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ABSTRACT: The rigid thioether- and selenoether-containing ligands, 4,5-bis(phenylsulfido)-2,7,9,9-tetramethylacridan (H[AS2
Ph2] 

(1)) and 4,5-bis(phenylselenido)-2,7,9,9-tetramethylacridan (H[ASe2
Ph2] (2)) were deprotonated with one equiv. of nBuLi to afford 

dimeric lithium complexes [Li(AE2
Ph2)]2 (E = S (3), Se (4)), or with one equiv. of KCH2Ph to afford the previously reported potassi-

um complexes [K(AS2
Ph2)(dme)]x (5) and [K(ASe2

Ph2)(dme)2] (6). Attempts to prepare a direct telluroether analogue of 1-2 were un-

successful. However, the bulky selenoether- and telluroether-containing pro-ligands 4,5-bis(2,4,6-triisopropylphenylselenido)-2,7,9,9-

tetramethylacridan (H[ASe2
Tripp2] (7)) and 4,5-bis(2,4,6-triisopropylphenyltellurido)-2,7,9,9-tetramethylacridan (H[ATe2

Tripp2] (8)) 

were accessed via the reaction of 4,5-dibromo-2,7,9,9-tetramethylacridan with three equiv. of nBuLi, followed by the addition of two 

equiv. of the corresponding diaryl dichalcogenide and quenching with dilute HCl(aq). The new selenoether- and telluroether-containing 

pro-ligands were subsequently deprotonated using KCH2Ph to afford [K(AE2
Tripp2)(dme)2] (E = Se (9), Te (10)). Compounds 1-10 

were characterized by 1H, 13C{1H}, 77Se{1H}, 125Te{1H} and 7Li NMR spectroscopy, where applicable, and single crystal X-ray struc-

tures were obtained for all lithium and potassium complexes (3-6 and 9-10). DFT calculations were also performed to assess the na-

ture of bonding between the hard group 1 cations and the soft chalcogenoethers. 

 

INTRODUCTION 

Ether donors are ubiquitous in the coordination chemistry of the 

alkali metals, with nearly 40 % of all crystallographically-

characterized group 1 complexes containing M–OR2 (M = Li-Cs) 

linkages.† The favourability of these interactions arises from the 

hard-hard pairing between electropositive group 1 cations and 

electronegative oxygen donors; interactions which are primarily 

ionic in nature, in accordance with hard soft acid base (HSAB) 

principles.1 By contrast, alkali metal compounds featuring heavi-

er chalcogenoether donors are scarce, with almost all examples 

confined to thioethers. 

The only structurally characterized group 1 compounds bear-

ing monodentate thioether ligands are a series of lithium cuprate 

compounds which incorporate both terminal and bridging SMe2 

ligands,2-4 and [Li2(m-H2BAr2)2(SMe2)4].
5 Neutral oxa-thia mac-

rocycles such as 1,4,10,13-tetraoxa-7,16-dithiacyclooctadecane 

([18]aneO4S2) and/or 1,10-dioxa-4,7,13,16-

tetrathiacyclooctadecane ([18]aneO2S4) have been used to access 

a series of Li, Na, K, Rb and Cs complexes featuring M–SR2 

linkages.6-12 Additionally, [Na([24]aneS8)][B{C6H3(CF3)2-3,5}4] 

([24]aneS8 = 1,4,7,10,13,16,19,22-octathiacyclotetracosane), 

which features an octadentate thiacrown, is unique as the only s-

block complex in which the metal is coordinated exclusively to 

thioether donors.13 Other alkali metal thioether complexes feature 

more complex multidentate ligands, including thiacalixarenes,14-

19 and acyclic ligands containing a mixture of anionic (e.g. R3C
–, 

R2N
–, RO–)  donors and thioether groups.20-23  

In contrast to group 1 thioether complexes, selenoether com-

plexes are limited to just two examples; 

[M([18]aneO4Se2)][B{C6H3(CF3)2-3,5}4] (M = Na and K),6 fea-

turing the 1,4,10,13-tetraoxa-7,16-diselenacyclooctadecane mac-

rocycle. In the solid-state, the ligands in both compounds are κ6-

coordinated, providing the only reported examples of alkali met-

al–selenoether interactions. Notably, Li, Rb and Cs [18]aneO4Se2 

complexes were not reported, despite the accessibility of the 

thioether-containing [18]aneO4S2 analogues. 

Group 2 selenoether complexes are also limited to just a 

handful of examples. Reid et al. reported neutral 

[MI2([18]aneO4Se2)] (M = Ca or Sr),24 and dicationic 

[M([18]aneO4Se2)(MeCN)2][BArF]2 (M = Mg, Ca, Sr) and 

[Ba([18]aneO4Se2)(acacH)(MeCN)][BArF]2.
25 X-ray crystal 

structures of the neutral calcium complex and the dicationic cal-

cium, strontium and barium species (structures of the neutral 

strontium and dicationic magnesium compounds were not report-

ed) feature κ6-coordination of the [18]aneO4Se2 ligand, analo-

gous to the aforementioned Na and K complexes. Additionally, 

adventitious hydrolysis during attempted crystallization of 

[SrI2([18]aneO4Se2)] and [Mg([18]aneO4Se2)(MeCN)2][BArF]2 

afforded crystals of [Sr(H2O)3([18]aneO4Se2)]I2 and [Mg(κ3- 

[18]aneO4Se2)(H2O)2(MeCN)][BArF]2, respectively. Interesting-

ly, in the solid-state structure of [Sr(H2O)3([18]aneO4Se2)]I2, the 

iodide ligands have been displaced by three water molecules, but 

the metal retains hexadentate coordination to the neutral 

[18]aneO4Se2 macrocycle. By contrast, in [Mg(κ3-

[18]aneO4Se2)(H2O)2(MeCN)][BArF]2, replacement of one ace-

tonitrile ligand by two water molecules resulted in a κ3-O,O,Se-

coordination mode of the [18]aneO4Se2 macrocycle.  

Group 1 or 2 complexes employing acyclic selenoether-

containing ligands have not been reported. Additionally, there 

are no reports of s-block telluroether complexes, and it is notable 

that attempted reactions of a telluroether analogue of the 

[18]aneO4Se2 macrocycle, [18]aneO4Te2, with CaI2 or SrI2 in 

MeCN resulted in no observable reaction.24  

Our group has previously employed rigid pincer ligands to 

prepare a range of organometallic and coordination complexes of 

electropositive actinide26-33 and rare earth34-40 elements. In addi-

tion, we recently reported the rigid thioether- and selenoether-
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containing ligands 4,5-bis(phenylsulfido)-2,7,9,9-

tetramethylacridan (H[AS2
Ph2] (1)) and 4,5-bis(phenylselenido)-

2,7,9,9-tetramethylacridan (H[ASe2
Ph2] (2)), their deprotonation 

to generate the potassium salts, and subsequent reactivity with 

[UI4(1,4-dioxane)2] to afford [(AS2
Ph2)2UI2] and [(ASe2

Ph2)2UI2]. 

These uranium(IV) complexes feature rare examples of uranium–

thioether bonds and the first examples of structurally authenticat-

ed uranium–selenoether bonds, respectively.41  

The AE2
Ph2 (E = S or Se) ligands harness the rigidity of the 

tricyclic acridanide ligand backbone and the positioning of the 

flanking chalcogenoether donors (with direct attachment of the 

donor atoms to the anionic ligand backbone) to encourage κ3-

SNS- or κ3-SeNSe-coordination to electropositive metal centres. 

Herein, we report the synthesis, solution characterization, and 

solid-state structures of lithium and potassium complexes of the 

AS2
Ph2 and ASe2

Ph2 ligands, as well as bulky 2,4,6-

triisopropylphenyl-substituted selenoether- and telluroether-

containing analogues of H[AS2
Ph2] and H[ASe2

Ph2], and their 

potassium salts. DFT calculations to probe the nature of alkali 

metal–ER2 (E = S, Se and Te) bonding in these complexes are 

also described. 

