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Photochemical Hydroacylation of Michael Acceptors Utilizing an

Aldehyde as the Photoinitiator

loanna K. Sideri,”? Errika Voutyritsa® and Christoforos G. Kokotos*?

Abstract: The hydroacylation of Michael acceptors constitutes a
useful tool for the formation of new C-C bonds. In this work, an
environmentally friendly procedure was developed, utilizing 4-
cyanobenzaldehyde as the photoinitiator and household bulbs as
the irradiation source. A great variety of substrates was well-
tolerated leading to good yields, while mechanistic experiments
were performed for the catalyst’s possible mechanistic pathway.
Also, the inherent selectivity problem regarding a,a-disubstituted
aldehydes (decarbonylation problem) was studied and addressed.

Introduction

Photoredox catalysis is an increasingly important tool in
Organic Synthesis, having multiple applications in novel and/
or already-existing organic transformations.™ In the majority of
these cases, metal-based catalysts (mainly based on
ruthenium or iridium) are wused to promote these
transformations. These complexes have the ability to present
different electronic properties, depending on the ligand that are
coordinated with. Nevertheless, they can be highly toxic,
difficult to be removed from the final product and also in most
cases are expensive. To solve these problems,
Photoorganocatalysis came into the scene, which is more
sustainable, eco-friendly and gradually becomes equally
effective, as entirely organic catalysts are utilized upon the
same transformations.® The last few years, we have initiated a
program with the aim being to contribute to this domain by
developing a phootorganocatalytic protocol, utilizing common
household lamps and a commercially available small organic
molecule as the photocatalyst.’! One of these applications was
the green photochemical C-H activation of aldehydes, leading
to the hydroacylation of electron-deficient olefins (Scheme
1d)." There are quite a few examples dealing with the C-C
bond activation for this hydroacylation, such as via metal
catalysis (Scheme 1a),” the Stetter reaction (N-heterocyclic
carbenes) (Scheme 1b),® or via photochemical processes
(Scheme 1e)."¥ In our previous work,”) we were able to
overcome existing problems in literature, regarding this
transformation: wider substrate scope, including aromatic
aldehydes and the most important problem of the poor
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Scheme 1. Different pathways for the hydroacylation of Michael acceptors.

selectivity of a,a-disubstituted aldehydes. When branched
aldehydes are wused, the acyl radical would often
decarbonylate, due to the increased stability of the secondary
alkyl radical formed, leading to undesired products (Scheme 1,
middle). In our case, phenylglyoxylic acid was used as the
photocatalyst and it performed remarkably well, affording high
selectivity.” Maruoka also provided a solution to this matter by
employing a hypervalent iodine photoinduced protocol, yet
using a non-commercial catalyst (Scheme 1c).*? During our
studies, upon the mechanistic aspect of the reaction and the
selectivity as well, the good performance exhibited by
benzaldehyde triggered us to further investigate the idea of an
aldehyde actually promoting the hydroacylation of alkenes.
Thus, in our present work, a commercially available, cheap,
substituted benzaldehyde is used as the promoter and studies
on the desired selectivity have been conducted, affording
unexpectedly good results with selectivity ratios exceeding
20:1 (Scheme 1f).
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Results and Discussion

We initially investigated a wide range of substituted aromatic
aldehydes as the potential photoinitiators in the reaction
between diethyl maleate (1a) and octanal (2a) (Scheme 2).Y
In general, the ortho-substitution on the aromatic aldehyde
provided better yields than the para-substitution (4f vs 4e and
4t vs 4b), with the exception of fluoro-substituted aldehydes
(41 vs 4u). While various aromatic aldehydes were tested for
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Scheme 2. Substituted aromatic aldehydes tested as photoinitiators for the
photocatalytic hydroacylation of 1a.

their catalytic activity, only a few furnished the reaction. 4-
Cyanobenzaldehyde (4d) proved to be the best initiator among
the 25 benzaldehydes tested (Scheme 2). Then, the reaction
conditions were optimized, testing different solvents, catalyst
loadings and octanal equivalents (Table 1). The reaction
gave mediocre results in agueous media (Table 1, entry 1),
while in other solvents the yield was from low to mediocre
(Table 1, entry 2). The reaction took place effectively in
petroleum ether (40-60 °C) as the solvent, while decreasing
the catalyst loading to 10 mol% (Table 1, entry 3 and 4).*!
Notably, the reaction does not proceed in the absence of light
(Table 1, entry 5) or without catalyst (Table 1, entry 6). The
reaction was also performed at 60 °C in the dark to exclude
the heat as the driving force.'”
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Table 1. Optimization of the reaction conditions for the photochemical
hydroacylation of diethyl maleate.

