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ABSTRACT. A series of RoSn (R = Me, Ph) complexes of the Schiff’s base salicylaldehyde
acyldihydrazone with a methylene spacer of variable length have been structurally characterized
in order to explore the prevalence of Sn'O non-covalent interactions. Structural studies show that
these can exist, with the shortest Sn--O distance of 3.480(2) A in this library of compounds,

significantly shorter than the sum of the van der Waals radii (3.92 A). Crystallographic studies



also show that steric effects are important and these interactions are seen only for compounds with
Me,Sn whilst they are not observed for PhoSn. However this is not simply a steric effect and C—
H~O interactions can compete with these Sn O interactions. A computational study, in
combination with QTAIM, shows that these interactions are mostly electrostatic in origin with

little evidence of covalency.

Introduction

There are a number of types of non-covalent interactions that can be exploited to design
supramolecular structures'*? and catalysts.>* Whilst hydrogen bonding continues to be a mainstay
of such interactions, there is a growing realization that halogen interactions can also be utilized.
This field has been the subject of a number of recent reviews,>*”% but what comes from
experimental and theoretical studies has been the importance of the 5-hole concept.”!%11:12:13.14

Over the past few years other non-conventional noncovalent interactions have gained attention,

15,16,17,18,19 20,21,22,23,24,25,26,27,28,29,30,31

such as tetrel bonding, pnictogen bonding, chalcogenide

32.33,34,35,36,37.38,39.404142.43.44 and even aerogen bonding.*> All follow the same bonding

bonding,
scheme, namely a c-hole,*® which can be viewed comparably to hydrogen bonding: X—D-A,
where X is any atom, D is the donor atom and A is the acceptor atom. The c-hole is visualized as
a region of positive electrostatic potential found on an empty o* orbital and is dependent upon two
parameters: (1) the -hole becomes more positive (and hence forms stronger interactions) when D
is more polarizable and when the X atom is more electron withdrawing. The atomic polarizability

increases down the group so that for group 14: C = 11.5 au, Si = 38.1 au, Ge =40.3 au and Sn =

55.6 au (au = atomic units);*’ thus a stronger interaction should occur when descending the group,



and there is emerging evidence that lead also participates in these interactions.*3**3° There are

13! and theoretical® tetrel bonding, which was only been

examples in the literature of experimenta
named as such in 2013-2014. Others have described this interaction as the group 14 atom acting
as a Lewis acid and the other partner in the interaction modelling an Sx* nucleophilic attack
33:54.35.56 Notwithstanding this, tetrel bonding is unique in that the -hole is located in the middle
of three sp>-hybridised bonds which means accessibility is rather low. The heavier members of

this group readily participate in hyper-valency and this may lead to a strategy to ameliorate the

accessibility problem.”’

In this work we have prepared a series of Sn(IV) complexes of a Schiff’s base ligand based on the
salicylaldehyde acyldihydrazone core and variable length of the methylene spacer to explore the
steric influences on intermolecular tetrel bonding between tin and oxygen. The structural studies
have been augmented by computational methods which show that the Sn'O interactions are

electrostatic in origin, but of comparable strength to the C—H-O interactions.

Results and Discussion

Synthesis and spectroscopic characterization of 1 - 5.

The tin complexes 1-5 (Chart 1) were readily prepared by deprotonation of the parent Schiff’s base
ligands,® N',N'-4-bis(2-hydroxybenzylidene)succinohydrazide, N',N'-4-bis(2-
hydroxybenzylidene)glutarohydrazide, or N',N'-4-bis(2-hydroxybenzylidene)adipohydrazide,
followed by the addition of R2SnClz (R =Me, Ph) in toluene. The compounds are soluble in organic

solvents and can be readily separated from byproducts. Infrared and multinuclear NMR



spectroscopy support the formulation. In the infrared spectrum the v(C=N) stretch shifts to lower
wavenumbers (1606-1608 cm™) compared to the free ligand (1621 cm™) and new bands appear at
400-600 cm™! which may be assigned to v(Sn—O) and v(Sn—N).>>%° The presence of tin satellites
on the imino proton in the 'H NMR spectrum and phenolate aromatic carbon in the *C{'H} NMR
spectra confirms the binding of tin. Finally the ?Sn NMR spectra shows one significantly shifted
peak compared to the starting materials (1-3: 8119sn = -153 ppm, Me2SnCl 6119sn = +31 ppm; 4-5:
O119sn = -331 ppm, PhoSnCl 6119sn = -27 ppm), which is indicative of an increase in coordination

number.

