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To investigate the intramolecular van der Waals interactions
between two divalent selenium centers in the solid state and
in solution, we have prepared methyl 2-(methylselenyl)ben-
zyl selenide (1), ethynyl 2-(methylselenyl)benzyl selenide (2),
and 2-(methylselenyl)benzyl selenocyanate (3). By means of
NMR spectroscopic studies we have determined the 77Se
NMR chemical shifts of the signals of the Se centers of 1–3
and their long-range 4JSe,Se coupling constants. These re-
sults, and the X-ray structural studies of single crystals of 3
and 11, a quasi-dimer of 2, point to an Se···Se van der Waals

Introduction

In the solid state and in solution directional forces are
essential for building three-dimensional structures with vo-
ids, channels, helices, or networks.[1,2] These forces may be
covalent or noncovalent. The term “noncovalent” includes
a large range of attractive and repulsive forces and includes
hydrogen bonds, π–π interactions, and interactions between
soft acids and bases. Channel-like structures result mainly
from hydrogen bonding. One of the simplest ways to form
a channel is by stacking cyclic species on top of each other,
interconnected by hydrogen bonds. Cyclic peptides[3,4] or
cyclodextrins[5] are only two of the most prominent exam-
ples. In addition, tubular species have been prepared
through hydrogen bonding between the phenolic OH
groups of aromatic rings.[6]

Although close contacts between chalcogen centers in the
solid state have been reported in the literature,[7] only two-
and three-dimensional networks have been described. How-
ever, very recently it has been shown that close contacts
between chalcogen centers incorporated into cycles or other
rigid structures can lead to tubular structures.[8,9] Our stud-
ies on these species[8,9] have revealed that the chalcogen cen-
ters of one ring are in close contact with two chalcogen
centers of two other rings that are stacked one on top of
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interaction and short Se···H distances in 1–3. These measure-
ments were supported by quantum chemical calculations on
1–3 at the MP2/6-311+g(d)//B98/6-311+g(d) level of theory,
which showed a preference for the endoX and endoH confor-
mations of 1–3. This finding was confirmed by calculations of
the 77Se NMR chemical shifts of 1–3 by GIAO-B98 and
GIAO-PBE calculations.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2009)

the other. As a result, a zig-zag arrangement of chalcogen
atoms arises. Experiments and calculations have further re-
vealed that chalcogen–chalcogen interactions increase in the
order of sulfur, selenium, and tellurium.[10] These results
indicate that the interaction can to a first approximation be
considered as a p-type lone pair acting as electron
donor and a chalcogen–carbon σ* orbital as an electron
acceptor.[11] However, recent model calculations have shown
that correlation effects have to be considered in order to
describe the van der Waals interactions of chalcogen centers
properly,[12] in particular when the heavier elements sele-
nium or tellurium are involved.

To find out if such interactions are also present in solu-
tion, we have investigated a series of model systems contain-
ing two selenium centers in close proximity. We chose sele-
nium compounds, because the 77Se nucleus has a spin of I
= 1/2 and, although its natural abundance is only 7.6%, the
77Se NMR chemical shift is very sensitive to the electronic
environment of the selenium atom and has a wide range,
from –500 to +1110 ppm, in a divalent state with respect to
dimethyl selenide.[13] We chose compounds 1–3 (Figure 1)
as the model systems because the substituents provide, on
the one hand, the possibility of a close Se···Se contact and,
on the other hand, enough flexibility to choose other con-
formations. Recent progress in selenium chemistry[14] has
facilitated this project.

Figure 1. Model systems 1–3.
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Results and Discussion

Synthesis and Structures of the Model Systems

Compound 1 was prepared in a one-pot reaction by
starting with 2-bromobenzyl bromide (4a) (Scheme 1).
Treatment of 4a with in situ generated lithium methane-
selenolate followed by methylation with methyl iodide[15]

yielded 1 as the main product (40%). Compounds 2 and 3
were synthesized commencing with 2-bromobenzyl alcohol
(5), which, after protection with tert-butyldimethylsilyl
(TBS) chloride, was treated with lithium methaneselen-
olate[15] and then methylated to yield 7 (Scheme 2). We used
the TBS protecting group, because ethers protected by this
substituent have proved to be stable in the presence of
tBuLi.[16] The TBS group was removed with diluted acetic
acid in THF at room temperature to afford the alcohol 8.
The SeCN group was successfully introduced by utilizing
Ph3P(SeCN)2 as the selenocyanation reagent,[17] which was
prepared by the addition of an equimolar amount of tri-
phenylphosphane to a freshly prepared solution of seleno-
cyanogen in dichloromethane and THF.[18] By this reaction
we obtained 3 in 26% yield. When the selenocyanate 3 was
treated with the lithium salt of trimethylsilylacetylene
(TMSA), compound 9 was obtained in 34% yield. The tri-
methylsilyl group of 9 was removed with a 0.1  solution of
NaOH in methanol[19] to give the ethynyl selenide 2 in 76%
yield.

Scheme 1. Synthesis of methyl (methylselenyl)benzyl selenides 1,
14, and 15.

Scheme 2. Stepwise procedure for the synthesis of model com-
pounds 2 and 3.
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When we tried to use nBuLi as the deprotonation agent
for TMSA in the presence of 3 to generate 9, we observed
compound 11 as a side-product (Scheme 3). We assume that
11 was generated by the reaction of the lithium salt 10 with
3. The disubstituted alkyne turned out to be a solid, the
molecular structure of which could be studied (see below).

Scheme 3. Probable side-reaction sequence leading to the formation
of 11.

The meta and para isomers of 1 (14 and 15) and benzyl
ethynyl selenide (17) were also synthesized as model systems
by using methods analogous to those shown in Schemes 1
and 2 (see the Exp. Sect.).

X-ray Investigations

We were able to grow single crystals of 3 and 11 that
were suitable for X-ray diffraction studies. In Figure 2 we
show the molecular structure of 3, which forms a dimeric
aggregate in the solid state. The intermolecular interactions
between the selenium centers of 3 are short (347 pm) and
are among the shortest Se···Se van der Waals distances re-
ported in the literature. Only 15 out of the 227 compounds,
for which distances below 380 pm (representing the sum of
the van der Waals radii of the two Se centers) are reported
in the Cambridge Crystallographic Database,[20] have
Se···Se distances equal to or below 347 pm. Both of the
Se1···Se2–CN and Se2···Se1–Carom moieties are nearly lin-
ear.

In 3 we also encounter an intramolecular Se···Se contact
of 372 pm, which is less than the sum of the van der Waals
radii of two Se centers.[21] Furthermore, the distance be-
tween Se1 and one benzylic hydrogen atom is short
(275 pm), which indicates weak hydrogen bonding.[22] In the
solid state the dimers of 3 build a two-dimensional net,
forming N···Se intermolecular interactions between the ni-
trogen atoms of the CN groups and the selenium atoms of
a neighboring pair (Figure 3). The Se···N distance of
313 pm is relatively short compared with the sum of the
van der Waals radii of nitrogen and selenium (345 pm).[21]

The N···Se–C angle is 166.7°, which provides the possibility
of an n(sp)–σ* interaction between the lone pair of the ni-
trogen atom and the C–Se σ* orbital.



