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Abstract: A photoresponsive azobenzene derivative having a triazine core moiety was prepared. Self-assembly of the tri-
azine containing azobenzene derivative (Azo-TA) in aqueous dimethylsulfoxide and N,N-dimethylformamide afforded
fibrous supramolecular polymers. Melting and regeneration of the supramolecular polymer were observed with alternative
365nm UV and visible light irradiation by reversible cis-trans isomerization of azobenzene moieties.

Keywords: triazine, azobenzene, photoisomerization, phase transition, supramolecular structure.
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A0 ok Ag Alzd N Tl Aok
ZEAF PR RHE B2 Q1Y) F4 AR, o]0
, m-1 2 (stacking)} -2 BAE AFE Aol ofs) Tt
A= EAQOZ Qlal, 7HA oz o] Az} AES
T Qdtt. ojul] SFA7E 7HAA He s 199
AUAA Aok, Z224F 320 7194 dgolgte
S B Eegh AREAEA ] EATE TEA HH,
SN2 A3 o] Yt o Zdolle A} 72 AA
7F AzE A Esh71x ghot weba szl sl 328}

N -
of AHe 45 AHE Fofsfof s, m9istarnt she 7l
578 A7) HR TR wAe] 18E WsieA] golef &
o o, 2RAF F2E ol WA eRe A F U

HE7E Ak E2F 212 (molecular recognition)S ©]-§-3hH=
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2 A7} Bo) o]FoX A& EJT}. A7| =Y el A%
benzene tricarboxamide(BTC),’ triazine,'® crown cyclodextrin,"
porphyrinZ}? 7+ #21F 4% Q18-S 7= BRSNS
2 31, 2 7] FAES Tl AT DA ol
o] 2} o] HwA frks o= Qlal, thdst 7154
28715 E9ste] W HelRe] g8t golsith

AT B ATAELS BTCE T4AHLZE 3 A 2G5
symmetric)2 7IAE ZEA} 22 Eajo] A3 &S W
AT BTCY Wbol= 37h82d 287191 ofz=ilAlS
st BTCE WlAlaze]e] 1,3,5 f1x]of ofnfeo]= Agt
(amide bond)S.= LH7|7} A4S Qlof o] gk 7t
AHL T3, BARZE g 2EA RS wEs 540
Ak B A= <8 IAdE BTC SjHES otz A
fode] A 2E 7R A, A T FEje] 2E
2} 22 7S gRlFT) a5k ekl 93 ol zulAl o]
ENXA2 PHZE o]dH3) He EHO=E Q8] ko)A
(330~385 nm)3} 7FA13441 (460~490 nm)e] F ZAVE, ZEA}
T30 2 Mol JES e E1s4t

# AFelM = BTC $H7%S thalste] 1,3,5-triazine-
2,4,6-tricarboxylic acid(triazine)y2 4 +X=Z 7HAH, o}%
WAlS B2 7 E 3 o 29 SHES FAE
oh B3 2EA P2E BEE 2AS gEEle] geEE #
23, ofxulAl Q] o)A A3V} triazine FEA} TR AHA
ole] MX|= JEFS BRI

|ml

of

—

M 3

Ak & M=, 2 Aol A3 89} potassium 1,3,5-
triazine-2,4,6-tricarboxylate= Sigma-Aldrich A}l|A 7913}
F71HE Q) AA| glo] A3 AL, 4-phenylazoaniline TCI
A Tl

2N, ¥ EFE9 FF+= 'H NMR(Varian), “C-
NMR(Bruker)& ©]-&3fe] 24319 0m, B2 VarianAt
°] 1200 L 2dE& AR&sto] SAHAT. 284 729} 4
o] A%l thdk A= Olympusrite] &3 An|7(BX51)S
o] 83131t}

Potassium 1,3,5-triazine-2,4,6-tricarboxylate (2)2] &}A:
0°C T E2}239 ethyl 1,3,5-triazine-2,4,6-tricarboxylate
1.00 g(3.36 mmol)y2 ¥, 2 M XE}F3Io]|=EALe] = (KOH)
T8 45 mLS AsHAu71E Fato] 3020l AA 7k v
o, 7FolA 3AZE B9 wnkeRAnt. 1§, oj ol ofsf vk
Soll FAslA] &2 B84 AlASIA. o] g ofgk
< 25mLE #HA7ste] HAHES 3]sl ofleh& (S mL, 23])
2 AlFste] Z49F 7zs8ke] 1.05 g(100%)°] 24 JAE &
k. ol F7k A 34 glo] the gl AHgEgLt.

Note: No analysis is done for the product.

