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Exploring the reactivity of homoleptic organozincs
towards SO,: synthesis and structure of a homolo-
gous series of organozinc sulfinatesy
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Studies on the reactivity of zinc alkyl compounds towards SO, are relatively less explored than either oxy-
genation or hydrolysis reactions. We report on the environmentally friendly and efficient syntheses of a
homologous series of [(RSO,)ZnR],, complexes from reactions involving homoleptic R,Zn (R = Me, tBu,
Ph) compounds and SO,. Diffusion ordered spectroscopy experiments indicate that the resulting com-
pounds predominately occur as solvated dimers, [(RSO,)ZnR(THF)],, in THF solution irrespective of the
character of the group bonded to the zinc centres. In turn, these organozinc sulfinates exhibit structurally
diversified molecular and supramolecular arrangements in the solid state, as evidenced by single-crystal
X-ray diffraction studies. The methyl compound crystallises as a one-dimensional polymer, [(MeSO,)
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ZnMel,, and the use of tBu,Zn and Ph,Zn leads to molecular aggregates, a tetramer [(tBuSO,)ZntBuly,
and a solvated [(PhSO,)ZnPh],-2THF dimer, respectively. In addition, new theoretical insights have been
gained by modelling the direct trapping of homoleptic organozinc compounds with SO, using DFT
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Introduction

Studies on the reactivities of zinc alkyl compounds towards
small inorganic molecules lie at the heart of organometallic
chemistry. Primary attempts to react homoleptic organozinc
compounds with small inorganic reagents can be traced back
to the middle of the XIXth century.”” Armoured with experi-
mental creativity, it was Edward Frankland who synthesised
‘zincethyl’, known nowadays as diethylzinc, and reacted it with
molecular dioxygen and water. The legacy of Frankland has
continued ever since. Modern experiments performed in our
group on the activation of dioxygen on Zn-C reactive species
led to the isolation of the first alkylzinc alkylperoxides and pro-
vided a new look at the reactivities of zinc alkyls towards
dioxygen.>* Strikingly, the first structurally well-defined
product derived from the hydrolysis of a dialkylzinc compound
was reported only in 2011.° Since then, a set of compelling
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results regarding the hydrolysis of homo- and heteroleptic zinc
alkyls including stable zinc hydroxide and zincoxane mole-
cular clusters®” or even ZnO quantum dots have been
reported.®* ™" Furthermore, it was demonstrated that reactions
between selected alkylzinc hydroxides and carbon dioxide
could efficiently provide novel clusters and nanomaterials
based on zinc carbonates with unique physicochemical
properties.’* ™ In turn, studies on the reactivities of homolep-
tic and heteroleptic organozinc compounds towards SO, have
been explored to a lesser extent, which may seem surprising,
for example, in view of the potential use of heteroleptic zinc
sulfinates as catalysts for the copolymerisation of CO, with
epoxides'>™*® or zinc bis(alkanesulfinate)s as general reagents
for the formation of radical species in organic synthesis."® >
The latter have been usually generated from the corresponding
sulfonyl chlorides by treatment with zinc dust, and the require-
ment of a large excess of Zn metal has restricted their employ-
ment under in situ conditions.'® Thus, the development of
efficient synthetic procedures for zinc organosufinates is
highly desirable.

To provide sufficient breadth and depth of literature cover-
age on the direct trapping of organometallic compounds with
SO,, we note that the research in the field started many
decades ago and represents efficient methods for the prepa-
ration of a vast array of metal sulfinates,"®**® featuring excep-
tionally rich coordination chemistry.>*"** The renewed interest

Dalton Trans., 2022, 51, 7241-7247 | 7241


http://rsc.li/dalton
http://orcid.org/0000-0002-7390-7346
http://orcid.org/0000-0002-7787-7084
http://orcid.org/0000-0002-4392-0267
http://orcid.org/0000-0003-3161-8455
http://orcid.org/0000-0002-3407-0395
https://doi.org/10.1039/d2dt00577h
https://doi.org/10.1039/d2dt00577h
http://crossmark.crossref.org/dialog/?doi=10.1039/d2dt00577h&domain=pdf&date_stamp=2022-05-05
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2dt00577h
https://pubs.rsc.org/en/journals/journal/DT
https://pubs.rsc.org/en/journals/journal/DT?issueid=DT051018

