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L abile Low-Valent Tin Azides. Syntheses, Structural Characterisation,

And Thermal Properties
Rory Campbell? Sumit Konar® Steven Huntef! Colin Pulham® Peter Portius®

[IDepartment of Chemistry, University of Sheffield, Brook Hill, S3 7HF, U.K.
Email{p.portius@sheffield.ac.lik
[PIEa SChem School of Chemistry, University of Edinburgh, David Brewster Rd., EH9 3FJ, U.K.

Abstract. The first two examples of the class of tetracoordinate low-valent, rfiigade tin azido
complexes, Sn(N.(L),, are shown to form upon reaction of Sp®@ith NaN; and Snk with MesSiN;

in either pyridine or 4-picoline2( L = py; 3, L = pic). These adducts of SnjNare shock- and
friction insensitive and stable at r.t. under an atmosphere of pyridipieaine, respectively. A new,
fast and efficient methods for the preparation of S({) directly from Snk, and by the step-wise
de-coordination of py fron2 at r.t., is reported that yields in microcrystalline form, permitting
powder diffraction studies. Reaction bivith a non-bulky cationic H-bond donor forms the salt-like
compound {C(NH)s}Sn(Ns)s (4) which is comparably stable despite its high nitrogen content (55%)
and the absence of bulky weakly coordinating cations that are conventidaallyed essentidh
related systems of homoleptic azido metallates. The spectroscopic and crystallographic
characterisation of the polyazidds4 provides insight into azide-based H-bonded networks and
unravels the previously unknown structureloés an important lighter binary azide homologue of

Pb(Ns),. The atomic coordinates fdr and 2-4 were derived from powder and single crystal XRD

data, respectively; those fdr are consistent with predictions made by DFT-D calculations under

periodic boundary conditions.
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Introduction

Binary azides, E(N,, exist of all s-block, most p-block and a number of d-block elements, many of
which have well-established synthetic proceddfeExceptions to this notion exist in particular
among the binary azides of lighter, more electronegative elements, such as those in Group 14 (E = Si -
Sn, n = 2 or 4). ese nitrogen-rich azides are predicted to possess primarily covalent E-N bonds
between azido groups and the coordination centres, as a result of which the gap bewekbstgte

and the transition state toward dinitrogen elimination is comparably small andntipeund stability

low. The combination of high endothermicity and sensitivity toward extestimiuli renders the
characterisation of such azides challenging. Accordingly, only few solid statdustis of these
simple azides are unknown. In the p-block, these includeph@nd polymorphsy,® TINs,” As(Ns)s

and Sb(N);.2*° However, the kinetic stability of inorganic azides can be increased dramatically by the
coordination of ancillary ligands:** The binary Lewis-acidic azides SN Ge(N)., Ge(N;), and
Sn(Ns)4, for instance, have been shown to form well-defined charge-neutral addudtewishbases,

of the types (W.E(L,) (E = Si, Ge, Sn, 1= bpy, phen}**"and E(N).L (E = Ge, L = N-heterocyclic
carbene), respectivel{f. The class of Sn(ll) azides, in particular, includes monoazides;KATN), *°

and a 1 : 1 adduct with Ag(Fp),?° SnN,(mesDAP) 2! SnN{HC(MeC=NAr),}, Ar = PH? or 2,6'Pr-
CeHs, > SNNS(HC(PPh=NSiMe;),} ** and triazido stannate, Syl *° (see Table 1 and abbreviations

in the caption). Coordinatively unsaturated and sterically less protected&gt))complexes on the
other hand tend to dimerise (SRIN=IPr,** Sn(N;)(OCH,CH,NMe, *’). No diazide tin(Il) complexes
have been reported. The first synthetic method for the preparation of tin dif¢foegs described

only recently in a report on binary metal azides that involves the oxidaitiSn metal by Aghlin
water-free liquid ammonia at low-temperature. However, the structutererhained undetermined.
Compoundl was reported to be sensitive and explosive and resembles in these properties its
homologue, lead(ll) azid@,a well-established initiatory explosive that is known for its low water
solubility and comparably high stability toward hydrolysis and ffedihe relationship between
stability and molecular and crystal structure of azides is determined nobyrhe nature of the
coordination centres and counter ions but also by their interaction. In systdmsimilady high
reactive nitrogen content, it is usually those compounds in which {liggoNps are involved in the
least covalent interactions that possess the greater activation barrieeltmiNation. The influence

of intermolecular interaction and vibrational energy distribution ahil#tly is less well understood;

this includes hydrogen bonding. Recently, it was shown that in a salt-like compoataining
triazidostannate, Sngy , relatively large, weakly coordinating PPreation$® produce an effect
similar to that induced by bulky ligands, in keeping the nitrogen contenf2bW %) and separating

the N, anions, thus retarding shockwave propagation and reducing sensitivity (for other PPh

containing homoleptic polyazidometallate, see réf:s*®3). The combination of Sn{)s with



suitable nitrogen-rich cations may confer a similar phlegmatising effectirbye vof hydrogen

bonding without diluting nitrogen conteht.

Here we describe the synthesis of the first two examples of the class ofaetiaate Sn(N),(L).
complexes and their utility for the preparation afhydrogen-bonded guanidinium triazidostannate,
{C(NH,)3}Sn(N3)s, and of tin diazide, Sn@b. We report a new, fast and efficient method for the
preparation of Sn(j), from Snk and MgSi-N;, which yields the binary azide in microcrystalline
form, permitting powder diffraction studies. The spectroscopic and crystalfogrelparacterisation

of the diazides provides insight into azide-based H-bonded networks and unraveisvibesly
unknown structure of Sng@y as an important lighter binary azide homologue of R(®XRD and
single-crystal XRD studies were complemented by DFT-D calculations. Pyridine and 4-picoline
coordinate reversibly to SngN under formation of the shock insensitive adducts which are stable at
r.t. only under an atmosphere of pyridine or picoline, respectively. Furthermore)Sme@tts with
guanidinium azide to form a salt-like compound with high nitrogen content and lower sgnsitivi

Results and Discussion

Syntheses

p-Block azides have often been synthesised by fluorine / azide exchange reactions using
azido(trimethyl)silane as the azide group transfer rea§étthis method benefits from mild reaction
conditions arising from the strong enthalpic preference fdf Sver SaF bonds, and from the facile
removal of the gaseous TMS-F by-product. The preparation of the tetravalent tin complex
Sn(Ns)4(py). from Snk (py = pyridine, pic = 4-picolinéj demonstrates the effectiveness of this
method. Under similar conditions, Snfeacts with TMS-N in pyridine or 4-picoline solutions. In-

situ FTIR spectra of these reaction mixtures show that within two hours thepttnss due to the
asymmetric N stretch of TMSN; at 2138 cnt are replaced by two new bands at 2077*camd

