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Figure S1. The rotational spectrum of a mixture of pyridine (PY) and 2-butanone (2BU) where the
rotational transitions of the complex PY---2BU have been identified.

10

uV

2000 4000 6000 8000

v /IMHz



Figure S2. The rotational spectrum of a mixture of pyridine (PY) and acetone (ACE) where the rotational
transitions of the complex PY---ACE have been identified.
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Figure S3. The most stable configuration for the pyridine---acetone and pyridine- - -2-butanone complexes
corresponds to the one presenting a n—7z* tetrel bond. For comparative purposes, the geometries of
pyridine- - -formaldehyde and pyridine- - -acetaldehyde are also included in the figure. The N---C is larger in
the pyridine---acetone and pyridine---2-butanone complexes than in pyridine---formaldehyde and
pyridine- - -acetaldehyde ones. On the contrary, the CH:---O distance decreases as the carbonyl molecules is
larger. The dissociation energy of the complexes is similar for the two smallest complexes (15.9 kJ mol™)
and for the two largest, it increases with the size of the carbonyl derivative up to 19.0 kJ mol” in
pyridine---2-butanone. CCSD/6-311++G(2d,p) optimized geometries. The dissociation energy, De, has
been obtained at CCSD(T)/6-311++G(2d,p)//CCSD/6-311++G(2d,p) computational level including the
BSSE correction.

N--C =2.865 A, H--0 = 2.534 A N--C =3.012 A, H--0=2.479 A

De = 15.9 ki mol? De = 15.9 ki mol?

N--C =3.118 A, H--0=2.439 A

N--C =3.095A, H---0=2.435A

De=17.2 ki mol?
De = 19.0 ki mol?




Figure S4. The MP2/6-311++G(2d,p) relaxed scan bidimensional potential energy function for the internal
rotations of the two methyl tops for pyridine---acetone (a=2ZH;7-C14-Ci2-O13, o’=£LH20-C5-C12-O13, see
figure in Table S8 for the atom labelling). Below, the monodimensional energy profile is shown. The
interaction of acetone with pyridine alters the form of the potential energy function around the minima as
well as the phase of the potential energy function.
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Figure S5. (a) The MP2/6-311++G(2d,p) internal rotation potential energy function of pyridine---acetone
(black), free acetone (red), and comparison of their difference (blue) with the predicted dependence of
r(N---C) Biirgi-Dunitz distance (green). The phase relationships between the difference function and the
r(N---C) distance evidences that the n—>7* tetrel bond might contribute to alter the internal rotation
potential energy function and thus the barrier. (b) the same for pyridine---2-butanone.
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Figure S6. Exponential relationship between pBCP (au) and the interatomic distance (A) between pyridine
and FA: formaldehyde; AC: Acetaldehyde; ACE: Acetone; 2BU: 2-butanone.
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Table S1. Spectroscopic parameters and energies calculated for the lowest energy forms, labelled A and B,
found for the pyridine---2-butanone adduct at B3LYP-D3BJ/6-311++G(2d,p) level and their comparison
with the experimental values.

Parameters® A B exp.
A/MHz 1886.3 1531.4 1886.3549(12)°
B/MHz 551.7 779.8 540.40496(22)
C/MHz 546.4 679.7 535.87643(24)
Po/pA? 786.5 530.8 805.18171(49)
Poy/uA? 138.4 212.7 137.90743(49)
Peo/pA? 129.5 117.3 130.00564(49)
Za/MHz -4.46 2.76 -4.0686(20)
Z+/MHz 3.23 -4.28 3.1633(29)
Zoo/MHz 1.23 1.52 0.9053(29)
/D 2.2 1.6
/D -1.0 1.5
1/D 1.9 2.0
E/h -480.9477308 -480.947584
AE/kJ mol 0.0 0.4

* A, B and C are the rotational constants. P,y (&= a, b or ¢) are the planar moments of
inertia derived from the moments of inertia /, as for example Pec=(latlv-1:)/2. Yaa, Xobs Yocs
are the '*N quadrupole coupling constants. zs, 1 and p. are the electric dipole moment
components (in Debye) along the principal inertial axes. £ are the calculated electronic
energies and AE the energies relative to the global minimum A form. ® Standard errors are
given in parentheses in units of the last digits.
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Table S2. Spectroscopic parameters and energies calculated for the lowest energy forms, labelled A and B,
found for the pyridine---2-butanone adduct at MP2/6-311++G(2d,p) level and their comparison with the
experimental values.

