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ABSTRACT: We report a light-promoted hydroselenation of alkenes with high anti-Markovnikov selectivity. Spectroscopic, Ki-
netic, and computational mechanistic studies indicate that blue light activates an aryl diselenide to generate a seleno radical; this
radical adds into an alkene to form a B-seleno carbon radical. Subsequent hydrogen atom transfer (HAT) generates the linear selenide
with high selectivity in preference to the branched isomer. These studies reveal a unique -selenium effect, where a selenide f to a

carbon radical imparts high anti-selectivity for radical addition through delocalization of the HAT transition state.

While selenium is an element essential to life, its reactivity is
less investigated relative to earlier chalcogens (oxygen and sul-
fur). Proteins containing selenocysteine (selenoproteins) are
implicated in various essential antioxidant, redox, and meta-
bolic processes. Selenoprotein thioredoxin reductase 1 cata-
lyzes several antioxidant and redox processes via selenocyste-
ine and cysteine residues through the formation and cleavage of
a Se-S bond (Fig. 1A).! A disulfide bond between neighboring
cysteines is generally conformationally unfavorable, but the use
of selenocysteine makes the dichalcogen bond viable due to se-
lenium’s longer bond lengths.? Selenoproteins act as bi-
omarkers for diseases including cancer and diabetes.® Recently,
abnormal plasma levels of micronutrient selenium were found
in patients suffering severe cases of COVID-19. In addition to
their use in nature, selenides have been incorporated into sev-
eral drug targets.® Ethaselen is a potent thioredoxin reductase 1
inhibitor which has undergone phase I clinical trials (Fig. 1A).°
Selenides are also effective ligands and catalysts; the Zhao lab
has established a series of aryl selenide organocatalysts (Fig.
1A) that achieve a variety of stereoselective difunctionaliza-
tions.” In addition to catalysts, selenides often serve as alkyl
radical precursors.® Alkyl selenides tend to exhibit higher sta-
bility in comparison to other radical precursors (e.g., halides)®

and thus can be carried through multi-step syntheses toward im-
pressive natural products.’® Inoue and coworkers employed a
phenyl selenide (Fig. 1A) to generate an alkyl radical in an ele-
gant three-component coupling for the construction of resinif-
eratoxin. % The selenide was synthesized from a less stable rad-
ical precursor which required several steps to access. The
unique properties of Se have led to an interest in the develop-
ment of methods to prepare organoselenides with hy-
droselenation being an especially attractive strategy.

Hydroselenation is an atom economical approach to add a
Se—H bond across a C-C n-bond.™* Several metal-catalyzed hy-
droselenations have been developed, mainly using activated al-
kenes (such as heterobicyclic alkenes,? allenes,*?® N-vinyl lac-
tams,*?° or a,B-unsaturated thioamides'?®) or alkynes.'? Our lab
reported the Rh-catalyzed enantioselective
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Figure 1. (A) Selenium in nature (catalytic residues in selenopro-
tein thioredoxin reductase 1) and synthesis (Inoue seleno radical
precursor, ethaselen, and chiral catalyst). (B) Regiodivergent hy-
droselenation of alkenes via Rh (previous work) or light (proposed
work).

hydroselenation of styrenes where we were able to access the Mar-
kovnikov-addition products with high stereoselectivity (Fig.
1B).*%¢ In this follow up study, we aim to develop a complementary
radical-mediated hydroselenation to form the anti-Markovnikov
product. Previous studies have shown that seleno radicals can be
generated photochemically. Ogawa reported a light-promoted hy-
droselenation of alkynes, proposing an alkenyl radical intermedi-
ate.’® A number of other light-promoted reactions with selenides
are known, including difunctionalizations,** couplings,'® and cy-
clizations.'® We imagined a light-generated seleno radical could
add to the terminal position of an alkene to generate the more stable
internal radical, which could then undergo HAT to give the anti-
Markovnikov selenide (Fig. 1B). If successful, this approach would
allow us to (1) access a complementary anti-Markovnikov motif,
and (2) study the reactivity of the B-seleno radical by both experi-
ment and theory. B-seleno radicals have been proposed in a number
of seleno radical additions to alkenes for subsequent difunctionali-
zations.***-4: 17 An interesting observation amongst these reports is
that these functionalizations often occur with high anti-selectivity,
yet mechanistic studies of this phenomenon remain unexplored.

