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Abstract

Reactions that enable carbon-nitrogen, carbon—oxygen, and carbon—carbon bond formation lie at
the heart of synthetic chemistry. However, substrate prefunctionalization is often needed to effect
such transformations without forcing reaction conditions. Development of direct coupling methods
of abundant feedstock chemicals is therefore highly desirable for the rapid construction of
complex molecular scaffolds. We report herein a copper-mediated, net-oxidative decarboxylative
coupling of carboxylic acids with diverse nucleophiles under visible light irradiation. Preliminary
mechanistic studies suggest that the relevant chromophore in this reaction is a Cu(ll) carboxylate
species assembled /n sifu. \We propose that visible light excitation to a ligand-to-metal charge
transfer (LMCT) state results in a radical decarboxylation process that initiates the oxidative cross-
coupling. The reaction is applicable to a wide variety of coupling partners, including complex
drug molecules, suggesting that this strategy for cross-nucleophile coupling would facilitate rapid
compound library synthesis for the discovery of new pharmaceutical agents.

Graphical Abstract

Reprints and permissions information is available at www.nature.com/reprints
"Correspondence and requests for materials should be addressed to Tehshik. P. Yoon (tyoon@chem.wisc.edu).
These authors contributed equally to this work.
Author contributions
QYL, SNG, GAL, KSD, and TPY conceived the project. Experimental work was conducted by QYL, SNG, NJB, MWB, and JWT.
SWB and TPY supervised the research. All authors contributed to the writing and editing of the manuscript.

Competing interest declaration
NJB, MWB, JWT and SWB are employees and shareholders of Pfizer, Inc. The remaining authors declare no competing interests.

Supplementary information is available for this paper.


http://www.nature.com/reprints

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lietal.

Page 2

OH it hv
= [Cu"), base, hv e % Nl
R—— + Mug R=—

" e} cross-nucleophile coupling =

Me Me

Me
Q. hw Cu" ©
5 = \[Cu] gt = .:_;. R— =
= ligand-to-metal I oxidation ez
charge transfer
WA
PE S ci
0 NT O, wOMe
Ho 4\ G o
Cl ot o
s MeO™ ‘OMe
OMe

structurally diverse coupling partners

Decarboxylative coupling reactions are increasingly recognized as powerful tools for
complex molecule synthesis'=4. These reactions are attractive because carboxylic acids

are feedstock chemicals with significant structural diversity and generally high chemical
stability®®. The most common current strategies for decarboxylative couplings are redox-
neutral in nature, pairing a carboxylate pronucleophile with an electrophilic reaction partner
(Fig. 1a). This approach is particularly powerful in C-C bond-forming reactions with
organohalides, which are widely available electrophiles whose reactivity in cross-coupling
reactions is well understood? "~11, The construction of polar C-N and C-O bonds, in
contrast, has generally required prefunctionalization of the acid with an internal oxidant
such as a redox-active hydroxyphthalimide (PINO) or iodinane ester (Fig. 1b)31213, These
approaches increase step count, complicate purification of the products, and hinder the
prosecution of large libraries.

Net-oxidative decarboxylative cross-couplings avoid the need for prefunctionalization and
offer a direct strategy for installation of simple nitrogen and oxygen nucleophiles. The
classical approach to this transformation is decarboxylative Kolbe electrolysis; these
reactions, however, require solvent quantities of the heteronucleophile to serve as a
sacrificial oxidant and to outcompete Kolbe dimerization4: 15, Baran recently reported an
improved electrochemical decarboxylative ether synthesis that utilized stoichiometric Ag(l)
terminal oxidants to prevent nucleophile decompositioni®. Electrochemical decarboxylative
Ritter reactions have also been reported; however, they are relatively underdeveloped and
are consequently limited in scopel’. Transition metal mediated oxidative decarboxylative
couplings under thermal conditions have also been reported, but typically require high
temperatures that lead to poor chemoselectivity and functional group tolerancel8 - 22,
Lundgren recently reported Cu-catalyzed oxidative decarboxylative C-N bond formation
under mild conditions; this method, however, is limited to electron-deficient substrates that
support anionic decarboxylation?3.