2057 cm® (in pyridine; 2076nd 2057 cit in picoline), indicating the formation of a new covalent
azide species. The analogous reactioinsolving Snk are much slower which we ascribed primarily

to the lower solubility of Snfin these solvents. Crystals obtained from the reaction solutions were
used for structural, spectroscopic and thermochemical studies (vide infrafy whiealed the
formation of the low-valent tetracoordinate polyazido complexes sy\). (2) and Sn(Y)2(pic)

(3) (Scheme 1). Both complexes also form by reaction of Switth NaNs. This method, however,
requires great excess of the ionic azide transfer reagent and the remie&|dfom intermediate
stages in the N/ Cl exchange. In reaction solutions obtained from this method, the mono(azido)
species SnCI(N(py). (vas = 2069 cm®) could be observed. Intriguingly, crystalli?eis sparingly
soluble in MeCN, THF and ED and CHCI,, and decomposes, under these solvents, into another
microcrystalline solid (compount) from which all IR absorption bands of coordinated pyridine and

solvent are absent. The same matefiplq eventually formed i2 is exposed to a dynamic vacuum at
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r.t. The analogous 4-picoline compl8xhowever, is stable under these conditions. Observations of
the responses toward electrostatic discharge and friction shod ¢that be handled only with great
care and its sensitivity exceeds that of RR It is also air sensitive and discolours under an Ar
atmosphere if exposed to sunlight. PXRD measurements allowed for a structuréndgitamnivide
infra) which revealed that it consists solely of tin(ll) azide WwHiad been synthesised previously by
Schnick et al. for the first tim&.CompoundL reacts readily with Lewis bases such as guanidinium
azide, (G)N, to form guanidinium triazidostannat4),((G)Sn(N)s. Compound4 also forms directly

in mixtures of Sn; TMS-N; and (G)N. Notably, the compound shows no sensitivity toward friction
and impact despite containing a binary azide species and an overall nitrogen content of 55% wi/w.

_C = <85°C
SnF, + 2 MegSi-Ng ———— R N—Sn/ N, /R —l
Z
N3

-2 Me3Si-F
N3
GH)N ..
(GFONs l T l MeCN _Sn_N//\:\>_R
Py, pic _ SN =
R =H only N3 N
NH NS
2 Ng—Sn MeCN >75°C
{%  “om - M ~—ogw
H,NT SNH, N3 Ns (G)Ns =H. Me
4 1

Scheme 1. Synthesis and reactivity of the tin(Il) polyazided , R = H @), Me (3), G = C(NH)s, py = pyridine,
pic = 4-methylpyridine.

Compound4 is soluble in CHCN and THF, but completely insoluble in gy, whereadl, 2 and3
are sparingly soluble in these solvents and soluble in 4-picoline and pyAditia(ll) azides (L — 4)
are air sensitive, particularly so in solution. In-situ IR spectra showed thexpbsure of a solution
of 4 to air over the course of an hour resulted in almost complete hydrolysis to hydrazb{HN,)
and oxidation to (GBN(Ns)e.

Crystal structures of compounds 1-4
Molecular structures of the solid azides were determined by X-ray singlalaifftaction @-4) and
powder diffraction methodsl) (see experimental section and pages S5-S11 for crystallographic

details).



Figure 1. Thermal ellipsoid drawing of the asymmetric unit in the crystal straattiSn(N).(py). (2, top) and
Sn(N\s)»(pic), (3, middle) and (G)Sn(Ns (4, bottom, cation not shown) at 100 K; thermal ellipsoids at the 50%
probability level. Selected bond lengths [A] and angles2[°Bni-N1 2.178(5), SndN4 2.195(6), SnAN7
2.468(5), SnAN8 2.472(5), NAN2 1.216(8), N2N3 1.139(8), N4N5 1.209(8), N5N6 1.143(9); N:Sn1-N4
92.0(2), NZSn1-N8 153.14(16). Torsion angle between calculated (LS) mean planesridingyrings is
71.75°%3: SnEN1 2.1992(17), NAN2 1.213(2), N2N3 1.145(2), SndN4 2.2396(17), N4N5 1.210(2), N5
N6 1.154(2), SniN7 2.4203(16), SrIN8 2.5858(17); SnAIN1-N2 119.45(13), NAIN2-N3 178.1(2), SnAN4-
N5 122.36(13), NAN5-N6 176.7(2), NISn1-N4 86.53(6), N#Sn1-N8 158.90(5);4: Sn1-N1 2.2380(19),
N1-N2 1.206(3), N2N3 1.143(3), SniN4 2.2736(19), N4AN5 1.198(3), N5N6 1.156(3), SniAN7 2.2142(19),
N7-N8 1.208(3), N8N9 1.150(3); SniN1-N2 118.28(15), NIN2-N3 179.1(3), SniN4-N5 126.61(16),
N4-N5-N6 177.5, SnAN7-N8 118.27(15), NZN8-N9 178.0(2), N:Sn1-N4 83.00(7), N4Sn1-N7 81.98(7),
N1-Sn1-N7 88.77(7).

The crystals of compourigZland3 consist of tin complexes (Fig. 1, top and middle) with disphenoidal
coordination skeletons in which two azidozlNigands occupy cis-equatorial sites and two pyridine
(py) or 4-picoline (pic) ligands the axial coordination sites. Compduikdg. 1, bottom), on the other

hand, adopts a salt-like structure containing trigonal pyramidal triazidostanfjatefhplexes and

guanidinium counter ions. The shapes of the coordination skeletons of the tin-containing complexes in

2, 3 and 4 are affected by the presence of lone electron pairs §)ligdnd bridging i) and
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intermolecular hydrogen bonding (iii) (vide infra) and conform therefore ambyoximately with the
geometries of the AB’,E (2, B’ = py; 3, B’ =pic) and ABE (4) models required by VSEPR

The most characteristic feature of the new structures, however, is the ddéfamethe coordinative
bond lengths between high- and low-valent analogues. In comparison with high-vale)ilSnIN=

py (2a), pic (3a) and Sn(N)¢> (4a),'” “°the low-valent complexex4 feature SaN, bonds to the N
ligands that are ca. 0.1 A longer while thé'8h bonds to py and pic ligands are elongated even
further ca 0.2 A). The pyridine-type ligands are equidistant from the coordination centhe in
complexe (2.47 A),2a and3a, but not in3 (2.59 A vs. 2.42 A); see discussion below). The bond
elongation can be ascribed to the shielding of nuclear charge by a lone electron peir at t
coordination centre that is absent in high-valent complexes. The angle included b#teeen
coordination centre and the axial pyridine-type N ligatogsSN(II)-N,, which was found to be 154°
(2) and 159° B), respectively, indicates that these ligands are repelled from the domain of a
stereochemically active lone pair. The angle shared by the equatplighhds, on the other hand, is
close to 90° and ranges between 82° and 92° in the stru@ud, like the recently reported
structure of Sn(B); in (PPh)Sn(N;)s.> Complexes with low-valent main group centres (Table 1)
often have a lone pair that affects their reactivity and coordination geormb&yunsupported Agn
bond of the adduct HB{3,5-(GJzpz}:Ag-Sn(N;)("PrATI) (vide supra), for instance, involves the
lone pair on Sn rather than azido ligands bridging Ag with Sn ceftfesomparison with SE for
instance, reveals that the influence of the lone pair on the trans lid@&nds 2 and3 is substantial.

