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2,5-“HREMTENR “—mi” RBREMRENFMR
wFI* mEF A & I K Fha

GRS (2 BB TR B9k 224051)

F &R

WE  UNEZISHEIARGER, Bl —8k, SEHERIZML T 1A SR AL KR R A I B, 7
WHRGH A AL T 2,5- R FEmEy K HATAEY). B A AL A4 "TH NMR, °C NMR, HRMS £1E, ¥4 HEsr=4). fEi
Bl b, SRR T ARSI UV R, Siih s R, B AL &Y BRI K AE 292~
341 nm 2 [8], ZOEEIERINZREWEA RIFM25O6M:, 78 PR oK R ST KTE 386~454.5 nm 2 [7], 7E & e
O SE R R R S AE 390~412 nm Z [A]. SEES 45 R EOR, BEILHIR RIEK, TObRFBKRELFE.

KRR ALK BRR, EMATAEY, 8T GG R

One-Pot Synthesis and Optical Properties of
2,5-Diphenylthiophene Derivatives

Zang, Shiyu Zhou, Qian

Li, Wanxin Wang, Maoyuan™
(Yancheng Teachers College, School of Chemical & Environmental Engineering, Yancheng 224051)

Qian, Cunwei™* Wang, Dong

Abstract The paper describes a convenient and facile methodology for the synthesis of 2,5-diphenylthiophene derivatives.
The environmentally friendly synthetic approach is supported by a one-pot tandem reaction process. All of the target products
was confirmed by 'H NMR, "*C NMR and HRMS. On this basis, UV and fluorescence properties of the synthesized com-
pounds were further explored. The experimental results showed that the UV maximum absorption wavelengths of the com-
pounds are between 292 and 341 nm. The fluorescence spectra showed that these compounds have good fluorescence. The
fluorescence emission wavelengths measured in methanol are between 386 and 454.5 nm, and the fluorescence emission
wavelengths measured in dichloromethane are between 390 and 412 nm. The increase of conjugation system led to the red shift

of fluorescence.

Keywords aryl acetylene; urinary sulfur; thiophene derivative; one-pot synthesis; optical properties
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R E B, BTN A A B 5 15 JEoRE R, SN
a7 LR R St B A RE W 30 (5 ROT IR AR R A
WEL L, AVREYLRARE — e, mRohE K
2,5- ZHUARMBEW) 1181 )75 (Scheme 1), FF44 X & il i g
Wy RTE AT HID (e S R AT

=

R = Air, rt, 24 h

CuCl,, TMEDA

|l
HzN_C_NHZ

/N = — ()
R@_—Q_\\R KOH, H,0, Ar

generated in situ

7 N\_ S

e/

\ X
R

B 1 2,5- 55 FEMEy (1 A i
Scheme 1 Design for syntheses of 2,5-diarylthiophene

1 GHBR5TR
1.1 RERNEZHNENL

BATR RSB N B R RS AR IS5
NEREEE R T 2,5- OKFEMEYy . SIS RE R S AR
NEEMH, DU ST, 75 5 TG R 2% A
T, ROHRET 24 h SRR 1,3- B UED;
RIGAG B, ERNIR A N AR, BL
TEBA NMFERMALF], UBAE V. NaHS A,
7E Ar RS E T, T 120 CZad— & Al 1 M,
MK 2,5-ZHUREM L &9, IRER T A1 2,5- 21
ARMEWY 1) | N 4. SEIGEE R 1.

M T R AT LUE Y, S A R
FHEHEh(EE 1, Entries 1~5). B)a, AT &AL
AT, B 5T SR ECAA N B SRR . SRk 45 R R
REL TMEDA 4 BIBCARES, RIS fE, 18 71.0%
(3% 1, Entries 1, 6~9). £, 5% 17 P00 S5
W, {EHE B, KOH 53] T HEeR, mite
A —ERE, 55 KOH AHEL, 45 B K FAR (%
1, Entries 1, 10~12), K, /a8 md, FATHILA
KOH 1E N K 2% 82 e R R0 [ B RIRE . 5 52N [H]
BRVE XS S B [ e 25 LR, M FaRAR Bk, 6K
VRTINS, SR &, 58] 76.1%(3R 1, Entry 13);
MAEH NaHS 1EABIER, RNERA 45% & 1,
Entry 14). f)a5%% 1B X% BLP 5EM, 22 aE K
AL E] S 36 h, P& T = H] 89.3%(% 1, Entry
15).

