
rsc.li/dalton

 Dalton
  Transactions
An international journal of inorganic chemistry

rsc.li/dalton

ISSN 0306-0012

COMMUNICATION
Douglas W. Stephen et al. 
N-Heterocyclic carbene stabilized parent sulfenyl, selenenyl, 
and tellurenyl cations (XH+, X = S, Se, Te) 

Volume 46
Number 10
14 March 2017
Pages 3073-3412 Dalton

  Transactions
An international journal of inorganic chemistry

This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after acceptance, 
before technical editing, formatting and proof reading. Using this free 
service, authors can make their results available to the community, in 
citable form, before we publish the edited article. We will replace this 
Accepted Manuscript with the edited and formatted Advance Article as 
soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes to the 
text and/or graphics, which may alter content. The journal’s standard 
Terms & Conditions and the Ethical guidelines still apply. In no event 
shall the Royal Society of Chemistry be held responsible for any errors 
or omissions in this Accepted Manuscript or any consequences arising 
from the use of any information it contains. 

Accepted Manuscript

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  K. Dollberg, M.

Lochte, P. Weiß, J. Nitzsche, K. Mészáros, C. von Hänisch and F. Tambornino, Dalton Trans., 2026, DOI:

10.1039/D6DT00831C.

http://rsc.li/dalton
http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
https://doi.org/10.1039/d6dt00831c
https://pubs.rsc.org/en/journals/journal/DT
http://crossmark.crossref.org/dialog/?doi=10.1039/D6DT00831C&domain=pdf&date_stamp=2026-05-11


Journal Name  ARTICLE

Please do not adjust margins

Please do not adjust margins

Please do not adjust margins

Received 00th January 20xx,
Accepted 00th January 20xx

DOI: 10.1039/x0xx00000x

Synthesis of Lewis acid-base adducts between trimesityltrieles 
and potassium cyanate and its heavier homologues 
Kevin Dollberg,a Mark Lochte,a Pauline Weiß,a Joel Nitzsche,a Katalin Mészáros,a Carsten von 
Hänischa and Frank Tambornino*a

Lewis acid–base adducts between trimesityltrieles (MMes3; Mes = 2,4,6-trimethylbenzene, M = Al–In) and potassium 
cyanate homologues (KNCE; E = O, S, Se) were synthesised in the presence of 18-crown-6 as an encapsulating agent. A series 
of compounds of the general composition [K(18c6)(thf)0–2ECN(MMes3)] was obtained and comprehensively characterised by 
multinuclear NMR spectroscopy, infrared spectroscopy, elemental analysis, and single-crystal X-ray diffraction. Structural 
analyses reveal systematic trends across both the triel and chalcogen series, while spectroscopic data provide insight into 
the electronic consequences of Lewis acid coordination. Complementary solubility studies demonstrate that adduct 
formation enhances the solubility of the otherwise poorly soluble potassium salts in selected solvents. The results highlight 
a class of Lewis acid–base adducts involving negatively charged cyanate and chalcogenocyanate fragments that has 
remained largely unexplored.

Introduction
Salts of the cyanate anion (NCO−) and its heavier chalcogen 
homologues, thiocyanate (NCS−) and selenocyanate (NCSe−), 
have been known for more than two centuries.1 Since their 
earliest preparation, considerable attention has been devoted 
to the synthesis of additional metal salts and to exploiting their 
well-established pseudohalide character, as documented in 
several comprehensive reviews.2–7 Notably, the lighter 
representatives of this family have been investigated far more 
extensively than their heavier counterparts, both with respect 
to binary salt formation and subsequent reactivity patterns.1–12

The chemistry of these ambident anions spans multiple areas of 
chemical science. In organic synthesis, cyanate and thiocyanate 
salts serve as versatile group-transfer reagents and play 
important roles in cyclisation processes leading to heterocyclic 
frameworks. In coordination chemistry, a broad range of 
transition-metal complexes incorporating NCO−, NCS−, and, to a 
lesser extent, NCSe− ligands has been described, reflecting the 
diverse binding modes and electronic flexibility of these 
species.13–34

In contrast to this rich coordination chemistry, the Lewis acid–
base behaviour of these anions toward main-group 
electrophiles remains comparatively underexplored. Only 
isolated examples demonstrate that cyanate and thiocyanate 
can function as Lewis bases in reactions with molecular Lewis 
acids, such as GaMe3 or W(CO)5. For the selenocyanate anion, 
the available literature is even more limited and largely 
confined to transition-metal systems. This scarcity is notable 
given the fundamental role of Lewis acid–base interactions in 
controlling structure, bonding, and reactivity in main-group 
chemistry.

Recent studies have begun to highlight the broader relevance of 
such interactions. It was demonstrated that the related 
phosphaethynolate anion (PCO−) readily forms Lewis acid–base 
adducts with small triel electrophiles, illustrating how subtle 
variations in anionic electronic structure can influence bonding 
behaviour.35–38 These findings suggest that analogous chemistry 
might be accessible for the (heavy) cyanate anions, yet 
systematic investigations remain scarce.

