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BEARE 1,1-XWEMK 1,2,3- = E Z SRR AITEIRIIE,
B F SRR

& B ZEM RERT #5E

(WEE KRR TR NS BRMKREEAN G RE LGRS  FFAERE 010021)

WE  SEIFRIE T — RAVRIUC 110U 1,2,3- =M R BRATAEY). 5 R R AT AE AR L, 1,1-XUAR
TORBATAEM B A BRI RO R B FOe T, ke A BRI I SUR TSI ABI AL S PO RS, &
TR IEIMR SR b, AR A R R R T AR JRERR, JFH 11U = S R BT A
MR E AR S A B R IR AL S I B2 3 150 mV JeA5, SRR ME TR A O o 784 SO, ik I i e 3 1,
RIS VIR MR AR 285~305 "CZIA]. 54 Hufe U BE 1 S IO X BRAT AR DI e, AR R AR AR A T
REEERAE T RN & 2 b AR R SV AR, RIS JIE R AT (KR A T SR AR B A AT i 1L 7,
KR T 2 AR EIBAR AL

R UNB =M G AL BER

Spectroscopic, Electrochemistry and Thermal Properties of Mono-
and 1,1'-Disubstituted 1,2,3-Triazolylferrocene Derivatives

Qian, Chao Chuo, Luopeng Zhao, Haiying™ Bian, Zhanxi
(College of Chemistry and Chemical Engineering, Inner Mongolia University, Inner Mongolia Key Laboratory of
Fine Organic Synthesis, Hohhot 010021)

Abstract A series of mono- and 1,1'-disubstituted 1,2,3-triazolylferrocene derivatives have been synthesized and character-
ized. In UV-Vis spectroscopy, 1,1'-disubstituted compounds have the larger molar absorption coefficient than those of mono-
substituted compounds. The fluorescence intensity weakened with increasing the number of alkoxy chain and further weak-
ened after introduction of the highly electronegative chlorine atom. All new compounds showed quasireversible redox process.
The potentials for 1,1'-disubstituted 1,2,3-triazolylferrocene derivatives anodically shifted about 150 mV compared with those
of monosubstituted compounds, indicating harder oxidation by loss of an electron for the former. These compounds started to
decompose at about 285~305 ‘C. The 1,2,3-triazolylferrocene derivative with one terminal alkoxy chain had high melting
point, and suffered from degradation reaction before changing into isotropic liquid, and those with multiterminal alkoxy chains
showed either simple melting and freezing process or crystal polymorphic phase to isotropic liquid phase transitions in the
heating and cooling cycles.

Keywords ferrocene; triazole; spectrum; electrochemistry; thermal behavior

TR T B SR Bk N ATk SRR REFATIT AN, Hrh, T RMeEY 1,2,3-
SERMSEREE, —EAZ R R MR RO R =Wl T B A, RSP AR, TR
T, BASMIIRE M R AT A R R, RERAT Kl Z TR =Rk = o 2 o oiResr 1. HoA 0
AW NER B R E S N, 1,1 1,2-R1 13- BT EERFET Sharpless K HA1EEMT 2001 4K 1
AU WA v B EE A R R A, ) — AL A HL B R SR “Click” M, %K
IRERBER . IREBRR(ENI RS S ER). R LRI AR AT DA = RO A SRR AL I Th e 7, 1X
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Se S R =M DI RE 2 T ORI T R R A
e N AN S EL 7L N UG U P
WA A RGOSR 7, 7R A AR B T R AT AR
PR R AL S SRGE MESEPE . (B2 1,2,3- =M iE
BTN 7> T A AE W Bk R IR L 2. L5 RE
TN TSR HOGIE R B, AR T EIAZ AT
WU RILPUAR R, (HRRZE 0 T R g — 2
BEAR, I s, PR T HA RN, — AT
JIERAETZ LTI BE I T A G NI IR TE BUK I 2R

LTE B3R 3R TH B8 U o B, AT RS2 T A ) (1) P .
ASCERRT — RZHHREAC K 1,1-0EUR 1,2,3- =Mt —
TRERATAW), SR Z W, Scheme 1. i 48 Ah—"a] WK
WETE(UV-Vis). 2 STEIMR 25 (CV)ITF L%
WA E R AL, W AR E(TG). REH
RO HT(DSC). A X S KATH (XRD) LA K 4
i BB (POM)STH LA W #h Itk A T 7.