Open Access Article. Published on 11 April 2022. Downloaded on 5/5/2026 7:42:44 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Paper

has been rekindled by reactions of frustrated Lewis pairs or
related compounds with SO,.>*”*” Remarkably, to our knowl-
edge, there are only two reports where the crystal structures of
the products of SO, insertion into homoleptic organozincs
have been investigated. Roesky et al.*® showed that the reaction
between SO, and zincocens affords a double insertion
product, [Zn(0,SCp*),(tmeda)], as well as [Zn,(O,SCp*)sO]
clusters that contain a Zn,O structural motif. Moreover,
thermal decomposition of [Zn(O,SCp*),(tmeda)] resulted in
the formation of [Zn,(p-SO;)(u-S,04)(tmeda),]. The latter result
carries valuable information on the thermodynamic stability
of the O,SCp*™ anion, in particular, regarding the possibility
of its transformations into other ions, i.e., sulfuroxo anions.
More recently, our group initiated studies on the Et,Zn/SO,
system.>® We showed that various multidimensional networks
bearing either (EtSO,)ZnEt or (EtSO,),Zn motifs could be
obtained with respect to (i) the reaction stoichiometry, (ii) the
presence of a certain Lewis base and (iii) the type of solvent
chosen for performing the reaction.

We and others have well documented that the character of
Zn-bonded alkyl groups dramatically affects the reactivity of
organozincs towards small molecules and the composition
and structure of the resulting products.***® Driven by both
curiosity to explore new aspects of reactivities of organozinc
systems towards SO, and the search for new (L)ZnR-type pre-
cursors or building blocks of functional materials, herein we
turn our attention to the studies of equimolar reactions
between selected homoleptic organozinc compounds with
SO,. In particular, we report on reactions between R,Zn (R =
Me, tBu, Ph) and SO, in THF, which allowed for the synthesis
of a homologous series of organozinc sulfinates in the form of
solvated [(RSO,)ZnR(THF)], dimers in a THF solution, and the
isolation of structurally diversified molecular and supramole-
cular arrangements in the solid state, i.e., a one-dimensional
coordination polymer [(MeSO,)ZnMe], (1), a tetrameric cluster
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[(tBuSO,)ZntBu], (2) to a solvated dimer of the formula
[(PhSO,)ZnPh],-2THF (3), respectively (Scheme 1).

Results and discussion

Synthesis and spectroscopic characterisation

Immediate reactions between R,Zn (R = Me, ¢Bu, Ph) and
gaseous SO, in the molar ratio 1:1 were carried out according
to Scheme 1. Colourless cubic crystals of either 1, 2 or 3 were
isolated in high yield after standard workup (for details, see
the Experimental section). Compounds 1-3 were fully charac-
terised using elemental analysis, spectroscopic and single-
crystal X-ray diffraction techniques. The FTIR spectra of com-
pounds 1-3 comprise intense to medium bands in the range
876-1043 cm™ ', assigned to the sulfur-oxygen vibrations,*
which confirms the presence of the sulfinate anion. The 'H
NMR spectrum of 1 shows two well-resolved singlets at
2.38 ppm and —0.91 ppm, derived from the protons of MeSO,
and MeZn groups, respectively (see the ESI, Fig. S1t), while the
13C NMR spectrum of 1 shows two signals at 49.33 ppm and
—16.9 ppm from the carbon atoms of the methylsulfinate
anion and the Zn-Me group, respectively (see the ESI, Fig. S27).
Similarly, inspection of the "H NMR spectrum of 2 reveals two
separated sharp singlets at 1.07 ppm and 1.01 ppm with equal
intensities, assigned to the methyl protons of {BuSO, and
tBuZn groups, respectively (see the ESI, Fig. S41). The "*C NMR
spectrum of 2 shows two intensive sharp singlets of the
primary carbons of the tBuSO, and ¢BuZn groups at 32.89 ppm
and 20.77 ppm, respectively. Less intensive signals from the
quaternary carbons were found at 55.42 ppm and 19.72 ppm,
respectively (see the ESI, Fig. S51). The "H NMR spectrum of 3
comprises an overlapping multiplet from phenyl protons that
fall within a range between 6.98 ppm and 7.79 ppm. In
addition, the characteristic multiplets of THF protons were