Figure 1. Known Lewis acid–base adducts between related 
compounds of cyanates and Lewis acids.35,37,39 

Motivated by this gap, and by the potential of Lewis acid 
coordination to modify the physicochemical properties of these 
salts, we set out to examine the interactions of potassium 
cyanate and its heavier homologues with representative triel 
Lewis acids. Particular emphasis was placed on identifying 
structural trends, spectroscopic signatures, and solubility 
effects associated with adduct formation.

Results and Discussion
The required starting materials, namely the trimesityltrieles 
(MMes3; Al = I, Ga = II, In = III) and potassium selenocyanate (VI), 
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were prepared according to literature procedures.38–42 The 
lighter homologues of potassium selenocyanate (KNCE; O = IV, 
S = V) were obtained commercially.

Scheme 1. General Synthesis of the compounds [K(18c6)(thf)0–

2ECN(MMes3)] (M = Al–In; E = O–Se).

With the reactants in hand, the subsequent reactivity studies 
were undertaken. The reactivity of potassium thiocyanate was 
first examined following the scheme shown above. The desired 
Lewis acid–base adducts were generated by reacting the 
respective trimesityltrieles with the potassium cyanates in the 
presence of 18-crown-6 (18c6) in 1,2-difluorobenzene (Scheme 
1). Crystals of 1NCS, 2NCS, and 3NCS suitable for single-crystal X-ray 
diffraction were obtained from THF/n-pentane mixtures at low 
temperature. All compounds crystallize in the triclinic space 
group P1 with one formula unit in the asymmetric unit (Figure 
2). In each case, coordination of the nitrogen atom to the triel 
element is observed. The potassium cation is encapsulated by 
18-crown-6 and further coordinated by THF.

Figure 2. Molecular structure of 2NCS in the solid state. Hydrogen atoms are 
omitted for clarity. Ellipsoids are shown at a 50% probability level. Selected bond 
lengths (pm) and angles (°) of 2NCS: Ga–C 202.6(2), 202.3(2); Ga–N 203.7(2); N–
C 114.7(3); C–S 163.5(2); C–Ga–N 99.04(7), 101.65(7), 103.51(7); Ga–N–C 
160.0(2); N–C–S 178.9(2).

Comparison of 1NCS, 2NCS, and 3NCS reveals a clear periodic trend: 
the M–N distance increases markedly from 193.2(2) pm (1NCS) 
to 235.1(4) pm (3NCS), while the N–C bond length decreases 
from 116.5(2) pm to 100.3(6) pm over the same series. The C–S 
bond length increases by approximately 10 pm from 1NCS to 3NCS. 
The structural parameters of 1NCS and 2NCS closely resemble 

those reported for [K(crypt-222)NCS], where the anion is 
uncomplexed.43 Additional comparisons can be drawn with 
related Al and Ga species reported in the literature, namely 
K[(AlMe3)2SCN] and [K(dibenzo-18c6)GaMe3NCS].35,44 The Al 
analogue exhibits M–N and N–C distances very similar to those 
in 1NCS, whereas detailed structural data for the Ga compound 
are not available. 

For indium, fewer comparable structures exist, for example 
[(K(18c6))3In(NCS)6],45 which differs substantially from 3NCS, 
displaying a significantly shorter In–N distance (217(1) pm) and 
pronounced deviations in the N–C (114(2) pm) and C–S 
(160(1) pm) bond lengths.

The reactivity of potassium selenocyanate towards the triel 
starting materials was subsequently investigated. Following 
analogous procedures, the target adducts were obtained from 
reactions in 1,2-difluorobenzene, and crystals of 1NCSe, 2NCSe, 
and 3NCSe suitable for X-ray diffraction were isolated from 
THF/n-pentane mixtures at low temperature. All compounds 
crystallize in the triclinic space group P1 with one formula unit 
in the asymmetric unit (Figure 3). As observed for the sulphur 
analogues, each structure features coordination of the nitrogen 
atom to the triel centre, and the potassium cation is 
encapsulated by 18-crown-6 and further coordinated by THF.

Figure 3. Molecular structure of 3NCSe in the solid state. Hydrogen atoms are 
omitted for clarity. Ellipsoids are shown at a 50% probability level. Selected bond 
lengths (pm) and angles (°) of 3NCSe: In–C 219.7(3), 220.4(3); In–N 228.6(3); N–
C 111.9(4); C–Se 180.9(3); C–In–N 97.12(9), 100.63(9), 102.09(9); In–N–C 
156.9(2); N–C–Se 178.7(3).

Across the series 1NCSe to 3NCSe, the M–N distance again 
increases significantly, from 193.8(2) pm to 228.6(3) pm, while 
the N–C bond length decreases from 116.0(3) pm to 111.9(4) 
pm. In contrast, the C–Se bond length shows only a slight 
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elongation. Comparison with [Li(12c4)NCSe] indicates no 
substantial differences in the intrinsic structural parameters of 
the anion.42

A survey of the literature reveals that studies on the Lewis 
basicity and coordination chemistry of the selenocyanate anion 
remain scarce. The available reports indicate that structural 
metrics of NCSe⁻ are generally consistent across different 
systems.36,46,47

Finally, attention was directed toward the reactivity of the 
lightest member of the series, the cyanate ion. Our 
investigations revealed that potassium cyanate exhibits 
markedly different behaviour compared to potassium 
thiocyanate and potassium selenocyanate. Compound 1NCO was 
obtained from the reaction of I with IV, and crystals suitable for 
single-crystal X-ray diffraction were isolated from a mixture of 
1,2-difluorobenzene and n-pentane. 1NCO crystallizes in the 
orthorhombic space group Pbca. Owing to the absence of a 
donor solvent, this structure displays, for the first time in this 
study, a bridging interaction in which the anion links the Lewis 
acid to potassium, while the nitrogen atom remains 
coordinated to the triel centre (Figure 4).