RESULTS AND DISCUSSION  

Synthesis and solid-state structures 

Deprotonation of the H[AS2
Ph2] (1) and H[ASe2

Ph2] (2) pro-

ligands with one equivalent of nBuLi at –78 °C afforded the lithi-

um complexes [Li(AS2
Ph2)]2 (3) and [Li(ASe2

Ph2)]2 (4) as pale 

yellow-orange powders in 98 and 89 % yield, respectively 

(Scheme 1). X-ray quality crystals of 3∙2 toluene and 4 were 

obtained from toluene solutions layered with hexanes at –30 °C. 

Additionally, [K(AS2
Ph2)(dme)]x (5) and [K(ASe2

Ph2)(dme)2] (6) 

were prepared by deprotonation of 1 and 2 using KCH2Ph, as 

previously reported, and X-ray quality crystals were obtained 

from dme solutions layered with hexanes at –30 °C.  

 

Scheme 1. Synthesis of lithium complexes 3 and 4. 

 

 

In the solid-state, lithium complexes 3 and 4 are isostructural 

dimers with rhombus-shaped Li2N2 cores (Figure 1). Each lithi-

um cation is located in the plane of one of the ligands, and above 

the plane of the other ligand, resulting in C(7)–N(1)–Li(1) and 

C(7)–N(1)–Li(1’) angles of 171 and 102° in 3, and C(16)–N(1)–

Li(1) and C(16)–N(1)–Li(1’) angles of 174 and 96° in 4, respec-

tively. The geometry about the lithium cations can best be de-

scribed as distorted disphenoidal, according to SHAPE analysis, 

with the sulfur or selenium donors in axial sites. 

For compound 3, the Li–N distance within the plane of each 

ligand is 1.983(4) Å, while the Li–N bonds linking the two mon-

omeric units are slightly longer, at 2.119(4) Å.§ The AS2
Ph2 lig-

and backbone is bent away from the Li2N2 core of the dimer, 

with a ligand backbone bend angle of 39° (defined as the angle 

between the planes of the two acridanide aryl rings). The Li–S 

distances of 2.494(4) and 2.497(4) Å in 3‡ are comparable to the 

Li–S distances found in Power’s complexes [Li2Cu2Ph4(SMe2)3], 

[Li3(CuPh2)(CuPh3)(SMe2)4], [Li5(CuPh2)3(CuPh3)(SMe2)4] and 

[Li4Ph4(SMe2)4] (2.445(9)-2.635(4) Å)3, and to those found in the 

four-coordinate amido-bridged lithium centres in the 2-

(phenylthiol)phenyl(tren) (tren = tris{2-aminoethyl}amine) thi-

oether complex [Li3{N(CH2CH2N(C6H4SPh-2)3}(THF)2] -

(2.510(6) and 2.542(6) Å).21 The geometry about the sulfur at-

oms in 3 is pyramidal, with the sum of the C–S–C and C–S–Li 

angles equal to 295° and 299°.   

 

Figure 1. X-ray crystal structures of a) [Li(AS2
Ph2)]2∙2 toluene 

(3∙2 toluene), and b) [Li(ASe2
Ph2)]2 (4). Lattice solvent and hy-

drogen atoms are omitted for clarity, and ellipsoids are drawn at 

50 % probability. 

In selenoether compound 4, the Li–N distance within the plane of 

each ligand is 1.987(8) Å while the Li–N distance between mon-

omeric units is 2.111(9) Å.§ These distances are statistically 

equivalent to those in 3. The Li–Se bond distances are 2.571(8) 

and 2.588(8) Å.‡ Other structurally characterized lithium–

selenoether interactions are not available for comparison. How-

ever, it is interesting to note that the difference between the 

shortest Li–S distance and the longest Li–Se distance in 3 and 4 

is ~0.10 Å, which is less than the difference between the covalent 

radii of S and Se (0.15 Å).42 The ligand backbone in 4 is bent by 

29°, which is less than in 3, and the selenium atoms in 4 are more 

pyramidalized than the sulfur atoms in 3, with the sum of the C–

Se–C and C–Se–Li angles equal to 285° and 291°. 

In contrast to the structures of 3 and 4, the potassium salt of 

the AS2
Ph2 ligand, [K(AS2

Ph2)(dme)]x (5), is a 1-dimensional pol-

ymer in the solid-state, with potassium cations bridging between 

AS2
Ph2 ligands (Figure 2). The potassium cations are seven-

coordinate due to κ3-SNS-coordination to each AS2
Ph2 ligand and 

κ1-coordination to dme (K–O = 2.749(2) Å)§, and the geometry is 
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best described as distorted capped trigonal prismatic, with N(1) 

as the capping atom. 

 

Figure 2. X-ray crystal structure of [K(AS2
Ph2)(dme)]x (5) show-

ing a three-monomer segment of the 1-D polymeric structure. 

The dominant component of a two-part dme disorder is shown. 

Hydrogen atoms are omitted for clarity, and ellipsoids are drawn 

at 50 % probability. 

The ligand backbone in 5 is bent 31° from planarity, and the 

potassium atoms are positioned 2.51 Å and 2.58 Å above/below 

the SNS plane. The N(1)–K(1) distance of 2.816(2) Å is slightly 

shorter than the N(1)–K(1') distance of 2.942(2) Å,§ and the four 

K–S distances fall within a fairly narrow range, from 3.2782(8) 

to 3.3529(8) Å.‡ These distances fall within the span of the K–

(μ2-SR2) distances (2.832(2)-3.483(4) Å) observed in the potassi-

um–thiacalix[4]arene complex [K4(L∙2H)2(MeOH)2(H2O)1.5]x (L 

= p-H-thiacalix[4]arene, “2H” denotes the number of phenolic 

hydrogens on the ligand).19 

In contrast to compounds 3-5, [K(ASe2
Ph2)(dme)2] (6) is a 

monomer in the solid-state, featuring a seven-coordinate potassi-

um cation which is κ3-coordinated to the ASe2
Ph2 ligand and κ2-

coordinated to two dme solvent molecules (Figure 3). Potassium 

sits 2.49 Å below the plane of the SeNSe donors, and the ASe2
Ph2 

ligand backbone is bent by 29°. The geometry at potassium is 

best described as distorted capped octahedral. The K–Se distanc-

es are 3.352(2) and 3.380(1) Å,‡ which are slightly longer than 

those in [K([18]aneO4Se2)][BArF] (3.307(1)-3.3123(7) Å).6 The 

K–N distance in 6 is 2.822(5) Å and the K–O distances range 

from 2.654(4) to 2.813(4) Å.§ The sum of the C–Se–C and C–

Se–K bond angles is equal to 313° and 322°, illustrating a lesser 

degree of pyramidalization of the selenium atoms in 6 compared 

to lithium complex 4.  

 

Figure 3. X-ray crystal structure of [K(ASe2
Ph2)(dme)2] (6). Hy-

drogen atoms are omitted for clarity, and ellipsoids are drawn at 

50 % probability. 

 

Attempts to synthesize a telluroether analogue of pro-ligand 2, 

via trilithiation of 4,5-dibromo-2,7,9,9-tetramethylacridan fol-

lowed by reaction with two equivalents of Te2Ph2, were unsuc-

cessful, perhaps due to the instability of the initially formed lithi-

ated ligand. However, selenium and tellurium analogues of 2 

with bulky 2,4,6-triisopropylphenyl (Tripp) substituents on the 

chalcogen atom, H[ASe2
Tripp2] (7) and H[ATe2

Tripp2] (8), could be 

accessed by trilithiation of 4,5-dibromo-2,7,9,9-

tetramethylacridan followed by the addition of two equivalents 

of the appropriate diaryl dichalcogenide and quenching with 

dilute HCl(aq) (Scheme 2). Compounds 7 and 8 were isolated in 

15-21 % yield. The low yields are attributed to workup steps 

which involve separation of the target compounds from acridan-

containing impurities by sublimation at 160 and 170 °C; a pro-

cess which leaves some of the product trapped in the unsublimed 

residue. Subsequent deprotonation of 7 and 8 using a slight ex-

cess of KCH2Ph in dme generated the potassium complexes 

[K(ASe2
Tripp2)(dme)2] (9) and [K(ATe2

Tripp2)(dme)2] (10) as or-

ange-yellow solids in 88 % (Se) and 98 % (Te) yield, respective-

ly (Scheme 2).  