‘ o * /V\Ai NS o
o H S SN o_-
Solvent (1 mL)

o RT, 16 h o o

1a 2a hv (CFL lamps) 3a
Entry Solvent Octanal (equiv.)  Catalyst loading  Yield™ (%)
(mol%)

1 H,0 1.2 20 34
2ol solvent 1.2 20 0-54

3 Pet. Ether 1.2 20 57

4 Pet. Ether 2.0 10 100 (86'"))
54 Pet. Ether 2.0 10 0

6 Pet. Ether 2.0 0 0

7 Pet. Ether 2.0 10 0

gt Pet. Ether 2.0 10 61

9ldl Pet. Ether 2.0 10 0
10M Pet. Ether 2.0 10 76

The reaction was performed with diethyl maleate (0.30 mmol), octanal
(0.36-0.60 mmol), 4-cyanobenzaldehyde (10-20 mol%) in solvent (1 mL),
under household bulb irradiation for 16 h. [a] Yield was determined by 'H
NMR. [b] CH,CI, or CHCI; or Et,O or EtOAc or MeCN or MeOH or DMF or
DMSO or benzene. [c] Isolated yield. [d] The reaction was performed in the
dark. [e] 1 equiv. BHT or Tempo was added. [f] The reaction was performed
in the absence of oxygen. [g] 1 equiv. anthracene was added. [h] 1 equiv.
CuCl, was added.

Having identified the optimized reaction conditions, a study on
the selectivity was also conducted in the reaction between
diethyl maleate (1a) and cyclohexane carboxaldehyde (2b)
(Scheme 3). In particular, when a,a-disubstituted aldehydes
are used, the acyl radical that is formed can easily
decarbonylate, due to the formation of a rather stable
secondary alkyl radical, leading to products like 5b. Again, we
tested different aromatic aldehydes to find the perfect marriage
of performance and selectivity (Scheme 3). Although other
aromatic aldehydes showed selectivity ratio >20:1, such as 2-
fluorobenzaldehyde (4l), isonicotinaldehyde (4m) and [1,1'-
biphenyl]-2-carbaldehyde  (4f), to our delight, 4-
cyanobenzaldehyde (4d) proved to merge the best
combination of yield and selectivity (65% and >20:1) (Scheme
3).

Having established the optimized photochemical protocol, our
aim was to explore the substrate scope. Therefore, a series of
aldehydes were tested. Primary alkyl aldehydes (3a, 3c, 3d)
were excellent tolerated, giving high yields (Scheme 4).
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Scheme 3. Studies on the selectivity of photochemical hydroacylation of 1a
with a,a-disubstituted aldehydes.

Regarding the decarbonylation problem, a,a-disubstituted alkyl
aldehydes were tested (3n-q), furnishing the desired products
in good vyields and also performing moderate to good
selectivity, in favour of the carbonylated product (Scheme 4).
Aldehydes bearing branched alkyl chains were successfully
utilized (3g, 3i), whereas aldehydes bearing cyclic aliphatic
moieties (3b, 3l, 3m) afforded mediocre results (Scheme 4).
Aldehydes bearing an amide bond, a triple bond or an ether
moiety also performed well (3h, 3j, 3k).

Then, we turned our attention to the alkene substrate scope

(Scheme 5). Substituted benzyl diesters were well tolerated (3r,

3s, 3t). Aliphatic diesters were tested, giving the
corresponding products in good yields (3u, 3v). Also, other
a,B- and electron-deficient olefins gave mediocre yields (3w,
3x). To complete the scope, cyclohexenone was successfully
utilized (3y) (Scheme 5).

