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An organic amine mediated photolytic [1,3]-benzoyl migration of 3-benzoyl carbonyl compounds was reported.
This migration was achieved by Norrish-Yang cyclization and retro-aldol reaction under black light (365 nm) or
visible light irradiation. This photolytic protocol provides an alternative approach to the synthesis of 1,5-di-
carbonyl compounds. By chiral primary amine catalysis, a kinetic resolution was also developed to afford en-
antioenriched 1,5-dicarbonyls.

1. Introduction

We recently investigated an enamine-version de Mayo reaction
using chiral primary amine catalysis (Scheme 1, I) [1]. Unfortunately,
the reaction did not afford the desired de Mayo adduct 3a, but an [1,3]-
benzoyl shift product 4a together with its further cyclic-condensation
product (vide infra). Mechanistically, the rearrangement adduct 4a was
formed via a retro-aldol process following the typical carbonyl Norrish-
Yang cyclization (Scheme 1, I) [2,3]. In this case, the inherent structural
feature of 1,3-diketones facilitates a facile retro-aldol C-C cleavage of
the Norrish-Yang cyclobutanol (Scheme 1, II) to give 1,5-diketones
[2,3,4]. From the synthetic point of view, this Norrish-Yang cyclization
and retro-aldol sequence provides a facile access to 1,5-diketones,
which are recognized as versatile synthetic intermediates for their
widely applications in organic synthesis [5]. Though known in carbonyl
photo-processes, [2] the synthetic potential of this Norrish-Yang-retro
aldol process remained surprisingly much less explored [3]. The major
challenge comes from the always accompanied a- and B-cleavage
competing pathways,[4,6,7] diminishing its synthetic applicability. The
observation of sole-production of benzoyl-shift adduct 4a in the pre-
sence of aminocatalyst promoted us to further investigate this reaction.
Herein, we’d like to report an amine-promoted and photo-mediated
protocol that complements the typical Michael addition procedure in
accessing 1,5-diketones [8]. In addition, a kinetic resolution of the 1,5-
ketones via an intramolecular aldol condensation has also been devel-
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oped with our chiral primary amine catalysts [9,10]
2. Experimental section
2.1. Materials

The corresponding 1,3-diketones 2a-2u were prepared by alkylation
of the corresponding a-unsubstituted 1,3-diketone with alkyl bromide
iodide [11] or addition of aldehydes to enones;[12] -ketoesters 2v-2x
were prepared by alkylation of the corresponding a-unsubstituted
B-ketoesters with alkyl bromide;[13] cyclic substrates 6 were prepared
by direct alkylation of corresponding -ketoesters or 1,3-diketones with
activated cycloalkanes [14].

2.2. Procedure

An oven-dried 10 mL schlenk tube was charged with 2a (0.1 mmol,
1.0 equiv) and additive. The tube was purged with a stream of nitrogen,
solvent was added via syringe. The resultant mixture was degassed
three times. Then the tube was placed approximately 2cm to 15W
365nm LED (black light) and stirred at room temperature for given
time. The reaction mixture, upon concentration, was purified directly
by silica gel column to give the target products 4a as the major product.
General procedure of reactions of other substrates see SI.
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Scheme 1. Typical Carbonyl Photochemistry and our unexpected finding of a Norrich-Yang-retro Aldol process.

3. Result discussion
3.1. Optimization of conditions

In our initial experiments, we found the photoexcitation of 2a in the
absence of chiral primary amine 1a led to a dealkylated 5 as the major
product, via the typical Norrish Type-II process (Scheme 1, II). It is
known that amine could retard the Norrish cleavage process by stabi-
lizing the excited carbonyl in the form of radical ion pair (as shown in
Scheme 1, II) [15]. This result promoted us to further optimize the
reaction by screening different base in this photochemical process
(Table 1). Under the irradiation of 365 nm LED, the reaction afforded
mainly dealkylated adduct 5 together with a minor [1,3]-acyl shifted
adduct 4a (Table 1, entry 1) in the absence of any additive. The addi-
tion of both inorganic acid and base didn’t lead to any improvement

(Table 1, entries 2-5). Protonated diamines 1a-1d as catalysts result in
extremely low yields, although no dealkylated adduct 5 was observed
(Table 1, entries 6-10). In these cases, notable enantioselectivity was
observed, and this was later ascribed to a following-up kinetic resolu-
tion process (see Scheme 4). The screening of other organic base led to
the identification of quinuclidine as the optimal additive. The use of one
equivalent quinuclidine in p-xylene gave 64 % yield of [1,3]-benzyl
shifted adduct 4b as the major product (Table 1, entries 11-15). Under
this condition, minor dealkylated product 5 was still isolated and this
compound in fact also served as the starting material in preparing 2a,
thus could be recycled and reused.