Interactions Between Divalent Selenium Centers

Figure 2. Molecular structure of the dimeric structure of 3 in the
solid state. Dark-grey dotted lines represent intermolecular Se···Se
(347 pm) and intramolecular Se···Se (372 pm) interactions. Light-
grey dotted lines illustrate intramolecular Se–H interactions
(275 pm). The hydrogen atoms on the phenyl rings have been omit-
ted for the sake of clarity.

Figure 3. Two-dimensional net of 3 in the solid state. The Se···Se
(dark-grey) and Se···N (light-grey) interactions are indicated with
dotted lines. Hydrogen atoms have been omitted for the sake of
clarity.

We also studied the structure of the side-product 11, es-
pecially after finding out that 2 could not be crystallized.
Thus, we were able to investigate the structural properties
of a molecule closely related to 2. The molecular structure
of 11 is depicted in Figure 4.

We encounter in this structure strong intramolecular in-
teractions between the Se1 and Se2 centers. The Se1···Se2
distance is 364 pm, which is shorter than the intramolecular
Se···Se interaction in 3 (372 pm). Also surprising is the
short Se···H contact between Se1 and the benzylic proton.
Its value (277 pm) is well below the sum of the
van der Waals radii (310 pm)[21] and also shorter than the
first reported Se···H contact.[23]
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Figure 4. Structure of 11 in the solid state. The two-dimensional
structure is a result of the intermolecular Se···Se (red) and Se···H
interactions (blue). Intramolecular Se···Se (dark-orange) and Se···H
(light-grey) interactions are also depicted. For the sake of clarity
only selected hydrogen atoms are shown.

NMR Investigations

Various groups have utilized 77Se NMR chemical shifts
to study the interactions of divalent Se centers with other
atoms such as halogen or chalcogen centers. It was found
that the 77Se NMR chemical shift (δSe) is sensitive to the
environment around the Se center, and its shift can be used
as a measure of the strength of the nonbonding interactions
of Se with other atoms with lone pairs.[24–26] To explore
whether there are intramolecular nonbonding interactions
between the Se centers of 1–3 in solution, first we compared
the 77Se NMR chemical shifts of 1 with the model com-
pounds 12–16 shown in Figure 5.

Figure 5. Model systems 1 and 12–16 with the 77Se NMR chemical
shifts.

Originally we thought that methyl phenyl selenide (16)
(δSe = 199 ppm)[26] might be a good model for 1. However,
comparison of its δSe value with that obtained for 12 shows
that the latter is better suited for our purpose. The methyl
group in the ortho position to the SeCH3 substituent leads
to a high-field shift of 37 ppm due to the γ effect on the
77Se chemical shifts.[27] We also compared the 77Se chemical
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shift of the isomers 1, 13, 14, and 15 to check if the ob-
served chemical shifts are not simply due to substitution at
different positions of the aromatic ring. The introduction
of another selenium-containing substituent at the meta (14)
or para position (15) of 13 causes a deshielding of the Se
center from 171 (13) to 201 (14) and 197 ppm (15), whereas
for the ortho position (1) a significant shielding effect
(161 pm) was detected. If we compare the δSe values for the
SeCH3 groups, we observe a shielding of around 25 ppm
for the compounds 14 and 15 in comparison with 16. An
even stronger shielding of 40 ppm is encountered in the case
of 1. We interpret the strong upfield shifts for the two Se
nuclei of 1 just discussed as being a result of a Se···Se inter-
action.

In Figure 6 we have listed the 77Se chemical shifts of 1–
3, 13, and 17–21. Comparison of the δSe values for 12 (δ =
162 ppm), 1 (δ = 159 ppm), 2 (δ = 158 ppm), and 3 (δ =
157 ppm) reveals for the Se–CH3 group a high-field shift
for 1–3, which supports increased electron density around
the Se atom bound to the methyl group.

Figure 6. Comparison of 77Se chemical shifts of 1–3 with 13 and
17–21.

Comparison of the δSe values for 13 (δ = 171 ppm) and
1 (δ = 161 ppm), 17 (δ = 245 ppm) and 2 (δ = 238 ppm),
and 18 (δ = 290 ppm) and 3 (δ = 283 ppm) also reveals a
high-field shift of the second Se-containing group in 1–3.
This indicates that despite the electron-withdrawing nature
of the C�CH and CN groups, there is also increased elec-
tron density on the second Se atom.

Taking the results together, it can be concluded that there
is increased electron density around both Se atoms in 1–3.
The data are best understood on the basis of van der Waals
interactions rather than p–σ* interactions between the Se
centers. A comparison with the literature data reported for
19–21[24c] (Figure 6) leads us to assume that the Se···Se in-
teraction is slightly stronger than the Se–halogen interac-
tion.

Comparison of the 1H and 13C NMR chemical shifts of
the methyl groups in 1–3 (Table 1) shows a downfield shift
in the series compared with 16, whereas the δSe values are
shifted upfield, which suggests that electron density is trans-
ferred from the CH3 group to the Se atom.
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Table 1. Selected 1H, 13C, and 77Se NMR chemical shifts [ppm] for
1–3 and 16 in CD2Cl2.

Compound δH CH3 δC CH3 δSe SeCH3 δSe SeX

16 2.30 7.2 199 –
1 2.33 7.7 158.9 161.0
2 2.35 8.3 157.5 238.6
3 2.37 9.0 157.3 283.0

An even more sensitive probe for our investigations was
the coupling constant between the interacting Se atoms in
1–3. Although the chemical shift is indicative of the local
electron environment, the J coupling provides a direct spec-
tral manifestation of the chemical bonding.[28] Two nuclear
spins show a measurable J coupling only if they are linked
together through chemical bonds. A careful examination of
the satellites of the 77Se signals in the NMR spectra of 1–3
allowed us to determine the long-range coupling between
the two selenium atoms. For 1, the 77Se NMR spectrum
showed relatively broad signals for both peaks, which sug-
gests the existence of several conformers in solution. To de-
termine the coupling constant for 1, a 2D homonuclear
77Se–77Se shift correlation experiment with proton decoup-
ling was performed.[29] These measurements yielded 4JSe,Se

= 37.8 (1), 40.9 (2), and 58.8 Hz (3). The increase in the
coupling constant across the series 1, 2, and 3 indicates an
increase in the spin interaction between the two selenium
nuclei, which is indicative of a growth in the intramolecular
Se···Se interaction. Confirming these suppositions, the
long-range 4JSe,Se coupling for 2-(cyanoselenyl)benzyl sele-
nocyanate (22) was determined to be 34 Hz, which illus-
trates that for the case, in which the substituents on the
two selenium centers are electron-withdrawing groups, the
Se···Se interaction is less favored. From this result and the
fact that 4JSe,Se increases from 1 to 2 to 3, it can be deduced
that besides the van der Waals bonding the p–σ* interac-
tion between the two Se centers also plays a role.