We imagined that a photochemical strategy could provide a general alternative for
decarboxylative cross-nucleophile coupling reactions. Although many examples of redox-
neutral photoredox couplings of carboxylatesl—3: 7-11 or prefunctionalized PINO2:13 and
hypervalent iodine esters?4 : 25 have been reported, net-oxidative decarboxylative couplings
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between unfunctionalized acids and heteronucleophiles are underdeveloped?® 26, Recently,
Larionov disclosed a remarkable metallophotoredox system for the decarboxylative coupling
of diverse carboxylic acids with arylamines;2” this system, however, proceeds via an inner-
sphere C-N bond-forming mechanism that was not shown to be applicable to nucleophiles
beyond arylamines. We imagined that a different mechanistic concept might be required to
enable oxidative photochemical decarboxylative couplings with a broader nucleophile scope.

We have previously argued that Cu(ll) salts are ideal terminal oxidants for a variety of
net-oxidative photoredox reactions initiated by organic or Ir photoredox catalysts28-32, They
are relatively inexpensive, terrestrially abundant, and offer relatively low toxicity concerns
for applications in pharmaceutical chemistry33, Because Cu(l1) carboxylate complexes are
often colored, we wondered whether their intrinsic photochemistry could be harnessed

to enable decarboxylative couplings in the absence of an exogenous photosensitizer via

a photoinduced ligand-to-metal charge transfer (LMCT) excitation (Fig. 1c). Oxidative
decarboxylative substitutions initiated by UV irradiation of the charge-transfer bands of
Cu(11) carboxylates were initially studied by DeGraff34 and Faust3°38, but applications of
this phenomenon in synthesis are quite limited3”. If this reactivity could be accessed with
visible light irradiation, the resulting method would enable a versatile and operationally
simple oxidative coupling reaction.

Results and Discussion:

As an initial model system, we elected to study the oxidative decarboxylative coupling of
1-phenylpropanoic acid (1a) with 4-methoxybenzenesulfonamide (1b), which was motivated
by the demonstrated importance of sulfonamides as important pharmacophores in medicinal
chemistry38. We speculated this coupling could be promoted by irradiation with a 427 nm
LED lamp in the presence of Cu(OTf), and a base to promote /n situ formation of the Cu(ll)
carboxylate chromophore (Table 1). However, only trace reaction was observed in a variety
of common organic solvents (Entry 1). We hypothesized that this could be the result of
speciation to higher-order Cu(ll) carboxylate aggregates that might be either insoluble or
photoinactive at these wavelengths39. We thus examined the effect of several Lewis basic
ligands that we hypothesized might modulate the aggregation state of Cu(ll). Although a
range of mono- and bidentate ligands common in Cu-mediated transformations resulted

in poor reactivity (Entries 2-3), addition of 2.0 equivalents of MeCN improved the yield

of coupling product 2 (Entry 4). The reaction proved sensitive to the concentration of the
nitrile; higher loading of MeCN resulted in increased incorporation of the nitrile to afford
Ritter adduct 3 (Entry 6), and optimal chemoselectivity was achieved using 5.0 equivalents
(Entry 5). The structure of the nitrile ligand also influences reaction performance, and
FPrCN was found to be most effective at 5.5 equivalents (Entries 7-11). Under these
conditions (Entry 11), 2 could be isolated in 73% yield. Control experiments indicated

that no reaction occurs when the reaction is performed in a flask wrapped with aluminum
foil, confirming that this reaction is indeed promoted by light and not by heating from

the thermal output of the LED (Entry 12). Finally, conducting the reaction under ambient
atmosphere with unpurified solvent afforded a lower but still serviceable yield of 2,
highlighting the operational simplicity of this coupling reaction (Entry 13).
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Substrate Scope:

Studies of the scope of this decarboxylative sulfonamidation are summarized in Table