THF
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Scheme 1 Reactivity of Me,Zn, tBu,Zn and Ph,Zn towards SO, leading to (MeSO,)ZnMe (1), (tBuSO,)ZntBu (2) and (PhSO,)ZnPh (3).

7242 | Dalton Trans., 2022, 51, 7241-7247

This journal is © The Royal Society of Chemistry 2022


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d2dt00577h

Open Access Article. Published on 11 April 2022. Downloaded on 5/5/2026 7:42:44 PM.

Thisarticleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

(cc)

Dalton Transactions

recorded at 1.77 ppm and 3.62 ppm, with the intensities
indicative of the partial desolvation of compound 3 (see the
ESI, Fig. S7t). The "*C NMR spectrum of 3 features signals
from the phenyl groups at 153.11 and 152.38 ppm, and in the
range of 139.59-125.62 ppm. Signals assigned to the secondary
and primary carbons of THF were found at 26.37 ppm and
68.25 ppm, respectively. Moreover, the DOSY experiments indi-
cate that compounds 1-3 occur as solvated dimers [(RSO,)ZnR
(THF-dg)], in THF-dg solution irrespective of the character of
the alkyl group bonded to zinc centres (for details, see the
ESIY).

Furthermore, some combinations of heteroleptic (L)ZnR-
type complexes with homoleptic R,Zn compounds act as argu-
ably the most important organozinc catalytic systems in
organic synthesis’”*® or precursors of various functional
materials.">*° Nevertheless, the chemistry of (L)ZnR/R,Zn
systems remains both relatively poorly understood and a
subject of constant debate.”®" Thus, we performed controlled
experiments on the reactivity of selected [(RSO,)ZnR]/R’,Zn
systems. In this regard, we prepared THF solutions of 1 and 2
that were subsequently treated with equimolar amounts of
tBu,Zn and Me,Zn, respectively (Scheme 2). Strikingly, we
found that in the first case, (MeSO,)ZnMe/tBu,Zn, the zinc-
bonded methyl group was easily substituted by the tert-butyl
group (see the ESI, Fig. S10 and 117}). Conversely, in the case of
the (¢BuSO,)ZntBu/Me,Zn system no exchange was observed as
indicated by the NMR studies (see the ESI, Fig. S12 and 137).
The reasons for such different reactivities are unclear and
must be further investigated.

Solid-state structures

Remarkably, the nature of the zinc-bonded alkyl substituents
has a profound effect on the solid-state structure of the title
organozinc sulfinates. Compound 1 crystallises in triclinic
space group P1 as a 1D coordination polymer constructed of
dinuclear [(MeSO,)ZnMe], units incorporating sulfinato-0,0'-
type ligands (Fig. 1) and interconnected through the [Zn,(u,-
0,)] rings to form an extended chain along the a axis. The
structural constitution of 1 reflects the polymeric structure of
the previously reported ethylzinc ethylsulfinate derivative,*®
[(EtSO,)ZnEt],. The Zn-O bond distances within the molecular
[(MeSO,)znMe], unit fall in the range of 1.988-2.096 A, and
the Zn-O bonds connecting these units are of a similar length
of 2.075 A. The S-C bond length is 1.772 A, and the S-O bonds
of length 1.517-1.551 A, along with O-S-O angles (106.9°), are

THF

(MeS0O3)ZnMe + tBuyZn (MeS0,)ZntBu

- tBuZnMe

THF

(tBus05)ZntBu + MeyZn no reaction

Scheme 2 Controlled experiments on the reactivities of [(RSO,)ZnR]
species towards homoleptic organozincs.
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Fig. 1 Molecular structure and single polymeric chain (view along the
crystallographic a axis) of 1. Hydrogen atoms have been omitted for
clarity.

to values observed for other metal sulfinate

30,38,39

similar
complexes.