1 ZR5TR

e S WS G b v v

RRFALEWD 1~4 1] UV-vis Jeil A58 i I 1.
MBI TR LAEH, AW 2¢ HT S A2 BB T AR
Wy, sV E 2 BIFE 250 A1 285 nm, 17 HE AL A WX
1E 245~500 nm Z [8] I — ey, X Lem i )= &8 T
Fe(d)-n* A1 55 3L/ m-n* LT BRIE, W BES B A W U R
B, PHAC3e 5 1,1-XUHUAR 4d 15 KIS HR S BILLE 295
nm, {HE SR A A 4 B IR IS B A B K B R R RO &R

1.1

B A, TS 3¢ 1 4d HEEH =M A,
IR AR TG 1 RAE T Som A ®. Mk,
G 4c THTIINT AR EET, MRk
KAET 9nm KRS,

PG WA 1 4, ORI 253 nm. M EH
A, XL AP GG A BLAE 250~450 nm 2
B, &Y 1 %R, B 7% &:=0.0236. f
FReEEERIIIN, (LAY 3¢ A 4d 726 HE B ES, X
A TR A A T IRIE AT XL 8 T 45 B T2, T AE
(AL 8 TR T B TR B R RN, A &R
T BB PR a5 3 — P Uk 55 (2¢: &,=0.0084, 4c:
@;=0.0062).

1.2 ARM

HEUR 1,2,3- =ML TRERATAEE R R, A
e~ EA AN DY S A R, A NN- I
e fl 208 e s fEvEZ, £ ZF . B, 2.
Z I N Sl e O NS S R i = N s e S e/ B ey
FEU SR T AL A 3b EARFIRE A iR
T R A AT TS, 45 LA 2. B 295 nm Ak ()
WEEE IR R, P 2IAEE L X R(R=
0.99987). K H AT MU A (»=0.03389x—0.0090) 1]
K ELRIRIR, B A RNE R 208 IR, IR
FR AT W U1, B 295 nm ARG EE, AR
Lambert-Beer €, 1 b #iE w15 2 RN,
ALRAFEAA R AR B, bl 5 3b 78 & H feH
HIFAREE N 256.3 mgemL ', FIREAERIIIAR 5 1 H 5 H
HeamE & b i @E. 10 17.2 mgemL ™',

. N=N N=N
N3 CuS0," 5H,0 ; / Arcocl
?/ g : : NO, sodium ascorbate <N PdC N~ —_—
@ THF, H,0 Fe NO, NaBH,4 Fe NH,
5 6
=N OC,Han+1
N 0
N~ T Ar= OOC1szs A), OO @), romzm 3)
Fe N Ar OCnH2n+1
> H al 0C,Hans
1~3 2a:n=12,2b:n=14,2c:n=16,3a:n=10,3b:n=12,3c: n= 14
OC,Hap+1
©/N3 Q CuSO,* 5H,0
Fe OCHzn+1 sodium ascorbate
+ :—< >—NH
N3/© X OC,Hopes THF, H,0
X=Cl7a:n=10,7b:n=12,  H,,,C,0 N,N=N
7c:n=14 X @/ Z (0]
X=H:7d: n=14 Hop+1C,0O H Fo . OC,Han+1
A H
Hope1CO PN 7N X OC,Han4q
N=N OCnHZn+1
4
BR 1 hEY 1~4 AR
Scheme 1 Synthesis of compounds 1~4
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Figure 1 UV-vis absorption and fluorescence (insert, A, =253
nm) spectra of selective compounds 1~4 in CH,Cl,

