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[4+4] Photodimerization of Anthracene Derivatives: Recent
Synthetic Advances and Applications

Liu, Weigang®®  Guo, Lifeng®®  Fan, Yangyang®®  Huang, Zeao*®  Cong, Huan*®"
(3 CAS Key Laboratory of Photochemical Conversion and Optoelectronic Materials, Technical Institute of Physics and
Chemistry, Chinese Academy of Sciences, Beijing 100190)

(" School of Future Technology, University of Chinese Academy of Sciences, Beijing 100190)

Abstract The [4+4] photodimerizations of anthracene and its derivatives have been extensively studied for over a century.
This classic photochemical reaction features broad substrate scope, user-friendly operation, and controllable reversibility.
However, the synthetic applications of anthracene photodimerizations have been underdeveloped thus far, largely because of
stereoisomer separation and solubility problems of the dianthracene products. Considering that the dianthracene products dis-
play unique molecular rigidity and geometry, further studies to improve the synthetic utility of anthracene photodimerizations
should be warranted. This review summarizes the representative works of anthracene photodimerizations since the beginning
of the 21st century, highlighting the synthetic advances to improve the reaction regio- and enantio-selectivity, as well as the

synthetic applications toward functional organic molecules and molecular machines.
Keywords anthracene, photochemistry, dimerization, [4+4] cycloaddition, synthetic applications
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Scheme 1 [4+4] photodimerization of 1-azaanthracene in the solid-state and in the solution
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Rl TR PR 9-BUREDE 5 B X k4%
1
Table 1 Supermolecular microreactor-controlled regiose-
lectivity for photodimerization of 9-substituted anthracenes

W
J

(h-h)
R = CH,N*(CH3)3Br" (8), CH,COO'Na* (9), CH,OH (10)

h-t/h-h
Nafion Water-in-oil Modified silica
Compd- a Arefl D) in]aC
membrane Mimicroemulsion” nanoparticle
w/ w/o w/ w/o w/ w/o
8 92/8 0/100 65/35  0/100 83/17 8/92
9 100/0  7/93 83/17  8/92 80/20 0/100

10 90/10  6/94 68/32  10/90 86/14 33/67

21n CDCls, with=W/, without=w/0; ®in CH.Cl; ®in CH3OH.

+ R R
NH3 TR

i

W Si .
w \ Si S"
‘ O/ ‘ \O/ l\

B 1 AR KT RO 3 1T ' SR AT AR
Figure 1 Anthracene derivatives enriched on the surface of
chemically-modified silica nanoparticle
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Table 2 Isomer ratios for photodimers of 14 impacted by Group Il metal ions

¢ .

Q trans head-to-head

@ oy { S5O (T
Eo ° hv, CH5CN C& . . QQO éQo
A N S

cis head-to-head cis head-to-tail

14
Product No M?* Mg?t ca?’ Sr2t Ba?"
15 31.9% 16.5% 24.7% 40.9% 45.7%
16 57.0% 81.3% 74.1% 59.0% 54.2%
17 11.1% 2.2% 1.2% 0.1% 0.1%
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Table 3 Asymmetric photodimerizations of 2-anthracenecarboxylic acid

OOO

COOH COOH
Q COOH COOH
HOOC
HOOC COOH COOH

Yield/% (ee/%)

H a
Strategy Substrate+chiral source 19 20 2 2 Ref.
AC-a-CD+y-CD 30 68 (91) 1(—2) 1 [29]
Host-guest reactors AC,-0-CD+y-CD <0.1 1(7) 97 (98) 2 [30]
AC,-a-CD+CBJ8] <0.1 <0.1 98 (99) 2 [30]
AC+HSA 5 6 (82) 6 (90) 0.6 [32]
Biomacromolecules AC+wt-HSA 7 7(79) 2(92) 1 [33]
AC+CSA 8 32.(97) 0.8 (18) 0.8 [34]
Chiral small molecules AC+prolinol <0.1 <0.1 51 (—72) 49 [35]
. - AC,-CNN 0.9 0.5 96 (—99) 2.3 [36]
Chiral auxiliary AC,-BnGlc <0.1 <0.1 83 (—99) 6 [38]

# HSA=human serum albumin; wt-HSA=wild-type HSA; CSA=Canine serum albumin.
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Scheme 3 Attempt for [4+4] photodimerization of an anthracene-incorporated [10]cycloparaphenylene
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Scheme 4 Synthesis of carbon nanohoop using anthracene photodimerization-cycloreversion strategy
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Scheme 5 A host-guest system based on hydrogen bonds and anthracene photodimerization/cycloreversion
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