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Abstract: Site-selective functionalization of pyridines is a crucial tool for the synthesis of diverse
pharmaceuticals and materials. We introduced diiminium pyridine adducts as highly convenient and
potent Lewis acids. We report that tributylphosphine selectively adds to the 4-position of pyridine in
tetramethyldiiminium pyridine ditrifluoromethanesulfonate, resulting in the formation of the title
compound. This finding represents an advancement towards the utilization of diiminium units as
organic reagents or catalysts for pyridine functionalization. We also employ computational models to
determine fluoride and hydride ion affinities, Fukui function f +(r), molecular electrostatic potential,
and pKa values, providing valuable insights for future investigations in this area.

Keywords: pyridine functionalization; dihydropyridine; Lewis acids; organic Lewis acids; dications;
diiminium; cations

1. Introduction

Pyridines play a crucial role in pharmaceutical and chemical applications [1]. However,
achieving site-selective functionalization of pyridines remains a challenging task [2–4]. N-
functionalization of pyridines can induce C2- and C4-selectivity, with bulkier N-substituents
favoring the latter [5–11]. Addition to the C4-position leads to the formation of 1,4-
dihydropyridine (DHP) structures, which can further undergo C3-functionalization [12–15].
The synthesis of substituted 1,4-DHPs was historically challenging [16–19], leading to
recent advancements towards addressing this issue effectively. Pyridines substituted at
the C2-position with bulky groups, for example, were found to form “frustrated” Lewis
pairs (FLPs) with boranes, enabling complete reduction with molecular hydrogen [20–25].
Partial reduction can also be achieved through hydroboration and hydrosilyzation strate-
gies [26–29].

In our recent work, we investigated three diiminium nucleophile adducts, including
the pyridine adduct (DIPy) 1, as carbon-based Lewis acids (Figure 1) [30]. These adducts
offer a cost-efficient and convenient synthesis method at large scales and proved to be
potent coupling reagents for amide and imide formations. The adducts typically engage in
a “double-action” mechanism involving the addition of a Lewis base and subsequent elimi-
nation of the pyridines. This behavior resembles that of Lewis pairs and complicates direct
comparison of their acidity with simple single-action Lewis acids. However, we determined
that they exhibit characteristics consistent with hard and soft Lewis super-acids [31]. We
successfully abstracted fluoride ions from SbF6

−, albeit under harsh conditions, following
the typical double-action mechanism. Oxygen nucleophiles displayed similar reactivity.
Interestingly, when employing the soft hydride donor Et3SiH, we observed behavior more
in line with the established chemistry of N-substituted pyridines, with the C4-position
of the diiminium adduct acting as a better soft Lewis acid than the diiminium carbon.
Our regiospecific synthesis of the 1,4-DHP 3 sparked our interest in employing diiminium
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nucleophile adducts for pyridine substitution. Consequently, we initiated investigations
with heavier and more complex soft bases, and herein describe the addition of tributylphos-
phine to diiminium pyridine adduct 1 and examine the acidity properties of the resulting
product. While they are important intermediates in the functionalization of pyridines, only
six phosphonium adducts of 1,4-DHP have been isolated [32,33].
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Figure 1. (a) DIPy 1 abstracts fluoride from various MSbF6 under microwave (MW) conditions in an
addition-elimination “double-action” mechanism, yielding fluoroformamidinium 2. (b) The reaction
of DIPy 1 with Et3SiH leads to the diiminium-functionalized 1,4-DHP 3.

2. Results and Discussion
2.1. Synthesis

Preliminary experiments were conducted on a 250 µmol scale using dichloromethane
(DCM) and diethyl ether (Et2O) in an argon atmosphere in screw-capped 10 mL vials.
In 1.5 mL of the respective solvent, 1.00 eq. of 1 and 1.05 eq. of PBu3 were mixed and
stirred for 2 h at room temperature (r.t.) under argon. The solvent was evaporated,
and the reaction progress was evaluated using 1H nuclear magnetic resonance (NMR)
in CD3CN. The remaining pyridine integrals of 1 compared to the vinylic integrals of
the product tributyl(1-((dimethylamino)(dimethyliminio)methyl)-1,4-dihydropyridin-4-
yl)phosphonium ditrifluoromethanesulfonate 4 suggested 88% completion in DCM and
81% completion in Et2O (assuming a specific reaction). Based on these results, we chose to
run the synthesis overnight (18 h) to ensure complete conversion.