1.2 25-ZHFEEMRITEMNER

TR T AR 2,5- AR FEBEWy 1 5 AR B 2 F 2

Ja, BATH—PIRER T A J7 b R AEZ R B2 T 1)
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Table 1 Optimization of reaction conditions
1) Cu salt, ligand, r.t.
/7 N\ __ solvent-free Q S O
— - 2) Sulfur source, base \ /

1a 120 °C, H,0

2a
Entry Catalyst Ligand Base Re.actlon Yield®/%
time/h
1 CuCl, TMEDA KOH 24,24 71.0
2 Cul TMEDA KOH 24,24 46.6
3 CuCl TMEDA KOH 24,24 29.0
4  Cu,0 TMEDA KOH 24,24 22.4
5 Cu(acac),TMEDA KOH 24,24 13.8
6 CuCl, TEA KOH 24,24 53.9
7  CuCl, Oxine KOH 24,24 48.4
8  CuCl, 1,10-Phenanthroline KOH 24,24 46.2

9  CuCl, Methenamine
10 CuCl, TMEDA
11 CuCl, TMEDA
12 CuCl, TMEDA

KOH 24,24 454
NaOH 24,24 499
NaOAc 24,24 340
K,CO; 24,24 477

13 CuCl, TMEDA KOH 24,24 76.1
14 CuCl, TMEDA KOH 24,24 45.0
15 CuCl, TMEDA KOH 24,36 89.3

© 2017 Chinese Chemical Society & SIOC, CAS

¢ General reaction conditions: phenylacetylene (2 mmol), Cu compounds (1
mol%), ligand (5 mol%), room temperature; base (2.0 mmol, cyclic reaction),
H,0 (1.0 mL, cyclic reaction), TAA (1.5 mmol, cyclic reaction), under Ar
(cyclic reaction), TEBA (5 mol%, cyclic reaction), 120 ‘C (cyclic reaction).
? Isolated yield. € 1.5 mmol of thiourea was used in place of TAA.“ 1.5 mmol
of NaHS was used in place of TAA.

SNEEE, SEIG A5 R LR 2.

MEE 2 HHIEIETT LG, R T, D&
ot 75 ity R SR (1 5 238 T A v R 4 i 2,5- — AR
WENy, SEEGAE RWEIR, AR _EA R At I 4]
i, R FTREIRGR 2, Entries 3, 5); 2R
BB AL A G T, SR ISR AR AN R (R
2, Entries 1, 2, 4, 7); ZORIAPLIE IR BRI, S AU
HAAA K (K 2, Entry 8). SEIEE RIL B R RIF AL
b EEE SSBAT B RIS IE (3K 2, Entry 6).

1.3 TIRERI R REHEE

MR SCHR[5b, 6], FATIN v iza od 182 w2 e
BRI A, 55— b e dm bR AE A AL T AL R AE B 1,3-T
TR, B OB R B RAERRAE ] N ST T, ST Tl
U AR B 2,5- HUAR MWy BRI SR AL
P )L Scheme 2.

1.4 2,5-ZFREEM A SMASF R
141 2,5-Z R ARy ZALE Ay o ik

MR A R 8 Bl 2,5- B MEM b A ik 4%
&Y 2a, 2e~2i A, T 2,5- HURBEL LS
YRR AOEE. B 1 NPT BRI & 4E CH;0H (1X
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Table 2 Synthesis of 2,5-phenylthiophene derivatives

