectra for 1+–11+ (as 
tetrafluoroborates) were recorded in CD3CN.[a] 

 Ar2CH+ E δC [ppm] δH [ppm] 

1+ (lil)2CH+ −10.04 157.0 7.43 

2+ (jul)2CH+ −9.45 157.6 7.41 

3+ (ind)2CH+ −8.76 158.2 7.56 

4+ (thq)2CH+ −8.22 159.8 7.63 

5+ (pyr)2CH+ −7.69 161.5 7.82 

6+ (dma)2CH+ −7.02 161.9 7.85 

7+ (mpa)2CH+ −5.89 164.0 8.00 

8+ (mor)2CH+ −5.53 162.3 7.93 

9+ (dpa)2CH+ −4.72 165.3 8.12 

10+ (mfa)2CH+ −3.85 167.2 8.19 

11+ (pfa)2CH+ −3.14 169.0 8.31 

 (OCH2CH2)2-D
 [b] −1.36 176.8[c]  

 (MeO)2-D
 [b] 0.00 179.5[c] 

178.6[d] 
 

 (MeO),(Me)-D [b] 1.48 183.3[c]  

 (MeO),(H)-D [b] 2.11 183.5[e]  

 (Me)2-D
 [b] 3.63 191.7[d] 

192.3[f] 
 

 (Me),(H)-D [b] 4.43 195.3[f] 
196.1[g] 

 

 (F),(H)-D [b] 5.20 197.1[g]  

 (H)2-D
 [b] 5.47 199.8[g] 

200[f] 
 

[a] This work; [b] For structures of benzhydrylium ions (X),(Y)-D see Figure 3; [c] 
At –70 °C in FSO3H/SbF5/SO2ClF or FSO3H/SO2ClF, from ref [31a]; [d] At 
–20 °C in CF3SO3H, from ref [31b]; [e] At –70 °C in FSO3H/SbF5/SO2ClF, from 
ref [31c]; [f] At –78°C in SbF5/SO2ClF, from ref [31d]; [g] At –70 °C in 
SbF5/SO2ClF, from ref [31c].  

 
We have previously reported a linear correlation of the 
electrophilicity parameters of benzhydrylium ions with their 
experimentally determined one-electron reduction potentials 
(Figure 4a).[32,33] Additionally, a moderate correlation of 
quantum-chemically calculated LUMO energies (Supporting 
Information, Figure S2) and a significantly better one of gas-
phase methyl anion affinities ΔGMA (Figure 4b) with one-electron 
reduction potentials can be observed.  
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Figure 3. Correlation of the 13C NMR chemical shifts for the central carbon in 
Ar2CH+ (from Table 3, red squares and black circles) with the electrophilicity 
parameters E of benzhydrylium ions. The 13C NMR chemical shifts of 
benzhydrylium ions can be described by the second-order polynomial δC = 
0.105 E2 + 3.18 E + 179 (r2 = 0.995). The 13C NMR chemical shifts of the 
carbocationic centers in tritylium tetrafluoroborates are marked by grey 
rhombic symbols (data were taken from refs [31e,f]). 
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Figure 4. a) Correlation of the electrophilicity parameters E of benzhydrylium 
ions with their one-electron reduction potentials E°red. b) Correlation of gas-
phase methyl anion affinities ∆GMA (from Table 1 and ref [18]) of 
benzhydrylium ions with their one-electron reduction potentials E°red (E°red vs 
SCE, 25 °C, in MeCN were taken from ref [32], structures of benzhydrylium 
ions (X),(Y)-D are shown in Figure 3).  
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Structural aspects of benzhydrylium tetrafluoroborates 
Crystallization by the vapour diffusion method with different 
solvent systems delivered crystals of the benzhydrylium 
tetrafluoroborates 1+-BF4

–, 2+-BF4
–, 3+-BF4

–, 5+-BF4
–, and 6+-BF4

– 
that were suitable for single-crystal diffraction (Figure 5, for 
detailed procedures see the Supporting Information).[34] 

 

Figure 5. Structure of the benzhydrylium unit in the solid state of 1+-BF4
–, 2+-

BF4
–, 3+-BF4

–, 5+-BF4
–, and 6+-BF4

–. The counterion BF4
− and in the case of 6+ 

one molecule of CH3CN were omitted for clarity. Thermal ellipsoids are drawn 
at a 50% probability level. [a] The structure of the cation shows dislocation. 
Only the component with the highest occupation is depicted.  