2.50 mmol of DIPy 1 were reacted with 2.65 mmol (1.05 eq.) of PBu3 in 10 mL anhy-
drous Et2O under an argon atmosphere (Figure 2). The dispersion slowly turned pale-
yellow. The solid crude product was collected after 18 h in air by filtration on a paper filter
and washed with Et2O. It was then dissolved in DCM and filtrated. Removal of the solvent
yielded the title compound 4 at satisfactory purity in an excellent yield (97%). Traces
of 1 and [Bu3POPBu3]OTf2 were be detected in 1H and 31P NMR spectra, respectively.
The latter was identified by analogy of the 31P NMR shift (87 ppm) to the known shift of
[Et3POPEt3]OTf2. (87 ppm) [30]. A high purity sample was obtained by recrystallisation
in an argon atmosphere rather than filtration in air. To achieve this, DCM was added to
the solution of another reaction after 18 h until the product dissolved. The title compound
crystallized at −18 ◦C and was collected in the form of crystalline needles. Combined with
further crystallization from the mother liquor, pure 4 was isolated in 92% yield. Storage of
4 in a dry atmosphere is advised due to mild hygroscopy.
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pyridyl-N bond. In comparison, the diiminium-C–pyridine-N bond in 1 is 144.8(2) pm 
long.[30] The P–C–C bond angles at the dihydropyridyl-C4 position are 109.5(2) and 
111.2(2)°, consistent with an sp3-carbon center. The respective P–C bond length measures 
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Analogous reactions with the poorer nucleophiles triphenylphosphine and triph-
enylphosphite did not lead to isolable adducts. No reaction was observed with triph-
enylphosphite. Triphenylphosphine led to the formation of sets of broad 1H NMR signals
indicative of the desired 1,4-DHP but we were able to reisolate both starting materials
through washing with Et2O, which dissolved the phosphine. This suggests that triph-
enylphosphine reversible adds to DIPy 1, which may be useful for promoting other func-
tionalization reactions.

2.2. Structure in the Solid State

Crystals suitable for structure determination by single crystal X-ray diffraction (SCXRD)
of compound 4 were generated by recrystallisation from Et2O/DCM at −18 ◦C (see syn-
thesis section for details). The colorless plates were mounted on MiTeGen 100 µm micro-
mounts using a non-polar cryo-oil for subsequent determination by single crystal X-ray
crystallography (Figure 3, not simplified in Figure S13). The asymmetric cell contained
one molecule of 4. One triflate anion was found to be disordered over two positions in a
60%:40% ratio and was modelled accordingly.
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Figure 3. Structure of 4 determined by SCXRD. Thermal ellipsoids are shown at 50% probability level.
Minor disordered position of TfO− omitted and displayed TfO− and butyls simplified for clarity. S:
yellow, P: orange, F: green, O: red, N: blue, C: grey, H: white.

The bond length of 137.2(3) pm indicates a strong bond in the diiminium-C–dihydropy
ridyl-N bond. In comparison, the diiminium-C–pyridine-N bond in 1 is 144.8(2) pm
long [30]. The P–C–C bond angles at the dihydropyridyl-C4 position are 109.5(2) and
111.2(2)◦, consistent with an sp3-carbon center. The respective P–C bond length measures
183.2(3) pm.

The diiminium carbon exhibits a distance of 318.2(3) pm to the closest triflate oxygen.
On the other side of the diiminium carbon, there is a disordered triflate anion from a
neighboring unit cell. The distances to the two closest disordered oxygens of this triflate
measure 312.6(8) pm and 323.6(6) pm, with an average of 317 pm (with the individual
distances weighted by the 60%:40% ratio of the triflates). These distances are smaller than
the sum of the van der Waals radii (322 pm) and suggest a weak Lewis adduct formation at
the diiminium carbon.