Parameters® A B exp.
A/MHz 1893.4 1531.4 1886.3549(12)°
B/MHz 565.6 815.1 540.40496(22)
C/MHz 560.7 705.6 535.87643(24)
Po/nA? 764.0 503.1 805.18171(49)
Pu/pA? 137.3 213.1 137.90743(49)
Peo/uA? 129.6 116.9 130.00564(49)
Za/MHz -4.38 2.70 -4.0686(20)
Zae/MHz 3.10 -3.77 3.1633(29)
Zvo/MHz 1.28 1.07 0.9053(29)
/D 2.3 1.3
/D 0.8 1.5
1e/D -1.9 -1.6
E/h -479.5663233 -479.5670042
AE/kJmol! 0.0 1.8

* A, B and C are the rotational constants. Py (= a, b or ¢) are the planar moments of inertia derived from
the moments of inertia I, as for example Pec=(Ii+lo-1c)/2. Y, Jbbs Xeor are the "N quadrupole coupling
constants. 4, 1 and y. are the electric dipole moment components (in Debye) along the principal inertial
axes. E are the calculated electronic energies and AE the energies relative to the global minimum A form.
® Standard errors are given in parentheses in units of the last digits.
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Table S3. Spectroscopic parameters and energies calculated for the lowest energy forms, A and B, found
for the pyridine---2-butanone adduct at CCSD/6-311++G(2d,p) level and their comparison with the
experimental values. The energies calculated at CCSD(T)/6-311++G(2d,p) level for the CCSD geometries
are given.

Parameters® A B Exp.
A/MHz 1891.2 1526.0 1886.3549(12)°
B/MHz 539.2 756.3 540.40496(22)
C/MHz 533.7 661.6 535.87643(24)
PuluA? 808.5 550.5 805.18171(49)
Pu/uA? 138.4 2134 137.90743(49)
Pe/pA2 128.8 117.8 130.00564(49)
Fo/MHz 447 2.87 -4.0686(20)
Jo/MHz 2.95 -3.90 3.1633(29)
Yo/ MHz 1.52 1.02 0.9053(29)

/D 2.2 -1.2
/D -1.0 1.5
H#/D 1.8 1.7

E/h -479.629065 -479.6281605
AE/kJmol! 0.00 2.4

Eccspry/h -479.713866 -479.713345

AEccspery/kJmol! 0.00 1.4
D. (BSSE) ccspery/kJmol™! 19.0 16.5

* 4, B and C are the rotational constants. P, (0= a, b or ¢) are the planar moments of inertia derived
from the moments of inertia I, as for example Pec=(Io+Iv-1.)/2. Yaa, Xobs Xec, are the "N quadrupole
coupling constants. i, t4 and ti are the electric dipole moment components (in Debye) along the
principal inertial axes. E are the calculated electronic energies, AE the energies relative to the global
minimum A form and D, (BSSE) dissociation energy calculated using counterpoise procedure (S. F.
Boys, F. Bernardi, Mol. Phys. 1970, 19, 553-566).° Standard errors are given in parentheses in units
of the last digits.
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Table S4. Spectroscopic parameters and energies calculated for the lowest energy forms, A and B, found
for the pyridine- - -acetone adduct at B3LYP-D3BJ/6-311++G(2d,p) level and their comparison with the

experimental values.

