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ABSTRACT: Despite widespread use as a synthetic method, as well as rapid expansion of substrate scope, the precise mech-
anism and kinetics of photoredox coupled hydrogen atom transfer (HAT) reactions remain poorly understood. This results
from a lack of detailed kinetic information, as well as the identification of side reactions and products. In this report, a mech-
anistic study of a prototypical tandem photoredox/HAT reaction coupling cyclohexene and 1,4-Dicyanobenzene (DCB) using
an Ir(ppy)s photocatalyst and thiol HAT catalyst is reported. Through a combination of electrochemical, photochemical, and
spectroscopic measurements, key unproductive pathways and side products are identified and rate constants for main chem-
ical steps are extracted. The reaction quantum yield was found to decline rapidly over the course of the 20-hour reaction. A
previously unreported cyanohydrin side product was identified and thought to play a key role as proton acceptor in the reac-
tion. Transient absorption spectroscopy (TAS) suggested a reaction mechanism that involves trapping of the DCB radical
anion by cyclohexene with HAT occurring as the final step via a cooperative HAT step. Kinetic modeling of the reaction, using
rate constants derived from TAS, demonstrates that the efficiency of the reaction is limited by parasitic absorption and un-

productive quenching between excited Ir(ppy)s and the cyanohydrin photoproduct.

INTRODUCTION

In recent years, photoredox reactions have
rapidly grown in scope and application to small
molecule and pharmaceutical synthesis. Photore-
dox reactions harness the energy in light to gen-
erate short-lived excited states, which in turn can
undergo electron transfer to initiate a reaction via
the generation of a radical intermediate.” As an
extension, tandem photoredox/organocatalytic
methods provide an attractive synthetic approach
for the selective activation of stable C-H bonds."
This one-pot method leverages both the strong
oxidizing or reducing potential of the excited pho-
tocatalyst and couples it with an organocatalyst to
achieve the desired transformation.’

A particularly successful class of tandem pho-
toredox/organocatalytic reactions utilize hydrogen
atom transfer (HAT) catalysts as the co-catalyst."
"In this context, HAT involves the simultaneous
transfer of a proton and electron to generate a re-
active radical species, which can then be cap-
tured via radical coupling. Thiol HAT catalysts are
commonly utilized in tandem photoredox/HAT
methods. Most mechanistic proposals involve ox-
idation of the thiol moiety by the photocatalyst to
generate a thiyl radical with the assistance of an
ancillary base. These thiyl radicals then can act
as potent hydrogen atom abstractors. In general,

HAT catalysts achieve selectivity by targeting
weakened C-H and X-H bonds (X = S, N, O), in-
cluding those in olefins, tertiary amines, dihydro-
furan, piperidines, and benzylic ethers."

Despite the importance of tandem photore-
dox/HAT reactions, the nature of these radical re-
actions makes their precise mechanism elusive.
Nocera and coworkers characterized the mecha-
nism of a photoredox/HAT hydroamidation reac-
tion through transient absorption spectroscopy
(TAS), quantum vyield (QY) measurements,
quenching studies, and DFT calculations.?
Through their findings they were able to tune the
quantum efficiency of the reaction by modifying
the organocatalyst to minimize the rates of deac-
tivation pathways, such as back electron transfer
and unproductive HAT. In a more recent study,
Knowles, Nocera, and coworkers examined a
photoredox catalyzed anti-Markovnikov radical
addition of aminium radical cations to alkenes,
which yielded the tertiary amine product.* By stud-
ying the mechanism of the transformation, they
were able to identify the source of the hydroami-
nation selectivity, as well as which steps in the
mechanism limited the overall reaction QY. With
this knowledge they were able to tune the HAT
catalyst and achieve a significant increase in QY.
Other detailed mechanistic studies on photoredox



reactions have likewise led to significant improve-
ments in QY and scope.®™

We recently reported on the mechanism of a
photoredox-catalyzed o-aminoarylation reaction
involving 1,4-dicyanobenzene (DCB) and N-phe-
nylpyrrolidine." Using TAS, we found that depro-
tonation of the N-Phenylpyrrolidine radical cation
at the alpha position was the slowest step in the
reaction. However, kinetic modeling demon-
strated that the kinetics did not significantly limit
the reaction. Instead, the QY of the reaction was
limited by light scattering off an insoluble base
and parasitic absorption by a ground state donor-
acceptor complex between DCB and N-phe-
nylpyrrolidine. The latter limitation was particularly
problematic as ~44% of incoming photons are ab-
sorbed by the donor-acceptor complex and
wasted. Additionally, steady state photochemical
and electrochemical data suggested that DCB
played a role as the initial proton acceptor in the
reaction and then transferred a proton to sodium
acetate on a slower timescale.

