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Abstract

We describe the anti-Markovnikov hydrothiolation of olefins using visible light absorbing
transition metal photocatalysts. The key thiyl radical intermediates are generated upon quenching
of photoexcited Ru*(bpz)3

2 with a variety of thiols. The adducts of a wide variety of olefins and
thiols are formed in excellent yield (73–99%).

Introduction
The construction of carbon–sulfur bonds is synthetically important because of the large
number of sulfur-containing natural products and pharmaceuticals1 as well as the increasing
importance of sulfur-containing ligands and chiral auxiliaries in synthetic chemistry.2 One
of the most general methods for the construction of thioethers is the radical thiol-ene
reaction, a prototypical “click” reaction3 that effects the anti-Markovnikov radical addition
of a thiol S–H bond across an alkene (Scheme 1).4 This reaction is of particular significance
in materials and biological applications due to the high efficiency of the bond-forming
process and because of its compatibility with a wide range of polar functional groups.5 The
thiol-ene is typically initiated by thermal or UV activation of a radical initiator or by direct
irradiation with UV light.6 In this communication, we report that a ruthenium polypyridyl
complex is an effective visible light photoinitiator of the radical thiol-ene reaction.7

Over the past several years, a number of labs including our own have been investigating the
design of reactions that utilize the powerful photoredox properties of Ru(bpy)3

2+ and related
transition metal chromophores.8 The ability of the photoexcited MLCT state of metal
polypyridyl complexes to oxidize amines, alkenes, and arenes has been productively
exploited in an impressively diverse array of atom transfer reactions,9 α-carbonyl
functionalizations,10 carbon-carbon bond forming processes11 and amine oxidations.12 As
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part of an effort to broaden the range of transformations accessible using transition metal
photoredox catalysis, we have been exploring the use of alternate electron donors that might
enable the development of new synthetically useful processes. In particular, we envisioned
that the one-electron photooxidation of a thiol by a ruthenium polypyridyl photocatalyst
could produce a thiol radical cation, and deprotonation of its acidified S–H bond would
generate an electrophilic thiyl radical. As an initial test of the ability of transition metal
polypyridyl complexes to catalyze the formation of these reactive heteroatom-centered
radical intermediates, we elected to use this approach to design a visible light-initiated
radical thiol-ene reaction.

Results and Discussion
The ability of photoexcited ruthenium complexes to oxidize other sulfur-containing
compounds has been documented,13 and a limited number of examples of organic reactions
initiated by transition metal-catalyzed photooxidation of thioethers have been reported. The
Zen and Guillo groups have developed photocatalytic conditions for oxidation of thioethers
to sulfoxides.14 More recently, Li described the oxidation and subsequent cyclization of
aromatic thioamides to produce benzothioazoles.15 To the best of our knowledge, however,
the ability of ruthenium photocatalysts to oxidize thiols has not previously been reported.
Indeed, Matsuda found that the fluorescence of Ru*(bpy)3

2+ is not quenched upon treatment
with thiols.16 However, our experience with the use of ligand-modified ruthenium
complexes with tailored electrochemical properties in the optimization of other
photocatalytic reactions gave us confidence that our design plan would be successful.

(1)

We initiated our studies by examining the reaction of benzyl mercaptan (Eox = +0.50 V vs
SCE)16 with styrene. Irradiation in the presence of the canonical photocatalyst Ru(bpy)3Cl2
(Eox (2+*/+) = +0.77 V) produced only poor yields of the radical addition product (Table 1,
entry 1). The use of the more powerfully oxidizing catalyst Ru(bpz)3(PF6)2 (Eox (2+*/+) =
+1.35 V) led to a significant increase in reactivity (entry 2). The catalyst loading can be
lowered to only 0.25 mol% without significant loss in yield (entry 3). Finally, we find that a
four-fold excess of thiol enables full conversion after only 2 h of irradiation (entry 6). A
control reaction in the absence of Ru(bpz)3(PF6)2 verified that the reaction is not promoted
by irradiation with the LED alone. Irradiation with a broad-spectrum white CFL, on the
other hand, produced significant background reaction in the absence of catalyst. In the
presence of the catalyst, the CFL-irradiated reaction proceeds to completion, albeit at a
slower rate than reactions irradiated with a monochromatic blue LED.