 

Scheme 2. Syntheses of pro-ligands 7 and 8, and potassium 

compounds 9 and 10.  

 

X-ray quality crystals of 9∙0.5 hexanes and 10 were grown from 

dme solutions layered with hexanes at –30 °C; 9∙0.5 hexanes 

contains two inequivalent molecules of 9 in the unit cell. The 

solid-state structures of 9 (Figure 4) and 10 (Figure 5) are quali-

tatively similar to [K(ASe2
Ph2)(dme)2] (6). However, the acrida-

nide backbone of the pincer ligands in 9 and 10 is more planar 

(vide infra), and the dme ligands are positioned so as to minimize 

unfavourable steric interactions with the flanking 2,4,6-

triisopropylphenyl groups. 

In compound 9, one of the two independent molecules in the 

unit cell features fairly similar K–Se distances of 3.419(2) Å and 

3.484(2) Å, whereas the K–Se distances in the other molecule are 

more dissimilar (3.339(2) Å and 3.633(2) Å).‡ The average K–Se 

distance of 3.469 Å is ~0.10 Å longer than that in 6 (3.366 Å), 

presumably due to the greater steric bulk imposed by the Tripp 

groups in the ASe2
Tripp2 ligand. The K–N distances are 2.801(4) Å 

and 2.840(3) Å, the longer of which belongs to the molecule with 

the more similar pair of K–Se distances, and the K–O distances 

range from 2.701(3) to 3.13(1) Å.§ The geometries of the potas-

sium cations in each molecule in the unit cell of 9 are slightly 

different; the more symmetrical molecule is best described as a 

distorted pentagonal bipyramid, while the less symmetrical mol-

ecule is closer to a distorted capped octahedron, based on 

SHAPE analysis. 
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Figure 4. X-ray crystal structure of 

[K(ASe2
Tripp2)(dme)2]∙0.5 hexane (9∙0.5 hexane). Only one of two 

inequivalent molecules in the asymmetric unit is shown. Lattice 

solvent and hydrogen atoms are omitted for clarity, and ellip-

soids are drawn at 50 % probability. 

 

Figure 5. X-ray crystal structure of [K(ATe2
Tripp2)(dme)2] (10). 

Hydrogen atoms have been omitted for clarity, and ellipsoids are 

drawn at 50 % probability. Bonds are drawn between potassium 

and tellurium on the basis of K–Te distances that are well within 

the sum of the Van der Waals radii.‡  

The ligand backbone of the more symmetrical molecule is virtu-

ally planar with a bend of just 2°, and potassium sits 2.56 Å out-

side of the ligand binding pocket (the SeNSe plane), while the 

ligand backbone in the less-symmetrical molecule is bent by 14°, 

with potassium situated 2.58 Å below the plane of the SeNSe 

donors. The structural variations between the two independent 

molecules of 9 point to low energy barriers for backbone bending 

and the lateral displacement of the potassium cation relative to 

the Se donors. The sum of the C–Se–C and C–Se–K bond angles 

is 304° and 318° (in the more symmetrical molecule) and 304° 

and 326° (in the less symmetrical molecule). Compounds 9 and 6 

are only the second and third structurally authenticated examples 

of complexes containing potassium–selenoether interactions. 

In telluroether compound 10, the K–Te distances are 3.808(1) 

Å and 3.916(1) Å.‡ The difference between the average K–Te 

distance in 10 (3.862 Å) and the average K–Se distance in 9 

(3.469 Å) is 0.393 Å, which is significantly larger than the dif-

ference between the covalent radii of Se and Te (0.18 Å)42, sug-

gestive of a weaker (vide infra) K–E interaction in the tellu-

roether compound. The tellurium atoms in 10 are more strongly 

pyramidalized than the selenium atoms in 9, with the sum of the 

C–Te–C and C–Te–K angles equal to 291° and 304°. The K–N 

distance is 2.842(3) Å, and the K–O distances range from 

2.660(3) to 2.865(3) Å.§ According to SHAPE analysis, the ar-

rangement of the donors around potassium is best described as a 

distorted capped trigonal prism, with O(4) as the capping atom. 

The ATe2
Tripp2 ligand backbone is slightly bent (by 7°), and the 

potassium cation sits 2.80 Å below the plane of the TeNTe do-

nors. 

Solution NMR spectroscopy 

Although compounds 3 and 4 are dimers in the solid-state, 1H 

and 13C{1H} NMR spectra in toluene-d8 contain only two methyl 

signals, indicative of ligand top-bottom and side-to-side sym-

metry on the NMR timescale. The proton and carbon resonances 

associated with the CMe2 group in 3 and 4 are also broadened 

relative to other signals at room temperature. These data are con-

sistent with rapid dissociation/re-association of the dimer on the 

NMR timescale, and upon cooling a toluene-d8 solution of 4 to –

68 °C, the CMe2 peak decoalesced into two signals integrating to 

three protons each, as expected for the dimeric structure (Figure 

S9). Compounds 3 and 4 gave rise to broad room temperature 7Li 

NMR signals at 3.30 and 4.38 ppm, respectively. 

In contrast to lithium compounds 3 and 4, potassium com-

pounds 5 and 6 are poorly soluble in C6D6, so NMR spectra were 

obtained in THF-d8 (for 5) or C6D6 containing a drop of dme (for 

6). These spectra indicate apparent C2v symmetry in solution. 

Similarly, 1H and 13C{1H} NMR spectra of more soluble 7-10 in 

C6D6 are consistent with C2v symmetry on the NMR timescale. 

The apparent C2v symmetry of monomeric 6, 9 and 10 imply that 

potassium is able to migrate rapidly between coordination sites 

above and below the plane of the ligand backbone (assuming that 

potassium remains coordinated to the ligand; vide infra). Addi-

tionally, while two signals would be expected for the diastereo-

topic ortho-isopropyl methyl groups in 9 and 10, only a single 

resonance was observed in the 1H and 13C{1H} NMR spectra, 

indicative of rapid rotation of the 2,4,6-triisopropylphenyl groups 

on the NMR timescale. This process is presumably facilitated by 

the long chalcogen–carbon and chalcogen–potassium bonds and 

acute C–E–C angles which minimize steric hindrance. Potassium 

was shown to be substantially coordinated to the ASe2
Ph2 and 

ASe2
Tripp2 ligands in C6D6 solutions of 6 and 9, respectively, giv-

en that the addition of 2,2,2-cryptand produced significant shifts 

in the 1H NMR resonances for the chalcogenoether-containing 

ligands (accompanied by 2,2,2-cryptand 1H NMR resonances 

shifted relative to those of the free cryptand). The 77Se NMR 

resonance for 9 also shifted to higher frequency by 30 ppm upon 

addition of 2,2,2-cryptand (Figures S12, S22 and S23; products 

formed from reactions of 6 and 10 with 2,2,2-cryptand in C6D6 

were insufficiently soluble for 77Se (for 6) or 1H and 125Te (for 

10) NMR signals to be observed, even after addition of small 

amounts of THF or dme). 

For compounds 2-4 and 6-10, 77Se{1H}, 125Te{1H}, and/or 7Li 

NMR spectra were obtained in C6D6 (with a small amount of 

added dme in the case of 6), and chemical shift values are pro-

vided in Table 1. All resonances (vide infra) appeared as singlets, 

with no discernable coupling. 