Figure 4. Molecular structure of 1NCO in the solid state. Hydrogen atoms are 
omitted for clarity. Ellipsoids are shown at a 50% probability level. Selected bond 
lengths (pm) and angles (°) of 1NCO: Al–C 203.2(4), 203.6(4), 204.4(3); Al–N 
189.1(4); N–C 115.2(5); C–O 118.7(5); C–Al–N 99.2(2), 102.6(1), 110.4(2); Al–
N–C 173.7(3); N–C–O 178.2(5).

The quality of the crystallographic data permits only limited 
comparison with related structures reported in the literature. 
Nevertheless, the successful formation of pure 1NCO is 

unambiguously supported by NMR spectroscopy, IR 
spectroscopy, and elemental analysis, vide infra.

Building on the synthesis of 1NCO, attempts were made to 
prepare the heavier analogues 2NCO and 3NCO. In contrast to the 
systems described above, these reactions did not afford the 
desired products in high purity or yield. As part of our 
investigations, we carried out the aforementioned reactions in 
a wide variety of solvents, including 1,2-difluorobenzene, Et2O, 
THF, toluene, and n-pentane. In addition, the reaction 
temperature was varied between −78°C and room temperature. 
Various processing methods were also carried out in different 
temperature ranges. However, no reaction conditions were 
found under which a high yield or high purity of the target 
compounds could be obtained. (see SI for details).

For 2NCO, crystals suitable for X-ray diffraction were eventually 
obtained by slowly layering a one-to-one mixture of THF and 
1,2-difluorobenzene with n-pentane over 3 months in an H-
shaped-Schlenk flask. Although the data quality is insufficient 
for detailed structural discussion, the presence of 2NCO and the 
occurrence of a bridging motif analogous to that in 1NCO can be 
confirmed. NMR spectroscopic data further support the 
formation of 2NCO, although additional unidentified species are 
present due to incomplete purification.

A similar situation was encountered for 3NCO. NMR spectroscopy 
indicates formation of the target compound, but purification 
proved unsuccessful. Crystallisation was challenging; however, 
a small number of crystals suitable for single-crystal X-ray 
analysis were ultimately obtained from THF/n-pentane. The 
structural data suggest mixed crystallisation of the desired 
product with [K(18c6)(thf)2(InMes3)Cl]. These data apply only to 
the individual analysed crystal and do not allow conclusions 
regarding the composition of the bulk material. X-ray diffraction 
data suggests that the anion is coordinated to the Lewis acid via 
the oxygen atom. Isolation of 3NCO in analytically pure form was 
not achieved.

Table 1. Comparison of selected atomic distances of 
compounds 1–3.

Compound M–N / pm N–C / pm C–E / pm
1NCO 189.1(4) 115.2(5) 118.7(5)
2NCO — — —
3NCO — 125.9 97.7
1NCS 193.2(2) 116.5(2) 161.7(2)
2NCS 203.7(2) 114.7(3) 163.5(2)
3NCS 235.1(4) 100.3(6) 171.7(7)
1NCSe 193.8(2) 116.0(3) 178.5(3)
2NCSe 204.6(1) 115.4(2) 178.5(2)
3NCSe 228.6(3) 111.9(4) 180.9(3)

Spectroscopic studies
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In addition to the crystallographic studies, the compounds were 
examined in more detail with respect to their spectroscopic 
signatures. As the cyanate homologues could not be obtained 
in satisfactory purity, the following discussion focuses on the 
thiocyanate- and selenocyanate-containing species (1–3NCS, 1–
3NCSe).

NMR spectroscopy was first employed to probe the influence of 
both the Lewis acid and the chalcogen on the chemical shift of 
the anionic 13C nucleus. A clear high-field shift is observed upon 
descending the chalcogen group (1NCS: 137.39 ppm; 1NCSe: 
130.56 ppm). In contrast, variation of the triel centre exerts a 
much smaller effect, with compounds 1 and 3 displaying nearly 
identical 13C shifts (1NCS: 137.39 ppm; 3NCS: 137.69 ppm). This 
behaviour is consistent with the very similar electronegativities 
of aluminium (EN = 1.47) and indium (EN = 1.49). These trends 
agree well with literature reports.39,42,48–52 A comparison with 
the lighter cyanate analogues is not possible, as the 13C 
resonance of the anion could not be detected for any of the 
NCO compounds.

