Hans Journal of Chemical Engineering and Technology % T 5HR, 2013, 3, 100-104 Hans X3l
http://dx.doi.org/10.12677/hjcet.2013.33019  Published Online May 2013 (http://www.hanspub.org/journal/hjcet.html)

Synthesis of Novel Organic Conjugated Small Molecules
Containing Heteroatoms (N, S)

Chunyang He, Minzhao Xue', Fan Zhang

School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai
Email: "mzx@sjtu.edu.cn

Received: Feb. 25™, 2013; revised: Mar. 14", 2013; accepted: Mar. 22™, 2013

Copyright © 2013 Chunyang He et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Abstract: A series of organic conjugated small molecules containing heteroatoms (N, S) were designed and synthesized.
The different alkyl chains can be introduced through reaction of the lithiated thiophene with corresponding alkyl halide
at low temperature. After bromination, the resulting bromo-intermediates can be smoothly converted into corresponding
Grignard reagent. Afterwards, the as-prepared Grignard reagents were treated with 1,2,4,5-tetra(S-(pyridine-2’-yl))ben-
zenetetrathioate, and then reacted with hydrazine hydrate to afford the target compounds. Upon aforementioned syn-
thetic strategy, the physical characters of the target molecules can be fine-tuned by efficient introduction of the different
alkyl substituents in the periphery of the conjugated backbone. The UV-Vis absorption spectra of these molecules in
dichloromethane solution revealed three maximum absorption peaks between 260 and 600 nm.
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TR, KRG, B TRTRT, il
AT AR 3 55 U SR R E A AT 4 0 S S A
FATETIA P 2K R R E 8 7 AR AT B AR i A 2T 1
B A R = 2 2 20 3 A A5 n 64 ] 972 Bk /K T
PERACFR I (K. LA A 38 A S A

1X#%: '"H NMR 5 C NMR £ & 2 i
MERCURY plus-400 B % RESLIRBGIEAT M), =0
P R A 28 42 Bruker microTOF-Q- I /&5 4 #4 5
A 5E, % A JingSong X-4A 4 A E

22. &K

22.1. AREEEE

HE NTA T IRRRIE K o JL50E BT 7
FE, TR TN E B Nt 50, AT A2 A
BEAN T By YR, 7E o SE5I N BEdEEE, A B3 EL
FRICVE FTADD, VENEERTIRA. B 1 2 H A%
A B R} - AR Iy M & HOP . 5

Copyright © 2013 Hanspub

[:i> n-BuLi | S NBs Br | s

? e LR e R

RBY /" cHscooH Ly
20°C
5a:R=CgH,3, 90%
50:R=C,Hy5,84%
5c:R=C,gH37,86%

6a:R=CgH;3, 88%
6b:R=C;,H,5,80%
6C:R=C;gH37,84%

Figure 1. Synthesis route of alkyl modified thienyl
intermediates of 6a-6¢

B 1. fREESES IR 2 rh B R & A B 2R

PSR A B R AR UK AR IR 24T, 55 BRI
N, N- 2 PR R G R A B R G EAT o I BR 2k e 2K
{7 FL A5 B e BB I AT A 6a-6¢, I T H AR
WAL ER M ST

2 5 HFR o> T B & U2, 75 M CHRIE AT LA
JBR A B A 2, R ) R AT S
Y 2 BAT AN RS B E ) 3a-3b, %N
AL R R I RHEB RS, B h 4 Y 3a-3b
BEAT K S WFIE JE R WT AR A5 2 H AR 70§ 4a-4b.

222. ERMEEY 1 F2 &Rk

1 A BB B R SR 11 & o2, R
1,2,4,5- 35 2% DY B I — I R F A B v TR s Rk 46 1F R
(T S S B ] DU 13 B R 46 A 4 5, FeEA
87%. 'H NMR(400 MHz, CDCl;): § 8.01(s, 1 H)!''J,

2 B RUPER: 2B BRAVRE T KA KM T,
ZIOCER 11 PARFE RO, AT RURAAS 209 5
AR~ 4)(3.77 g, 42.8%). 'H NMR(400 MHz, CDCl3) 6
8.71 - 8.62(m, 2H, S-Py-H-6), 8.29(s, 1H, Ph), 7.79(qd,
4H,*Jyy = 5.7 Hz, *Jyy = 1.4 Hz, S-Py-H-4.5), 7.36(m,
2H, S-Py-H-3)!"!1,