2. A survey of arylacetic acids revealed that yields are highest with electron-donating
aromatic substituents (2, 5-8), consistent with the greater facility with which they are
oxidized by Cu(ll). Steric hindrance is readily tolerated by the Cu(ll) oxidant, including
o-tolyl substitution and a.-branching (14, 18-20). Highly hindered C-N bonds can be
forged from tertiary acids (21), including those containing substructures of contemporary
pharmaceutical interest (22). A primary arylacetic acid undergoes smooth sulfonamidation
(17), as does an a-amino acid (24). Unstabilized aliphatic carboxylic acids preferentially
undergo oxidative elimination rather than nucleophilic substitution and represent a current
limitation of the method (28)1940, A geometrically constrained adamantane carboxylic

acid that cannot undergo oxidative elimination, however, affords 25 in good yield. The
scope of this reaction with respect to the sulfonamide coupling partner is also broad. The
electronic properties of the sulfonamide exert a modest influence, with electron-deficient
sulfonamides affording slightly lower yields (9-13). Primary sulfonamides substituted with
aryl, heteroaryl (15, 34), and alkyl groups (19, 30, 31) react smoothly. Hindered (17, 30)
and secondary sulfonamides (23) also react in good yields. A variety of functional groups
are easily tolerated on either reaction partner under these conditions, including aryl halides
(7, 11-13, 34), esters (16), carbamates (24), sulfamates (26), acetals (27), and polycyclic
arenes (26, 27). As a demonstration of the potential utility of this method in the discovery of
novel pharmaceutical candidates, we examined decarboxylative functionalizations involving
a set of common anti-inflammatory drugs (29-34). The functional groups embedded in these
bioactive compounds are well-tolerated, including aliphatic and aryl ketones (30, 33), diaryl
ethers (34), aryl fluorides (31), and Lewis basic heterocycles (29).

We propose that this oxidative decarboxylation strategy could provide a general platform
for oxidative cross-coupling of carboxylic acid building blocks with diverse nucleophiles.
Preliminary investigations of generality across different nucleophile classes are summarized
in Table 3. Decreasing the nucleophile loading to 1.5 equivalents and conducting the
reaction in acetonitrile enabled the smooth coupling of a range of carbamate (35-38)

and amide (39) nucleophiles. High-yielding Ritter amidation can also be accomplished

by performing the photodecarboxylation in a nitrile solvent without an added nucleophile
(40-46). This provides an attractive alternative to the Curtius rearrangement for arylacetic
acids that might usually require azides and problematic high-energy intermediates. Alcohol
nucleophiles, however, coupled less readily. Upon optimization, the reaction performance
could be significantly improved by using toluene as solvent, MeCN as ligand, and pyridine
as a basic additive. These conditions constitute a method for decarboxylative etherification
with similarly broad scope as the sulfonamidation reaction (47-71). Functional groups
including terminal alkenes (64, 66), heterocycles (63, 69, 70), protected sugars (70),
sulfonamides (69), alkyl halides (67), and alkynes (68) were readily tolerated. Finally, this
strategy is not limited to carbon—heteroatom bond-forming reactions. The decarboxylative
Friedel-Crafts alkylation of heteroarenes (72—74) and electron-rich arenes (75) can be
conducted in good yields, indicating that this oxidative coupling strategy is also applicable
to the formation of carbon—carbon bonds.
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Mechanistic Studies:

The mechanistic hypothesis guiding our investigations of these reactions is summarized in
Fig. 2a. We propose that a photoactive Cu(ll) carboxylate chromophore is assembled /n situ
through the base-mediated reaction of the carboxylic acid and Cu(OTf),. Photoexcitation

to an LMCT state would result in the dissociative formation of a carboxyl radical that

can rapidly undergo decarboxylation. The ability of Cu(ll) salts to oxidize the resulting
carbon-centered radical is well-established, and subsequent nucleophilic substitution would
afford the observed products#0.

To obtain experimental support for the radical nature of the decarboxylative coupling
reactions, we investigated the reaction of primary carboxylic acid 2a under conditions

for Ritter amidation (Fig. 2b). In this experiment, we observed exclusively cyclopentane
product 76 that presumably arises from 5-exo-trig cyclization of the decarboxylated radical
intermediate. We also examined the reaction of cyclopropyl-substituted acetic acid 3a under
the conditions of oxidative etherification. While the yield of this reaction was low, ring-
opened benzylic ether 77 was the exclusive identifiable product (Fig. 2c). Together, these
results provide evidence for the involvement of carbon-centered organoradical intermediates.

