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I General Information 
The 2-Methylresorcinarene (2-MeC2) was synthesized according to reported procedures.1 Trans-1,4-
diaminocyclohexane (TDAC) was purchased from Sigma Aldrich. All the solvents used for crystallization 
conditions were reagent grade, and are used as received.  

II X-ray crystallography 

Experimental 

Single crystal X-ray data for 1 and 2 were collected at 120K and 170K using Agilent SuperNova single-source 
diffractometer with an Atlas EoS CCD detector using mirror-monochromated Mo-Kα (λ = 0.71073 Å) radiation. 
The data collection and reduction for 1 and 2 were performed using CrysAlisPro2 and Gaussian face index 
absorption correction method2 was used to correct intensities for absorption. All the structures were solved with 
direct methods (SHELXS3) and refined by full-matrix least squares on F2 using the OLEX2,4 which utilizes the 
SHELXL-2014 module.3 Constraints and restraints are used for 2 where appropriate for disordered models, and 
the full X-ray crystal structure refinement details are given below. 

Table S1. X-Ray crystal data and experimental details for 1 and 2.  

 

 

 

 

 

 

 

 

 

 

  

Complex  1 2 
Empirical formula C44H61NO10 C125H227N10O31.5 
Formula weight 763.93 2374.15 
Temperature (K) 120.0(1) 170.0(1) 
Crystal system Triclinic Triclinic 
Space group P-1 P-1 
Unit cell dimensions: a (Å)                12.0803(7) 13.3506(9) 
Unit cell dimensions: b (Å)                12.3966(9) 15.7389(11) 
Unit cell dimensions: c (Å)                14.4830(10) 17.8889(12) 
Unit cell dimensions: α (°) 106.375(6) 69.234(6) 
Unit cell dimensions: β (°) 96.145(5) 75.125(6) 
Unit cell dimensions: γ (°) 108.074(6) 87.036(5) 
Volume / Å3 1932.7(2) 3393.7(4) 
Z 2 1 
Density (calculated) mg/m3 1.313 1.162 
Absorption coefficient mm-1 0.092 0.082 
F(000) 824 1299 
Crystal size (mm3) 0.15 x 0.09 x 0.07 0.26 x 0.11 x 0.07 
θ range for data collection (°) 3.16 to 25.25 1.99 to 25.25 
Reflections collected [R(int)] 13861 [0.0602] 38329 [0.0551] 
Independent reflections  4156  7774 
Data completeness (%) 99.84 99.96 
Data/ restraints/ parameters 6982/0/523 12279/48/819 
Goodness-of-fit on F2 1.022 1.029 
Final R1 indices [Ι>2sigma(Ι)] R1 = 0.0662, wR2 =	0.1391 R1 = 0.0829, wR2 = 0.2304 
Final R indices [all data] R1 =	0.1218, wR2 = 0.1666 R1 = 0.1252, wR2 = 0.2623 
Largest diff. peak/hole (e/Å-3) 0.395/ -0.349 0.841/ -0.791 
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Refinement details for 1  

All the non-hydrogen atoms for 2-MeC2, TDAC, water and methanol molecules were found non-disordered. No 
constraints and restraints were used during the refinement. After locating the non-ammonium and -hydroxyl 
group hydrogen atoms, the remaining ammonium and hydroxyl group hydrogen atoms were located from the 
difference Fourier map (Fig. S1), clearly atom O6 is deprotonated. Despite the nicely resolved hydrogen atoms 
they were not refined, but calculated to their idealized positions and refined as riding atoms.  

 

Figure S1. The electron residual peaks for the hydrogen atoms of the ammonium 
(blue) of 3 and hydroxyl (red) groups of 1. 

 

Refinement Details for complex 2  

In addition to the 2-MeC2, and endo- and exo-TDAC molecules the asymmetric unit contains 7.5 methanol and 
0.25 water molecules. Out of 7.5 methanol molecules, four methanol molecules are refined with full 
occupancies. Methanol molecule hydrogen bonded to endo-TDAC molecule was modelled with 50:50 
occupancies (C2S-O2S and C3S-O3S). Both the oxygens and carbons of C2S-O2S and C3S-O3S have large 
thermal displacement parameters and they were made equal by applying the EADP command. The 
corresponding C-O distances for C2S-O2S and C3S-O3S molecule was restrained using DFIX command. An 
exo-cavity methanol O8S-C8S and O8S-C8SA was modelled for two sites for the carbon atom (25:75) and a 
fully occupied single site for the oxygen. An exo-cavity methanol O6S-C6S has large thermal movement. 
Attempt to divide the carbon of O6S-C6S resulted in a large peak/hole in the final difference map. Due to this, 
an ISOR restraint was used for the respective carbon. A methanol (O7S-C7S) and water (O1W) molecules was 
modelled with 25:50 occupancies. After locating the non-ammonium and -hydroxyl group hydrogen atoms, the 
remaining ammonium and hydroxyl group hydrogen atoms were visible in the difference Fourier map (Fig. S2), 
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yet due to the lower quality crystals the deprotonation pattern was not unambiguous. The hydrogen atoms were 
not at all as well resolved as in the case of 1 and thus they were not refined, but calculated to their idealized 
positions and refined as riding atoms. The triple hydrogen bond acceptor nature of the deprotonated hydroxyl 
groups was determined via the interactions to the neighboring hydrogen bond donors. 

