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4.,4'-Dimethoxy-triphenylamine Conjugated Azobenzene
Photochromic Switches: Synthesis, Electrochemical and
Photoisomerization Studies

*.a,b

Yan, Jianfeng* Zhang, Ruiqi® Yuan, Ye* Yuan, Yaofeng
(“ College of Chemistry, Fuzhou University, Fuzhou 350116)
(® State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the Structure of Matter,
Chinese Academy of Sciences, Fuzhou 350002)

Abstract Three azobenzenes 4~6 conjugated with 4,4'-dimethoxy-triphenylamine redox center have been synthesized by
palladium-catalyzed Sonogashira coupling reactions in moderate yield after column chromatographic purification. They are all
stable when exposed in air and moisture in both the solid and solution state. The '"H NMR spectra of 4~6 showned that the
azobenzene groups are in the frans configuration. The UV/Vis spectra of the target molecule were studied. The UV/Vis absorp-
tion bands of 4~6 are less clearly separated, which is similar to those for aminoazobenzen or pseudostilbene. The absorption
bands at the t=—n* band of 4 and 6 are redshifted, due to the strong electronic interaction between the azobenzene unit and the
para-triphenylamine unit, which results in the formation of a longer conjugation system than the corresponding meta isomers.
Electrochemical and spectroelectrochemical studies indicate excellent redox reversibility of these compounds. Significant
spectra change upon the process of redox makes these compounds have potential applications of electrochemical switching.
Among the derivatives, compound 4 exhibits the highest cis form (45%) in the photostationary state (PSS) upon light irradia-
tion at 435 nm. The photoisomerization studies indicate that the photochemistry properties is strongly influenced by the sub-
stituted position of the triphenylamine moiety. Photoisomerization studies showed that these compounds have fast photoisom-
erization rate due to the higher photoisomerization quantum yield, which is an order of magnitude larger than that of ferrocenyl
(ethynyl) azobenzenes. Both compounds 4 and 6 exhibit excellent fatigue resistance and reversibility under several repeated
reversible isomerization cycles. The cis-to-trans photoisomerization of 4 can be not only achieved by irradiation at UV lignt,
but also realized by a more efficient way of change the state of redox center. Our study will provide a good basis for research
in design new type of multiple-response molecular switches.
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Figure 1 Synthetic route for 4~6
Fi7R, 4.4-Z SRR =R IEE MR oV SRk 1 s
A % AR (1 D e TR T B 4l0RE 5 R A R B A 2
(IUPAC)E W™, A= NNARIZIE. 1E 0~500 mV
AR, 4,4 T W SRR =R IE RUR 5 AR TR A
PR BR B 1 R S i R — R WYL 4k
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AT AL BRI, =R B 5 0 R R ] 2 (AR 5L
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K, FEELRALEIEY) 5 MIETTFMFE) 16 mV. 1E
&Y 6 i I — AN E E S ) UL SR, Ui AE
SIS T IS =R B AR B, 2 2 (A
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Table 1 Electrochemical data of 4~6
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N TPA/TPA’
= E,,/mV E,/mV AE,"/mV
4 304 226 78
5 288 205 83
6 320 238 88
“AEy=(Epa—Epc).

1.3 UV/Vis St R

&Y 4~6 (5X107° molsL™ W& Z B W i
UV/Vis et S nE Wil 4 Frox, MBI CUEH, %38
A BT SR AR AH S SCRR[9]
FICE R R A TR A, AL A 476 412 nm AR 58
WSS T8 TR ECR I B nom BRAE, 118 R AR S 1
non* POEWICH ER R EINX, 5 44- " HEFE K
J 1) nomx WOER O B E S, MEEY S,
FFERE R T A N E, SR L A e E E
A E. S54ba 4 ML, (L&Y 6 hAEAET KL
HiA R, SRR EERN non* BRIT R ISCH K A 4058
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Figure 2 Overlay plots of "H NMR spectra of 4~6
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Figure 3 Overlay plots of CV and DPV spectra of 4~6
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Table 2 UV/Vis absorption data of compounds 4~6
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Figure 5 Spectroelectrochemical spectra change of 4
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Figure 6 UV/Vis/NIR spectra change of 4 upon chemical oxidation (a) and subsequent reduction (b)
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Figure 7 UV/Vis spectra change of 4 upon irradiation at 435
nm for 35 s (a), subsequent irradiation at 365 nm for 80 s (b), and
fatigue resistance test of 4 (c)

Reversible isomerization cycles of 4 were repeated several times between
two photostationary states. The inset shows the absorbance change at 410
nm with irradiation time
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Figure 9 UV/Vis spectra change of 5 upon irradiation at 435
nm for 90 s (a), and subsequent irradiation at 365 nm for 160 s
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Reversible isomerization cycles of 5 were repeated several times between
two photostationary states. The inset shows the absorbance change at 345
nm with irradiation time
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Figure 10 UV/Vis spectra change of 6 upon irradiation at 435
nm for 80 s (a), subsequent irradiation at 365 nm for 90 s (b), and
fatigue resistance test of 6 (c)

Reversible isomerization cycles of 5 were repeated several times between
two photostationary states The inset shows the absorbance change at 450
nm with irradiation time.
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Figure 11 UV/Vis/NIR spectra change of 4 and its PSS before
and after the addition of Fe(ClO,);
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F R 2 PL 0.1 molsL ™' TBAPF, 1E A 3¢ #5 o fi# )i,
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J B B AR 22 M S AE IR AT 10 min@ Z0UEHEER AL Ot
05 R R A R RE S R BN 5 X107 moleL ',
CH;CN NIEF. ¥ K B 6EUR# (FMNAR TE I == P gk AT,
A AT I8 BB BR A, IFAERS = R E 24 h.