Zay, Al408 A43, 2016\

1,3,5-Triazine-2,4,6-tricarbonyl trichloride (3)2| &4:
T 8239 potassium 1,3,5-trizine-2,4,6-tricarboxylate
1.05 g} phosphorous oxychloride 10 mLS ¥ 4A17F §<9F
R absllt). o] FAell A Teld SH =25 mL, 33))E
ol&3A F71ES FEI 2 -, el oEZEE 1A
Ax71E ol&sto] e8] AAN A& 1g>100%)y &
ATk o]F F7F A 3 flo] tha whgell AREE AT

Note: No analysis is done for the product.

N2 NP \P-tris(4-((E)-Phenyldiazenyl)phenyl)-1,3,5-triazine-
2,4 6-tricarboxamide(Azo-TA)Q| &M 24 E$17] 319] &
< FefAe HEzfsto| =235 50 mLell 5?1 4-phenyl-
azoaniline 2.20 g(11.17 mmol)3}  trimethylamine 2.83 mL
(20.30 mmolyS HTt. o] glol AsPAth7|E o] HE
ghste| =2 F & smLoll &L 1,3,5-triazine-2,4,6-tricarbonyl
trichlorideS 10520 ZA 713k F, /g2l 4877k 5t
Wit 2§, o] el B84 RS Al sl HE
gleto| =2 reto 2 Z3t8] Al F ATt 2t triethylamineS
A Ax71E olgstd AAT F, 1 mLe| HEZSIo| =2
ol =<1 A2 Fkol] wlekEol Hrkete] A7
Aozl AAE AT o3l vAlE HEEd HER
zmrgto g FE8] AlF F Adxslen, oA YdE
400 mg(16%)S At}

"H NMR(300 MHz, DMSO-d;) & 7.57-7.63 (m, 9H, ArH),
7.88-7.93 (m, 6H, ArH), 7.96 (d, J=8.7 Hz, 6H, ArH),
8.16 (d, J=8.7 Hz, 6H, ArH), 10.99 (s, 3H, NH); “C-
NMR (300 MHz, DMSO-ds) & 121.1, 122.5, 123.7, 1294,
131.3, 140.6, 148.7, 152.0, 159.1, 167.0, HRMS (ESI):
calculated 749.24 (M - H"), found 749.24.

22X ZHe| XE. FAT VIS 10 mmol HE) T
g A ZALo| = (dimethylsulfoxide) (DMSO), TIHEEFolm}
o] =(N,N-dimethylformamide) (DMF), H| Eg}slo]| =2 378
(tetrahydrofuran)(THF) 8910 2 ©Eit}. 2] vlo|2¢ (4.0 mL)
o LomL¥ ¥ F, 0.5mLe] 7S 0.1 mL/min®] &%=
2 F7rete] 224 24 725 A0t

.8l
o, B} Yol A} 7l G} =
o2 EAeh= o] e At non S Q1o oJsled, 4
A 2] 2gse 502 Q18] B2 A A3t B
CRIGHE 2 2] o] st EglolxlS T4 R WUt o}
IS ofute|l= AjFo R AAS SIHE Azo-TAE T4
slaL, WAL FRAE Alzsl] 1 23S st A #b
oAz 7B 0] 2wAF 2] FHlo| riXE Pl o
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Scheme 1. Synthesis of Azo-TA.

A ATt

Az0-TAE 38171 $Is1d, 1,3,5-triazine-2,4,6-tricarboxylate
o Eogd et el acid chloride HEHIE AH HEH o=
4-phenyl azoanilineS Al 16%2] TE&= AUTH(Scheme
1). 3lgHE2] 2+ 'H NMR¥} B3C NMRS o] &3fo] £
sl A E 3HE Azo-TAE DMSO2F DMF$}F 72+ &
7] &ufjol] 943t =5 7HA ). Figure 191 YERI AR
o], Azo-TA7} 0} 9= 10 mMe] DMSO, DMF &0 &
FrE A7k, nlAl JAE] AT A S o) %
ste kel Ast dfade] 2wAt FERr A A
Fo] ZRAL FERE Azo-TAS] AAIRMY AHolA &5
o, EAZF ERlolrle] AA|A oY, Al AL
2 Qlgh o1, ofzlAl W71 nn B AH 3} 859
HWAAR 25 IHAS o, 7P GA vHEoiAE 2

< olgA @A 52 & Utk DMSO$H DMFE A 9] 3
o2 dut 7] SrjolMe gAsA 2EA FxE & Wk

=

A7t BEEA] AT F7] Sl H2 Azo-TAY T/
TE Artele A Foll Ao A7) Yol = A
HAEA L, Se] §-4E A(dielectric constant)?] HS
AT SFT(e=80 at 25°C)] & et Zpol7t
£ THF(e=7.4 at 25°C), S22 ¥E(CHCL, e=4.8 at 25 °C)
22 Bl AUAA 348 I AHS AR C=2ZA, A
2o g2 FFTete & A &7t 22 DMSO(e=46.1
at 25°C), DMF(e=36.1 at 25 °C)9}= ThEA] 284 +25
o] £ B3} 3 DMS02] SFi 71=thet Afatel
Tzo|| Hlste], DMFOIlA = B FEjo] A-fdo] #aE ]
=, ol sHHE 729 Q1Y o]9ol] gufe] 221 o
o] ZA &2 PAdoll G wX]7] wZolth