3.2. Substrate scope

With optimized conditions in hand, we investigated the substrate
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Table 1
Optimization of Reaction Conditions .

o O o (o}

- o O
additive (20 mol %)
Ph)% Phw Y N

15W 365nm LED, 24h
MeCN (conc.= 0.5 M)

2b 4b 5
NH2 NH2
Bu Hf\ ) O’ e
NH, K e NH?)\ IO *H Tio N “H TfO
1a 19t
Entry additive Yield of 4b (%) Yield of 5 (%)
1 No 30 52
2 K,CO3 31 53
3 NaOH 40 51
4 FeBry 25 30
5 InCl, 35 34
6 la 10 (58 % ee) 0
7 1a" 12 (51 % ee) 0
8 1b 7 (50 % ee) 0
9 1c 12 (1% ee) 7
10 1d 8 (4% ee) 3
11 DABCO 40 42
12 Quinuclidine 52 43
13¢ Quinuclidine 55 40
14¢ Quinuclidine 61 36
15¢ Quinuclidine 64 34

@ Reactions were performed at room temperature in 0.2 mL MeCN with b2
(0.1 mmol), additive (20 mol %) under 15W 365 nm LED, N,, 24 h. Yield of
isolated product.

> Tf2N~ instead of TfO ™.

€ 1.0 eq additive.

41.0 eq additive, in p-xylene.

€ 1.0 eq additive, in p-xylene, conc. = 0.3 M.

scopes of this reaction (Schemes 2 and 3). 1,3-Diketones bearing dif-
ferent 2-alkyl (R> = alkyl) groups were well tolerated to give the
benzoyl-shifted adducts in moderate to good yields (4a-4h). When 2-
phenethyl substituted 1,3-diketones 2 were used (R*> = aryl), the re-
action afforded a-aryl substituted 1,5-diketones (4i-4m) in good yields.
Substitutions on the benzoyl moiety (R') with either electron-with-
drawing or electron-donating group were both tolerated (4p-4s). Be-
sides methyl ketones (R®), larger ethyl ketone (4s) and phenyl ketone
(4t) as well as esters (4u-4w) could also be applied with moderate to
good reactivity.

When 2-cycloalkanyl 1,3-ketocarbonyls were examined, the reac-
tion showed better activity compared with its linear acyclic counter-
parts (Scheme 3, 12h vs 24h). In these cases, di-substituted ring
compounds were obtained in good yields with high diastereoselectivity.
Both cyclopentanyl and cyclohexanyl ring could be applied and the
diastereoselectivity was determined to be anti- for both cases [16].

A concentration-depended red-shift of the ketocarbonyls were ob-
served in UV-vis spectra (see SI, Figure S1 and S2) [17]. At reaction
concentrations, significant absorption above 360 nm were clearly noted
(e.g. 2n) and some even shifted to the visible light range (e.g. 4n, 4v
and 7e). In the latter cases, conversion to the desired product could be
observed under visible light irradiation (Schemes 2 and 3).

3.3. Further transformation: kinetic resolution

We further explored a kinetic resolution protocol to access chiral
1,5-diketones by taking advantage of chiral primary amine catalyzed
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Scheme 2. Substrate scope of linear ketones™

“Reactions were performed at room temperature in 0.33 mL p-xylene with 2
(0.1 mmol), quinuclidine (0.1 mmol) under 15 W 365 nm LED, N, 24 h. Yield of
isolated product.

intramolecular aldol condensation [9,10]. Chiral primary amines cat-
alyst such as 1a-1d have been widely applied in a number of direct
aldol reactions, [9d] but their application in kinetic resolution remains
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Quinuclidine (1.0 eq)
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15W 365nm LED, 12h
p-xylene (conc.= 0.3 M)

0O 0] 0O (0] (0] (0]
OEt OEt
7a 7c
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6.5:1 (anti : syn)
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o) 0] 0] 0] o
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OEt OEt OEt
7d Te 7f
70% yield 78% yield 41% yield

>20:1 (anti : syn)

31% yield uner 36W CFL

16.5:1 (anti : syn)

>20:1 (anti : syn)

Scheme 3. 1,3-Benzoyl shift onto cyclic compoundsa.

