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Abstract: The reactions of a cyclic alkyl(@amino)carbene
(CAAQ)-stabilized beryllium radical with E,Ph, (E=S, Se, Te)
and of a beryllole with HEPh (E=S, Se) yield the correspond-
ing beryllium phenylchalcogenides, including the first struc-
turally authenticated beryllium selenide and telluride com-

plexes. Calculations show that their Be—E bonds are best
described by the interaction between the Be®™ and E-
fragments, with Coulombic forces accounting for ca. 55% of
the attraction and orbital interactions dominated by the o
component.

Introduction

Due to its high toxicity," the coordination chemistry of
beryllium lags significantly behind that of the heavier alkaline
earth metals"™ and has been carried out mainly in silico since
the 1990s."” The increasing interest in low-valent main group
chemistry in recent years, however, has also led to a renaissance
in experimental beryllium chemistry,""'® culminating in the
isolation of the first Be(0)"” and Be(l)"®'¥ complexes (e.g. | and
Il, Figure 1). These owe their stability to the strong o-donor and
m-acceptor properties of the cyclic alkyl(amino)carbene (CAAQ)
ligand(s), which has been raising vehement discussion about
the validity of their metal oxidation state.”®*? More recently,
our group also reported the first antiaromatic beryllacycle,
compound I, which is isoelectronic to the cyclopentadiene
cation and can be reduced to an aromatic berrylole dianion.?

Beryllium chalcogenide materials present high hardness,
resistivity, thermal conductivity and radiation stability, which
make BeO ceramics a material of choice in nuclear reactors.””
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Heavier beryllium chalcogenides also find uses as dopants in
alloys for optoelectronic applications, albeit with limitations
due to their toxicity.”* In contrast, molecular beryllium
chalcogenide complexes have been less widely explored. While
the high oxophilicity of beryllium makes beryllium alkoxides
particularly easy synthetic targets,"''® examples of heavier
beryllium chalcogenide complexes remain scarce. Diorgano-
and diaminoberyllium complexes are known to undergo
hydrolysis reactions with thiols and selenols to form beryllium
dichalcogenides (Figure 1a).22*? Furthermore, beryllium alkox-
ides and halides undergo salt elimination reaction with lithium
sulfides to yield the corresponding beryllium sulfides (Fig-
ure 1b).%*3¥ Finally, CS, was shown to insert into Be-N bonds
to yield the corresponding dithiocarbamates (Figure 1¢).5%
Overall, only three organosulfide beryllium complexes have
been structurally authenticated,®*3% and no examples of
heavier organoselenide or -telluride complexes are known to
date.

In this contribution we report the synthesis of heavier
tricoordinate beryllium phenylchalcogenides by reaction of

Low-valent beryllium complexes
Dip

Known syntheses of heavier beryllium chalcogenides

a) 2 HER' b) LiISR

BeR, —— — ~ Be(ERY), RBeX RBe(SR)
E=S, Se X =OR', Cl
c)CS S. S
Be(NR,), - RN— BE D—NR,
s’ s

Figure 1. Examples of recent low-valent beryllium complexes and literature-
known synthetic routes to heavier beryllium organochalcogenides. Dip =2,6-
iPr,CeHs.
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Scheme 1. Reactivity of beryllium radical 1 with dichalcogenides. Isolated yields in parentheses.

E,Ph, (E=S, Se, Te) with the beryllium radical Il, and by
chalcogenolysis of an endocyclic Be—C bond of beryllole lll with
HEPh (E=S, Se), providing the first solid-state structures of
molecular beryllium selenides and a telluride.

Results and Discussion

The addition of the diphenyldichalcogenides E,Ph, (E=S, Se,
Te) to the beryllium radical Il in toluene at —78°C with
subsequent slow warming to room temperature yielded
complex mixtures of products. For E=S, Te, the main reaction
product was the racemic beryllium chalcogenide complex 1-E.
For E=Te the main side-product was the CAAC-chalcogen
adduct 3-Te.’” For E=S the main side-product was 4-S, which
was confirmed in an independent synthesis by treating CAAC
with PhSH. Furthermore, a few crystals of the beryllium
dichalcogenide 2-S, which results from the displacement of the
CAACH ligand of 1-S by a phenylsulfide substituent, were
isolated and characterized by X-ray structural analysis (see
Figure S29 in the Supporting Information). For E=Se, the only
identifiable reaction by-products were 3-Se and 4-Se. The
selectivity of the reactions was drastically improved (10-15%
side-products in the crude) by carrying them out in the dark
and changing the solvent to diethyl ether, which enabled the
isolation of 1-S, 1-Se and 1-Te as orange crystalline solids in
moderate to good yields (47-75%, Scheme 1).B¥ It is note-
worthy that the reduction of 1-S with lithium sand in diethyl
ether regenerated the beryllium radical Il. The formation of the
beryllium chalcogenide species 1-E and 2-E from the reaction of
Il with E,Ph,, which is known to react by homolytic E-E bond
cleavage, is indicative of a beryllium-centered radical in Il, thus
providing clear experimental evidence for the assignment of
the +1 oxidation state to the beryllium center in this species.

The °Be NMR spectra of 1-E show broad resonances (full
width at mid-height: fwmh =2420-550 Hz) at 20, 22 and 24 ppm,
for E=S, Se and Te, respectively, the downfield shift down the
group reflecting the diminishing p-orbital overlap. Power’s
tricoordinate  beryllium organosulfide (Et,0)Be(Tp*)(SMes¥)
(Tp*=2,6-(2,4,6-Me;CeH,),CsH;, Mes* =2,4,6-tBu;CH,) shows a
°Be NMR resonance at 17.4 ppm (fwmh~540 Hz), slightly up-
field of 1-5.5¥ The 7’Se NMR spectrum of 1-Se and the '*Te NMR
spectrum of 1-Te show a singlet at 205.0 and 157 ppm,
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respectively. The 'HNMR spectra show the characteristic
resonance pattern of CAAC- and CAACH-stabilized beryllium
complexes,"” with the BeCH singlet at ca. 3.2 ppm and two sets
of unsymmetrical iPr-CH resonances at ca. 4.6 and 3.7 ppm (two
sharp septets) for the CAAC ligand and 3.4 and 2.5 ppm (two
broad septets) for the CAACH ligand. The UV-vis spectra of 1-E
showed a very broad, low-intensity absorption band, starting
around 380 nm and trailing up to 600 nm, with a maximum at
449, 459 and 417 nm for E=S, Se and Te, respectively.

