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Abstract: A series of saturated alkyl chain decorated triphenylamine amino derivatives (Il b~d) were
constructed through condensation reaction and selective reduction of polar double bond with metal boron
hydride reactants using 4-{2-[N, N-bis(4-methylphenyl) aminophenyl]ethenyl}-benzaldehyde as starting
materials. The synthetic route was optimized by controlling reaction time and charging sequence, gradient
strengthening reductive ability of reductant and so on. The results showed that the ortho double bond of
nitro group can be efficiently reducted with sodium borohydride at —5 °C. However reduction of the ortho
double bond of cyano group requires lithium boronhydride at 80 °C for as long as 10 h. Finally, the
triphenylamine amino derivates were linked to electron-deficient nitrogen heterocyclic unit (1,3,5-triazine)
to form the corresponding covalently linked donor-acceptor (D-A) dyads (Illb~d). These products were
characterized by 'HNMR, "CNMR, high resolution mass spectrometry and infrared absorption
spectroscopy. The results of UV-vis absorption, fluorescence emission and electrochemical measurements
reveal that these dyads can form long-lived charge-separated state and have certain application prospect in
organic photovoltaic devices.
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FHFHIR-ZR (D-A) Z5HBH PR IIRER
REEA SR N TR R 555 . W OB AL
KEMBEA BN =S, SER T8 RER
M, IR CRERE, Tt BB
ARG T HE N . HE SO E AA DGR
T RE AR BETT T 5T A0 2 4 R R ) 22—

BA D-A g5 A PG DI RE M BHE H H HL
IR (D), PRI (A), Mg, 5|
ARFRMEM AR & i g . — 2t
REP ST BIIE B W R AE D-A G5 3Ll 5 | A8 e .
JC, JEHL D-A-AYY, D-A-m-A%, Dy-D,-AU AL
PR AR . TR BRI ITg I A, ik
XA PG R BT R S e 4 OB, SE ek W B AT LA
PV AT F L AL o I B DA KA 3 5, b ini 4
LA PERE. D-A 258 i ifreE 32 250 0 L5
SARILYE P RN, A LA EE By T R RS R AR,
FETEHLAT 2 5 2 A IR, AR SR B i i fg %8 i 25
VR FH A Ay [0 A% 24 i D-A AR FR LA 20 2
B, AR Z BN )2 O, R AT
FEHLHL AR 0 R 250 A fplt— 05

TEAE LY 4 BB D-A KRR, &I A PE
HHREH, ZiEHE D-A AT A YA [ ) B BT i
WL I 2 —, WHAEFSERS™ K FHBE L b FL
TG . MR K 41258 DA R AR e 22 S5 bR
B B BN G R SR
i E R AR Sk SRR, SR D-A 2544 - ik
TEAER TIN5 8% (ICT ) i3, 755 A LA
BT B Bl B RIS K, LR M B 2 B B
AR I A R R R DS A R T s
ST ATHEA TS, X LA B [ e AT 1) S vy 3 2 v A1
AL S A YR A U R IR L BRI Je R, 7E—
FERE B4R 510 )57k k£

HAT, V=28 e s R A LG D
MOBHE G4 R0 R B BE FL L . B FLA G AR
B RER DL A AL RO, S AR S SR IS T
BTk R R TE = IR e E A ik 5
A ] B R 22 M o) 2 i #E Y AR 5 D-A
SR NGRS A i E , L= A I SCHER X

HER SR OT BT IR AR & 0 A SCTE IR ZH
A TARSEA 1, R AN R S S R e B i 5 | A B8
CAGHE =R WA YR LI IERIR N AL, RGEFBE
TR G EY S ROk, dd e Ir
LT ICT A X S S b SE A A0 SR e o J57
LB, IS B =R e AT AR ) S
FL 52 AR AT 8 — IR RS AT 17 A [ 2 A A g
FERVEEALR D-A i E YW ilb, Mc, Md, %
HEEASCHLPEREBEAT T, WIS X e —2K A
A5 F AT 1 D-A 45K A HDGR DIRER KL,
TCRE S A S R e BEAE I H AR M A AT BIL'G R AR B
f—%E LS 5 IR T, I N Z IR RGEHT TN
FARLPE ML TS D-A KRS W5 E — 7 Feal