To assess the 4JSe,Se values recorded for 1–3, we com-
pared them with the values obtained for cyclic systems, for
which no van der Waals contacts have been reported. In se-
lenium sulfide rings, the values for 4JSe,Se vary between 0.5
and 19 Hz.[30] In systems such as 1,8-bis(selanyl)naphtha-
lene derivatives, in which both Se centers are forced into
close proximity, considerably larger values of 4JSe,Se have
been reported.[31]

Conformational Analysis of 1–3

The geometrical parameters of 1–3 were optimized by
density functional theory (DFT)[32] using Becke’s three-pa-
rameter hybrid functional[33] combined with the Lee–Yang–
Parr correlation functional (B3LYP).[34] We used a basis set
from Pople/McLean–Chandler’s 6-311G family[35] with po-
larization and diffuse functions as implemented in the
Gaussian 03 software.[36] The preliminary geometries ob-
tained were refined by utilizing Becke’s B98 hybrid func-
tional.[37] The optimized geometries obtained by the de-
scribed protocol were used to determine the energies using
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the MP2 method.[38] Thus, the energies given for 1–3 were
obtained at the MP2/6-311+G(d)//B98/6-311+G(d) level of
theory.

For 1–3 we found four conformers that are very close in
energy. We labeled them as (endo/exo)H/X in which endo/exo
refers to the position of the substituent on the Se–X group
with respect to the benzene ring and H/X refers to the most
significant intramolecular interaction observed.

In Figure 7 we show the four lowest-energy conforma-
tions of 1–3, together with the most pronounced interac-
tions, indicated by dotted lines. Their energies and the most
pronounced interactions, that is, the intramolecular Se···Se
and C–H···Se interactions are listed in Table 2. The endoH

and exoH conformations are marked by two Se···H dis-
tances, which vary between 278 and 336 pm. The Se···Se
distances in these conformations are usually longer than in
the endoX and exoX conformations.

Figure 7. Equilibrium between all four conformers of compounds
1–3, with the definition of the exo/endo and H/X terms. The most
important intermolecular interactions are depicted by dotted lines.

Table 2. Relative energies and the main Se···Se and H···Se interac-
tions of the four conformations endoH/exoH and endoX/exoX of 1–
3.[a]

Compound Relative energy Se···Se Se···H
[kcal/mol] [pm] [pm]

1 endoH 0.02 401 289, 317
endoX 0.00 371 290
exoH 1.09 434 278, 316
exoX 1.41 381 282

2 endoH 0.00 390 289, 326
endoX 0.47 382 288
exoH 1.27 433 278, 316
exoX 1.76 388 279

3 endoH 0.00 380 292, 336
endoX 0.50 386 288
exoH 1.76 430 279, 327
exoX 2.09 389 278

[a] For the definitions of endo/exo and X/H, see Figure 7.

The endoX and exoX conformations are characterized by
only one weak Se···H interaction, which varies between 278
and 290 pm, and a relatively short Se···Se distance varying
between 370 and 388 pm. Although the energy differences
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between the four conformers of 1–3 are very small, we can
conclude that Se···H interactions, beside Se···Se interac-
tions, play an important part in stabilizing the conforma-
tions in solution.

Calculations of the 77Se NMR Shifts of 1–3

We used DFT methods to find the optimum procedure
for calculating the 77Se chemical shifts of 1–3 due to the
size of the molecules. A number of model calculations on
small molecules such as HSeH, CH3SeCH3, SeCO, CSe2,
and CH3SeH showed that the gauge-independent atomic
orbital (GIAO)[39] method using Becke’s B98 functional[37]

as well as the hybrid functional of Perdew–Burke–Ernzer-
hof (PBE)[40] with the TVZP basis set of Ahlrichs[41] per-
formed very well in calculations of the 77Se NMR magnetic
shieldings. This impression was underpinned when we cal-
culated the 77Se chemical shifts of 13, 17, and 18. In Table 3
we list the 77Se chemical shifts obtained for the SeCH3 (a)
and CH2–Se–X (b) centers by utilizing the geometrical pa-
rameters obtained at the B98/6-311+G(d) level of theory.
The chemical shifts were obtained from the calculated iso-
tropic magnetic shieldings of compounds 1–3 (listed in the
Supporting Information), referenced to the isotropic mag-
netic shieldings calculated for dimethyl selenide at the same
computational level.

Table 3. Calculated chemical shifts [ppm] for each of the four con-
formers (see Figure 7) of compounds 1–3 by using the optimized
geometries calculated at the B98 level of theory. The conformation
agreeing best with the experimental results (cf. Table 1) is indicated
in italics.

Compound GIAO-B98 GIAO-PBE
SeCH3 CH2–Se–X SeCH3 CH2–Se–X

(a) (b) (a) (b)

1 endoH 217.0 129.5 215.6 129.5
endoX 192.4 119.4 191.5 122.7
exoH 162.1 148.0 161.3 146.7
exoX 135.0 125.8 134.8 128.6

2 endoH 116.8 236.9 116.7 236.2
endoX 110.5 258.9 110.4 258.2
exoH 152.2 154.5 150.6 156.9
exoX 127.5 133.5 130.3 136.9

3 endoH 107.1 277.9 108.0 275.1
endoX 111.3 294.9 111.0 292.4
exoH 150.8 165.0 149.2 167.3
exoX 141.5 141.3 145.3 143.4

For all four conformers of 1, an upfield shift of the chem-
ical shift for the 77Se nuclei was predicted relative to those
of 13 and 16. The best agreement between calculated and
experimental values [δ =158.9 ppm for Se (b) and 161 ppm
for Se (a)] was obtained for the exoH conformer by both
methods.

In the case of 2 the best agreement between calculation
and experiment [δ =238.3 ppm for Se (b) and 157.5 ppm
for Se (a)] was found for the endoH conformer, which also
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represents the most stable conformer. Again a high-field
shift was predicted relative to the Se centers of 16 and 17.

For 3 the values predicted for the endoX and endoH con-
formers agree best with the recorded chemical shifts [δ =
283.0 ppm for Se (b) and 157.3 ppm for Se (a)]. Note that
the solid-state structure of 3 shows a conformation between
endoX and endoH.

Conclusions

The three model systems 1–3 provide two selenium cen-
ters in close proximity with the possibility of close Se···Se
contacts. In the cases of 3 and 11, a derivative of 2, we
found close Se···Se contacts in the solid state. Our study of
the 77Se NMR chemical shifts of 1–3 provided evidence for
an increase of electron density around both Se centers. This
observation was underpinned by the coupling constants
4JSe,Se, which increased from 1 to 3. These results are sup-
ported by model calculations. The calculations of the 77Se
NMR chemical shifts agree best with the experimental re-
sults when we assume conformations, in which the Se···Se
and Se···H–C interactions prevail. The 77Se chemical shift
data and the 4JSe,Se coupling constants indicate that the
Se···Se interactions are mainly due to van der Waals-type
bonding rather than p–σ* interactions.

Experimental Section
General Remarks: All melting points are uncorrected and were
measured in an open capillary by using a Dr. Tottoli melting point
apparatus from Büchi, Swiss Company. The NMR spectra were
measured with Bruker ARX500 (1H NMR at 500 MHz, 13C NMR
at 125 MHz, and 77Se NMR at 95 MHz) and ARX300 spectrome-
ters (1H NMR at 300 MHz and 13C NMR at 75 MHz) by using
the solvent as reference for 1H NMR spectra and the XSI scale for
the heteronuclei. Heteronuclear J couplings involving Se have been
determined by inspection of satellites of proton and carbon signals,
respectively, in the corresponding spectra (see also Supporting In-
formation). High-resolution mass spectra (HRMS) were obtained
with ZAB-3F (Vacuum Generators) and JEOL JMS 700 high-reso-
lution mass spectrometers. UV/Vis absorption spectra were re-
corded with a Hewlett–Packard HP 8452A diode-array spectrome-
ter. IR spectra were recorded with a Bruker Vector 22 FTIR spec-
trometer. All reactions were carried out in dry degassed solvents
under argon, unless otherwise stated.