A series of UV-vis titration studies were conducted to gain insight into the nature of the
photoactive complex responsible for the decarboxylative coupling (Fig. 2d, Supplementary
Figs. 1-4). Addition of the sodium carboxylate derived from 1a (1a") to a solution of
Cu(OTf), in MeCN results in substantial changes to the absorbance spectrum. At low
concentrations of added 1a-, we observe the growth of an absorption band with Ay =
304 nm. The position of this feature is comparable to the LMCT band of other monomeric
Cu(11) carboxylate complexes reported in the literature*1. Notably, this feature tails beyond
400 nm and overlaps with the emission spectrum of the 427 nm LED source utilized in the
preparative reactions above. Concentrations of 1a- greater than 1 equivalent with respect
to Cu(ll) result in a depletion of this feature and concomitant growth of a higher energy
band with Amax = 260 nm that overlaps less effectively with the emission spectrum of

the blue LED. Absorption features with similar energy have been assigned as the LMCT
bands of paddlewheel Cu(ll) carboxylate dimers#1-43, Of note, no meaningful interaction
was observed between Cu(OTf), and 1b (Supplementary Figs. 5-7).

We propose, therefore, that a monomeric species corresponding to the lower-energy
absorption feature is responsible for the decarboxylative coupling reaction. This proposal
aligns well with the empirically optimized reaction conditions, in which 2.5 equivalents
of Cu(OTf), relative to 1a provides the highest yield of the coupling product. It is

also supported by studies examining the yield of decarboxylative sulfonamidation as a
function of the ratio of Cu(ll) to 1a (Fig. 2d, inset plot, Supplementary Figs. 8-9). As the
concentration of 1a increases, the yield of the reaction drops rapidly, with unreacted 1a
accounting for the majority of the mass balance. This result is consistent with the hypothesis
that high carboxylate loadings lead to the formation of a blue-shifted dimer that is not
significantly photoexcited using the 427 nm LED source. Interestingly, irradiation with a
254 nm light source, closer to Amax Of the higher-energy feature, results in only trace
formation of 2. Instead, compound 78, consistent with homodimerization of the benzylic
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radical, is the major product formed (Fig. 2e). Together, these results suggest that while
radical generation can occur from multiple Cu(ll) carboxylate species, the oxidation and
subsequent nucleophilic coupling occurs only from the lower-energy visible light activated
complex. Studies to further interrogate the mechanism of this process, including the role
of the nitrile ligand (Supplementary Fig. 10 for preliminary insight) are a topic of current
research in our laboratory.

Conclusion:

Methods:

We have developed a strategy for the oxidative cross-nucleophile coupling of carboxylic
acids with diverse nitrogen, oxygen, and carbon nucleophiles. This photoreaction exploits
the intrinsic photochemical reactivity of a first-row transition metal coordination complex
formed /n situand does not require sensitization by an exogenous precious metal photoredox
catalyst. Importantly, an investigation of the scope of this reaction indicates that this concept
is applicable to diverse carboxylate feedstocks and nucleophilic coupling partners. This
process could therefore be a powerful addition to the toolbox of coupling methods for the
synthesis and late-stage functionalization of complex pharmaceutical candidates.

General procedure for sulfonamidation:

An oven-dried 6-mL vial equipped with a stir bar is brought into a nitrogen-filled glovebox
and charged with Cu(OTf), (180.8 mg, 2.5 equiv., 0.50 mmol), NazPO,4 (98.2 mg, 3.0 equiv.,
0.60 mmol), the sulfonamide nucleophile (1.5-3.0 equiv.), the carboxylic acid (1.0 equiv.,
0.20 mmol), methylene chloride (2.0 mL, 0.10 M), and isobutyronitrile (100 pL, 5.5 equiv.,
1.1 mmol). The vial is sealed with a screwcap bearing a teflon septum, removed from

the glovebox, and placed on a stir plate. The vial is irradiated at 427 nm with two 40 W
Kessil Lamp PR160 lamps at a distance of 10 cm with stirring at 800 rpm. A fan is used

to maintain the vial at room temperature. After 24 h, the crude reaction mixture is diluted
with 1.5 mL EtOAc and adsorbed directly on diatomaceous earth (Celite®). The product is
purified by flash chromatography on silica gel, eluting with mixtures of ethyl acetate and
hexanes.