1 XWiEssy

1.1 FEKFIFAUEE

4-[N,N-= (4-WIREZRIE ) 1R FOR T (R
BRI A BRAF ); —KAEFALE . WEEA (b
SR AR RAT ); =2 KSR . U W
NG SEAEE . N N-H L H EERE (R R
BHEABRAF] ); XFAHFETRAS . PR ORI A
TS AR A (LI 30 B IR B A BR S W] )5 X
HE . Al e . SALEREE (_BIgRTRL TR A R
oNE] )y PUIE T Ik . JoK S AL (KA BUR
AR A BRA A ); BERRAE . BERREE ( it Fifk
A RRAT )y EERENE . BERRE . A LEN . &
¥ CREICILAE TAH A ); H2HraER (&8
WAL TAHBRA A ); DL EIRF 0 Ry @i 4t
HA R orprali, USRI . N, N-— 3% ke 22
Tt TR T ZE AR T

VARIAN INOVA 500 MHz #; i 2e 45 e A% ( 5
[E Varian /A 7] ); Bruker AVANCE III 400 MHz ¥ #;
HEHR P . MiorOTOF-Q 11 VAR £, 18- 5 38 3¢ FH A
( 7= Bruker A7 ); Thermo Nicolet 380 & HL i- 25
WL AMNEIEAL . LCQ advantage MAX W AH (11 -ESI
JRHERE Y ( 22E Thermo Fisher BHE A F] o
12 EWAZE

Ma, Mb, Mc. IdMEBBELWT HIR,

z 2 2N— )—CH=PPh, i O
}>\I~®—CHOON > m No, SnCl2LO.HCL S O \ O NH,
la la
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MTPA-CHO

1.2.1 4-{2-[4-N, N-= (4-FAF L) RAXK|T
M AR P8 (MTPA-CHO ) #946%,
MTPA-CHO AR SCHR[ 19107 A, R 75%,
MRG0 | o o HE T LA R 2 AN TS B A
'HNMR (500 MHz, CDCl;), 6: 9.98 (s, 1H), 7.85 (d,
J=8.5 Hz, 2H), 7.62 (d, J=8.0 Hz, 2H), 7.37 (d, J=8.5
Hz, 2H), 7.20 (d, J=16.5 Hz, 1H), 7.09 (d, J=8.5 Hz,
4H), 7.03~6.97 (m, 7H), 2.33 (s, 6H); HRMS(ESI),
calculated for CyoH,gNO' [M+H]™: 404.2009, found:
404.2009; IR(KBr), viem ': 3440, 3023, 2917, 2833,
1692, 1587, 1503, 1419, 1320, 1275, 1165, 1108, 962,

818, 710,
122 1-83-1- (4-{2-[4-N, N-= (4-F L ¥ L) &
EFAITHAER) P (TTb) e R

EW La, [a Byl & S ROCIRST %
EW b, b MAEMRAENT: LIART, ¥
M (0.42 g, 6.00 mmol ) I T /K L
(10 mL )", i 0 3 ¥ = 2 , %15 3% it MTPA-CHO
(0.50 g, 1.24 mmol ) FYPUEKIG (25 mL) ¥,
R TRV 3 ho SO 45 o5 R £ BRI 35 1R R
pH E Pk, SRIGH LR LBRAH, A HLA FHJC /K B
PR BE T E%Hsﬁi’é%ﬁz\ﬁ% WRVER vV (CFmEE ) -
V(LBROTR) = 4 1, REFESEOEKRILED
Ib(051g, 4&% 99% . '"HNMR (500 MHz,
DMSO-d), 8: 11.23 (s, 1H), 8.12 (s, 1H), 7.59~7.55 (m,
4H), 7.46 (d, J=9.0 Hz, 2H), 7.22 (d, J=16.0 Hz, 1H),
7.12 (d, J=8.5 Hz, 4H), 7.08 (d, J=16.5 Hz, 1H), 6.93 (d,
J=8.5 Hz, 4H), 6.87 (d, J=8.5 Hz, 2H), 2.26 (s, 6H);
HRMS(ESI), calculated for CHyN,O" [M+H]":
419.2118, found: 419.2118; IR(KBr), viem™': 3417,
3291, 3025, 2915, 2861, 1900, 1634, 1590, 1504, 1417,
1320, 1280, 1172, 1111, 964, 816, 708,