In order to compare the experimental crystal structures (Table 4, 
left part) with the structures of the free carbenium ions, we 
optimized the geometries of the benzhydrylium ions after an 
initial conformer search in the gas phase by the B3LYP[35]-
D3[36]/6-311+G(d,p) method (Table 4, right part) employing the 
Gaussian software package.[37] Additionally, we probed the 
influence of solvation by optimizing the structures with the IEF 
version of the PCM model.[38,39] 

In the crystals of 1+, 2+, 3+, 5+, and 6+, the central carbon C1 
and the attached carbon atoms of the aryl rings (C2 and C5) are 
in an averaged distance of 1.407 (± 0.002) Å, in excellent 
agreement with C1–C2/C5 distances in calculated structures of 
1+–11+ in gas-phase and aqueous solution. As already shown by 
earlier quantum chemical calculations,[40] the C1–C2/C5 bond 
lengths are almost independent of the substituents in 
symmetrical systems and significantly shorter than comparable 
C+−Car bonds in tritylium ions (averaged value in methoxy- and 
amino-substituted tritylium ions: 1.449 Å).[41] 

Crystal structures and quantum chemical calculations in gas 
phase and solution furthermore indicate that the C2−C1−C5 angle 
is almost unaffected by the substituents of the aryl rings (132.6–
135.0° by X-ray structure determination and 131.6–132.6° by 
calculations). 

In contrast, the twisting of the aryl groups (defined as the 
angle between the two planes, which pass through the aryl rings, 
Figure 6) is significantly influenced by packing effects in the solid 

state structures: While quantum-chemically calculated structures 
of 1+–11+ stay within a narrow range for the twist angles (gas 
phase: 26.2 ± 2°; in water: 24.5 ± 2°), the twist angles in the 
crystals of 1+, 2+, 3+, 5+, and 6+ vary unsystematically between 
3° and 25° (Table 4, Figure 6). 

 

Figure 6. Illustration of the twisted aryl rings in the crystal structure of 5+-BF4
− 

and 3+-BF4
−. The twisting is defined by the intersecting angle of the two blue 

planes, which are defined by the six carbon atoms of the respective aryl ring.  

As depicted in Figure 7, rotation around the C+-CAr bond (that is, 
the C1–C2 or the C1–C5 bond) in the benzhydrylium ions 3+ and 
1+ gives rise to three different conformers. The conformer (Z,Z)-
3+, the only 3+ conformer detectable by X-ray analysis, is 
calculated to be 1.6 and 1.8 kJ/mol more stable than (E,Z)-3+ 
and (E,E)-3+, respectively. Calculations show the (Z,Z)-
conformer of 1+ also to be the most stable structure, closely 
followed by the (E,Z)- and the (E,E)-conformers (Figure 7). The 
dislocation observed in the X-ray structure of 1+-BF4

- (Figure 8A) 
indicates that now two conformers exist in the ratio 55/45, and 
from the C2 axis through the center of the carbenium ion, one 
can derive that it is a mixture of (Z,Z)- and (E,E)-1+. 
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Figure 7. Conformational analysis of benzhydrylium ions 3+ and 1+. 
Conformers having the same relative orientation of the aryl rings are 
Boltzmann-weighted based on their energies at the B3LYP-D3/6-311+g(d,p) 
level of theory in aqueous solution (IEF-PCM). 
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Table 4. Experimental bond lengths and bond angles in the solid state structures of the benzhydrylium tetrafluoroborates 1+, 2+, 3+, 5+, and 6+ and 
quantum-chemically calculated bond lengths and bond angles of structures optimized at the B3LYP-D3/6-311+g(d,p) level of theory in gas-phase and 
solution (IEF-PCM, water) for 1+–11+. Data refer to the most stable conformer (Gibbs energy at 298 K). For atom numbering, see Figure 5. 

