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1. Relevant secondary alcohol dimers from the literature

Table 1S. Secondary alcohols identified through CCDC search and dimeric —like structures identified
ANG1 ANG2 DIST1 DIST2
O-H---O O-H---O H---0 H---O
Index CCD Ref. DIMER Fragment >150- >150° <vdW <vdW
1 ADOHUY YES 1 175.498  173.071 1.937 1.933

NO 173.506  168.773 1.923 1.917
2 NO 173.506  151.576 1.923 2.031
NO 151.576  168.773 2.031 1.917

3 AKUFIX NO 160.313  178.159 1.993 1.951
4 ARAFPYI0O NO 158.146  154.245 1.947 1.991
5 AZELAV NO 177.711  154.421 1.969 1.934
6 BARJOX NO 163.534  154.156 2.006 2.024
7 BUQDIC NO 160.662  160.103 2.009 2.09
8 BUVFAA NO 169.063  158.963 2.033 1.913
9 CAQRUH NO 164.587  173.054 2.012 1.948
10 CEHDAX NO 152.591  172.274 2.036 2.008
11 COBQEP NO 158.045  167.558 2.036 1.982
170.713  159.461 2.088 2.02

12 170.62  159.461 2.051 2.02
YES 170.62  170.713 2.051 2.088

13 CUQII NO 173.469  169.002 1.948 1.987
NO 171.677  155.669 1.922 2.095

NO 154.725  171.677 2.04 1.922

14 NO 154.725  155.669 2.04 2.095
NO 153.469  156.929 1.972 1.931

NO 155.407  153.469 2.241 1.972

NO 155.407  156.929 2.241 1.931

15 EDEMOR YES
16 EGALAB YES
17 ELEJUBO1 YES

153.18  162.555 2.028 1.975
172.271  178.141 1.942 1.923
164.113  174.283 1.897 1.864

18 ELEKAIO1 YES 179.295  177.757 1.83 1.83
19 EZEPEF YES 152.996  150.364 2.105 2.179

NO 168.236  168.524 1.927 1.89
20 NO 168.236 164.13 1.927 1.99

NO 164.13  168.524 1.99 1.89
21 FIBMIQ NO 174.141  176.153 1.977 1.936
22 FIDSES NO 154.691  177.031 1.999 2.104

23 FIQDOZ YES
24  FLOCOS NO
25 FUHYAL YES
26 GEGRAP NO
27 GEJPUH NO
28 GOGQEZ NO
29 HBMHPO10 YES

150.797  150.797 2.244 2.244
154.383  154.383 2.21 2.21
168.845  178.438 2.022 1.992
166.971  158.007 2.001 2.108
166.812  161.227 2.049 2.049
164.571  163.096 2 2.064
153.947  156.697 2.316 2.182

(O I NS I e e e e e e e e Y S B N T R e N W S = S S T NS BN 'S T NG T S I NS I e e e e e e e T e S I N I

30 HIJBEK NO 170.71  174.596 1.973 1.969
31 HIKWEG YES 166.685  160.122 1.916 1.982
NO 169.477  169.258 1.947 1.929
NO 169.477  167.815 1.947 1.963
NO 169.258  167.815 1.929 1.963
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2. IR spectroscopy revealing the O-H:--O=C interaction

The ATR-IR spectra for compounds Ale-1, Ale-2, Keto-1 and Keto-2 show that the CO exocyclic
group in the sydnone presents a redshift in the frequency from 1752-1771 cm™ (Figure 1S) in ketones
down to 1722 cm™ for Ale-2 and 1719 cm™ Ale-1.
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Figure 1S. ATR-IR Spectra of Alc-1, Alc-2, Keto-1 and Keto-2 (from top)
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Table 2S also confirms such a trend with literature IR data. However, to gain more insight we
performed DFT simulated spectra for Ale-1 and Keto-1 as models. For the purpose of the calculation we
have employed the monomer of Keto-1 and for Alc-1 we have envisaged three scenarios: monomer
extracted from the .cif file (optimized or used as is), the O-H---O=C H bonded dimer (optimized or used
as is) and the most stable configuration presenting an intramolecular H-bond between the O-H and C=0
groups of the sydnone.