$164E% 1 b( 150 mg, 0.36 mmol ) fIlA 100 mL
= HHA, KA R A SR (110 mg,
1.70 mmol ), PUE MG (10 mL) MZEE (5 mL)
T N BRI 2 mol/L FhMR/KIEW (15 mL ).
J 1) SRR 2 AT 238 25% &K (2 mL>,

HONHz HC1 + . N— OH gz, dust, Hgl
CHNO, | ‘_\_.JNOZ 1.NaBH,, -5 C

2.Zn dust,HCI, rt

I %‘—\_.JCN

\NHZ

LLiBH,, 80 C NH,
2.LiAlH,, 80 C_ O \ O
Ia
TN A B 10%00 S B AL R /K 58 I R A

# pH £ 10, LMROTEAW, A HUAHHICAKB R

T, RERCHE s Es, e v (& b)) v

(HEE) =41, EEEHRAZEOMAED b,

123 1-8&HK-2- (4-{2-[4-N, N-= (4-F LKk ) &

AR TH R FK) wft (Ic) #96m

ST, 7E 100 mL KA RGN AL S

¥ MTPA-CHO( 1.20 g, 2.98 mmol ), K Z F&( 20 mL ),

Bt R 4% (0.92g, 12mmol ), A§HEH % (0.75 mL,

14 40 mmol ), 100 °CJZ i 12 ho BHEIE RS,
UK, “EWBEAE, A YU JCK B RR BT

stk, FERCAE s B, YRR v CAahEE) v (2
AW =21, RERMFRAOEELGY Tc
(1.08 g, W% 81% ), 'HNMR (500 MHz, CDCl;),

5: 8.00 (d, J=13.5 Hz, 1H), 7.60(d, J=13.5 z, 1H), 7.54
(d, J= 8.5 Hz, 2H), 7.51 (d, J=9.0 Hz, 2H), 7.36 (d,
J=8.5 Hz, 2H), 7.16 (d, J=16.5 Hz, 1H), 7.09 (d,
J=8.0 Hz, 4H), 7.02 (d, J=8.5 Hz, 4H), 6.99 (d, J=9.0
Hz, 2H), 6.96 (d, J=16.5 Hz, 1H), 2.33 (s, 6H);
HRMS(ESI), calculated for C;H,;N,O0," [M+H]':
447.2067, found: 447.2068; IR(KBr), viem™': 3440,
3102, 3024, 2917, 1625, 1586, 1502, 1419, 1325, 1271,

1171, 1111, 958, 814, 711,
AR, 250 mL = FSE KON A NaBH,
(210mg, 5.6 mmol ), 1,4-—%75% (30mL) FI L
2 (10mL) , -5 C &R MEY 1 c (500 mg,
1.12 mmol ) FJ 1,4- "4 /N3 (40 mL ) F. 1h)5
PN 60 mL 288K, LIROTEAE, A HLAHH
ToKBRREE T 1, eI (A éﬁ% WEF v (4
W) v (W) =1 s 1, JERERANRE G
BARALEY) 1 -1 (45K W 2.4 *ﬁfiﬁjﬁ ) (350 mg,
& 70% ), '"HNMR (400 MHz, CDCls), d: 7.44 (d,
J=8.4 Hz, 2H), 7.34 (d, J=8.8 Hz, 2H), 7.18 (d, J=8.0
Hz, 2H), 7.08 (d, J= 8.0 Hz, 4H), 7.01~6.98 (m, 7H),
6.93 (d, J=16.4 Hz, 1H), 4.61 (t, J=7.2 Hz, 2H), 3.32
(t, J=7.2 Hz, 2H), 2.32 (s, 6H); HRMS(APCI),
calculated for C;HsN,O,” [M]": 448.2145, found:
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448.2145; IR(KBr), v/iem ': 3430, 3026, 2918, 2860,

1596, 1549, 1505, 1426, 1376, 1318, 1274, 1175, 1110,

961, 813, 712,

KAk a9 1 c-1 (200 mg, 0.45 mmol ) Jil A
100 mL = [, S ARP FARINAEER; (290 mg,
4. 46 mmol) PO LM (10 mL) FIZEE (10 mL ),