Parameters?® A B exp.
A/MHz 2727.1 214222 2722.6132(14)°
B/MHz 635.5 833.0 627.32259(26)
C/MHz 581.7 787.7 575.35390(23)
P/pA? 739.4 506.2 749.18477(39)
Pp/uA? 129.5 135.4 129.19479(39)
Ped/uA? 55.9 100.5 56.42802(39)
Z/MHz 4.53 1.79 -4.1442(86)
Za/MHz 0.93 -3.45 0.8378(91)
Zo/MHz 3.60 1.66 3.3064(91)

/D 2.1 1.9
/D 2.2 0.2
/D 0.1 25
E/h -441.6163804

AE/kJmol™! 0.0 0.5

O

* A, B and C are the rotational constants. Puy (= a, b or ¢) are the planar moments of
inertia derived from the moments of inertia /, as for example Pcc=(la+Ib-1c)/2. Yaa, Yobs Kocs
are the '"“N quadrupole coupling constants. s, t and . are the electric dipole moment
components (in Debye) along the principal inertial axes. E are the calculated electronic
energies and AE the energies relative to the global minimum A form. ° Standard errors are
given in parentheses in units of the last digits.
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Table SS. Spectroscopic parameters and energies calculated for the lowest energy forms, A and B, found
for the pyridine---acetone adduct at MP2/6-311++G(2d,p) level and their comparison with the
experimental values.

Parameters® A B exp.
A/MHz 2722.1 2134.9 2722.6132(14)°
B/MHz 659.4 870.8 627.32259(26)
C/MHz 600.9 819.0 575.35390(23)
Pu/pA? 710.9 480.4 749.18477(39)
Prp/uA? 130.1 136.7 129.19479(39)
Pe/uA? 55.5 100.0 56.42802(39)
Za/MHz 4.40 2.05 -4.1442(86)
Zo/MHz 0.98 -4.06 0.8378(91)
Zoo/MHz 3.42 2.01 3.3064(91)
/D 22 1.55
/D 22 -0.15
/D 0.2 2.19
E/h -440.3615441 -440.3621202
AE/kJmol™! 0.0 -1.5

\\\

!

* A, B and C are the rotational constants. Py (o= a, b or c¢) are the planar moments of inertia derived from
the moments of inertia I, as for example Pec=(LitIv-1.)/2. Yaa, Xobs Zeor are the "N quadrupole coupling
constants. f4, 1 and pi. are the electric dipole moment components (in Debye) along the principal inertial
axes. E are the calculated electronic energies and AE the energies relative to the global minimum A form.
® Standard errors are given in parentheses in units of the last digits.
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Table S6. Spectroscopic parameters and energies calculated for the lowest energy forms, A and B, found
for the pyridine---acetone adduct at CCSD/6-311++G(2d,p) level and their comparison with the
experimental values. The energies calculated at CCSD(T)/6-311++G(2d,p) level for the CCSD
geometries are given.

Parameters® A B Exp.
A/MHz 2722.8 2137.7 2722.6132(14)b
B/MHz 630.4 809.7 627.32259(26)
C/MHz 577.3 765.8 575.35390(23)
Pu/pA? 745.7 523.8 749.18477(39)
Pyp/pA? 129.7 136.1 129.19479(39)
Pe/uA? 559 100.3 56.42802(39)
e/ MHz -4.47 2.04 -4.1442(86)
Jo/MHz 0.94 -3.97 0.8378(91)
Xe/MHz 3.53 1.93 3.3064(91)
/D -2.1 1.5
/D 2.2 -0.1
U/D -0.1 -2.3
E/h -440.4136567 -440.4128049
AE/kJmol! 0.0 2.2
Eccspry/h -479.71386599 -479.71334506
AEccspery/kJmol! 0.00 1.3