“Reactions were performed at room temperature in 0.33 mL p-xylene with 6 (0.1 mmol), quinuclidine (0.1 mmol) under 15 W 365 nm LED, N, 12 h. Yield of isolated

product

underdeveloped. After a brief screening, 1b was identified as the op-
timal catalyst and the kinetic resolution worked favorably in diethyl
ether (conc. = 0.5M) under -10 °C to give enantio-enriched 1,5-dike-
tone in 91 % ee. The resolution factor s was determined to be 15 in this
case (4b) (Scheme 4). Good kinetic resolution was also achieved in
several other cases (Scheme 4). Unfortunately, the use of cylic 1,5-di-
ketone such as 7b showed rather poor resolution. The stereoncontrol
with the protonated N—H bonding, in consistence of our previous stu-
dies, [9,10] could be invoked to account for the stereoselectivity and
this was further verified by DFT calculations.

3.4. Discussion

Mechanistically, the role of amine in this 1,3-carbonyl shift is quite
intriguing particularly regarding the control of chemoselectivity. It’s
known that amine could stabilize the excited carbonyl in the form of
radical ion pair (Scheme 1) and facilitate the formation of 1,4-biradical
(e.g. 9) via 1,5-H abstraction [15]. In the absence of amine, the forming
biradical intermediate 9 would mainly exist in chair formations due to
the favored intramolecular H-bonding (Scheme 5, I). Chair

conformation 9a was disfavored over 9b with the latter bearing an
equatorial alkyl radical, which would facilitate S-cleavage instead of
the more strained cyclization to form cyclobutane. This conformational
bias may explain the dominant formation of dealkylated product (e.g.
5) via f-cleavage (Scheme 1, II and Table 1, entry 1). On the other
hand, the presence of amine may interrupt the intramolecular H-
bonding via strong acid-base interaction. The strong basic and bulky
nature of quinuclidine may enforce this interruption and the acyclic
biradical 10 may now prefer a conformer 10a due to steric effect, which
favors the cyclobutane formation pathway (Scheme 5, II).

The stereoselectivity in the kinetic resolution could be accounted by
a H-bonding mode with our chiral primary amine catalyst [15,18]. The
favored S-selective transition state Ts-1a features a strong H-bonding
between protonated N—H and carbonyl O (1.59 A in Ts-1a vs 1.69 A in
Ts-1b) and diminishing close contact between C—H of isopropyl and
one C—H of methylene (Fig. 1, Ts-1b, red ellipse).

4. Conclusions

In conclusion, we have developed an amine mediated [1,3]-
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+
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4 -10°C, 48h
8 (R)-4 Conversion Recovery ee (8) ee ((R)-4) s factor
j;l w 55% 42% 70%  91% 15
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Scheme 4. Kinetic resolution of 1,5-diketones by chiral primary amine catalysis*

“Reactions were performed in diethyl ether with rac-4 (0.1 mmol), 1b (0.02 mmol) and m-nitrobenzoic acid (0.02 mmol) at —10 °C, N,. Yield of isolated product.
b

72h.

carbonyl migration of 3-benzoyl carbonyl compounds under photolytic Author statements

conditions. The reaction undergoes a sequence of Norrish-Yang cycli-

zation and retro-aldol process to give 1,5-diketones or §-benzoyl esters. The submission requires this file. I checked the website for what-
This study enlarged the scope of Norrish-Yang reaction to enable effi- about this statement and didn’t find any information. I guess this is to

cient synthesis of 1,5-dicarbonyls. state:
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Fig. 1. Calculated transition states in kinetic
resolution.*

“Relative free energies of activation are given
in kcal/mol. Interatomic distances are denoted
in A. The close H-H contacts (<22 ;\) are la-
beled in blue.

2.16
Ts-1a Ts-1b
s-cis-chair-S s-trans-chair-R
AAG*=0.0 AAGF = 4.4

All the authors are acknowledged about the submission of this
manuscript. The contents as present in this manuscript have not been
published elsewhere and the manuscript is solely submitted for pub-
lication in this journal!