HTE MR RPZEE M 2 mol/L R /K W
(20 mL ), 2 h J5 58, A BEAE I, A LA
TR REREE T8, BERCHEN BT, Wk v ( &
Hge) : V(HE) =41, EEEEINGOILEY
Mc,
1.2.4 1-8H-3- (4-{2-[4-N, N-= (4-F 1 F L ) &

AFRVTH A FR) A (11d) #96mk

SRR L AE 100 mL = FH AR R In A KOH
A (49 mg, 0.86 mmol ), ZN5 (10 mL ), ® SifiEFk
FHE 2 80 °C Il , TR Infk& 4 MTPA-CHO
(180 mg, 0.45 mmol ) AYPUE MM (10 mL) W,
15 min J5 A S I EIA 50 mL pKAKIER T, 1
FEVEOK, TR CFRAEHL . A HLAH FH JC/K B R B T 442
ﬁﬂsﬁiéwaﬁ*, WUERI V(&R BE) - vV (Al
it) =2:1, EEGHINEEEELEH 14, 1d
AEAEN fiﬂﬂﬁlﬂ‘@’ﬂ, H(2)-1d 20 mg, (E)-1d
123 mg, SR 75%, Z-isomer: 'HNMR (500 MHz,
CDCly), d: 7.80 (d, J=8.5 Hz, 2H), 7.53 (d, J=8.5 Hz,
2H), 7.36 (d, J=8.5Hz, 2H), 7.15~7.08 (m, 6H),
7.03~6.94 (m, 7H), 5.39 (d, J=12.5 Hz, 1H), 2.33 (s,
6H); HRMS(APCI), calculated for C; H,eN, [M]":
426.2090, found: 426.2098; IR(KBr), viem™: 3425,

3025, 2921, 2856, 2210, 1588, 1505, 1416, 1321, 1271,

1171, 1079, 961, 812, 713 . E-isomer: 'HNMR

(500 MHz, CDCly), 8: 7.50 (d, J=8.5 Hz, 2H), 7.42 (d,
J=8.0 Hz, 2H), 7.39~7.34 (m, 3H), 7.13~7.08 (m, SH),

Id

fEEY Ma MKIEA R 2 /468 B kA
AP, b AA a0 - AP F, £E 100 mL
X AR oM A =R A H (TRC) (63 mg,
0.34 mmol ), PUE MR (2 mL ), N,N-_"SFHA I
30, UK, K122 AR S T 1Y
DU LI (10 mL ) ¥ VR 22 1% i I 20 3.0, Bk
KR 1 h, IMAZERIK, 2R OB, A HLAHHIC

7.02~6.98 (m, 6H), 6.94 (d, J=16.0 Hz, 1H), 5.85 (d,
J=17.0 Hz, 1H), 2.33 (s, 6H); HRMS(APCI),
calculated for C3HyN, [M]": 426.2090, found:
426.2093; IR(KBr), viem: 3435, 3024, 2919, 2857,
2208, 1584, 1503, 1417, 1321, 1280, 1171, 1110, 963,
818, 709,

P& (ZE) -1d (150 mg, 0.35 mmol ) Jill
A 100 mL R EH, @AET FHKKMA 2mol/L
LiBH, DU LA (0.76 mL , 3.5 mmol ), lﬁléﬁﬂx
i (4mL) FISAEE (6 mL), 80 °CIEIE 10 h,
HAEEW, A 50 mL ZEM KB HE 30 min, maz
BE AL, A3 HLAH FH JC K B R B 1k Eiﬂﬁd‘fﬁ ﬁ
“)‘, WBER v CHIhEE) VvV (ZBROHE) =4

ez R Rt EIARIE AP 1 d-1 (S50 2.4 ﬂi
ﬂjit)(lzs mg, JF 83% ), 'HNMR (400 MHz,
CDCly), d: 7.45 (d, J=8.0 Hz, 2H), 7.34 (d, J=8.8 Hz,
2H), 7.20 (d, J=8.4 Hz, 2H), 7.08 (d, J=8.0 Hz, 4H),
7.02~6.98 (m, 7H), 6.94 (d, J=16.0 Hz, 1H), 2.96 (t,
J=17.2 Hz, 2H), 2.62 (t, J=7.2 Hz, 2H), 2.32 (s, 6H);
HRMS(APCI), calculated for CsHyN," [M]":
428.2247, found: 428.2276; IR(KBr), v/em : 3431,
3024, 2921, 2857, 2244, 1900, 1595, 1505, 1421, 1320,
1282, 1172, 1108, 960, 814, 712,