Orange single crystals of 1-S, 1-Se and 1-Te provided X-ray
crystallographic data for their solid-state structures (Figure 2
and Figure S29 in the Supporting Information; Table 1). In all
three compounds the Be plane is near-orthogonal to the plane
of the CAAC ligand (torsion angle |N1-C1-Bel—E| 80.2(2)-
95.4(3)°). In 1-S, the EPh moiety is oriented so that the phenyl

/S1J\
/

_ C1___¢ Bel \ \ i
% t’\ c21 lﬁ\g. %ﬁiﬁ /ﬁhm‘l" C1
N

0Te1

c21 iyf‘(

Figure 2. Solid-state structures of 1-S and 1-Te. Thermal displacement
ellipsoids at 50%. Ellipsoids of ligand periphery and hydrogen atoms
omitted for clarity, except for CAACH hydrogen atom at C21.

Table 1. °Be NMR shifts (ppm) and selected bond lengths (A) and angles
(°) for 1-E.

1-S 1-Se 1-Te
Soge 20 22 24
Bel-E 2.0228(19) 2.179(3) 2.403(5)
Be1-C1 1.821(2) 1.797(4) 1.800(6)
Be1-C21 1.769(2) 1.790(4) 1.780(6)
C1—N1 1.311(3) 1.311(3) 1.304(5)
C21-N2 1.517(3) 1.517(3) 1.516(5)
C1-Bel-E 94.11(9) 116.72(17) 114.2(3)
C21-Bel-E 136.67(12) 116.32(17) 117.8(3)
3(/Be) 359.9(1) 359.4(2) 359.7(3)
2(/C1) 359.3(1) 359.9(2) 359.9(3)
Be1-E—C41 119.08(7) 117.33(11) 112.81(16)
N1-C1-Bel-E —80.2(2) 95.4(3) 91.7(4)
C1-Bel1-E-C41 —172.92(8) 6.0(2) 6.0(4)
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ring is positioned above the CAACH ligand (torsion angle
C1-Be1-S1-C41 —172.92(8)°), whereas in 1-Se and 1-Te, the
phenyl ring is rotated in the opposite direction, above the
neutral CAAC ligand (C1-Be1-S1—C41 ca. 6°). Furthermore,
whereas the EPh ligand is positioned symmetrically between
the CAAC and CAACH ligands in 1-Se and 1-Te (C1-Bel—E~
C21-Bel1—E ca. 116°), the SPh ligand in 1-S is tilted towards to
CAAC ligand, forming nearly a right angle (C1-Be1—E 94.11(9)°).
The C1--S1 distance is reduced to 2.81 A, enabling perhaps
some orbital overlap between the lone pair at sulfur and the
formally empty p orbital at C1. The Be—E distance increases
down the group from 2.0228(19) A in 1-S to 2.403(5) A in 1-Te,
in accordance with the increase in atomic radii. The Be—S bond
length in 1-S is longer than that in the only other structurally
characterized tricoordinate beryllium organosulphides, (THF)Be-
(SMes*), (1.991(7), 1.987(8) A)®¥ and (Et,0)Be(Tp*)(SMes¥)
(1.984(3) A)¥ presumably due to the stronger electron-
donating ability of the CAAC ligand versus THF and Et,0. As for
1-Se and 1-Te, they are the first examples of a beryllium
selenide and telluride to be structurally authenticated.

The reaction of beryllole Il with phenylthiol and -selenol in
benzene at room temperature resulted in an instant color
change from bright yellow to colorless, accompanied by an
upfield shift of the °Be NMR resonance from 22.9 ppm to 18.0
(5-S, fwmh=580Hz) and 20.6 (5-Se, fwmh=~820Hz) ppm,
respectively (Scheme 2). The 'HNMR spectra showed four
magnetically inequivalent phenyl residues and a broad vinyl
singlet at 7.73 and 7.99 ppm, respectively, indicative of ring-
opening of an endocyclic Be—C bond and protonation of the
resulting 1,2,3,4-tetraphenylbuta-1,3-dien-1-yl fragment. Fur-
thermore, the 77Se NMR spectrum of 5-Se showed a singlet at
142 ppm. The upfield shifts in the °Be and ’Se NMR spectra
compared to 1-S and 1-Se reflect the more electron-donating
character of the butadienyl ligand compared to CAACH.
Compound Il thus undergoes Be—C bond-cleaving hydrolysis

Dip/N Dip/N .
HEPh )
Be 4
Ph Ph {
\ E=S, CeHe, 1t L
E = Se, toluene, -78 °C .
Ph bh
Ph Ph
" e 5-S (86%)
~ N}éﬁ‘y o 5-Se (40%)
Se1 & et | Z
/ N\ H2tefco .
cosga  cotm L
il /4"5\7',- g 02;#;\’ c23
S \
w7 \

Scheme 2. Reactions of HSPh and HSePh with beryllole lll. Isolated yields in
parentheses. Solid-state structures of 5-Se. Thermal displacement ellipsoids
at 50 %. Ellipsoids of ligand periphery and hydrogen atoms omitted for
clarity, except for vinyl proton at C24.
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with  HSPh and HSePh like other
complexes .32

The structures of complexes 5-S and 5-Se were confirmed
by X-ray crystallographic analyses (Scheme 2 and Figure S32 in
the Supporting Information). The complexes show similar Be—S
(2.034(4) A) and Be—Se (2.168(3) A) bond lengths to 1-S and 1-
Se, respectively. The buta-1,3-dien-1-yl fragment shows distinct
C—C double and single bond alternation (C21-C22, C22—C23,
C23—C24: 5-S 1.357(4), 1.492(4), 1.350(4) A; 5-Se 1.368(3),
1.491(3), 1.349(3) A). The Be—C bond to the anionic butadienyl
ligand (5-S 1.756(4) A; 5-Se 1.753(4) A) is significantly shorter
than to the CAAC donor ligand (1-S 1.827(4) A; 1-Se 1.813(4) A)
and slightly shorter than in precursor Ill (avg. 1.77 A).