In SF, the related angle (173°) deviates far less from linearity required by pélifgdenoidal
geometry of theAB,B’,E model. Intriguingly, the lengths difference betweep-W and N-N,
bonds ANN) correlates inversely with the Sx bond lengths and is approximately 1 pm greaté in

3 in comparison t®a, 3a (Fig. 2). This finding suggests that-$, bonds of the low-valent Sn(ll)

complexes are less covalent than those of the Sn(lV) azides.
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Figure 2. Correlation of crystallographically determined Sp#dnd lengths with those of NNg (o) and N-N,
(o) in the polyazides of Sn(II2¢4, (PPh)Sn(Ns)s), and Sn(lV) Ra-4a, Sn(Ns)4(bpy), Sn(N)4(phen)) the error
bars show the estimated standard deviatiosk (1

The unsaturated coordination sphere surrounding low-valent tin usually allows forseaakdary
interactions between adjacent molecules in a dimeric or polymeric fashion. Hajideumtohalide
ligands, such as those in the bromo analogu@, dfllow formation of infinite three-dimensional
coordination network structures in the solid state (alternating shéwhg Sn-Br contacts in
SnBir(py),).*? The coordinative SN, bonds to the pyridine ligands i are slightly shorter at
2.468(5) A and 2.472(5) A than those found in SB#), at 2.557(4) A. In the crystals 8fand4,
but not2, dimeric structures (Fig. 3) are present featuring an asymmeirtridging coordination of
two N; ligands linking two Sn centres in the nearly planar fashion already encouptevézlisly in
(PPh)Sn(Ns)s,® with short SAN,, (2.21-2.27 A) and long Sn--4N2.65-2.83 A) distances and,N
Sn--N, angles close to 120 The SrN, bond involving the bridging azide group &is slightly
shorter (2.1992(17) A) than the other (2.2396(17) A) due to the absencetdriaénfluence. This
trans-influence can also be observed in crystals of compauaad (PPESn(N;);, where the longest
Sn-N, bond is found opposite the shortest-94, interanionic contact. Even though the- SN,
bonds are considerably shorter than the sum of van der Waals radii of the atonedig8di2 A,**
4 the fact that structur@ does not exhibit this structural feature indicates that the SaNgN

interactions between the tetracoordinate Sp(N complexes are weak and can be disrupted if a

different packing arrangement results in a greater total van der Waals force in the crysta



Figure 3. Shortest distances between azido complexes (dashed black lines) in thie ofs(a), Sn-Sn = 3.75
A, 3 (b), Sn-N = 2.83 A and (c), Sn-N = 2.65 A); hydrogen bonds (red lines) arising from Hilonor (d)
and acceptor (e) i, light grey H, dark grey C, blue N, turquoiSa

The crystals o2 and3 contain networks of weak C-HN hydrogen bonds (shortest (D-A) / A =

3.40 Q) and 3.47 ) at D-H...A angles of 153° and 168, respectively). The crystals df on the

other hand, are dominated by strongHN:-N hydrogen bon&s(Fig. 3 (d) and (e)). Each of the
guanidinium cations, which are stacked directly above one another along the crystallographic c-axis in
alternating orientation, is bound by six normal hydrogen bon(3-£) 2.96 to 3.32 A, BH...A

148 to 177) to four Sn(N)s ions involving all hydrogen and most, fdnd N azide atoms (Fig. 3,
bottom, Tables S1,S2). The H-bonding results in a three-dimensional netliéek the strongly H-
bonded guanidinium salt (G)BFwhich adopts a G-MBF; sheet structur€. Intriguingly, the
hydrogen bonding id appears to induce high density. This notion is based on a comparison of the
crystal structures of GY” and PP Y, Y = N3 ,** Sn(N3); ,% which shows that id the apparent
spatial requirement of SngN is about 5 Aless than in the relate@Ph)Sn(Ns); salt. Similar results

are obtained by using independently determined volumes of the cations (p. S16,)table S6

The PXRD pattern of (Fig. 5) was indexed to a primitive monoclinic unit cell and an initial b B
refinement carried out. The reflections systematically absent support the spapeRd/a. This
space group was used in the superflip program implemented in the JANA2006 saftdoghted

most of the atomic positiof5.As a control, the structure of Snjdwas calculated using density



functional theory including dispersion corrections (DFT-D) based on the prafynunit cell. This
calculation confirmed that the initial structure obtained by Rietvelchaafent of the powder
diffraction data (using TOPAS, Fig. 5) is likely to be correct. The stralctesults from DFTD
calculations were fed back into the refinement model to finalise the refinerhdre experimental
crystal structure. Based on single crystal diffraction data obtainetafiod3 (vide supra), chemically
plausible sets of bond lengths and bond angle restraints were employed during this refivhiolent
include a) NNN angles for thesNroup set to 180°; b) the bond lengthsNy and N-N, set to 1.20
A and 1.15 A, respectively, wherg, Menotes the ligating nitrogen, and c) the total lengths of the N
group set to 2.35 A. Theory and PXRD data are in very good agreement and both sheVigtredsl
forming u, -bridges between tin centres in the direction of the c-axis. The computatiamall
experimentally determined crystal lattice parameters differ by no more thaan8%geometric
parameters are in reasonable agreement as well (Table 2). A high degree ofysimiiso indicated
by the crystal packing similarity value of 0.9974 calculated with Mercury (fa@GDC's CSD
system, RMS error of 5.2x10).

Table 1. Shortest Sn-N distances in the crystal structure 8f and4 compared to those ¢
previously known tin(Il) azides.

Compound' d(SnN,) /A" disn-N)/A  TIK
(TP“"AQ)SN(NL)(ATI) 2.157(4) N/A 208 ¢
Sn(Ns)-(py)2 (2) 2.178(5), 2.195(6) - 100 this paper
Sn(Ns)(mesDAP) 2.198(5) 2.909(5) 228 d
Sn(Ns)2(pic); (3) 2.1992(17)2.2396(17)  2.8257(17) 100 this paper
(N5-Sn-OCH,CH;NMe,), 2.220(5) N/A 158 e
(PPh)SN(Ny)s 2.196(4)-2.262(4) 2.673(4) 100 f
(G)SN(N); (4) 2.242(3) 2.653(3) 100 this paper
Sn(NG)(ATI) 2.253(4) 2.873(4) 198 ¢
Sn(N\s), (1) 2.38(2), 2.41(3) 2.51(3), 2.58(2) r.t.  this paper

2 ATI = N-(n-propyl)-2-(n-propylamino)troponiminate), Tp = hydrotris(3,5-bis(trifluoromethyl)ppzo
lyl)borate, mesDAP = 2,4-dimethyl-N,Nbis(2,4,6-trimethylphenyl)-1,5-diazapedienyl, all other
abbrevs. see introductiphrange of independent distanceeef. 2% ¢ ref. 2!, ©ref. ', "ref. ®




NGSnNG
75 7(8)

/e 3, 4

4
4 / N1SnNE

,;‘"£@1SnN6

78.8(9)
86.46

176(2)
179.51

%?