 Single-crystal X-ray structure Gas-phase  Water (IEF-PCM)  

 C1−C2 [Å] C1−C5 [Å] averaged  
C1–(C2/C5) 

[Å] 

C2−C1−C5 

[°] 
Twist [°] averaged  

C1–(C2/C5) 

[Å] 

C2−C1−C5 

[°] 

Twist 

[°] 

averaged  
C1–(C2/C5) 

[Å] 

C2−C1−C5 

[°] 
Twist [°] 

1+ 1.4090(19) 1.4090(19) 1.4090(19) 132.6(2) 25.04(6) 1.4097 132.3 26.19 1.4100 132.6 23.71 

2+ 1.4153(17) 1.4016(17) 1.4085(17) 134.27(11) 14.63(6) 1.4087 132.1 26.05 1.4090 132.2 24.40 

3+[a] 1.410(5) 

1.399(4) 

1.403(5) 

1.415(4) 
1.407(5) 135.0(3) 

134.8(3) 

3.57(14) 

5.19(14) 
1.4093 132.5 24.57 1.4095 132.6 22.37 

4+      1.4085 132.0 26.34 1.4088 132.3 23.37 

5+ 1.413(3) 1.398(3) 1.406(3) 133.5(2) 21.60(11) 1.4083 132.1 25.93 1.4085 132.2 23.93 

6+ 1.412(2) 1.403(2) 1.408(2) 133.6(2) 11.68 (6) 1.4084 131.9 26.33 1.4086 132.1 24.25 

7+      1.4083 131.9 26.13 1.4086 131.7 25.12 

8+      1.4078 131.6 25.64 1.4081 131.8 24.18 

9+      1.4088 131.6 26.15 1.4092 131.3 26.21 

10+      1.4090 131.7 27.32 1.4089 131.6 25.75 

11+      1.4089 131.6 27.89 1.4094 131.8 26.52 

[a] Two individual units crystallized in the asymmetric unit. 

 

Figure 8. (A) Dislocation in the crystal structure of 1+-BF4
−. Transparent atoms 

and fragmentated bonds belong to the species with lower occupation (45%). 
(B) Close ion contacts towards BF4

− anions in the crystal structure of 1+-BF4
−. 

(C) NBO analysis at the B3LYP-D3/6-311+g(d,p) level of theory (gas phase) 
Italic numbers indicate the values for carbon/nitrogen while standard ones are 
for hydrogen. The values for CH2 groups are averaged.  

Packing effects in the solid-state structures 
In the solid-state structures of 1+-BF4

–, 2+-BF4
–, 5+-BF4

–, and 6+-
BF4

–, the benzhydrylium tetrafluoroborates are arranged in flat 
layers (as shown in Figure 9), which are fixed by π-π stacking 
and C−H···π interactions between the layers. A different 
arrangement was only found in the structure of 3+-BF4

–: The 
layers of cations are not flat but follow a zig-zag pattern (Figure 
10).  

In the crystal structures of all benzhydrylium 
tetrafluoroborates the tetrafluoroborate ions take part in C−H···F 
hydrogen-bonds with H−F distances ranging from 2.35 to 2.55 Å 
(Figure 8B).[42,43] Generally, the tetrafluoroborate ions adopt 
positions within the layer of benzhydrylium ions (Figures 9 and 
10) where they occupy the gaps between the individual 
cations.[44] There is little preference for the BF4

– anion to be 
positioned at a certain site of the carbocation, and Fig. 8B shows 
that C−H···F contacts exist at various sites between 1+ and its 
tetrafluoroborate counterion. This can be explained by the 
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effective delocalization of the positive charge, which is also 
shown by the quantum-chemically calculated charges in a 
Natural Bond Orbital (NBO)[45] analysis (Figure 8C).  

 

Figure 9. Packing within one layer of cations in the crystal structure of 2+-BF4
– 

shown as top and side view. As the structure shows dislocation, only the 
conformer with the highest occupancy is depicted.  

 

Figure 10. Packing within one layer of cations in the crystal structure of 3+-
BF4

– shown as top and side view. As the structure shows dislocation, only the 
species with the highest occupancy is depicted.  

The cation-anion interactions in the X-ray structures of 1+-BF4
–, 

2+-BF4
–, 3+-BF4

–, 5+-BF4
–, and 6+-BF4

– and the even distribution 
of the charge over the cation has previously been observed by 
1H,19F HOESY NMR spectroscopy in the CD2Cl2 solution of 6+-
BF4

–.[9f] Strong F,H interactions were detected that originated 

from the proximity of BF4
− anions and protons of the 

dimethylamino-group in 6+-BF4
–. Additionally, significant 

interactions of fluorine (of BF4
–) with the ortho- and meta CH 

protons of the arene rings could be observed. In analogy to the 
situation in Figure 8B, only a weak correlation signal of 19F 
nuclei in BF4

– with the C1–H proton was found by HOESY NMR 
spectroscopy.[9f] 
 