The 77Se NMR data also provides some insight. A small 
difference of approximately 10 ppm is observed across 1NCSe, 
2NCSe, and 3NCSe. Relative to the starting material VI, all 
compounds exhibit a low-field shift of at least 25 ppm.42 As the 
chemical shift range for 77Se spans several thousand ppm these 
differences are, while following a clear trend, relatively small. 
This stems from the fact that the Se atom in the 1–3NCSe is 
furthest from the triel, and thus least influenced by variation 
thereof.

IR spectra were recorded for all compounds (see SI for details). 
Comparison of the spectra shows that the C–N stretching 
vibration decreases markedly in frequency with increasing 
chalcogen period, in agreement with observations for related 
systems. Variations across the triel series, however, are 
considerably smaller; only a slight decrease in the stretching 
frequency is observed from Al to In. Overall, the measured 

vibrational frequencies fall within the range reported for 
comparable compounds. 39,53,54

Table 2. Comparison of selected NMR shifts and ν1 stretching 
modes of compounds 1–3.

Compound 13C NMR 
shift[a]/ppm

77Se NMR 
shift[a]/ppm

ν1 
stretching[b] 

/ cm-1

1NCS 137.39 — 2082
2NCS 135.72 — 2081
3NCS 137.69 — 2060
1NCSe 130.56 −341.4 2078
2NCSe 126.90 −330.9 2080
3NCSe 128.17 −331.1 2062

[a] all NMR spectra are measured in THF-d8 at room 
temperature with 300 MHz [b] all IR spectra are measured 
under argon atmosphere at room temperature 

Solubility studies
The enhanced solubility of the Lewis acid–base adducts 
compared to the parent potassium salts represents one of the 
most notable practical consequences of adduct formation. To 
quantify this effect, the solubilities of potassium cyanate (IV), 
potassium thiocyanate (V), potassium selenocyanate (VI), and 
selected adducts (1NCO, 1NCS, 1NCSe) were determined in a range 
of representative solvents (Table 3).
Potassium cyanate (IV) was found to be nearly insoluble in all 
investigated solvents, precluding reliable quantitative 
measurements. In contrast, adduct formation leads to 
measurable solubility, with 1NCO exhibiting concentrations up to 
0.096 mol L−1 in THF. This observation highlights the substantial 
impact of Lewis acid coordination and crown ether 
encapsulation on the physicochemical properties of the 
otherwise poorly soluble salt.

Table 3. Comparison of the solubility of IV-VI and 1NCO-1NCSe in different solvents. Potassium cyanate (IV) was almost insoluble in 
all solvents considered. The solvents n-pentane, diethyl ether, and dioxane showed no dissolution of the compounds considered.

Compound IV /
 mol/L

IV∙18c6 / 
mol/L

1NCO / 
mol/L

V / 
mol/L

V∙18c6 / 
mol/L

1NCS / 
mol/L

VI / 
mol/L

VI∙18c6 / 
mol/L

1NCSe / 
mol/L
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1,2-
Dimethoxyethane

— — 0.049 0.554 0.101 0.190 0.344 0.147 0.274

Tetrahydrofuran — — 0.096 — 0.032 0.200 0.120 0.023 0.274

Acetonitrile — 0.065 0.043 0.203 0.218 0.058 0.445 0.222 0.156

Pyridine — — 0.090 0.115 0.080 0.243 0.545 0.093 0.488

1,2-
difluorobenzene

— — 0.042 — — 0.077 0.051 — 0.175

For potassium thiocyanate (V) and potassium selenocyanate 
(VI), clear solvent-dependent trends are observed. In donor 
solvents such as 1,2-dimethoxyethane and pyridine, both salts 
already display appreciable solubility. The corresponding Lewis 
acid–base adducts remain similarly or more soluble. For 
example, in pyridine, 1NCSe reaches 0.488 mol L−1, closely 
approaching the value measured for VI (0.545 mol L−1), 
indicating that adduct formation does not compromise 
solubility even in strongly coordinating media.
More pronounced effects are evident in moderately 
coordinating solvents. In THF, where no reliable value for V 
could be obtained, 1NCS and 1NCSe display significant solubility 
(0.200 and 0.274 mol L−1, respectively). Likewise, in 1,2-
difluorobenzene, the adducts exhibit clearly enhanced solubility 
relative to the parent salts, consistent with improved 
compatibility of the charge-diffuse, crown-ether-stabilised ion 
pairs with less polar environments.
Across the solvent series, the data reveal that solubility is 
primarily governed by solvent donor strength and polarity, yet 
the formation of Lewis acid–base adducts systematically 
broadens the accessible solvent window. This behaviour is 
readily rationalised by disruption of the extended ionic lattice 
typical of the simple potassium salts and by effective charge 
delocalisation within the crown-ether-encapsulated cation–
anion assemblies.
Both the starting materials and the adducts show negligible 
solubility in non-polar or weakly coordinating solvents such as 
n-pentane and diethyl ether, indicating that lattice and ion-
pairing effects remain dominant under these conditions.