Table 2 summarizes experiments probing the scope of thiols that can be activated using
these optimized conditions. Primary thiols such as benzyl mercaptan (entry 1) and methyl
thioglycolate (entry 2) react efficiently to generate the hydrothiolated products in nearly
quantitative yields. Bulkier thiols such as cyclohexyl (entry 3) and tert-butyl mercaptan
(entry 4) require longer reaction times, yet still produce thiol-ene adducts in excellent yields.
Functionalized thiols such as cysteine participate smoothly in this process (entry 5). The
addition of thioacetic acid (entry 6) and thiophenol (entry 7) are high yielding under these
conditions; however, these compounds possessing more acidic S–H bonds undergo
background thiol-ene additions in the absence of photocatalyst.
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Table 3 summarizes the scope of alkenes that participate in this coupling process. Both
aliphatic alkenes and styrenes with various substitution patterns react smoothly under these
reaction conditions (entries 1–6); in all cases, the high regioselectivity observed is consistent
with the anti-Markovnikov selectivity expected from radical thiol-ene additions. Alkynes,
which are prone to multiple additions in other thiol-yne additions,17 undergo clean
monoaddition to afford vinyl sulfides with high (E)-selectivity (entry 7). In accord with the
high tolerance of the thiyl radical for polar functional groups, the functional group
compatibility of this process is high, and esters (entry 8), unprotected alcohols (entry 9), and
carbamates (entry 10) are not problematic. Particularly notable is the tolerance of this
reaction to allylic and aryl halides which might be expected to participate in unproductive
alkylation of the thiol (entry 11) or undergo photochemical decomposition upon UV
irradiation (entries 12 and 13); however, these compounds participate in this visible light
mediated radical thiol-ene process without competition from these undesired processes.
Finally, we were pleased to observe that ethyl cinnamate exclusively produces the anti-
Markovnikov adduct in high yields (entry 14). No trace of the complementary regioisomer
arising from conjugate addition to the enone could be observed under these conditions.

A reasonable mechanism for this process is outlined in Scheme 4. Visible light
photoexcitation of Ru(bpz)3

2+ affords a strongly oxidizing MLCT state that can undergo
reductive quenching by a thiol to generate the thiyl radical cation and Ru(bpz)3

+.
Deprotonation of the radical cation generates a thiyl radical that adds across the alkene with
anti-Markovnikov selectivity. The resulting alkyl radical then abstracts hydrogen atom from
an unreacted thiol compound to generate the hydrothiolated product and another equivalent
of thiyl radical. The Ru(bpz)3

+ catalyst is likely reoxidized by a molecule of oxygen, which
regenerates the photoactive photocatalyst (Scheme 4). Empirically, we observe that these
reactions tend to be quite clean and produce no significant side products. These observations
are especially surprising in that we do not detect disulfide formation under neutral
conditions, even though they are often formed as side products of reactions in which thiyl
radicals are intermediates.16

In conclusion, we have shown that radical thiol-ene reactions can be photoinitiated upon
irradiation with visible light in the presence of Ru(bpz)3

2+. These reactions are high-yielding
and show excellent generality for a variety of alkenes and thiols. Moreover, the reactions
can be initiated using long-wavelength visible light sources that are fully compatible with a
range of photosensitive functional groups. These results also demonstrate that thiols can be
used as reductive quenchers of photoexcited ruthenium complexes to generate oxidized
sulfur species under mild experimental conditions. The use of this principle in the design of
new synthetically useful transformations is an ongoing goal of research in our lab.