Conclusion 
The discussion of structure-reactivity relationships is often 
hampered by the fact that an unambiguous separation of steric 
and electronic effects is not possible. By using para- and meta- 
substituted benzhydrylium ions as reference electrophiles, we 
succeeded to vary electrophilicity by 18 orders of magnitude 
while the steric surroundings of the reaction center were kept 
constant.[12–15] The syntheses of methyl-, methoxy-, and 
halogen-substituted benzhydryl derivatives are well-established, 
but the preparation of most amino-substituted benzhydrylium 
ions has not or only vaguely been described previously.[12] With 
the optimized procedures given in the Supporting Information of 
this paper, these compounds now become easily available and 
can hence be used for systematic investigations of fundamental 
questions of organic chemistry.  

As shown in previous work, amino-substituted 
benzhydrylium ions cannot only be used for characterizing the 
reactivities of nucleophiles of intermediate strengths,[12] but also 
for the construction of general Lewis basicity scales with respect 
to carbon-centered Lewis acids.[18] Due to their well-defined 
electrophilicities, electrofugalities, and Lewis acidities they allow 
one to investigate the limits of common concepts of organic 
reactivity. Whereas typical carbocations are the more reactive, 
the slower they are formed in SN1 reactions, this general rule 
does not any longer hold for amino-substituted benzhydrylium 
ions, where in many cases variable intrinsic barriers account for 
the counterintuitive observation that carbocations, which are 
formed faster in SN1 reactions also react faster with 
nucleophiles.[46,47] The possibility to fine-tune electrophilicity and 
Lewis acidity of these compounds furthermore allows one to use 
them for elucidating puzzling regioselectivities in reactions of 
ambident nucleophiles.[47,48] In summary, due to their reactivities 
in between those of ordinary carbocations and neutral acceptor-
substituted π-systems, amino-substituted benzhydrylium ions are 
unique mechanistic tools,[49] which have now become easily 
accessible. 

Acknowledgements 

Financial support by the Deutsche Forschungsgemeinschaft 
(SFB 749, project B1) is gratefully acknowledged. We thank Dr. 
Thorsten Bug, Dr. Bernhard Kempf, Dr. Robert Loos, Dr. 
Grygoriy Y. Remennikov, and Dr. Thomas Singer for their 
experimental contributions to the development of synthetic 
routes toward stable amino-substituted benzhydrylium 
tetrafluoroborates. 

10.1002/ejoc.201800835

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.



FULL PAPER    

 
 
 
 
 

Keywords: carbocations • hydrogen bonds • substituent effects 

• synthetic methods • X-ray diffraction 

[1] a) M. G. Church, E. D. Hughes, C. K. Ingold, J. Chem. Soc. 1940, 966–

970; b) L. C. Bateman, M. G. Church, E. D. Hughes, C. K. Ingold, N. A. 

Taher, J. Chem. Soc. 1940, 979–1011; c) O. T. Benfey, E. D. Hughes, 

C. K. Ingold, J. Chem. Soc. 1952, 2488–2493.  

[2] T. H. Bailey, J. R. Fox, E. Jackson, G. Kohnstam, A. Queen, Chem. 

Commun. 1966, 122–123. 

[3] S. Winstein, M. Hojo, S. Smith, Tetrahedron Lett. 1960, 1, 12–19. 

[4] S. Winstein, A. H. Fainberg, E. Grunwald, J. Am. Chem. Soc. 1957, 79, 

4146–4155.  

[5] a) A. Iliceto, A. Fava, U. Mazzucato, O. Rossetto, J. Am. Chem. Soc. 

1961, 83, 2729–2734; b) A. Fava, A. Iliceto, A. Ceccon, P. Koch, J. Am. 

Chem. Soc. 1965, 87, 1045–1049; c) A. Ceccon, A. Fava, I. Papa, J. 

Am. Chem. Soc. 1969, 91, 5547–5550.  

[6] R. Loos, S. Kobayashi, H. Mayr, J. Am. Chem. Soc. 2003, 125, 14126–

14132. 

[7] H. Mayr, Angew. Chem. Int. Ed. Engl. 1990, 29, 1371–1384. 

[8] a) C. C. Barker, G. Hallas, A. Stamp, J. Chem. Soc. 1960, 3790–3800; 

b) C. C. Barker, G. Hallas, J. Chem. Soc. B 1969, 1068–1071; c) R. W. 