2.3. Nuclear Magnetic Resonance

Analysis by nuclear magnetic resonance (NMR) spectroscopy revealed intriguing
details (Figure 4a, also see Figures S1–S12). The proton in DHP-position 4 displayed a
relatively high coupling constant to P (2J(HP) = 18.5 Hz), while positions 3 and 2 exhibited
coupling constants of 3J(HP) = 3.0 and 4J(HP) = 3.8 Hz, respectively (Figure 4b). These find-
ings were consistent with the scarce previous reports on similar phosphonium-substituted
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DHPs [32]. Interestingly, we detected a total of four iminium-methyl signals both in 1H and
13C NMR spectra, with no evidence of HH couplings by 1H/1H COSY NMR. The major
splitting can be attributed to frozen rotations of the iminium bonds (which is also known
for compound 1) [30]. To explore the origin of this observation, we compared 1H NMR
spectra at different field strengths (600 and 400 MHz), and the constant shifts (in parts per
million, ppm) eliminated coupling as an explanation for the minor line-splitting (Figure 4c).
This suggests that the diiminium unit remains immobilized relative to the DHP plane
at r.t. on the 1H and 13C NMR timescale. The discovery that small methyl substituents
are sufficient to freeze this degree of freedom makes the development of enantioselective
follow-up chemistry with unsymmetric derivatives of 4 promising.
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Figure 4. 1H NMR spectra of 4 (600 MHz, CD3CN). (a) Full spectrum. (b) DHP signals. (c) Diiminium
methyl signals of an overlay of 1H NMR spectra taken at 600 and 400 MHz.

2.4. Computational Investigation

To facilitate further rational investigations, we modelled various properties of 4.
Calculations were performed at the DSD-BLYP-D3BJ/def2-QZVPP/CPCM(MeCN)//PBEh-
3c/def2-mSVP/CPCM(MeCN) level of theory [34–43]. The structure of 4 was obtained
and pre-optimized using a pipeline described in detail in the computational methods
section. We modelled the fluoride and hydride ion affinities (FIA/HIA) both in the gas
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phase and in MeCN solution (FIAMeCN/HIAMeCN) to evaluate the hard and soft acidity
of 4 (Figure 5). To avoid direct calculations of hydride and fluoride ions, we employed
Krossing’s anchoring scheme with Greb’s Me3Si+ anchor [44–48]. This scheme employs the
FIA and HIA of the Me3Si+ at the level used herein: FIA = 963 kJ mol−1; HIA = 962 kJ mol−1.
These were anchored to a high level coupled cluster method as described previously [30].
The solvation energy of fluoride and hydride ions was used to determine ion affinities
in solution: ∆Hsolv(F−) = −370 kJ mol−1; ∆Hsolv(H−) = −368 kJ mol−1. The FIA of the
diiminium carbon in 4 was determined to be 779 kJ mol−1, while the HIA was found to
be 956 kJ mol−1. These values indicate significantly lower acidities compared to 1 (FIA:
983 kJ mol−1, HIA: 1153 kJ mol−1) [30]. The phosphonium unit, acting as an electrophilic
phosphonium cation [49], displayed an FIA of 773 kJ mol−1 and an HIA of 801 kJ mol−1,
indicating weaker acidity than the carbon but with more balanced acidities towards soft and
hard bases. Dicationic Lewis acids experience strong stabilization by solvation. Modelling
the polar solvent MeCN resulted in substantial acidity dampening, with all values dropping
below 25 kJ mol−1, except for the HIA of the diiminium unit, which remained significant at
181 kJ mol−1.
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kJ mol−1: (a) FIA, (b) HIA.

As previously observed, molecular electrostatic potentials (MEPs) provide valuable
predictions of nucleophilic attacks at 1 and its derivatives under thermodynamic reaction
control, while Fukui functions align with outcomes under kinetic control [30]. No clear
distinction between the diiminium carbon and the phosphonium phosphorus centers was
observed in the MEP. Both positions exhibit similarly strong positive electrostatic potentials
which aligns well with their similar FIA values (Figure 6a). The Fukui function f +(r) clearly
indicates that the most electrophilic position is the diiminium carbon atom (Figure 6b).
Minor coefficients are visible at the iminium nitrogen. DIPy 1 showed the largest coefficients
in the pyridine ring, which is in line with the observation of the phosphine addition to the
pyridine C4-position.
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pKa values were obtained by modeling deprotonations with the reference base 1,8-
diazabicyclo(5.4.0)undec-7-ene (DBU) using Equation (1):

pKa =
∆G

RTln(10)
+pKa(DBUH+) (1)

with pKa(DBUH+) = 24.31 and T= 298.15 K (Figure 7) [50,51]. The iminium-methyl
groups and the vinylic protons of the DHP unit were predicted to have pKa values of
42–45. Deprotonation of the methylene groups neighboring phosphorus to form an ylide
was only slightly more favorable, with a pKa of 36. While we were not able to compute a
pure deprotonation at the butyls, the Hoffmann-type elimination of butene under β-CH2-
deprotonation was modeled to proceed with a pKa of 24. The most acidic position predicted
was the C4-position of the DHP, with a pKa of 21. This can be attributed to the formation
of a conjugated system extending from the resulting ylide through the heterocycle to the
iminium units. Subsequent elimination of the phosphine to yield a carbene at its former
position is as unlikely (218 kJ mol−1 uphill) as spontaneous elimination of phosphonium
HPBu3