General procedure for etherification:

To an oven-dried Schlenk tube of 15 cm diameter, carboxylic acid (0.3 mmol) and alcohol
(0.3 mmol - 1.5 mmol, 1 - 5 equiv.) and Cu(OTf), (0.75 mmol, 271.25 mg) were added,
followed by freshly distilled pyridine (0.9 mmol, 73 pL) and acetonitrile (0.15 mL). The
reaction mixture was degassed by freeze-pump-thaw for four 4-min cycles and refilled
with nitrogen. It was irradiated for variable periods of time in front of a 40 W blue LED
lamp. The reaction mixture was diluted with ethyl acetate or diethyl ether (2 mL) and
then washed with deionized water (2 x 5 mL). The aqueous layer was extracted with ethyl
acetate or diethyl ether (5 mL). The combined organic layers were dried over Na,SO4 and
concentrated and purified by flash column chromatography.
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General procedure for other nitrogen nucleophiles and carbon nucleophiles:

An oven-dried 6-mL vial equipped with a stir bar is brought into a nitrogen-filled glovebox
and charged with Cu(OTf), (180.8 mg, 2.5 equiv., 0.50 mmol), NagPO4 (98.2 mg, 3.0 equiv.,
0.60 mmol) or K3PO,4 (127.4 mg, 3.0 equiv., 0.60 mmol), the nucleophile (1.5-3.0 equiv.),
the carboxylic acid (1.0 equiv., 0.20 mmol), and acetonitrile (2.0 mL, 0.10 M). The vial is
sealed with a screwcap bearing a teflon septum, removed from the glovebox, and placed

on a stir plate. The vial is irradiated at 427 nm with two 40 W Kessil Lamp PR160 lamps

at a distance of 10 cm with stirring at 800 rpm. A fan is used to maintain the vial at

room temperature. After 24 h, the crude reaction mixture is diluted with 1.5 mL EtOAc

and adsorbed directly on diatomaceous earth (Celite®). The product is purified by flash
chromatography on silica gel, eluting with mixtures of ethyl acetate and hexanes.

General procedure for Ritter amidation:

An oven-dried 6-mL vial equipped with a stir bar is brought into a nitrogen-filled glovebox
and charged with Cu(OTf), (180.8 mg, 2.5 equiv., 0.50 mmol), Na,CO3 (21.2 mg, 1.0
equiv., 0.20 mmol), the carboxylic acid (1.0 equiv., 0.20 mmol), and the nitrile (2.0 mL, 0.10
M). The vial is sealed with a screwcap bearing a teflon septum, removed from the glovebox,
and placed on a stir plate. The vial is irradiated at 427 nm with two 40 W Kessil Lamp
PR160 lamps at a distance of 10 cm with stirring at 800 rpm. A fan is used to maintain

the vial at room temperature. After 24 h, the crude reaction mixture is diluted with 1.5 mL
EtOAc and adsorbed directly on diatomaceous earth (Celite®). The product is purified by
flash chromatography on silica gel, eluting with mixtures of ethyl acetate and hexanes.

Data availability

All data supporting the findings of this study are available within the paper and its
supplementary files.
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Fig. 1|. Common strategies for decarboxylative coupling usually involve prefunctionalizations
of either or both reacting partnerswhile the current strategy enables direct decarboxylative

coupling.

a, Redox-neutral cross-couplings of carboxylic acid feedstocks. b, Use of redox-active PINO
and iodinane esters for formal decarboxylative coupling reactions. ¢, Proposed design plan
for oxidative decarboxylative cross-couplings employing visible-light photoactive Cu(ll)

carboxylates.
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Fig. 2 |. Mechanistic studies.
a, The guiding mechanistic hypothesis for this reaction involves MLCT photoexcitation of

a preassembled Cu(ll) carboxylate complex, spontaneous decarboxylation of the resulting
carboxyl radical, and Cu(ll)-mediated oxidative coupling of the corresponding radical. b,
Decarboxylative cyclization under Ritter amidation conditions is consistent with a putative
radical intermediate. ¢, Decarboxylative ring-opening of a radical clock substrate. d, UV-vis
titration study to interrogate the interaction between the carboxylate derived from 1la and
Cu(ll). An initial species is formed with Amax = 304 nm at low carboxylate loadings, which
transitions to a blue-shifted species (Amax = 260 nm) at high carboxylate loadings. The
species formed at high carboxylate loadings is photochemically inactive at 427 nm, in line
with the empirically optimized conditions. e, UV irradiation at high acid equivalents still
leads to radical generation, but chemoselective formation of dimer 78 is observed /n /ieu of
the expected product 2.