Declaration of Competing Interest
We declare no conflict of interests.
Acknowledgments

We thank the Natural Science Foundation of China (21861132003,
21672217 and 21521002) and Tsinghua University Initiative Scientific
Research Program for financial support. S.L. is supported by the
National Program of Top-notch Young Professionals.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.jphotochem.2020.
112553.

References

[1] (a) P.de Mayo, H. Takashita, A.B.M.A. Satter, The photochemical synthesis of 1,5-
diketones and their cyclisation: a new annulation process, Proc. Chem. Soc. (1962)
119;

(b) P. de Mayo, H. Takashita, The formation of heptandiones from acetylacetone
and alkenes, Can. J. Chem. 41 (1963) 440;

(c) P. de Mayo, Enone photoannelation, Acc. Chem. Res. 4 (1971) 41.

T. Hasegawa, J. Ohkanda, M. Kobayashi, Unusual substituent effect by the a-acetyl
group on the type II photoreaction of valerophenones: strong wavelength depen-
dence of quantum yields, J. Photochem. Photobiol. A: Chem. 64 (1992) 299.

(a) T.Hasegawa, M. Nishimura, Y. Kodama, M. Yoshioka, Photochemical Reaction
of 1,3-Diketones. Transformation of 2-Benzoyl-2-methylcyclohexanones to 4-
Benzoyl-2-methylcyclohexanones, Bull. Chem. Soc. Jpn. 63 (1990) 935;

[2]

[3]

[4

[5]

[6]

(b) T. Hasegawa, Y. Yang, Y. Michikazu, Photochemistry of substituted 2-
Benzoylcyclohexanones, Bull. Chem. Soc. Jpn. 64 (1991) 3488;

(c) T. Hasegawa, M. Imada, Photoreaction of 2-benzoylcyclohexanones on a silica
gel surface: deviation from their solution photochemistry, J. Phy. Org. Chem. 6
(1993) 494;

(d) A.Natarajan, A. Joy, L.S. Kaanumalle, J.R. Scheffer, V. Ramamurthy, Enhanced
enantio- and diastereoselectivity via confinement and cation binding: yang
Photocyclization of 2-Benzoyladamantane derivatives within zeolites, J. Org. Chem.
67 (2002) 8339;

(e) E. Cheung, M.R. Netherton, J.R. Scheffer, J. Trotter, A. Zenova, Asymmetric
induction through the use of remote covalent and ionic chiral auxiliaries in the solid
state photochemistry of 2-benzoyladamantane-2-carboxylic acid derivatives,
Tetrahedron Lett. 41 (2000) 9673.

(a) For reviews of Norrish-Yang reaction, see:, A.G. Griesbeck, Spin-selectivity in
photochemistry: a tool for organic synthesis, Synlett. 15 (2003) 451;

(b) W. Liu, C.-J. Li, Recent synthetic applications of catalyst-free photochemistry,
Synlett. 28 (2017) 2714;

(c) N. Hoffmann, Photochemical Electron and Hydrogen Transfer in Organic
Synthesis: The Control of Selectivity, Synthesis. 48 (2016) 1782;

(d) E.Kumarasamy, A.J.-L. Ayitou, N. Vallavoju, R. Raghunathan, A. Iyer, A. Clay,
S.K. Kandappa, J. Sivaguru, Tale of twisted molecules. Atropselective photoreac-
tions: taming light induced asymmetric transformations through non-biaryl atro-
pisomers, Acc. Chem. Res. 49 (2016) 2713;

(e) M. Oelgemoller, N. Hoffmann, Studies in organic and physical photochemistry -
an interdisciplinary approach, Org. Biomol. Chem. 14 (2016) 7392;

(f) M. Nechab, S. Mondal, M.P. Bertrand, 1,n-Hydrogen-Atom transfer (HAT) re-
actions in which n=5: an updated inventory, Chem.-Eur. J. 20 (2014) 16034;

(g) C. Miieller, T. Bach, Chirality control in photochemical reactions: en-
antioselective formation of complex photoproducts in solution, Aust. J. Chem. 61
(2008) 557;

(h) O. Muehling, P. Wessig, Stereoselective synthesis of cyclopropanes based on a
1,2-Chirality transfer, Chem.-Eur. J. 14 (2008) 7951.