2¢: 24.8 mgemL ™', 4¢: 105.4 mgemL ™', 4d: 146.5 mge
mL™ AL, S AR AR 1,2,3- =k %
PRATAMIAE — ST Be I A BRI, R e Sk BE 8
BI=AN5, WEREEERIERESRT, 534k, 11U 4 51
AR R P B R 3 R A1 AR,

1.09

Abs./a.u. at 295 nm

10 15 20 25
Concentration/(mg-mL-")

T T T T T
300 400 500
Wavelength/nm

B2 A& 3b FEAFIREE CHyCL W HRIT UV-Vis Y6t
Figure 2 Absorption spectra of 3b in deferent concentrations
CH,Cl,

Inset: the plots of absorbency at 295 nm versus concentration. The
straight lines are linear least-square fit to the data

1.3 HBAFEMR
REAEDITERRZ(CV)IIZL LA 3, FHALE R
HABIES TR 1. WNE 3 5K 1 alH, £ aym
W R VR R BRI R A T — AT R
y51 B ot s el U L7 N B VAL SRS AN OB 2R A %Y W2 X VA
Eqjp MINHF AN Fe/Fe MMM R A T #635h, HI
£ 195~351 mV Z 8. XTI ED) 3¢, 1,130
HUARHT de A1 4d P HA R A TE RS2 150 mV), K&
5 TR N 157 N B VAl RV VA L Sy X7 STl S N

2330 http://sioc-journal.cn/

Gy RAER BT IR R, Ak, S ST de (1 HL 3
FEAE SR T 4d (01K, MBS 2¢ 11 IS WEE 3]
MIFEIER. Wik 1 PR, LHEHEEHA 50 mVes ' i,
AE{BAE 82~104 mV 7 A7, Heil — 58k nl st (¥ S8 A ik J5
L IAE, (R dpo/ip TS 1, UEHT R — AN ] I A AL
I SRR,

121

Current/uA
N
1

Potential/V vs Fc/Fc'

B3 EY 1~4 £ CHCL R CV 12k
Figure 3 CV curves of compounds 1~4 in CH,Cl,
E1 AW 1~4 1E CHCL W (8 A8 5 HL# (vs Fe/
Fc")
Table 1 Electrochemical redox potentials (vs Fc/Fc") of com-
pounds 1~4 in CH,Cl,

Compd. E,"/mV E,’/mV AEImMV  E;n"MmV i /A ipind

1 254 154 100 204 8.16 124
2c 239 135 104 187 9.73 1.15
3c 243 148 95 195 539 1.25
4c 381 299 82 340 590 1.65
4d 393 310 83 351 6.19 2.12

© 2017 Chinese Chemical Society & SIOC, CAS

¢ Anodic peak potential; b Cathodic peak potential; © AE=Ey,—Ej; TE =
1/2(Epat Epe); ¢ anodic peak current;” ipe, cathodic peak current.

1.4 MR

NT TR RIAE VI RFRE T, 72 N, SR,
IS [FP TG-DSC AU TARERAAY) 2¢, 3a Fil 4a #4
K, AICUE IR AR AR IR B 7E 285~305 C
2 18], LA 2R S e e R .

il DSC Al POM SEEGAF 78 1 I R AL AW A
JR. AT NEES TR 2, L DSC ikl POM &
B 4 FE S, FEIEFF ST B, M DSC #h £ %2
FMEBEW 1 25T N—Fi AR COE R — Rl fi R (C2) 1)
FHEEAR, ke indg, a1 BEEA ML A EE
AVEMR, TR BB, X7 POM WG thigEs). 25
WEBHEING, E8H 12 MR FREE S 2a
BT AL IS, RS B AE K B 14 B 16 ANk 5
T(HLAEY) 2b Fil 2¢), B ML RGNS, FRATHEN
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Table 2 Phase transition temperatures and associated enthalpies of compounds 1~4