The 77Se NMR chemical shifts for pro-ligands 2 and 7 are 

295 and 162 ppm, falling within the expected range for diarylse-

lenide compounds, considering the sterically hindered and elec-

tron donating substituents on the aryl rings attached to selenium. 

For comparison, the 77Se NMR chemical shifts for SePh2,
43 

Se(C6H4NH2-p)2,
44 PhSeMes,45 SeMes2 and SeTrip2

43 are 416, 

378, 289, 225 and 162 ppm, respectively. The 77Se NMR reso-

nances for potassium compounds 6 and 9 are shifted to high fre-

quency relative to pro-ligands 2 and 7, by 62 and 41 ppm, re-

spectively. By contrast, the 77Se NMR chemical shift for 

[Li(ASe2
Ph2)]2 (4) is 283 ppm, which is 12 ppm lower frequency 

than pro-ligand 2. 77Se NMR chemical shifts were not reported 

for the previously described s-block selenoether compounds (so-

dium, potassium,6 magnesium,25 calcium, strontium24, 25 and bari-
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um25 complexes of [18]aneO4Se2; vide supra). However, coordi-

nation of [18]aneO4Se2 to diamagnetic rare earth ions produced 

shifts to either high or low frequency. For example, a small high 

frequency shift was observed upon complexation of 

[18]aneO4Se2 (77Se  140 ppm) to scandium to form 

[ScCl2([18]aneO4Se2)][FeCl4] (
77Se  150 ppm). By contrast, 77Se 

NMR chemical shifts of 103, 108, 125 and 137.5 ppm were re-

ported for [YCl2([18]aneO4S2)][FeCl4], [LuI2([18]aneO4Se2)]I,  

[YI2([18]aneO4Se2)]I, and [LaI3([18]aneO4Se2)], respectively.46  

The 125Te NMR chemical shift for H[ATe2
Tripp2] (8) is 197 

ppm, which is higher frequency than the 77Se chemical shift for 

the selenium analogue (7; 162 ppm), as is typical for isostructural 

selenoether and telluroether compounds.47 For comparison, re-

ported 125Te NMR chemical shifts for TePh2,
48 TeMes2 and 

TeTripp2
49 are 685, 276 and 175 ppm, respectively. Upon depro-

tonation of 8 to form [K(ATe2
Tripp2)(dme)2] (10), the 125Te reso-

nance shifted to high frequency by 34 ppm. This trend matches 

that observed for the 77Se NMR chemical shift of potassium 

complex 9 relative to pro-ligand 7.  

 

Table 1.  77Se, 125Te and/or 7Li NMR chemical shifts (ppm) for 

compounds 2-4 and 6-10 in C6D6 (with added dme in the case of 

6) All resonances are from 1D 77Se{1H}, 125Te{1H} or 7Li NMR 

spectra and appeared as singlets with no discernible coupling. 

Compound δ 77Se δ 125Te δ 7Li 

H[ASe2
Ph2] (2) 295.39 – – 

[Li(AS2
Ph2)]2 (3) – – 3.30 

[Li(ASe2
Ph2)]2 (4) 283.43 – 4.38 

[K(ASe2
Ph2)(dme)2] (6) 357.02 – – 

H[ASe2
Tripp2] (7) 162.15 – – 

H[ATe2
Tripp2] (8) – 196.86 – 

[K(ASe2
Tripp2)(dme)2] (9) 203.30 – – 

[K(ATe2
Tripp2)(dme)2] (10) – 230.72 – 

 

DFT calculations  

DFT calculations (ADF, gas-phase, all-electron, PBE, D3-BJ, 

TZ2P, ZORA) were performed on 3, 4, 6, 9 and 10 in order to 

gain insight into the nature of the alkali metal–chalcogenoether 

interactions. For complexes 9 and 10, models were used in which 

the 2,4,6-triisopropylphenyl substituents have been replaced by 

2,6-diisopropylphenyl (Dipp) groups: [K(ATe2
Dipp2)(dme)2] (9*) 

and [K(ATe2
Dipp2)(dme)2] (10*).  

Compounds 4 and 6 converged to geometries which are a 

close match to the X-ray crystal structures, with M–N and M–Se 

distances within 0.06 Å of the crystallographic values. Lithium 

dimer 3 also converged to a structure with Li–S and Li–N dis-

tances that are within 0.03 Å of experimental values, although 

one monomer unit is skewed relative to the other, resulting in C2 

symmetry with a Li–N–Li–N dihedral angle of 11° (compared to 

the crystallographically observed dihedral angle of 0°). When C2v 

symmetry was imposed, the resulting structure (which matches 

closely with the crystal structure) was found to be higher in ener-

gy by just 7 kJ mol–1, suggesting that the geometry in the X-ray 

structure arises due to crystal packing. The Li–S and Li–N dis-

tances in the two calculated geometries of 3 are within 0.01 Å of 

one another and the ligand bend angles are identical (Table S1), 

so the C2-symmetric energy minimum was used in all subsequent 

discussion. 

In 9* and 10*, the K–E distances are underestimated by 0.07-

0.14 Å or 0.01-0.28 Å for 9* (relative to the two independent 

molecules in the unit cell of 9) and by 0.19 and 0.21 Å in 10*. 

Furthermore, the K–N distances are overestimated by 0.12 Å or 

0.16 Å in 9*, and underestimated by 0.04 Å in 10*. Optimization 

of 9* with K–Se and K–N distances constrained to crystallo-

graphic values yielded 9*Constr
¶ which is just 5 kJ mol–1 higher in 

energy than 9*. Similarly, optimization of 10* with the K–Te 

distances constrained to crystallographic values afforded a struc-

ture (10*Constr; with a K–N distance that is within 0.04 Å of the 

experimental value) that is only 6 kJ mol–1 higher in energy than 

10*. This is indicative of a shallow energy minimum for modest 

changes in the K–N and K–E distances in 9 and 10. 

Quantum Theory of Atoms in Molecules (QTAIM) bond crit-

ical points (BCPs) were located between the alkali metal cations 

and each of the chalcogen donors in 3, 4, 6, 9*, 9*Constr and 10*, 

supporting the presence of alkali metal–chalcogenoether interac-

tions. These interactions are predominantly electrostatic, as evi-

denced by small bond delocalization index (δM–E) values of 0.03-

0.08, and positive values for the total energy density of Cremer 

and Kraka (Hb) at the BCPs (0.001-0.003; Table 2). By contrast, 

K–Te bond critical points were not observed for 10*Constr, where 

the K–Te distances have been constrained to match those in the 

X-ray crystal structure. This suggests that K–Te interactions are 

significant in some but not all structures on the shallow energy 

surface associated with modest changes in the K–N and K–Te 

distances. The positive Hb values for the M–E bonds in 3, 4, 6, 

9*, 9*Constr and 10* contrast the negative Hb values for the U–E 

bonds in the uranium(IV) complexes [(AS2
Ph2)2UI2] and 

[(ASe2
Ph2)2UI2],

41 illustrating the more electrostatic nature of the 

alkali metal chalcogenoether interactions.  