Experimental Section
General Information

Photochemical reactions were irradiated with a 6-inch strip of blue LED lights purchased
from Creative Lightings. Ru(bpy)3Cl2·6H2O was purchased from commercial sources and
used without further purification. Ru(bpz)3(PF6)2 was synthesized using known methods.18

All other reagents were purchased from commercial sources and purified immediately prior
to use. Chromatography was performed with Purasil 60 Å silica gel (230–400 mesh). All
glassware was oven-dried for at least 1 h before use. 1H and 13C NMR data are referenced to
TMS (0.00 ppm) and CDCl3 (77 ppm), respectively.

4-Iodostyrene
An oven-dried round-bottom flask containing 1 mL (7.65 mmol) 4-bromostyrene and 50 mL
dry THF was cooled to −78 °C under nitrogen. 4.2 mL (1.2 equiv) n-BuLi was slowly
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added, and the reaction was stirred at −78 °C for 10 min before warming to room
temperature. After 20 min, the flask was returned to −78 °C, and a solution of iodine in THF
(0.6 M) was added dropwise until the red color persisted. At this point the reaction was
warmed to room temperature, diluted with ethyl ether and quenched by washing with 50 mL
water, 50 mL saturated Na2S2O3, 50 mL saturated NaHCO3 and finally 50 mL brine. The
organic layer was dried with MgSO4, filtered and concentrated. Purification by
chromatography (100% hexanes) afforded 1.65 g (7.17 mmol, 94%) of a light yellow solid.
All spectroscopic data were consistent with reported values.19

General procedure for radical thiol-ene reactions
To an oven-dried 1.5 dram vial were added 1.00 mmol olefin, 4.00 mmol thiol, 3.0 μmol
Ru(bpz)3(PF6)2, and 0.5 mL acetonitrile. The vial was sealed with a Teflon cap and
irradiated with blue LEDs. Upon completion of the reaction, the solution was diluted with
pentane. Reactions involving base-sensitive substrates were filtered through a short pad of
SiO2 and concentrated in vacuo, and the residue was purified by flash column
chromatography (pentanes to 30:1 pentane:Et2O eluent) to afford the thiol-ene adducts.
Reactions without base-sensitive substrates were first extracted twice with 10% NaOH (aq)
to remove unreacted thiol. The aqueous layers were extracted with Et2O, and the combined
organic layers were dried over Na2SO4, filtered, and concentrated prior to column
chromatography.

Benzyl(phenethyl)sulfane (Table 2, entry 1)—Colorless oil. Experiment 1: 210 mg
(0.980 mmol, 98% yield). Experiment 2: 208 mg (0.969 mmol, 97% yield). All
spectroscopic data were consistent with reported values.20

Methyl 2-(phenethylthio)acetate (Table 2, entry 2)—Colorless oil. Experiment 1:
200 mg (0.949 mmol, 95% yield). Experiment 2: 205 mg (0.975 mmol, 98% yield). IR (thin
film): 1734,1647, 1283 cm−1; 1H NMR (500 MHz, CDCl3) 7.50 – 6.96 (m, 5H), 3.74 (s,
3H), 3.23 (s, 2H), 2.90 (apparent s, 4H); 13C NMR (126 MHz, CDCl3) δ 170.8, 140.0,
128.5, 126.4, 52.4, 35.6, 34.0, 33.4; HRMS (EI) calc’d for [C11H14O2S+NH4]+ requires m/z
228.1053, found m/z 228.1053.

Cyclohexyl(phenethyl)sulfane (Table 2, entry 3)—Colorless oil. Experiment 1: 214
mg (0.969 mmol, 97% yield). Experiment 2: 220 mg (0.998 mmol, 99% yield). IR (thin
film): 2929, 2851, 1653, 1450 cm−1; 1H NMR (500 MHz, CDCl3) δ 7.59 – 6.96 (m, 5H),
2.87, 2.78 (AA′BB′, 4H), 2.65 (m, 1H), 2.01–1.94 (m, 2H), 1.85–1.70 (m, 2H), 1.64–1.57
(m, 1H), 1.40–1.17 (m, 4H); 13C NMR (126 MHz, CDCl3) δ 140.8, 128.4, 126.2, 43.6, 36.7,
33.7, 31.6, 26.1, 25.8; HRMS (EI) calc’d for [C14H20S]+ requires m/z 220.1281, found m/z
220.1278.

