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Abstract Four asymmetric hydrogen-bond acceptors of 1,4-bis[2-(4-pyridyl)ethenyl]benzene derivatives with higher yields
were synthesized through the classical Witting-Horner and Sonogashira cross-coupling reactions, and their structures and spec-
tral properties were investigated. The series of compounds all have been characterized by NMR, MS and element analysis.
Crystal structures indicated that the conformation of hydrogen-bond self-assemble may be change due to the hindrance effect
from the arylacetyl group in o-position of benzene. UV-Vis spectra combined with time-dependent density functional theory
(TDDEFT) calculation results showed that target compounds all display a strong n—n* and ICT transition absorptions. Fluores-
cence spectrum indicated that gradual increasing of conjugate systems make their emission peak tend to a red shift, which is
conducive to m-m accumulation. Above results will provide certain synthetic basis and theoretical foundation for subsequent
studies about regioselectivity of hydrogen-bond self-assemble and cyclization reactions from light.
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Figure 1 Self-assembly of template and reactant molecular and process of [2+2] photodimerizations
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Figure 2 Different templates molecules (small organic molecular and metal-organic templates)
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Figure 3 Conditions of photodimerization to molecular in the solid state
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Figure 4 Cocrystallization of 1,4-bis[2-(4-pyridyl)ethenyl]benzene with resorcinol derivatives, and forming the [2.2]paracyclophane

derivatives by UV-irradiation
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Figure 5 Hydrogen-bond self-assemble situations of asymmetric hydrogen-bond acceptor with resorcinol and two different photodi-
merization products
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Figure 6 Asymmetric hydrogen-bond acceptor 1,4-bis[2-(4-
pyridyl)ethenyl]benzene derivatives 4a~4d
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Figure 7 Synthetic route diagram of target compounds 4a~4d

Chin. J. Org. Chem. 2017, 37, 394~402

© 2017 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 397



BlLE DT 58
25 T T T T T T T T
—3
- 4a b
—---4b
9 ----4c
c -=--4d 7]
@
2
o
17}
2 _
<
T T T T T T T T T T
250 300 350 400 450 500

B8 Hirtaw 4b (15 74511
Figure 8 Molecular structure of target compound 4b
(a) Top view; (b) side view
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Table 1 Selected bond lengths (A), angles (°) and dihedral an-
gle (°) from crystal structure of 4b

/A
N(2)—C(18) 1311 C(11)—C(10) 1.394
C(18)—C(17) 1.370 C(10)—C(21) 1.442
C(17)—C(16) 1.384 C(21)—C(22) 1.191
C(16)—C(15) 1.489 C(22)—C(23) 1.426
C(15)—C(14) 1.292 C(23)—C(28) 1.392
C(14)—C(11) 1.456 C(28)—F(5) 1335
/)
C(6)—C(7)—C(8) 126.52
C(9)—C(10)—C(21) 119.54
C(10)—C(21)—C(22) 178.25
I /)
[C(6), C(7), C(8)]—[C(13), C(8), C(9)] 4.82
[C(11), C(14), C(15)]—[C(10), C(11), C(12)] 2.10
[C(9), C(10), C21)]—[C(22), C(23), C(28)] 0.38
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Figure 9 UV-Vis absorption spectra of intermediate 3 and target
compounds 4a~4d in CH,Cl, solution
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Figure 10 Selected frontier orbitals involved in the transition for target compound 4b
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Figure 11 Fluorescence emission spectrum of intermediate 3

and target compounds 4a~4d in CH,Cl, solution
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Figure 12 Possible process of hydrogen-bond self-assemble according to crystal structure analysis
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SANAT WG AT A AR g 2\ AE A ) UV-3600
LA W LA ERESCN ;eI REE Fluoromax-
P %6t (HORIBA JOBIN YVON INC)Jl &

DFT v 50d i =y 7 09 F2 /7 7£ B3LYP/6-31G*EE it 7K
SR REAT S U ARAAE AT AR AR B A R 1] 58 i,
BT H T UM 3, T RRIT R B T S %
Z RS TS (TDDFT) 45 5 41§08 vk & nl Mk 7
F3E Multiwfn2.6.1_bin Win ##F 43 & GaussView 5.0
2T 56 .