De (BSSE) CCSD(T)/kJmOI_l 17.2 15.1

o B a

? A, B and C are the rotational constants. Py (= a, b or ¢) are the planar moments of inertia derived
from the moments of inertia I, as for example Pee=(lo+Iv-1.)/2. Yaa, Xobs Xec, are the "N quadrupole
coupling constants. ., t4 and pi. are the electric dipole moment components (in Debye) along the
principal inertial axes. £ are the calculated electronic energies, AE the energies relative to the global
minimum A form and D, (BSSE) dissociation energy calculated using counterpoise procedure (S. F.
Boys, F. Bernardi, Mol. Phys. 1970, 19, 553-566).° Standard errors are given in parentheses in units
of the last digits.
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Table S7. Rotational parameters obtained from the independent semirigid rotor analysis of
the 4 and E methyl torsion states of the pyridine---2-butanone adduct and their comparison
with the CCSD/6-311++G(2d,p) ab initio constants for the most stable form of the complex
(see Figure 3 and Tables S1-S3)

Fitted Parameters® A E Ab initio
A/MHz 1886.3520(16)° 1886.300(16) 1891.2
B/MHz 540.44497(20) 540.3406(24) 539.2
C/MHz 535.89541(19) 535.8058(74) 533.7
Dy/kHz 0.2252(18) 0.2129(86)

Dix/kHz 2.216(15) -70.2(46)
Dy/kHz -1.34(35) [0.]
di/kHz -0.0059(14) -0.103(30
d»r/kHz 0.00937(75) -3.6(13)
D./MHz - 2.033(42)
Dy/MHz - 7.72(64)
1.5(a0)/MHz -6.1036(49) -6.1005(76) -6.70
0.25(¥bb-yec) /MHz 0.5639(14) 0.5634(27) 0.36
N 168 75
o’kHz 5.7 6.0

2 A, B, and C are rotational constants. Dy, Dk, Dk, d, d» are quartic centrifugal distortion constants.
D, and D, are the coefficients of angular momentum perturbation operators (D,P., DyPy) needed to
account for the deviations of the E rotational transitions from the semirigid rotor behavior. yaa, ¥ob, and
e are N nuclear quadrupole coupling constants. N is the number of hyperfine quadrupole
components fitted. o is the rms deviation of the fit. ® Standard errors are given in parentheses in units
of the last digit.
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Table S8. Optimized geometry (A) and energy (hartree) at CCSD/6-311++G(2d,p) computational level
for pyridine---2-butanone A form.

H10 o1 E(CCSD): -479.6290657

H18

N1, -0.745279,-0.084724,-0.412211
€2, -1.104021, 0.551879, 0.711018
€3, -2.427009, 0.672639, 1.136003
W21 C4,-3.433361,0.104771, 0.359986
C5, -3.074628,-0.560451,-0.809906
C6, -1.724353,-0.625841,-1.148236
H7,-0.292131, 0.980880, 1.291381
HS, -2.654451, 1.200934, 2.055826
H9, -4.474437, 0.178489, 0.659343
H10,-3.820181,-1.020553,-1.449819
H11,-1.412833,-1.138564,-2.055366
C12,2.283684, 0.481307,-0.123394
013, 2.121158, 0.986321, 0.968509
Cl14,2.315569, 1.314445,-1.387720
C15,2.489309,-1.012560,-0.298671
C16,2.207307,-1.820001, 0.962756
H17, 2.336330, 2.375606,-1.136486
H18, 1.417757, 1.093425,-1.972564
H19, 3.187451, 1.056598,-1.997663
H20, 1.856757,-1.340102,-1.130618
H21, 3.527753,-1.152587,-0.630528
H22, 1.162687,-1.706137, 1.262377
H23, 2.404043,-2.882378, 0.791354
H24, 2.832235,-1.479599, 1.791457

H19
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Table S9. Optimized geometry (A) and energy (hartree) at CCSD/6-311++G(2d,p) computational level
for pyridine---acetone A form.