Phase transition/’C [AH/(kJsmol )]

Compd.
. First heating

Second heating First cooling

1 C 161.5(7.1)C, 180.9 (2.3)
2a C,79.3(2.4)C, 172.9 (—2.4) C; 202.1 (—3.0)
2b  C,74.87(2.3)C, 165.5 (—2.3)

2¢  C,71.4(2.9)C, 163.3 (—3.5)

32 C, 113.8(37.9)C, 155.1 (62.5) 1

gp  C1404(12.8)C; 1137 (34.8) G 117.6 (—18.2)
C, 136.1 (28.4) 1

3¢ C,54.8(37.8) C, 103.4 (—2.8) C; 136.5 (39.6) I

4a  C171.7(55.6)1

4b  C169.9 (43.6)1

d4c  C,;64.4(50.4)C, 122.5(7.9) C5 170.4 (68.4) 1
4d  C;60.1(36.5)C,181.4(32.7)1

C, 46.1 (4.2)
C, 66.5 (12.7)
C, 114.7 (—13.8) C, 154.8 (60.7) I

C, 112.1 (8.4) C, 116.8 (—14.5) Cs
135.5(19.8) I

C, 115.4(12.1) C, 120.3 (22.6) Cs
137.3 (29.8) I

C171.2 (40.3) 1
C 168.4(36.3)1
C;29.5(20.3) C, 168.9 (46.2) I
C, 16.4(26.3) C, 185.5(29.2) I

38.8 (5.0) C,
60.7 (12.5) C,
190.7 (—26.5) C

182.6 (—21.1)C

184.7(—22.2)C,

1148.6 (—33.2)C

11459 (—32.4)C,

1147.5(—39.7) C, 18.7 (—23.5) C,
1167.4(—29.6) C, 9.7 (—33.2) C,

“C: crystal, I: isotropic.

ATREE A e SEUHE A SR A BT A M R,

TEREAR F3% 10] [ R VB AR AT B T
127
10
87
67

>

2 27

2 0oT—— 3b h2

5 2 A

$ 4] ad c1

-6-//\
1 4d h1

_8-\-/N~

-101 4d h2

'1 2 T T T T T
0 50 100 150 200

Temperature/°’C
Bl 4 L& 3b Fl 4d (11 DSC £k
Figure 4 DSC traces of 3b and 4d
h1: the first heating, h2: the second heating, c1: the first cooling
N TR S &, BAIHE T80 =
AEERIED) 3a~3c. EINRGERED, ED 3a KE
mR(CDH R AR (C) MM AL, DSC e 155 C il
LT —ANRIEAE(62.5 kJemol ") A, IhR BE it
R F AP 5. 7E POM SE560 FF B ISR 2L 54 3a
KT N it A B &) [ VR A AR AR ARV I AR
t, AEY 3a AAE 90 CHHBL 1 — MR B,
BEEBEAE K E] 12 A1 14 DMRIGKCEERS, K54 3b M 3¢
(s SRR 136 CAidq. Ubah, fEMRGERERR TR
A= % BAAHEE AR AL, 3b AT 3¢ 73 HI4E 117 A1103 C ML
ILEE g, RA d AT, XA RAE POM
AR RNIESE. & Sa 2L 3b £ IKINHE 126 °C
Fr it B AR R, B E Y 3b fEE— B inFad 1,
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B5 (&Y 3b 58 0T HRE 126 CHI(b)LEY) 4d 55—
RBEIRZ 177 CH) POM B (20X)
Figure 5 Polarizing optical microscopy images (20 X) of (a) 3b
at 146 ‘C during the second heating period, and (b) 4d at
177 °C during the first cooling period