3.1 FRiEMk 2-R-1,4-Z KRB — ZRS(2)ME K

BAEMRYT, TR0 A BT 50 mL 5 JReii 4
I G 1 (1.6 g, 4.8 mmol). WHER = ZHEE©O
mL), IREARRTE 140 CRINIENL 4 h 5, AHE=E
B, A 30 mL IECHE, Bt EARCE R R T 22 R
M), W ZE TR R A B R W R = 4R SR O, 15
B 1.5 g KAGKFE A, 723 70%. mp. 25~30 C;'H
NMR (400 MHz, CDCls) d: 1.26 (s, 12H, CHj), 3.09 (d,
J=20 Hz, 2H, Ar-CH,), 3.37 (d, /=20 Hz, 2H, Ar-CH,),
4.05 (s, 8H, CH3), 7.23 (s, 1H, Ar-H), 7.41 (s, 1H, Ar-H),
7.52 (s, 1H, Ar-H); *C NMR (100 MHz, CDCl3) 6: 15.94,
15.99, 31.86 (d, J=17 Hz, O=PCH,), 33.25 (d, J=17 Hz,
O=PCH,), 61.81 (OCH,), 61.87 (OCH,), 124.39, 128.56,
130.07, 131.16, 132.04, 132.09, 133.57; MS m/z: 456.01
(M"). Anal. caled for C,¢H,;BrOgP,: C 42.03, H 5.95;
found C 42.10, H 5.88.
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3.2 dhjak 2-iR-1,4-W[2-(4-IHIER) Z B H XK Q) E
193

RARYN, HEABT 50 mL BRLEH I
AT EE4R(381 mg, 3.40 mmol), £1H JE iR - AL RS
R 2T I B R ()44 2 (457 mg, 1.00 mmol) % 4-
I HI (252 mg, 2.35 mmol) ) PU 45 IR (THE) ¥ 2,
RAEERRERKIMN 1 h &, FERP#EIA HCL (2
mol/L, 20 mL), & EYTHENT H, 285 I AT
NaHCO; 1, /5t R A CHL.CL 25, A KR
HIF1 NaHCO, V¥, M1 NaCl ¥ WsESs, 7K Na,SO,
T, BT, MRS EN SRR 200~300 H,
V(THF) © V(fimEk) =1 : 21433 0.20 g Bk, =%
55%. m.p. 192~196 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
7.01 (t, J=16 Hz, 2H, CH=), 7.20 (d, J=16 Hz, 1H,
CH=), 7.38 (dd, J=8 Hz, 4H, Py-H), 7.49~7.52 (m, 1H),
7.68 (t, J=16 Hz, 2H, Py-CH=), 7.70 (s, 1H), 8.58~8.62
(m, 4H, Py-H); C NMR (100 MHz, CDCl;) §: 120.79,
120.95, 124.93, 126.02, 126.95, 127.64, 128.82, 130.71,
130.99, 131.41, 135.72, 137.78, 143.74, 143.89, 150.21;
MS m/z: 362.02 (M"). Anal. caled for CyH;sBrN,: C
66.13, H 4.16; found C 66.20, H 4.02.
3.3 BiRtEY 4a~4d IERK
33.1 2R T -1, 4-[2-(4-172 AR ) T M AL 2K (4b)
EORESHY

AT, HEA BT 25 mL S0 K 2o
AHEA 3 (100 mg, 0.275 mmol), Pd(PPhs), (32 mg,
0.028 mmol)/% Cul (6 mg, 0.041 mmol), ZRJ5ENEM
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S THF (10 mL) & Et;N (5 mL), = iE4+E 30 min /5,
PINZE ZH(140 mg, 1.38 mmol), 44 Z N a1 [ 5 48
h AHZEER. dIEEEE DRI, kT, FET
B[R 200~300 H, V(AER) @ V(A =1 1/ 88
A2 68 mg A, % 64%. mp. 198~
203 °C; '"H NMR (400 MHz, CDCl;) 6: 7.08 (d, J=16 Hz,
1H, CH=), 7.16 (d, J=16 Hz, 1H, CH=), 7.27 (d, J=16
Hz, 1H, CH=), 7.37~7.42 (m, 7H), 7.52 (d, J=8 Hz,
1H), 7.59~7.61 (m, 2H), 7.74 (d, J=12 Hz, 2H), 7.90 (d,
J=16 Hz, 1H, CH=), 8.59~8.61 (m, 4H); *C NMR (100
MHz, CDCls) 6: 87.02 (Ph-C=), 95.19 (Ar-C=), 120.86,
122.73, 123.36, 125.56, 126.94, 127.06, 127.80, 128.54,
128.76, 130.42, 131.24, 131.46, 136.12, 137.35, 144.06,
144.37, 150.21; MS m/z: 384.11 (M+). Anal. calcd for
CasHooNs: C 87.47, H 5.24; found C 87.23, H 5.36.