With the Be—Se (2.179(3) A) and Be—Te (2.403(5) A) bonds in
1-Se and 1-Te, respectively, being slightly longer than the sum
of the corresponding covalent radii (r(Be) +r(Se) =2.16 A; r(Be)-
+1r(Te)=2.34 A),*@ DFT calculations were undertaken to assess
the bonding in complexes 1-E. Structure optimizations at the
wB97X-D"/Def2-TZVP*" level of theory provide good agree-
ment with the X-ray structural data, and large singlet-triplet
energy gaps have been found (see details of the computations
in the Supporting Information). The computed Wiberg bond
indices (WBIs)*? of 1.19-1.22 and Mayer bond orders (MBOs)™*!
of 0.83-0.89 for the Be—E bonds in 1-E (E=S, Se, Te) are both
indicative of single bonds (see Table S2 in the Supporting
Information). Further investigation of the Be—E bonds in their
corresponding equilibrium geometries was performed by
energy decomposition analysis with natural orbitals for chem-
ical valence model (EDA-NOCV)*¥ calculations at the PBEQ">¢l-
D3"1/TZ2P level of theory. Two possible bonding situations,
resulting from two distinct fragment pairs, were considered: a)
an electron-sharing Be—E bond obtained by the combination of
neutral radical [(CAAC)(CAACH)Be]® and [EPh]* fragments, and b)
a dative E-—Be™ interaction with the charged fragments [EPh]~
and [(CAAC)(CAACH)Bel™ to account for the formation of a
polar bond."® The calculated orbital interaction energy AE,, in
the latter case (—81 to —84 kcal mol™) is less negative than in
the former (=110 to —146 kcal mol™), revealing that the Be—E
bonds in 1-E are better described using the charged fragments
(see Table S4 in the Supporting Information).”” In all cases,
electrostatic effects (AV,,) account for approximately 55% of
the attractive interaction terms and orbital interactions contrib-
ute to ca. 36%. The breakdown of AE,, into pairwise
interactions indicates that the E-—Be™ o contribution is the
dominant factor, but that a stabilizing E-—Be™ 7t donation is
also present. As shown in Figure 3, the main orbital interactions
involved in Te"—Be™ bonding in 1-Te are primarily from AE,,,
(55.6 %), representing the polarized Te—Be ¢ bond, and AE,.,
(23.5%), which corresponds to it donation from tellurium to the
empty p, orbital at beryllium. While a similar bonding picture is
observed for 1-S and 1-Se, the total interaction energy
decreases down group 16.

Finally, we calculated the thermodynamics of the formation
of two molecules of 1-E from Il and E,Ph, (see Supporting
Information for details). The Gibbs free energy for the first step
of the reaction, in which the E—E bond in E,Ph, is broken and
the first 1-E molecule is formed, is close to zero for E=Se, Te

diorganoberyllium
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Ap,, Ve =10.69
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AE, 4 =-46.0 (55.6%)

Ap;, v =10.30
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AE 5 =-10.3 (23.5%)

Figure 3. Plots of the deformation densities Ap, (Te"—Be™ o donation) and
Ap, (Te"—Be™ & donation) and the corresponding energies AE,,,, and
AE, ., (kcal mol™) of the main pairwise contributions associated with the
orbital interaction term AE,, in 1-Te at the PBE0-D3/TZ2P level of theory.
Values in parentheses are the percentage of the k™ pairwise orbital
interaction AE,,,, with respect to AE,,,. The eigenvalues v, correspond to a
charge transfer from orbital ¥_, to ¥, in the NOCV representation.
Isovalues: 0.003. Electron density flows from red to blue. Hydrogen atoms
are omitted for clarity.

(AG,=0.5-0.7 kcal mol™"), and slightly negative for E=S (AG, =
—7.7 kcalmol™"). While this step provides no accountable
driving force for the reaction, for the second step of the
reaction, in which the remaining radicals Il and [EPh]® combine
to form a second 1-E molecule, a substantial driving force of
AG,=-30 to —47 kcalmol™' is observed. As expected, the
reaction free energy is less negative as we move down the
group, in line with weaker Be—E bonding.

Conclusions

To conclude, we have reported the synthesis of beryllium
phenylchalcogenides via a) the radical reaction of a dicoordi-
nate CAAC-stabilized beryllium radical with E,Ph, (E=S, Se, Te)
and b) the ring-opening hydrolysis of a tricoordinate beryllole
with HEPh (E=S, Se). Reaction a) provides clear experimental
evidence for the beryllium- rather than CAAC-centered radical
nature of the disputed Be(l) precursor?>?? X-ray crystallo-
graphic analyses enabled the first structural authentication of
Be—Se and Be—Te bonds, which DFT calculations show to be
highly polarized single bonds, the Be—E interaction energy
decreasing down group 16.

Experimental Section

NMR spectra, UV-vis spectra and details of the computations are
provided in the Supporting Information.

Methods and Materials: All manipulations were performed either
under an atmosphere of dry argon or in vacuo using standard
Schlenk line or glovebox techniques. Deuterated solvents were
dried over molecular sieves and degassed by three freeze-pump-
thaw cycles prior to use. All other solvents were distilled and
degassed from appropriate drying agents. Both deuterated and
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non-deuterated solvents were stored under argon over activated
4 A molecular sieves. NMR spectra were acquired either on a Bruker
Avance 500 (operating at 500 MHz for 'H, 125 MHz for "*C and
95 MHz for ”’Se) or a Bruker Avance 400 (operating at 400 MHz for
'H, 56 MHz for °Be and 100 MHz for *C) NMR spectrometer.
Chemical shifts (8) are provided in ppm and internally referenced
to the carbon nuclei (*C{'H}) or residual protons ('H) of the solvent.
Solid-state IR spectra were recorded on a Bruker FTIR spectrometer
ALPHA Il inside a glovebox. UV-vis spectra were acquired on a
METTLER TOLEDO UV-vis-Excellence UV5 spectrophotometer inside
a glovebox. Microanalyses (C, H, N, S) were performed on an
Elementar vario MICRO cube elemental analyzer. Note: both
elemental analyses and HRMS were carried out for all new
compounds but in some cases these decomposed too rapidly and
only one type of analysis was possible.

Be metal, S,Ph,, Se,Ph,, Te,Ph,, PhSH and PhSeH were purchased
from various chemicals companies, transferred into a glovebox and
used as received. CAAC (1-(2,6-diisopropylphenyl)-3,3,5,5-tetrameth-
ylpyrrolidin-2-ylidene),®” [(CAAC)(CAACH)Be]" (I, CAACH=1-(2,6-
diisopropylphenyl)-3,3,5,5-tetramethylpyrrolidin-2-yl)"* and
[(CAAC)Be(C,Ph,)] (I were synthesized following literature
procedures.