Conclusions
This work describes the synthesis of hitherto unknown Lewis 
acid–base adducts formed between trimesityltrieles and 
potassium cyanates. The results demonstrate that previously 
unreported adducts can be obtained in good yields by reacting 
MMes3 (M = Al–In) with [KNCE] (E = O–Se) in the presence of 18-
crown-6. The compounds were primarily characterised by 
multinuclear NMR spectroscopy and single-crystal X-ray 
diffraction, complemented by infrared spectroscopy and 
elemental analysis.

Furthermore, the solubility behaviour of selected 
representatives (1NCO, 1NCS, and 1NCSe) was systematically 
examined in various solvents. Adduct formation was shown to 
significantly enhance solubility compared to the parent 
potassium salts, highlighting the potential utility of these 
species as soluble cyanate transfer reagents.
Ongoing work is directed toward exploring the reactivity of the 
Lewis acid–base adducts and benchmarking their behaviour 
against that of the corresponding potassium cyanates. 
Emphasis is placed on reactions involving multiple-bond 
systems, where improved solubility and modified electronic 
properties are expected to influence reactivity.
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Experimental Section
All manipulations were carried out under argon atmosphere 
using standard Schlenk technique. All solvents used in the 
reactions and for crystallisations were dried via standard 
techniques, distilled and stored under argon. Solvents were 
never stored longer than three weeks before use. NMR spectra 
were recorded using a Bruker Avance II 300 MHz at 300 K. The 
IR-spectra were run on a Bruker FT-IR spectrometer using the 
attenuated total reflectance (ATR) mode. Elemental analysis 
was performed on an Elementar Vario MicroCube.  Single-
crystal structure analyses were performed for compound 1NCO 
on a Stoe StadiVari X-ray diffraction system (Cu-Kα; Xenocs 
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Microfocus Source). For all other compounds crystal structure 
analysis were performed on a Bruker D8 Quest area detector 
system (Mo-Kα; Incoatec Microfocus Source). The data 
obtained were processed using X-Area for compound 1NCO and 
APEX3 for all other compounds. The crystal structures were 
refined using OLEX2-1.5.
1NCO: KNCO (100 mg, 1.23 mmol, 1.00 eq) and 18c6 (324 mg, 
1.23 mmol, 1.00 eq) were suspended in 6 ml of 1,2-
difluorobenzene. A solution of AlMes3 (472 mg, 1.23 mmol, 
1.00 eq) in 6 ml of 1,2-difluorobenzene was then added at -
30°C. The reaction solution was subsequently warmed to room 
temperature and stirred for a further 2 hours. The clear, 
colourless solution was then mixed with 7 ml of n-pentane until 
a slight cloudiness developed. The reaction solution was then 
filtered and stored at -32°C for crystallization. The crystals 
obtained in this way were separated from the supernatant 
solution by decanting and washed twice with n-pentane. 1NCO 
was obtained as a colourless solid (crystalline yield: 32%). 
C40H57AlKNO7 calcd: C, 65.82; H, 7.87; N, 1.92; found: C, 65.97; 
H, 7.03; N, 1.71; 1H NMR (300 MHz, THF-d8) δ: 6.47 (s, 6H, m-
CH), 3.53 (s, 24H, 18c6), 2.22 (s, 18H, o-CH3), 2.12 (s, 9H, p-CH3). 
13C{1H} NMR (75 MHz, THF-d8) δ: 154.36 (s, i-Carom), 146.88 (s, o-
Carom), 133.67 (s, p-Carom), 127.09 (s, m-Carom), 71.16 (s, 18c6), 
26.29 (s, o-CH3), 21.51 (s, p-CH3); IR (cm-1): 3616 (w), 3006 (m), 
2952 (m), 2910 (m), 2869 (m), 2723 (m), 2260 (s), 2203 (m), 
1978 (m), 1710 (m), 1596 (m), 1535 (m), 1505 (m), 1451 (m), 
1396 (m), 1372 (m), 1349 (m), 1284 (m), 1248 (m), 1219 (m), 
1103 (s), 1027 (m), 961 (m), 841 (m), 806 (m), 754 (m), 618 (m), 
585 (m), 561 (m), 550 (m), 498 (m), 454 (m).

2NCO: KNCO (100 mg, 1.23 mmol, 1.00 eq) and 18c6 (324 mg, 
1.23 mmol, 1.00 eq) were suspended in 6 ml of 1,2-
difluorobenzene. A solution of GaMes3 (525 mg, 1.23 mmol, 
1.00 eq) in 6 ml of 1,2-difluorobenzene was then added at -
30°C. The reaction solution was subsequently warmed to room 
temperature and stirred for a further 2 hours. The clear, 
colourless solution was then mixed with 7 ml of n-pentane until 
a slight cloudiness developed. The reaction solution was then 
filtered and stored at -72°C for crystallization. The crystals 
obtained in this way were separated from the supernatant 
solution by decanting and washed twice with n-pentane. 2NCO 
was obtained as a colourless solid. Crystals suitable for X-ray 
structural analysis on single crystals were obtained from a THF 
solution layered with n-pentane.; 1H NMR (300 MHz, THF-d8) δ: 
6.54 (s, 6H, m-CH), 3.58 (s, 24H, 18c6), 2.25 (s, 18H, o-CH3), 2.16 
(s, 9H, p-CH3).