X-ray Crystallographic Study: The data were collected with Bruker
Smart CCD (3) and APEX diffractometers (11) at 200 K by using
Mo-Kα radiation (0.71073 Å). Selected crystal data and data-collec-
tion parameters for 3 and 11 are given in Table 4. In both cases,
the collection strategies used ω-scans (0.3°) covering a whole sphere
in the reciprocal space, intensities were corrected for Lorentz and
polarization effects, and empirical absorption corrections were ap-
plied by using SADABS[42] based on the Laue symmetry of the
reciprocal space. The structures were solved by direct methods and
refined against F2 by using the SHELXTL (5.10) software pack-
age.[43] CCDC-718378 (3) and -718379 (11) contain the supplemen-
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.
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Table 4. Crystal data and structural refinement for 3 and 11.

3 11

Empirical formula C9H9NSe2 C18H18Se4

Formula mass 289.09 550.16
Crystal system monoclinic monoclinic
Space group P21/c C2/c
Z 4 4
a [Å] 8.8538(1) 15.856(2)
b [Å] 16.6622(4) 5.2497(7)
c [Å] 7.2143(2) 22.816(3)
β [°] 113.004(1) 101.456(3)
V [Å3] 979.65(4) 1861.4(4)
Dcalcd. [g/cm3] 1.96 1.96
µ [mm]–1 7.49 7.88
Crystal shape polyhedron polyhedron
Crystal size [mm] 0.26�0.14�0.04 0.35�0.06�0.04
Crystal color pale yellow colorless
θ range [°] 2.4–27.5 1.8–26.1
Index ranges –11 � h � 11 –19 � h � 19

–21 � k � 21 –6 � k � 6
–9 � l � 9 –28 � l � 28

Reflections collected 10108 7851
Independent reflections [R(int)] 2259 [0.0602] 1846 [0.0422]
Observed reflections 1723 [I�2σ(I)] 1486 [I�2σ(I)]
Max./min. transmission 0.75/0.25 0.74/0.17
Data/restraints/parameters 2259/0/110 1846/0/101
Goodness-of-fit on F2 1.02 1.04
R(F) 0.031 0.033
RW(F2) 0.065 0.074
∆pmax./∆pmin. [eÅ–3] 0.75/–0.84 0.72/–0.45

General Procedure for the Synthesis of Lithium Methaneselenolate:
Methyllithium (commercial solution, 1.6  in diethyl ether, 30 mL,
45 mmol) was added dropwise by using a syringe to a stirred sus-
pension of gray selenium powder (3.2 g, 40 mmol) in THF (50 mL),
cooled to –25 °C under argon. After complete addition of the MeLi
solution under continuous stirring, the reaction mixture was
warmed to room temperature for 2 h. On reaching room tempera-
ture, full consumption of the selenium powder could be observed.

General Procedure for the Synthesis of Methyl (Methylselenyl)benzyl
Selenides 1, 14, and 15: A solution of the corresponding bromoben-
zyl bromide 4a–c in freshly distilled DMF (ca. 50 mL) was added
dropwise by syringe, whilst stirring, to a solution of lithium meth-
aneselenolate in THF (freshly prepared as described above). The
reaction flask, a four-necked round-bottomed flask, was immersed
in a silicon bath, and the THF and diethyl ether were distilled off.
Then the flask was fitted with a reflux condenser, and the reaction
mixture was heated under reflux at 135 °C for more than 48 h. Af-
ter heating at reflux, the alkylating agent methyl iodide was added,
whilst stirring, and the reaction mixture was cooled to room temp.
The reaction mixture was quenched by adding it dropwise to deion-
ized water (50 mL) and extracted with diethyl ether (3�50 mL).
The combined organic layers were washed with water and brine
and dried with MgSO4. The solvent was removed by rotary evapo-
ration usually to afford a dark-reddish oil. Pure products were ob-
tained after purification by silica gel column chromatography.

Methyl 2-(Methylselenyl)benzyl Selenide (1): Starting materials: 2-
bromobenzyl bromide (4a; 2.5 g, 10 mmol), freshly prepared lith-
ium methaneselenolate (4.0 g, 40 mmol in 80 mL THF/diethyl ether
solution), and methyl iodide (2.5 mL, 40 mmol). Reaction time:
54 h. Gradient chromatography on silica gel by using light petro-
leum/diethyl ether (20:1 to 10:1) afforded 0.7 g (25%) of pure 1 as
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a yellow oil. MS (EI): m/z (%) = 280 (42.5) [M]+, 265 (62.1) [M –
CH3]+, 250 (40.6) [M – 2CH3]+, 185 (37.4) [M – SeCH3]+, 169
(53.9) [C7H7Se]+, 105 (100) [C8H9]+, 91 (43.8) [C7H7]+, 78 (11.5)
[C6H5]+. 1H NMR (500 MHz, CD2Cl2): δ = 1.93 (s, 2JSe,H =
10.6 Hz, 3 H, CH2SeCH3), 2.32 (s, 2JSe,H = 11.8 Hz, 3 H, CH3),
3.87 (s, 2JSe,H = 12.6 Hz, 2 H, CH2), 7.13–7.18 (m, 3 H, Harom) [at
low temperature it separated into three signals: δ = 7.25 (ddd, J =
7.8, 7.5, 1.5 Hz, 1 H), 7.16 (ddd, J = 7.8, 7.6, 1.2 Hz, 1 H), 7.09
(dd, J = 7.5, 1.2 Hz, 1 H)], 7.41 (dd, J = 7.6, 1.5 Hz 1 H, Harom)
ppm. 13C NMR (125MHz, CD2Cl2): δ = 4.6 (p-CH2SeCH3, 1JSe,C

= 64.6 Hz), 7.6 (p-SeCH3, 1JSe,C = 65.1 Hz), 28.9 (s-CH2Se, 1JSe,C

= 57.9, 3JSe,C = 13.0 Hz), 126.2 (t-Carom), 127.8 (t-Carom), 129.8
(t-Carom), 131.0 (t-Carom), 133.4 (q-Carom, C-Se), 140.1 (q-Carom, C-
CH2) ppm. 77Se NMR (95 MHz, CD2Cl2): δ = 158.9 (4JSe,Se =
37.8 Hz, SeCH3), 161.0 (4JSe,Se = 37.8 Hz, CH2SeCH3) ppm. IR
(film): ν̃ = 3055 (w), 3001 (m), 2923 (s), 2072 (w), 1948 (w), 1692
(w), 1583 (m), 1463 (s), 1438 (s), 1424 (s), 1270 (m), 1031 (m), 904
(m), 754 (vs) cm–1. HRMS (positive EI): calcd. for
12C9

1H12
78Se82Se [M]+ 279.9269; found 279.9287 (+0.8 mmu).