To access the anti-Markovnikov product by hydroselenation,
we chose feedstock chemical styrene (1a) and commercially
available benzeneselenol (2a) as our model system. The ben-
zeneselenol sample contained 3 mol % diphenyl diselenide (3a)
due to spontaneous selenol oxidative dimerization.'® We ob-
served no reactivity when the experiment was performed in the
dark (Table 1, entry 1), however under ambient light we found
that the hydroselenation can occur to give the anti-Markovni-
kov isomer 4aa in 15% yield and >20:1 rr (Table 1, entry 2). By
shining blue LEDs on the reaction mixture and monitoring by
TLC, we observed reaction completion and nearly quantitative

yield of 4aa within 20 minutes (Table 1, entry 3). We suspected
that the trace diphenyl diselenide 3 could be the photoactive
species promoting reactivity.'® Indeed, TLC monitoring indi-
cated the reaction time could be shortened to five minutes by
adding an additional 20 mol% of dipheny! diselenide (3a) (Ta-
ble 1, entry 4). Together, these results support the critical role
of blue light and catalytic diselenide in this coupling.

A condition-based sensitivity screen was performed as out-
lined by the Glorius group (Fig. 2).° Increased oxygen content
lowered the yield by 26%. While high intensity of light showed
similar results as the optimized conditions, low intensity af-
forded diminished yield (83%). Additionally, lower efficiency
is observed at a larger reaction scale (20x optimized conditions,
69% vyield).

conditions H
(PhSe), (3a, x mol%)
“X + Phse-H
PR DCE, 50 °C o 5P

1a 2a 4aa
Entry Conditions 3a mol% Time Yield

1 dark 3 24 h ND

2 ambient light 3 24 h 15%

3 blue LEDs 3 20 min 98%

4 blue LEDs 23 5 min 98%

Table 1. Optimization for the anti-Markovnikov hydroselenation
of styrene using benzeneselenol. Yields are determined by NMR
analysis using 1,3,5-trimethoxybenzene as the internal standard.

Synthetic Scope. We examined the light-promoted hy-
droselenation of twenty-eight different alkenes with benzene-
selenol (2a) to generate the corresponding linear selenides (Fig.
2). High reactivity and regioselectivity (>20:1 rr) are obtained
with mono-substituted alkenes (4aa—4av, 85-98% yield). Wide
functional group tolerance is shown, including halides (4ab,
4ad, 4ae, 4ah), acids (4ak, 4ao0), and heterocycles (4ar—4au).
This process can occur with unactivated alkenes (4av), in con-
trast to the activated alkenes required in previous hy-
droselenations.’?*20 Both 1,1-disubstituted (4aw—4ay, 90—
94% vyield) and 1,2-disubstituted alkenes (4az—4aab, 79-93%
yield) undergo addition. A conjugated diene undergoes the se-
lenol-ene to afford the homoallylic selenide (4aac) with 87%
yield and >20:1 rr. We also applied this hydroselenation to pre-
pare a Se-analogue of eletriptan, a migraine medication, which
has an -SO,Ph group instead of the SePh group in 4aad. The
reaction gave a Se-analogue 4aad in a 31% yield. Several sele-
nols (generated in situ from the diselenide and Ph,POH) provide
anti-Markovnikov products with high regioselectivity. A more
electron-rich aryl selenol (4ba, 68% yield) shows higher reac-
tivity compared to an electron-poor aryl selenol (4ca, 46%
yield). A bulkier, less aromatic selenol had diminished reactiv-
ity (4da, 19% yield). Overall, this light promoted selenol-ene
occurs under mild conditions to form linear organoselenides
with excellent regiocontrol.
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Figure 2. Scope of light-catalyzed hydroselenation for (A) alkenes and (B) selenols. Reaction conditions for alkene scope: 1 (1.0 equiv.), 2
(1.5 equiv.), 1,2-dichloroethane (0.25 M). Reaction conditions for selenol scope: 1 (1.0 equiv.), 3 (1.5 equiv.), Ph.POH (1.5 equiv.), 1,2-
dichloroethane (0.25 M). Reactions are run in a light box under blue LEDs and monitored by TLC for reaction completion (20 min—24 h).
Temperature in the box rises to 50 °C in 20 minutes due to LEDs and maintains that temperature over time. Regioselectivity determined by

H NMR analysis of the unpurified reaction mixture.