Compound 2 crystallises in the P1 triclinic space group. An
inspection of the structure of 2 revealed that metal centres
adopt a tetrahedral geometry, and four ¢BuZn moieties are
stabilised by four tert-butylsulfinate anions (Fig. 2a). As a
result, the molecular structure of 2 comprises two sulfinato-O,
O'-type [(tBuSO,)ZntBu], heterocycles joined within two
[Zn,(p,-0,)] moieties forming tetranuclear cluster [(tBuSO,)
ZntBu],. Interestingly, the core of compound 2 is isostructural
to quasi-cube-shaped tert-buthylzinc diorganophosphate
[¢(BuZn(O,P(OR),)] (R = Me, Ph) complexes previously reported
by us.”> The Zn-O bond lengths in 2 were found to be in the
range between 2.005 and 2.121 A and the S-O distances
between 1.510 and 1.555 A, similar to the bond values found
in the case of compound 1 and related alkylzinc sulfinates.*®
Compound 3 crystallises in triclinic space group P1. An intro-
duction of the aromatic group provided dinuclear solvate
[(PhSO,)ZnPh(THF)], (Fig. 2b). Two metal centres of 3 are con-
nected by the PhSO,-yi,-bridging moieties forming an octanuc-
lear macrocycle that adopts a chair conformation similar to
that observed for compound 1, with the phenyl groups located
trans to each other across the ring. However, contrary to 1 and
2, the tetrahedral coordination sphere located on each metal
centre of 3 is completed by a single THF molecule. That results
in a monomeric structural motif, preferable over either the 1D
coordination polymer or tetranuclear cluster, likely due to the
steric hindering introduced by phenyl rings. The Zn-Ogyifinate
distances of 3 are observed to be in the range of 1.987-2.088 A,
and the Zn-Oryr bonds to outer solvent molecules are longer
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Fig. 2 Molecular structure of 2 (a) and 3 (b). Hydrogen atoms have
been omitted for clarity.

and are of length 2.088 A. The S-O bonds are similar within
the molecule and their lengths are between 1.527 and 1.528 A.
The O-S-O conical angles (107.37°) together with the afore-
mentioned parameters are similar to that observed for other
zinc sulfinate compounds.®*?%3°
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DFT studies

DFT calculations were subsequently performed to explore the
thermodynamic landscape associated with insertions of SO,
into the studied systems as well as to deeply investigate the
studies on the reactivity of SO, towards various alkylzincs
(Fig. 3). In all the considered cases, the reaction between R,Zn
and SO, starts with the formation of van der Waals complexes,
where the oxygen atom from SO, is attracted by the metal
centre, similarly to our previous studies with Et,Zn/SO,
systems. In the next step, the formation of the transition state
occurs. In the case of Ph,Zn/SO,, the geometry of the tran-
sition state remains only slightly distorted, in contrast to the
geometries of transition states found within the Me,Zn/SO,
and ¢{Bu,Zn/SO, systems. This may explain to some extent the
relatively low barrier of reaction found for the insertion of SO,
into Ph,Zn. Note that the elongation of the Zn-C bond, associ-
ated with the R,Zn/SO, transition state, is energetically highly
unfavoured, in particular for the small alkyls. This effect may
explain the higher value of the energy barrier of +14.9 kcal
mol ™", found for the insertion of SO, into Me,Zn. Finally, the
overall energetic effect of the R,Zn/SO, reactions remains
highly negative and similar to the results obtained within
related studies,**>*
and SO, should be driven in a one way direction.