tert-Butyl(phenethyl)sulfane (Table 2, entry 4)—Colorless oil. Experiment 1: 165 mg
(0.848 mmol, 85% yield). Experiment 2: 167 mg (0.858 mmol, 86% yield). IR (thin film):
2967, 2865, 1504, 1467 cm−1; 1H NMR (500 MHz, CDCl3) δ 7.50 – 6.87 (m, 5H), 2.86,
2.78 (AA′BB′, 4H), 1.33 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 140.9, 128.4, 128.4,
126.2, 42.1, 36.4, 30.9, 29.9; HRMS (EI) calc’d for [C12H18S]+ requires m/z 194.1124,
found m/z 194.1125.

(S)-Methyl 2-((tert-butoxycarbonyl)amino)-3-(phenethylthio)propanoate (Table
2, entry 5)—Colorless semisolid. Experiment 1: 332 mg (0.977 mmol, 98% yield).
Experiment 2: 327 mg (0.962 mmol, 96% yield). IR (thin film): 3432, 2979, 2253, 1708,
1498 cm−1; 1H NMR (500 MHz, CDCl3) 7.35 – 7.12 (m, 5H), 5.41 – 5.30 (m, 1H), 4.54 (s,
1H), 3.75 (s, 3H), 2.97 (t, J = 5.0 Hz, 2H), 2.78, 2.86 (AA′BB′, 4H), 1.44 (s, 9H); 13 C
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NMR (126 MHz, CDCl3) δ 171.5, 140.0, 128.4, 128.4, 126.4, 94.7, 80.1, 53.3, 52.5, 36.1,
34.6, 34.1, 28.3; HRMS (EI) calc’d for [C17H25NO4S+Na]+ requires m/z 362.1397, found
m/z 362.1397.

(S)-Phenethyl ethanethioate (Table 2, entry 6)—Colorless oil. Experiment 1: 167 mg
(0.923 mmol, 92% yield). Experiment 2: 158 mg (0.877 mmol, 88% yield). All
spectroscopic data were consistent with reported values.21

Phenethyl(phenyl)sulfane (Table 2, entry 7)—Colorless oil. Experiment 1: 210 mg
(0.9803 mmol, 98% yield). Experiment 2: 208 mg (0.969 mmol, 97% yield). All
spectroscopic data were consistent with reported values.22

Benzyl(octyl)sulfane (Table 3, entry 1)—Colorless oil. Experiment 1: 234 mg (0.989
mmol, 99% yield). Experiment 2: 235 mg (0.992 mmol, 99% yield). All spectroscopic data
were consistent with reported values.23

Benzyl(cyclohexylmethyl)sulfane (Table 3, entry 2)—Colorless oil. Experiment 1:
215 mg (0.974 mmol, 97% yield). Experiment 2: 219 mg (0.992 mmol, 99% yield). IR (thin
film): 2925, 2852, 1497, 1450 cm−1; 1H NMR (500 MHz, CDCl3) δ 7.72 – 7.07 (m, 5H),
3.68 (s, 2H), 2.30 (d, J = 6.8 Hz, 2H), 1.84 – 1.75 (m, 3H), 1.73 – 1.58 (m, 3H), 1.42
(dddddd, J = 3.4, 3.4, 3.4, 3.4, 3.4, 3.4, 3.4 Hz, 1H), 1.27 – 1.04 (m, 3H), 0.90 (ddd, J =
12.4, 2.1, 3.3 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 138.7, 128.8, 128.4, 126.8, 38.9,
37.6, 36.8, 32.8, 26.4, 26.1; HRMS (EI) calc’d for [C14H20S]+ requires m/z 220.1281, found
m/z 220.1286.