o (1) CuCly, TMEDA, Air, r.t.,, 15h
Ar—— \ /

(2) Thiourea, KOH, H,0, Ar, 120 °C, 36 h

>

Entry Product Yield”/% Entry Product Yield”/%
Q O s
1 72.1 5 \ /) 55.3
2f
n-C4H C4Hg-n
O O
70.3 6 HoN \ / NH, 74.5
29
Q oy sUNy
3 54.2 7 " 72.1
CHj3 H3C
2h
H3C CH3 7 N N
\ S /
4 86.1 8 =\ J F 70.3
2i
¢ General reaction conditions: Alkyne (2 mmol), CuCl, (1 mmol%), TMEDA (5 mmol%), at room temperature; KOH (2 mmol, Cyclic reaction), H,O (1.0 mL,
Cyclic reaction), Thiourea (1.5mmol, Cyclic reaction), Under Ar (Cyclic reaction), TEBA (5mmol%, Cyclic reaction), At 120 ‘C (Cyclic reaction). * Isolated yield.
H— 1.44 i —=—2a
CuCl,/TMEDA PR —e_2¢
Ar—=—-H u(lll 1.2 <y
4 ' —a—2f
2 2 3 4 —+2h
0.8 L P
Ar—————Ar ) .
7] vy
2 0.6 A
‘1
B 0.4 e
¥
S LA
‘\g'/_\ OH- /&\/_\‘—:Ar 0.2 .. “
HaN” T NH HNT DNk, 0.0 ""“'"iﬁmm
Ar A '02 T T T T T T T T T T T T T T T T T T T 1
220 240 260 280 300 320 340 360 380 400 420
ST -
)<OH Wavelength/nm
—»
HoN Il HoN
HO NHzA B 1 A& 2a A1 2e~2i 7E R AN (1x 107°
r
OH" mol/L)
S H Figure 1 UV-Vis spectra of compounds 2a and 2e~2i in
_ \ -5
) /@\A a—H /@\ methanol (1X10 ° mol/L)
r r -OH" Al N v et — y
S T WKAE 292~341 nm Z 1. 2a 1R EE SN K
B2 AR R R N 324 nm, 2e X 2a KR, FEIERT 4-H7 LA FREEUR

Scheme 2 Possible reaction mechanism

10> mol/L) 1 {48 #h—TT I IS B (U V-Vis).

WK 1 pos, PRt &9 2a, 2e, 2f, 2g, 2h
2i (1AM KR KA T 292~341 nm 2 ], iX—70
] PR R AT EH SR A 2 rh ey IR RD 5 IR ILHE I - R
IE5ER, BT MR, Bl TR ERARIE A
[, FETANERRNLAY) 2a, 2e~2i A KRR
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3k, IR RIE b ng SRAEAEA AR, 2e MIER
SRAMRMSCE A /NI RIS RSB, 4 329 nm. 2f AT
T 2a ki, RIEM 407 AT P ESEUREE, HAEZE P
LI p BT SRR L nf BEAEAE S SRR, 2f 1Y
B SRS MR ISR [ K 7 RS 5l, D9 334 nm. 2g A
T2a R, FEEM 30 EAT RS, FAEPRE L
¥ p HLTR S5 2R3 L1 g SR A SRR, 2 IR
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S AR K KB 7 3, A 329 nm. 2h AKX 2a
KeUt, HKFEEM 247 B FHIEEURE, BT H AR
PHEL K, SECT A SV A BER LI T, Bl
T IRIR S E IR L PN, 2e IR AN ST K )
R T IR 5N, N 292 nm. 2i AHRFT 2a SR, A E
R 1 ERERR, 2i 1B AN K 341 nm.
1.42 2.5-Z R K&y RS0 5k k%

PR, SR HEE T 2a, 2e~2i FCAK
5X107° mol/L MRS, MIFFERAMR ML, 4> 5115214
S P 5 KPR AT K AN B o R R IR G BE AL A, T B KR
W KA RBOR B, W AT R S 6 Aew, LA
Aemt RAE I TE BRI GTE Aex, 1805 FF LA Apx SORAE N E
HER= I 6 RS 6 Aeve, MESS RANE] 2 F11E 3
. B 2 v ERAYTE B R 58 e R e, A
B2 el LA, BRI AR RO R K AE 386~
454.5 nm 2 [a), tLEW) 2e, 2f, 2g F1 2i (18 K986 K5
WAL 2a BRI G KL T 408, JUHE 2g 1)
Z185(67 nm)f NI, X AT A8 AR BRI S0tk R
KA 2h BRI R FTIEAARLE 2a 15K RS
WK, RAETER, XATREEH T H RN 2 A6,
PEBEAEIR T 2RI S My S ke, | 3 o8 Bidk S
YITE S R e i 9 e R A6, B 3 T LA H,
iR AR R R B AKAE 390~412 nm 2 1], &
V) 2e, 2, 2g 1 2i (15 K HOE R AT EL 2a KK
S KR T a8, X 0T g2 BRI L Pt R 3K 1)
G 2h RO SR KA 22 (SR ST
KT RS, IXATREAE T 2 Ar b 3 A A AT 2R
S AR AL, N SEIR S T ORI, iRtk
B VAE I RO B — e M 2RIE 3 4 R
SRR, MG RN ST KAE HRE R 2085
W, £ & F ik RERMmak.