and suggests that reactions between R,Zn

Experimental section
General remarks

All reactions and post-synthetic manipulations were conducted
under an argon or nitrogen atmosphere using standard
Schlenk and glovebox techniques (MBraun UniLab Plus;
<0.1 ppm O,, <0.1 ppm H,0). All solvents were purified by
passage through activated aluminium oxide (MBraun SPS) and
stored over 3 A molecular sieves. Prior to use, deuterated sol-
vents were dried over Na/K, distilled under an argon atmo-
sphere before use, and stored over molecular sieves. Di-tert-
butylzinc was prepared according to the literature procedure.>?
All reagents used in this study were of commercial grade and

A
[kca?gol ] z‘?
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15.0 .\ }<
/+14.9 f. . ,yy ﬁ &

10.0 — q ] \‘\ /1'11\ = ;t\ :\ : ‘_'.
Ry M %4 ' DN
00 ud \ ol ‘ R g™ ;;4

»4 - \ % \ A
1} \. -
50— B 495
215 \ ’A
-30.0 a. Me,Zn + SO, b. tBu,Zn + SO, X A c. Ph,Zn + SO,

-33.3

Fig. 3 The comparison of reaction pathways of SO, insertion into Me,Zn (a; blue line), tBu,Zn (b; red line) and Ph,Zn (c; violet line). The values of
AG have been referenced to the Gibbs free energies of the van der Waals complexes.
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obtained from Sigma-Aldrich Co or aber GmbH.
Stoichiometric amounts of SO, (determined by using the
Clausius-Clapeyron equation) were added to the reaction mix-
tures through a syringe. NMR spectra were acquired with a
Varian Mercury 400 MHz spectrometer at 298 K unless other-
wise specified and were referenced to the residual 'H or *C
signals of the deuterated solvents. FTIR spectra were recorded
with a Bruker Vertex 80V spectrometer equipped with a
diamond ATR (attenuated total reflection) unit. Elemental ana-
lysis was performed by using a UNICUBE (Elementar
Analysensysteme GmbH).

Synthesis of [(MeSO,)ZnMe],, (1). To Me,Zn (0.35 mL of ca. 2
M solution in hexane, 0.7 mmol) was added THF (5 mL) and
then 1 equiv. of SO, (ca. 17.1 cm®, 298 K, 1 atm) was con-
densed onto the stirring solution at room temperature. The
reaction mixture was then stirred for an additional 1 h. The
solution was then dried under vacuum and the solid residue,
obtained after the removal of the solvent, was afterwards dis-
solved in THF (1 mL). Compound 1 was obtained as colourless,
long needle-shaped crystals after crystallisation at RT. Isolated
yield: 98 mg, 88%; "H NMR (400 MHz, THF-dg, 298 K) 6 = 2.38
(s, 3H; CH3S0,), —0.91 (s, 3H; CH;Zn) ppm. “C NMR
(101 MHz, THF-dg, 298 K) § = 49.33 ppm. IR (ATR): 2951 (vw),
2906 (vw), 2843 (vw), 1415 (vw), 1397 (vw), 1302 (vw), 1155 (vw),
1004 (s), 958 (s), 945 (s), 895 (vs), 703 (W), 674 (m), 538 (s), 450
(w) em™. Elemental analysis caled (%) for C,H;,04S,Zn,
(319.02): C 15.06, H 3.79, S 20.10; found (%): C 14.96, H 3.63, S
18.54.