BEE 7> FImsh It I3gm, 27 BT 7R P HERE
JICHT B AL,

1h&9) 4a~4d 1] DSC 24 WL3K 2. 5 4d MHEL, &
HERIETHEY) da~4c 155K, ATREH TEDT
NI 23 R T 5] AR EE BRI T 70 F B PRk, Bft
55T da~de FXTT 4d TS A REE G P ARSI, Rk
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YA BRI, 4a F 4b 7EINFAFNYA ENGEFE A 00 %2 30—
(A e AR [ R, 7RG FE AR, 170 CR I
W UG VA DR T A A P A A, G ST R R A B
18, IEK BB RIS AR A K. ST A 4e R
4d, 7ENNFAANAZERE S, WS B E C1 2 dhig C2 LA
i C2 B 1R FIPE AR AL AR, L&D 4d 76 —IK
AEEFEF, BT HI T, /£ POM MER]T
AT I E (B 5b), XFILRAE XRD 250 H it — 04k
WEsE. Wl 6 Fow, fEm#adfEsh, th&9Y 4d 75 20=
21.02° Bt Iz i B W T ek 55, IRV, 76 20=15.79°HH 3
TN ELE 6 o165 CHIMILZL), i E BE
d-spacing 15 5.61 A, X BT 437l i) 2 2 20,

422 A
25°C
80°C
561A
165 °C
10 15 20 25 30 35
20

B6 &4 4d (AR XRD ik
Figure 6 XRD patterns of compound 4d at variable tempera-
tures

2 g

EIFRAE T — RAVBPIAC S 1,13 1,2,3-=
e BE —RBRATAED). X LAY B B RIS
PERL. MWIEMMR 2 Se g rh B2 2, I R YL EY) Es1E
AL AR SRR SRR 1,2,3- =B TR R AT
AP, SRR A AT kA2 2K BT (R AR A SO
XAV EA B E PR, 7E R AR
FRPERLLT. & e SR EE 1A W TE D Ao AR e AR I
file, T & BHIERAE T BEMBRIL, &0 2 RN EY),
TEINFAANYA F1 0k FE A (0 R A T 5 it R 4D 9 oA R 2 [
R, BRIRAT Z S BRI AE . IR N
O R EE R EIIREN 1,2,3- =M BT it
—E M HS KR

3 SLEES

3.1 UFESMH

RS 1L 1-RER S A kP DL R 95 B
SIS BOCER VR A . BT AR TR Y D T T 4l
A, FEA T TR T

Bruker-ALPHA {i L AR 2T 4R 6 1843, KBr J& 7
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Avance 500 Bruker (500 MH2)#Z R 3 9R1X, LA TMS AN
Fr; B UV2600 UV-vis ¢ ik 41X ; TonSpec 7.0T
FTICR/MS =7 #HR A, H AL F-4600 6 REL, 5
HE TR LZEE NS H(=0.205, ZEEER)P, @
o e 515 5], AUTOLAB PGSTAT302 Hifk
FONTX, AE 298 KN, FEAVE T T CHLCL W,
BN 0.1 moleL ™" PU T JE /N FUBE IR Z (TBAPF) /A S #F
FLART, P =M TIE, B AN TAE AR, Pt Xt
HLA%, Ag/AgCl NS HLHML, Fo/Fe'fENAMER, FHE %
100 mV/s; NETZSCH STA 409 PC/PG [A]?6 TG-DSC 1%,
N, A4 TA Q2000 DSC 1%, N, 55K, MH#GEE 10 Ce
min_'; D8 discover ZZ{E XRD 1. Leica DM4500P { ¢
ST, LTS420 4.