3NCO: KNCO (91 mg, 1.13 mmol, 1.00 eq) and 18c6 (294 mg, 
1.13 mmol, 1.00 eq) were suspended in 6 ml of 1,2-
difluorobenzene. A solution of InMes3 (617 mg, 1.13 mmol, 
1.00 eq) in 6 ml of 1,2-difluorobenzene was then added at -
30°C. The reaction solution was subsequently warmed to room 
temperature and stirred for a further 2 hours. For purification, 
the solvent was removed under reduced pressure and the 
resulting colourless solid was dissolved in THF. Subsequently, n-
pentane was added until the solution became cloudy. The 
suspension was then filtered and stored at -32°C for 

crystallization. 3NCO could be isolated as a colourless solid 
(crystalline yield: 64%). C40H57InKNO7 calcd: C, 58.75; H, 7.03; N, 
1.71; found: C, 58.69; H, 6.88; N, 1.34; 1H NMR (300 MHz, THF-
d8) δ: 6.61 (s, 6H, m-CH), 3.55 (s, 24H, 18c6), 2.33 (s, 18H, o-
CH3), 2.18 (s, 9H, p-CH3). 13C{1H} NMR (75 MHz, THF-d8) δ: 
158.73 (s, i-Carom), 146.44 (s, o-Carom), 134.26 (s, p-Carom), 126.63 
(s, m-Carom), 71.15 (s, 18c6), 26.78 (s, o-CH3), 21.46 (s, p-CH3); IR 
(cm-1): 3006 (w), 2909 (m), 2861 (m), 2725 (m), 2204 (m), 1594 
(m), 1543 (m), 1451 (m), 1398 (m), 1373 (m), 1350 (m), 1326 
(m), 1284 (m), 1248 (m), 1222 (m), 1102 (s), 1027 (m), 960 (m), 
912 (m), 840 (m), 707 (m), 617 (m), 577 (m), 539 (m), 491 (m).

1NCS: KNCS (100 mg, 1.03 mmol, 1.00 eq) and 18c6 (271 mg, 
1.03 mmol, 1.00 eq) were suspended in 6 ml of 1,2-
difluorobenzene. A solution of AlMes3 (396 mg, 1.03 mmol, 
1.00 eq) in 6 ml of 1,2-difluorobenzene was then added at -
30°C. The reaction solution was subsequently warmed to room 
temperature and stirred for a further 2 hours. The clear, 
colourless solution was then mixed with 7 ml of n-pentane until 
a slight cloudiness developed. The reaction solution was then 
filtered and stored at -32°C for crystallization. The crystals 
obtained in this way were separated from the supernatant 
solution by decanting and washed twice with n-pentane. 1NCS 
was obtained as a colourless solid (crystalline yield: 75%). 
Crystals suitable for X-ray structural analysis on single crystals 
were obtained from a THF solution layered with n-pentane at -
72°C.C40H57AlKNO6S calcd: C, 64.40; H, 7.70; N, 1.88; found: C, 
64.31; H, 7.92; N, 1.79; 1H NMR (300 MHz, THF-d8) δ: 6.50 (s, 6H, 
m-CH), 3.55 (s, 24H, 18c6), 2.21 (s, 18H, o-CH3), 2.13 (s, 9H, p-
CH3). 13C{1H} NMR (75 MHz, THF-d8) δ: 152.40 (s, i-Carom), 146.95 
(s, o-Carom), 137.39 (s, CNS), 134.23 (s, p-Carom), 127.22 (s, m-
Carom), 71.20 (s, 18c6), 26.16 (s, o-CH3), 21.51 (s, p-CH3); IR (cm-

1): 3008 (w), 2943 (m), 2909 (m), 2082 (s), 1596 (m), 1538 (m), 
1451 (m), 1402 (m), 1349 (m), 1282 (m), 1249 (m), 1219 (m), 
1103 (s), 1058 (m), 1032 (m), 959 (m), 908 (m), 843 (m), 589 (s), 
563 (m), 546 (m), 495 (m), 408 (m).

2NCS: KNCS (100 mg, 1.03 mmol, 1.00 eq) and 18c6 (271 mg, 
1.03 mmol, 1.00 eq) were suspended in 6 ml of 1,2-
difluorobenzene. A solution of GaMes3 (440 mg, 1.03 mmol, 
1.00 eq) in 6 ml of 1,2-difluorobenzene was then added at -
30°C. The reaction solution was subsequently warmed to room 
temperature and stirred for a further 2 hours. The clear, 
colourless solution was then mixed with 7 ml of n-pentane until 
a slight cloudiness developed. The reaction solution was then 
filtered and stored at -32°C for crystallization. The crystals 
obtained in this way were separated from the supernatant 
solution by decanting and washed twice with n-pentane. 2NCS 
was obtained as a colourless solid (crystalline yield: 71%). 
Crystals suitable for X-ray structural analysis on single crystals 
were obtained from a THF solution layered with n-pentane at -
72°C.C40H57GaKNO6S calcd: C, 60.91; H, 7.28; N, 1.78; found: C, 
60.73; H, 7.34; N, 1.95; 1H NMR (300 MHz, THF-d8) δ: 6.60 (s, 6H, 
m-CH), 3.54 (s, 24H, 18c6), 2.29 (s, 18H, o-CH3), 2.15 (s, 9H, p-
CH3). 13C{1H} NMR (75 MHz, THF-d8) δ: 152.53 (s, i-Carom), 145.85 
(s, o-Carom), 135.72 (s, CNS), 134.23 (s, p-Carom), 127.44 (s, m-
Carom), 71.22 (s, 18c6), 25.76 (s, o-CH3), 21.44 (s, p-CH3); IR (cm-
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1): 3009 (w), 2945 (m), 2909 (m), 2867 (m), 2081 (s), 1597 (m), 
1545 (m), 1452 (m), 1404 (m), 1376 (m), 1350 (m), 1248 (m), 
1102 (s), 1031 (m), 959 (m), 911 (m), 842 (m), 714 (m), 580 (m), 
544 (m), 495 (m), 478 (m).