Scheme 1. Allylic Arylation of Cyclohexene with Tandem

Photoredox-HAT Catalysis
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Inspired by our recent work, we report on a re-

2-butanone
lated coupling between electron deficient arenes
and cycloalkenes to yield allylarenes via a tandem
photoredox/HAT reaction originally reported by
MacMillan and coworkers® The allylarene moiety
is prevalent in pharmaceutical chemistry and nat-
ural product synthesis, making it a particularly at-
tractive candidate for mechanistic studies.> '® In
the original mechanistic proposal by MacMillan
and coworkers, DCB is reduced by photoexcited
Ir(ppy)s to generate a radical anion (DCBe-).> Ox-
idation and deprotonation of a thiol HAT catalyst,
PhsSiSH, regenerates the ground state Ir(ppy)s
and results in a reactive thiyl radical.’ This thiyl
radical is then proposed to abstract a hydrogen
from cyclohexene at the allylic position, followed
by coupling between the neutral cyclohexenyl rad-
ical and DCB-— with the loss of CN- to generate a
new C-C bond.® In this work, we utilize a combi-
nation of TAS and QY measurements to map pro-
ductive and unproductive reaction pathways and
assign rate constants for each step. Additionally,
we utilized electrochemistry and NMR binding
studies to understand the role of the ancillary
base, K.COs3, specifically identifying the formation

and importance of a previously unrecognized cy-
anohydrin. Finally, kinetic modeling studies
demonstrate how parasitic absorption and com-
petitive quenching limit the efficiency of the reac-
tion.

RESULTS AND DISCUSSION

Steady State Photochemical Studies. Effi-
cient allylic arylation of cyclohexene was achieved
at high product yields (87%) and with nearly com-
plete conversion of DCB (~100%) after 24 hr of
illumination. The max product yield was in good
agreement with those of MacMillan and co-work-
ers (93%).° The discrepancy could be due to dif-
ferences in reaction setup, light source, and sol-
vent. The quantum yield of reaction was deter-
mined at various points throughout the course of
the reaction (Figure 1). A larger margin of error for
yield measurements was observed at early times
due to quantitative NMR being less sensitive at
low concentrations of analyte.
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Figure 1. Quantum yield of reaction and percent product
yield from t=0 to t=3 hours including standard error for three
trials

Over the course of the reaction, the QY
ranged from 0.70 at early times to 0.36 at 3 hours.
Here, the QY of the reaction is defined as the ratio
between moles of product and moles of photons
absorbed. A result of between 0.70 and 0.36 is
consistent with a non-radical chain mechanism
and at early times, is on the higher end of these
:gegoctions, which often range from 0.02 to 0.50.%

In the absence of K,COs3, the reaction pro-
ceeded with a lower product yield (64% after 24
h) but with full conversion of DCB (~100%). K.CO3
is thought to assist in the deprotonation of
PhsSiSH to yield an activated thiyl radical capable
of hydrogen atom abstraction.® Electrochemically,
we observe a shift to a lower oxidation potential
for Ph3SiSH when in the presence of K,COs;
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(Figure S1). However, if K2CO3 is the sole base
present and does not regenerate, then the max
possible yield is 10%, as there are only 0.05
equivalents of the base in the reaction. This sug-
gests the presence of an additional base, which
could be one of the coupling partners or a species
generated over the course of the reaction. We ob-
served the formation of 2-butanone cyanohydrin
by NMR (Figure S2-S3) over the course of the re-
action, which we propose functions as a base.?'
The cyanohydrin likely forms as a result of cya-
nide ions released from DCB reacting with 2-bu-
tanone, the reaction solvent. Using quantitative 'H
NMR, we plotted the generation of the cyanohy-
drin over time against the formation of product
(Figure 2). After an initial lag in cyanohydrin for-
mation, it was observed that cyanohydrin for-
mation tracked with product formation. This would
support its role as either the primary base after the
depletion of K2CO3 or as a secondary base to re-

plenish the carbonate base.
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Figure 2. Formation of cyanohydrin and product from t=0 to
t=3 hours with standard error among three trials.