4-(Benzylthio)-3-methylbutan-1-ol (Table 3, entry 3)—Colorless oil. Experiment 1:
195 mg (0.930 mmol, 93% yield). Experiment 2: 202 mg (0.970 mmol, 97% yield). IR (thin
film): 3384, 2927, 1494, 1454 cm−1; 1H NMR (500 MHz, CDCl3) δ 7.37 – 7.19 (m, 5H),
3.69 (s, 2H), 3.66 – 3.58 (m, 2H), 2.42 (dd, J = 12.7, 6.1 Hz, 1H), 2.32 (dd, J = 12.7, 7.0 Hz,
1H), 1.84 – 1.74 (m, 1H), 1.71 – 1.63 (m, 1H), 1.48 (s, 1H), 1.45 – 1.36 (m, 1H), 0.98 (d, J =
6.7 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ138.5, 128.8, 128.4, 126.9, 60.7, 38.9, 38.8,
36.7, 29.7, 19.6; HRMS (EI) calc’d for [C12H18OS]+ requires m/z 210.1073, found m/z
210.1078.

Benzyl(1-phenylpropan-2-yl)sulfane (Table 3, entry 4)—Colorless oil. Experiment
1: 213 mg (0.879 mmol, 88% yield). Experiment 2: 223 mg (0.920 mmol, 92% yield). IR
(thin film): 3023, 1497, 1450 cm−1; 1H NMR (500 MHz, CDCl3) δ 7.40 – 7.06 (m, 10H),
3.71 (s, 2H), 2.98 (dd, J = 13.4, 5.7 Hz, 1H), 2.91 – 2.81 (m, 1H), 2.63 (dd, J = 13.4, 8.6 Hz,
1H), 1.18 (d, J = 6.7 Hz, 2H); 13C NMR (126 MHz, CDCl3) δ 139.1, 138.5, 129.2, 128.8,
128.4, 128.2, 126.9, 126.2, 43.5, 40.6, 35.3, 20.4; HRMS (EI) calc’d for [C16H18S]+

requires m/z 242.1124, found m/z 242.1117.

Benzyl(cyclohexyl)sulfane (Table 3, entry 5)—Colorless oil. Experiment 1: 206 mg
(0.998 mmol, 99% yield). Experiment 2: 201 mg (0.974 mmol, 97% yield). IR (thin film):
2932, 2856, 1497, 1450 cm−1; 1H NMR (500 MHz, CDCl3) δ 7.43 – 7.08 (m, 5H), 3.74 (s,
2H), 2.56 (ddd, J = 10.5, 6.8, 3.7 Hz, 1H), 2.01 – 1.85 (m, 2H), 1.74 (td, J = 6.0, 5.5, 2.9 Hz,
2H), 1.64 – 1.50 (m, 1H), 1.42 – 1.14 (m, 5H); 13C NMR (126 MHz, CDCl3) δ 141.6, 131.4,
131.1, 129.4, 45.6, 37.3, 36.1, 28.7, 28.5; HRMS (EI) calc’d for [C13H18S]+ requires m/z
206.1124, found m/z 206.1132.

Benzyl(2-methylcyclohexyl)sulfane (Table 3, entry 6)—Colorless oil. Experiment 1:
155 mg (0.703 mmol, 70% yield, 5:1 dr, trans:cis). Experiment 2: 167 mg (0.759 mmol,
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76% yield, 5:1 dr, trans:cis). IR (thin film): 3424, 2925, 2852, 1602, 1494, 1453 cm−1; 1H
NMR (500 MHz, C6D6) δ 7.44 – 6.71 (m, 5H), 3.48 (d, J = 4.7 Hz, 2H), 3.26 (dd, J = 7.3,
1.2 Hz, 1H), 2.81 – 2.46 (m, 1H), 2.15 – 1.83 (m, 1H), 1.76 – 1.08 (m, 9H), 1.07 (d, J = 6.5
Hz, 3H), 1.00 (d, J = 6.9 Hz, 3H); 13C NMR (126 MHz, CDCl3) δ 138.9, 129.4, 128.8,
128.5, 128.3, 128.0, 127.4, 126.7, 50.8, 48.9, 43.2, 37.4, 36.0, 35.6, 34.8, 34.7, 34.3, 31.3,
30.6, 26.7, 25.8, 23.6, 23.2, 21.0, 17.4; HRMS (EI) calc’d for [C14H19S]+ requires m/z
219.1202, found m/z 219.1203.