2.2.3. FEIEESEEIFEMRAITEY Sa-5¢ AR

Sa A HOPIR: BAGETT, £ =00 g
W3(10 g, 0.119 mol)FH PUSL LR (100 ml), —20°C N i&iiH
IIAIE T ZE2E ) IE B (78 ml, 1.6 M, 0.125 mol).
HAT B R E, BB B E%-20C,
ZEM N 1-RARIE 2 46(20.6 g, 0.125 mol). ik 3 h
JE I 200 ml KK . FH S F R, S0 E
BUAHSS » Jo/KBREREN T8, T )5 Jo R 2818 70 B 74,
BT EOEHRAR 17.8 2, F2F N 89%.
'H-NMR(400Hz, CDCl3) 6 7.13(dd,1H,Th-H-4), 6.95(dd,
1H, Th-H-3), 6.83(dd, 1H, Th-H-2), 2.89(t, 2H, CH,),
1.73(m, 2H, CH,), 1.31 - 1.46(m, 6H, CH,), 0.96(t, 3H,
CHs).
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Figure 2. Synthesis route of target compounds 4a-4c

2. BiESFHA ML

5b G MAR: AECPR: BAGET, =5
I NBERY (10 g, 0.119 mol)A THF(100 ml), —20°C
TN IE T 340 IE s (744 ml, 1.6 M,
0.119 mol). HAFEZEIR MR )G, 8k M
BEREE-20C, Z&@Hn -5+ 450249 g 0.1
mol). REZFWHTEER, HiHE 3 he A 200 ml K
RN S PR, SIS, oK
BN T, TET a2 TR s Atk =), R0 E
FEAA 21.2 g, 725N 84%. 'H-NMR(400Hz, CDCl;)
8 7.11(dd, 1H, Th-H-4), 6.92(dd, 1H, Th-H-3), 6.79(m,
1H, Th-H-2), 2.84(t, 2H, CH,), 1.67(m, 2H, CH,), 1.31 -
1.26(m, 18H, CH,), 0.88(t, 3H, CH3).

Sc MAERCPER: &S 5b —8, REERTE
BT RS A, E G BIE AR, 72 EN 86%.
'H-NMR (400 Hz, CDCls) 6 7.10(dd, 1H, Ji = 1.2 Hz,
Jin = 5.1 Hz, Th-H-4), 6.91(dd, 1H, Ji.yy = 3.4 Hz, Jiy
= 5.1 Hz, Th-H-3), 6.77 - 6.76(m, 1H, Th-H-2), 2.81(t,
2H, CH,), 1.68(m, 2H, CH,), 1.33 - 1.26(m, 30H, CH,),
0.88(t, 3H, CH;).

2.24. FEIREEEIHRRERXLTEY 6a-6¢
&R

6a HIERCPER: BOLKMHT, ¥ S5a4.3 g, 25.5
mmol)¥& T-UKEE R #1(20 ml)H, I\ NBS(4.55 g, 25.5
mmol), HiFE®. A 100 ml /KEK R . FHOERE
W=, GFFANUH, TOKBRRRMN TR, T Ea
EIHIRYD, A B R E BT Ak = 15 2 o
ZEHMARY(5.6 g, 88%). 'H-NMR(400 Hz, CDCl;) §
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6.86 - 6.82(m, 1H, Th-H-3), 6.53(dt, 1H, Jyy = 3.6 Hz,
Jin = 0.9 Hz, Th-H-4), 2.84 - 2.65(m, 2H, CH,), 1.73 -
1.52(m, 2H, CH,), 1.44 - 1.05(m, 6H, CH,), 0.98 -
0.77(m, 3H, CH3).

6b MG GROPIR: BGKMT, # 2-
+ R FEEY (5.0 g, 19.8 mmol)¥E T UKEEEE §(50 ml)
o BN N-TRAR BRI LI fZ(NBS)(3.54 g, 19.8 mmol),
A . H 100 ml KK SN o« 50 H fe 25 0™
Y, BV, KRR, HTETEHER
LA IR, F A M EEOARGER, FEE T4 B Al
PSR T B IR Y(4.7 g, 80%). 'H-NMR(400
Hz, CDCls) 6 6.84(d, 1H, Th-H-3), 6.53(dt, 1H, Jyy =
3.6 Hz, Jiy = 1.0 Hz, Th-H-4), 2.74(t, 2H, CH,, Jyn =
7.6 Hz), 1.64 - 1.54(m, 2H, CH,), 1.38 - 1.26(m, 18H,
CH,), 0.90 - 0.87(m, 3H, CH3).