In order to suggest a mechanistic pathway for 4-
cyanobenzaldehyde, we carried out various mechanistic
experiments. Thus, we started with fluorescence quenching
studies.™™ A minimal quenching was observed with heptanal,
while on the contrary, quenching was observed with diethyl
maleate (Figure 1), which indicates a form of interaction
between the excited 4-cyanobenzaldehyde and esters of
maleic acid. Notably though, this mediocre quenching could
also be attributed to cis-trans isomerization of diethyl maleate
under irradiation.

In order to discover the interactions of 4-cyanobenzaldehyde
in the reaction mixture, UV-Vis experiments were also
conducted. The UV-Vis absorbance of each of the reactants
and of their combinations was measured in petroleum ether
(40-60 °C).* Mixing the reagents together, an insignificant
increase in the UV absorbance band was observed (Figure 2),
which is not representative of an EDA complex.?*

10.1002/cssc.201901725

WILEY-VCH

o

0

. o nc 2

i g . Ay (10 mol) o™
~ Pet. Ether (1 mL) & O~

o RT, 16 h o o
1a 224 py (CFL lamps)

o
o
o e O 3f 3g A~
3d 9 o o
75% A~ 75%
75% o 68% o™ [ ° o
o SN O
~ o o
0l 5 o o o
o o
o '
3h s Y Zg{’/a o™
65% o™ 59%, 1:1 dr o °
o o =z ~
Q o o
o O o o
3k o 3 o am O
66% o~ 7o I 53% o~
H
OTN o_- o_- o~
(o} o o o o o}

e}

3n o 3 O 3p O 3q o]
%, 1: 9 299 29%, 1:1d
28%, 1:1dr o~ 49% o~ % o~ %, P o~
o_- o~ o~ o~
o o o o o O o O

Scheme 4. Substrate scope of the hydroacylation of diethyl maleate.
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Figure 1 A: Stern-Volmer plot from fluorescence quenching of 4-
cyanobenzaldehyde (1 mM in pet. ether) with heptanal. B: Stern-
Volmer plot from fluorescence quenching of 4-cyanobenzaldehyde (1
mM in pet. ether) with diethyl maleate.

Figure 2. UV-Vis absorption of 4-cyanobenzaldehyde (10’2 M), diethyl
maleate (102 M), pentanal (102 M) and the reaction mixture [4-
cyanobenzaldehyde (lO'2 M) with diethyl maleate (10'2 M) and
pentanal (10 M)] in Pet. Ether.

An energy transfer mechanism, as suggested by Melchiorre for
ATRA reactions,'® is also ruled out, since in that case the
solvent should not play any role for the yield of the product.
This is not the case, since in different solvents various yields
are obtained, which is also verified by the Stern-Volmer plots
in different solvents.***"]

Another mechanistic tool in photocatalysis is the measurement
of the quantum yield, which was reported by Yoon and
Cismesia.™ Based on that work, the quantum yield (®) of the
photocatalytic reaction was calculated: [® = 67 (P>1)],
indicating a chain propagation mechanism.****! Moreover, a
cut-off experiment below 400 nm was carried out, showing that
the reaction proceeds only at this particular wavelength
band.*¥ As described above, the reaction demands light
irradiation in order to take place, and as shown in Figure 3,
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On-Off Experiments

Time (M)

Figure 3. Hydroacylation of diethyl maleate utilizing 4-
cyanobenzaldehyde: On-off experiment.

proceeds only under constant photoirradiation and ceases
when the light is turned off.