(E)-Benzyl(styryl)sulfane (Table 3, entry 7)—Colorless semi-solid. Experiment 1: 206
mg (0.911 mmol, 91% yield, 10:1 E:Z). Experiment 2: 200 mg (0.882 mmol, 88% yield, 9:1
E:Z). All spectroscopic data were consistent with reported values.24

2-(Benzylthio)ethyl acetate (Table 3, entry 8)—Colorless oil. Experiment 1: 170 mg
(0.810 mmol, 81% yield). Experiment 2: 175 mg (0.830 mmol, 83% yield). All
spectroscopic data were consistent with reported values.25

3-(Benzylthio)propan-1-ol (Table 3 entry 9)—Colorless oil. Experiment 1:155 mg
(0.846 mmol, 85% yield). Experiment 2:158 mg (0.869 mmol, 87% yield). IR (thin film):
3426, 2908, 1647 cm−1; 1H NMR (500 MHz, CDCl3) δ 7.39 – 7.17 (m, 5H), 3.73 (s, 2H),
3.73 – 3.68 (m, 2H), 2.54 (t, J = 7.0 Hz, 2H), 1.85 – 1.75 (m, 2H), 1.53 (bs, 1H); 13C NMR
(126 MHz, CDCl3) δ 138.3, 128.8, 128.5, 127.0, 61.8, 36.3, 31.5, 28.0; HRMS (EI) calc’d
for [C10H14OS+H]+ requires m/z 183.0839, found m/z 183.0833.

tert-Butyl (3-(benzylthio)propyl)carbamate (Table 3, entry 10)—White solid.
Experiment 1: 248 mg (0.881 mmol, 88% yield). Experiment 2: 158 mg (0.869 mmol, 87%
yield). IR (thin film): 3363, 2927, 2932, 2251, 1700, 1508 cm−1; 1H NMR (500 MHz,
CDCl3) δ 7.76 – 6.80 (m, 5H), 4.58 (s, 1H), 3.69 (s, 2H), 3.16 (q, J = 7.4, 7.0 Hz, 2H), 2.43
(t, J = 7.2 Hz, 2H), 1.96 – 1.53 (m, 2H), 1.43 (s, 9H); 13C NMR (126 MHz, CDCl3) δ 155.8,
138.3, 128.8, 128.4, 126.9, 79.1, 39.5, 36.2, 29.3, 28.4, 28.3.; HRMS (EI) calc’d for
[C15H23O2NS+H]+ requires m/z 282.1523, found m/z 282.1527.

Benzyl(3-chloropropyl)sulfane (Table 3, entry 11)—Colorless oil. Experiment 1: 160
mg (0.801 mmol, 80% yield). Experiment 2: 159 mg (0.790 mmol, 79% yield). IR (thin
film): 3030, 2921, 2258, 1497, 1450 cm−1; 1H NMR (500 MHz, CDCl3) δ 7.43 – 7.17 (m,
5H), 3.71 (s, 2H), 3.61 (t, J = 6.4 Hz, 2H), 2.57 (t, J = 7.0 Hz, 2H), 1.98 (tt, J = 6.7, 6.7 Hz,
2H); 13C NMR (126 MHz, CDCl3) δ 140.9, 131.5, 131.2, 129.7, 46.1, 39.0, 34.5, 31.0;
HRMS (EI) calc’d for [C10H13ClS]+ requires m/z 200.0421, found m/z 200.0411.

Benzyl(4-bromophenethyl)sulfane (Table 3, entry 12)—Colorless oil. Experiment 1:
273 mg (0.890 mmol, 89% yield). Experiment 2: 280 mg (0.910 mmol, 91% yield). IR (thin
film): 3028, 2916, 1601, 1488, 1453 cm−1; 1H NMR (500 MHz, CDCl3) δ 7.42 – 7.33 (m,
2H), 7.35 – 7.19 (m, 5H), 7.05 – 6.96 (m, 2H), 3.70 (s, 2H), 2.75, 2.61 (AA′BB′, 4H); 13C
NMR (126 MHz, CDCl3) δ 139.5, 138.4, 131.6, 130.4, 129.0, 128.6, 127.2, 120.2, 36.6,
35.4, 32.6; HRMS (EI) calc’d for [C15H15BrS]+ requires m/z 306.0073, found m/z
306.0074.