Synthesis of [(¢tBuSO,)ZntBu], (2). The procedure was similar
to that described for 1, but was carried out by using ca. 0.8 M
solution of ¢Bu,Zn in toluene. Compound 2 was obtained as
colourless, long needle-shaped crystals after crystallisation at
RT. Isolated yield: 158 mg, 93%; "H NMR (400 MHz, THF-dg,
298 K) § = 1.07 (s, 9H; (CH;);CSO,), 1.01 (s, 9H; (CH;);CZn)
ppm. *C NMR (101 MHz, THF-dg, 298 K) 6 = 55.42, 32.89,
20.77, 19.72 ppm. IR (ATR): 2978 (vw), 2940 (vw), 2918 (vw),
2862 (vw), 2808 (w), 2755 (vw), 2695 (vw), 1473, (vw), 1461 (W),
1388 (vw), 1360 (w), 1187 (vw), 1043 (s), 1007 (m), 967 (m), 889
(vs), 815 (w), 790 (w), 689 (vw), 613 (s), 552 (W), 516 (vw), 463
(vw), 437 (w) cm™'. Elemental analysis caled (%) for
C3,H,,04S,Zn, (974.68): C 39.43, H 7.45, S 13.16; found (%): C
39.67,H 7.12, S 12.82.

Synthesis of [(PhSO,)ZnPh], (3). The procedure was similar
to that described for 1, but was carried out by using 0.153 ¢
(0.7 mmol) of Ph,Zn. Compound 3 was obtained as colourless,
long needle-shaped crystals after crystallisation from a THF
solution at —20 °C. Isolated yield: 150 mg, 76%; 'H NMR
(400 MHz, THF-dg, 298 K) § = 7.79-7.73 (m, 2H, C-Hy,),
7.46-7.37 (m, 5H, C-H,,), 7.06-6.98 (m, 3H, C-H,,), 3.65-3.59
(m, 2H, -OCH,™¥-), 1.80-1.74 (m, 2H, -CH, ™*-) ppm. *C
NMR (101 MHz, THF-dg, 298 K) § = 153.11, 152.38, 139.59,
131.30, 129.41, 127.22, 126.32, 125.62, 68.25, 26.37 ppm. IR
(ATR): 3060 (vw), 3030 (vw), 2981 (vw), 2889 (vw), 1583 (vw),
1475 (W), 1442 (w), 1419 (w), 1249 (vw), 1177 (vw), 1088 (w),
1003 (s), 990 (s), 954 (vs), 876 (m), 754 (s), 722 (w), 702 (s), 685
(s), 584 (m), 502 (w), 473 (m), 443 (m) cm™". Elemental analysis

This journal is © The Royal Society of Chemistry 2022
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caled (%) for Cs,H;606S,Zn, (711.51): C 54.02, H 5.10, S 9.01;
found (%): C 53.69, H 4.64, S 8.46.

Reaction of 1 with tBu,Zn. To the THF solution of [(MeSO,)
ZnMe] (0.8 mmol) obtained in the aforementioned procedure
was added tBu,Zn (1 ml of ca. 0.8 M solution in toluene,
0.8 mmol). The reaction mixture was then stirred for 1 h. After
the standard workup the solid residue was subjected to NMR
studies.

Reaction of 2 with Me,Zn. The procedure was similar to that
described for the reaction between 1 and tBu,Zn carried out by
using (0.7 mmol) [(tBuSO,)ZntBu] and Me,Zn (0.35 mL of ca. 2
M solution in hexane, 0.7 mmol).

X-Ray structure determination

The X-ray data for complexes 1, 2, and 3 were collected at 100
(2) K on a SuperNova Agilent diffractometer using graphite
monochromated MoKa radiation (2 = 0.71073 A). The data
were processed with CrysAlisPro.>* The structure was solved by
direct methods using the SHELXS-97 program and was refined
by full matrix least-squares on F°> using the program
SHELXL.” All non-hydrogen atoms were refined with aniso-
tropic displacement parameters. Hydrogen atoms were added
to the structure model at geometrically idealised coordinates
and refined as riding atoms.

Crystal data for 1 (CCDC-2116783%1). [C,HsO,SZn],: M =
159.50, triclinic, space group P1 (no. 2), a = 4.5135(8) A, b =
7.7984(11) A, ¢ = 7.8400(13) A, a = 89.141(12)°, # = 80.887(14)°
y = 84.090(13)°, U = 271.02(8) A*, Z = 2, F(000) = 160, D,
1.954 ¢ em™>, u(Mo-Ka) = 4.785 mm ™, Opax = 26.500°, 1117
unique reflections. Refinement converged at R1 = 0.0701, wR2
= 0.1688 for all data (R1 = 0.0632, wR2 = 0.1609 for 977 reflec-
tions with I, > 26(I,)). The goodness-of-fit on F* was equal to
1.088.