6c MG HCETR: T 6b —8, XA T f5iE
HEAR A OEEG.] g 84.0%). 'H-NMR(400 Hz,
CDCly) 6 6.84(d,1 H, Jiy = 3.7, Th-H-3), 6.53(dt, 1 H,
Jun = 3.7 Hz, Jyy = 0.8 Hz, Th-H-4), 2.74(t, 2H, CH,,
Jun = 7.4 Hz), 1.63 - 1.60(m, 2H, CH,), 1.42 - 1.23(m,
30H, CH,), 0.89 - 0.84(m, 3H, CH3).

2.2.5. EEREIFILEY 3a-3c UERL

3a &SP IR: SISk 11 1& Beb IR aT AR
FIABEA=Y) 044 g, 723N 32%. 1H NMR(400
MHz, CDCI3): § 7.97(s, 1H), 7.36(d, 2H, 3JH-H = 3.8
Hz), 6.78(d, 2H, 3JH-H = 3.9 Hz), 2.82(t, 4H, 3JH-H =
7.6 Hz), 1.78 - 1.43(m, 4H), 1.41 - 1.03(m, 12H), 0.99 -
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0.62(m, 6H); 13C NMR(100 MHz, CDCI3): § 186.55,
158.60, 141.01, 140.90, 136.43, 129.59, 126.11, 31.70,
31.50, 30.98, 29.01, 22.69, 14.26!""], M.p. >300°C.

3b AR # 6b(3.7 g, 11.18 mmol)iE T 15
ml PYERRmE 2N B A 88 0.29 g,
12.31 mmol)H il g5 4% Al F, FEINFAE RS oD #4 el e
REGIUR G, R A N K, 50°C R M 3 ho
UK 0°C IR A% TR 2 18 N 21 2(1.0 g, 1.62
mmol)f¥] THF(100 ml)& i, B A% =GR A
VST 05 T e Te Ak T SRR LA L, PR OB
R JEATUENT H . B 10%E5F2(200 ml) RV K N,
ST, AU S SRV M)FIZS TR 2
Htk . JOKIREREN T, B e z8 5 &/ Sk 25
bh, SR OE R 0.63 g, FPEAN 332%. 'H
NMR(400 MHz, CDCls, ppm): ¢ 7.98(s, 1 H), 7.36(d,
2H, *Jiy = 4.0 Hz), 6.79(d, 2H, *Ji.yy = 4.0 Hz), 2.82(t,
4H, *Jyy = 7.6 Hz), 1.71 - 1.65(m, 4H), 1.63 - 1.57(m,
36H), 0.90 - 0.86(m, 6H). *C NMR(100 MHz, CDCI3):
5186.61, 158.68, 141.05, 140.92, 136.53, 126.17, 32.15,
31.57,31.03,29.89, 22.93, 14.37. M.p.166°C~168°C .

3c MARCEER: 5 3b —3, /A akEE, ™~
%4 39.3%. 'HNMR(400 MHz, CDCly): 6 7.98(s, 1H),
7.36(d, 2H, *Juy = 4.0 Hz), 6.79(d, 2H,* /iy = 4.0 Hz),
2.82(t, 4H, *Jiy = 7.6 Hz), 1.71 - 1.67(m, 4H), 1.65 -
1.20(m, 60H), 0.90 - 0.86(m, 6H). *C NMR(100 MHz,
CDCly): § 186.59, 158.66, 141.03, 140.91, 136.51,
129.69, 126.15, 32.16, 31.58, 31.03, 29.94, 22.94, 14.37.
M.p.149°C~151C.

2.2.6. B¥R9T 4a-4c FIERK

da MG BCPIR: 2T SH IR 11 77 S 3]
0.61 g mLLCLfE A T=4), 7=%H 62.0%. "H NMR(400
MHz, CDCl;): 6 9.81(s, 1H, Ph), 7.69(d, 2H, *Ji.;y = 3.7
Hz, Th-H-3), 6.98(dt, 2 H, *Juy = 3.6, “Jun = 0.8 Hz,
Th-CH-4), 2.94(t, 4H, *Jyy = 7.6 Hz, CH,), 1.54 -
1.43(m, 4H, CH,), 1.40 - 1.32(m, 8H, CH,), 131 -
1.21(m, 6H, CHs); *C NMR(100 MHz, CDCly): &
152.24, 151.93, 136.09, 130.66, 126.31, 125.64, 31.82,
30.66, 29.92, 29.12, 22.83, 14.33; HRMS-ESI m/z: [M +