Similar to our previous work, we observed a
species that absorbs broadly across the visible
spectrum when PhsSiSH and KxCO3z are mixed
(Figure S4-5)." Though we cannot specify the ex-
act nature of this species, NMR binding studies
demonstrate an interaction between Ph3SiSH and
K>COs (Figure S6), suggesting it may interact with
Ph3SiSH in the ground state, which could assist in
HAT to generate the thiyl radical. While the molar
extinction coefficient at 415 nm of this species is
significant less than Ir(ppy)s, at reaction concen-
tration of Ph3SiSH and K,CO3; the absorption at
415 nm is sufficiently high to compete with Ir(ppy)s
for photons. From the absorption spectrum of this
species, it was determined that 17.5% of the in-
coming photons were absorbed by the
PhsSiSH/K,COs3 species instead of Ir(ppy)s.

Electron Transfer Studies. Stern-Volmer
quenching studies were carried out with DCB to
establish the initial electron acceptor. The rate of
quenching for DCB was found to be 1.2 x 10° M
s™ while the rate for Ph3SiSH was found to be a
kq of 5.1 x 10" M s™'. The slow quenching rate,
combined with the large excess of DCB compared
to PhsSiSH, suggest that quenching by the thiol is
insignificant in the overall reaction efficiency.
Quenching studies for Ph3SiSH in the presence of
K2CO3 were unsuccessful due to spectral overlap
with Ir(ppy)s.

Using TAS, we were able to initiate the reac-
tion and observe the generation of intermediates
in real time. Initial electron transfer between ex-
cited Ir(ppy)s and DCB is clearly seen in the tran-
sient absorption spectrum at 200 ns (Figure S8).
The transient absorbance at wavelengths longer
than 500 nm, as well as the bleach at wavelengths
shorter than 400 nm, is a clear indicator for the
formation of Ir(IV). The increase in absorption at
440 nm is characteristic of DCB+—."®We found that
we were able to simulate the transient spectrum
by adding together the difference spectra for oxi-
dized Ir(ppy)s (3.1 pM), DCB-— (3.4 uM), and
Ph3SiSe (0.3 pM). The presence of PhsSiSe at
early timescales demonstrates efficient oxidation
of PhsSiSH by Ir(IV). Kinetic modeling suggests a
rate constant of 5 x 108 M's™" for this oxidation
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Figure 3. Change in absorption at 1 ys (black dot) and
sum of difference spectra (orange line) for 3.4 yM
DCB--, 3.1 uM Ir(IV), and 0.3 uM Ph3SiS-

By 1 us, the transient spectrum no longer
shows the presence of [Ir(ppy)s]”, suggesting that
it has been regenerated via oxidation of PhzSiSH.
Instead, we observe a broad absorption feature
from 400 — 600 nm and a smaller absorption fea-
ture from 700 - 900 nm (Figure 3). Much of the
400 — 600 nm feature can be assigned to PhsSiSe
and DCBe—, while the absorbance at longer wave-
lengths is consistent with [DCB]*—."° We
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previously observed that DCBe— converts to
[DCB2]*— over time and that it is [DCB]*— that is
the competent coupling partner. The 1 ps transi-
ent spectrum could be satisfactorily simulated by
adding together the difference spectra for PhzSiSe
(3.4 uM), DCBe- (3.08 pM), and [DCB2]*— (0.32
HM).

By 10 ms, the only species we observe is
PhsSiSe (Figure S9), which suggests that the con-
sumption of DCB+— and [DCB;]*— occurs on a
shorter timescale than the disappearance of
PhsSiSe. This is confirmed by the single wave-
length traces at 480 nm, specific to Ph3SiSe, and
780 nm, specific to [DCB]*— (Figure 4). The ab-
sorbance related to [DCB;]-— is largely gone by
200 ps, while the absorbance related to PhsSiSe
only begins to decay at that point, suggesting con-
sumption of [DCB].*— before PhsSiSe. In the orig-
inal mechanistic proposal from Cuthbertson and
MacMillan, PhsSiSe abstracts a hydrogen from cy-
clohexene and then the cyclohexenyl radical and
DCBe+— undergo a coupling step.® In that case, we
would expect to observe the disappearance of
Ph3SiSe to be either faster or simultaneous with
the disappearance of [DCBy]*—. Instead, we

propose that the radical anion is first trapped by
cyclohexene and that hydrogen abstraction oc-

curring as the final step.
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Figure 4. Single wavelength kinetic traces at 480 nm
and 780 nm for various timescales.