Synthetic procedures

Synthesis of (CAAC)(CAACH)BeSPh, 1-S: A solution of freshly
prepared Il (131 mg, 0.223 mmol, 1.00 equiv.) in 5 mL of Et,0 was
cooled to —78°C and a solution of S,Ph, (24.6 mg, 0.113 mmol,
0.500 equiv.) in Et,0 was added dropwise. The mixture was allowed
to warm to room temperature and stirred for 1 h until its color
changed from brown to red. Removal of all volatiles in vacuo
provided an orange solid, which was washed with pentane until
the washing phases became colorless, and then extracted with
benzene. After removal of volatiles 1-S was isolated as an orange
solid (77.3 mg, 112 mmol, 49%). NMR data indicated contamination
with small amounts of 4-S (see independent synthesis of 4-S
below). "H NMR (500.1 MHz, C,D¢): 6 =7.90 (m, 2H, 0-CH,y), 7.33 (dd,
*J=75Hz, Y=19Hz, TH, m-CHyy), 7.22 (t, *J=7.5 Hz, TH, p-CHp,,),
7.18 (m partly overlapping with solvent signal, TH, CH,,), 7.09 (m,
2H, CH,), 7.01 (m, 2H, CH,), 6.95 (m 1H, CH,,), 6.84 (m 1H, CH,,),
4.58 (sept, *J=6.7 Hz, 1H, CH(CH,),), 3.66 (sept, *J=6.7 Hz, TH,
CH(CH,),), 3.44 (br. sept, 1H, CH(CH,),), 3.17 (s, TH, BeCH), 2.47 (br.
sept, TH, CH(CH,),), 2.00 (d, J=12.0Hz, 1H, CH,), 1.96 (d, 2=
12.0 Hz, 1H, CH,), 1.71 (br. d, 3H, CH(CH,),), 1.62 (s, 3H, C(CH5),), 1.55
(br. d, 3H, CH(CH,),), 1.43 (d, *J=6.7 Hz, 3H, CH(CH,),), 1.36 (d, *J=
6.7 Hz, 3H, CH(CH,),), 1.35 (d, 3J=6.7 Hz, 3H, CH(CH,),), 1.34 (d, *J)=
6.5 Hz, 3H, CH(CH,),), 1.24 (s, 3H, C(CH,),), 1.25 (d, 1H, CH,, detected
by HSQQ), 1.22 (d, 1H, CH,, detected by HSQC), 1.18 (s, 3H, C(CH,),),
1.13 (three overlapping s, 9H, C(CH,),), 0.99 (d, *J=6.7 Hz, 3H,
CH(CH;,),), 0.97 (d, *J=6.7 Hz, 3H, CH(CH,),), 0.76 (two overlapping s,
6H, C(CH,),) ppm. *C{'H} NMR (125.8 MHz, C;D¢): 6 =254.7 (Cearpene)s
153.1 (0-Cy), 151.3 (0-Cy), 147.0 (NGCy), 146.1 (0-Cy), 146.0 (0-C,),
143.4 (SC,), 136.1 (NC), 134.7 (CH,), 1344 (0-CHpy), 129.9 (CHpy),
127.7 (CHp), 126.3 (CHy), 125.3 (CH,), 125.0 (CH,,), 124.6 (CH,),
1244 (m-CH,), 123.8 (CH,), 814 (NC(CH,),), 72.3 (BeCHN), 64.2
(NC(CH,),), 60.5 (CH,), 56.3 (C(CH,),), 51.6 (CH,), 41.3 (C(CH,),), 34.7
(C(CH,),), 34.3 (C(CH,),), 32.7 (C(CH5)y), 31.5 (C(CH5),), 31.1 (C(CH,)y),
30.3 (C(CH,),), 29.3 (CH(CH,),), 29.2 (CH(CH,),), 29.2 (C(CH,),), 29.0
(CH(CHs),), 28.4 (CH(CHs),), 28.1 (CH(CH,),), 27.7 (CH(CH,),), 27.3
(CH(CHs),), 27.2 (CH(CHs),), 26.5 (CH(CH5),), 26.2 (C(CHs),), 26.0
(CH(CH,),), 25.9 (CH(CH,),), 24.3 (CH(CH,),) ppm. °Be NMR (56 MHz,
C¢D¢): 0 =20 (fwmh =550 Hz) ppm. Elemental analysis (%) calc. for
CasHesBeN,S [690.14 g mol™]: C 80.06, H 9.93, N 4.06, S 4.65; found.:
C79.70,H 10.09, N 3.94 S 4.17. UV-vis (benzene): A.,=449 nm.
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Reduction of 1-S: To a solution of 1-S (15.0 mg, 21.7 umol) in 1T mL
of Et,0 an excess of Li sand was added. The orange mixture turned
brown within 5 min. Removal of all volatiles in vacuo provided a
brown solid. An EPR spectrum and a few dark red crystals analyzed
by X-ray crystallography confirmed the formation of Il without
other radical impurities. The identification of the sulfur-containing
by-product via NMR spectroscopy was not possible due to the
highly paramagnetic nature of the mixture.

Independent synthesis of (CAACH)SPh, 4-S: To a colorless solution
of CAAC (30.0mg, 105 umol) in 0.5mL benzene an excess of
thiophenol was added. The removal of all volatiles in vacuo resulted
in the isolation of 4-S as a colorless solid (39.3 mg, 99.3 umol, 93 %).
"H NMR (500.1 MHz, C,D¢): 6=7.24 (m, 2H, CH,), 7.00 (m, 3H, CH,),
6.84 (m, 3H, CH,), 497 (s, 1H, SCH), 3.97 (sept, *J=6.7 Hz, 1H,
CH(CH,),), 2.99 (sept, >J=6.8 Hz, 1H, CH(CH,),), 1.93 (AJ=12.5 Hz, TH,
CH,), 1.78 ((J=12.5Hz, 1H, CH,), 1.61 (s, 3H, C(CH,),), 1.59 (d, *J=
6.7 Hz, 3H, CH(CH,),), 1.43 (s, 3H, C(CH,),), 1.32 (d, J=6.8 Hz, 3H,
CH(CH,),), 1.18 (s, 3H, C(CH,),), 1.16 (d, *J=6.7 Hz, 3H, CH(CH,),),
0.93 (s, 3H, C(CH,),), 0.76 (d, *J=6.8 Hz, 3H, CH(CH,),) ppm. C{'H}
NMR (125.8 MHz, CDg): 0=1524 (0-Cpp), 150.1 (0-Cpyp), 138.9
(NCpip), 1381 (SCp), 1347 (CHp), 1287 (CHpy), 127.6 (CHpyp),
127.1(CHpp), 1252 (CHpy), 1250 (CHpyp), 939 (SCHN), 62.7 3
(C(CH,),), 57.2 (CH,), 42.7 (C(CH,),), 31.7 (C(CH,),), 30.8 (C(CH,),), 29.4
(C(CH5),), 28.8 (CH(CHs),), 28.7 (C(CHs),), 28.4 (CH(CH,),), 26.2
(CH(CHs),), 25.7 (CH(CHs),), 24.9 (CH(CHs),), 24.6 (CH(CH,),) ppm.