Mechanistic Hypotheses. Initially, we investigated the
photoactive species of the transformation. UV-visible spectra
showed that absorbance in the blue light region corresponds
to diphenyl diselenide (Fig. S3). Ultra-fast transient absorp-
tion spectra also showed identical behavior between diphenyl
diselenide (3a), the benzeneselenol sample (2a), and the reac-
tion mixture (see Sl 5.2 for details). Based on these spectro-
scopic results, we concluded that the photoactive species is
diselenide (3), which is formed by selenols when exposed to
light or oxygen.’* Based on Ogawa’s light-promoted hy-
droselenation of alkynes,® we were interested whether this se-
lenol-ene involves radicals. We found that AIBN could be
used as an initiator, giving 54% yield (Fig. 3A). The back-
ground reaction at 70 °C gave only 15% yield, highlighting
that AIBN effectively promotes hydroselenation. Addition-
ally, a mixture of two distinct diselenides in DCE gave mixed
diselenide product when exposed to blue LEDs (Fig. 3B).
Thus, AIBN-mediated reactivity and crossover studies indi-
cate the importance of seleno radicals in the reaction. A light-
dark study (Fig. S6) revealed that light is necessary for

reaction progress; when the light is off, the reactivity halts,
but resumes when re-exposed to light. This is consistent with
a previous report of high rates of recombination for seleno
radicals.*’f

Diselenide excitation is supported computationally (see SI
6.2). Excitation energies of 1a, 2a, 3a and an optimized S;
state geometry of 3a were computed using time-dependent
density functional theory (TDDFT) to support the feasibility
of photoabsorption and photoinduced homolytic cleavage.
The excitation energies are consistent with the experimental
UV-visible spectra, with 3a being the only species with a S;
excitation within range of the blue LEDs. The S; state of 3a
has Se—Se o* character. Upon S; state geometry optimization,
the Se—Se bond lengthens by 0.47A. Moreover, the computed
Se—Se bond dissociation energy changes from energetically
unfavorable (35.7 kcal/mol) to favorable (-15.3 kcal/mol)
upon S; excitation.
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Figure 3. (A) Reaction run in the dark using AIBN as an initiator;
(B) Diselenide crossover experiment; (C) Anti-selective addition
of a deuterated selenol to a cyclic styrene; (D) Anti-selective ad-
dition of selenol to a trisubstituted styrene.

Deuterium labeling studies revealed high anti-selectivity
for cyclic selenide 4aab (Fig. 3C). Similarly, hydroselenation
of a tri-substituted acyclic alkene gave high selectivity for a
single diastereomer for selenide 4aae (Fig. 3D). High dia-
stereoselectivity is relatively uncommon in radical reactions,
so we investigated several potential mechanisms to determine
which reflected the observed selectivity.

The importance of diphenyl diselenide and light in the re-
action suggests activation of the diselenide 3 by light (Fig. 4).
Excited state diselenide 3* can undergo homolytic bond
cleavage to form seleno radical 1. Based on literature prece-
dence,*® we propose that the radical could then add to alkene
1 to form C-radical 11. To investigate the origin of anti-selec-
tivity from this B-seleno radical, we proposed three diverging
mechanisms: M1, a diastereoselective hydrogen atom transfer
(HAT); M2, a seleniranium process; and M3, a radical seleni-
rane process. Two other mechanisms, involving a Dexter En-
ergy Transfer (DET) event or formation of a styrene radical
cation were also investigated, but these mechanisms favored
syn-addition and were therefore ruled out (see Sl for details).
We found that M1 (Fig. 4) is the most likely mechanism, and
we herein detail our experimental and computational results
which support or refute M1, M2, and M3.