+ without external base (229 kJ mol−1 uphill).
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3. Materials and Methods
3.1. Experimental Methods

All synthetic procedures were carried out in an argon-filled glovebox (O2 and
H2O < 3 ppm) or in Schlenk-type glassware in a dry argon atmosphere unless stated other-
wise. Glassware used in these procedures was pre-heated in an oven at 120 ◦C for at least
2 h and flame-dried with a heat gun and flushed with dry argon thrice.

All chemicals were obtained from commercial suppliers and used without further pu-
rification unless stated otherwise. Dichloromethane (DCM) and diethyl-ether (Et2O) were
dried with an MBRAUN solvent purification system (SPS-5) and stored over 4 Å molecular
sieves. Deuterated solvents for anhydrous measurements were introduced to a glovebox as
obtained from Eurisotop and stored over 4 Å molecular sieves. Cannula filtrations were
performed with polytetrafluoroethylene (PTFE) tubing capped with MN615 filter paper
from MACHEREY-NAGEL (retention capacity 4–12 µm) attached with PTFE tape.

Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Avance Neo
600 (Bruker, Billerica, USA) spectrometer at 26 ◦C and were analysed with the software
Mnova 14.2.3 [52]. Chemical shifts δ were reported in ppm. The residual solvent signals
were used for referencing 1H NMR spectra (1.94 ppm for CD3CN) [53,54]. This shift was
used for absolute referencing of all other spectra with the unified chemical shifts scale
as recommended by the International Union of Pure and Applied Chemistry (IUPAC)
in its implementation in Mnova 14.2.3 (13C: Me4Si j = 1%, X = 25.145020; 19F: CCl3F
X = 94.094011; 31P: H3PO4 external, X = 40.480742) [52,55]. Multiplicities of the signals
were given as singlet (s), doublet (d), triplet (t), quartet (q), quintet (qui), septet (sept),
multiplet (m), or broad signal (bs). Elemental analyses (CHN) were carried out in air
with an Elementar VarioEL (Elementar, Langenselbold, Germany) or a Bruker maXis II
(Bruker, Billerica, United States). High-resolution mass spectrometry (HRMS, further
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abbreviated as MS) was performed using a Thermo Scientific LTQ Orbitrap XL (Thermo
Fisher Scientific, Waltham, USA). Attenuated total reflection infrared spectra (ATR-IR)
were measured on a PerkinElmer Spectrum 100 FT-IR (PerkinElmer, Waltham, United
States) using the universal ATR (UATR) accessory and the signals were reported in cm−1.
Single-crystal X-ray data was measured using a Rigaku XtaLAB Synergy-R (Rigaku, Tokyo,
Japan) diffractometer with a HyPix-Arc 100 detector using mirror-monochromated Cu-Kα
(λ = 1.54184 Å) radiation. The data collection and reduction were performed using the
program CrysAlisPro 1.171.42.89a [56]. The structures were solved with intrinsic phasing
(SHELXT) [57] and refined by full-matrix least squares on F2 using Olex2 1.2 [58], which
utilizes the SHELXL module [59]. Anisotropic displacement parameters were assigned
to non-H atoms. All hydrogen atoms were refined using riding models with Ueq(H) of
1.5Ueq(C) for methyl groups and Ueq(H) of 1.2Ueq(C) for all other C-H groups.