BAEE4 1 d-10 60 mg, 0.14 mmol )fi A 100 mL
AR, SRR FARYOMA P Z LI (10 mL ),
SAbAE4 (69 mg, 1.85 mmol ), 80 °CIalif S 5 h,
VBHEREER, ZEEM 0.1 mol/L NaOH /KiF K

(50 mL ), #i+E 30 min, MR ZEEFEEL, A HLAHM

ToKBRIREE T 1, RERCA:E A5, WEEH v (=
EFkE) VvV (HEE) =4:1, ﬁﬁ?@n el &
Yd,

1.2.5 Ma, b, Mc. Md #4%
Ma. Mb., Mc. Md HEREELU T iR,

01 \
e Q 4._\_.,_‘CH2)—N—k N)\Cl

MTPA

Ma~11d, n=0~3

TR R Tk, Eiﬂsﬁiﬁf&éa\
Hke) =V CaumiE) =3 : %\Eﬁﬂq@“ﬂ(g@
1RAL A9 Mb( 65 mg, YK 33% ), 'HNMR (500 MHz,
DMSO-dq), J: 9.62 (t, J=6.0 Hz, 1H), 7.52 (d, J=8.5
Hz, 2H), 7.45 (d, J=8.5 Hz, 2H), 7.29 (d, J=8.5 Hz,
2H), 7.16 (d, J=16.5 Hz, 1H), 7.12 (d, J=8.0 Hz, 4H),
7.06 (d, J=16.5 Hz, 1H), 6.93 (d, J=8.5 Hz, 4H), 6.87
(d, J=8.5 Hz, 2H), 4.52 (d, J=6.0 Hz, 2H), 2.27 (s, 6H);

. RBER V(R
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BCNMR (100.6 MHz, DMSO-d), 6: 170.0, 169.1,
166.0, 147.7, 145.0, 137.0, 136.8, 133.0, 130.7, 130.6,
128.4, 128.2, 127.9, 126.7, 126.3, 125.0 , 122.1, 44.3,
20.8; HRMS(ESI), calculated for C3,H,3CIsNs [M+H]":
552.1716, found: 552.1717; IR(KBr), viem™": 3430, 3256,
3027, 2921, 2855, 1621, 1598, 1549, 1509, 1427, 1405,
1322, 1283, 1240, 1171, 1102, 967, 848, 820, 714,
k&P ic, Md &A% S0A Y b HIH,
IR AR, Oni A5 2R A EAR LG e
(50 mg, YK 20% ), "HNMR(500 MHz, CDCl5), d:
7.44 (d, J=8.0 Hz, 2H), 7.35 (d, J=9.0 Hz, 2H), 7.17 (d,
J=8.0 Hz, 2H), 7.07 (d, J=8.5 Hz, 4H), 7.04~6.99 (m,
7H), 6.94 (d, J=16.5 Hz, 1H), 5.85 (br s, 1H),
3.78~3.75 (m, 2H), 2.91 (t, J=7.0 Hz, 2H), 2.32 (s,
6H); "CNMR (100.6 MHz, CDCls), 6: 171.1, 169.7,
165.7, 147.9, 145.1, 136.6, 136.5, 132.8, 130.5, 130.0,
129.1, 128.4, 127.3, 126.6, 125.8, 124.8, 122.3, 42.6,
34.9, 20.9; HRMS(ESI), calculated for C33H3CLNs"

[M+H]": 566.1873, found: 566.1873; IR(KBr), v/em '

3430, 3264, 3025, 2920, 2857, 1628, 1598, 1550, 1509,
1444, 1406, 1354, 1322, 1283, 1238, 1166, 1041, 1108,