(a) T.Miyakoshi, H. Konno, Improved synthesis of 2,4,6-trialkylpyridines from 1,5-
diketoalkanes: the total synthesis of Anibamine, Org. Biomol. Chem. 17 (2019)
2896 For examples, see:;

(b) G.D.P. Gomes, I.A. Yaremenko, P.S. Radulov, R.A. Novikov, V.V. Chernyshev,
A.A. Korlyukov, G.I. Nikishin, I.V. Alabugin, A.O. Terent’ev, Stereoelectronic con-
trol in the ozone-free synthesis of Ozonides, Angew. Chem., Int. Ed. 56 (2017) 4955;
(¢) A.G. Griesbeck, O. Hinze, H. G¢rner, U. Huchel, C.K. Kropf, U. Sundermeier,
T. Gerke, Aromatic aldols and 1,5-diketones as optimized fragrance photocages,
Photochem. Photobiol. Sci. 11 (2012) 587.

(a) J.A. Dantas, J.T.M. Correia, M.W. Paixao, A.G. Corréa, Photochemistry of
carbonyl compounds: application in metal-free reactions, ChemPhotoChem. 3


https://doi.org/10.1016/j.jphotochem.2020.112553
https://doi.org/10.1016/j.jphotochem.2020.112553
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0005a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0005a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0005a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0005b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0005b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0005c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0010
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0010
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0010
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015e
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015e
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015e
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0015e
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020e
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020e
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020f
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020f
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020g
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020g
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020g
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020h
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0020h
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0025a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0025a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0025a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0025b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0025b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0025b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0025c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0025c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0025c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0030a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0030a

W. Zhang, et al.

[7

[8

[9

]

1

—_

(2019) 506 For recent reviews of carbonyl photochemistry, see:;

(b) M. Oelgemoller, N. Hoffmann, Studies in organic and physical photochemistry -
an interdisciplinary approach, Org. Biomol. Chem. 14 (2016) 7392;

(c) D. Ravelli, S. Protti, M. Fagnoni, Carbon — Carbon bond forming reactions via
photogenerated intermediates, Chem. Rev. 116 (2016) 9850;

(d) D. Liu, C. Liu, A. Lei, Carbon-centered radical addition to C=X bonds for C-X
bond formation, Chem. Asian J. 10 (2015) 2040;

(e) L. Ravindar, R. Lekkala, K.P. Rakesh, A.M. Asiri, H.M. Marwani, H.-L. Qin,
Carbonyl-olefin metathesis: a key review, Org. Chem. Front. 5 (2018) 1381.

(a) W.M. Horspool, Photolysis of carbonyl compounds, Photochemistry 35 (2004)
1 For reviews of Norrish type I and II, see:;

(b) C. Bohne, Norrish type I processes of ketones: basic concepts, CRC Handbook of
Organic Photochemistry and Photobiology (1995) 416;

(¢) J.J. Dotson, S. Perez-Estrada, M.A. Garcia-Garibay, Taming radical pairs in
nanocrystalline ketones: photochemical synthesis of compounds with vicinal ste-
reogenic all-carbon quaternary centers, J. Am. Chem. Soc. 140 (2018) 8359.

(a) R.-L. Wang, P. Zhu, Y. Lu, F.-P. Huang, X.-P. Hui, Brgnsted acid-catalyzed four-
component cascade reaction: facile synthesis of hexahydroimidazo[1,2-a]pyridines,
Adv. Synth. Catal. 355 (2013) 87 For recent examples, see:;

(b) W. Li, W. Wu, J. Yang, X. Liang, J. Ye, Asymmetric direct Michael Addition of
Acetophenone to a,f-Unsaturated aldehydes, Synthesis 7 (2011) 1085;

(¢) H. Waldmann, G.V. Karunakar, K. Kumar, Gold(IlI)-Mediated aldol condensa-
tions provide efficient access to nitrogen heterocycles, Org. Lett. 10 (2008) 2159;
(d) B. List, Proline-catalyzed asymmetric reactions, Tetrahedron 58 (2002) 5573.
(a) L. Zhang, N. Fu, S. Luo, Pushing the limits of aminocatalysis: enantioselective
transformations of a-Branched B-Ketocarbonyls and vinyl ketones by chiral primary
amines, Acc. Chem. Res. 48 (2015) 986;

(b) P. Zhou, L. Zhang, S. Luo, J.-P. Cheng, Asymmetric synthesis of wieland-mie-
scher and hajos-parrish ketones catalyzed by an amino acid derived chiral primary
amine, J. Org. Chem. 77 (2012) 2526;

(¢) C. Xu, L. Zhang, P. Zhou, S. Luo, J.-P. Cheng, A practical protocol for asym-
metric synthesis of wieland-miescher and hajos-parrish ketones catalyzed by a
simple chiral primary amine, Synthesis 45 (2013) 1939;

(d) L.Zhang, S. Luo, Bio-inspired chiral primary amine catalysis, Synlett. 23 (2012)
1575.