R
R
R R
o \/ ./ ©
\7n o) o) ST/
/N\N/ \N/N\
n
1R=Me,n=2;
2R=Me,n=3;
3R=Me,n=4;
4R =Ph, n=3;
SR =Ph, n=4;

Chart 1. Structures of complexes described in this work.

Structural studies of 1-5.

Compounds 1-5 were additionally characterized by single crystal X-ray diffraction. The molecular
structures are shown in Figures 1 and 2 and selected bond lengths for 1 are given in Table 1. The

metric parameters for 2-5 are essentially the same and collated in Table S1.



Figure 1. Molecular structures of 1 (top), 2 (middle) and 3 (bottom). Only symmetry unique atoms

labelled (1: 1-x, -y, 1-z; 2: 3/2-x, y, 1/2-z; 3: 2-x, 1-y, 1-z). Atomic displacement shown at 50%

probability and hydrogens omitted for clarity.



Figure 2. Symmetry generated molecule of 4 (top) and 5 (bottom), this showing one conformation
of the 50% occupancy disordered butyl linking chain (C14, C15). Atomic displacement shown at
50% probability and only symmetry unique atoms labelled (4: 2-x, y, 3/2-z; §: 2-x, -y, 2-z).

Hydrogen atoms omitted for clarity.



In the structure of 1, the tin atom is in a distorted trigonal bipyramidal environment where the
nitrogen and methyl groups are the trigonal plane and the oxygen groups are axial, where the O—
Sn—O angle is 155.33(5)°. Inspection of the space-filling diagram (Figure 3) shows that the tin
atom is not coordinatively saturated by the ligand; calculations of the percent buried volume®!
taken from the structures show little change across the series 1-3 (free volume for 1 =25.1%, 2 =
22.7%,3 =25.0%). The methylene spacer group does not influence the metric parameters but there
is a difference in the non-covalent interactions. There is a short Sn'O intramolecular contact of
3.480(2) A in 1 (Figure 3) and 3.456(1) A in 2, which are considerably shorter than the sum of the
van der Waals radii (3.92 A),%? and form a 1D chain along the [101] direction. The two interacting
molecules are coplanar, but slightly offset with the O~Sn-N(9) angle in 1 and the O Sn-N(5)
angle in 2 both identical at 154.33(4)°. There is also a short Sn"H—Csp2 intermolecular interaction
from H(10) (dc..sn = 4.089(2)A; ZC-H...Sn = 137.4°). In 3-5, these interactions are no longer
present. For 4 and 5 the larger phenyl groups could be a reason why these interactions are not
present, but the space filling diagram (Figure 4) does not support this simple assignment; the
percent buried volume calculations show a smaller free volume (4 = 16.7%, 5 = 17.5%). The
packing is now dominated by O-“H—Cjyp weak hydrogen bonds (4: dc..o = 3.441(2) A; 5: dc..o
= 3.624(3) A) and this interaction is also present in 3 (dc..o = 3.465(4) A) along with shorter
N-H—Cyp2 interactions (dc..n = 3.405(4) A) from the Sn-Me group to N(10). In 3 the more
flexible linker may be the reason for the lack of Sn O interaction. These results suggest that the
Sn O interaction can perhaps compete with the C—H O or C—H N weak hydrogen bonds. It is
also noteworthy that close inspection of the '"H NMR spectra reveal no tin satellite peaks at the

interacting protons, which demonstrates that these interactions do not persist in solution.



Figure 3. (a) Space filling diagram of 1; (b) dimerization of 1 via Sn'O tetrel interactions

(dashed lines).
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Figure 4. (a) Space filling diagram of 4; (b) dimerization of 4 via O'"H—C weak hydrogen

bonds (dashed lines).



Table 1. Selected metric parameters for 1 (structural data) and 1' (computational data).

phenolate | carboxylate

Compound | Sn—O Sn—oO Sn—N Sn—C N—N C=N C—Sn—C

1 2.092(1) | 2.156(2) 2.178(2) |2.114(2) | 1.4052) | 1.310(2) | 131.42(7)
2.116(2) 1.294(2)

1'B97-D | 2.145 2.206 2.231 2.159 1.379 1.325 137.0

1' M06-2X | 2.110 2.154 2.206 2.121 1.385 1.305 137.5

Computational studies on 1.