In order to probe this hypothesis and extract
kinetic information, we developed a kinetic model
for the reaction that had the [DCB:]*— radical an-
ion first trapped by cyclohexene and hydrogen ab-
straction occurring afterwards. We also observed

Scheme 2. Mechanism of photoredox catalyzed allylic arylation of alkenes.
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that it was also necessary to include a decya-
nation step, though the model produces satisfac-
tory results with the decyanation step in place be-
fore or after [DCB-]*— trapping by cyclohexene. In
our model, hydrogen abstraction thus occurs from
a radical species in a cooperative HAT step.?? It is
also important to note that in our model, the dou-
ble bond shifts over by one carbon, which disa-
grees with the original mechanistic proposal. We
note that in the original report, use of unsymmetric
alkenes produced a variety of isomers, which may
be explained by our results. In addition, we also
cannot rule out that for some alkenes, abstraction
of allylic hydrogen before coupling with the radical
ion may be preferred for steric or electronic rea-
sons or, that for some substrates, multiple reac-
tion mechanisms may be simultaneously accessi-
ble.

The model described above was fit to the sin-
gle wavelength traces obtained by TAS, with the
results shown in Scheme 2. As shown in Figure 4,
excellent fits to the experimental data were ob-
tained. Several of the steps involving the DCB+—
radical anion (Krecomb, Krecomb2, Kpair) are somewhat
faster than our previous measurements in dime-
thylacetamide.” This may be the result of the
lower polarity 2-butanone affording less stabiliza-
tion to a charged radical. The value of kox that we
independently obtained from fitting 7(x2) x 10® M-
's™ is in excellent agreement with the value pre-
dicted by kinetic modeling. Additions of carbon
centered radicals to alkenes have previously been
reported in photoredox and related photocatalytic
reactions,?® 2 with rate constants on the order
10°-10° M's™,2® which is in excellent agreement
with the value of Keouple We determined from fitting
(1.3(x0.6) x 10° M"s™).

Kinetic Modeling. Stochastic modeling soft-
ware was used to calculate the QY based on the
rate constants reported in Scheme 2. The photo-
redox cycle was modeled by first assuming a con-
stant influx of photons based on the photon flux of
the light source used for steady state photolysis
measurements. Ir(ppy)s was then modeled to ab-
sorb a photon of 415 nm light at a fast enough rate
to not impact the overall kinetics. Additionally, po-
tassium carbonate was allowed to act as a base
twice and the deprotonated cyanohydrin was also
allowed to act as a base, all at a rate of 7.0 x 10®
M's™". All other kinetic processes were modeled
based on the proposed mechanism in Scheme 2.

Without considering any parasitic absorption
or quenching by something other than DCB, the
modeled quantum yield was nearly 1.0 until the
limiting reagent was fully consumed (Figure S10).

This indicates that the inherent kinetics of the re-
action are fast enough to convert nearly all ab-
sorbed photons into product. Competitive
quenching was then incorporated into the model
by assuming that cyanohydrin could quench the
excited photocatalyst via energy transfer at a rate
of 1 x 10° M s™. This still gave a QY of nearly 1
at early times (Figure 5, blue trace), with the QY
decreasing overtime as the cyanohydrin concen-
tration increased. Finally, parasitic absorption by
the thiol/K>COs3 species was accounted for by cal-
culating the QY based on the number of photons
absorbed solely by the photocatalyst (Figure 5, or-
ange trace). The result was that the predicted QY
matched the experimental data significantly bet-
ter.
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Figure 5. Experimental QY and modeled internal and exter-
nal QY with competitive quenching and parasitic absorption
incorporated.

CONCLUSIONS

Our investigation of an allylic arylation tandem
photoredox/HAT reaction reveals a reaction with
an initially high QY that steadily decreases over
the course of several hours. NMR studies demon-
strate the formation of 2-butanone cyanohydrin,
likely via nucleophilic attack by cyanide anions
discharged in the coupling of cyclohexene and
DCB. The deprotonated cyanohydrin in turn ap-
pears to play an important role as a base in the
reaction. TAS studies of the reaction suggest a
previously unrecognized reaction mechanism
where HAT is the final step and occurs via a co-
operative HAT mechanism with a radical sub-
strate. Kinetic modeling suggests that kinetics of
the reaction are sufficiently fast to allow for a QY
near unity, but that instead the reaction is limited
by parasitic absorption and unproductive quench-
ing by the cyanohydrin.