Castelino, G. Hallas, J. Chem. Soc. B 1971, 1471–1473; d) R. W. 

Castelino, G. Hallas, D. C. Taylor, J. Soc. Dyes Colour. 1972, 88, 25–

27; e) B. A. Humphries, M. S. Rohrbach, M. S. Brookhart, J. H. 

Harrison, Bioorg. Chem. 1974, 3, 163–175; f) D. Hellwinkel, H. G. Gaa, 

R. Gottfried, Z. Naturforsch. B 1986, 41, 1045–1060; g) S. F. Beach, J. 

D. Hepworth, P. Jones, D. Mason, J. Sawyer, G. Hallas, M. M. Mitchell, 

J. Chem. Soc. Perkin Trans. 2 1989, 1087–1090. 

[9] a) C. Jutz, Chem. Ber. 1958, 91, 850–861; b) K.-A. Kovar, K. Weihgold, 

H. Auterhoff, Arch. Pharm. 1971, 304, 595–602; c) V. V. Negrebetskii, 

N. N. Bychkov, B. I. Stepanov, J. Gen. Chem. USSR 1980, 50, 1658–

1662; Zh. Obshch. Khim. 1980, 50, 2051–2056; d) D. Marji, H. 

Tashtoush, J. Ibrahim, Tetrahedron 1986, 42, 4517–4521; e) J. 

Burfeindt, M. Patz, M. Müller, H. Mayr, J. Am. Chem. Soc. 1998, 120, 

3629–3634; f) A. Moreno, P. S. Pregosin, L. F. Veiros, A. Albinati, S. 

Rizzato, Chem. Eur. J. 2009, 15, 6848–6862.  

[10] F. A. Mikhailenko, L. V. Balina, Chem. Heterocycl. Compd. 1982, 18, 

334–336; Khim. Geterotsikl. Soedin. 1982, 450–452. 

[11] H. Mayr, M. Patz, Angew. Chem. Int. Ed. Engl. 1994, 33, 938–957. 

[12] H. Mayr, T. Bug, M. F. Gotta, N. Hering, B. Irrgang, B. Janker, B. Kempf, 

R. Loos, A. R. Ofial, G. Remennikov, H. Schimmel, J. Am. Chem. Soc. 

2001, 123, 9500–9512. 

[13] H. Mayr, Tetrahedron 2015, 71, 5095–5111. 

[14] J. Ammer, C. Nolte, H. Mayr, J. Am. Chem. Soc. 2012, 134, 13902–

13911. 

[15] H. Mayr, A. R. Ofial, SAR QSAR Environ. Res. 2015, 26, 619–646. 

[16] For a comprehensive listing of nucleophilicity parameters N, sN and 

electrophilicity parameters E, see 

http://www.cup.lmu.de/oc/mayr/DBintro.html. 

[17] a) N. Streidl, B. Denegri, O. Kronja, H. Mayr, Acc. Chem. Res. 2010, 43, 

1537–1549; b) B. Denegri, M. Matić, O. Kronja, Synthesis 2017, 49, 

3422–3432; c) M. Matić, B. Denegri, S. Jurić, O. Kronja, Croat. Chem. 

Acta 2017, 90, 571–581. 

[18] H. Mayr, J. Ammer, M. Baidya, B. Maji, T. A. Nigst, A. R. Ofial, T. 

Singer, J. Am. Chem. Soc. 2015, 137, 2580–2599. 

[19] G. Hallas, D. C. Taylor, J. Chem. Soc. 1964, 1518–1519. 

[20] R. Gawinecki, E. Kolehmainen, R. Kauppinen, J. Chem. Soc. Perkin 

Trans. 2 1998, 25–29. 

[21] J. T. Shaw, F. T. Tyson, J. Am. Chem. Soc. 1956, 78, 2538–2540. 

[22] L. F. Fieser, J. E. Jones, Org. Synth. Coll. Vol. 1955, 3, 590. 

[23] A. N. Kost, L. G. Yudin, J. Gen. Chem. USSR (Engl. Transl.) 1955, 

1891–1893; Zh. Obshch. Khim. 1955, 1947–1949. 

[24] a) R. Gawinecki, S. Andrzejak, A. Puchala, Org. Prep. Proced. Int. 1998, 

30, 455–460. b) G. Cai, N. Bozhkova, J. Odingo, N. Berova, K. 

Nakanishi, J. Am. Chem. Soc. 1993, 115, 7192–7198. 