2 g

AL S5 5 2 SRR L ah R R, Gl — ARk,
28 i S AR IR S RH R S B A0 B B, BT 2,5-
TRIEWEWY AT, IR B, #E B RR TS
AL AN UV B R, seie st B T & itk &
WAE R R 1R R A R KR K AE 292~341 nm 2 [,
DL R IZRI A EE RIFH7etE, HAEFE
i KR BHIKAE 386~454.5 nm 2 ], & ~ & ket
I 5E PR e R R SR K AE 390~412 nm 22 [,

3 SWES

3.1 UE5HF
R R AB SCIEX Triple 5600+ %4y Jii
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Figure 2 Fluorescence spectra of compounds 2a and 2e~2i in
methanol (5X 107° mol/L)
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Figure 3 Fluorescence spectra of compounds 2a and 2e~2i in
dichloromethane (5 10~ mol/L)

(3 AB SCIEX A #]). 'H NMR 1 "H NMR #%:
Mercury Plus 400 BYAZ#EHL4RAX (32 E Varian A A]),
CDCl; ¥, TMS AR, SRANR OGRS : Lambda 950
BHNAT WG EE T B, DU O A5 R PR
WG Y 1.0 om HY P THEE DG HOA Seits. 5200 i
WA A E I R G LS-50B BY % 5ot B itk (35
Perkin-Elmer 23 5]l 5E, IV B i A58 FH A it
1.0 em X 1.0 cm VY 1 G 4 47 9 EE G L,

Pt FHAOA 2 SRR 42 A Allfay Aldrich. 1R &
W, WA B aifl; B RS B E 255
[, )22 PR e GF254 (5 Stk T) )R
FR IR £F4E 30 (CMC) B il A = 4 B IR A Ak 2 235
(75 Bige e ).
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3.2 ZLWAHE
3.2.1  2,5- BUAXE 49 A A%

B SE AR UOMA S RERE . K3 k(2 mmol).
CuCl, (5 mol%) VU H % 2, —f&Z(TMEDA) (5 mol%), X
NETE S IR FE N 24 hy SRJE NN 2 mL 47K BRIR(1.5
mmol), TEBA (5 mmol%)F KOH (2 mmol), FiEZE
120 CRHEFERPL 36 h 238 = i I I R 78 A 4L,
PSR RERE R Eaih, R VoAl
VA EE)=15 0 1Rk, /330749 2.

2,5- R IEBEWy (22)7: 211 mg, A E AR, mp.
150~152 C (lit."" 153 ‘C); '"H NMR (CDCls, 400 MHz)
8: 7.26~17.30 (m, 4H, ArH), 7.39 (t, J=8.0Hz, 4H, PhH),
7.64 (d, J=7.6 Hz, 4H, PhH); “C NMR (CDCl;, 100
MHz) 6: 143.6, 134.3, 128.9, 127.5, 125.7, 124.0; HRMS
(ESI) caled for C;¢H;3S [M—|—H]+ 237.0738, found
237.0733.

2,5- T(4-LFEFEF)BEVY(2b): 211 mg, VR ([FE 1A,
m.p. 170~172 °C; '"H NMR (CDCls, 400 MHz) 6: 1.25 (t,
J=7.6 Hz, 6H, CHs), 2.66 (q, J=7.6 Hz, 4H, CH,), 7.20
(s, 2H, ArH), 7.23 (t, J=7.6 Hz, 4H, PhH), 7.54 (d, J=8.0
Hz, 4H, PhH); °C NMR (CDCl;, 100 MHz) &: 143.7,
143.3, 131.9, 128.4, 125.6, 123.5, 28.6, 15.6; HRMS (ESI)
caled for CoHy, S [M+H]" 293.1364, found 293.1358.

2,5- (AT REZEIBELY (2¢): 245 mg, VR E (O [FE 1A,
m.p.130~131°C (1it.° 132~134 “C); '"H NMR (CDCl,
400 MHz) &: 0.93 (t, J=7.6Hz, 6H, CH3), 1.34~1.38 (m,
4H, CH,), 1.59~1.63 (m, 4H, CH,), 2.63 (g, J=7.6 Hz,
4H, CH,), 7.19 (d, J=8.0 Hz, 4H, PhH), 7.23 (s, 2H, ArH),
7.53 (d, J=8.4 Hz, 4H, PhH); “C NMR (CDCl;, 100
MHz) d: 13.98, 22.37, 33.56, 35.37, 123.43, 125.1,
128.95, 131.87, 142.37, 143.29; HRMS (ESI) calcd for
CysHaoS [M+H]" 349.1990, found 349.2011.