 

Figure S2. The electron residual peaks for the hydrogen atoms of the ammonium 
(blue) of (TDAC)2+  and hydroxyl (red) groups of  2, top view (a), side view(b). 
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Figure S3. The interaction patterns for 1 (a) and 2 (b) showing the endo-cavity (TDAC)2+  to be stabilized by N-
H•••π and C-H•••π interactions (magenta broken lines) with anionic hosts, respectively. Black broken lines 
represent hydrogen bonds. 

Detailed description of the H-bonding:  

In both tetra-anions 2a and 2b, the two hydroxyl oxygens O18 and O20 of the same aromatic ring are 
deprotonated and accept three hydrogen bonds, one from O27 [d(O18•••O27) = 2.61 Å], one from endo-cavity 
(TDAC)2+  [d(O18•••N2A) = 2.74 Å] and one from exo-TDAC+ [d(O18•••N2B) = 2.75 Å]. While the O20 
accepts one from O11 [d(O20•••O11) = 2.58 Å] and two from methanol molecules r[d(O20•••O1S) = 2.69 and 
d(O20•••O5S) = 2.58 Å]. Further, the singly deprotonated aromatic ring oxygen O13 accepts three hydrogen 
bonds, one from O4 [d(O13•••O4) = 2.60 Å] and one from endo-cavity (TDAC)2+  and one from exo-TDAC+ 
[d(O13•••N2A) = 2.76 and [d(O13•••N2B) = 2.77 Å]. The hydroxyl groups O6 and O25 accept three H-bonds, 
but only with 50% occupancy leading to isomers 2a and 2b. In 2a, the oxygen O25 accepts three hydrogen 
bonds, one from O6 [d(O25•••O6) = 2.54 Å], one from exo-cavity (TDAC)2+  [d(O25•••N1C) = 2.76 Å] and one 
from methanol d(O25•••O3S) = 2.85 Å], whereas in 2b, the oxygen O6 accepts three hydrogen bonds, one from 
O25 [d(O6•••O25) = 2.54 Å] and two from methanol molecules [d(O6•••O2S) = 2.69 and d(O6•••O8S) = 2.66 
Å]. The hydrogen at O6 and O25 as well as the methanol O2S and O3S have occupancies of 50:50. In addition, 
the highly negative charged cavity of 2 and the endo-cavity (TDAC)2+  exhibit short N-H•••π and C-H•••π 
contacts5 as seen in Fig. S3b. 
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Figure S4. The X-ray crystal structures of 2a (a) and 2b (b). The endo-cavity (TDAC)2+ cation and selected 
carbon and hydrogen atoms of the exo-cavity (TDAC)2+ and (TDAC)+ cations are omitted for clarity. Black 

broken lines represent hydrogen bonding.	
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III Gas Phase Analyses 

Mass spectrometry experiments were performed with ABSciex QSTAR Elite ESI-Q-TOF mass 
spectrometer equipped with an API 200 TurboIonSpray ESI source from AB Sciex (former MDS 
Sciex) in Concord, Ontario (Canada). The parameters were optimized to get maximum abundance of 
the ions under study. The measurements and data handling was accomplished with Analyst® QS 2.0 
Software. 

For ESI-MS measurements, a 2 mM solution of 2-MeC2 in acetonitrile (MeCN) and a 4 mM solution 
(after sonication) of TDAC in methanol (MeOH) were prepared. The samples for titration or time-
dependent experiments were prepared in MeCN at a concentration of 20 µM for [2-MeC2]. For the 
time-dependent experiments, the samples were aged at room temperature. The samples were injected 
into the electrospray ionization (ESI) source with a flow rate of 5 µL min-1. Mass spectra were 
externally calibrated by ESI Tuning mix (Agilent Technologies). The composition of the ions was 
verified by comparing experimental and theoretical mass values as well as isotopic distributions. In the 
case of O-methylation products, their identity was further confirmed by collision-induced dissociation 
(CID) measurements. Nitrogen was used as collision gas in CID experiments.  
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Figure S5. (-)ESI-MS spectra. (a) 2-MeC2 20 µM in MeCN; (b) 2-MeC2 and TDAC (1:4 equivalents) in 
MeCN. 

 

	

+	H8C2Me	in	MeCN	(a)	
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Scheme S1. Methanol adduct formation and O-alkylation products observed in time-dependent ESI-MS 
experiments. The O-Me functional group formation was verified by CID experiments which showed 
characteristic fragment ions. 
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Figure S6. CID spectrum for isolated mono-methylation product (m/z 669 marked with star). The characteristic 
fragments for O-methylated product marked with red and possible structures shown schematically above.  
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