P
Ph__ - “ph == [Ph\ - ‘Ph]
3a 1L 3a*
D Ph—Se
©ij, 1ab
(*)-d-4aab
PhSe—-D
d-2a
¢
llaab

Figure 4. Favored mechanism for diastereoselective for-
mation of d-4aab.

Selective HAT mechanism (M1). For M1 (Fig. 4), seleno
radical la adds to the alkene lab to form alkyl radical Ilaab.
A subsequent HAT with selenol d-2a provides product 4aab.
Ogawa has proposed a similar mechanism where the homo-
lytic bond cleavage of diselenides generates seleno radicals,
which undergo addition to alkynes.*® This mechanism is in ac-
cordance with the experimental observation of seleno radicals,
but to probe whether the predicted diastereoselectivity re-
flected the experimental results we turned to computational
studies.

Computational Studies of M1. We focused our computa-
tional studies on analyzing the predicted selectivity for cyclic
styrene substrate 1ab. For M1, the diastereo-determining step
will be the HAT step; hence we focused on the calculations
for the intermediate (Il1aab), transition state (TS2) and prod-
uct (4aab) for that step.

24
22 )
~ 920 anti
g 18 syn
3 16 —
& 13 Ts2
& 10
s 8
6
o
& 4
2 S
0
_9 llaab

Figure 5. Energies of the intermediate Ilaab and HAT transition
state (TS2) for syn- and anti-addition. Energies are: llaab-anti, 0
kcal/mol; llaab-syn, 1.51 kcal/mol; TS2-anti, 14.98 kcal/mol;
TS2-syn, 23.01 kcal/mol.

Relative free energies of transition states and intermediates
were computed with DFT to predict the diastereomeric ratios
(dr) (Fig. 5). It is likely that there is interconversion between
the anti- and syn- isomers of llaab, due to the low barrier of
inversion for tetrahedral C-radicals. This is the condition for
Curtin-Hammett control which results in a dr that only de-
pends on the transition state free energies rather than the acti-
vation energies. The computed anti- to syn-product ratio
is >99:1 dr, which corresponds well with the experimentally
observed >20:1 dr. In the less likely scenario where there is
not facile interconversion of anti- and syn-Ilaab, the reaction
would be under kinetic control and therefore depend upon the
AAG between anti- and syn-llaab. In this case, calculations
also indicate a >99:1 dr, still supporting experimental results.
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Figure 6. SOMO of the anti and syn HAT transition states (TS2).

Comparing the SOMOs of the HAT step transition state
(TS2) reveals a qualitative difference between the syn- and
anti-TS2 electron densities (Fig. 6). The SOMO of the anti-
TS2 is delocalized a greater distance because selenium atoms
are more linear. The SOMO of both transition state structures
has weak C—H bonding and Se—H antibonding character (Fig.
6). However, the almost linear (133°) Se—C—-C configuration
over 5.5 A in the anti-TS2 structure affords additional stabili-
zation of the SOMO by hyperconjugation with the 6* orbital
of the adjacent C—Se bond, whereas the 77° Se-C-C angle re-
duces the length scale of delocalization (3.74 A) in the syn-
TS2 structure. The anti-TS2 SOMO delocalization shows
some antibonding character and results in a small lengthening
in the anti-TS2 p-Se—C bond (2.005 A) compared to the syn-
TS2 B-Se—C bond (2.003 A). Based on these results, it is likely
that electronic effects contribute greatly to give the high anti-
selectivity. Sterics may also have an impact,*” however would
not explain the observed bond lengthening and extended de-
localization.

We were also interested in the high diastereoselectivity ob-
served for acyclic product 4aae. DFT calculations were per-
formed on the entire reaction coordinate (see Sl). Calculations
indicated a high anti-selectivity in this case as well. However,
both (E)- and (2)-1ae give the same diastereomer experimen-
tally, which was found to be the product of anti-addition to
(E)-1ae. Depletion of (E)-1lae occurs more quickly in the re-
action, and isomerization between the two alkenes under re-
action conditions is also observed. Thus, it is possible that
there is a pre-equilibrium between the alkenes followed by a
faster anti-addition reaction to (E)-lae. The calculations do
not fully describe a significantly faster reaction with (E)-1ae,
but do support high anti-selectivity in a similar fashion to the
cyclic system.