Taking into consideration every possible mechanistic pathway,
we investigated the role of the oxygen during the reaction.
Thus, when the reaction was performed in the absence of
oxygen, the yield dropped at 61% versus 86% in the presence
of oxygen (Table 1, entry 8). These results indicate a minor
role of oxygen for the hydroacylation and exclude its role as
the driving force, as well as the formation of 4-
cyanobenzaldehyde’s benzoyl peroxy radical as the main
promoting pathway. A minor yield drop was also noticed, when
1 equivalent of CuCl, was added to the reaction mixture (Table
1, entry 10), which is known in literature as an electron
scavenger.? The 10% vyield drop could be considered
insignificant and therefore we believe that no SET process
takes place. Also, when 1 equivalent of anthracene was added,
no reaction took place (Table 1, entry 9). Anthracene is acting
as a triplet state quencher (ET (anthracene) = 176 kJ/mol® vs
ET (4-cyanobenzaldehyde) = 288 kJ/mol®®?) and effectively
guenches 4-cyanobenzaldehyde. This constitutes evidence
that 4-cyanobenzaldehyde’s ftriplet state is involved in the
mechanism. Finally, radical traps were added and the reaction
did not take place, confirming that there is a radical
propagation mechanism (Table 1, entry 7). Also, in the control
experiment with TEMPO (when pentanal was employed as the
aldehyde), the acyl radical formation of pentanal was
confirmed by GC-MS analysis.*” We also performed NMR
mechanistic experiments to track the progress of the reaction
during time, but no signals of new species were observed.!*"
Based on all the above mechanistic experiments, we propose
a possible mechanistic pathway (Scheme 6). Initially, 4-
cyanobenzaldehyde under irradiation transits to the excited
singlet state and subsequently to the triplet via ISC
(intersystem crossing).®® The triplet state then, interacts with a
ground state molecule of 4-cyanobenzaldehyde, furnishing two
radicals: the hydroxybenzyl radical and the benzoyl radical.’®
This radical-pair mechanism has been first reported in 1970,
when the photolysis of benzaldehyde was studied®® and later
verified via CIDNSP (Chemically Induced Dynamic Nuclear
Spin Polarization) experiments.”” These NMR experiments
showed the existence of these two radicals and it is proposed

This article is protected by copyright. All rights reserved.
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by the authors that under irradiation, the two radicals can
return back furnishing 2 ground state benzaldehyde
molecules.” In our case, the formation of the two radicals is
consistent with the structure of 4-cyanobenzaldehyde, which
carries a nitrile group and can stabilize the radical in terms of
resonance. The benzoyl radical (probably the ketyl radical is
doing also this job in a lesser extend) in the presence of the
reactant aldehyde generates the first acyl radical through a
HAT  process, regenerating a ground state 4-
cyanobenzaldehyde ready to re-enter the mechanism. Then,
this key acyl radical is added to diethyl maleate, furnishing a
new radical species, which via a propagation mechanism
(quantum yield measurement) affords the desired product
(Scheme 6).

Based on examples in literature, the benzoyl radical seems to
be the initiator, although examples using ketyl radicals to
promote the HAT event are also known.?**® An energy
transfer mechanism, an EDA complex mechanism or direct
interaction of triplet benzaldehyde with one of the reagents
seems unlikely to be the dominant mechanism of action,
according to our experiments. The moderate quenching of 4-
cyanobenzaldehyde by diethyl maleate is due to the parasitic
reaction of cis-trans isomerization to fumarate. Also, a single
electron transfer mechanism or a benzoyl peroxide radical-
initiated processes (benzoyl radical coupled with oxygen) have
also been ruled out as the dominant pathway of action.
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Nevertheless, further validation of the mechanism is still
ongoing by our team.

Conclusions

In conclusion, a simple, cheap, metal-free and eco-friendly
protocol is described for the hydroacylation of Michael
acceptors, utilizing 4-cyanobenzaldehyde as the photoinitiator.
This method is easy to set up, and only requires common
household bulbs as the light source. 25 examples are reported,
affording good yields and high selectivity ratios. 4-
Cyanobenzaldehyde can be employed in low catalyst loading
for this C-H activation photochemical protocol. Mechanistic
studies reveal that it has an interesting photochemical
behaviour and its capabilities are still under investigation in our
lab.

Experimental Section

In a glass vial with a screw cap containing the Michael
acceptor (0.30 mmol) and the aldehyde (0.60 mmol), 4-
cyanobenzaldehyde (4 mg, 0.03 mmol) and Pet. Ether (1 mL)
were added. The vial was sealed with a screw cap and left
stirring under household bulb irradiation (2 x 80W household
lamps) for 16 h. The desired product was isolated via
purification of the crude mixture by flash column
chromatography.