3NCS: KNCS (100 mg, 1.03 mmol, 1.00 eq) and 18c6 (271 mg, 
1.03 mmol, 1.00 eq) were suspended in 6 ml of 1,2-
difluorobenzene. A solution of InMes3 (486 mg, 1.03 mmol, 
1.00 eq) in 6 ml of 1,2-difluorobenzene was then added at -
30°C. The reaction solution was subsequently warmed to room 
temperature and stirred for a further 2 hours. The clear, 
colourless solution was then mixed with 7 ml of n-pentane until 
a slight cloudiness developed. The reaction solution was then 
filtered and stored at -32°C for crystallization. The crystals 
obtained in this way were separated from the supernatant 
solution by decanting and washed twice with n-pentane. 3NCS 
was obtained as a colourless solid (crystalline yield: 83%). 
Crystals suitable for X-ray structural analysis on single crystals 
were obtained from a THF solution layered with n-pentane at -
72°C. C40H57InKNO6S calcd: C, 57.62; H, 6.89; N, 1.68; found: C, 
57.59; H, 6.97; N, 1.52; 1H NMR (300 MHz, THF-d8) δ: 6.60 (s, 6H, 
m-CH), 3.54 (s, 24H, 18c6), 2.29 (s, 18H, o-CH3), 2.15 (s, 9H, p-
CH3). 13C{1H} NMR (75 MHz, THF-d8) δ: 157.47 (s, i-Carom), 146.36 
(s, o-Carom), 137.69 (s, CNS), 134.73 (s, p-Carom), 126.80 (s, m-
Carom), 71.20 (s, 18c6), 26.73 (s, o-CH3), 21.46 (s, p-CH3); IR (cm-

1): 3008 (w), 2940 (m), 2907 (m), 2865 (m), 2823 (m), 2060 (s), 
1594 (m), 1542 (m), 1452 (m), 1398 (m), 1373 (m), 1350 (m), 
1282 (m), 1249 (m), 1222 (m), 1102 (s), 1058 (m), 1031 (m), 958 
(m), 906 (m), 842 (m), 803 (m), 707 (m), 576 (m), 539 (m), 489 
(m).

1NCSe: KNCSe (56 mg, 0.39 mmol, 1.00 eq) and 18c6 (103 mg, 
0.39 mmol, 1.00 eq) were suspended in 6 ml of 1,2-
difluorobenzene. A solution of AlMes3 (150 mg, 0.39 mmol, 
1.00 eq) in 6 ml of 1,2-difluorobenzene was then added at -
30°C. The reaction solution was subsequently warmed to room 
temperature and stirred for a further 2 hours. The clear, 
colourless solution was then mixed with 7 ml of n-pentane until 
a slight cloudiness developed. The reaction solution was then 
filtered and stored at -32°C for crystallization. The crystals 
obtained in this way were separated from the supernatant 
solution by decanting and washed twice with n-pentane. 1NCSe 
was obtained as a colourless solid (crystalline yield: 65%). 
Crystals suitable for X-ray structural analysis on single crystals 
were obtained from a THF solution layered with n-pentane at -
72°C. C40H57AlKNO6Se calcd: C, 60.59; H, 7.25; N, 1.77; found: C, 
61.02; H, 7.56; N, 1.64; 1H NMR (300 MHz, THF-d8) δ: 6.51 (s, 6H, 
m-CH), 3.56 (s, 24H, 18c6), 2.21 (s, 18H, o-CH3), 2.13 (s, 9H, p-
CH3). 13C{1H} NMR (75 MHz, THF-d8) δ: 151.82 (s, i-Carom), 146.95 
(s, o-Carom), 134.43 (s, p-Carom), 130.56 (s, CNSe), 127.28 (s, m-
Carom), 71.21 (s, 18c6), 26.20 (s, o-CH3), 21.51 (s, p-CH3). 77Se 
NMR (95 MHz, THF-d8) δ: -341.36; IR (cm-1): 3009 (w), 2910 (m), 
2868 (m), 2078 (s), 1596 (m), 1538 (m), 1450 (m), 1402 (m), 
1349 (m), 128 (m)3, 1249 (m), 1219 (m), 1103 (s), 1058 (m), 
1032 (m), 959 (m), 90 (m), 843 (m), 684 (m), 590 (m), 563 (m), 
545 (m), 494 (m), 447 (m), 423 (m), 408 (m).