In order to further characterize the Sn'~O interactions we examined them via computational
methods on a model system, denoted 1', that retains just one Sn center obtained from the crystal
structure of 1 truncated at the central C—C bond. As shown in Table 1, metric parameters of Sn—
O, Sn—N and Sn—C bonds are well reproduced by this approach, with slightly better agreement
obtained using M06-2X verses B97-D level. The molecular electrostatic potential of 1' projected
onto an 0.001 au electron density isosurface is shown in Figure 5, and reveals a small but clear
area of positive potential (+ 0.04 au) on Sn between methyl groups, as well as negative areas
associated with O and N centers. Geometry optimization of a dimer of 1' retains the relatively
close SnO contacts, with optimal values of 3.117 A (3.199 A) at the M06-2X (B97-D) level
notably smaller than the experimentally observed value. The excellent agreement for
intramolecular geometry noted above suggests that use of 1' as a model of 1 is not the cause of this
contraction, and it may be that this results from extracting a dimer from the crystalline environment

(hence removing competing interactions). In any case, DFT predictions concur with experiment
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that close SnO contacts are indeed possible. Finally, the total interaction energy of the dimer 1'

is -67.03 kJ/mol (B97-D level of theory).

Sn Vs =+0.98 eV OV;=-131eV

wo [ o R

Figure 5. Molecular electrostatic potential of 1' dimer mapped onto 0.001 au electron density

isosurface.

Atoms-in-Molecules (AIM) analysis of the M06-2X electron density results in bond paths
corresponding to intermolecular Sn'O interactions, as well as paths for C—H O, C—H'Sn and
HH contacts, as shown in Figure 6. The value of the electron density at the corresponding bond
critical point (pc) is widely used as a measure of the strength of non-covalent interactions, with
values reported in Table 2 that are similar to those reported in the literature for tetrel bonding.*%:63-64

These show that the SnO contact is comparable with C—H O, with weaker C—H*Sn and H"H

contacts. All bond critical points have positive Laplacian (V?p.) and zero or slightly positive

11



energy density (Hc), and so seem best described as weak electrostatic contacts with little or no

covalent character.

Table 2. Bond critical point data for intermolecular contacts (au).

Number Pe V2pe H.
SnO 2 0.011 +0.033 +0.001
C—H0O 4 0.010 +0.039 +0.001
C—HSn 2 0.007 +0.020 0.000
H-H 2 0.005 +0.017 0.000
$
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Figure 6. Molecular graph of 1' dimer: bond critical points are represented by green dots,
intramolecular bond paths by solid lines, and intermolecular bond paths by dotted lines. Only

atoms involved in tetrel bonding labeled.
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Conclusion

In conclusion we have isolated and structurally characterized two examples of compounds that
feature short non-covalent interactions between a tin atom and an oxygen atom that are well within
the van der Waals radii of the two atoms. However these are not present when the methyl groups
are replaced by phenyl groups or when the linker between the two Schiff base fragments is
lengthened. DFT and AIM methodologies show that this interaction has comparable strength to

C—H 0O interactions, but is principally electrostatic in origin.

Experimental

'H, BC{'H} and '"”Sn NMR spectra were recorded on a Bruker AV400 spectrometer operating
at 400.23 MHz, 155.54 MHz and 149.2 MHz respectively, and were referenced to the residual 'H
and 1*C resonances of the solvent used and external SnMes. Numbering of the spectra is shown in
Figure 7 and assignments were verified using 2D experiments. IR spectra were recorded on a
Bruker Tensor II spectrometer with attenuated total reflectance (ATR) accessory. Mass spectra
were measured on a MALDI QTOF Premier MS system. X-ray crystallography data were
measured on a Bruker D8 Quest Eco with an Oxford Cryostream at 100 K. Using Olex2, the
structures were solved with the XT structure solution program using Intrinsic Phasing and refined
with the XL refinement package using Least Squares minimization.®>*67 Crystal data, details of
data collections and refinement are given in Table 3. The ligands were made via literature
procedures.’® All chemicals and solvents were obtained from commercial sources and used as

received.
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DFT calculations were carried out in Gaussian09% with the meta-hybrid M06-2X and dispersion
corrected B97D functionals®®’® and def2-TZVP basis set’! used in previous work, and taking
advantage of density fitting to make larger calculations viable where possible. All calculations of
interaction energy used the counterpoise method to account for basis set superposition energy.”?
Converged molecular orbitals were obtained from these calculations and used for topological

analysis of the resulting electron density using the AIMAII package.”

