





Part One: Spiropyrans

Moore and coworkers Nature 2009, 459, 68. Feringa and coworkers Science 2005, 309, 755.



Spiropyrans’ basics
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N. P. Ernsting, T. Arthen-Engeland, J. Phys. Chem. 1991, 95, 5502. Review: V. |. Minkin, Chem. Rev. 2004, 104, 2751.



Effect of substitution

» 7,,= 10%s (in EtOH for R=CO,CH,)
= 2 s (in methylcyclohexane for R=OMe)

» undergoes intersystem crossing (ISC) during excitation

Photodegradation Product

302
hv
SP—> 1spr —> 3gp» CTC +TTC

= 7,,,= 100 ps (in 1-propanol)

» follows singlet pathway

hv
Sp ——>» 1SP*

—> CTC+TTC



Solvatochromism of merocyanine
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Synthesis of spiropyrans
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Synthesis of indole precursors

Fischer indole synthesis route
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Part Two: Diarylethenes
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Irie and coworkers Science 2001, 291, 1769.
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Irie and coworkers Science 2001, 291, 1769.



Shape Control of Single Crystals £
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Shape Control of Single Crystals - Bending
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Irie and coworkers Nature 2007, 446, 778.



Diarylethenes' basics

M. Irie J. Photochemistry and Photobiology C: Photochemistry Reviews 2004, 5, 169.



Diarylethene structural design rules

» The “parent* material for the diarylethenes is stilbene:

I QQ

 Z
o RS
SN

» This structure has to be modified by locking the Z (cis) orientation
and protection of the ortho-positions of the aromatic groups.




Diarylethene electronic design rules

» A (hetero)aromatic system has to be selected where the energy difference between the open
and closed isomers is not too large. Thiophenes as well as thiazoles are among the best systems.

» The bridging unit has to be (photo)chemically stable and allow for a coplanar orientation
to achieve high cyclization quantum yields.

F F
oﬁo 12 glz“ >/:‘</;F°
R R R R [ R R R R
Stability not good good excellent

Planarity | very good excellent poor



Diarylethene syntheses |

With preformed bridges from lithiated heterocycles and perfluorocyclopentene:

Ar Ar
Br r
Ar= m N
8 | ~
-
56 %

M. Irie et al. Tetrahedron 1998, 54, 6627.



Diarylethene syntheses ||

Non-symmetrical switches with perfluorocyclopentene bridge:

Jou
AN
Fe Fs Ph™ "N

7\ F F_ F .
Ph” s [ )

THF, -78°C

Ph™ 'S

49 %

{ alumina gel chromatography followed
by preparative reversed HPLC)

T. Kawai et al. Chem. Eur. J. 2009, 15, 1977



Diarylethene syntheses ll|

From lithiated heterocycles and 1,2-dihaloheterocycles via Suzuki cross-coupling:

Ph

Br _ B%§< A{Br
,E—}S\ 1. Buli, THF, -78°C ~S\ ‘Q
Ph™ s 2. th'{“s F“’(F""hl- KPP0, ,«‘\ )x

O HyO/dioxane, 110°C  Ph
o OB ﬁ
299 %
mw‘ I\ i\
Ph S HoOldioxane, 11!]‘4‘(2 Ph S S Ph
34 %
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Me—N"N Me—N’LN
N N
SR 1 W
s s Ph’L‘S s’}‘ Ph
9%

T. Kawai et al. Eur. J. Org. Chem. 2007, 3212-3218




Diarylethene syntheses IV

From lithiated heterocycles and 1,2-dihalomaleimide via Suzuki cross-coupling:

?n
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A. Heynderickx et al. Tetrahedron 2007, 63, 9483




Diarylethene syntheses V

From lithiated heterocycles and 1,2-dihalomaleimide via Stille cross-coupling:

3 KSCN mﬁ“‘ x
— o™ N
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Diarylethene syntheses VI

Formation of the bridging moieties in the final step:

N N
/é_( N NaOH, Bu,NBr ~ = - KOH, H,O/HO-(CHy),-OMe
® CCl,, Ho0 S S reflux
50 %
H
0. N__O 0. O 0O
_ NH3, HO _
N ~J ) I~
S 8 reflux 3 S
55 %

H. Tian Adv. Mater. 2000, 12, 1597




Diarylethene syntheses VI

T M
wUMe,

Formation of the bridging moieties in the final step via McMurry Reaction:

8] 0
CI-DC\/\/CO-CI
BN -
R™ s AICl;, CS, R™ s
a: R=Me 40 %
b: R=Cl 98 %
0 O
Br IF 8
1. BuLi
A P [
cr s 2. o g
EtOOC, \ ,COOEt
F
o 70 %

J. H. van Esch et al. Eur. J. Org. Chem. 2003, 155- 166
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Diarylethene syntheses VIlI

Formation of the bridging moieties in the final step via McMurry Reaction:
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Y. Cheng J. Org. Chem. 2005, 70, 5001
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Diarylethene syntheses IX

Formation of the bridging moieties in the final step via McMurry Reaction:

Cl
84 %

O o) 0 S
Br Na,S S Zn/TiCly —
I\ 7\ I\ TN\ ~d
ClI” s S S” “cl Cl~ s S" ‘ci
65 %

Y. Cheng, D. X. Zeng, M.G. Fei Org. Lett. 2003, 5, 1435



Diarylethene syntheses X

Formation of the bridging moieties in the final step via intermolecular cyclizations:

o 0 H
CHO ]\
= Vs RN Qs
s s SnCl, s s
82 % 95 %
X} 7 R-CHO
R 2 TN\ Twome

/s\ /A\

M. M. Krayushkin et al. Russian Chem. Bull. Int. Ed. 2001, 50, 116



Diarylethene syntheses Xl

Formation of the bridging moieties in the final step via intermolecular cyclizations:
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M. M. Krayushkin et. al Org. Lett. 2008, 10, 1319