Table 28S. Literature data-mining on the IR spectra of certain ketones and analogous alcohols
| No. | Ketone | Other | CO | Alcohol [ OH [ CO |
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Figure 2S presents the stacked simulated spectra. The band at 1791 cm™ for the Keto-1
corresponds to the 1752-1771 cm™ range for ATR IR spectra (Keto-1 and Keto-2). All the alcohol
configurations, in either monomer or dimeric forms, present the CO sydnone vibration at a lower
frequency confirming that IR vibration is correlated with the H-bond. For the optimized monomer and the
intramolecular H-bonded monomer the CO bond vibrates at a higher frequency due to more relaxed
configuration obtained by optimization. For the dimer form (either optimized or not) and monomer (non-
optimized) the CO band ranges from 1692.5 to 1703.7 cm™. All three structures adopt the configurations
constrained by the crystalline packing. These bands are analogous to the 1722 cm™ bands from the ATR
IR spectra. The conclusion is that historically the H-bonds between OH and sydnone CO could be
predicted by IR spectroscopy and are confirmed by X-ray diffraction analysis.
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Figure 2S. Calculated IR spectra of Ale-1 and Keto-1: Alcl- dimeric form as extracted from the X-Ray
spectra (solid red) , Alc1-dimeric form as extracted from the X-ray spectra — optimized (solid dark gray),
Alc-1 monomer as extracted from X-ray spectra (solid green), Alc-1-monomer as extracted from X-Ray
spectra — optimized (dash green), Ale1-monomer — proposed structure to form intramolecular H bond -
optimized (solid blue), Keto-1 monomer as extracted from the X-Ray optimized (solid purple).

For the calculation of the IR spectra, the CAM-B3LYP [1] functional was used. This is one of the
functionals that was proved reliable for the simulation of the IR spectra [2,3]. A scaling factor of 0.95 was
applied to the calculated spectra [4]. Besides the conformations provided by the X-ray spectra, we have
investigated a monomer conformation that provides an intramolecular hydrogen bonding.

[1] Yanai, T.; Tew, D. P.; Handy, N. C. A new hybrid exchange—correlation functional using the Coulomb-attenuating method
(CAM-B3LYP) Chem. Phys. Lett. 2004, 393, 51-57. https://doi.org/10.1016/j.cplett.2004.06.011

[2] Srivastava, R.; Al-Omary, F.A.M.; El-Emam, A.A.; Pathak, S.K.; Karabacak, M.; Narayan, V.; Chand, S.; Prasad, O.; Sinha, L.
A combined experimental and theoretical DFT (B3LYP, CAM-B3LYP and M06-2X) study on electronic structure, hydrogen bonding,
solvent effects and spectral features of methyl 1H-indol-5-carboxylate J. Mol Struct. 2017, 1137, 725-741.
https://doi.org/10.1016/j.molstruc.2017.02.084

[3] Komjati, B.; Urai, A.; Hosztafi, S.; Kokosi, J.; Kovats, B.; Nagy, J.; Horvath, P. Systematic study on the TD-DFT calculated
electronic circular dichroism spectra of chiral aromatic nitro compounds: A comparison of B3ALYP and CAM-B3LYP Spectrochim. Acta A
2016, 155, 95-102. https://doi.org/10.1016/j.saa.2015.11.002

[4] Jarota, A.; Drwal, D.; Pieta, J.; Pastorczak, E. Wide-range IR spectra of diarylethene derivatives and their simulation using the
density functional theory Sci. Rep. 2022, 12, 16834. https://doi.org/10.1038/s41598-022-20264-x
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3. Condensed sydnones with tertiary alcohol structure generating O-H:--O=C
dimers