3.2. Computational Methods

Calculations were performed in autodE 1.3.0 [60]. Low energy conformers were gener-
ated from simplified molecular-input line-entry system (SMILES) tags with the ETKDGv3
algorithm implemented in RDKit v. 2022.03.4 [61]. Conformer optimizations were per-
formed using xTB 6.4.0 [62] at the GFN2-xTB level [63]. Solution phase calculations used
the generalized Born solvation model with a hydrophobic solvent accessible surface area
(GBSA), with parameters appropriate for MeCN [64,65]. Feasibly low energy conformers as
selected with autodE default settings were then optimized with ORCA 5.0.4 [66–68] with the
triple-corrected composite method PBEh-3c/def2-mSVP [39–42] utilising the RIJCOSX [43]
approximation for Coulomb and Hartree Fock exchange with the def2/J auxiliary basis [36].
autodE’s template-based algorithm including conformer screening was used for the lo-
calization of most transition states. Relaxed potential energy scans as implemented in
ORCA were used for localizing rotational transition states, which were then optimized
and further treated within autodE. Hessians were then computed in ORCA at the same
level of theory for confirming the nature of the optimized structures as local minimum
or maximum, respectively. autodE was used to compute the zero-point energy and free
energy corrections based on the generated Hessian. The frequencies were scaled by 0.95
as advised for this functional and basis set combination [39]. Low frequency vibration
modes were treated with the quasi-rigid-rotor-harmonic-oscillator approximation (qRRHO,
withω0 = 100 cm−1) [69]. Potential imaginary frequencies smaller than 40 cm−1 were not
considered as transition states and were treated as real frequencies within thermochemistry
calculations (multiplication by −i). Electronic energies were obtained from single point
calculations at the DSD-BLYP [34] level with D3BJ [40,41] dispersion correction with the
basis set def2-QZVPP [35] and the auxiliary basis sets def2/J [36] and def2-QZVPP/C [37].
Optimization, Hessian, and single point calculations in solution utilized the conductor-like
polarizable continuum model (C-PCM) with parameters appropriate for MeCN, unless
stated otherwise [38]. Energies were calculated at a 1 M concentration and a temperature
of 25 ◦C, unless stated otherwise.

Compound energies are listed as Eopt, Gcont, Hcont, and Esp. Eopt is the energy of the
final structure at our level of theory used for geometry optimization. Esp is the energy of
the compound at our single point calculation level. Hcont is the enthalpy contribution, i.e.,
zero-point energy (H = Esp + Hcont). Gcont is the total free energy contribution, i.e., the sum
of the zero-point energy and entropy contributions (G = Esp + Gcont).

The molecular electrostatic potential was computed with 80 grid intervals and pro-
jected onto the electron density surface at ρ = 0.01, utilizing ORCA 5.0.4 and a Python
3 script (used in Python 3.9.16) available at https://gist.github.com/mretegan/5501553
(revision of 25 Oct. 2022, accessed on 28. Apr. 2023). Fukui functions f +(r) were computed
from single point calculations of the dications and the respective mono-cationic radicals
and displayed at ρ = 0.01.

To assist with the editing process and improve the clarity and readability of the
manuscript, an AI language model, ChatGPT (based on GPT-3.5 architecture) was em-

https://gist.github.com/mretegan/5501553
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ployed. It provided suggestions and recommendations for improving the writing style and
structure of the manuscript.

3.3. Synthesis of 4

2.50 mmol (1.19 g, 1.00 eq.) of DIPy 1 (synthesized according to [30]) were dissolved in
10 mL anhydrous Et2O in a 100 mL Schlenk tube equipped with a magnetic stir bar. Then,
2.63 mmol (669 µL, 1.05 eq.) of PBu3 were added dropwise under stirring. The reaction
mixture was allowed to stir at r.t. for 18 h, resulting in the formation of a pale-yellow
dispersion. Purification was performed following either of the following methods:

Purification procedure A: The reaction mixture was filtered swiftly in air with a paper
filter. The collected solid was washed thrice using 10 mL of Et2O each time. Subsequently,
the solid was dissolved in 10 mL of DCM and filtered through the paper filter. The solvent
was evaporated from the filtrate in vacuum to yield 2.43 mmol (1.65 g, 97%) of compound 4.

Purification procedure B: To achieve a higher purity at a slightly reduced yield, crys-
tallization in an argon atmosphere in the reaction Schlenk flask was performed. We added
DCM (ca. 20 mL) via cannula to the reaction dispersion of compound 4 until it dissolved
completely. The flask was tightly sealed and placed in a freezer at −18 ◦C. After 12 h,
crystals were observed to form and were subsequently collected using a filter cannula.
The mother liquor was collected in a second Schlenk flask and subjected to the same
crystallization method again (5 mL Et2O, ca. 18 mL DCM) to yield further crystals. Both
collected crystal batches were thoroughly washed with Et2O via filter cannula. A total of
2.31 mmol (1.57 g, 92%) of 4 were isolated as a pale-blue wool-like material consisting of
crystalline needles.