H10 H11 E(CCSD) =-440.4136567

H18

N1, -0.540070,-0.418384, 0.018156
€2, -0.879347, 0.878039, 0.015902
- €3, -2.200246, 1.326061, 0.007497
C4,-3.225918, 0.385228, 0.000767
3, -2.887727,-0.965855, 0.003022
C6, -1.537820,-1.311595, 0.011608
H7, -0.053518, 1.583533, 0.021057
HS, -2.411170, 2.390202, 0.006136
H9, -4.265970, 0.696882,-0.005661
H10,-3.648697,-1.739114,-0.001973
H11,-1.242536,-2.358311, 0.013542
C12,2.530073, 0.123899,-0.008617
013, 2.371472, 1.326482, 0.035454
C14, 2.574028,-0.626455,-1.323040
C15,2.722383,-0.701830, 1.245628
H16, 2.238965, 0.020736,-2.133987
H17, 1.945104,-1.518448,-1.271228
H18, 3.603872,-0.948190,-1.517117
H19, 2.802129,-0.049372, 2.115671
H20, 1.862390,-1.367660, 1.361610
H21, 3.620628,-1.322383, 1.159401

013
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Table S10. Electron density properties (au) at the intermolecular BCPs at CCSD/6-311++G(2d,p)
computational level for the complexes pyridine---formaldehyde (PY---FA), pyridine:--acetaldehyde
(PY:---AC), pyridine---acetone (PY---ACE) and pyridine- - -2-butanone (PY---2BU)

Complex Contact p V2 p H

PY---FA N---C 0.0114 0.0397 0.0015
PY---FA O---H 0.0080 0.0284 0.0010
PY---AC N---C 0.0086 0.0306 0.0013
PY---AC O---H 0.0087 0.0306 0.0010
PY---ACE N---C 0.0071 0.0257 0.0011
PY---ACE O---H 0.0092 0.0327 0.0011
PY---2BU N---C 0.0075 0.0269 0.0011
PY---2BU O---H 0.0093 0.0332 0.0011
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Table S11. Observed rotational frequencies for the conformer A of the pyridine- - -2-butanone complex.

m

J KKy JK_K'+ Sym F obs/MHz Err/MHz obs-calc/MHz

212 111 A 2 1 2147.103 0.015 0.005
11 2147.559 0.015 0.008
2 2 2148.051 0.015 0.005
3 2 2148.341 0.015 0.003
1 0 2149.913 0.015 -0.010
202 101 A 2 2 2151.440 0.015 -0.002
1 0 2151.645 0.015 0.001
2 1 2152.655 0.015 -0.007
3 2 2152.748 0.015 0.000
11 2154.692 0.015 -0.003
202 101 E 2 2 2150.968 0.015 0.000
1 0 2151.177 0.015 0.007
2 1 2152.188 0.015 0.000
3 2 2152.276 0.015 0.001
11 2154.216 0.015 -0.004
211 110 A 3 2 2157.485 0.015 0.000
11 2157.780 0.015 0.002
1 2 2158.057 0.015 0.007
1 0 2158.462 0.015 0.005
211 110 E 2 1 2155.607 0.030 -0.027
110 000 A 0 1 2426.338 0.015 -0.005
2 1 2426.748 0.015 -0.002
11 2427.019 0.015 -0.003
110 00O E 11 2427.893 0.030 0.021
404 312 A 3 2 2943.221 0.015 0.002
5 4 2943.358 0.015 0.006
404 312 E 3 2 2940.789 0.015 -0.005
5 4 2940.930 0.015 0.005
313 212 A 3 3 3221.607 0.015 -0.001
4 3 3222.251 0.015 0.003
2 1 3222.308 0.015 -0.002
313 212 E 3 3 3221.607 0.015 0.002
4 3 3222.251 0.015 0.001
2 1 3222.308 0.015 0.002
303 202 A 3 3 3227.650 0.015 0.004
2 1 3228.744 0.030 -0.002
2 1 3228.744 0.030 -0.002
3 2 3228.953 0.015 0.001
4 3 3228.989 0.015 -0.009
2 2 3230.781 0.015 0.002
303 202 E 3 3 3226.936  0.015 0.000
2 1 3228.037 0.015 0.000
3 2 3228.243 0.015 0.000
4 3 3228.280 0.015 -0.009
3 3 3226.936 0.015 -0.001
2 2 3230.071 0.015 0.001
322 221 A 3 3 3229.219 0.030 -0.013
321 220 A 3 3 3229.281 0.030 0.004
4 3 3229.281 0.030 0.001
312 211 A 3 3 3234.527 0.015 -0.002
3 2 3235.545 0.015 0.000
2 1 3235.843 0.015 -0.001
4 3 3235.922 0.015 0.000
2 2 3237.432 0.015 0.006
312 211 E 3 3 3234.317 0.015 -0.008
3 2 3235.321 0.015 -0.006
2 1 3235.635 0.015 -0.008
4 3 3235.709 0.015 -0.005
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Table S12. Observed rotational frequencies for the conformer A of the pyridine- - -acetone complex.