3.2 ZWHE
32,1 4-(4-TheA-44"-—F 83 = KB)BREWMD)
9 &%,

FE T35 1 19 100 mL Schlenk S A K X AN 4- 2.5k
-4 4n- — HE K = FEHE(TPAA) (114.8 mg, 0.35 mmol).
&%) 1 (117.0 mg, 0.38 mmol). (PPh;),PdCl, (56.0 mg,
0.008 mmol)Fl Cul (31.0 mg, 0.016 mmol), A%< & #:
SR RIS ESANN 20 mL R PR, InEEl R SR
24 h. AIEFER, RAREER, @dFEEH[100~
200 HEER, Vel VCa k) (& bt =2/1]464
J543 105.0 mg B EAE B G 4, 772 59%. m.p.
110~111 ‘C; "H NMR (400 MHz, CDCLy) J: 7.96~7.85
(m, 4H, AB-phenyl-H), 7.62 (d, J = 8.1 Hz, 2H,
AB-phenyl-H), 7.55~7.43 (m, 3H, AB-phenyl-H), 7.33 (d,
J=8.4 Hz, 2H, TPA-phenyl-H), 7.08 (d, J=8.5 Hz, 4H,
TPA-phenyl-H), 6.88~6.81 (m, 6H, TPA-phenyl-H), 3.80
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(s, 6H, MeO); °C NMR (101 MHz, CDCl3) 6: 156.36,
152.64, 151.35, 149.05, 140.00, 132.53, 132.07, 131.08,
129.09, 127.18, 126.66, 122.92, 122.87, 118.92, 114.79,
113.31, 92.99, 88.09, 55.46. HRMS (ESI) calcd for
C34H,,N;0, 509.2098, found 509.2083.

322 3-(4-THH-44n- =% I =K E)ERFES)
ERRENY

BRITERPNEY) 4, LIMEEY) TPAA (98.5 mg,
0.30 mmol) A4k &4 2 (102.9 mg, 0.33 mmol) N E kL, 75
P EEA S 84.1 mg, % 55%. mp. 3738 C; 'H
NMR (400 MHz, CDCl;) o: 8.05 (s, 1H, AB-phenyl-H),
7.93 (d, J=7.6 Hz, 2H, AB-phenyl-H), 7.86 (d, J=7.9 Hz,
1H, AB-phenyl-H), 7.59 (d, J/=7.6 Hz, 1H, AB-phenyl-H),
7.56~7.43 (m, 4H, AB-phenyl-H), 7.34 (d, J=8.3 Hz, 2H,
TPA-phenyl-H), 7.08 (d, /=8.4 Hz, 4H, TPA-phenyl-H),
6.91~6.80 (m, 6H, TPA-phenyl-H), 3.80 (d, J=1.2 Hz,
6H, MeO); *C NMR (101 MHz, CDCly) ¢: 156.30,
152.50, 152.42, 148.93, 140.08, 133.56, 132.48, 131.20,
129.10, 129.03, 127.13, 125.29, 124.84, 122.92, 122.58,
119.03, 114.77, 113.46, 90.89, 87.41, 55.46. HRMS (ESI)
calcd for C34H,7N30, 509.2098, found 509.2085.

323 44-Z(4-THi-44"-—F F & = Fp)is fOK
(6)49 & A%,

B RITERMAEY) 4, LAMEAY) TPAA (96.9 mg,
0.29 mmol)F11L &4 4 (60.4 mg, 0.14 mmol) NFEEL, 15
PO E AR 75.5 mg, 77 45%. mp. 152~154 C; 'H
NMR (400 MHz, CDCly) 6: 7.89 (d, J=8.5 Hz, 4H,
AB-phenyl-H), 7.62 (d, J=8.5 Hz, 4H, AB-phenyl-H),
7.33 (d, J=8.4 Hz, 4H, TPA-phenyl-H), 7.08 (d, J=8.4
Hz, 8H, TPA-phenyl-H), 6.86 (d, J=9.0 Hz, 12H,
TPA-phenyl-H), 3.81 (s, 12H, MeO); >C NMR (101 MHz,
CDCly) d: 156.40, 151.45, 140.02, 132.55, 132.10, 127.20,
126.78, 122.98, 118.95, 114.81, 113.35, 93.17, 88.18,
55.48. HRMS (ESI) calcd for Cs¢H44N,04 836.3357, found
836.3330.

4B Bl (Supporting Information) 1L&474~6 1] °C
NMR i ERIE A R L At 5 A1 6 [rgili gy
S AL A AR ) UV/Vis/NIR Hi B0 X st
FAREAT DL G 9% WA T W 35 (http://sioc-journal. en/) b R %K.
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