N1N2N3 176(3)
179.05

N s
\ 2410)
\2.331

er

£E4N5N6

A Y
N\ 2 38(2)

fSnNWNZ

118(2)
124.51

i 1SN N\ 1926
779(9)

N1-N2
1.26(4)
1.219 i
“anN1 -
2025 NzA3
1.10(4)
1.166
. SnN6
N, 258(2)

2526

A N5-N6

121(3)

211 N4.NS
1 14(3)
) 1.169

%2.313

F )énm 00

120(2)

/' 155.8(8)

o 144.25

¥,
F |

Figure 4. Projection down the crystallographic a-axis of the Sp(Ntructure {) calculated by DFTD
methods. Parameters from refinement of XRD data are shown @enigalicised figures from calculated
values. See also table 2.

Intensity (a.u.)

!

obs
cal
— diff

15

20

25

30

35 40 45

2 ©/°[A=1.54056 A]

50 55 60

Figure5. Overlay of observed (obs) and predicted (cal) PXRD patterhsamid difference between observed
and predicted intensities (diff) after final Rietveld refinement R6.751% Re,, = 3.708% R, = 5.342%, GOF

=1.820.

10



Table 2. Molecular geometries and unit cell dimensions obtained from DF

calculations and from refinement of PXRD data.

Distances / A Angles / °

DFT-D? PXRD" DFT-D*  PXRD"
N1-N2  1.219(-3.6) 1.26(4) N1-Sn-N6 86.46(9.7) 78.8(9)
N2-N3  1.166(6.2) 1.10(4) N1-Sn-N6 144.25(-7.4) 155.8(8)
N4-N5  1.169(2.0) 1.15(3) N1-Sn-N1' 69.91(-10.3) 77.9(9)
N5-N6  1.211(-0.3) 1.21(3) N6-Sn-N6 67.31(-11.1) 75.7(8)
Sn-N1  2.331(-3.4) 2.41(3) NI-N2-N3 179.05(1.9) 176(3)
Sn-N6  2.313(-2.8) 2.38(2) N4-N5-N6 179.51(2.0) 176(2)
Sn--N1  2.423(-3.7) 2.51(3) SnN1-N2 124.51(55) 118(2)

Sn--N6 2.526(-2.3) 2.58(2) Sn-N6-N5 119.26(0.3) 120(2)

Sn--N4 2.787(-4.4) 2.916(19) ANN 4.7 11.8
Unit cell parameters (R/a, Z = 4)
DFT-D PXRD"
alA 6.7760 6.4463(7)
b/A 11.0593 11.702(1)
clA 6.2327 6.0597(6)
pl° 94.671 94.239(6)
VI A3 465.51 455.86(16)

2 deviation (%) from experimentally determined values given in parentheses
estimated standard deviations of experimental values given in parentheses.

The structure of compountlconsists of the two crystallographically independent azido groups, N
(N1, N2, N3) and Bf (N4, N5, N6), and of one type of independent Sn atoms. Each Sn is closely
coordinated by four Ngroups in a distorted disphenoidal geometry (Sral2.42, 2.53 A, NBn

N6 144° andSnN, eq 2.31, 2.33 A, NBnN6 86°). Each N group links two Sn centres vja ;
bridges 6n-N1-Sn 110, SriN1-Sn 113°) and every Sn centre is linked to two adjacent Sn centres via
two bridges each to form a folded, infinite zigzag coordination polymer chatirextends along the
crystallographic c-axis (Fig. 4). Only one of the two crystallographically iw#gnt azido groups
(N5°) interlinks these chains via 5 bridges and comparably long Sp-bbnds (2.79 A), whereas the
inter-chain interaction involving the sNgroups (3.47 A) is weak and has predominantly van-der-
Waals character (gh(Sn-N)ca. 3.7 A). Unlike structureg-4, there are no terminalsNigands. The
structure ofl contrasts that of its homologue, PENin two ways. Firstly, Sn shows a coordination
number of 4 whereas Pb is coordinated by eight azide ligands. Secondlyrimarily only N,

participates in bridging unlike in Pbg where both terminal N atoms of all azido groups are ligated
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to Pb. A recent report on-Zn(Ns), revealed edge- and corner-sharing Znétrahedra forming a
columnar structure whereas the presence of lone pairs at the coordination fcémtpeevent such a
highly symmetrical three-dimensional arrangemerit (Rig. S5a). It is interesting to note that the unit
cell volume per formula unit of (114 &) is approximately 12 Alarger than that of orthorhombic
Pb(Ns), ® (Pnma, 102 A. Even though similar effects were observed in the Eirs Snk (53.4 &,
C2/0),"® PbR; (46.3 & orthorhombic, 52.4 Acubicf® and SnGl (79.5 &, Pnan),* PbC}, (78.1 &,
Pnmg,* the volume increase is unusually largeljrwhich we assign largely to the fact that tin in
SnF, is pentacoordinate, whereas inthe coordination number is unusually low (4), leading to a
substantial decrease in the packing density.

Spectral properties
It is not possible to compare directly the IR spectral properties (see Tainlesdution due to the

insolubility of the new compounds in a common inert solvent. The most intense bandsfasiging
the antisymmetric Nstretching vibrationsy.{N3), appear in suspension between 2070'qfy) and
2060 cm® (4), which places the compounds within the range of the previously reported freguencie
for Sn(ll) azides but below those of the Sn(IV) complexes SaEV), (2083 cm’) and Sn(N)e*
(2083 cm?). The spectra o2 and3 in pyridine and picoline are nearly identical in thgNs) range

and display the doublet pattern expected for the cis-arrangement of the azido lighrile and at
higher energy having lower intensity. The absence of additional bands in thessteorigly indicates
that these complexes dissolve as monomers in the investigated solvents. Intriguingly, ssoaropari
the band maxima of the fundamental synchrongy®) vibrations (2060 cii, 3; 2055 cm’, 4)
shows the same trend that was found previously for the related Sn(IV) complexgs(BndN2083

cm ) and Sn(N)¢> (2079 cm’) in the same solvent, which is caused primarily by electronic changes
at the coordination centre upon exchanging azido for pyridine / picoline ligahdseffect of
hydrogen bonding between anion and catiod tan be ascertained by comparison with a (N
containing compound with weakly-coordinating cations, PRI{(Ns)s. In solid4, the wd{Ns) bands

are broadened while in THF solution the peak maximum of the fundamental synchiggiNtls
stretch is shifted 5 crh up. Finally, thev.{N;) stretches oflL are ca. 35 cmi above those of
(PPh)Sn(N)s signalling a dramatically increased covalency of theNgnbonds in the former,
although the effect is much smaller than, for example, in the related 8diwplexes Si(R), (2170

cm ) vs. Si(Ns)g® (2109 cmt).*®

Table 3. Comparison of solution and solid state FTIR spectra of aZZdéswith the available

literature data for Sn(ll) azides.