Based on our observed diastereoselectivity and computa-
tional investigations, we propose a novel “B-selenium effect”
for radical additions due to delocalization of the transition
state SOMO. This effect is an exciting parallel to the B-silicon
effect.?* Further, our present results suggest that the p-sele-
nium effect arises from delocalization rather than a selenira-
nium intermediate.??

We were interested in whether the B-selenium effect ex-
tends to other radical additions, so we investigated whether
the C-radical can be trapped using H,O,. We found that a mix-
ture of alkene lab, 3a, and H;O, gave sole anti-addition
(Scheme 1).

OH
blue LEDs Ph
+ (PhSe); + HO0p — " 3
DCE, 50 °C
4 hours

1ab 3a (*)-5aab
47%, >20:1 dr

Scheme 1. Use of H:0: as a radical trap.

From these studies, we conclude that the B-selenium effect
is applicable to trapping of C-radicals f to a selenide with high
stereocontrol.

Seleniranium mechanism (M2). Mechanisms involving
seleniraniums are well precedented.? The addition of an elec-
trophilic selenium moiety to an alkene forms a seleniranium,
which can subsequently be opened by a range of nucleophiles.
Addition of the nucleophile occurs with anti-selectivity. This
reactivity includes applications such as polyene cycliza-
tions,2%® selenoetherifications®* and selenolactonizations.?
Strong evidence for seleniraniums has been observed, as the
seleniranium ion structure has recently been thoroughly char-
acterized.?® Based on this literature precedence and the ob-
served anti-selectivity, we were curious whether our selenol-
ene occurs via a seleniranium intermediate. In this proposed
mechanism (Fig. 7), C-radical intermediate Il1aab can be oxi-
dized to form seleniranium intermediate Il1laab. Subsequent
hydrogen atom abstraction (HAT) and reduction can give the
product 4aab and regenerate seleno radical la. To probe this
mechanism, we imagined independently synthesizing a sele-
niranium and subjecting it to the reaction conditions, but the
instability of seleniraniums precluded their use at reaction
temperature, 24> 26

[ox1©
“‘ - Ph[} Ph F:ihZa?D
[°X] ©ij Ph— @i)’
llaab lllaab (*)-d-4aab
[OX]

Figure 7. Proposed radical seleniranium mechanism (M2) for
formation of anti-d-4aab starting from carbon radical Ilaab.

To form the seleniranium, oxidation is required and so, we
investigated the presence of oxidants in the reaction. There are
two possible mechanisms for oxidation: first, C-radical 11 can
be oxidized to form a carbocation followed by ring closing to
form 111 (Fig. 8A), or ring closing can occur first to form the
radical selenirane 1V followed by oxidation to form 111 (Fig.
8B).

(A) Oxidation ofC radical pathway

R2 Ar— [ox] R2 ,Ar
R1J\ LN R‘J\( arise R%\r R—
[ox] R3
1 II+ 1]
(B) Oxidation of selenlrane pathway
R2 Ar—Se R2 R2: AT ox] Ar
1 R2 S
17 A—» R Ar—» ®
R R! .© R!
R3 R3 R [ox] R
1 [} v 1]

(C) Investigation of selenide radical as oxidant

PPN & s —¢m | R _sePh + pps O
llaa la +0.67eV llaa* la~

Figure 8. (A) Oxidation pathway involving carbocation; (B) ox-
idation pathway involving selenirane; (C) investigated oxidation
of C-radical.
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Based upon previous redox studies of benzeneselenol, sty-
rene, and diphenyl diselenide, we realized that the ground
state species of these reagents were unable to facilitate oxida-
tion.?” Therefore, we calculated the redox potentials of various
excited-state species in the reaction. The le- reduction poten-
tial for seleno radical la is calculated to be -4.46 eV. For the
carbocation pathway (Fig. 8A), the oxidation of the C-radical
intermediate llaa is +5.13 eV (Table 2). Based on these cal-
culations, the redox event using a seleno radical la as an oxi-
dant for llaa is energetically uphill and therefore unlikely
(Fig. 8C). DFT studies of the neutral selenirane radical indi-
cated that this was not an energetically feasible intermediate
(vide infra).