Acknowledgements

The authors gratefully acknowledge the John Latsis
Foundation for financial support through the programme
“EMNIZTHMONIKEX MEAETEZXZ 2015” (PhotoOrganocatalysis:
Development of new environmentally-friendly methods for the
synthesis of compounds for the pharmaceutical and chemical
industry) and the Laboratory of Organic Chemistry of the
Department of Chemistry of the National and Kapodistrian
University of Athens for financial support. E.V. would like to
thank the State Scholarship Foundation (IKY) for financial
support through a doctoral fellowship. Also, COST Action C-H
Activation in Organic Synthesis (CHAOS) CA15106 is
acknowledged for helpful discussions.

Keywords: Photochemistry < Hydroacylation <« Michael
acceptors ¢ 4-Cyanobenzaldehyde

[1] For selected examples, see: a) D. A. Nicewicz, D. W. C. MacMillan,
Science 2008, 322, 77-80; b) T. P. Yoon, M. A. Ischay, J. Du, Nature
Chem. 2010, 2, 527-532; For selected reviews, see: c) C. K. Prier, D.
A. Rankic, D. W. C. MacMillan, Chem. Rev. 2013, 113, 5322-5363;
d) K. L. Skubi, T. R. Blum, T. P. Yoon, Chem. Rev. 2016, 116,
10035-10074; e) M. D. Karkas, J. A. Porco Jr., C. R. J. Stephenson,

This article is protected by copyright. All rights reserved.



ChemSusChem

[2

(3]

[4]

5]

6l

[

8l

[0

[10]

Chem. Rev. 2016, 116, 9683-9747; f) D. Ravelli, S. Protti, M.
Fagnoni, Chem. Rev. 2016, 116, 9850-9913; g) D. M. Schultz, T. P.
Yoon, Science 2014, 343, 985-993; h) Y.-M. Xi, H. Yi, A. Lei, Org.
Biomol. Chem. 2013, 11, 2387-2403; i) H. Yi, G. Zhang, H. Wang, Z.
Huang, J. Wang, A. K. Singh, A. Lei, Chem. Rev. 2017, 117, 9016-
9085.

For selected reviews, see: a) M. Fagnoni, D. Dondi, D. Ravelli, A.
Albini, Chem. Rev. 2007, 107, 2725-2756; b) N. A. Romero, D. A.
Nicewicz, Chem. Rev. 2016, 116, 10075-10166; c) |. K. Sideri, E.
Voutyritsa, C. G. Kokotos, Org. Biomol. Chem. 2018, 16, 4596-4614;
For a selection of recent contributions, see: d) R. Brimioulle, T. Bach,
Science 2013, 342, 840-843; e) N. A. Romero, K. A. Margrey, N. E.
Tay, D. A. Nicewicz, Science 2015, 349, 1326-1330; f) I. Ghosh, T.
Ghosh, J. I. Bardagi, B. Kdénig, Science 2014, 346, 725-728; g) E.
Speckmeier, T. Fische, K. Zeitler, J. Am. Chem. Soc. 2018, 140,
15353-15365.

(a) G. N. Papadopoulos, D. Limnios, C. G. Kokotos, Chem. Eur. J.,
2014, 20, 13811-13814; b) G. N. Papadopoulos, C. G. Kokotos,
Chem. Eur. J. 2016, 22, 6964-6967; c¢) G. N. Papadopoulos, C. G.
Kokotos, J. Org. Chem. 2016, 81, 7023-7028; d) D. Limnios, C. G.
Kokotos, Adv. Synth. Catal. 2017, 359, 323-328; e) N. Kaplaneris, A.
Bisticha, G. N. Papadopoulos, D. Limnios, C. G. Kokotos, Green
Chem. 2017, 19, 4451-4456.

G. N. Papadopoulos, E. Voutyritsa, N. Kaplaneris, C. G. Kokotos,
Chem. Eur. J. 2018, 24, 1726-1731.

For reviews, see: a) M. C. Willis, Chem. Rev. 2010, 110, 725-748; b) J.

C. Leung, M. J. Krische, Chem. Sci. 2012, 3, 2202-2209; For
selected examples, see: c) X. Yue, X. Qi, R. Bai, A. Lei, Y. Lan,
Chem. Eur. J. 2017, 23, 6419-6425; d) S. Tang, L. Zeng, Y. Liu, A.
Lei, Angew. Chem. 2015, 127, 16076-16079; Angew. Chem. Int. Ed.
2015, 54, 15850-15853.