Methyl 3-(Methylselenyl)benzyl Selenide (14): Starting materials: 3-
bromobenzyl bromide (4b; 5.0 g, 20 mmol), freshly prepared lith-
ium methaneselenolate (10.1 g, 100 mmol, in 200 mL THF/diethyl
ether solution), and methyl iodide (6.25 mL, 100 mmol). Reaction
time: 66 h. Column chromatography on silica gel by using light
petroleum/diethyl ether (10:1) afforded 0.7 g (13%) of pure 14 as a
yellow oil. MS (EI): m/z (%) = 280 (24.2) [M]+, 265 (0.5) [M –
CH3]+, 249 (0.9) [M – 2CH3]+, 185 (100) [M – SeCH3]+, 170 (31.3)
[C7H7Se]+, 104 (32.5) [C8H9]+, 95 (7) [CH3Se]+, 91 (8.9) [C7H7]+,
78 (5.9) [C6H5]+. 1H NMR (500 MHz, CD2Cl2): δ = 1.91 (s, 2JSe,H

= 10.6 Hz, 3 H, CH3), 2.34 (s, 2JSe,H = 11.2 Hz, 3 H, CH3), 3.69
(s, 2JSe,H = 13.3 Hz, 2 H, CH2), 7.094 (dt, J = 7.6, 1.3 Hz, 1 H,
Harom), 7.18 (t, J = 7.6 Hz, 1 H, Harom), 7.25 (dt, J = 7.6, 1.3 Hz,
1 H, Harom), 7.31 (t, J = 1.3 Hz, 1 H, Harom) ppm. 13C NMR
(125 MHz, CD2Cl2): δ = 4.4 (p-CH2SeCH3), 7.1 (p-SeCH3), 28.2
(s-CH2Se), 126.9 (t-Carom), 128.5 (t-Carom), 129.3 (t-Carom), 130.6
(t-Carom), 132.4 (q-Carom, C-CH2), 140.9 (q-Carom, C-Se) ppm. 77Se
NMR (95 MHz, CD2Cl2): δ = 173.5 (SeCH3), 201.1 (CH2SeCH3)
ppm. IR (film): ν̃ = 3049 (w), 3000 (m), 2923 (s), 2253 (w), 1598
(s), 1568 (s), 1474 (s), 1423 (s), 1272 (m), 1185 (w), 1074 (m), 903
(m), 782 (s), 696 (vs) cm–1. HRMS (positive EI): calcd. for
12C9

1H12
78Se80Se [M]+ 279.9277; found 279.9272 (–0.5 mmu).

Methyl 4-(Methylselenyl)benzyl Selenide (15): Starting materials: 4-
bromobenzyl bromide (4c; 2.5 g, 10 mmol), freshly prepared lith-
ium methaneselenolate (4.0 g, 40 mmol, in 80 mL THF/diethyl
ether solution), and methyl iodide (2.5 mL, 40 mmol). Reaction
time: 60 h. Column chromatography on silica gel by using light
petroleum/diethyl ether (100:1) afforded 0.58 g (21%) of pure 15 as
yellow oil. MS (EI): m/z (%) = 280 (14.5) [M]+, 265 (1.1) [M –
CH3]+, 249 (0.6) [M – 2 CH3]+, 185 (100) [M – SeCH3]+, 170 (61.6)
[C7H7Se]+, 104 (12) [C8H9]+, 95 (3.7) [CH3Se]+, 91 (4.8) [C7H7]+,
78 (15) [C6H5]+. 1H NMR (500 MHz, CD2Cl2): δ = 1.90 (s, 2JSe,H

= 10.6 Hz, 3 H, CH3), 2.33 (s, 2JSe,H = 11.1 Hz, 3 H, CH3), 3.69
(s, 2JSe,H = 14.4 Hz, 2 H, CH2), 7.16 (ddd, J = 8.4, 2.1, 0.9 Hz, 2
H, Harom), 7.33 (ddd, J = 8.4, 2.1 Hz, 2 H, Harom) ppm. 13C NMR
(125MHz, CD2Cl2): δ = 4.3 (1JSe,C = 64.3 Hz, p-CH2SeCH3), 7.3
(1JSe,C = 64.9 Hz, p-SeCH3), 28.1 (1JSe,C = 58.4 Hz, s-CH2Se),
129.8 (t-Carom), 130.3 (q-Carom, C-CH2), 130.6 (2JSe,C = 11.5 Hz, t-
Carom), 138.0 (q-Carom, C-Se) ppm. 77Se NMR (95 MHz, CD2Cl2):
δ = 174.8 (SeCH3), 197.3 (CH2SeCH3) ppm. IR (film): ν̃ = 3047
(w), 2999 (m), 2922 (s), 2226 (w), 1593 (w), 1489 (s), 1423 (m), 1398
(m), 1272 (m), 1070 (m), 905 (m), 826 (m) cm–1. HRMS (positive
EI): calcd. for 12C9

1H12
80Se [M]+ 279.9269; found 279.9254

(–1.6 mmu).
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2-Bromobenzyl tert-Butyldimethylsilyl Ether (6): A solution of
TBSCl (5.6 g, 37 mmol) in dry DMF (10 mL) was added by using
a syringe to a solution of 2-bromobenzyl alcohol (5; 5.8 g,
31.0 mmol) and imidazole (5.2 g, 76.4 mmol) in dry DMF (50 mL)
in a 250 mL Schlenk flask. The reaction mixture was stirred at
room temperature for 20 h. The reaction was quenched with deion-
ized water (100 mL) and extracted with diethyl ether (4�70 mL).
The combined organic layers were washed with water and brine
and then dried with MgSO4. The solvent was evaporated to afford
a brown oil as raw product. A yield of 8.6 g of 6 (92%) was isolated
by purification using column chromatography on silica gel, eluting
with petroleum ether/dichloromethane (10:1). MS (EI): m/z (%) =
301 (ca. 1) [M]+, 243 (100) [M – C4H9]+, 213 (27.2) [M – C6H15]+,
169 (46.9) [M – C6H15OSi]+, 105 (5.2) [C7H6O]+, 90 (3.5) [C7H6]+.
1H NMR (300 MHz, CDCl3): δ = 0.15 [s, 6 H, Si(CH3)2], 0.99 [s,
9 H, SiC(CH3)3], 4.76 (s, 2 H, CH2), 7.12 (td, J = 7.8, 0.5 Hz, 1 H,
Harom), 7.34 (td, J = 7.8, 0.6 Hz, 1 H, Harom), 7.50 (dd, J = 7.9,
0.5 Hz, 1 H, Harom), 7.58 (dd, J = 7.8, 0.6 Hz, 1 H, Harom) ppm.
13C NMR (75 MHz, CDCl3): δ = –5.3 [2 C, p-Si(CH3)2], 18.4 [q-
SiC(CH3)3], 25.9 [3 C, p-SiC(CH3)3], 64.6 (s-CH2), 121.0 (q-
CaromBr), 127.3 (t-Carom), 127.5 (t-Carom), 128.1 (t-Carom), 132.0 (t-
Carom), 140.3 (q-CaromCH2) ppm. IR (KBr): ν̃ = 3500–3150 (br. s),
2955 (s), 2930 (s), 2885 (m), 2857 (s), 1700 (m), 1471 (m), 1442 (m),
1291 (s), 1255 (m), 1201 (m), 1130 (m), 1098 (m), 1044 (m), 1027
(m) cm–1.