Ia — Ia™ Ilaa — Ilaa*
Adiabatic Elec- -4.46 eV 5.13 eV
tronic Energy Dif-
ference

Table 2. Energy differences for redox processes of radical inter-
mediates.

To investigate whether oxygen could be the oxidant, paral-
lel experiments were run: one under inert conditions (<5.0
ppm O-), one under brief exposure to the atmosphere, and one
under an O balloon. All three reactions proceeded similarly,
and the reaction occurred in the absence of O; therefore, we
concluded that O is unlikely to affect reactivity (Table 3).

Inert Air O2 balloon

Yield (umol) | 721 +4.5 | 73.2+4.6 | 744+4.6

Table 3. NMR yields of product after three minutes using triphe-
nylmethane as internal standard. Reaction conditions: 1a (0.1
mmol), 2a (0.15 mmol), solvent (0.167 M), blue LED irradiation
for five minutes.

Further, we investigated the impact of solvent dielectric
constant on reaction rate. Based on Marcus theory,? if redox
reactivity occurred to form a seleniranium, the reaction should
be faster in solvents with higher dielectric constants. A higher
solvent dielectric constant allows for rapid solvent reorgani-
zation upon charged species formation. However, we ob-
served no correlation between solvent dielectric constant and
yield at an early time point in the reaction (Fig. 9). In fact,
acetonitrile, which has the highest dielectric constant and
smallest radius, led to one of the lowest yields early in the re-
action. Therefore, it is unlikely that charged species formation
occurs during this reaction.

Dipole moment and product formation
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Figure 9. Observed lack of trend between dielectric constant and
product formation early in the reaction. Tested solvents included
heptane, 1,2-dichloroethane, o,0,0-trifluorotoluene, tetrahydrofu-
ran, and acetonitrile. Reaction conditions: 1a (0.1 mmol), 2a
(0.15 mmol), solvent (0.25 M), blue LED irradiation for five
minutes. Yield measured using GCFID analysis with trimethox-
ybenzene as internal standard.

Based on these mechanistic studies, we were able to con-
clude that the presence of oxidants and ionized intermediates
is unlikely. Therefore, a seleniranium mechanism for this re-
action is improbable.

Selenirane mechanism (M3). After establishing M2 is un-
likely, we imagined a similar mechanism involving a neutral
selenirane (Fig. 10).

. PhSe—D D
=X 1Ph oy
Ph—Se QO,

llaab IVaab la ()-d-4aab

Figure 10. Proposed radical selenirane mechanism (M3) for for-
mation of anti-d-4aab starting from carbon radical 11aab.

In this mechanism, C-centered radical Ilaab could be in
equilibrium with the Se-centered radical selenirane 1Vaab,
and could undergo HAT with selenol 2a to give the product
4aab and regenerate seleno radical la. This pathway would
similarly have high anti-selectivity but would not require re-
dox activity. We investigated M3 computationally to deter-
mine the energetic feasibility. A potential energy surface scan
of VI (Fig. 11) varying the Se-C1 and Se-C2 bond lengths
showed no local minimum that corresponded to the selenirane
ring and no saddle points that would correspond to a transition
state (Fig. 11). The lack of energetically feasible intermedi-
ates or transition states for a radical selenirane indicates that
M3 is unlikely to be the operative mechanism.
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Figure 11. Potential energy surface scan of selenirane mecha-
nism. No minima (intermediates) or saddle points (transition
states) were found corresponding to a selenirane.

Conclusion. The generation of carbon radicals from al-
kenes is an exciting approach to hydrofunctionalization. This
strategy can be achieved through (1) metal-hydride hydrogen
atom transfer (MHAT);?® (2) generation of radical cations
from alkenes;* or (3) the addition of a heteroatom radical to
alkenes.®! We report a novel hydroselenation falling under this
third approach, where a selenide radical adds to an alkene. Us-
ing blue LEDs, we were able to access novel selenides. The
transformation proceeds with a variety of substrates, includ-
ing unactivated alkenes and drug-like molecules. The explo-
ration of several potential mechanisms (Table 4) led us to
identify a mechanism involving a C-radical as the most likely
pathway (M1).