For a review, see: A. T. Biju, N. Kuhl, F. Glorius, Acc. Chem. Res.
2011, 44, 1182-1195.

a) M. S. Kharasch, W. H. Urry, B. M. Kuderna, J. Org. Chem. 1949,
14, 248-253; b) B. Fraser-Reid, R. C. Anderson, D. R. Hicks, D. L.
Walker, Can. J. Chem. 1977, 55, 3986-3995; c) D. Belotti, J. Cossy,
J. P. Pete, C. Portella, Tetrahedron Lett. 1985, 26, 4591-4594; d) K.
Kobayashi, M. Suzuki, H. Takeuchi, A. Konishi, H. Sakurai, H.
Suginome, J. Chem. Soc. Perkin Trans. 1 1994, 1099-1104; e) K.
Ogura, T. Arai, A. Kayano, M. Akazome, Tetrahedron Lett. 1999, 40,
2537-2540; f) J. Cossy, D. Belotti, Tetrahedron 2006, 62, 6459-
6594; g) M. Okada, K. Yamada, T. Fukuyama, D. Ravelli, M. Fagnoni,
I. Ryu, J. Org. Chem. 2015, 80, 9365-9369; h) G. Bergonzini, C.
Cassani, C.-J. Wallentin, Angew. Chem. 2015, 127, 14272-14275.
Angew. Chem. Int. Ed. 2015, 54, 14066-14069; i) G.-ZWang, R.
Shang, W.-M. Cheng, Y. Fu, Org. Lett. 2015, 17, 4830-4833.

a) S. Esposti, D. Dondi, M. Fagnoni, A. Albini, Angew. Chem. 2007,
119, 2583-2586; Angew. Chem. Int. Ed. 2007, 46, 2531-2534; b) S.
Protti, D. Ravelli, M. Fagnoni, A. Albini, Chem. Commun. 2009, 0,
7351-7353; ¢) D. Ravelli, M. Zema, M. Mella, M. Fagnoni, A. Albini,
Org. Biomol. Chem. 2010, 8, 4158-4164; d) L. Capaldo, R. Riccardi,
D. Ravelli, M. Fagnoni, ACS Catal. 2018, 8, 304-309. €) J.-J. Zhao,
H.-H. Zhang, X. Shen, S. Yu, Org. Lett. 2019, 21, 913-916.

a) R. J. Fitzmaurice, J. M. Ahern, S. Caddick, Org. Biomol. Chem.
2009, 7, 235-237; b) V. Chudasama, R. J. Fitzmaurice, J. M. Ahern,
S. Caddick, Chem. Commun. 2010, 46, 133-135; c) V. Chudasama,
R. J. Fitzmaurice, S. Caddick, Nature Chem. 2010, 2, 592-596; d) X.-
Z. Fan, J.-W. Rong, H.-L. Wu, Q. Zhou, H.-P. Deng, J. Da, T. C. W.
Xue, L.-Z. Wu, H.-R. Tao, J. Wu, Angew. Chem. 2018, 130, 8650-
8654; Angew. Chem. Int. Ed. 2018, 57, 8514-8518; e) L. Zhang, G.
Zhang, Y. Li, S.Wang, A. Lei, Chem. Commun. 2018, 54, 5744-
5747.

a) S. A. Moteki, A. Usui, S. Selvakumar, T. Zhang, K. Maruoka,
Angew. Chem. 2014, 126, 11240-1124; Angew. Chem. Int. Ed. 2014,
53, 11060-11064; b) J. Jiang, R. Ramozzi, S. Moteki, A. Usui, K.

[11]

[12]
[13]

[14]

[19]

[16]

[17]

[18]
[19]

10.1002/cssc.201901725

WILEY-VCH

Maruoka, K. Morokuma, J. Org. Chem. 2015, 80, 9264-9271; c) S.
Selvakumar, R. Sakamoto, K. Maruoka, Chem. Eur. J. 2016, 22,
6552-6555.