Vasy{Na) / cm™ vg,n{N3) /ecm®  medium  ref.

Sn(Ns)2 (1) 1339, 1333, ) this
2107, 2090, 207C nujol
1286, 1276 paper
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Sn(Ns)o(py)2 (2) 2065 1326 nujol this

2077, 2057 1325 pyridine  paper
Sn(Ns)2(pic): (3) 2063, 2041 1321 nujol "
IS
2076, 2057 1324 4-picoline
paper
2082, 2060 1324 MeCN
(G)SN(N); (4) 2060, 2034 1332 nujol "
IS
2086, 2056 1323 MeCN
paper
2081, 2055 1320 THF
{("PrLATI}SNN; 2039 1308 KBr Lo
2051 - toluene
(TP“AQ)SN(N){("PrLATI} 2070 - KBr 20
{(Mes),DAP}SNnN; 2060 1310* KBr 2
HC(PPh=NSiMe;),SnN; 2048 - KBr 2
(PPh)Sn(Ny); 2069, 2060, 2034 1320 Nujol ’s
2081, 2073, 2050 - THF

* veym(N3) cannot be assigned unambiguously due to presence of multipleipeagn; TP =
hydrotris{3,5-bis(trifluoromethyl)pyrazolyl)borate}.

The findings of the IR spectral investigation are consistent with the NMR spectra of compelunds
(Table 4). WhileN chemical shifts are insensitive to changes in the ligand sphere for complexes of
which data are available, those'5B8n decrease dramatically upon increasing the coordination
number from 3 (above300 ppm, compound and the previously published data) to 4 (compaind
and3, below-300 ppm).

Table 4. N and*°Sn NMR chemical shifts of compoungs4 with available literature data.

NMR 6/ ppm N %Sn  solvent  ref.
Compound N, Ng N, N,

Sn(N)2(py): (2) -258.7 -135.1 @ —62.9 -459.2 CsDsN b
Sn(Ns)2(pic): (3) -260.4 -135.2 @ —62.6° -458.7 CsDsN b
(G)Sn(N) (4) ¢ -260.1 -136 -217.1 °© —284.8 CD«CN b
(PPh)Sn(N\s)s -260.0 -136* -2185 °© —220 CDCN %
{(Mes),DAP}SnN; 292 -136 223 - -276.2 CD,Cl, 2
{("PrLATI}SNN 256 -136 217 -202 -122.4 CD.Cl, 19
HC(CMeNPh)SnN; - - - - -156.2 CDCl, 2
HC(PPh=NSiMe;),SnN; - - - - ~-199.8 THF-gg 24
HC(CMeNAr),SnN; ' - - - - 237  CeDs 2
(L3AQ)SNN,{( n-PrpATI} ¢ - - - - 90 - 20
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2 Not observed’ this paper® obscured by solvent pedkG = C(NH)s, © not applicable’ Ar = i-Pr,CeHs,
9L = hydrotris(3,5-bis(trifluoromethyl)pyrazolyl)borate.

Thermal Properties

Heating of3 in a standard melting point capillary shows complete melting at 101 °C, condensation
above the melt and explosion of the sample upon further heating leaving behind finesduack
According to differential scanning calorimetry (DSC, Fig. 6, left; Tablm&asurements, bothand

3 have sharp melting points T = 62 °C and 100 °C, respectively), 80 to 90 K above which strongly
exothermic decomposition sets in,{f°/ °C = 172(%3),2; 180(3),3). While the exotherm of the
pyridine adduct Z) is sharp (fax = 190 °C), the picoline adducB)( requires much higher
temperatures (up to 280 °C) to undergo complete decomposition. Despite this, theecihtegriar

heats of decomposition are similar for both adducts (AHgec/ (kJ mol?) = —369(+26),2; —-416(+17) kJ

mol ™, 3; Fig. 6, left).
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Figure 6. Thermogram series of SN (1) , SN(N)2(pY)2 (2), Sn(Ns)x(pic), (3) and C(NH)sSn(Ns)s (4) (DSC
in sealed capsules, left) a@d—) and3 (- - ) (TGA, right); heating rate 10 K mih

Guanidinium triazidostannated)( also has a low melting point (approximately 77 °C, followed
immediately by two broad exotherms,{f¢/ °C = 95(4), 272(2) °C; AHgec/ (kJ mol?) = —234(5),—
401(x14)). Both melting and decomposition onset temperaturésdia below that of (PRIBN(N;)3
suggesting the involvement of the guanidinium cation in the initial therrsadysp. Tin diazidely,

on the other hand, neither melts nor undergoes any phase change before detonation, which occurred
upon heating (10 K miri) of two samples to 230 and 250 °C, respectively; Fig. S33. All heat release
curves follow patterns found in the Sn(lV) polyazido compounds were each azido liganiolutedt
—208(x7) kJ mot' *to AHgec (Sn(ll) polyazides=185(x13) kJ mof (1) to 212 (+6) kJ mot (4))
(Table 5). Crucially, however, the decomposition of the Sn(ll) polyazides begins atleraby
lower temperatures (95 to 230 °C) than their Sn(IV) analogs (265 to 305 °C). Oh-theged
thermobalance, the adducts undergo two mass loss steps &€ F 48, 83 2), and 75, 1113) (Fig.
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6, right) that correspond to the loss of stoichiometric amounts of pyradin@coline starting at
temperatures below the onset of the first endothermic processes observed 8Cthesibg sealed
stainless steel capsules. The observed mass losses of 44% and 50% correspaoitidl twellnolar
equivalents of pyridine (4492) or picoline (48%3), both leaving behind (temperatures were kept
below 150 °C to prevent damage to the balance, Figure 6, right). This is corrotuyrat€dMS-

AP’ mass spectrometry data for salidvhich shows the release of 4-picoline by the dominant signal
at m/z = 186 amu. (twice the mass of the ligand).