Nat Chem. Author manuscript; available in PMC 2022 July 05.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Lietal.

Table 1|

Optimization studies of decarboxylative sulfonamidation.

Cu(OTH), (2.5 equiv.)

Me N NazPO, (3.0 equiv.) Me O /;,O Me O
4 Y L
Ph” CO,H PMP  NH, zg:’:;l( ){{Ue;?“tﬂ)} Ph” NH™  PMP P "NH™ TR
1a, 1.0 equiv. 1b, 3.0 equiv. i, 24 h, hv (427 nm) 2 3
entry solvent ligand 2(%) 3(%)
1 THF, Et,0, EtOAc, toluene, CH,Cl,, DMF - <2
2 CH,Cl, PPh3;, DABCO, pyridine dtbbpy (0.20 equiv) <5 <5
3 CH,Cl, dtbbpy (2.0 equiv.) 6 4
4 CH,Cl, MeCN (2.0 equiv.) 18
5 CH,Cl, MeCN (5.0 equiv.) 25 43
6 CH,Cl, EtCN (5.0 equiv.) 40 0
7 CH,Cl, PhCN (5.0 equiv.) 26 0
CH,Cl, CyCN (5.0 equiv.) 34 0
9 CH,Cl, i-PrCN (5.0 equiv.) 58 0
10 CH,Cl, i-PrCN (5.5 equiv.) 59 2
11 CH,Cl, i-PrCN (5.5 equiv.) 66(73'3) 0
1217 CH,Cl, i-PrCN (5.5 equiv.) 0 0
13¢ CH,Cl, i-PrCN (5.5 equiv.) 58 6

Page 12

0.10 mmol screening conditions: Cu(OTf)2 (2.5 equiv.), Na3PO4 (3.0 equiv.), 1a (1.0 equiv.), 1b (3.0 equiv.), ligand, and solvent (0.10 M) are
added to a 1-dram reaction vial equipped with a stir bar in a glovebox. The vial is stirred at rt with irradiation by a 34 W blue LED. /n situyield

determined by GC or 1H NMR with 1-methylnaphthalene as an internal standard.

alsolated yield on 0.20 mmol scale.

bReaction conducted without light.

c . A -
Reaction set up under air using unpurified solvent.
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Scope of decarboxylative cross-coupling with sulfonamide nucleophiles.

Table 2 |

Page 13

A Cu(OTN: (25 equiv) Rz g, 9
. X Y/
. \\ // i-PrCN (5.5 equiv.) )\ Y
R'” TCOM v RSN a7 N R
H 2 NazPO, (3.0 equiv.) |
CH,Clx (0.10 M) A
1.0 equiv. 3.0 equiv hv (k= 427 nm), rt, 24 h
Me Q, O 2, R = OMe, 73% Me O, O 9, R = OMe, 99% Me O\\)?C)
\\ f/ 5, R = Me, 68% W 10, R = Me, 97% .28
6, R = H, 60% N 11, R=F, 7% N
7, R = Br, 48% H 12, R = Br, 64% H
- 13, R = Cl, 65%
R 8, R = GFy, 45% 5 OMe 3,R=Cl,65 e o
14, T1%
Me O COMe Me
\\ff
0, 0
i

15, 99%

4 \v;
‘OMe

20, 40%

0
RV Y4
QL QO
H H
OMe

25, 69%
o] Me O 0O
/\\S// Me
Ph N
H \FMe
Me
30, 57%
ketoprofen

y PO

16, 56%

26, 59%

31, 53%
flurbiprofen

22, 42%

\\f‘/
CCls < :@)\

27,83%

Lt
0\\5//0 e
Jogee!
H
ey Mer Me

17, 76%

\\i’f

RO

18, 47%

Me
\\4’
O* Ao
e

23,61%

2828
0% sulfonamidation
&1% (1.2:1) elimination

Sssaciicdsna o

32, 97%
ibuprofen

33, 80%°

loxoprofen

(1,

Sal

19, 94%

Q.