For all structures in Table 2, Natural Bond Order (NBO) 

analysis revealed alkali metal orbital contributions of less than 3 

% to the Natural Localized Molecular Orbitals (NLMOs) with an 

appropriate orientation to be involved in M–E bonding (“LP-1”; 

Table S2). Nevertheless, lithium complexes 3 and 4 feature high-

er metal orbital contributions (1.2-1.4 % for 3 and 2.4-2.7 % for 

4) to the metal–chalcogen interactions, compared to potassium 

structures 6, 9*, 9*Constr, 10* and 10*Constr (0.2-0.6 %), sugges-

tive of somewhat increased covalency. Furthermore, greater lith-

ium orbital contributions to the E NLMOs were observed for the 

Li–Se interactions in 4 relative to the Li–S interactions in 3 (by 

~1.3%). This increase, while small, is in line with the trend ob-

served for [(AS2
Ph2)2UI2] and [(ASe2

Ph2)2UI2], where an increase 

in uranium orbital involvement (from 9.9-14.4 % in the former to 

11.4-16.6 % in the latter) was observed.41 These trends are ech-

oed in the M–E Mayer bond orders (Table 2), which are 0.26-

0.27 and 0.28-0.29 in lithium compounds 3 and 4, respectively, 

0.07-0.13 in potassium selenoether compounds 6 and 9*, and 

0.07 or less in potassium selenoether structure 9*Constr and tellu-

roether structures 10* and 10*Constr, suggestive of (a) increased 

covalency in the lithium compounds relative to the potassium 

compounds, (b) marginally increased covalency in the Li–SeR2 

interactions in 4 relative to the Li–SR2 interactions in 3, and (c) 

marginally decreased covalency in the K–TeR2 interactions rela-

tive to the K–SeR2 interactions. Nevertheless, the Hb and δM–E 

metrics do not follow the same trends, highlighting the challeng-

es associated with probing small differences in covalency in 

highly ionic interactions. 
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Table 2.  Computational data for 3, 4, 6, 9*, 10* and 10*Constr (M = Li or K; E = S, Se or Te): QTAIM bond delocalization index () 

and the total energy density of Cremer and Kraka (Hb) at the bond critical point (bcp), % metal contribution to the NLMO with an 

appropriate orientation to be involved in M–E bonding (normalized to include only metal and chalcogen contributions), and Mayer 

bond orders (B.O.). Individual data or data ranges are for all of a particular type of bond in the structure (i.e. they are not averaged 

values). 

Compound (M–E) 

(× 10–2) 

Hb(M–E) 

(× 10–3) 

% M in E 

NLMO  

(LP-1)a 

M–E Mayer 

B.O. 

M–O Mayer 

 B.O. 

M–N Mayer 

B.O. 

[Li(AS2
Ph2)]2 (3) 5.9-6.2 3.0 1.2-1.4 0.26-0.27 N/A 0.14-0.25 

[Li(ASe2
Ph2)]2 (4) 7.0-7.2 2.3-2.4 2.4-2.7 0.28-0.29 N/A 0.15-0.20 

[K(ASe2
Ph2)(dme)2] (6) 7.9-8.4 1.3-1.4 0.5 0.11-0.13 <0.05 <0.05 

[K(ASe2
Dipp2)(dme)2] (9*) 7.5 1.3 0.2-0.3 0.07-0.10 <0.05 & 0.07 <0.05 

[K(ASe2
Dipp2)(dme)2] with constraint (9*Constr) 5.6-6.4 1.3 0.2-0.3 <0.05 & 0.06 <0.05 & 0.07 <0.05 

[K(ATe2
Dipp2)(dme)2] (10*) 5.1-5.9 1.0-1.2 0.5-0.6 0.06-0.07 <0.05 & 0.06 <0.05 

[K(ATe2
Dipp2)(dme)2] with constraint (10*Constr) 3.0-4.3 no BCP 0.5-0.6 <0.05 <0.05 & 

0.05-0.06 

<0.05 

a LP-1 denotes the E-based NLMO with the most appropriate orientation for involvement in M–E bonding. 

SUMMARY AND CONCLUSIONS 

The rigid phenyl-substituted thioether and selenoether-containing 

pro-ligands H[AS2
Ph2] (1) and H[ASe2

Ph2] (2), and new bulky 

2,4,6-triisopropylphenyl-substituted selenium and tellurium ana-

logues, H[ASe2
Tripp2] (7) and H[ATe2

Tripp2] (8), were employed to 

generate a series of lithium and potassium chalcogenoether com-

plexes. In the solid-state, the lithium compounds, [Li(AE2
Ph2)]2 

(E = S (3), Se (4)) are dimers, whereas [K(AS2
Ph2)(dme)]x (5) is a 

1-dimensional polymer, and  [K(ASe2
Ph2)(dme)2] (6) and 

[K(AE2
Tripp2)(dme)2] (E = Se (9), Te (10)) are monomers. The 

solution 77Se and 125Te NMR resonances for potassium com-

pounds 6, 9 and 10 are shifted to high frequency relative to pro-

ligands 2, 7 and 8 (by 62, 41 and 34 ppm, respectively). By con-

trast, the 77Se NMR chemical shift for [Li(ASe2
Ph2)]2 (4) is 12 

ppm lower frequency than that of pro-ligand 2. Selenoether com-

pounds 6 and 9 are only the second and third complexes contain-

ing potassium–selenoether bonds, while 4 is the first lithium–

selenoether complex.  

For complex 10, changes in the K–Te and K–N distances 

were shown by DFT calculations to lie on a shallow potential 

energy surface, providing access to structures with and without 
significant K–Te interactions; K–Te interactions are evident in 

the DFT-calculated energy minimum, whereas QTAIM calcula-

tions on a structure in which the K–Te distances have been con-

strained to match those in the X-ray crystal structure did not 

show a bond critical path between potassium and tellurium.  

DFT and QTAIM calculations are consistent with highly ion-

ic interactions between the alkali metals and soft chal-

cogenoether donors. Nevertheless, trends in the Mayer bond or-

ders and % alkali metal contributions to NLMOs with an appro-

priate orientation to be involved in M–E (E = S, Se or Te) bond-

ing suggest somewhat increased covalency in the lithium com-

pounds relative to the potassium compounds, and perhaps also 

marginally increased covalency in the Li–SeR2 versus Li–SR2 

interactions, and K–SeR2 versus K–TeR2 interactions. 

EXPERIMENTAL SECTION 

General Details: An argon-filled MBraun UNIlab glove box 

equipped with a –30 °C freezer was employed for the manipulation and 

storage of all oxygen- and moisture- sensitive compounds. Air-sensitive 

reactions were performed on a double-manifold high-vacuum line 

equipped with an Edwards RV 12 vacuum pump using standard tech-

niques. nBuLi solution (1.6 M in hexanes), and 1,2-dimethoxyethane 

(dme) were purchased from Sigma Aldrich. 4,5-dibromo-2,7,9,9-

tetramethylacridan (H[ABr2])39, bis(2,4,6-triisopropylphenyl) diselenide 

(Se2Tripp2)50, H[AS2
Ph2]41, H[ASe2

Ph2]41, KCH2Ph51, [K(AS2
Ph2)(dme)]41, 

[K(ASe2
Ph2)(dme)2]41 were synthesized following previously reported 

procedures. Bis(2,4,6-triisopropylphenyl) ditelluride (Te2Tripp2) was 

prepared following a modification of the literature procedure for the 

synthesis of Se2Tripp2 (see supplementary information). 2,4,6-

triisopropylphenyl bromide and 2,2,2-crytpand were purchased from 

Sigma Aldrich, dried over 4 Å molecular sieves (as a solution in Et2O in 

the case of 2,2,2-cryptand) for one week, degassed, and either centri-

fuged or filtered through a celite plug to remove sieve powder before 

use. Reactions of H[ASe2
Ph2] with KCH2Ph or H[AS2

Ph2] with KH or 

KCH2Ph in toluene at 60 °C generated precipitates that were only solu-

ble in donor solvents such as THF and dme. Reactions to prepare sodi-

um, rubidium or caesium salts of the ligands were not attempted. 