Figure 4S. OH---O=C dimers of TAPJUP [6]

[5] Riddle, G.B.; Grossie, D.A.; Turnbull, K. The sydnone compound 4-hydroxy-4-benzyl-sydno-[3,4-a]-indole Acta Cryst. E
2004, 60, 01568-01570. https://doi.org/10.1107/S1600536804020082

[6] Grossie, D.A.; Turnbull, K. 5-Hydroxy-5-methylsydno[3,4-alindole Acta Cryst. C 1992, 48, 377-379.
https://doi.org/10.1107/S0108270191009125
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4. Primary interactions in 4-acetylsydnones deposited in the CSD

(b)

(0

Figure 5S. Known CCDC 4-acetylsydnones: a. ERUCA W-four independent molecules-highlight O---nt
contact; b. FIXPIL — Examples of H-bonds involving the C=0 bonds; c. MIHTUU - Contacts involving
the O atoms in the sydnone and acetyl moiety.
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5. X-Ray-Diffraction supplementary data for Alc-1,2 and Keto-1,2

Table 3S. Bond lengths in crystals of the investigated compounds

Ale-1 Alc-2
Atom-Atom Length/A  Atom-Atom Length/A Atom-Atom Length/A Atom-Atom Length/A
O1-N2 1.378(2) C1-C6 1.366(3) F1-C4 1.347(3) C1-C6 1.370(3)
0O1-C8 1.402(3) C2-C3 1.373(4) OI1-N2 1.377(3) C2-C3 1.373(4)
02-C8 1.223(3) C3-C4 1.359(4) OI1-C8 1.398(3) (C3-C4 1.360(4)
03-C9 1.4193) C4-C5 1.3743) 02-C8 1.228(3) C4-C5 1.363(4)
NI1-N2 1.311(3) C5-C6 1.371(3) 03-C9 1.424(3) C5-C6 1.377(4)
N1-C1 1.448(3) C7-C8 1.396(3) NI-N2 1.313(3) C7-C8 1.402(3)
N1-C7 1.346(3) C7-C9 1.496(3) NI1-Cl 1.445(3) C7-C9 1.502(4)
Cl-C2 1.3693) C9-C10 1.511(3) NI1-C7 1.341(3) C9-C10 1.507(4)
C1-C2 1.366(3) -
Keto-1 Keto-2
Atom-Atom Length/A  Atom-Atom Length/A Atom-Atom Length/A Atom-Atom Length/A
O1-N2 1.351(10) C1-C6 1.367(12) F1-C4 1.362(2) CI1-C6 1.373(3)
0O1-C8 1.432(11) C2-C3 1.367(13) O1-N2 1.370(2) C2-C3 1.381(3)
02-C8 1.173(10) C3-C4 1.369(17) O1-C8 1.4193) (C3-C4 1.358(3)
03-C9 1.220(9) C4-C5 1.377(16) 02-C8 1.206(2) C4-C5 1.372(3)
NI1-N2 1.307(9)  C5-C6 1.365(14) 0O3-C9 1.215(2) C5-Cé6 1.383(3)
N1-C1 1.448(10) C7-C8 1.445(11) NI-N2 1.307(2) C7-C8 1.418(3)
N1-C7 1.345(9) C7-C9 1.458(10) NI1-C1 1.447(2) C7-C9 1.459(3)
C1-C2 1.379(11) C9-C10 1.495(12) NI1-C7 1.358(2) C9-Cl10 1.500(3)
C1-C2 1.3793) -

Figure 6S. View of 1D supramolecular chain showing the role of C-H---O hydrogen bonds in the crystal
structure of keto-1. H-bond parameters (A, °): C5-H---O2 [C5-H 0.930, H---O2 2.63, C5---02(-0.5 + x,
1.5 -y,z-0.5) 3.43(1), ZC5HO2 145.2].
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Figure 7S. View of 1D supramolecular chain showing the role of C-H---O hydrogen bonds in the crystal
structure of keto-2. H-bond parameters (A, °): C2-H---O2 [C2-H 0.952, H---02 2.37, C2---02(-0.5 + x, y,
0.5 -2) 3.191(2), LC2HO2 144.8].