M1 | M2 | M3
Experi- anti-addition N4 N4 N4
mental
Evidence
Radical evidence | v N4 N4
No rate correla- N4 X N4
tion with polarity
of solvent
Computa- Energetically v X v
tional Evi- Feasible
dence

Found Transition | v N/A | X
States

Favors anti-addi- | v N
tion

Table 4. Summary of investigated mechanisms and their agree-
ment or disagreement with experimental and computational re-
sults.

Through computational studies, we have been able to iden-
tify a novel B-selenium effect which leads to high anti-selec-
tivity for trapping C-radicals P to a selenide. In previous stud-
ies, sterics have been proposed to impact selectivity of addi-
tion to B-carbon radicals; however, through computational
studies we have been able to elucidate additional electronic
factors which play a significant role in selectivity. This rela-
tively strong stereoelectronic effect appears to be caused by
the much greater energetic accessibility of C—Se ¢* orbitals
compared to other C—X o bonds with second-row elements.
We hope that the application of the B-selenium effect can aid
in future stereoselective syntheses, and we expect insights
from this study will help to guide future work in hy-
droselenation and functionalization of selenides.

Methods.

Computational methods. All calculations were performed
using Turbomole.®? The molecular geometries were optimized
using the DFT functional PBEO,* the triple { quality def2-
TZVP basis set,* resolution-of-the-identity approximation
(R1),% D3 dispersion corrections,®® and COSMO with a die-
lectric constant of 10.45 corresponding to DCE.¥ GKS-
RPAZ® single point calculations using the DFT functional PBE
were then done on these optimized geometries and adiabatic
electronic energies using the resolution-of-identity random
phase approximation (RI-RPA),* 60 frequency quadrature
points, triple ¢ quality def2-TZVP basis set, an SCF conver-
gence threshold of 108 Hartree, and the 6 grids for functional
integrations. Finally, the free energy corrections were com-
puted using the “Thermo submodule” of XTB.*°

Experimental methods.

Alkene scope. In a No-filled glovebox, benzeneselenol (2a,
0.15 mmol, 1.5 equiv.) containing 3 mol% diphenyl diselenide
(3a) was added to a solution of alkene (1, 0.1 mmol, 1.0
equiv.) in DCE (0.40 mL) in a 1-dram vial. The vial was
sealed with a septa cap and brought out from glovebox. Dur-
ing irradiation with blue LEDs, the temperature was allowed
to rise due to proximity to the lights, maintaining ~50 °C after
20 minutes. The reaction mixture was monitored by TLC, and
reactions were irradiated until starting material was consumed
or the reaction stalled (1-24 h). The resulting mixture was
then cooled to room temperature and the solvent was evapo-
rated by rotary evaporation. The regioselectivities were deter-
mined by *H NMR analysis of the unpurified reaction mixture.
Isolated yields (obtained by preparative TLC) are reported.

Selenol scope. In a No-filled glovebox, diselenide (3, 0.15
mmol, 1.5 equiv.) and diphenylphosphine oxide (0.15 mmol,
1.5 equiv.) were weighed in a 1-dram vial. A mixture of
diselenide and diphenylphosphine oxide forms selenol in
situ.® DCE (0.40 mL) and styrene (1a, 0.1 mmol, 1.0 equiv.)
were added. The vial was sealed with a septa cap and brought
out from glovebox. During irradiation with blue LEDs, the
temperature was allowed to rise due to proximity to the lights,
maintaining ~50 °C after 20 minutes. The reaction mixture
was monitored by TLC, and reactions were irradiated until
starting material was consumed or the reaction stalled (1-24
h). The resulting mixture was then cooled to room temperature
and the solvent was evaporated by rotary evaporation. The re-
gioselectivities were determined by *H NMR analysis of the
unpurified reaction mixture. Isolated yields (obtained by pre-
parative TLC) are reported.
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