Hexanes, toluene, and Et2O were purchased from Caledon, and deu-

terated solvents were purchased from Cambridge Isotope Laboratories, 

Inc. Hexanes, Et2O and toluene were initially dried and distilled at at-

mospheric pressure from sodium/benzophenone (Hexanes, Et2O) and 

sodium (toluene). 1,2-dimethoxyethane (dme) was initially dried over 4 

Å molecular sieves, followed by further drying over Na/Ph2CO before 

being distilled for use. All solvents were stored over an appropriate dry-

ing agent (Et2O, toluene, 1,2-dimethoxyethane (dme), C6D6, toluene-d8 = 

Na/Ph2CO; hexanes = Na/Ph2CO/tetraglyme) and introduced to reactions 

or air-free solvent storage flasks via vacuum transfer with condensation 

at –78 °C. Argon gas was purchased from Air Liquide.  
1H, 13C{1H}, 7Li, 77Se{1H], and 125Te{1H} NMR spectra of all air-

sensitive samples were acquired at room temperature in J-Young tubes 

on either a Bruker AV-600 MHz or AV-500 MHz spectrometer. 1H and 
13C{1H} spectra were referenced relative to the residual proteo signals of 

the solvent (C6D6 or toluene-d8) or the solvent carbon resonances respec-

tively (C6D6: 1H = 7.16 ppm; 13C = 128.06 ppm / toluene-d8: 1H = 7.09, 

7.01, 6.97, 2.08 ppm; 13C = 137.48, 128.87, 127.96, 125.13, 20.43 ppm). 
7Li, 77Se{1H} and 125Te{1H} spectra were referenced by indirect refer-

encing from a 1H NMR spectrum.52 Peak assignments in the spectra of 

all new diamagnetic compounds were made with the aid of DEPT-q, 

COSY, HSQC and HMBC experiments. 

X-ray crystallographic analyses were performed with suitable crystals 

coated in paratone oil on either a STOE IPDS II diffractometer equipped 

with a 3 kW sealed tube Mo generator or a Bruker Dual Source D8 Ven-

ture diffractometer using the IμS 3.0 Mo source at 70 watts with a 

HELIOS Mo focusing optic (ELM33) in the McMaster Analytical X-

Ray (MAX) Diffraction Facility. Data was processed with OLEX 253 and 

solved by intrinsic (SHELXT)54 methods. Structure refinement was per-

formed with SHELXL55 in OLEX 2. In the structure of 9∙0.5 hexane, 

hexane was badly disordered and could not be satisfactorily modelled 

and was therefore treated with the BYPASS method.56 Images were 

rendered using Ortep3 and POV-Ray.  
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Combustion elemental analyses were carried out at Midwest Micro-

labs, the University of Calgary, or McMaster University.  

   

DFT Details: Geometry optimization calculations were conducted 

with ADF within the AMS DFT package (SCM, version 2021.104 or 

2022.103).57 Calculations were performed in the gas phase within the 

generalized gradient approximation using the 1996 Perdew-Burke-

Ernzerhof exchange and correlation functional (PBE),58 using the scalar 

zeroth-order regular approximation (ZORA)59-63 for relativistic effects, 

and Grimme’s DFT-D3-BJ dispersion correction.64, 65 These calculations 

were conducted using all-electron triple-ζ basis sets with two polariza-

tion functions (TZ2P) and fine integration grids (Becke66, 67 verygood-

quality) with default convergence criteria for energy and gradients. Ana-

lytical frequency calculations68-70 were conducted to ensure that each 

geometry optimization led to an energy minimum. Quantum Theory of 

Atoms in Molecules (QTAIM)71 properties were obtained using the 

QTAIM keyword57 with an analysis level of Full72-79 (QTAIM calcula-

tions were also performed on a single point calculation of 10*Constr, with 

a Becke integration grid quality of “Excellent”, but did not find BCPs 

between potassium and tellurium), and NBO analysis80 was carried out 

using NBO 6.0 within the AMS DFT package. 

  

Lithium 4,5-bis(phenylsulfido)-2,7,9,9-tetramethylacridanide 

{[Li(AS2
Ph2)]2} (3): A solution of H[AS2

Ph2] (342.4 mg, 0.7548 mmol) in 

hexanes (~30 ml) was cooled to –78 °C, and 1.1 equiv. of 1.6 M nBuLi in 

hexanes (0.9057 mmol) was added dropwise to the yellow mixture under 

a heavy flow of argon, producing a pale-green precipitate. The reaction 

was allowed to stir at –78 °C for two hours, after which the cooling bath 

was removed. Upon warming for 20 minutes, the precipitate turned or-

ange and the solution was evaporated to dryness in vacuo, yielding 3 as 

an orange powder in 98 % yield (340 mg). The solid can be stored indef-

initely at –30 °C in an argon atmosphere. X-ray quality crystals were 

obtained by preparing a concentrated toluene solution, addition of a 

couple of drops of benzene, and cooling at –30 °C for two weeks. 1H 

NMR (C6D6, 600 MHz): 𝛿 7.42 (s, 2H, AcridanCH), 7.30 (s, 2H, Acrid-

anCH), 6.65-6.64 (d, JH-H 7.4 Hz, 4H, o-ArH), 6.49-6.44 (m, 6H, m,p-

ArH), 2.19 (s, 6H, CMe), 1.72 (s, 6H, CMe2). 13C{1H} NMR (C6D6, 150 

MHz): 𝛿 152.93 (AcridanCMe), 136.52 (ArCS), 135.57 (AcridanCH), 

134.53 (AcridanC), 129.06 (o-ArCH), 127.90 (AcridanCH), 127.17 

(AcridanCN), 126.54 (m-ArCH), 125.51 (p-ArCH), 117.55 (AcridanCS), 

37.86 (AcridanCMe2), 29.37 (CMe2), 20.91 (AcridanCH3). 7Li NMR 

(C6D6, 194 MHz): 𝛿 3.30 (br s). Anal. Calcd for C29H24NS2Li: C, 

75.79; H, 5.71 ; N, 3.05%. Found: C, 75.21; H, 6.11; N 3.74%. 

 

Lithium 4,5-bis(phenylselenido)-2,7,9,9-tetramethylacridanide 

{[Li(ASe2
Ph2)]2} (4): A solution of H[ASe2

Ph2] (201.8 mg, 0.3686 mmol) 

in hexanes (~20 ml) was  cooled to –78 °C and 1.1 eq. of 1.6M nBuLi in 

hexanes (0.25ml, 0.4055 mmol) was added dropwise to the stirring yel-

low solution, converting it into a pale yellowish-green suspension. The 

reaction was stirred at –78 °C for 10 minutes and then allowed to stir at 

room temperature for 2 hours, during which time the pale yellow-green 

suspension slowly became light orange. Volatiles were removed in vac-

uo for 2 hours, affording 182.4 mg of 4 (89 %) as a light orange powder. 

The solid can be stored indefinitely at –30 °C in an argon atmosphere. X-

ray quality crystals were obtained from a concentrated toluene solution 

cooled to –30 °C for three days. 1H NMR (C6D6, 500 MHz): 𝛿 7.46 (s, 

2H, AcridanCH), 7.43 (s, 2H, AcridanCH), 6.76-6.75 (d, JH-H 7.8 Hz, 

4H, o-ArH), 6.55-6.52 (m, 4H, p-ArH), 6.45-6.41 (m, 4H, m-ArH), 2.18 

(s, 6H, CMe), 1.76 (s, 6H, CMe2). 13C{1H} NMR (C6D6, 125 MHz): 𝛿 

153.17 (AcridanCMe), 137.57 (AcridanCH), 134.52 (AcridanC), 132.05 

(ArCSe), 129.29 (m-ArCH), 129.00 (o-ArCH), ~128 (AcridanCH), ~128 

(AcridanCN), 126.08 (p-ArCH), 117.27 (AcridanCSe), 38.16 (Acrid-

anCMe2), 29.62 (CH3), 20.79 (CH3). 77Se{1H} NMR (C6D6, 114 MHz): 

𝛿 2.83.43 (s). 7Li NMR (C6D6, 194 MHz): 𝛿 4.38 (br s). Anal. Calcd 

for C29H24NSe2Li: C, 62.94; H, 4.74; N, 2.53%. Found: C, 63.78; H, 

4.80; N, 2.37%. 