Figure 7. Numbering scheme for NMR assignments.

Synthesis of complexes 1-5

The compounds 1-5 were synthesized via the same general procedure. The ligand (0.30 g) was
reacted with 4 equivalents of Et3N in dry toluene and stirred for 30 minutes at room temperature.
2 equivalents of R,SnCl, were added and the mixture refluxed for 6 hours to yield a yellow solution
and a white precipitate. Filtration and removal of the solvent afforded the crude product which was
recrystallized from a 3:2 vol:vol mixture of chloroform and hexane. Single crystals suitable for X-

ray diffraction were obtained by slow evaporation of the solvent mixture.
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1: Yield 0.20 g, 83%. M.Pt. 245-246 °C. IR ¥ (cm™): 1608 (s, C=N), 1548 (m, C-0), 1505 (m),
1475 (m), 1445 (m), 1366 (m), 1362 (m), 1298 (s, Ar-O), 1161 (m), 996 (w, N-N), 969 (w), 903
(m), 757 (m), 602 (m, Sn-C), 563 (m), 556 (m, Sn-0), 523 (m, Sn-C), 463 (m, Sn-N), 326 (m),
320 (m). '"H NMR (CDCl3) & (ppm): 0.77 (s, 12H, 2Jsn.r = 77 Hz, SnMe), 2.66 (s, 4H, a), 6.74 (t,
2H, 3Jn.n = 7.4 Hz, H4), 6.76 (d, 2H, 3Ju.n = 8.5 Hz, H2), 7.14 (d, 2H, *Juu = 7.9 Hz, H5), 7.33 (t,
2H, 7.7 Hz, H3), 8.59 (s, 2H,*Jsa.nt = 47.0 Hz, H7). *C{'H} NMR (CDCl3) & (ppm): 1.3 (SnMe,
Usnc = 649 Hz), 30.5 (Ca), 116.5 (C6), 117.2 (C4), 121.6 (C2), 134.2 (C5), 135.2 (C3), 161.1
(C7), 166.2 (C1), 174.6 (C8).'"Sn NMR (CDCls): & -153.1. HRMS (MALDI): calculated for

C22H26N404Sn2 649.9998, found: 650.0013 [M].

2: Yield 0.22 g, 83%. M.Pt. 135-136 °C. IR ¥ (cm™): 1607 (s, C=N), 1546 (m, C-0), 1513 (m),
1472 (m), 1444 (m), 1363 (m), 1288 (s, Ar-0), 1201, 1156, 1013 (m), 999 (w, N-N), 969 (w), 902
(m), 757 (m), 606 (m, Sn-C), 559 (m, Sn-O), 517 (m, Sn-C), 459 (m, Sn-N), 403, 344, 322, 248
(m). "H NMR (CDCl3) & (ppm): 0.79 (s, 12H, 2Jsn.u = 76.9 Hz, Sn-Me), 2.03 (quint., 2H, 7.7 Hz,
B), 2.39 (t, 4H, 7.3 Hz, o), 6.74 (t, 2H, 3Ju.n = 7.4 Hz, H4), 6.76 (d, 2H, 3Ty = 8.7 Hz, H2), 7.14
(d, 2H, *Ju.n = 8.0 Hz, H5), 7.34 (t, 2H, 7.6 Hz, H3), 8.60 (s, 2H,*Jsn.u = 47 Hz, H7). 3C{'H}
NMR (CDCl3) & (ppm): 1.3 (SnMe), 22.6 (CB), 33.9 (Car), 116.5 (C6), 117.2 (C4), 121.6 (C2),
134.2 (C5), 135.2(C3), 161.1 (C7), 166.2 (C1), 175.2 (C8). '°Sn NMR (CDCls): & -153.1. HRMS

(MALDI): calculated for C23H20N404Sn2 665.0233, found: 665.0253 [MH"].