6. Hirshfeld surface analysis of keto-1 and keto-2

Figure 8S. -O—--C=0, CO:--n, CH:- -7 and C=0---H(para) contacts in Keto-1
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Figure 9S. -O—--C=0, CO-- -z, and C=0---H(ortho) contacts in Keto-2

Figure 10S. HF surface Shape index mode presents complementarity surfaces indicating a m---m
interaction. However, C,--C, distances of 4.22 A and interplanar angles for benzene ring planes of 17°
are not favorable
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Figure 11S. Measurements of possible C=O- -7 interactions to justify increased O---C contacts in Keto-2
(more favorable angle and vdW contact distance < 3.22 A)

Table 4S. Fingerprint plots for ketones Keto-1 and Keto-2 and percentage interactions

Keto-1 | * PR e ol ol ol
All C---H20.3% | H---H 30.4% N---H 8.1% O---C5.4% O---H 20.9%
0N 3.9%
Ket0_2 A€ ::dé hd( Ae ”de Ae
' AT, I B a
All C---H7.1% H---H 23.1% N---H 8.8% O---H 22.0%
O---N3.1% | C---C 4.0% F---H 14.8%
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7. Crystal features and analysis of Alc-3
Table 5S. Complete crystal data refinement for Alc-3
Me
OH
H
+
N |
o _
(0]
Empirical formula C0H;oN,05
Formula weight 206.20
Temperature/K 288(19)
Crystal system monoclinic
Space group P2,/c
a/A 41.5257(16)
b/A 12.1880(5)
c/A 7.6472(4)
a/° 90
pre 90.053(4)
v/° . 90
Volume/A® 3870.4(3)
Z 16
pcalcg/cm3 1 4 1 5
M/rnrr{1 0.894
F(000) 1728.0
Crystal size/mm’ 0.1 x0.1x0.05
Radiation Cu Ka (A= 1.54184)
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20 range for data collection/°6.386 to 133.192

Index ranges

42<h<49,-14<k<14,-9<1<9




Reflections collected 30898

Independent reflections 6826 [Rin= 0.1163, Ryigma= 0.0644]
Data/restraints/parameters ~ 6826/0/550

Goodness-of-fit on F? 1.093

Final R indexes [I>=2c (I)] R;=0.1196, wR,= 0.2986

Final R indexes [all data] R;=0.1703, wR,= 0.3425

Largest diff. peak/hole / e A~ 0.67/-0.35

8. ISOS output diagram for isostructurality search

sh]_3445 _FlLDu.res vs. shl_3473_FLDu.res

/€10
25
o7 -

: ‘ w )
t4, (2 B N

0568

c3 C2 bo
N2

Figure 12S. ISOS output with superposition of 15 atoms with search mode ON
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9. DFT - supplementary data
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Figure 13S - Molecular graphs of HB dimeric complexes (-O-H---O-), showing positions of the two
attractors (purple spheres) linking the bond paths (BPs) and the corresponding bond critical points (BCP)
(yellow spheres) for Ale-1 and Ale-2, obtained with M06-D3/6-311++G**. The orange mid-point
represents the ring critical point. Graphs were performed with the aid of the QTAIM extension available
in Avogadro
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Figure 14S - Molecular graphs of HB dimeric complexes (C=0---H-C/C-H---H-C/C-F---H-C), showing
positions of the two attractors (purple spheres) linking the bond paths (BPs) and the corresponding bond
critical points (BCP) (yellow spheres) for Ale-1 and Ale-2, obtained with M06-D3/6-311++G**. Graphs
were performed with the aid of the QT AIM extension available in Avogadro
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