tert-Butyldimethylsilyl 2-(Methylselenyl)benzyl Ether (7): A solution
of lithium methaneselenolate (6.0 g, 60 mmol) in THF/diethyl ether
solution (100 mL, prepared as described above) was added to a
solution of 6 (6.03 g, 20 mmol) in dry DMF (100 mL). The reaction
mixture was heated to 70 °C to remove the THF and diethyl ether
by distillation. Subsequently, the reaction solution was heated at
80–90 °C under vigorous stirring for a further 60 h. After cooling
to room temperature, the alkylating agent MeI (3.8 mL, 60 mmol)
was added and stirring continued for 45 min. Then the reaction
was quenched with water (ca. 200 mL). After extraction with di-
ethyl ether (4�100mL), the combined organic layers were washed
with water, a saturated NaHCO3 solution, and brine, and then
dried with MgSO4. After removal of the solvent, the raw product
was obtained as an orange oil. A yield of 2.98 g of pure 7 (47%)
was isolated by column chromatography on silica gel, eluting with
petroleum ether (b.p. 30–40 °C)/diethyl ether (10:1), as a dark-
yellow oil. MS (EI): m/z (%) = 316 (�1) [M]+, 259 (100) [M –
C4H9]+, 185 (50.7) [M – C6H15SiO]+, 169 (12.0) [M – C7H18SiO]+,
91 (27.2) [M – C7H18SiOSe]+, 105 (49.3) [C7H5O]+. 1H NMR
(500 MHz, CD2Cl2): δ = 0.12 [s, 6 H, Si(CH3)2], 0.95 [s, 9 H,
SiC(CH3)3], 2.30 (s, 3 H, SeCH3), 4.74 (s, 2 H, CH2), 7.19 (td, J =
7.4, 1.3 Hz, 1 H, Harom), 7.22 (td, J = 7.4, 0.5 Hz, 1 H, Harom),
7.37 (dd, J = 7.4, 1.3 Hz, 1 H, Harom), 7.42 (td, J = 7.4, 0.5 Hz, 1
H, Harom) ppm. 13C NMR (125 MHz, CD2Cl2): δ = –5.2 [2 C, p-
Si(CH3)2], 7.0 (p-SeCH3), 18.7 [q-SiC(CH3)3], 26.1 [3 C, p-
SiC(CH3)3], 65.0 (s-CH2), 126.3 (t-Carom), 127.2 (t-Carom), 128.0 (t-
Carom), 129.8 (t-Carom), 131.3 (q-CaromSeCH3), 141.5 (q-CaromCH2)
ppm. 77Se NMR (95 MHz, CD2Cl2): δ = 154.5 ppm. IR (film): ν̃ =
3059 (w), 2954 (s), 2929 (s), 2885 (m), 2856 (s), 1467 (m), 1448 (m),
1255 (s), 1201 (m), 1123 (m), 1093 (s), 1051 (m), 1034 (m) cm–1.
HRMS (positive EI): calcd. for 12C14

1H24
16O28Si80Se [M]+

316.0762; found 316.0760 (–0.1 mmu).

2-(Methylselenyl)benzyl Alcohol (8): Compound 7 (5.7 g, 18 mmol)
was added to a solution of acetic acid (103 mL), THF (34 mL),
and water (34 mL). The slightly pale mixture was stirred at room
temperature for 20 h. After extraction with diethyl ether
(4�100 mL), the combined organic layers were washed with a
large quantity of water and then saturated NaHCO3 solution and
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brine. The organic layers were dried with MgSO4, and then the
solvent was removed by rotary evaporation. The raw product was
purified by column chromatography on deactivated silica gel, elut-
ing with petroleum ether (b.p. 30–40 °C)/dichloromethane (1:1),
which resulted in 3.36 g of compound 8 (93%) as a light-colored
oil. MS (EI): m/z (%) = 202 (61.0) [M]+, 187 (36.6) [M – CH3]+,
157 (28.0) [M – C2H5O]+, 105 (95.1) [C7H5O]+, 77 (100) [C6H5]+.
1H NMR (500 MHz, CDCl3): δ = 2.19 (s, 1 H, OH), 2.33 (s, 2JSe,H

= 11.6 Hz, 3 H, SeCH3), 4.74 (s, 2 H, CH2), 7.22–7.26 (m, 2 H,
Harom), 7.36–7.38 (m, 1 H, Harom), 7.42–7.44 (m, 1 H, Harom) ppm.
13C NMR (125 MHz, CDCl3): δ = 7.4 (p-SeCH3), 65.1 (s-CH2),
126.6 (t-Carom), 128.1 (t-Carom), 128.4 (t-Carom), 130.7 (t-Carom),
131.5 (q-CaromSeCH3), 140.9 (q-CaromCH2) ppm. 77Se NMR
(95 MHz, CDCl3): δ = 155.1 ppm. IR (film): ν̃ = 3348 (br. s), 3057
(m), 2927 (m), 1587 (w), 1464 (m), 1442 (s), 1428 (s), 1197 (m),
1060 (m), 1028 (s), 908 (m), 749 (vs) cm–1. HRMS (positive EI):
calcd. for 12C8

1H10
16O80Se [M+] 201.9897; found 201.9891 (–0.6

mmu).

2-(Methylselenyl)benzyl Selenocyanate (3): To synthesize selenocy-
anogen, KSeCN (4.2 g, 29.0 mmol) was dissolved in THF (200 mL)
and placed in a 500 mL three-necked flask. After cooling to –15 °C,
bromine (0.75 mL, 14.6 mmol) was added by syringe through a
rubber lid. An orange color appeared that turned deep-yellow by
the end of the addition process. The mixture was cooled to –78 °C,
stirred for 45 min, and filtered through a glass frit (under vacuum)
into a 1000 mL three-necked flask already cooled to –78 °C. Tri-
phenylphosphane (3.8 g, 7.2 mmol), dissolved in anhydrous
CH2Cl2 (200 mL), was added dropwise from a cooled dropping
funnel, taking care that the reaction mixture did not rise above
–65 °C during the addition procedure. The color turned to dark-
orange during the addition. Afterwards, 8 (1.41 g, 7.0 mmol), dis-
solved in CH2Cl2 (50 mL), was slowly added by syringe in a con-
trolled manner so that the reaction temperature would not exceed
–70 °C. Following the complete addition, the reaction mixture was
cooled to –78 °C and stirred overnight. After warming to room
temperature, the reaction mixture was filtered and the solvent evap-
orated. The raw product was purified by column chromatography
on deactivated silica gel with a mixture of petroleum ether (b.p. 30–
40 °C)/CH2Cl2 (1:1) as eluent to afford 534 mg (26%) of 3 as pale-
yellow crystals. MS (EI): m/z (%) = 291 (3.7) [M]+, 185 (45.7) [M –
SeCN]+, 169 (23.0) [M – CH3SeCN]+, 105 (100) [SeCN]+, 91 (48.1)
[C7H7]+. 1H NMR (500 MHz, CD2Cl2): δ = 2.37 (s, 2JSe,H =
11.4 Hz, 3 H, SeCH3), 4.40 (s, 2JSe,H = 15.2 Hz, 2 H, CH2), 7.25
(td, J = 7.4, 1.6 Hz, 1 H, Harom), 7.27 (td, J = 7.4, 2.0 Hz, 1 H,
Harom), 7.35 (dd, J = 7.4, 2.0 Hz, 1 H, Harom), 7.52 (dd, J = 7.4,
1.6 Hz, 1 H, Harom) ppm. 13C NMR (125 MHz, CD2Cl2): δ = 9.0
(p-SeCH3), 34.4 (s-CH2), 102.6 (q-SeCN), 127.6 (t-Carom), 129.8 (t-
Carom), 130.1 (t-Carom), 132.8 (t-Carom), 133.5 (q-CaromSeCH3),
137.7 (q-CaromCH2) ppm. 77Se NMR (95 MHz, CD2Cl2): δ = 157.3
(4JSe,Se = 58.8 Hz, SeCH3), 283.0 (4JSe,Se = 58.8 Hz, SeCN) ppm.
IR (KBr): ν̃ = 3424 (br. m), 3060 (w), 2992 (w), 2925 (m), 2153 (s),
1473 (m), 1462 (s), 1440 (m), 1420 (s), 1209 (m), 1187 (m), 1029
(s), 916 (m), 765 (s) cm–1. HRMS (positive EI): calcd. for
12C9