H] calcd. For CsoHg3N,S,4, 847.3936; found, 847.3930. M.

p. 193°C~195°C!,
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4b MIERBUPIR: TRERE, HEREKMET, B
3b(0.5 g, 0.42 mmol)F7/K & (0.17 g, 3.36 mmol) & T
CEE(SO ml)H, FEHR MRS RSB R,
WAEEE 12 h, BMEBEIRE A AR . ek %
B, EEARH 045 g WA, 77%K90.5%. 'H
NMR(400 MHz, CDCl;): 6 9.85(s, 1H, Ph), 7.71(d, 2H,
*Jun = 3.7Hz, Th-H-3), 6.97(d, 2 H, *Juu = 3.7,
Th-CH-4), 2.89(d, 4H, *Ji.y = 6.8 Hz, CH,), 1.75 -
1.69(m, 4H, CH,), 1.77 - 1.27(m, 36H, CH,), 0.90 -
0.85(m, 6H, CH;); “C NMR(100 MHz, CDCL): ¢
152.32, 151.00, 136.07, 130.68, 126.40, 125.70, 32.16,
31.92, 30.69, 29.93, 29.85, 29.69, 29.60, 29.49, 22.93,
14.37. HRMS-ESI m/z: [M + Na] calcd. For C;4H;1oN4S,,
1205.7511; found, 1205.7529.M. p. 153°C~155C ,

dc MERCPIR: 5 4b —5, BRI GREE, ™
H K 86.3%. "HNMR(400 MHz, CDCl5): d 9.84(s, 1H,
Ph), 7.71(d, 2H, *Ji.y = 3.8 Hz, Th-H-3), 6.99(d, 2H,
*Jin = 3.8, Th-CH-4), 2.95(t, 4H, *Jy.y = 7.6 Hz, CH,),
1.84 - 1.80(m, 4H, CH,), 1.64 - 1.25(m, 60H, CH,), 0.89
- 0.85(m, 4H, CH;); HTAH T CDCl, £13%] PC
NMR K i . HRMS-ESI m/z: [M+H] caled. For
CosH ssN,Sy4, 1520.1448; found, 1520.1515. M.p. 124°C~
126°C.

3. BiRSFHIERS - AT IR IESRAE

MG da-de HIEEAN - AT LIRS HhmT DR
PL, X 3 Al S K LA PITE 260~600 nm A7AE
AR 462 nm, 363 nm, 299 nm. FLAA]
WX 462 nm 2 A5 H B ARIAR 58 P e R MR A 06 2 v 43
T D(donor)-A(acceptor) JL 5 45 14 51 2 (1) HL - % 7%
U, W 3 FER], 537 da-de (18RI I4 ) JBE R
I RBIERTERE NI 10° M em " SR,
HM da-4c (1541 - AT WLIRSOERE R AT DL I : R4
PR RIE I K T, XA ML A PRI
A YN

4. HR5ITR

AL ISR 1P A R RIS A
ALY M) 5 5 ms, JF FIER 5| AAS A
BEIERE R AR 0y T MU ER IR o ARAE BTk 4t SRAM A
TR 1) LAY RS SR AN DY kg
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Figure 3. The UV-visible absorption spectra of 4a-4¢ in dichloro-
methane (1 x 10~° M)
3. LAY da-dc E_EBRARA x 10° M)
HIERSD - AT IR i

SEH RRE R T B A BRI L, MR TE, kst
BERIKREA 6 ANERIEME] 18 BrRifEFE T, Jrlbakin
K HAREEWE — S e IR 2 T Ef: /8
2 ml SR K ATV da-de (TR AN

20 mg, 12 mg, 6 mg; 2) FEFEEILEERIG K, B E AR
o Fahdh, HAife BT LRSS 55208 E; 3) #
X R 6 MR T I H AR TR UE, Bk
12 A 18 ANBR T (701 (K77 R B, Bl R B D

4) BEE e R RORE N, HAR> TRt A A
RRE O, 0 THIE SARKUCT R 5) 2RI AR
& RIFIE RIS, 7E 460 nm 7243 7] WX A 1R
KAWL, e SEBE RIS SR A - AT Il
UMK . 2, RIEASCE T R e R B AT
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