DMSOE °©]§-3te] RrEof7l Z/A} 2 (Figure 1(a))0]

330~385 nm2] AF|AS 1027 ZABIIS o, 284 7%

Eoll Fol2 AU 284 AEARe] 33t o] A 653

b)

50um

Figure 1. Opical microscopic images of Azo-TA supramolecular
structure: (a) Prepared in 50% DMSO-H,0; (b) prepared in 50%
DMF-H,0. The inset images show vials containing the Azo-TA
supramolecules.

7t 1 gujjol] Zol AlgRl= AL SIS th(Figure 2(b),
AH). vk o] folo] 460~490 nm FJ ] THAFAS A}
s A A F27F Al whEe] XIok(Figure 2(c),
A9, o]= £ AFzlo] ofn] Bk Fof, ol ogt
& o|d4dste] ol

DMF 8704 THEo1 Azo-TA ZEAF 7= (Figure 2(a),
L2EH)= DMSOA THEoZ] 220 vigl] Wl & FeE
7A@t} o] ZEA} F2o| 330~385 nme] A %
AFHAl =W, DMSO2] A73e] Z8AF 728} 72o] ofxdl
Ae] EREA|Z o] dAsr dojupr], T Euj=2] 83
of Eqko] dojuA| €. ojuf FA] BAPH 28R xR
73] gall==, AUAoZ 71 AIZK1 min)e] AlZke] &
8 =Y, §alEe= HH Tl ARde] F27F Sl =
X E S A5 FelsItHFigure 2(b), L.EH). ol %
A} 2o EAlSE 5ol 52 AX(crack)e =2 <3, &
nj29] Fito] 71&3) H= Aol Q7] Wt R of AH )
2 de ofs) gl o] g 7ABAS =AM
=™ DMSO°] o8l W=l iS wiot riR AR v i
b 271 A E A K Figure 2(c), LE23). o] A] upr}
A& Eds FZE Eof olxildlog <lal Azo-TA HA}
o] FAZS s|EF o, T Gujjol et &3l=rt Tas)
n=2H, oAl 27| 2HIS AX 224 27§40

Az0-TA ZEAR] AQ)A we3gol o3t 83 2 7IAlgAlel
ofgh A Aol 22 35S W9EAE ARE Azo-
TA Ui= o}FzHlAN 71| we3gol] 9]gh A ~Ed o] gH s}
o} #Ho] Ath(Figure 3). A2 Ale] oJaf] Al Fej= Ao)
H olxulAlS> EWRE P Hlal] F YA Aol (steric
hinderance)E 7|3l 9o, o|= AF 27| Y-S Wl
she 89002 ZHgsle] 28R F2E FUmis 22
St} Altrt Al 0] olxHldle AujFor & A4S
AUA FoZ T gujof] FZof FAkE N, 2EAF 20| &
E 7153k |t ofzHldlo] A2~ FEHIZ WHale] i
b F27F Erjol] =2 A2 EAE e Sodd gl 7t
Al BAE AR BH, AlZollx] EdlAR o)At U
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b)

c)

Figure 2. Optical microscope images of the Azo-TA supramole-
cules in 50% DMSO-H,O (left) and in 50% DMF-H,0 (right) (a)
as prepared; (b) after 330~385 nm UV light irradiation; (c) after
460~490 nm visible light irradiation.

trans cis

Figure 3. Schematic representation of the photoinduced reversible
phase transition of Azo-TA supramolecules.

olutaL, sighae] v Al 2HAS AA S 2%
2p Fx7F whEe] AA A

4 =

olxwlAlS Wty ' Zky 3 thA FRE 7K E Azo-TA
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H,09] 73-9- vFa el o] Hf3s 7t wheolxl 224t
TEE AR TR elsl 2 Eell-Al = E AT
kol YA|RE ofzuiAle] F o] dFA ] FFol 2EAF T
ZAA S 71A Fx| A Adolrh dejur.
DMSO¢t DMF®] &2 7271 M2 e I48S a2
sto], Az = AolA steke Al 724 543 e
SHE HIES FH B0] T8% IS 71 He 2
St v Ete. = Tl =9lE 7157 28717t

A gzl 7K FE= 7R s ST m=H, TR ol
=9 540l A 7=2] 710l vAls ddel thel

A glsiitt.

o

d

P

R
i=]
RLs

ZALe] 2: o] =EL 201220149 % AR (SH/m
2] YO ShrAATe] XS wol 8
712 A TAF 9 (No. 2012R1A6A1029029/2014R1A2A1A01
005862).
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