1H9
14N78Se80Se [M]+ 290.9065; found 290.9080 (+0.5 mmu).

2-(Methylselenyl)benzyl 2-(Trimethylsilyl)ethynyl Selenide (9):
Within a period of 10 min, nBuLi (1.35 mL, 2.16 mmol) was added
dropwise through a rubber lid by using a syringe to a solution
of trimethylsilylacetylene (TMSA; 0.21 g, 2.16 mmol) in dry THF
(200 mL), cooled to –25 °C. Then it was stirred at –40 °C for 2 h.
Compound 3 (0.61 g), dissolved in dry THF (100 mL), was added
dropwise by using a cooled dropping funnel at –35 °C over a period
of 1.5 h and then stirred for an additional 1 h. The pale-yellow
reaction mixture was warmed to room temperature and mixed with
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a saturated NH4Cl solution (60 mL), which resulted in the precipi-
tation of a white solid. After adding light petroleum ether (80 mL),
the layers were separated. The aqueous layer was further extracted
three times with light petroleum ether (ca. 50 mL). The combined
organic layers were washed with brine and dried with MgSO4. The
solvents were removed by rotary evaporation, and the resulting resi-
due was purified by silica gel column chromatography using petro-
leum ether (b.p. 30–40 °C)/diethyl ether (10:1) as eluent to afford
259 mg (34%) of 9 as a colorless oil. MS (EI+): m/z (%) = 362 (6.9)
[M]+, 347 (4.9) [M – CH3]+, 185 (64.2) [M – SeC5H9Si]+, 169 (21.0)
[M – SeC6H12Si]+, 105 (100) [SeC2H2]+. 1H NMR (500 MHz,
CD2Cl2): δ = 0.15 [s, 9 H, Si(CH3)3], 2.34 (s, 2JSe,H = 11.6 Hz, 3 H,
SeCH3), 4.15 (s, 2JSe,H = 15.8 Hz, 2 H, CH2), 7.16–7.23 (m, 2 H,
Harom), 7.26 (dd, J = 7.1, 1.7 Hz, 1 H, Harom), 7.46 (dd, J = 7.6,
1.1 Hz, 1 H, Harom) ppm. 13C NMR (125 MHz, CD2Cl2): δ = –0.0
[3 C, p-Si(CH3)3], 8.2 (p-SeCH3), 33.9 (s-CH2), 86.8 (q-SeCC),
109.8 (q-SiCC), 126.6 (t-Carom), 128.7 (t-Carom), 130.4 (t-Carom),
131.8 (t-Carom), 133.3 (q-CaromSeCH3), 138.8 (q-CaromCH2) ppm.
77Se NMR (95 MHz, CD2Cl2): δ = 157.2 (SeCH3), 260.7
(SeC�CTMS) ppm.

1,6-Bis[2�-(methylselenyl)phenyl]-2,5-diselena-3-hexyne (11): A yield
of 82 mg (14%) of 11, as thin white needles, was obtained as a
secondary product of the synthesis of compound 9. MS (EI): m/z
(%) = 550.9 (0.9) [M]+, 534.9 (11.2) [M – CH3]+, 366.9 (14.9)
[C10H9Se3]+, 265.0 (73.6) [C8H9Se2]+, 249.9 (4.3) [C7H6Se2]+, 185.0
(91) [C8H9Se]+, 105.0 (100) [C2HSe]+, 91.1 (38.9) [C7H7]+. 1H
NMR (500 MHz, CD2Cl2): δ = 2.34 (s, 2JSe,H = 11.6 Hz, 3 H,
SeCH3), 4.10 (s, 2JSe,H = 15.6 Hz, 2 H, CH2), 7.12 (dd, J = 7.5,
1.8 Hz, 1 H, Harom), 7.16 (ddd, J = 7.5, 7.4, 1.3 Hz, 1 H, Harom),
7.19 (ddd, J = 7.6, 7.4, 1.8 Hz, 1 H, Harom), 7.45 (dd, J = 7.6,
1.3 Hz, 1 H, Harom) ppm. 13C NMR (125MHz, CD2Cl2): δ = 8.3
(p-SeCH3), 35.0 (s-CH2), 84.6 (q-C�C), 126.7 (t-Carom), 128.7 (t-
Carom), 130.5 (t-Carom), 131.7 (t-Carom), 133.3 (q-CaromSeCH3),
138.8 (q-CaromCH2) ppm. 77Se NMR (95 MHz, CD2Cl2): δ = 159.8
(SeCH3), 273.2 (SeC�C) ppm. IR (film): ν̃ = 3054 (w), 3003 (w),
2925 (m), 1688 (w), 1667 (w), 1584 (w), 1463 (m), 1439 (m), 1424
(m), 1268 (w), 1179 (w), 1055 (w), 1030 (m) cm–1. HRMS (positive
EI): calcd. for 12C18

1H18
78Se80Se82Se [M]+ 551.8077; found

551.8095 (+0.8 mmu).