2,5-Z(4- LRSI L) HEWy (2d): 176 mg, [ 1,
m.p. 216~218 °C; '"H NMR (CDCls, 400 MHz) : 1.43 (t,
J=7.2 Hz, 6H, CHs), 4.06 (q, J=7.2 Hz, 4H, CH,), 6.91
(d, J=8.8 Hz, 4H, PhH), 7.14 (s, 2H, ArH), 7.53 (d, J=
8.8 Hz, 4H, PhH); “C NMR (CDCl;, 100 MHz) &: 14.9,
63.6, 114.9, 122.8, 126.8, 127.2, 142.6, 158.6; HRMS
(ESI) caled for CyH,0,S [M+H]" 325.1262, found
325.1254.

2,5- T(4-FRIEZER) BEWY (2e) P 227 mg, H[FEA,
m.p. 157~159 C (1it®® 161~164 °C); '"H NMR(CDCl;,
400 MHz) 6: 2.37(s, 6H, CH3), 7.19 (d, J=7.6 Hz, 4H,
PhH), 7.23 (s, 2H, ArH), 7.52 (d, J=8.0 Hz, 4H, PhH); "*C
NMR (CDCl;, 100 MHz) d: 21.2, 123.4, 125.5, 129.6,

Chin. J. Org. Chem. 2017, 37, 1781~1786
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131.7, 137.3, 143.3; HRMS (ESI) calcd for C,sH;;S [M+
H]" 265.1051, found 265.1049.

2,5- (4 HAE LAWY (20 164 mg, HE[H
&, mp. 192~194 C (lit.*? 216~217 C); 'H NMR
(CDCl;, 400 MHz) 6: 3.84 (s, 6H, CH;), 6.92 (d, J=8.8
Hz, 4H, PhH), 7.25 (s, 2H, ArH), 7.54 (d, J=8.4 Hz, 4H,
PhH); “C NMR (CDCl;, 100 MHz) J: 55.39, 114.31,
122.90, 126.84, 134.06, 142.60,159.12; HRMS (ESI) calcd
for C,sH,;,0,S [M+H]" 297.0949, found 297.0947.

2,5- (3B IEIEILEMy (2g) 7 198 mg, [ {aE 1A,
m.p. 202~204 C (1it.”) 202 “C); '"H NMR (CDCls, 400
MHz) §: 3.72 (s, 4H, NH,), 6.60~6.62 (m, 2H, PhH), 6.94
(m, 2H, PhH), 7.02~7.05 (m, 2H, PhH), 7.14~7.18 (m,
2H, ArH), 7.22(s, 2H, PhH); *C NMR (CDCls, 100 MHz)
0: 112.2, 114.4, 116.2, 123.8, 129.6, 135.7, 143.6, 146.6;
HRMS (ESI) caled for CigH;sN,S [M+H]" 267.0956,
found 267.0953.

2,5- (- FRFEEZEEL) BV 2h)T: 190 mg, TC IR
'H NMR (CDCls, 400 MHz) 6: 2.50 (s, 6H, CH3), 7.06 (s,
2H, ArH), 7.24~7.28 (m, 6H, PhH), 7.47 (m, 2H, PhH);
*C NMR (CDCl;, 100 MHz) 6: 21.3, 126.0, 126.5, 127.8,
130.3, 130.7, 134.1, 136.0, 142.9; HRMS (ESI) calcd for
CisH7S [M+H]" 265.1051, found 265.1047.

2,5- (2P mE L) BEM (205 167 mg, WRH (L E A,
mp. 154~157 C (itP? 157~159 C; 'H NMR
(CDCls, 400 MHz) d: 7.16~7.20 (m, 2H, ArH), 7.65~
7.75 (m, 6H, PhH), 8.60 (d, J=4.8 Hz, 2H, PhH); "*C
NMR (CDCls, 100 MHz) §: 112.2, 114.4, 116.2, 123.8,
129.6, 135.4, 146.6. HRMS (ESI) calcd for Ci4H;N,S
[M+H]" 239.0643, found 239.0641.

%3 B4 ¥} (Supporting Information) & =¥ 'H
NMR F1 °C NMR #[&]. X St REa] LG 3 A AT 93
(http://sioc-journal.cn/) I N #k.
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