963, 845, 819, 714, J 152K B 4 AL A9 M d
(35 mg, UL 43%), '"HNMR (400 MHz, CDCl;), J:
7.42 (d, J=8.0 Hz, 2H), 7.34 (d, J=8.4 Hz, 2H), 7.15 (d,
J=8.0 Hz, 2H), 7.07 (d, J=8.0 Hz, 4H), 7.04~6.98 (m,
7H), 6.94 (d, J=16.4 Hz, 1H), 5.86 (br s, 1H),
3.54~3.49 (m, 2H), 2.70 (t, J=7.2 Hz, 2H), 2.32 (s,
6H), 2.00~1.92(m, 2H); *CNMR (100.6 MHz, CDCl5),
5 171.1, 169.9, 166.0, 147.8, 145.2, 139.7, 136.0,
132.8, 130.7, 130.0, 128.7, 128.0, 127.2, 126.5, 126.2,
124.8, 122.4, 41.1, 32.7, 30.4, 20.9; HRMS(ESI),
calculated for C34H;,CI,Ns" [M+H]": 580.2029, found:
580.2025; IR(KBr), viem™: 3434, 3259, 3021, 2923,
2854, 1626, 1599, 1549, 1508, 1441, 1403, 1354, 1322,
1282, 1237, 1158, 1102, 1030, 965, 842, 805, 715,
1.3 MikAE
PEAR A . A #8 S CHI600E H {2 T

YEuh ( BRGNS AT PR A A ), SR FH = Bl A
7, VABCORHARAE R TAEH AR, S22 4 M5 B F i
Ag/AgNO; HLIAE RS E R B RN AL A T i) Bl
5% 107" mol/L 44 B, FEHIADY T 3N ik
PR AE M e fge o, HOREE R 0.1 mol/L. AT 7] £F
M AR 15 min R4, SRR, A
RN 30 mV/so ERAM-1] WL OGS I . 5
i #8% EVOLUTION 300BB %l 284439656 B (2
Thermo Fisher BHE A ), KRR & P c i pl 5
x 10° mol/L A H ek, =i Fitfrmik, H
575 200~800 nm., A2 ML AR DEIL
{3454 Varian CARY ECLIPSE &340 Y66 EE T
( & Varian A7 ), KRR A WECHI K 5 x 10°°
mol/L S W el , =i NI T, Beskvi
A 5nm, WHEKHEER 510V,

2 HR5H®

21 RNBEHNHE

TR RIEA Y, v LU P AR B A
2R — 2 A3 N R SR O B A RN i A R e B AT AR
Y, it Wittig R B R A A5 57 ok S B 1 fiF
iy, SR —P BB A G L
TR SR SN R ) SRR LR A, T
TEAR O EE Bl A A IS 0 & AR, Faim it
W J A B R 1) AT A

HifbkaW a b FRESMA, WTUIEBERH
FEER— W7k, T — 2 R N AR 2 H AR L G -
SR, MW TREEMAAEY Db, Dc, Md, HNFERX
KR AE SRS BN B s, LA S S 3 1A
FHEELAR A S AE Wittig SO B AR 5544 F 5 &
AR B i AR PO, AT H AR CRARAL, itk
G b, e, d HAERAKE #1765

RIS, Ik RGN A AT e 2 X A
WE A G EmfS ., o, T 0o, e, 1d
SR SRSTRUNIAE ST 2P R iR 70
B, S FEASBOR [R5 R AR R o i 5
JEC 400 (R 25 A8 o 38 D s I RS AR G . PRI, 3 RS
PSSR B TR H A
22 RERYKEITESR

WEY T a B —G R, HikFIEY i
AW Ta, HEERM 4-[NN-Z (4-HIIRSL) ]
LTS S A SR I = R IR AL gt Wittig
J R AFEIY A A4 T b A g 3 i — A W0 3 42
FIRIR L, WLCRA A T HdREIRY) .
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Fig. 2 Normalized absorbance spectra of compounds 1 a,
Ib, Ic, Idindichloromethane
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Fig. 3 Cyclic voltammetry curves of compounds b, Ilc

and Il d in dichloromethane

F2 b, Mc. MdHHEALZEEDE
Table 2 Electronchemical data of compounds Mb, ¢

and IMd
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eV eV /eV /eV eV /eV
My -1.42 0.43 —5.36 -3.51 2.84 1.85
Me -1.38 0.43 -5.36 -3.55 2.85 1.81
md -1.39 0.42 -5.35 -3.54 2.89 1.81
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