Ethynyl 2-(Methylselenyl)benzyl Selenide (2): A 0.1  NaOH solu-
tion was added dropwise to a solution of 9 (0.18 g, 0.5 mmol) in
methanol (50 mL) and THF (10 mL) over a period of 5 min. The
reaction mixture was stirred at room temperature for 2 h. Then
the mixture was poured into ice/water (100 mL), and diethyl ether
(100 mL) was added. The layers were separated, and the aqueous
layer was then extracted with diethyl ether (3�100 mL). The com-
bined organic layers were washed with NH4Cl solution and brine
and dried with MgSO4. After rotary evaporation, the raw product
was purified by silica gel column chromatography, eluting with light
petroleum ether/diethyl ether (20:1) to afford 109 mg (76%) of pure
2 as a colorless oil. MS (EI): m/z (%) = 290 (4.9) [M]+, 185 (45.5)
[M – SeC2H]+, 169 (22.4) [M – SeC3H4]+, 105 (100) [SeC2H2]+. 1H
NMR (500 MHz, CD2Cl2): δ = 2.35 (s, 2JSe,H = 11.6 Hz, 3 H,
SeCH3), 2.93 (s, C�CH), 4.19 (s, 2JSe,H = 14.9 Hz, 2 H, CH2), 7.19
(td, J = 7.4, 1.4 Hz, 1 H, Harom), 7.22 (td, J = 7.4, 1.8 Hz, 1 H,
Harom), 7.29 (dd, J = 7.1, 1.8 Hz, 1 H, Harom) 7.47 (dd, J = 7.4,
1.4 Hz, 1 H, Harom) ppm. 13C NMR (125 MHz, CD2Cl2): δ = 8.3
(p-SeCH3), 33.6 (1JSe,C = 51.6 Hz, s-CH2), 66.2 (t-CH), 90.2 (q-
SeCCH), 126.8 (t-Carom), 128.8 (t-Carom), 130.2 (t-Carom), 131.9 (t-
Carom), 133.4 (q-CarSeCH3), 138.7 (q-CaromCH2) ppm. 77Se NMR
(95 MHz, CD2Cl2): δ = 157.5 (4JSe,Se = 40.9 Hz, SeCH3), 238.6
(4JSe,Se = 40.9 Hz, SeC�CH) ppm. IR (film): ν̃ = 3277 (s), 3161
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(w), 2926 (w), 2615 (w), 2028 (w), 1912 (m), 1463 (m), 1440 (m),
1423 (m), 1269 (m), 1208 (m), 1184 (s), 1096 (m), 1054 (m), 1031
(s), 909 (m), 840 (m), 812 (m), 755 (vs) cm–1. HRMS (positive EI):
calcd. for 12C10

1H10
78Se82Se [M]+ 289.9113; found 289.9126

(+0.3 mmu).

Benzyl Ethynyl Selenide (17): Benzyl ethynyl selenide was synthe-
sized from benzyl selenocyanate (18) according to a procedure sim-
ilar to that used for the synthesis of 2 from 3. The intermediate
benzyl 2-(trimethylsilyl)ethynyl selenide was synthesized from 18
before being transformed into 17. To synthesize benzyl 2-(trimeth-
ylsilyl)ethynyl selenide, a solution of nBuLi in n-hexane (1.6  solu-
tion) was added slowly to a solution of TMSA (1.0 g, 10.5 mmol)
in dry THF (250 mL) at –25 °C in such a way that the temperature
did not exceed –25 °C. After complete addition of nBuLi, the pale-
yellow solution was stirred at –25 °C for 2 h. A solution of 18
(2.0 g, 10 mmol) in dry THF (100 mL) was slowly added to the
reaction flask without allowing the temperature to exceed –20 °C.
After the addition had been completed, the reaction mixture was
stirred at a temperature below –10 °C for 2 h. At the end of this
time, a saturated aqueous solution of NH4Cl (ca. 75 mL) was
added to the reaction mixture. The organic phase was extracted
with light petroleum ether (3�125 mL), washed with water and
brine, and then dried with MgSO4. After removal of the solvent
by rotary evaporation, the raw product was purified by column
chromatography on deactivated silica gel using light petroleum
ether/dichloromethane (2:1) to afford 1.50 g (5.6 mmol, 56% yield)
of benzyl 2-(trimethylsilyl)ethynyl selenide as a pale-yellow oil. MS:
(EI+): m/z (%) = 268 (2) [M]+, 253 (1) [M – CH3]+, 194 (1) [M –
C3H9Si]+, 171 (2) [C7H7Se]+, 162 (4) [C4H6SeSi]+, 147 (2)
[C3H3SeSi]+, 91 (100) [C7H7]+, 73 (54.2) [C3H9Si]+, 65 (14.5)
[C5H5]+. 1H NMR (500 MHz, CD2Cl2): δ = 0.17 [s, 9 H, Si-
(CH3)3], 4.02 (s, 2JSe,H = 15.7 Hz, 2 H, CH2Se), 7.28 (tt, J = 8.4,
1.2 Hz, 1 H, Harom), 7.31–7.35 (m, 4 H, Harom) ppm. 13C NMR
(75 MHz, CD2Cl2): δ = –0.0 [1JSi,C = 52.9 Hz, p-Si(CH3)3], 33.2
(1JSe,C = 56.3 Hz, p-CH2), 86.8 (q-SeC), 109.8 (q-CSi), 127.9 (t-
Carom), 128.8 (2 C, t-Carom), 129.3 (2 C, t-Carom), 138.3
(q-CaromCH2) ppm. 77Se NMR (95 MHz, CD2Cl2): δ = 269.3 ppm.
IR (film): ν̃ = 3063 (w), 3029 (m), 2958 (s), 2897 (m), 2088 (vs),
1495 (s), 1454 (m), 1262 (m), 1249 (vs), 1186 (m), 1067 (m), 862
(br. s), 760 (vs) cm–1. HRMS (positive EI): calcd. for
12C12

1H16
28Si80Se [M]+ 268.0187; found 268.0166 (–2.0 mmu). A

solution of 0.1  NaOH (5.6 mL) was added dropwise to a solution
of benzyl 2-(trimethylsilyl)ethynyl selenide (1.5 g, 5.6 mmol) in
methanol (40 mL) and THF (5 mL) over a period of 15 min. After
stirring at room temp. for 2 h, the reaction mixture was poured into
ice/water (100 mL) and extracted with diethyl ether (3�100 mL).
The combined organic layers were washed with a saturated NH4Cl
solution and brine and dried with MgSO4. After rotary evapora-
tion, the raw product was further purified by using silica gel flash
chromatography, eluting with n-hexane, to afford 0.58 g (2.9 mmol,
53% yield) of compound 17 as a yellow oil. MS (EI+): m/z (%) =
196 (5) [M]+, 169 (1) [C7H7Se]+, 105 (5.4) [C2HSe]+, 91 (100)
[C7H7]+, 65 (14.5) [C5H5]+. 1H NMR (500 MHz, CD2Cl2): δ = 2.93
(s, 1 H, CH), 4.05 (s, 2JSe,H = 14.8 Hz, 2 H, CH2Se), 7.27 (tt, J =
6.5, 1.9 Hz, 1 H, Harom), 7.31–7.36 (m, 4 H, Harom) ppm. 13C NMR
(125 MHz, CD2Cl2): δ = 32.7 (1JSe,C = 52.4 Hz, 2 C, s-CH2), 66.0
(2 C, t-CH), 90.1 (1JSe,C = 38.4 Hz, 2 C, q-SeC), 127.9 (t-Carom),
128.9 (2 C, t-Carom), 129.2 (2 C, t-Carom), 138.1 (q-CaromCH2) ppm.
77Se NMR (95 MHz, CD2Cl2): δ = 245.4 ppm. IR (film): ν̃ = 3279
(vs), 3084 (w), 3028 (m), 2936 (w), 2029 (m), 1949 (w), 1877 (w),
1494 (vs), 1454 (s), 1418 (s), 1218 (m), 1188 (m), 1067 (m), 1029
(m), 759 (s), 696 (vs) cm–1. HRMS (positive EI): calcd. for
12C9

1H8
80Se [M]+ 195.9791; found 195.9809 (+1.8 mmu).

Eur. J. Org. Chem. 2009, 2765–2774 © 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.eurjoc.org 2773

Supporting Information (see footnote on the first page of this arti-
cle): NMR spectra of the synthesized compounds (S1–S22) and
absolute energies, Cartesian coordinates, as well as isotropic mag-
netic shieldings for the calculated conformers (S23–S28).
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