As with our recent report, the presence of a
parasitically absorbing species in this reaction
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suggests greater consideration needs to be paid
to the impact of unintended reagent absorbances
on photoredox reactions. In the case of this reac-
tion, a possible strategy to overcome this may be
to shift the wavelength of the light source closer
to 400 nm, where the thiol/K,CO3 species is less
absorbing. The use of photocatalysts capable of
absorbing in the red would also circumvent this is-
sue and highlights the need for continued devel-
opment of photocatalysts with a variety of absorp-
tion profiles and redox potentials.

While the kinetic modeling suggests we have
identified the majority of the productive and unpro-
ductive pathways in this reaction, it is important to
mention that there may be other deactivation pro-
cesses we have yet to identify. These pathways
may account for the remaining difference between
observed and predicted QY. For example, while
most of the K.COs3 dissolves in 2-butanone, we do
observe some remains undissolved, which could
introduce some scattering losses. Likewise, the
100% conversion of DCB with an overall percent
yield of 87%, implies the existence of a decompo-
sition pathway for DCB that we have not identi-
fied. The latter demonstrates the need for contin-
ued studies on the stability and decomposition
products of cyanoarene radical anions, which are
often treated as stable, persistent radicals in re-
action design.

EXPERIMENTAL PROCEDURE

General Information. All reagents except for
anhydrous potassium carbonate were obtained
from Sigma Aldrich. DCB was crushed with mortar
and pestle prior to use. Cyclohexene kept under
inert atmosphere and used as received. 2-buta-
none was dried over molecular sieves. Triiso-
propylsilane thiol, tetrabutylammonium hexafluor-
ophosphate (TBAPFs), and 1,3-Bis(trifluorome-
thyl)-5-bromobenzene were used as received.
Anhydrous potassium carbonate was purchased
from Alfa Aesar and used as received. NMR spec-
tra were collected using a Bruker Avance IIl HD 4.

Steady State Photolysis. A stock solution of
cyclohexene, triphenylsilanethiol, and 2-butanone
was prepared by combining 10 mL of 2-butanone,
1 mmol cyclohexene (5 equivs), and 0.0097 mmol
triphenylsilanethiol (0.05 equivs.). The stock cy-
clohexene (0.475 M), triphenylsilanethiol (4.83
mM), and 2-butanone solution was degassed for
30 minutes with nitrogen gas while submerged in
an ice water bath. A 2-sided quartz screw top cu-
vette was charged with 0.19 mmol DCB (1
equivs.), 1.9 umol tris[2-phenylpyridinato-

C?,NJiridium(lll) (0.01 equivs), and 9.5 umol po-
tassium carbonate (0.05 equivs.), a magnetic stir-
ring flea, and 2 mL of previously degassed cyclo-
hexene/triphenylsilanethiol/2-butanone  solution.
The combined reaction mixture was degassed for
an additional 45 minutes with nitrogen gas while
submerged in an ice water bath. After degassing,
the reaction mixture was illuminated for a speci-
fied amount of time (0.25-24 hr) with a collimated
415 nm LED (Thor Labs M15LP1). Once the illu-
mination time elapsed, 0.25 mmol of internal
standard, 1,3-Bis(trifluoromethyl)-5-bromoben-
zene, was added to the solution and stirred for 15
additional minutes in the dark. Product yields
were determined using quantitative HNMR with
1,3-Bis(trifluoromethyl)-5-bromobenzene as an
internal standard.

The quantum yield of reaction was calculated
as follows:

nproductNAhC

Qreaction - tfP).
where Nproduct is the product yield, Na is Avogadro’s
number (6.022x10% mol™), h is Planck’s constant
(6.626x10%* J*s), c is the speed of light in a vac-
uum (2.998x108 m/s), f is the fraction of light ab-
sorbed at the chosen wavelength with absorb-
ance A (f=1-10"), t is the illumination time in sec-
onds, P is the total power for the detector area
(W), and A is the chosen wavelength (m). The
photon flux of the 415nm LED was determined us-
ing was determined using a Thorlabs powermeter
attached to a photodetecting plate with a 1 cm di-
ameter.