For extensive optimization and mechanistic experiments, see
Supporting Information.

R. S. Mulliken, J. Phys. Chem. 1952, 56, 801-822.

a) S. Farid, J. P. Dinnocenzo, P. B. Merkel, R. H. Young, D. Shukla, J.
Am. Chem. Soc. 2011, 133, 4791-4801; b) S. Farid, J. P. Dinnocenzo,
P. B. Merkel, R. H. Young, D. Shukla, G. Guirado, J. Am. Chem. Soc.
2011, 133, 11580-11587; ¢) M. Koch, G. Licari, E. Vauthey, J. Phys.
Chem. B 2015, 119, 11846-11857.

a) E. Arceo, |. D. Jurberg, A. Alvarez-Fernandez, P. Melchiorre,
Nature Chem. 2013, 5, 750-756; b) L. Wozniak, J. J. Murphy, P.
Melchiorre, J. Am. Chem. Soc. 2015, 137, 5678-5681; c) M. Silvi, E.
Arceo, |. D. Jurberg, C. Cassani, P. Melchiorre, J. Am. Chem. Soc.
2015, 137, 6120-6123; d) J. J. Murphy, D. Bastida, S. Paria, M.
Fagnoni, P. Melchiorre, Nature 2016, 532, 218-222; e) A.
Bahamonde, P. Melchiorre, J. Am. Chem. Soc. 2016, 138, 8019-
8030.

M. L. Spell, K. Deveneaux, C. G. Bresnahan, B. L. Bernard, W.
Sheffield, R. Kumar, J. R. Ragains, Angew. Chem. Int. Ed. 2016, 55,
6515-6519; Angew. Chem. 2016, 128, 6625-6629.

E. Arceo, E. Montroni, P. Melchiorre, Angew. Chem. Int. Ed. 2014,
53, 12064-12068; Angew. Chem. 2014, 126, 12260-12264.

F. Strieth-Kalthoff, M. J. James, M. Teders, L. Pitzera, F. Glorius,
Chem. Soc. Rev. 2018, 47, 7190-7202.

M. A. Cismesia, T. P. Yoon, Chem. Sci. 2015, 6, 5426-5434.

N. F. Nikitas, I. Triandafillidi, C. G. Kokotos, Green Chem. 2019, 21,
669-674.

W. Huang, B. C. Ma, H. Lu, R. Li, L. Wang, K. Landfester, K. A. I.
Zhang, ACS Catal. 2017, 7, 5438-5442.

N. J. Turro, Molecular Photochemistry, Benjamin, New York, 1965, p.
86.

Z.-P. Lin, W.A. Aue, Spectrochimica Acta Part A 2000, 56, 111-117.
M. Cocivera, A. M. Trozzolo, J. Am. Chem. Soc. 1970, 6, 1772-1774.
G. L. Closs, D. R. Paulson, J. Am. Chem. Soc. 1970, 24, 7229-7231.
R. S. Davidson, J. Edwards, S. K. Warburton, J. Chem. Soc. Perkin
Trans. 1 1976, 1511-1514.

Y. Zhang, K. B. Teuscher, H. Ji, Chem. Sci. 2016, 7, 2111-2118.

This article is protected by copyright. All rights reserved.



ChemSusChem

FULL PAPER

[o}

cat. H
o o o
o o NC 10 mol% o
+ | 25 examples
H 0. 0. o/ i
~ hv (CFL lamps), 16 h ~ 25-83% yield
(e} Pet. Ether (e}

m easy photochemical set-up ® cheap, metal-free and ™ high selectivity
eco-friendly protocol

Photocatalysis. A facile and sustainable photochemical hydroacylation of Michael
acceptors is described, affording products in good to high yields and selectivities
utilizing 4-cyanobenzaldehyde as the photoinitiator and household lamps as the
irradiation source.

10.1002/cssc.201901725

WILEY-VCH

loanna K. Sideri, Errika Voutyritsa and

Christoforos G. Kokotos*!

Page No. — Page No.

Photochemical Hydroacylation of
Michael Acceptors Utilizing an
Aldehyde as the Photoinitiator

This article is protected by copyright. All rights reserved.