[25] The formation of dibenzhydryl ethers from Michler's hydrol was reported 

by: R. Möhlau, M. Heinze, Ber. Dtsch. Chem. Ges. 1902, 35, 358–375. 

[26] 18a was prepared in 78% yield through the reaction of N-methylaniline 

with formaldehyde following the procedure in ref [27a]. 18b was 

accessible in 42% yield from the reaction of diphenylamine with 

formaldehyde as in ref [27b]. 

[27] a) M. Grodowski, T. Latowski, Tetrahedron 1974, 30, 767–772. b) D. 

Craig, J. Am. Chem. Soc. 1933, 55, 3723–3727. 

[28] L. Armstrong, A. M. Jones, Dyes Pigm. 1999, 42, 65–70. 

[29] J. Ammer, C. F. Sailer, E. Riedle, H. Mayr, J. Am. Chem. Soc. 2012, 

134, 11481–11494. 

[30] T. B. Phan, C. Nolte, S. Kobayashi, A. R. Ofial, H. Mayr, J. Am. Chem. 

Soc. 2009, 131, 11392–11401. 

[31] a) D. P. Kelly, M. J. Jenkins, J. Org. Chem. 1984, 49, 409–413; b) T. 

Ohwada, K. Shudo, J. Org. Chem. 1989, 54, 5227–5237; c) D. P. Kelly, 

R. J. Spear, Austr. J. Chem. 1977, 30, 1993–2004; d) G. A. Olah, M. I. 

Watkins, Proc. Natl. Acad. Sci. U.S.A. 1980, 77, 703–707; e) M. Horn, 

H. Mayr, Chem. Eur. J. 2010, 16, 7469–7477; f) E. M. Arnett, R. A. 

Flowers II, R. T. Ludwig, A. E. Meekhof, S. A. Walek, J. Phys. Org. 

Chem. 1997, 10, 499–513. 

[32] A. R. Ofial, K. Ohkubo, S. Fukuzumi, R. Lucius, H. Mayr, J. Am. Chem. 

Soc. 2003, 125, 10906–10912. 

[33] B. A. Sim, P. H. Milne, D. Griller, D. D. M. Wayner, J. Am. Chem. Soc. 

1990, 112, 6635–6638. 

[34] CCDC 1845114 (6+-BF4
–), 1845115 (1+-BF4

–), 1845116 (2+-BF4
–), 

1845117 (3+-BF4
–), and 1845118 (5+-BF4

–) contain the supplementary 

crystallographic data for this paper. These data can be obtained free of 

charge from The Cambridge Crystallographic Data Centre via 

www.ccdc.cam.ac.uk/data_request/cif. 

[35] A. D. Becke, J. Chem. Phys. 1993, 98, 5648−5652. 

[36] a) S. Grimme, J. Comput. Chem. 2006, 27, 1787−1799; b) S. Grimme, 

J. Antony, S. Ehrlich, H. Krieg, J. Chem. Phys. 2010, 132, 154104; c) J. 

P. Wagner, P. R. Schreiner, Angew. Chem. Int. Ed. 2015, 54, 

12274−12296. 

[37] Gaussian 16, Revision A.03, M. J. Frisch, G. W. Trucks, H. B. Schlegel, 

G. E. Scuseria, M. A. Robb, J. R. Cheeseman, G. Scalmani, V. Barone, 

G. A. Petersson, H. Nakatsuji, X. Li, M. Caricato, A. V. Marenich, J. 

Bloino, B. G. Janesko, R. Gomperts, B. Mennucci, H. P. Hratchian, J. V. 

Ortiz, A. F. Izmaylov, J. L. Sonnenberg, D. Williams-Young, F. Ding, F. 

Lipparini, F. Egidi, J. Goings, B. Peng, A. Petrone, T. Henderson, D. 

Ranasinghe, V. G. Zakrzewski, J. Gao, N. Rega, G. Zheng, W. Liang, 

M. Hada, M. Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. 

Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, K. Throssell, J. A. 

Montgomery, Jr., J. E. Peralta, F. Ogliaro, M. J. Bearpark, J. J. Heyd, E. 

N. Brothers, K. N. Kudin, V. N. Staroverov, T. A. Keith, R. Kobayashi, J. 

Normand, K. Raghavachari, A. P. Rendell, J. C. Burant, S. S. Iyengar, J. 

