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Synthesis and Absolute Configuration of Helical (Z)-Azobenzenes
Kazuto Takaishi*'
ABSTRACT : The conformation of several binaphthyl-azobenzene dyads and oligonaphthyl-azobenzene
dyads with an emphasis on the twist pattern of the helical (Z)-azobenzene moiety was researched.

2.2'-Linked-(R)-binaphthy! induced (Z.P)-azobenzene, whereas symmetrically 7,7’ -linked-(R)-binaphthy]l

induced (Z.Af)-azobenzene. A systematic and simple induction of asymmetrical azobenzenes was

structured using common binaphthyl skeletons.
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Figure 1. Photoisomerization of (E)- and (Z)-azobenzenes.
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Figure 3. Compounds 1-9.
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Scheme 1. Synthesis of (R)-3-7. (a) K,CO;. DMF, 80 °C.
36%. (b) TiCl,, CH,Cl,. 0 °C. 91%. (¢) Mel. K,CO;. DMF. rt.,
64%. (d) a-bromodiphenylmethane. K,CO;, DMF. 50 °C,
37%. (e¢) BnBr. K,COs5. DMF. 60 °C. 25%.
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Figure 4. (a. b) CD spectra of (R)-1. (c. d) Absorption
spectra of (R)-1 (horizontal scales are the same). After 365 nm
nradiation (solid line), after 436 nm irradiation (dashed line).
Conditions: 1.4-dioxane (1.0 ~ 107 M), 20 °C, light path
length = 10 mm, irradiation strength = 10 mW/cm?, 100 s.
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Figure 5. Optimized structures of (R.Z.P)-1 and (R.ZA)-1
obtained by DFT calculations at the B3LYP/6-31G(d) level.
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Figure 6. (a) CD calculated by the TD-DFT method with
the B3LYP/6-31G(d) level of (R.Z.P). (RZAM)1 (dashed
lines). and experimental CD spectra of (R )-1 after 365 nm
irradiation (solid line with circles, 1 x 10 M in 1.4-dioxane.
20 °C) and (R)-7.7 -dibenzyloxy-2.2°-dihydroxy-1,1"-
binaphthyl (solid line with squares, 1 ~ 10° M in 1 4-dioxane,
20 °C). Gaussian bands with a half-band width of 2500 e¢m™
were used to produce the calculated spectra. (b) Absorption
spectra of (R)-1 after 365 nm irradiation (1.0 « 10° M,
1 .4-dioxane. 20 °C).
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Figure 7. (a) Optimized structures of (R.Z.P)-2 and

(RZM)2 obtained by DFT calculations at the
B3LYP/6-31G(d) level under 5 symmetry. (b) CD calculated
by the TD-DFT method with the B3LYP/6-31G(d) level of
(RZP), (RZM)-2 (dashed lines). and experimental CD of
(R)-2 after 365 nm irradiation (solid line. 1 x 10° M in
1. 4-dioxane. 20 °C). Gaussian bands with a hall-band width
of 2500 ecm™ were used to produce the calculated spectra. (c)
Absorption spectra of (R)-2 after 365 nm irradiation (1.0
10 M, 1.4-dioxane, 20 °C).
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Table 1.

helical chirality of the (Z)-azobenzene moiety in 1-9.

Experimental and calculated CDs and estimated

Sign of A

Compd  Experim Caled  Caled  Chirality of
ental -(P) (M) azobenzene!”!

(R)-1 - - - (P)
(R)-2 + - + (M)
(R}3 - . + )
(R)-4 - = + (P)
(R)-S - - + P)
(R = = + P)
(R)-7 - — + (P)
(8)-5 + - + M)

(5.5.5)-8 + (M)

all(5)99  + o

la] Sign of Ae at 350-600 nm. [b] Calculated using the
TD-DFT method with B3LYP/6-31G(d). [¢] For compounds
1-7. these chiralities were determined by comparing the signs
between the experimental and computed CD. For compounds
8 and 9, these chiralites were due to the experimental Cotton
effect. [d] (5.5.5.5.5.5.5)-9.
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