JKK: J KK+ SymF F obs/MHz  Err/MHz obs-calc/MHz
211 202 EE 3 3 2200.059 0.015 -0.008
2 2 2201.138 0.015 -0.001
312 303 EE 3 3 2282.134 0.015 0.008
4 4 2281.350 0.015 0.002
413 4014 EE 5 5 2393.011 0.015 0.011
4 4 2393.671 0.015 0.001
3 3 2392.830 0.015 0.001
202 101 EE 3 2 2404 .435 0.015 0.002
2 1 2404 .328 0.015 -0.006
211 110 EE 3 2 2457 .476 0.015 0.003
2 1 2456.223 0.015 0.010
211 110 AE 3 2 2457 .197 0.015 0.006
111 00O AA 2 1 3297 .983 0.015 0.002
111 00O EE 1 1 3298.086 0.015 -0.003
2 1 3297.842 0.015 0.006
313 212 AA 4 3 3529.849 0.015 -0.001
3 2 3529.470 0.015 0.008
313 212 EE 4 3 3529.702 0.015 -0.001
2 1 3529.620 0.015 0.000
3 2 3529.318 0.015 0.002
303 202 AA 4 3 3604 .474 0.015 0.001
3 2 3604 .408 0.015 -0.001
303 202 EE 4 3 3604 .166 0.015 0.002
3 2 3604 .098 0.015 -0.002
2 1 3603.909 0.015 -0.002
3 3 3602.747 0.015 -0.011
303 202 AE 4 3 3603.969 0.015 -0.005
3 2 3603.909 0.015 0.000
303 202 EA 4 3 3603.741 0.015 0.005
3 2 3603.676 0.015 0.004
312 211 AA 4 3 3685.624 0.015 0.005
3 2 3685.264 0.015 0.003
312 211 EE 2 1 3685.515 0.015 0.001
4 3 3685.446 0.015 0.002
3 2 3685.084 0.015 -0.002
505 4114 AA 6 5 4121.310 0.015 -0.005
505 4114 EE 5 4 4120.379 0.015 0.003
6 5 4120.255 0.015 0.004
4 3 4120.147 0.015 0.007
505 414 AE 6 5 4120.464 0.015 0.006
212 101 AA 3 2 4448 .857 0.015 0.004
212 101 EE 2 1 4448 .958 0.015 0.010
3 2 4448773 0.015 0.005
2 2 4447 697 0.015 -0.008
1 O 4447 .498 0.015 0.005
1 1 4450.594 0.015 -0.007
414 313 AA 5 4 4705.259 0.015 0.001
3 2 4705.166 0.015 -0.003
414 313 EE 5 4 4705.050 0.015 -0.009
3 2 4704 .964 0.015 -0.006
4 3 4704 .876 0.015 -0.004
414 313 AE 4 3 4704 .465 0.015 0.007
3 2 4704 .550 0.015 0.001
5 4 4704 .636 0.015 -0.001
404 303 AA 3 2 4801.354 0.015 0.001
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