Benzyl(4-iodophenethyl)sulfane (Table 3, entry 13)—Colorless oil. Experiment 1:
330 mg (0.932 mmol, 93% yield). Experiment 2: 337 mg (0.951 mmol, 95% yield). IR (thin
film): 3028, 2917, 1601, 1484, 1453 cm−1; 1H NMR (500 MHz, CDCl3) δ 7.58 (d, J = 8.2
Hz, 2H), 7.43 – 7.22 (m, 5H), 6.87 (d, J = 8.3 Hz, 2H), 3.70, 2.61 (AA′BB′, 4H); 13C NMR
(126 MHz, CDCl3) 140.0, 138.2, 137.4, 130.5, 128.8, 128.5, 127.0, 91.5, 36.4, 35.3, 32.4;
HRMS (EI) calc’d for [C15H15IS]+ requires m/z 353.9934, found m/z 353.9923.
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Ethyl 2-(benzylthio)-3-phenylpropanoate (Table 3, entry 14)—Colorless semisolid.
Experiment 1: 275 mg (0.917 mmol, 92% yield). Experiment 2: 280 mg (0.933 mmol, 93%
yield). All spectroscopic data were consistent with reported values.26

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Scheme 1.
General mechanism of radical thiol-ene reactions.
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Scheme 2.
Visible light photochemistry of ruthenium polypyridyl complexes and related
photocatalysts.
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Scheme 3.
Proposed mechanism of the Ru(bpz)3

2+-catalyzed radical thiol-ene addition.
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Table 1

Optimization studies for radical thiol-ene reaction of benzyl mercaptan with styrene

entry cat. loading (mol%) 1:2 light source yield (%)a

1 1.0%b 1:1 blue LED 12%

2 1.0% 1:1 blue LED 37%

3 0.25% 1:1 blue LED 33%

4 0.25% 1:2 blue LED 30%

5 0.25% 2:1 blue LED 80%

6 0.25% 4:1 blue LED 98%

7 0% 4:1 blue LED 0%

8 0% 4:1 23 W CFL 19%

9 0.25% 4:1 23 W CFL 82%

a
Yields determined by NMR analysis with reference to TMSPh as an internal standard. Remainder of mass is unreacted starting material.

b
Using Ru(bpy)3(PF6)2 as photocatalyst.
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Table 2

Scope of thiol coupling partners.

entry thiol adduct time yielda

1 2 h 98% (0%)

2 1.5 h 96% (0%)

3 8 h 98% (0%)

4 20 h 86% (0%)

5 1.5 h 97% (0%)

6 5 h 90% (14%)

7 1 h 98% (99%)

a
Isolated yields are the average of two reproducible experiments, numbers in parentheses are the yield obtained under standard reaction conditions

where the catalyst is excluded.
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Table 3

Scope of alkene coupling partners.

entry olefin adduct time yielda

1 1 h 99% (0%)

2 1 h 98% (0%)

3 2 h 95% (0%)

4 5 h 90% (40%)

5 6 h 98% (0%)

6 6 h 73%, 5:1 dr (trans:cis) (0%)

7 3 h 90%, 10:1 E:Z (24%, 4:1 E:Z)

8 2 h 82% (0%)

9 2 h 86% (0%)

10 3 h 88% (0%)

11 3 h 80% (0%)

12 2 h 90% (<5%)
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entry olefin adduct time yielda

13 2.5 h 94% (65%)

14 26 h 93% (0%)

a
Isolated yields are the average of two reproducible experiments, numbers in parentheses are the yield obtained under standard reaction conditions

where the catalyst is excluded.
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