Table 5. DSC onset temperatures and enthalfief Sn(Ns), (1), Sn(Ny)2(py): (2),
Sn(Ns)z(pic) (3) and (G)Sn(N)s (4)

1 2 3 4
Ton" / °CP - 62.4(2) 99.9(5) 77.3(1)
AHm / (kJ mot?) - 20.0(3) 28.8(9) 7.81(9)
Tore¢/ °CP >230° 172(3) 180(3) 95(4), 272(2)
AHgec/ (k3 mot™®) —372¢ —369(26) ~416(17)  —234(5),-401(14)
AHgec! (kI g% ~1.84¢ ~1.0(1) ~1.07(4) -0.77(2),-1.32(5)

2 estimated errors shown in parenthese&xtrapolated onset temperatufelowest of two
measurement$ lower bound due to instrument-specific truncation of range-exagsitinal.

Conclusions

A type of low-valent polyazido tin compounds has been discovered in reactions of tin(ll) fluoride with
trimethylsilyl azide in polar coordinating reaction solvents. These compounds cong@t-défined
tetracoordinate complexes that can be regarded as Lewis acid-base adducts)efn@h(dyridine

(2) or 4-picoline B) as sterically not very demanding electron donors. Both adducts are stable at r.t
under a static atmosphere and exhibit no noticeable séysiiward friction or impact, but de-
coordinate solvent by two-step processes at slightly elevated temperandes a dynamic
atmosphere. This characteristic is essential in achieving the fast, facile antetadd of preparing
tin(ll) azide, Sn(N), (1), from insensitive starting material under non-cryogenic conditions that this
paper demonstrates. SnfNs a colourless explosive solid of greater sengjtithan Pb(N),. Azide 1
proved to be suitable as a reactive starting material in the preparation(lpfazido complexes,
including guanidinium triazidostannate(ll). All investigated tin(ll) polyazitese a marked air
sensitivity, low thermal stability and oxidise readily to their tin(ldhalogues in the presence of
ethereal HN. Their structures are dominated by comparably long, polar, coordinative Sn-N bonds,
stereochemically active lone electron pairs and, as a consequence of their cooglimasaglirated
nature, engage in extensive directed intermolecular interaction, effectively ldadidigneric or
polymeric assemblies. The presence of guanidinium cations as hydrogen bond-donors dives rise

extensive hydrogen bond network between anions and cations of {J2f8if{Ns); (4) that may
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contribute towards the stabilisation of the nitrogen rich (55 % N) compound, and iterappar

sensitinity toward friction and impact.

Experimental Section
CAUTION: Tin(ll) azide is a highly sensitive and explosive powder. It khbe made and handled

on a small scale only, with suitable safety precautions in place (fésld, gjloves, ear plugs and
protective clothing). Synthetic procedures were performed using standard Schlenimn vae, and
glovebox techniques under an atmosphere of dry and oxygen-fee argon. The typical uétonate v
was close to 4 102 mbar. Samples used for analytical examination were prepared in the glovebox
whenever possible. Filtration of air- and / or moisture-sensitive compounds kvegeacby the use

of stainless steel filter cannulas equipped with glass fibre filters secured by &-B1EeCN (Fisher,

99.9 %), and MeCN-d(Aldrich, 99.8 %), 4-picoline (Aldrich, 98 %), pyridine (Fisher Scientific, 99.8
%), and pyridine-¢l (Sigma Aldrich, 99.5 %) were dried over GafAcros, 93 %) for 18 h before
either trapto-trap condensation or vacuum distillation. Solvents were degassed and then stored under
an Ar atmosphere in glass ampoubad scaled by J. Young’s high vacuum greaseless stopcocks.
TMS-N; was prepared according to a published proced@f€F *3Snk, (99 %) and SnGi2H,0 (98

%, both Sigma Aldrich,) were vacuum-dried at 110 °C for 16 h. All dried solid reagergsstored

in sealed vessels in a glovebox. Infrared absorption spectra in the rang@®@DOm" were recorded

on a Bruker Tensor 27 FTIR or Alpha FTIR spectrometers running Bruker OP Bfin@re, at a
spectral resolution of 2 ch using samples either as nujol mull between NaCl windows or in solution
contained in a Specac Gagell (spectra Figs. S6-S13). The abbreviations vs, very strong; s, strong;
m, medium; w, weak; vw, very weak; sh, shoulder; br are used to indicatedtieerabsorbance of
bands in IR spectra. Elemental analyses were carried out by the University of @redéfiaental
analysis service on a PerkinElmer 2400 CHNS/O series Il elemental analyser inoaph&tra of

pure oxygen.'H and *C NMR spectra were recorded using a 400 MHz Bruker Avance 400
spectrometer:’N and**°Sn spectra were recorded on a 500 MHz Bruker Avance 500 spectrometer.
NMR spectra are calibrated against the residual solvent fejplarfd solvent peakIC) according to

ref. ** or SnMa (**°Sn) and were processed using Bruker TOPSPIN v3.2 (spectra Figs. S14-S26).
DSC measurements were performed on a PerkinElmer Pyris 1 differential scanning calorimeter (DSC)
operated under a flow of N20 ml min') with a heating rate of 10 K mih The instrument was
calibrated against a reference of pure In (99.999 %) using the transition at 156 04%X g').

DSC samples were hermetically sealed in PerkinElmer stainless steeldsgire capsules (30 pL
internal volume) with Au-plated Cu seals,(I= 400 °C, pax = 150 bar). Thermogravimetric
analyses (TGA) were carried out using a Pyris 1 thermogravimetrigsenalith a heating rate of 10

K min™ under a flow of N (20 ml min*). Onset temperatures«), mass losses, enthalpies of fusion
(AHys), and decomposition (AHge Were determined using the data analysis tools within the Pyris 1

software (thermographs Figs. S27-S34). Caution! A 1.4 mg sample of compouptlired the base
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of the stainless steel DSC sample capsule (Fig. S33, inset) causing defooh#tierheating stage
platinum cover. No further measurements were performed on this substance. Single wmsal
obtained by slow cooling of saturated solutions-18 °C overnight in pyridine2), picoline @) and
MeCN (colourless needles dj. Single crystal X-ray diffraction (XRD) measurements were carried
out using graphite-monochromated Mg, Kradiation § = 0.71073 A) at 100 K on a Bruker SMART
4000 diffractometer equipped with a CCD area detector and an Oxford Cryosystems Cobra
cryocooler. Data were collected using Bruker APEX2 (2012) software andatgdgusing Bruker
SAINT (2007) absorption correction was applied using Siemens’ Area Detector Absorption correction
(SADABS, G. M. Sheldrick, 2007). All structures were solved using direct metbodtisef location of
heavy atoms and refined using (SHELX®-within SHELXTL-2013 and SHELXL-2014, G. M.
Sheldrick, 19975> C-bound hydrogen atom positions were calculated and refined using a riding
model with isotropic displacement parameters of 1,®tthe parent atom, whereas those bound to N
were located via the Fourier difference map, and refined freely. Additiomalrefinement was
carried out for2 using the twinning tools within WInGX; *’which gave a modest improvement in
structure quality that reduced R1 from 6.3 % to 4.5%. Thermal ellipsoid stuptats were
generated using the POV-ray interface within Mercury 3.8 (ccdc.cam.ac.uk). Dbengrystal
screening stage, use of anhydrous nujol (stored over Na) was essential to peotagstals until
mounted in the nitrogen stream. Non-dry nujol led to the formation of gas bubbles emanating from the
crystals. Powder X-ray diffraction data were collected for a sample of;sr@tefully loaded into a