Synthesis of (CAAC)(CAACH)BeSePh, 1-Se: A solution of freshly
prepared Il (120 mg, 0.206 mmol, 1.00 equiv.) in 5 mL of Et,0 was
cooled to —78°C. Under exclusion of light Se,Ph, (32.2mg,
0.103 mmol, 0.50 equiv.) in Et,0 was added dropwise. The solution
color changed instantly from brown to red and the solvent was
removed in vacuo. The residual orange solid was washed with
pentane until the washing phases became colorless, and then
extracted with benzene. After removal of the solvent in vacuo 1-Se
was isolated as an orange solid (72.0 mg, 0.098 mmol, 47 %). NMR
data indicated contamination with small amounts of 4-Se, by
analogy with the data for 4-S (attempts to synthesis 4-Se
independently by the addition of HSePh to CAAC failed, leading
exclusively to the formation of CAACH, and Se,Ph,, which were
identified by NMR-spectroscopic analysis). Elemental analysis data
was obtained from a small amount of single crystals of 1-Se.
'HNMR (500.1 MHz, C,Dy): 6=8.04 (m, 2H, 0-CHy), 7.36 (dd, *J=
7.6 Hz, *J=1.9 Hz, TH, m-CHy,,), 7.23 (t, *J=7.6 Hz, TH, p-CHy,), 7.08
(m, 6H, CH,), 6.93 (dd, >J=7.1 Hz, J=22Hz, 1H, m-CHy,), 4.77
(sept, *J=6.7 Hz, TH, CH(CH,),), 3.58 (sept, *J=6.7 Hz, TH, CH(CH,),),
3.48 (br. sept, TH, CH(CH,),), 3.16 (s, 1H, BeCH), 2.41 (br. sept, TH,
CH(CH,),), 1.99 (d, Y=12.3 Hz, TH, CH,), (d, Y=12.3 Hz, TH, CH,),
1.85 (br. d, >J=5.9Hz, 3H, CH(CH,),), 1.69 (br. d, *J=5.9 Hz, 3H,
CH(CH;),), 1.61 (s, 3H, C(CH,),), 1.41 (d, )=6.8 Hz, 3H, CH(CH,),),
1.40 (d, °J=6.8 Hz, 3H, CH(CH,),), 1.33-1.31 (two overlapping d and
one s, 9H, 6H from CH(CH;), and 3H from C(CHs),), 1.24 (d, *J=
12.9 Hz, 1H, CH,), 1.17 (s, 3H, C(CH,),), 1.13 (m, 4H, 3H from C(CH,),
and 1H from CH, detected by HSQC), 1.10 (s, 3H, CH;, Me), 1.01 (s,
3H, C(CHs),), 1.00 (d, *J=6.8 Hz, 3H, CH(CH,),), 0.96 (d, *J=6.7 Hz,
3H, CH(CH;),), 0.70 (br. s, 3H, C(CH,),), 0.70 (br. s, 3H, C(CH;),) ppm.
3C{'H} NMR (125.8 MHz, C,Dg): 6 =254.4 (C.opere), 152.8 (0-C4,), 150.8
(0-Ca), 147.0 (NC,), 145.7 (0-C,), 1454 (0-Cy), 136.6 (CHpy), 136.2
(CHpr), 135.7. (NCy), 135.2 (SeCy), 129.6 (CHpp), 128.34 (CHpp), 126.0
(CHpp), 125.0 (M-CHp,), 124.94 (p-CHp,,), 124.5 (CH,), 124.3 (CH,),
1242 (m-CH,,), 81.2 (NC(CH,),), 72.6 (BeCHN), 63.7 (NC(CH,),), 60.3
(CH,), 55.8 (C(CH5),), 51.0 (CH,), 40.8 (C(CH,),), 34.8 (C(CH;),), 343
(C(CH;),), 32.5 (C(CH3),), 31.8 (C(CH5)y), 30.7 (C(CHy),), 28.8 (C(CH;),),
28.8 (CH(CH;),), 28.7 (C(CH3),), 28.6 (CH(CH3),), 28.16 (CH(CH,),), 27.7
(CH(CH,),), 27.5 (CH(CH,),), 27.2 (CH(CH,),), 27.1 (CH(CH,),), 27.0
(CH(CH,),), 26.2 (CH(CH,),), 25.8 (CH(CH,),), 25.6 (CH(CH,),), 25.1
(C(CH5),), 23.8 (CH(CH,),), ppm. Be NMR (56 MHz, C,Dy): 0 =22
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(fwmh~430 Hz) ppm. "7Se NMR (95 MHz, CiDy): =205 ppm.
Elemental analysis (%) calc. for C,HgBeN,Se [737.05 gmol™']: C
7496, H 9.30, N 3.80; found.. C 74.09, H 9.27, N 3.56. UV-vis
(benzene): A =459 nm.