332 2-FE AR T HeH-1,4-3[2-(4-vbvg ) T H A
F.(4b) 9 & Ak,

WEY 4b KIEBCPREEY) 4a ML, #kHE:
FHE A 3 (100 mg, 0.275 mmol), Cul (6 mg, 0.24 mmol),
Pd(PPh;), (0.28 g, 0.24 mmol), = Zf}%(5 mL) K PYS kKR
(10 mL), FLoAEZH(106 mg, 0.55 mmol). HH7= Fh&k:
EHT A B[R 200~300 H, V(FER) © V(A mEH=1: 1
VE NP FEE] 101 mg &K EBAFEEK, P~ 78%. m.p.
229~233 °C; '"H NMR (400 MHz, CDCl3) 6: 7.11 (d, J=
16 Hz, 1H, CH=), 7.19 (d, J=16 Hz, 1H, CH=), 7.30 (d,
J=4 Hz, 1H), 7.42 (dd, J=4 Hz, 4H, Py-H), 7.63 (d, J=8
Hz, 1H), 7.80 (t, J=8 Hz, 2H), 7.90 (d, J=16 Hz, 1H,
CH=), 8.62 (t, J=4 Hz, 4H, Py-H); °C NMR (100 MHz,
CDCly) d: 102.06 (Ar-C=), 115.89 (Ar-C=), 115.96,
116.18, 131.42, 131.52, 136.15, 137.17, 143.23, 163.70,
166.21, 173.81; MS m/z: 474.14 (M"). Anal. calcd for
CasH,sFsN: C 70.89, H 3.19; found C 70.70, H 3.23.

333 2-(1-FR T heH)-1,4-[2-(4-wtoZ L) TH LR
(4¢) 9 &A%,

WEY 4c MERPESUEY 4a MHLL, #BkHE:
rh1jE) 44 3 (100 mg, 0.275 mmol), Cul (6 mg, 0.24 mmol),
Pd(PPhs); (0.28 g, 0.24 mmol), = 2% (5 mL) X% PU% Mk
(10 mL), 1-Z5RFEZE(83 mg, 0.55 mmol). FF= &k
JEHTAr B L 200~300 H, V(AER) @ V(A HEH)=1: 1
PERBEMLNS 2] 83 mg e (uER, 7% 69%. m.p.
256~260 ‘C; '"H NMR (400 MHz, CDCl3) 6: 7.10 (d, J=
20 Hz, 1H, CH=), 7.18 (d, J=16 Hz, 1H, CH=), 7.29 (d,
J=4 Hz, 1H), 7.41 (dd, J=4 Hz, 4H, Py-H), 7.50~7.59
(m, 4H), 7.77 (d, J=12 Hz, 1H), 7.83 (d, J=8 Hz, 2H),
7.91 (d, J=8 Hz, 2H), 8.06 (d, J=16 Hz, 1H, CH=), 8.44
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(d, J=8 Hz, 1H), 8.60 (s, 4H). H1T7E% F A7 o i
R R, WA WER R G Y RIS . MS m/z: 434.20
(M"). Anal. caled for C3,H,,N,: C 88.45, H 5.10; found C
88.39, H 5.31.

334 2-(9-F T £ )-1,4-[2-(4-7o7 ) THE AR
(4d) 89 & A&

WEY) 4d FIEBCCREEY) 4a ML kR
HRE4A 3 (200 mg, 0.45 mmol), Cul (12 mg, 0.48 mmol),
Pd(PPh;), (0.56 g, 0.48 mmol), = Z.J%(10 mL) k¢ JY5k
520 mL), 9-Z4RFEE (182 mg, 0.90 mmol). =&
FEENT B RERE 200~300 H, V(RER) @ V(1) =
121 fERBEBFNES] 175 mg BOEIE, PE: 66%.
m.p. 300~303 ‘C; '"H NMR (400 MHz, CDCLy) ¢: 7.14
(d, J=16 Hz, 1H, CH=), 7.21 (d, J=16 Hz, 1H, CH=),
734 (d, J=16 Hz, 1H, CH=), 7.43 (dd, J=4 Hz, 4H,
Py-H), 7.54~7.61 (m, 5H), 7.83 (d, J=8 Hz, 1H), 7.95 (s,
1H), 8.06~8.07 (m, 2H), 8.20 (d, /=16 Hz, 1H, CH=),
8.50 (s, 1H), 8.59~8.67 (m, 6H). H1T-7E% F /AR H|
VAR 2, IR ZIL SIS, MS m/z:
484.23 (M+). Anal. calcd for C3;sHo4N,: C 89.23, H 4.99;
found C 89.30, H 4.92.

iHBh A1kl (Supporting Information) #2724 I 43
FrAMAR TH NMR &34 °C NMR %, tb&4 4b 1)
o R EHE, DAL A 4a Fl 4¢ 48 DFT J775(B3LYP/
6-31G*) LA T A . X L v] DL G B AR 1) 10X 3
(http://sioc-journal.cn/)_F T %k,
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