 

4,5-bis(2,4,6-triisopropylphenylselenido)-2,7,9,9-tetramethylacridan 

(H[ASe2
Tripp2]) (7): H[ABr2] (500 mg, 1.27 mmol) was charged to a 2-

neck round-bottom flask and dissolved in ~25 ml of Et2O. A glass stop-

per was outfitted on one of the necks and a distillation apparatus was 

outfitted on the other. The apparatus was appended to a vacuum line and 

the mixture was stirred at room temperature under argon until the 

H[ABr2] was completely dissolved. The solution was then cooled to –78 

°C and 3 eq. of 1.63 M nBuLi in hexanes (2.33ml, 3.80 mmol) was added 

dropwise while stirring, producing a light yellow solution. The cold bath 

was removed, and the reaction was left to stir at room temperature for 2 

hours, after which the solution was cooled again to –78 °C and 2 eq. of 

Se2Tripp2 (1.43 g, 1.27 mmol) dissolved in ~10 ml of Et2O was added 

dropwise to the reaction, turning the solution orange. The reaction was 

left to stir under argon with the cold bath up overnight, which slowly 

warmed, allowing the reaction to come to room temperature over several 

hours. The orange reaction mixture was then quenched with 1 eq. of 1 M 

HCl(aq) (3.80 ml, 3.80 mmol) while stirring vigorously, producing copi-

ous amounts of white precipitate which redissolved over time, and then 

allowed to continue stirring for 10 minutes under argon. Volatiles were 

removed under vacuum, leaving behind an orange waxy residue. The 

receiving flask on the distillation apparatus was then cooled to –78 °C 

and HSeTripp, nBuSeTripp and Se2Tripp2 were distilled from the reac-

tion flask by maintaining it at 130 °C under vacuum for 5 hours (a heat 

gun was occasionally used to help the by-products transfer from the 

distillation arm into the receiving flask). Once orange Se2Tripp2 stopped 

collecting in the neck of the distillation apparatus, the flask was removed 

from the vacuum line and the residues were dissolved in ~30 ml of Et2O 

and washed with 2 x 75 ml NaHCO3 in air. The organic layer was col-

lected, dried over MgSO4 and gravity filtered into a 50 ml round bottom 

flask and evaporated to dryness under vacuum. The flask was outfitted 

with a sublimation apparatus and the residues were sublimed at 140 °C 

to drive off remaining Se2Tripp2 as an orange residue on the cold finger. 

The Se2Tripp2 was washed off the cold finger, and the sublimation was 

continued at 160 °C for ~3 hours. This afforded 7 as an off-white solid, 

which was collected (155 mg) in 15 % yield. 1H NMR (C6D6, 500 

MHz): 𝛿 8.53 (s, 1H, NH), 7.19 (s, 4H, ArH), 7.02 (s, 2H, AcridanH), 

7.01 (s, 2H, AcridanH), 4.26-4.18 (sept, JH-H 6.45 Hz, o-CHMe2), 2.78-

2.70 (sept, JH-H 7.04 Hz, p-CHMe2),  1.91 (s, 6H, CMe2), 1.51 (s, 6H, 

CMe), 1.28-1.27 (d, JH-H 7.04 Hz, 24H, o-CHMe2), 1.16-1.15 (d, JH-H 

7.04 Hz, 12H, p-CHMe2). 13C{1H} NMR (C6D6, 125 MHz): 𝛿 153.71 

(o-ArylC), 150.60 (p-ArylC), 136.50 (AcridanCN), 131.15 (AcridanCH), 

130.71 (AcridanC), 130.08 (AcridanCMe), ~128 (ArylCSe), 124.91 

(AcridanCH), 122.69 (ArylCH), 118.88 (AcridanCSe), 37.59 (Acrid-

anCMe2), 34.99 (o-CHMe2), 34.58 (p-CHMe2), 30.04 (CMe), 24.68 (o-

CHMe2), 24.08 (p-CHMe2), 20.84 (CMe2). 77Se{1H} NMR (C6D6, 95 

MHz): 𝛿 162.15 (s). Anal. Calcd for C47H63NSe2: C, 70.57; H, 7.94; N, 

1.75%. Found: C, 70.49; H, 8.13; N, 1.71%. 

 

4,5-bis(2,4,6-triisopropylphenyltellurido)-2,7,9,9-tetramethylacridan 

(H[ATe2
Tripp2]) (8): H[ABr2] (199.5mg, 0.5049 mmol) was charged to a 

2-neck round-bottom flask and dissolved in ~20 ml of Et2O. A glass 

stopper was outfitted on one of the necks and a distillation apparatus was 

outfitted on the other. The apparatus was appended to a vacuum line and 

the H[ABr2] was stirred at room temperature under argon until complete-

ly dissolved. The solution was then cooled to –78 °C and 3 eq. of 1.63 M 
nBuLi in hexanes (0.93ml, 1.5 mmol) was added dropwise while stirring, 

producing a light yellow solution. The cold bath was removed, and the 

reaction was left to stir at room temperature for 2 hours, after which the 

solution was cooled again to –78 °C and 2 eq. of Te2Tripp2 (570.2 mg, 

1.010 mmol) dissolved in ~10 ml of Et2O was added dropwise to the 

reaction, turning the solution red-orange. The reaction was covered with 

aluminum foil to protect it from light and left to stir under argon with the 

cold bath up overnight, which slowly warmed, allowing the reaction to 

come to room temperature over several hours. The foil was removed, 

and the orange reaction mixture was then quenched with 1 eq. of 1 M 

HCl(aq) (1.51 ml, 1.51 mmol) while stirring vigorously, producing copi-

ous amounts of white precipitate which redissolved over time, and then 

allowed to continue stirring for 10 minutes under argon. Volatiles were 

removed under vacuum, affording a dark red waxy residue. The receiv-

ing flask on the distillation apparatus was then cooled to –78 °C and 

HTeTripp, nBuTeTripp and Te2Tripp2 were distilled from the reaction 

flask at 155 °C under vacuum for 4 hours (a heat gun was occasionally 

used to help the by-products transfer from the distillation arm into the 

receiving flask). Once red Te2Tripp2 stopped collecting in the neck of the 

distillation apparatus, the flask was removed from the vacuum line and 

the residues were dissolved in ~20 ml of Et2O and washed with 2 x 75 

ml NaHCO3 in air. The organic layer was collected, dried over MgSO4, 

gravity filtered into a 50 ml round bottom flask, and evaporated to dry-

ness under vacuum. The flask was outfitted with a sublimation apparatus 

and the residues were sublimed at 150 °C to drive off remaining 

Te2Tripp2 as a red residue on the cold finger. The Te2Tripp2 was washed 
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off the cold finger, and the sublimation was continued at 170 °C for ~2 

hours to afford 8 as an off-white pink-orange solid which was collected 

(140 mg) in 21 % yield. 1H NMR (C6D6, 600 MHz): 𝛿 8.43 (s, 1H, NH), 

7.48 (s, 2H, AcridanCH), 7.15 (s, 4H, ArCH),  7.06 (s, 2H, AcridanCH), 

4.19-4.12 (sept, JH-H 6.80 Hz, 4H, o-CHMe2), 2.76-2.69 (sept, JH-H 6.80 

Hz, 2H, p-CHMe2), 1.92 (s, 6H, CMe), 1.49 (s, 6H, CMe2), 1.26-1.25 (d, 

JH-H 6.87 Hz, 24H, p-CHMe2), 1.15-1.14 (d, JH-H 6.93 Hz, 12H, o-

CHMe2). 13C{1H} NMR (C6D6, 150 MHz): 𝛿 155.22 (o-ArylC), 150.71 

(p-ArylC), 139.83 (AcridanCTe), 138.53 (AcridanCH), 131.31 (Acrid-

anCMe), 129.80 (AcridanC), 126.39 (AcridanCH), 122.26 (ArylCH), 

121.59 (ArylCTe), 104.03 (AcridanCN), 40.40 (o-CHMe2), 37.92 

(CMe2), 34.47 (p-CHMe2), 29.66 (CMe2), 24.95 (o-CHMe2), 24.12 (p-

CHMe2), 20.61 (CMe). 125Te{1H} NMR (C6D6, 189 MHz): 𝛿 196.86 (s) 

Anal. Calcd for C47H63NTe2: C, 62.92; H, 7.08; N, 1.56 %. Found: C, 

63.20; H, 7.41; N, 1.53 %. 