Synthesis of (CAAC)(CAACH)BeTePh, 1-Te: A solution of freshly
prepared Il (240 mg, 0.413 mmol, 1.00 equiv.) in 5 mL of Et,0 was
cooled to —78°C. Under exclusion of light Te,Ph, (84.5mg,
0.207 mmol, 0.50 equiv.) in Et,0 was added dropwise. The solution
color changed instantly from brown to red and the solvent was
directly removed in vacuo in order to prevent decomposition. Crude
1-Te was isolated as an orange solid (312 mg, 0.397 mmol, 75%
purity). All attempts to recrystallize 1-Te led to higher amounts of
decomposition, therefore NMR data was collected on the crude
product. Elemental analysis data was obtained from a small amount
of single crystals of 1-Te. '"H NMR (500.1 MHz, C;Dy): 6 =8.04 (m, 2H,
0-CHpy), 7.36 (dd, *J=7.6 Hz, */=1.8 Hz, 1H, m-CHpy), 7.22 (t, *J=
7.6 Hz, TH, p-CHp,,), 7.15 (m partly overlapping with solvent signal,
1H, CH,,) 7.09 (overlapping t and m, 2H, for t: J=7.6 Hz, p-CHy,, for
m: CH,,), 6.97 (m, 3H, CH,), 6.90 (dd, *J=7.6 Hz, *J=1.6 Hz, 1H, m-
CHpyp), 5.08 (sept, J=6.7 Hz, 1H, CH(CH,),), 3.48 (sept, *J)=6.7 Hz,
2H, CH(CH,),), 3.22 (s, 1H, CH-CAACQ), 2.34 (sept, 3)=63Hz 1H,
CH(CHj),), 2.05 (d, 2J=12.2 Hz, 1H, CH,), 1.96 (br. d, >J=6.3 Hz, 3H,
CH(CH,),), 1.89 (br. d, *J=6.3 Hz, 3H, CH(CH,),), 1.77 (d, Y=12.2 Hz,
1H, CH,), 1.61 (s, 3H, C(CH,),), 1.55 (s, 3H, C(CH,),), 1.44 d, ¥J=
6.7 Hz, 3H, CH(CH;),), 1.39 (d, >J=6.7 Hz, 3H, CH(CH;),), 1.31 (d, *J=
6.7 Hz, TH, CH(CH.),), 1.25 (d, *J=6.7 Hz, 1H, CH(CH,),), 1.19 (s, 3H,
C(CH,),), 1.16 (d, TH, CH,, detected by HSQC), 1.10 (s, 3H, C(CH.),),
1.07 (d, *J=6.7 Hz, 3H, CH(CH,),), 0.96 (d, 1H, 2J=12.6 Hz, CH,), 0.94
(d, ®J=6.7 Hz, 3H, CH(CH,),), 0.90 (s, 3H, C(CH,),), 0.84 (s, 3H,
C(CH5),), 0.64 (s, 3H, C(CH3),), 0.61 (s, 3H, C(CH;),) ppm. *C{"H} NMR
(125.8 MHz, C,D¢): 6 =254.6 (Cypenes detected by HMBC), 153.1 (o-
Coip)s 150.8 (0-Cpp), 147.7 (NCpyp), 146.2 (0-Cpy), 145.3 (0-Cpy), 145.3.
(NCpip), 142.5 (0-CHpy), 138.6 (TeGpy), 136.2 (NCpyp) 130.0 (CHgy), 128.3
(CHpp), 127.9 (CHpy,, detected by HSQQ), 126.5 (CHp;,), 125.7 (CHp,),
1255 (CHpy), 1254 (p-CHyy), 1249 (CHyy), 1245 (m-CHy,), 81.5
(NC(CHs),), 74.0 (BeCHN), 64.2 (NC(CHs),), 60.9 (CH,), 55.9 (C(CHs),),
51.2 (CH,), 41.1 (C(CH,),), 36.8 (C(CHs),), 34.7 (C(CH5),), 33.5 (C(CH,),),
32.8 (C(CH;),), 31.1 (C(CH,),), 30.6 (C(CH,),), 29.1 (CH(CHs),), 29.0
(C(CH,),), 287 (CH(CH,),), 284 (CH(CH,),), 28.1 (CH(CH,),), 28.1
(CH(CH,),), 28.0 (CH(CH;),), 27.8 (CH(CH,),), 27.7 (CH(CH,),), 26.5
(CH(CH,),), 26.4 (CH(CH,),), 26.1 (CH(CH),), 24.7 (C(CH,),), 23.9
(CH(CH,),) ppm. °Be NMR (56 MHz, CiD¢): 6 =24 (fwmh~420 Hz)
ppm. '*Te NMR (158 MHz, CiD¢): 6 =157 ppm. Elemental analysis
(%) calc. for C,sHegBeN,Te [785.68 g mol™']: C 70.32, H 8.72, N 3.57;
found.: C 69.36, H 8.83, N 3.38. UV-vis (benzene): Ay =417 nm.

Synthesis of (CAAC)Be(SPh)(C,Ph,H), 5-S: Compound IIl (100 mg,
154 umol, 1.00 equiv.) was dissolved in 10 mL of benzene and PhSH
(16.9 mg, 154 umol, 158 pL, 1.00 equiv.) was added with an
Eppendorf pipette. Upon addition the solution changed instantly
from bright yellow to colorless. Removal of all volatiles in vacuo
provided a colorless solid, which was washed with pentane (3x
2 mL) and recrystallized from a benzene/hexane mixture to yield 5-
S as colorless crystals (101 mg, 132.7 umol, 86%). 'HNMR
(500.1 MHz, CDy): 0=7.73 (br d, 3H, *J=7.4 Hz, CHyp+CHpy), 7.39
(d, 2H, 3J=7.4 Hz, CH,y), 7.28 (d, 2H, 3J=7.4 Hz, CH,,), 7.24 (t, 1H,
*J=7.7 Hz, p-CHyp,,), 7.15-7.14 (m, 2H, m-CHy,,), 7.13-7.08 (m, 4H,
CHpy), 7.04-6.99 (M, 2H, CHpy), 6.99-6.93 (m, 4H, CHpy), 6.83-6.77 (m,
4H, CHspp), 6.74 (br t, 2H, °J=7.6 Hz, m-CHyy), 6.64 (tt, TH, *J=7.4 Hz,
*J=1.3 Hz, p-CHspp), 6.18 (br s, 2H, CHpy), 3.20 (sept, 1H, 3J=6.5 Hz,
CH(CH,),), 2.86 (sept, 1H, *J=6.7 Hz, CH(CH,),), 1.70 (d, 3H, *J=
6.7 Hz, CH(CH,),), 1.58 (s, 3H, C(CH,),), 1.43-1.36 (m, 7H, CH,+
C(CH,),+CHI(CH,),), 133 (d, TH, =129 Hz, CH,), 1.17 (d, 3H, J=
6.7 Hz, CH(CH,),), 1.11 (d, 3H, *J=6.5 Hz, CH(CH,),), 0.97 (s, 3H,
C(CH5),), 0.77 (s, 3H, C(CH;),) ppm. *C{"H} NMR (125 MHz, C;D): 6 =
2493 (Copene)s 150.7 (BeCCC), 150.4 (BeCCC), 149.3 (BeCCC), 146.3
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(0-Coip)r 145.8 (0-Cpyp), 143.5 (i-Cy), 142.1 (i-Gpy), 141.2 (i-Cpp), 138.5 (i-
Gen)r 1349 (NCpyp), 1343 (CHpy), 131.7 (CHpy), 131.2 (CHpy), 130.6
(CHpp), 128.2 (CHyiny), 128.0 (CHpp), 127.9 (CHpy), 127.4 (CHpy), 127.1
(CHpr), 127.0 (M-CHp,), 126.8 (CHpp), 126.7 (CHpy), 125.7 (p-CHpyp),
125.1 (CHpp), 1240 (CHp.), 1233 (CHpp), 82.0 (NC(CH,),), 56.4
(C(CH3)y), 51.2 (CH,), 30.8 (C(CH5)y), 30.5 (C(CH3),), 29.6 (CH(CH,),),
29.3 (CH(CH,),), 29.1 (C(CH,),), 28.2 (CH(CH,),), 27.4 (CH(CH,),), 27.2
(C(CHs),), 25.5 (CH(CH5),), 23.7 (CH(CH5),), ppm. °Be NMR (56.24 MHz,
C¢D¢): 0 =18.0 (fwmh ~580 Hz) ppm. Elemental analysis (%) calc. for
Cs4Hs,BeNS [761.13 gmol™']: C 85.21, H 7.55, N 1.18, S 4.21; found.:
C84.84,H7.82, N 1.88,S 4.16.