[10] L. Chen, S. Luo, J. Li, X. Li, J.-P. Cheng, Organocatalytic kinetic resolution via

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Journal of Photochemistry & Photobiology A: Chemistry 396 (2020) 112553

intramolecular aldol reactions: enantioselective synthesis of both enantiomers of
chiral cyclohexenones, Org. Biomol. Chem. 8 (2010) 2627.

R. Gree, H. Park, L.A. Paquette, Regio- and stereoselective 1.,2 Wagner-Meerwein
shifts during trifluoroacetic acid catalyzed isomerization of unsymmetrically sub-
stituted tricycle [3.2.0.02,4] heptanes, J. Am. Chem. Soc. 102 (1980) 4397.

T. Fukuyama, T. Doi, S. Minamino, S. Omura, I. Ryu, Ruthenium hydride catalyzed
regioselective addition of aldehydes to enones to give 1,3-diketones, Angew. Chem.
Int. Ed. 46 (2007) 5559.

W. Wierenga, H.I. Skulnick, D.A. Stringfellow, S.D. Weed, H.E. Renis, E.E. Eidson, 5-
Substituted 2-amino-6-phenyl-4(3H)-pyrimidinones, Antiviral- and interferon-in-
ducing agents, J. Med. Chem. 23 (1980) 237.

Y. Zhang, C.-J. Li, Highly efficient direct alkylation of activated methylene by cy-
cloalkanes eur, J. Org. Chem. (2007) 4654.

(a) S.G. Cohen, A. Parola, G.H. Parsons Jr., Photoreduction by amines, Chem. Rev.
73 (1973) 141;

(b) M. Raumer, P. Suppan, E. Haselbach, Photoreduction of triplet benzophenone
by amines: role of their structure, Chem. Phys. Lett. 252 (1996) 263;

(c) D. Griller, J.A. Howard, P.R. Marriott, J.C. Scaiano, Absolute rate constants for
the reactions of tert-butoxyl, tert-butylperoxyl, and benzophenone triplet with
amines: the importance of a stereoelectronic effect, J. Am. Chem. Soc. 103 (1981)
619.

The anti-selectivity can be explained by considering the following Norrich-Yang

H
CO,Et
cyclization intermediate.
Ph

H OH

W. Zhang, Y. Zhu, L. Zhang, S. Luo, Asymmetric a-Alkylation of -Ketocarbonyls via
direct phenacyl bromide photolysis by chiral primary amine, Chin. J. Chem. 36
(2018) 716.

(a) M.J. Frisch, See Supporting Information for Full Citation and Calculation
Details, Gaussian 09, revision D.01 Gaussian, Inc, 2013;

(b) See Supporting Information for more transition states.

(c) Y. Lam, K.N. Houk, Origins of stereoselectivity in intramolecular aldol reactions
catalyzed by Cinchona amines, J. Am. Chem. Soc. 137 (2015) 2116


http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0030a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0030b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0030b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0030c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0030c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0030d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0030d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0030e
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0030e
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0035a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0035a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0035b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0035b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0035c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0035c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0035c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0040a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0040a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0040a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0040b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0040b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0040c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0040c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0040d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0045a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0045a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0045a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0045b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0045b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0045b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0045c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0045c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0045c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0045d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0045d
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0050
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0050
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0050
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0055
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0055
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0055
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0060
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0060
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0060
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0065
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0065
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0065
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0070
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0070
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0075a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0075a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0075b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0075b
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0075c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0075c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0075c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0075c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0085
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0085
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0085
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0090a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0090a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0090a
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0095c
http://refhub.elsevier.com/S1010-6030(20)30352-X/sbref0095c

	Photo-mediated [1, 3]-Carbonyl shift of β-Ketocarbonyls
	Introduction
	Experimental section
	Materials
	Procedure

	Result discussion
	Optimization of conditions
	Substrate scope
	Further transformation: kinetic resolution
	Discussion

	Conclusions
	Author statements
	Declaration of Competing Interest
	Acknowledgments
	Supplementary data
	References