3: Yield 0.25 g, 83%. M.Pt. 200-201 °C. IR ¥ (cm™"): 1606 (s, C=N)), 1546 (m, C-0), 1512 (m),

1471 (m), 1446 (m), 1396, 1369, 1331 (m), 1299 (s, Ar-O), 1203, 1155 (m), 1013 (w, N-N), 903

(w), 761 (m), 605 (m, Sn-C), 561 (m, Sn-O), 523 (m, Sn-C), 458 (m, Sn-N), 425, 344, 305 (m).
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'HNMR (CDCls) § (ppm): 0.79 (s, 12 H, 2Jsn.u = 77 Hz, SnMe). 1.88 (m, 4H, ), 2.35 (m, 4H, o),
6.74 (t, 2H, *Ju.u = 7.7 Hz, H4), 6.76 (d, 2H, *Jun = 8.2 Hz, H2), 7.14 (d, 2H, *Juu = 8.0 Hz, HS),
7.33 (t, 2H, *Juu = 7.7 Hz, H3), 8.59 (s, 2H, *Json = 47 Hz, H7). *C{'H} NMR (CDCl3) & (ppm):
1.2 (SnMe, 'Jsn.c = 647 Hz), 26.0 (CB), 34.2 (Cav), 116.5 (C6), 117.2 (C4), 121.6 (C2), 134.2 (C5),
135.2 (C3), 161.0 (C7), 166.2 (C1), 175.5 (C8). ''?Sn NMR (CDCl5): & -153.9. HRMS (MALDI):

calculated for C24H30N4O4Sn; 678.0311, found: 678.0466 [M].

4: Yield 0.21 g, 70%. M.Pt. 215-216 °C. IR ¥ (cm™): 1609 (s, C=N), 1545 (m, C-0), 1518 (m),
1470 (m), 1448 (m), 1430, 1365, 1300 (m), 1300 (s, Ar-O), 1204, 1156 (m), 1077 (w, N-N), 998
(w), 760, 728, 693, 571 (m, Sn-0) , 461 (m, Sn-N), 438, 334, (m), 283 (m, Sn-C), 238 (m, Sn-C).
"H NMR (CDCl3) & (ppm): 2.33 (quint, 2H, *Jun = 8.1 Hz, B), 2.62 (t, 4H, 3Jun = 7.6 Hz, o),
6.80 (t, 2H, *Ju.u = 7.6 Hz, H4), 7.13 (d, 2H, *Jun = 8.5 Hz, H2), 7.19 (d, 2H, *Juu = 7.9 Hz, HS),
7.43 (m, 4H, para-Ar), 7.44 (m, 8H, meta-Ar), 7.88 (m, 8H, *Jsou = 79 Hz, ortho-Ar), 8.64 (s,
2H, *Jsn-n = 52 Hz, H7). *C{'H} NMR (CDCI3) & (ppm): 23.1 (B), 34.3 (o), 116.6 (C6), 117.5
(C4), 122.1 (C2), 128.9 (Jsn.c = 85 Hz, meta-Ar), 130.5 (para-Ar), 134.4 (C5), 135.4 (C3), 136.2
(Jsnc = 55 Hz, ortho-Ar), 139.1 (ipso-Ar), 161.2 (C7), 167.1 (C1), 175.3 (C8). '"?Sn NMR
(CDClI3): 6 -331.9. HRMS (MALDI): calculated for C43H37N40O4Sn2 913.0859, found: 913.0905

[MH"].

5: Yield 0.25 g, 83%. M.Pt. 165-166 °C. IR ¥ (cm™"): 1608 (s, C=N)), 1546 (m, C-0), 1515 (m),
1471 (m), 1447 (m), 1430, 1365 (m), 1300 (s, Ar-O), 1202, 1157 (m), 1076 (w, N-N), 997 (w),
900, 759, 730, 695, 574 (m, Sn-0), 519, 461 (m, Sn-N), 439, 425, 344, 305 (m), 353, 302, 283 (m,

Sn-C), 202, 238 (m, Sn-C). 'H NMR (CDCls) & (ppm): 1.95 (m, 4H, B), 2.56 (m, 4H, ), 6.80 (t,
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2H, Ju.n = 7.4 Hz, H4), 7.12 (d, 2H, 3Jun = 8.4 Hz, H2), 7.18 (d, 2H, 3Jun = 7.9 Hz, H5), 7.40
(m, 4H, para-Ar), 7.42 (m, 8H, meta-Ar), 7.86 (d, 8H, *Jsn.u = 80 Hz, *Jun = 7.6 Hz, ortho-Ar),
8.62 (s, 2H, *Jsun = 52 Hz, H7). *C{'H} NMR (CDCl3) & (ppm): 26.1 (B), 34.4 (o), 116.6 (C6),
117.5(C4), 122.0 (C2), 128.9 (*Jsn.c = 87.0 Hz, meta-Ar), 130.5 (para-Ar), 134.4 (C5), 135.4 (C3),
136.2 (Jsuc = 54 Hz, ortho-Ar), 139.1 (Jsn.c = 73 Hz, ipso-Ar), 161.0 (C7), 167.1 (C1), 175.7
(C8). 'Sn NMR (CDCls): & -331.7. HRMS (MALDI): calculated for C4sH39N4O4Sn2 927.1015,

found: 927.1041 [MH"].
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Table 3. Crystal Data and Refinement Parameters for Complexes 1-5.