(CAAC)Be(SePh)(C,Ph,H), 5-Se: Compound 1l (158.0 mg, 243 umol,
1.00 equiv.) was dissolved in 10 mL of toluene and PhSeH (38.1 mg,
243 pmol, 25.8 uL, 1.00 equiv.) was added with an Eppendorf
pipette. Upon addition the solution changed instantly from bright
yellow to colorless. Removal of all volatiles in vacuo provided a
colorless solid, which was washed with pentane (4x10 mL) to yield
5-Se as a colorless solid (77.6 mg, 96.0 umol, 40%). 'H NMR
(500.1 MHz, C4Dy): 6=7.99 (br s, TH, CHyy,), 7.89 (d, 2H, 2/=7.3 Hz,
CHpy), 7.44 (br d, 2H, 3J=6.07 Hz, CH,), 7.31 (d, 2H, *J=7.4 Hz, o-
CHsepr), 7.22 (t, 1H, *J=7.8 Hz, p-CHyy), 7.15-7.12 (m, 2H, m-CHy,),
7.11-7.07 (m, 4H, CH,,), 7.03-7.00 (m, 2H, CH,.), 6.97 (t, 4H, *J=
8.3 Hz, CHy,), 6.83-6.76 (m, 4H, CHyy), 6.68 (br t, 2H, /=73 Hz,
CHpy), 6.64 (t, TH, 2J=7.4 Hz, p-CHspp), 6.07 (br s, 2H, CHpp), 3.18 (br
s, TH, CH(CH,),), 2.84 (sept, TH, 3)=6.7 Hz, CH(CH),), 1.70 (br s, 3H,
CH(CH;),), 1.57 (s, 3H, CH(CH;),), 1.40-139 (m, 7H, CH(CH,),+
CH(CH;),+CH,), 1.29 (d, TH, 2J=129Hz, CH,), 1.16 (d, 3H, 3=
6.7 Hz, CH(CH,),), 1.11 (d, 2H, *J=6.7 Hz, CH(CH,),), 0.95 (s, 3H,
CH(CH,),), 0.76 (s, 3H, CH(CH,),) ppm. *C{'H} NMR (125 MHz, C,Dy):
0=249.2 (Cypene) 1504 (BeCCC), 148.7 (BeCCC), 146.1 (BeCCQ),
145.8 (0-Coyp), 143.5 (i-Con), 141.4 (i-Cpy), 138.5 (i-Cpr), 136.5 (CHpy),
134.9 (NCpyp), 134.0 (i-Cpp), 131.6 (CHpp), 131.1 (CHpy), 131.0 (CHpy),
130.6 (p-CHpyp), 130.2 (CHpp), 130.0 (CHpy), 128.4 (CHyiny), 127.3 (CHgy),
127.1 (CHpy), 127.1 (CHpp), 126.8 (CHpp), 126.8 (CHpy), 125.8 (M-CHpyp),
125.1 (CHpp), 124.7 (CHp.), 123.2 (CHpp), 82.0 (NC(CHs),), 56.0
(C(CH5),), 51.2 (CHy), 30.8 (C(CH5),), 30.6 (C(CH5),), 29.6 (CH(CH,),),
29.3 (CH(CH,),), 29.2 (CH(CH,),), 28.6 (C(CH,),), 27.5 (CH(CH,),), 27.2
(C(CH3),), 25.6 (CH(CH,),), 23.7 (CH(CH,),), ppm. °Be NMR (56.24 MHz,
CsDy): 6=20.6 (fwmh~820 Hz) ppm. ’Se NMR (95.38 MHz, C,D,):
0=142.2 ppm. Elemental analysis (%) calc. for Cg,Hs,BeNSe
[808.04 g mol™']: C 80.27, H 7.11, N 1.73; found.: C 79.59, H 7.29, N
1.67.

X-ray Crystallographic Details: The crystal data of 1-S and 2-S were
collected on a Bruker X8-APEX Il diffractometer with a CCD area
detector and multi-layer mirror monochromated Moy, radiation.
and the data of 1-Te were collected on a XtaLAB Synergy, Dualflex,
HyPix diffractometer with a Hybrid Pixel Array Detector and multi-
layer mirror monochromated Cuy, radiation. The crystal data of 1-
Se, 5-S and 5-Se were collected on a Rigaku XtaLAB Synergy-R
diffractometer with a HPA area detector and multi-layer mirror
monochromated Cuy, radiation. The structures were solved using
intrinsic phasing method,*" refined with the ShelXL program® and
expanded using Fourier techniques. All non-hydrogen atoms were
refined anisotropically. Hydrogen atoms were included in structure
factors calculations. All hydrogen atoms were assigned to idealized
geometric positions, with the exception of those bound to boron,
which were detected in the difference Fourier map and freely
refined.

Crystallographic data: Deposition Number(s) 2239070 (1-Se),
2239071 (5-Se), 2239072 (5-S), 2239073 (1-Te), 2239074 (1-S) and
2239075 (2-S) contain(s) the supplementary crystallographic data
for this paper. These data are provided free of charge by the joint
Cambridge Crystallographic Data Centre and Fachinformationszen-
trum Karlsruhe Access Structures service.
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Refinement details for 1-S: The asymmetric unit contains half of a
highly disordered pentane molecule which has been treated as a
diffuse contribution to the overall scattering without specific atom
positions by Squeeze/Platon.® The number of electrons squeezed
is 81 per unit cell, i.e. two molecules of pentane. Crystal data for 1-
S: CueHesBeN,S, M,=690.09, orange block, 0.90x0.598x0.544 mm,
monoclinic space group P2,/n, a=11.129(4) A, b=19.7446(19) A,
€=20.705(4) A, B=98.49(2)°, V=4499.6(18) A’ Z=4, puq=
1.019 g-cm >, ©=0.102 mm™", F(000) = 1512, T=98(2) K, R,=0.0592,
WR,=0.1179, 8862 independent reflections [26 <52.044°] and 472
parameters.