Crystal data for 2 (CCDC-21167847%). C3,H,,05S4Zny: M
974.61, triclinic, space group P1 (no. 2), a = 11.9492(3) A, b
12.8183(7) A, ¢ = 16.1223(5) A, a = 86.157(3)°, § = 78.812(2)°, y
75.515(3)°, U = 2345.05(16) A®, Z = 2, F(000) = 1024, D,
1.380 g em ™3, y(Mo-Ka) = 2.238 mm ™, fax = 26.997°, 10 221
unique reflections. Refinement converged at R1 = 0.0611, wR2
=0.0720 for all data (R1 = 0.0374, wR2 = 0.0646 for 7731 reflec-
tions with I, > 26(I,)). The goodness-of-fit on F* was equal to
1.019.

Crystal data for 3 (CCDC-2116785%). C3,H3606S,Zn,: M
711.47, triclinic, space group P1 (no. 2), a = 8.792(5) A, b
9.326(5) A, ¢ = 10.669(5) A, a = 78.722(5)°, # = 74.655(5)° y =
67.772(5)°, U = 776.4(7) A%, Z = 1, F(000) = 368, D, = 1.522 g
em™, u(Mo-Ka) = 1.722 mm ™, Opa = 30.163°, 3931 unique
reflections. Refinement converged at R1 = 0.0449, wR2 = 0.0872
for all data (R1 = 0.0361, wR2 = 0.0826 for 3412 reflections with
I, > 26(I,)). The goodness-of-fit on F> was equal to 1.050.

Theoretical details

The geometries of the molecules chosen as model systems
were optimised by using density functional theory (DFT) with
the B3LYP*>*” functional in the 6-31++G(2d,2p) basis set with
the D3(BJ) correction®®*® added in order to improve the
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description of dispersion forces. Frequency analysis was per-
formed in order to confirm the nature of minima and maxima.
Intrinsic reaction coordinate calculations (IRC)*® were
additionally done to check the quality of the transition states.
All the calculations were done with the Gaussian suite of
codes.®’ Figures have been prepared with the CYLview visual-
isation software.®

Conclusions

Finding new potential (L)ZnR-type reagents for organic syn-
thesis or precursors of nanomaterials that can be efficiently
synthesised from some air pollutants may represent an impor-
tant step toward a better future. Simultaneously, explorations
of reactivity of homoleptic dialkylzines towards sulfur dioxide
still leave many opportunities for scientific discoveries. In this
vein, we performed the first systematic studies on the effect of
the nature of Zn-bonded alkyl groups on both the SO, inser-
tion process and structure of the resulting products in the
solid state and solution. The direct trapping of homoleptic
R,Zn compounds with SO, allowed for the isolation and
characterisation of a homologous series of organozinc sulfi-
nate [(RSO,)ZnR] species that are hardly accessible with
alternative methods. Moreover, we showed that the resulting
organozinc sulfinates occur as solvated dimers [(RSO,)ZnR
(THF)], in THF solution irrespective of the character of the
substituent. In turn, the identity of the Zn-R group determines
whether the [(RSO,)ZnR], product acquires a dimeric, tetra-
meric or 1D-polymeric constitution in the solid state.
Interestingly, the DFT calculations performed on the set of
equimolar R,Zn/SO, systems confirm that the SO, insertion
into the Zn-C bond can be characterised by a moderate value
of the energy barriers and the highly exothermic character of
the SO, insertion.

Finally, the reported investigations fill a missing gap in the
realm of (L)ZnR complexes as new precursors of functional
materials and further studies on the application of organozinc
sulfinates as efficient precursors of surface-modified ZnO
nanostructures are in progress.
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