0.7 mm borosilicate glass capillary prior to being mounted and aligned on a Brukdp@X8vance
powder diffractometer operating with Ge-monochromated Guadiation 4 = 1.54056 A). Powder
patterns were measured and baseline-corrected using the Bruker DIFFRAC.EVA ssiiiteae3. 1,
Bruker, 2010). A Pawley refineméhtvas implemented to index the powder pattern using TOPAS (A.
A. Coelho, 2007). Structure optimizations were performed using density functionay thlesr
dispersion (DFT-D) and the plane-wave pseudopotential method as implemented BEPCASSion

16.1 *° utilizing the dispersion correction scheme of Tkatchenko and ScHéffleeatment of
electronic exchange and correlation was handled by the generalized gradient apjgmoX®&@#A) as
formalised by Perdew, Burke and Ernzerhof (PBE). The density mixing scheme of Pulay was
implemented with mixing amplitude (0.5), maximum g-vector (1.§,Aumber of extra bands (14),
smearing scheme (Gaussian) and smearing width (0.1 eV) as indicadeethe-fly (OTFf?
pseudopotentials were generated using the CASTEP code; the plane-wave cut@ff uesset
throughout was 950 eV, which ensured convergence of both lattice parameters and tdesd @onerg
less than 0.002 meV per atom). Brillouin zone sampling was obtained ugiogkhorst-Pack grid

of 3x 2 x 4 (spacing < 0.5 &, 5 k points). The structures were relaxed using the Broyden, Fletcher,
Goldfarb and Shannon (BFG$)method in order to allow for both atomic coordinates and unit cell
vectors to optimize simultaneously while constraining space group geometry (Emescriteria:

maximum change in system energy equal to 5% 49, maximum root-mean-square (RMS) force =
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0.01 eV A*, maximum RMS stress = 0.01 GPa and maximum RMS displacement equal to5 x 10
A).

Preparation of diazidobis(pyridine)tin(l1) (2) from SnF,

TMS-N; (442 mg, 3.84 mmol, 2.5 eq.) was added dropwise to a stirred suspension (24nfmg,

1.54 mmol) in pyridine (8 ml). The mixture was stirred at r.t. for a tftdb h. Within the first 0.5 h

the mixture became gradually clearer. The resultant, slightly turbid solu@enfiltered into a
Schlenk tube and the clear filtrate concentrated to a volunea. d@ ml upon which a crystalline
precipitate formed. The precipitate was re-dissolved by warming the ves3®P€ in a water bath,

and crystallisation from the now pale yellow solution was induced by cowlin@9 °C overnight.

The supernatant solution was decanted, and the crystals were dried in a stream oht@rthe mass
remained constant (ca. 5 mins) to afford 363 mg @5 % based on Spf- No satisfactory elemental
analyses (360.81 g md) could be obtained due to rapid pyridine loss even at r.t. and great sensitivity
to moisture. FTIR (nujoly / cm™ = 3361w, 3315w, 3106vw, 3095w, 3072vw, 3058vw, 3035w,
3022w, 3000w, 2596w, 2066vs, 1945vw, 1869vw, 1640w, 1602s, 1573w, 1486m, 1448s, 1396w,br,
1360vw, 1324s, 1276s, 1247vw, 1216vw, 1194vw, 1157vw, 1064m, 1035, 1009, 755m, 700m, 652w,
645vw, 628m, 599w; pyridine: 2077s, 2057vs, 1325w,br, 1272vw,br. NMR (pyrigjréH) / ppm

= solvent only: 7.22 (m, 2H), 7.59 (m, 1H), 8.74 (m, 25(}°C) / ppm = 124.09 (t, §DsN), 124.63

(s), 136.15 (t, €DsN), 136.64 (s), 150.35 (t,sDsN), 150.76 (s)(**N) / ppm =—62.92 (pyridine-¢

Av = 363 Hz),-258.71 (N, Av = 335 Hz),-135.1 (N, Av = 52 Hz);5(***Sn) / ppm =-459.2 Av =

120 Hz). DSC T,/ °C = 62.4(2) (melting), o = 172(3) (decomposition), AHgec = —369(29) kJ mof,
~1.02(8) kJ @ N.B. drying under dynamic vacuum for > 1 h causes disintegration of the crystals,
giving Sn(N)z(py)e—x and eventually Sn@,. Storing the solid in a sealed vial in the glovebox
inhibited pyridine loss.

Preparation of 2 from SnCl,

SnC}, (365 mg, 1.92 mmol) was suspended in pyridine (15 ml, 0.19 mol), and (8801 g, 40.0
mmol, ca. 21 eq.), was added and the resulting mixture stirred for 16.hAaETIR spectrum of the
solution exhibited at this stage the following bands assigned to azide gngdlas:/ cm® =
2076vw,sh, 2069vs, 2057w,SH{Nz)sym/ cm® = 1324m, 1272w. The suspension was then filtered and
the filtrate collected in a new Schlenk tube containing a second batch g{8i88/g, 61.2 mmol, ca.

32 eq.). This mixture was stirred for a further 16 h. At this stage, the tfRremeof a diluted sample
resembled that of a genuine sample of compduptepared via the Spland TMS-N route, except

for a small shoulder at 2068 chwhich could be due to a trace of SnG)(y), from incomplete N/

Cl exchange. FTIR (pyridiney / (cm™) = 2076s, 2069vw,sh, 2057vs, 1324m, 1273w. The same
work-up procedure was used fdas for the above preparation affording composinda comparable

yield.
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Tin(ll) azide, Sn(Na3), (1)

Caution: Tin(ll) azide is highly explosive and very sensitive mpact, friction and electrostatic
discharge. Slightest scratching action or touching the substance with ungroundedesguijhim
cause detonation. Appropriate additional personal protective equipment (RBE)enapplied
during manipulations, including full face-shield, Keviar gloves, and aattiestwristband. The use of
Teflon-coated spatulas is recommended for transferal of material betwseis v€ompound can
be phlegmatised in a mull with paraffin.