Crystal data for 2-S: C;,H,BeNS,, M,=512.79, colorless block,
0.442x%0.268x0.162 mm, monoclinic space group P1,1/c1, a=
10.572(7) A, b=16.531(10) A, c=16.437(9) A, f=93.26(3)°, V=
2868.3) A°, Z=4, p,4q=1.188gcm™3, u=0.207 mm~', F(000)=
1104, T=100(2) K, R,=0.1013, wR,=0.1555, 6098 independent
reflections [260 < 53.54°] and 333 parameters.

Refinement details for 1-Se: One outlying reflection affected by
the beamstop was omitted (—10 5 10). Crystal data for 1-Se:
CueHssBeN,Se, M, =736.99, orange block, 0.099x0.054x0.051 mm,
monoclinic space group P2,/n, a=14.1507(3) A, b=16.3373(3) A,
c=19.1014(4) A, B=103.346(2)°, V=4296.68(15) A*, Z=4, p..ca=
1.139 gem ™3, u=1.400 mm~', F(000)=1584, T=99.99(13) K, R,=
0.0617, wR,=0.1103, 8146 independent reflections [26 <140.15°]
and 467 parameters.

Crystal data for 1-Te: C,HgBeN,Te, M,=785.63, orange block,
0.168x0.089%x0.077 mm, monoclinic space group P2,/n, a=
14.23328(19) A, b=1878221(16) A, ¢c=17.0024Q2) A, pB=
108.9987(14)°, V=4297.69(9) A>, Z=4, pau=1214gcm™>, u=
5681 mm~', F(000)=1656, T=99.9(6) K, R,=0.0577, wR,=0.1392,
8459 independent reflections [20 < 144.254°] and 467 parameters.

Crystal data for 5-S: C;,H;,BeNS, M,=761.07, colorless block,
0.165x0.152x0.095 mm, triclinic space group P1, a=11.4034(4) A,
b=12.2511(5) A, c=16.1797(6) A, 0 =85.386(3)°, f=82.815(3)°, y =
82.948(3)°, V=2220.79(15) A}, Z=2, pu=1.138gcm™3, u=
0.905 mm~', F(000)=816, T=99.99(10) K, R,=0.0807, wR,=0.2388,
8989 independent reflections [20 <151.122°] and 522 parameters.

Refinement details for 5-Se: The asymmetric unit contains half a
benzene molecule disordered on an inversion center, modelled as
PART —1, and another benzene molecule with a twofold rotational
disorder in a 64:36 ratio. Both molecules were idealized with AFIX
66 and their ADPs restrained with SIMU 0.01. Crystal data for 5-Se:
Cg3HesBeNSe, M,=925.13, colourless plate, 0.315x0.229x0.076 mm,
triclinic space group P1, a=12.1407(3) A, b=12.42093) A, c=
18.1676(4) A, a=72.113(2)°, $=283.680(2)°, y=80.230(2)°, V=
2564.50(11) A%, Z=2, Peaca=1.198 gcm ™, £ =1.279 mm~", F(000) =
978, T=99.97(10) K, R,=0.0561, wR,=0.1462, 10085 independent
reflections [20 < 149.948°] and 649 parameters.

Computational details: All calculations were carried out using the
Gaussian 16, Revision C.01,”¥ the ADF 2019.304°>°¥ and the ORCA
5.0°7 quantum chemistry program packages. Geometry optimiza-
tions for 1-S, 1-Se and 1-Te were performed at the wB97X-D"®/
Def2-SVP"? |evel of theory. This level was chosen after a preliminary
benchmark investigation using distinct DFT functionals (see
Table S1 in the Supporting Information). All optimized geometries
were characterized as minima on the corresponding potential
energy surfaces by vibrational frequency calculations, which
revealed that all eigenvalues of the Hessian matrices are positive.
Plots of the frontier molecular orbitals (MOs) are shown in
Figure S33 in the Supporting Information.

The vertical and adiabatic energy gaps between the closed-shell
singlet and the triplet states were obtained at the DLPNO-

© 2023 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH
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CCSD(T)®* %3 /Def2-TZVP®” level of theory (see Table S2 in the
Supporting Information). Given their large adiabatic singlet-triplet
gaps of >35 kcalmol ™', the 1-E systems are accurately described by
single reference methods and possess closed-shell singlet ground
states.

To analyze the bonding situations in the different systems, Wiberg
bond indices (WBIs)®" and Mayer bond orders (MBOs)® of the
Be—E bonds were calculated at the ®wB97X—D/Def2-TZVP level of
theory, using the Multiwfn® tool. These values are shown in
Table S3 in the Supporting Information, which also highlights that
experimental and calculated Be—E bond lengths show excellent
agreement.

Further bonding investigation of 1-S, 1-Se and 1-Te was performed
by the energy decomposition analysis with the natural orbital for
chemical valence (EDA-NOCV)®*' method at the PBEQ-D3V%""
/TZ2P"? |evel of theory (see main text for further details). The main
results of the different bonding situations considered are displayed
in Table S4 in the Supporting Information.

Gibbs free energies for the reactions of Il with E,Ph, to yield 1-E
(Scheme S1, E=S, Se, Te) were calculated at the wB97X—D/Def2-
TZVP/SMD(toluene)”® level of theory, while wB97X—D/Def2-SVP
was used for the zero-point corrections (see Table S5 in the
Supporting Information).

Supporting Information contains NMR and UV-vis spectra for new
compounds, as well as further solid-state structures and computa-
tional details.
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: Te —Be* bonding & donation = 6% n donation = 24% 1-9
The reactions of a beryllium(l) radical selenide and telluride complexes. Cal- S.ynthesis, Struf:tural Characteriza-
with E,Ph, (E=S, Se, Te) and of a culations show that their Be—E bonds tion, ?“d B°"'f""g of Molecul.ar
beryllole with HEPh (E=S, Se) yield are best described as ionic, with Heavier Beryllium Chalcogenides
the corresponding beryllium phenyl- Coulombic forces accounting for 56 %
chalcogenides, including the first of the attraction and orbital interac-
structurally authenticated beryllium tions dominated by the 6 component.
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