Stern-Volmer Emission Quenching. Stern-
Volmer emission quenching studies were carried
out using a Shimadzu RF-6000 Spectrofluoropho-
tometer. The absorbance of each solution was
checked prior to collecting emission spectra using
a Shimadzu UV-2600 Spectrophotometer to en-
sure uniformity in concentrations of photocatalyst.
A stock solution of 35 uM Ir(ppy)s was utilized for
all experiments. Stern-Volmer experiments were
carried out with 150 mM DCB, 100 mM PhsSiSH,
and 100 mM PhsSiSH combined with 100 mM
K2CO:s. Excitation spectra were collected at an ex-
citation wavelength of 415 nm and | and |, were
determined at an emission wavelength of 570 nm.

Electrochemical Measurements. Electro-
chemical measurements were carried out using a
BioLogic SP-50 potentiostat and a Pine rotating
disk electrode cell with waterjacket. A pseudo-
Ag/AgCl reference electrode and gold working
electrode were utilized. All measurements were
carried out in 0.1 M TBAPFs in 2-butanone as an
electrolyte. The solvent window was determined
prior to experiments with reaction substrates.
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Cyclic voltammetry was referenced to ferrocene
(Fc/Fc*). For cyclic voltammetry with triphen-
ylsilanethiol, 0.1462 g of thiol was dissolved in 50
mL of 0.1 M TBAPFG6. The potential window was
cut off prior to solvent oxidation in order to probe
for reversible peaks. Cyclic voltammetry was car-
ried out with equimolar amounts of thiol and
K2CO3 dissolved in 0.1 M TBAPFs in 2-butanone
and stirred for 10 minutes prior to collecting a cy-
clic voltammogram (CV).

TAS Measurements. Transient absorption
spectra were collected using a custom-built spec-
trometer described in reference 12. An excitation
wavelength of 415 nm (1.0 mJ/cm?) was used for
all experiments. Wavelength traces for the full re-
action mixture were collected at wavelengths from
400-800 nm and from 200 ns to 10 ms. TAS sam-
ples were prepared by combining 100 mM of
DCB, 5 mM triphenylsilanethiol, 5 mM potassium
carbonate, 500 mM cyclohexene and 3 mL of 35
MM Ir(ppy)3 stock solution in 2-butanone in a four-
sided glass screw top cuvette. The cuvette was
charged with a magnetic stirring flea and de-
gassed with nitrogen for 1 hour while partially sub-
merged in an ice-water bath to prevent evapora-
tion of cyclohexene and 2-butanone. After degas-
sing, the solution was stirred in the dark for 15
minutes to ensure homogeneity of the reaction
mixture. Samples were changed every two hours
and the stability of each solution was verified by
collecting wavelength traces at the same wave-
length before and after the two hours.

Kinetic Modeling. Kinetic modeling software
Kinetiscope was utilized to create a stochastic
model of the reaction (Figure S11). Simulations
were set to match concentrations in experimental
reactions and contain 10® particles with 1.981 x
107" mol/particle. Equilibrium detect was enabled
with a test cycle length of 100 events and a selec-
tion frequency of 90.0%. Pressure, volume, and
temperature were all set at standard conditions. A
constant influx of photons was modeled by allow-
ing a zeroth order reaction to proceed where an
arbitrary species W was transformed to hv (sym-
bolizing a 415 nm photon) at a constant rate equal
to the moles of photons/s being absorbed by
Ir(ppy)s. Ir(ppy)s was then set to absorb a photon
at a rate of 1 x 102 M" s as to be essentially
instantaneous and not interfere with the overall ki-
netics of the reaction. Ir(ppy)s* was modeled to
emit an unproductive photon at a rate correspond-
ing to the rate of radiative decay calculated from
the phosphorescence lifetime of Ir(ppy)s*. K2COs3
was modeled as being able to act as a base twice
due to carbonate having a charge of -2, with both
deprotonations occurring at a rate of 7 x 108 M s°

'. The anionic cyanohydrin was also modeled to
deprotonate the thiol in the reaction via PCET with
the oxidized photocatalyst at a rate of 7 x 108 M’
s™'. Deprotonation reactions were modeled as be-
ing first order in Ph3SiSH and Ir(ppy)s™ as PCET
would likely involve a pre-association of Ph3SiSH
and K>COs or the cyanohydrin. The protonated
cyanohydrin was modeled to deactivate the ex-
cited photocatalyst via energy transfer at a rate of
1x10° M s7'. Afinal step was added to allow the
excited cyanohydrin to relax back to the ground

state at a rate of 1 x 10'° s™'. The remainder of

the kinetic model was created to represent the
mechanism seen in Scheme 2.
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