Dry MeCN (10 ml) was added to Sn{ppy). (2, 118 mg, 0.327 mmol) forming a fine white
suspension, which was stirred vigorously for 2 h. The mixture was then allowedtlé; e
supernatant solution was decanted, and the off-white decantation residue cate@dlyunder
vacuum for 1 h at r.t. to afford 42 mg € 63 %) of compound. (202.73 g mol). FTIR (nujol)v /

(cm™) = 3380vw, 3325vw, 2613vw, 2593vw, 2554vw, 2536vw, 2107sh, 2090sh, 2070vs, 1339m,
1333m, 1286m, 1276m, 1184vw, 1177vw, 659m, 594w, 591w. See Sl for PXRD data.

Diazidobis(4-picoline)tin(l1) (3)

TMS-N3 (294 mg, 2.56 mmol, ca. 2.5 eq.) was added dropwise over 1 minute to a stipexssus

of Snk, (162 mg, 1.03 mmol) in 4-picoline (5 ml). The mixture was stirred for 16RiTabefore a

small amount of insoluble material was removed by filtration. The clear, pidewfiltrate was then
concentrated under vacuum until the onset of crystallization occurred, after whiets islowly
cooled to—19 °C overnight giving3 as colourless, rod-shaped crystals. The melting point of 4-
picoline isca. 2 °C. Occasionally, the crystallisation solution froze, but once thawed the sapernat
pale yellow supernatant solution was readily decanted from the crystalling) Bpidb. The crystals

were dried under dynamic vacuum until the mass remained constant (ca. 0.5 h)t8G8fang of3

(7 = 77 % based on SgF Elem. anal. (%) for GH1,NgSn, Sn(N)a(pic),, 389.01 g mol, calcd.: C

37.05, H 3.63, N 28.80; for Sn{M(pic)1.904 C 36.10, H 3.53, N 29.13; found: C 36.00, H 3.21, N
28.72. FTIR (nujol)v / cm™ = 3400vw, 3380vw, 3349s, 3308m, 3291vw,sh, 3233vw, 3223vw,
3121w, 3078vw, 3060vw, 3047vw, 3027vw, 2743vw, 2678vw, 2662vw, 2646w, 2636vw,sh, 2597m,
2534w, 2493w, 2487w, 2433vw, 2419vw, 2400w, 2371vw, 2352vw, 2326vw, 2317vw, 2310vw,
2233w, 2226vw, 2183vw,sh, 2172vw,sh, 2063vs,br, 2041s, 1979w,sh, 1959w,sh, 1937w,sh, 1853w,
1770vw, 1687m, 1620vw, 1612s, 1560m, 1456w, 1321m, 1271m, 1243w, 1227m, 1216w, 1204m,
1118m, 1100m, 1067s, 1045m, 1014s, 1007s, 979m, 970w, 959w, 878m, 807vs,br, 667w, 649m,
641m, 604m, 537m, 526m, 518w; Sg(Xpic), in 4-picoline: 2076s, 2057vs, 1324w,br, 1273vw,br.
NMR (pyridine-d) 6 (*H) / ppm = 2.12 (s, 6H) 7.04 (d, 4H) 8.62 (dd, 4BIf**C) / ppm = 21.13 (s),
125.51 (s), 147.69 (s), 150.47 (&):'N) / ppm =-62.62 (pyridine-¢f Av = 292 Hz), 135.2 (N Av =

49 Hz),-260.4 (N, Av = 280 Hz);0(**°Sn) / ppm =-458.74. DSC J,/ °C = 99.9(5) (melting), =

180(3) (decomposition), AHgec = —416(17) kJ mof, —1.07(4) kJ @'
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Direct preparation of guanidinium tri(azido)stannate(l1) (4) from SnF,, TM S-N3z and (G)N3

TMS-N; (315 mg, 2.74 mmol) was added dropwise over 1 minute to a stirred suspension of SnF
(328 mg, 2.09 mmol), and anhydrous guanidinium azide (236 mg, 2.31 mmolx@NJH’5 ml). The
mixture was stirred for 1.5 h giving a white suspension, which was filterddhe filter residue
residue extracted with GBN (20 ml). The combined filtrate and extraction solutions were
concentrated to a volume o 5 ml, and cooled te19 °C overnight which induced crystallisation. In

the cold, the supernatant solution was then decanted from the white microcrystalline siotltg an
solid dried under vacuum a&. 45 °C for 10 minutes which afforded 368 mg of compo#iG804.79

g mol™, = 58 % based on SgF FTIR (nujol)v / (cm™) = 3460wsh, 3434sbr, 3405vsbr, 3337wsh,
3237sbr, 3168vsbr, 2071wsh, 2060vsbr, 2034sbr, 1659vsbr, 1332m, 1283m, 1262wsh, 1009vw,
654m, 600w; CHCN: 3457mbr, 3367mbr, 3282mbr, 3215mbr, 2086s, 2056vs, 1670m, 1323wbr,
1275vwbr; THF: 3350m,br, 3172m,br, 2081s, 2055vs, 1668m, 1582vw, 1321w, 1279w. NMR (400
MHz, CD:CN) § (*H) / ppm = 6.115 (**C) / ppm = 159.06 (*'N) / ppm =-217.1,-260.1;5 (**°Sn) /

ppm =-284.8 ppm. Note: due to extreme air sensitivity of sélidttempts at elemental analysis were

unsuccessful.

Preparation of 4from 1

A Schlenk tube was charged with SgN(60 mg, 0.38 mmol), which was prepared as described
above, and with guanidinium azide (38 mg, 0.37 mmol) and MeCN (20 ml). Theargsuspension
was stirred rapidly and gradually became clear over a period of time ofi@emto form a
colourless solution. This solution was stirred further for 2 h at r.t. befor&® aspéctrum of the
solution was recorded, which confirmed the presence of guanidinium triazidostat)n&enipound

4 crystallises from the reaction solution after its volume had been reducadtaxd under vacuum
upon cooling to-19 °C overnight. The identity of the compound obtained by this method was
confirmed by an IR spectrum of a nujol suspension. With the exception of traces eNFNt®

solution IR spectra (MeCN) of products obtained by both preparative methods are identical.

Associated Content
Crystallographic data for this papet, 433812; 15294322; 1529433,3 and 15294344) can be

obtained free of charge from the FIZ Karlsruhe or The Cambridge CrystgdlugrData Centre via
www.ccdc.cam.ac.uk/structures. The Supporting Information is available free of charge on the

ACS Publications website at DOI: xxx containing diagrams and spectra as described in the text.
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Sn(Ns)o(py), and Sn(N).(pic), form upon reaction of tin(ll) precursors with AEN; as
tetracoordinate Lewis base adducts of SyNsolid Sn(N).(py), de-coordinates pyridine reversibly
and releases microcrystalline Sg(N The friction sensitive Sn@} reacts witha H-bond donor to
form the salt-like and comparably stable guanidinium compound {Q@\&h(Ns); (55% N wiw).
The polyazides are characterised by spectroscopic, thermochemical and crystallogegpbits.m
Sn(Ns), (P2/a) features tetracoordinate tin and differs dramatically from its well-krielvanalogue.
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