24, 79%

Me

i

N=
29, 96% CF
celecoxib

Me 0\\ ,{P ol
hO WS
H | N
a” S

34, 44%
fenoproten

0.20 mmol scale isolation conditions: Cu(OTf)2 (2.5 equiv.), NagPO4 (3.0 equiv.), sulfonamide (3.0 equiv.), carboxylic acid (1.0 equiv.), CH2Cl2
(0.10 M), and ~PrCN (5.5 equiv.) are added to a 1.5-dram reaction vial equipped with a stir bar in a glovebox. The vial is irradiated by two 34 W

blue LEDs at a distance of 10 cm.

aThe 1.2:1 ratio refers to the trisubstited:1,1-disubstituted olefin product distribution as determined by 1H NMR of the crude reaction mixture.

b_. . .
Diastereomers were not detected in NMR analysis.
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Table 3 |

Scope of decarboxylative cross-coupling with different classes of nucleophiles.

A2 Cu{OTH)z (2.5 equiv.) R
A Conditions A
R'TCOH  + Nuc-H — > R TNuw
hv (% = 427 nm), rt, &-24 h
1.0 equiv. 1.0-5.0 equiv.
Carbamates and Amides”
Me 0O Me O Me O Me O Me O
Br
O Y o DR B et jegne
¢} ks MeO MeO MeQr Bn MeO
35, BE% o6, 0% 8. 55% 38, 70% 39, 54%
Ritter Profile®
Me O Me O Me O Ma O M. Me, Me Me O
O e
Me M
HJ\I,MB HJ"\/ HJ'L\/ ad HAMG NJ\,Me N}LMQ ]
| ] E ] |E [: ] H
Br Me FiC NG pinB H z] 1 O @
40, BO% 41, 94% 42, 79% 43, 55% 44, 78% 45, 62% 46, 73%
Oxygen Nucleophiles®
Me Me Me
Med’ Me' Br
47,82% 48, 78% 50, 46%' 51, 49%:° 52, 73% 53, 46%
" Me Me Me Me
Me_ Me s
: S vas- T s N vo ot il vo oo TN e o R oy
Me Dhea MeO MeO MeO MeO
54, 505 55, 64%° %6, 40%¢ T At 58, 80%° 59, 54%° 60, 67%
Me Ms Me /\/SQ Me o \J Me /\_,lL
= = Me
MeD' MeQ’ MeQ
61, 60%F 62, 75%¢ 63, 65%° 64, 70%° 65, 70%°
Me Me O
o~ Me OMe ps
8} o o Me
m’L m)\o/\/‘-u l@)\ /\% ’t) ’\((\'
e} ‘OM MeQ’
Mel OMe
66, 3%
* 67,70% 68, 70%¢ 69, 87%° 70, 52% 71, 30%

Carbon Nucleophiles®

FP Ut Lo L4

72, 40% 73, 95% 74, 76% 75, 9%

aConditions: Cu(OTf)2 (2.5 equiv.), Na3PO4 (3.0 equiv.), nucleophile (1.5 equiv.), carboxylic acid (1.0 equiv.), and MeCN (0.20 M), and are added
to a 1.5-dram reaction vial equipped with a stir bar in a glovebox. The vial is irradiated by two 34 W blue LEDs at a distance of 10 cm.

bConditions: Cu(OTf)2 (2.5 equiv.), NagCO3 (1.0 equiv.), carboxylic acid (1.0 equiv.), and MeCN (0.10 M), and are added to a 1.5-dram reaction
vial equipped with a stir bar in a glovebox. The vial is irradiated by two 34 W blue LEDs at a distance of 10 cm.

cDiastereomers were not detected in NMR analysis.
dConditions: acid (1.0 equiv.), alcohol (1.0 equiv.), Cu(OTf)2 (2.5 equiv.), and pyridine (3.0 equiv.) are added to Schlenk tubes of 15 cm diameter

along with toluene (2.85 mL) and MeCN (150 pL), and the reaction mixture is degassed by freeze-pump-thaw (four 4 min cycles) before irradiation
by 34 W blue LED for 8-24 h.
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é’Same conditions in (d), but with 3.0 equiv. alcohol.

fSame conditions in (c), but with 5.0 equiv. alcohol. Bpin = pinacolatoboryl.
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