1 2 3 4 5
CCDC Number 1548813 1548814 1548815 1548816 1548817
Empirical formula C22H26N404Sn; C23H28N404Sn; C24H30N404Sn; Ca3H36N404Sn; C44H38N404Sn;
Formula weight 647.85 661.87 675.90 910.14 924.16
Crystal system Triclinic Monoclinic Monoclinic Monoclinic Monoclinic
Space Group P1 P2/n P2i/c 12/c P2i/c
a(A) 7.1611(3) 10.4882(3) 10.3686(4) 12.6518(5) 15.3416(6)
b (A) 8.7695(4) 9.6493(3) 10.4987(4) 10.5353(4) 9.9387(4)
c(A) 9.5314(4) 13.2514(4) 12.5434(5) 29.1308(11) 12.9922(5)
a (°) 82.4992(15) 90 90 90 90
B (°) 81.4935(15) 109.9250(10) 109.6852(18) 101.102(2) 103.1630(12)
7 (©) 80.5682(14) 90 90 90 90
V (A% 580.50(4) 1260.81(7) 1285.64(9) 3810.2(3) 1928.94(13)
Z 1 2 2 4 2
Temperature (K) 100(2) 100(2) 100(2) 100(2) 100(2)
Density  (calculated) | 1.853 1.743 1.746 1.587 1.591
(Mg/m?)

19



Absorption coefficient | 2.187 2.016 1.979 1.359 1.344

(mm™)

F(000) 318 652 668 1816 924

Crystal size 041x0.25x0.2 |0.28x0.26x 0.05 042x0.25x0.22 [03x0.13x0.09 |0.38x0.15x0.14

Theta range for data | 3.036 to 28.484 2.670 to 28.760 2.596 to 28.432 2.750 to 28.383 2.766 to 30.680

collection (°)

Limiting Indices -9<h<9 -14<h<14 -13<h<I13 -16<h<16 -21<h<21
-11<k<I1 -13<k<13 -14<k<14 -12<k<14 -14<k<14
-12<1<12 -17<1<17 -16<1<16 -35<1<38 -18<I<18

Reflections collected | 16099 64554 17463 35085 40101

Independent 2922 [R(int) =|3269 [R(int) =1{3238 [R(int) =|4764 [R(int) =|5959 [R(int) =

reflections 0.0503] 0.0291] 0.0354] 0.0260] 0.0428]

Completeness to theta | 99.6 % 99.7 % 100.0 % 99.7 % 99.9 %

(%)

Refinement method

Full-matrix least-
squares on F?

Full-matrix least-

squares on F?

Full-matrix least-

squares on F?

Full-matrix least-
squares on F?

Full-matrix
squares on F?

least-

Data / restraints /|2922/0/147 3269/0/152 3238 /1/ 144 4764 /0 /240 5959/0/253
parameters

Goodness-of-fit on F2 | 1.142 1.145 1.133 1.057 1.015

Final R  indices | R1 =0.0181 R1=0.0162 R1=10.0265 R1=0.0196 R1=0.0261
[F20(D)] wR> =0.0472 wR> =0.0398 wR2 =0.0568 wR2 = 0.0440 wR2 =0.0529
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R indices (all data)

R;=0.0189
wR2 = 0.0477

R;=0.0192
wR2 = 0.0409

R;=0.0357
wR2=0.0615

R;=0.0249
wR2 = 0.0463

R =0.0468
wR2 = 0.0602

Largest diff. peak and
hole (e.A%)

0.413 and -1.276

0.502 and -0.416

1.103 and -1.112

0.438 and -0.598

0.798 and -0.637
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Tetrel non-covalent interactions
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Sn...O contacts shorter than the van der Waals radii are observed in some Schiff base complexes

of pentavalent tin. Computational investigation shows these are mainly electrostatic in origin.
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