Tomasi, M. Cossi, J. M. Millam, M. Klene, C. Adamo, R. Cammi, J. W. 

Ochterski, R. L. Martin, K. Morokuma, O. Farkas, J. B. Foresman, D. J. 

Fox, Gaussian, Inc., Wallingford CT, 2016. 

[38] a) E. Cancès, B. Mennucci, J. Tomasi, J. Chem. Phys. 1997, 107, 

3032–3041; b) J. Tomasi, B. Mennucci, R. Cammi, Chem. Rev. 2005, 

105, 2999–3093. 

[39] The IEF-PCM method gave reliable results for the calculated energy 

barriers for the reaction of benzhydrylium ions with peroxide anions in 

water: R. J. Mayer, T. Tokuyasu, P. Mayer, J. Gomar, S. Sabelle, B. 

Mennucci, H. Mayr, A. R. Ofial, Angew. Chem. Int. Ed. 2017, 56, 

13279–13282. 

[40] C. Schindele, K. N. Houk, H. Mayr, J. Am. Chem. Soc. 2002, 124, 

11208–11214. 

[41] a) L. L. Koh, K. Eriks, Acta Cryst. B 1971, 27, 1405–1413; b) C. 

Bleasdale, W. Clegg, S. B. Ellwood, B. T. Golding, Acta Cryst. C 1991, 

10.1002/ejoc.201800835

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.



FULL PAPER    

 
 
 
 
 

47, 550–553; c) E. Mosaferi, D. Ripsman, D. W. Stephan, Chem. 

Commun. 2016, 52, 8291–8293. 

[42] a) V. R. Thalladi, H.-C. Weiss, D. Bläser, R. Boese, A. Nangia, G. R. 

Desiraju, J. Am. Chem. Soc. 1998, 120, 8702–8710; b) E. Arunan, G. R. 

Desiraju, R. A. Klein, J. Sadlej, S. Scheiner, I. Alkorta, D. C. Clary, R. H. 

Crabtree, J. J. Dannenberg, P. Hobza, H. G. Kjaergaard, A. C. Legon, 

B. Mennucci, D. J. Nesbitt, Pure Appl. Chem. 2011, 83, 1619–1636. 

[43] For a review see: T. Laube, Chem. Rev. 1998, 98, 1277–1312. 

[44] For 6+-BF4
–, co-crystallized acetonitrile molecules also occupy cavities 

in the benzhydrylium layer, which gives rise to weak C−H···N hydrogen-

bonding (2.61 Å). 

[45] A. E. Reed, L. A. Curtiss, F. Weinhold, Chem. Rev. 1988, 88, 899–926. 

[46] H. Mayr, A. R. Ofial, Acc. Chem. Res. 2016, 49, 952–965. 

[47] H. Mayr, A. R. Ofial, Pure Appl. Chem. 2017, 89, 729–744. 

[48] H. Mayr, M. Breugst, A. R. Ofial, Angew. Chem. Int. Ed. 2011, 50, 

6470–6505. 

[49] The phenylamino-substituted benzhydrylium ions 7+ and 9+ obviously 

are differently solvated than other types of substituted benzhydrylium 

ions leading to deviations when rate and equilibrium constants 

measured in different solvents are correlated with dichloromethane-

based electrophilicity or Lewis acidity parameters. As a consequence, 

we recommend that 7+ and 9+ are not used as reference compounds for 

prediciting properties of other electrophiles, electrofuges or Lewis acids. 

 

10.1002/ejoc.201800835

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.



FULL PAPER    

 
 
 
 
 

 
Entry for the Table of Contents 
 
 
Layout 2: 

FULL PAPER 

Benzhydrylium ions are the backbone of several reactivity and stability scales. The 
optimized syntheses of eleven p-amino-substituted benzhydrylium 
tetrafluoroborates are reported. The features of these benzhydrylium salts have 
been investigated in solution (UV-Vis, NMR), solid state (five X-ray structures), and 
by DFT calculations (in gas phase and aqueous solution). 

 Benzhydrylium Ions 

Robert J. Mayer, Nathalie Hampel, Peter 
Mayer, Armin R. Ofial,* Herbert Mayr* 

Page No. – Page No. 

Synthesis, Structure and Properties 
of Amino-Substituted Benzhydrylium 
Ions – a Link Between Ordinary 
Carbocations and Neutral 
Electrophiles 

 

 

 
 

10.1002/ejoc.201800835

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.