1H NMR (600 MHz, CD3CN) δ 6.42 (dt, J = 8.3, 4.3, 1.5 Hz, 2H, DHP-2 CH), 5.08 (dt,
J = 8.3, 3.8, 3.0 Hz, 2H, DHP-3 CH), 4.34–4.17 (dtd, J = 18.5, 3.8, 1.5 Hz, 1H, DHP-4 CH),
3.06 (s, 3H, Me-CH3), 3.05 (s, 3H, Me-CH3), 2.97 (s, 3H, Me-CH3), 2.96 (s, 3H, Me-CH3),
2.24–2.11 (m, 6H, Bu-CH2), 1.62–1.52 (m, 6H, Bu-CH2), 1.47 (tq, J = 7.3, 7.2 Hz, 6H, Bu-CH2),
0.95 (t, J = 7.3 Hz, 9H, Bu-CH3). 13C NMR (151 MHz, CD3CN) δ 157.5 (s, 1C, diiminium-C),
129.3 (d, J = 8.0 Hz, 2C, DHP-2 CH), 120.3 (q, J = 320.9 Hz, 2C, Tf-CF3), 98.6 (d, J = 6.3
Hz, 2C, DHP-3 CH), 40.1 (s, 1C NCH3), 40.0 (s, 1C NCH3), 39.5 (s, 1C NCH3), 39.4 (s, 1C,
NCH3), 29.1 (d, J = 48.5 Hz, 1C, DHP-4 CH), 22.8 (d, J = 15.1 Hz, 3C, Bu-CH2), 22.2 (d, J
= 4.9 Hz, 3C, Bu-CH2), 15.4 (d, J = 44.5 Hz, 3C, Bu-CH2), 11.7 (s, 3C, Bu-CH3). 31P NMR
(243 MHz, CD3CN) δ 31.6 (1P). 19F NMR (565 MHz, CD3CN) δ −80.1 (6F, CF3). ATR-IR
(neat) 3093, 2962, 2876, 2302, 2193, 2066, 1985, 1692, 1621, 1538, 1463, 1415, 1320, 1253, 1146,
1098, 1027, 985, 921, 894, 834, 912, 791, 760, 727. MS (ESI+) m/z 530.27776 (530.27876 calcd.
for C23H44F3N3O3PS+ [4 − TfO−]+); 380.31830 (380.31891 calcd. for C22H43N3P+ [4 − 2
TfO− − H+]+); 280.21833 (280.21886 calcd. for C17H31NP+ [4 − 2 TfO− − Bu+ − CH4]+);
249.05113 (249.05152 calcd. for C6H12F3N2O3S+ [(Me2N)2COTf]+); 190.66270 (190.66309
calcd. for C22H44N3P2+ [4 − 2 TfO−]2+). EA (average of four determinations) C, 41.94;
H, 6.36; N, 6.17 (C, 42.41; H, 6.53; N, 6.18 calcd. for C24H44F6N3O6PS2). Crystal data:
CCDC-2283768, [C22H44N3P][CF3O3S]2, M = 679.71, colorless plate, 0.02 × 0.05 × 0.11 mm,
triclinic, space group P-1 (No. 2), a = 10.2279(4) Å, b = 10.9774(6) Å, c = 15.1854(8) Å, α
= 79.443(4)◦, β = 84.043(4)◦, γ = 81.475(4)◦, V = 1652.42(14) Å3, Z = 2, Dcalc = 1.366 gcm3,
F(000) = 716, µ = 2.58 mm1, T = 120.0(1) K, θmax = 74.5◦, 6710 total reflections, 4802 with Io
> 2σ(Io), Rint = 0.074, 6710 data, 459 parameters, 114 restraints, GooF = 1.05, 0.49 < d∆ρ <
0.52 eÅ3, R[F2 > 2σ(F2)] = 0.055, wR(F2) = 0.156.3.

4. Conclusions

Tributyl(1-((dimethylamino)(dimethyliminio)methyl)-1,4-dihydropyridin-4-yl)phosph
onium ditrifluoromethanesulfonate 4 was successfully synthesized through the addition
of tributylphosphine to the diiminium pyridine adduct 1. Compound 4 contains both a
strong carbon-based and a strong phosphorus-based Lewis acid, exhibiting comparable FIA
and HIA values. The high computed pKa value at the C4 position of the dihydropyridine
suggests its suitability for deprotonation or oxidative aromatization.
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Supplementary Materials: The following supporting information can be downloaded online. This
appendix contains the NMR spectra of compound 4 (Figures S1–S12) after purification with procedure
B, unless stated otherwise. Figure S13. Structure of 4 determined by SCXRD.
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