 

Potassium 4,5-bis(2,4,6-triisopropylphenylselenido)-2,7,9,9-

tetramethylacridanide ∙ 2 dme {[K(ASe2
Tripp2)(dme)2]} (9): 

H[ASe2
Tripp2] (250 mg, 0.313 mmol) and 1.2 eq. KCH2Ph (48.8 mg, 

0.375 mmol) were charged to a 50 ml round-bottom flask and then dis-

solved in ~20 ml of dme. The flask was appended to a vacuum line and 

immediately stirred, turning the solution from orange to bright yellow. 

The reaction was stirred at room temperature under argon for 15 

minutes, after which the volatiles were removed in vacuo and the resi-

dues dried for 20 minutes, leaving a glassy orange film. The flask was 

brought into the glovebox and 281 mg of orange-yellow 

[K(ASe2
Tripp2)(dme)2] was collected (88 % yield). The solid can be stored 

for at least one year at –30 °C in an argon atmosphere. X-ray quality 

crystals were grown from dme/hexanes over 2 weeks at –30 °C. 1H 

NMR (C6D6, 500 MHz): 𝛿 7.33 (s, 4H, ArCH), 7.06 (s, 2H, Acrid-

anCH), 6.43 (s, 2H, AcridanCH), 4.03-3.96 (sept, JH-H 6.86 Hz, 4H, o-

CHMe2), 3.12 (s, 8H, OCH2), 2.98 (s, 12H, OMe), 2.90-2.84 (sept, JH-H 

6.98 Hz, 2H, p-CHMe2), 2.10 (s, 6H, CMe), 1.78 (s, 6H, CMe2), 1.31-

1.30 (d, JH-H 6.74 Hz, 24H, o-CHMe2), 1.27-1.26 (d, JH-H 6.87 Hz, 12H, 

p-CHMe2). 13C{1H} NMR (C6D6, 125 MHz): 𝛿 154.35 (o-ArylC), 

150.13 (p-ArylC), 146.08 (AcridanCSe), ~128 (AcridanC), ~128 (Ar-

ylCSe), ~128 (AcridanC), 124.79 (AcridanCH), 124.48 (AcridanCH), 

123.14 (AcridanCMe), 122.70 (AcridanCN), 122.17 (ArylCH), 71.80 

(OCH2), 58.66 (OMe), 37.36 (CMe2), 34.75 (p-CHMe2), 34.72 (o-

CHMe2), ~34.49 (CMe2), 24.92 (o-CHMe2), 24.25 (CMe). 77Se{1H} 

NMR (C6D6, 114 MHz): 𝛿 203.30 (s) Anal. Calcd for 

C55H82NSe2O4K: C, 64.87; H, 8.12; N, 1.38 %. Found: C, 64.56; H, 

8.10; N, 1.41 %. 

 

Potassium 4,5-bis(2,4,6-triisopropylphenyltellurido)-2,7,9,9-

tetramethylacridanide ∙ 2 dme {[K(ATe2
Tripp2)(dme)2]} (10): 

H[ATe2
Tripp2] (50 mg, 0.056 mmol) and 1.2 eq. KCH2Ph (8.7 mg, 0.056 

mmol) were charged to a 25 ml round-bottom flask and then dissolved in 

~10 ml of dme. The flask was appended to a vacuum line and immedi-

ately stirred, turning the solution from orange to bright yellow. The reac-

tion was stirred at room temperature under argon for 15 minutes, after 

which the volatiles were removed in vacuo, and the residues dried for 20 

minutes to afford a glassy yellow film. The flask was brought into the 

glovebox and 49.2 mg of yellow [K(ATe2
Tripp2)(dme)2] was collected (98 

% yield). X-ray quality crystals were grown from dme/hexanes over 2 

weeks at –30 °C. The solid can be stored for at least one year at –30 °C 

in an argon atmosphere.  1H NMR (C6D6, 500 MHz): 𝛿 7.34 (s, 4H, 

ArCH), 7.03 (s, 2H, AcridanCH), 6.67 (s, 2H, AcridanCH), 4.19-4.11 

(sept, JH-H 6.90 Hz, 4H, o-CHMe2), 3.20 (s, 8H, OCH2), 3.02 (s, 12H, 

OMe), 2.93-2.85 (sept, JH-H 7.20 Hz, 2H, p-CHMe2), 2.07 (s, 6H, CMe), 

1.70 (s, 6H, CMe2), 1.37-1.36 (d, JH-H 6.89 Hz, 24H, p-CHMe2), 1.29-

1.28 (d, JH-H 6.89 Hz, 12H, o-CHMe2).  13C{1H} NMR (C6D6, 125 

MHz): 𝛿 156.17 (o-ArylC), 150.26 (p-ArylC), ~147 (AcridanCMe), 

129.76 (AcridanCH), ~128 (AcridanC), 125.49 (AcridanCH), 125.19 

(AcridanCTe), 122.62 (ArylCTe), 121.52 (ArylCH), 110.01 (Acrid-

anCN), 71.96 (OCH2), 58.63 (OMe), 40.05 (o-CHMe2), 37.08 (CMe2), 

35.44 (CMe2), 34.69 (p-CHMe2), 25.36 (o-CHMe2), 24.30 (p-CHMe2), 

21.09 (CMe). 125Te{1H} NMR (C6D6, 158 MHz): 𝛿 230.72 (s) Anal. 

Calcd for C55H82NTe2O4K: C, 59.22; H, 7.41; N, 1.26 %. Found: C, 

59.97; H, 6.96; N, 1.62 %. 

 

Reactions of 2,2,2-cryptand with 6, 9 or 10: In a glovebox, the appro-

priate potassium complex (6, 16.3 mg, 0.0213 mmol; 9, 21.7 mg, 0.0213 

mmol; 10, 14.8 mg, 0.0133 mmol) was charged to a 20 ml scintillation 

vial with a stir bar and dissolved (or suspended) in ~0.5 ml of C6D6. 

Following this, 1 eq. of 2,2,2-cryptand (8.0 mg, 0.021 mmol {for 6 or 9}; 

5.0 mg, 0.013 mmol {for 10}) was dissolved in ~2 ml of C6D6 and added 

dropwise to a stirring solution (or suspension) of 6, 9 or 10 at room tem-

perature. The reaction was stirred for 15 minutes, during which a bright 

yellow suspended precipitate was produced. The precipitate was allowed 

to settle and the supernatant was decanted and analyzed by NMR spec-

troscopy. 

FOOTNOTES 

† 16,540 of the 42,505 alkali metal-containing compounds in the 

CSD contain M–OR2 (M = alkali metal) bonds. CSD accessed 

via Conquest (CSD version 5.43, updated November 2022). 

‡ All metal–chalcogen distances in 3-6 and 9-10 are greater than 

the sum of the covalent radii (Li–S 2.33 Å, Li–Se 2.48 Å, K–S 

3.08 Å, K–Se 3.23 Å, K–Te 3.41 Å),42 but less than the sum of 

the Van der Walls radii (Li–S 4.0 Å, Li–Se 4.1 Å, K–S 4.6 Å, 

K–Se 4.7 Å, K–Te 4.9 Å).81 

§ 98.9% of the K–OR2 distances in the CSD fall within the range 

2.60-3.20 Å. 100% of the non-bridging K–NAr2 distances in the 

CSD fall within the range 2.61-2.89 Å. 100% of the bridging K–

NAr2 distances in the CSD fall within the range 2.758-3.105 Å. 

100% of the bridging Li–N distances in the CSD fall within the 

range 1.89-2.253 Å. CSD accessed via Conquest (CSD version 

5.44, updated June 2023). 

¶ Geometry optimization of 9* with only the K–Se distances con-

strained to crystallographic values resulted in a structure with a 

significantly overestimated K–N distance. 
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