2NCSe: KNCSe (100 mg, 0.69 mmol, 1.00 eq) and 18c6 (183 mg, 
0.69 mmol, 1.00 eq) were suspended in 6 ml of 1,2-
difluorobenzene. A solution of GaMes3 (305 mg, 0.69 mmol, 
1.00 eq) in 6 ml of 1,2-difluorobenzene was then added at -
30°C. The reaction solution was subsequently warmed to room 
temperature and stirred for a further 2 hours. The clear, 
colourless solution was then mixed with 7 ml of n-pentane until 
a slight cloudiness developed. The reaction solution was then 
filtered and stored at -32°C for crystallization. The crystals 
obtained in this way were separated from the supernatant 
solution by decanting and washed twice with n-pentane. 2NCSe 
was obtained as a colourless solid (crystalline yield: 47%). 
Crystals suitable for X-ray structural analysis on single crystals 
were obtained from a THF solution layered with n-pentane at -
72°C.C40H57GaKNO6Se calcd: C, 57.49; H, 6.88; N, 1.68; found: C, 
57.89; H, 7.21; N, 1.65; 1H NMR (300 MHz, THF-d8) δ: 6.55 (s, 6H, 
m-CH), 3.55 (s, 24H, 18c6), 2.20 (s, 18H, o-CH3), 2.15 (s, 9H, p-
CH3). 13C{1H} NMR (75 MHz, THF-d8) δ: 151.96 (s, i-Carom), 145.80 
(s, o-Carom), 134.47 (s, p-Carom), 127.52 (s, m-Carom), 126.90 (s, 
CNSe), 71.22 (s, 18c6), 25.79 (s, o-CH3), 21.43 (s, p-CH3). 77Se 
NMR (95 MHz, THF-d8) δ: -330.85; IR (cm-1): 3009 (w), 2945 (m), 
2908 (m), 2080 (s), 1597 (m), 1545 (m), 1451 (m), 1404 (m), 
1377 (m), 1350 (m), 1283 (m), 1248 (m), 1102 (s), 959 (m), 911 
(m), 842 (m), 714 (m), 580 (m), 544 (m), 495 (m), 432 (m), 414 
(m).

3NCSe: KNCSe (56 mg, 0.39 mmol, 1.00 eq) and 18c6 (103 mg, 
0.39 mmol, 1.00 eq) were suspended in 6 ml of 1,2-
difluorobenzene. A solution of InMes3 (184 mg, 0.39 mmol, 
1.00 eq) in 6 ml of 1,2-difluorobenzene was then added at -
30°C. The reaction solution was subsequently warmed to room 
temperature and stirred for a further 2 hours. The clear, 
colourless solution was then mixed with 7 ml of n-pentane until 
a slight cloudiness developed. The reaction solution was then 
filtered and stored at -32°C for crystallization. The crystals 
obtained in this way were separated from the supernatant 
solution by decanting and washed twice with n-pentane. 3NCSe 
was obtained as a colourless solid (crystalline yield: 89%). 
Crystals suitable for X-ray structural analysis on single crystals 
were obtained from a THF solution layered with n-pentane at -
72°C.C40H57InKNO6Se calcd: C, 54.55; H, 6.52; N, 1.59; found: C, 
54.33; H, 6.71; N, 1.55; 1H NMR (300 MHz, THF-d8) δ: 6.61 (s, 6H, 
m-CH), 3.55 (s, 24H, 18c6), 2.28 (s, 18H, o-CH3), 2.15 (s, 9H, p-
CH3). 13C{1H} NMR (75 MHz, THF-d8) δ: 157.12 (s, i-Carom), 146.32 
(s, o-Carom), 134.90 (s, p-Carom), 128.17 (s, CNSe), 126.86(s, m-
Carom), 71.21(s, 18c6), 26.75 (s, o-CH3), 21.45 (s, p-CH3). 77Se 
NMR (95 MHz, THF-d8) δ: -331.14; IR (cm-1): 3009 (w), 2945 (m), 
2908 (m), 2080 (s), 1597 (m), 1545 (m), 1451 (m), 1404 (m), 
1377 (m), 1350 (m), 1283 (m), 1248 (m), 1102 (s), 959 (m), 911 
(m), 842 (m), 714 (m), 580 (m), 544 (m), 495 (m), 432 (m), 414 
(m).IR (cm-1): 3009 (w), 2939 (m), 2907 (m), 2865 (m), 2823 (m), 
2063 (s), 1594 (m), 1543 (m), 1452 (m), 1398 (m), 1373 (m), 
1349 (m), 1282 (m), 1249 (m), 1222 (m), 1102 (s), 1058 (m), 
1029 (m), 958 (m), 907 (m), 842 (m), 707 (m), 657 (m), 619 (m), 
576 (m), 539 (m), 489 (m), 427 (m). 
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The data supporting this article have been included as part of the Supplementary 
Information. CCDC 2545156-2545163 contain the supplementary crystallographic data for 
this paper.
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