32 SWHE

3.2.1 b 5896 &

TR SR (0.5 g, 2.2 mmol) 5 P RE I I 2B
(0.32 g, 2.2 mmol)¥FfAETE 33 mL THF 1, =i 4 5% i
T 14 mL /K CuSO,4+5H,0 (0.55 g, 2.2 mmol)i& il
9 mL 7K IPTIR ML EZE4(0.88 g, 4.4 mmol)iA. N IR A
PrEESEFE 12 h, N 10 mL NH;eH,O, #ii ¥k, H
CH,CL ZHL. AHUEHER/KEE, 7Kk, To/K MgSO, T
PR 75 A, R EAT, CHLCL, PRl WS —aF,
CH,CL/A Bk E 45 58] 0.7 g tb&EW 5, 77F 85%.
m.p. 210~212 ‘C; 'H NMR (500 MHz, CDCl;) &: 8.33
(d, J/=9.0 Hz, 2H, ArH), 8.11 (s, 1H, triazole-H), 8.07 (d,
J=9.0 Hz, 2H, ArH), 4.91 (s, 2H, Fc-H), 4.34 (s, 2H,
Fc-H), 4.26 (s, 5H, FcH); *C NMR (125 MHz, CDCl;) o:
147.38, 145.49, 136.60, 126.19, 124.39, 120.42, 93.37,
70.33, 67.02, 62.23.

322 bt T 89A R

4-ZIRFEFENE(0.1 g, 0.85 mmol). 4- - FI LG FE kg
(0.01 g, 0.082 mmol) 5 0.5 mL Et;N J&AELE 10 mL T-H )
CH.CL H, $HiFET 0 CIMAEA 3,4,5- ki 8 52K
%0(0.85 mmol)F1 0.5 mL Et;N ) 10 mL T4 CH,Cl,
. RNIRAYIEERFE 12 ho TLC Ml NEFE.
N FERE, JKEE, ToK MgSO, T4, WL 7% U7, i
AL EMT, CH.CL/A BV © V=1 D). WL —
7, CHyCly/ f1 ik B 45 R S 2L 50 7.

2-5-3,4,5- = (T B I )-N-(4- £ JR R 50 2 F I
(7a): AMEE, 5% 42%. mp. 68~69 C; 'H NMR
(500 MHz, CDCLy) 8: 7.76 (s, 1H, NH), 7.61 (d, J=8.5 Hz,
2H, ArH), 7.50 (d, J=8.5 Hz, 2H, ArH), 7.02 (s, 2H,
ArH), 4.03~4.00 (m, 6H, OCH,), 3.07 (s, 1H, CH),
1.84~1.72 (m, 6H, CH,), 1.48~1.44 (m, 6H, CH,),
1.35~1.25 (m, 60H, CH,), 0.88 (t, J=7.0 Hz, 9H, CH;);
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HRMS (MALDI “) caled for Cs;HoeNO, [M + H] '
858.7339, found 858.7342.

2-5-3,4,5- = (T B L )-N-(4- R FE ) K
J(7b): EGEIAR, 723 45%. m.p. 64 C; 'H NMR (500
MHz, CDCL3) 6: 8.18 (s, 1H, NH), 7.61 (d, J=8.5 Hz, 2H,
ArH), 7.49 (d, J=8.5 Hz, 2H, ArH), 7.16 (s, 1H, ArH),
4.05~3.98 (m, 6H, OCH,), 3.07 (s, 1H, CH), 1.85~1.72
(m, 6H, CH,), 1.52~1.43 (m, 6H, CH,), 1.25~1.35 (m,
36H, CH,), 0.88 (t, J=7.0 Hz, 9H, CH;); HRMS
(MALDI") caled for C4;sH7CINO, [M+H] ™ 724.5072,
found 724.5080.

2-5-3,4,5- = (WUt 56 FE )-N-(4- £ Je % 35 ) 2 F
fiE(7e): AEE, 773 40%. mp. 65~66 C; 'H NMR
(500 MHz, CDCl3) d: 8.20 (s, 1H, NH), 7.62 (d, J=8.5 Hz,
2H, ArH), 7.50 (d, J=8.5 Hz, 2H, ArH), 7.15 (s, 1H,
ArH), 4.05~3.97 (m, 6H, OCH,), 3.06 (s, 1H, CH),
1.83~1.74 (m, 6H, CH,), 1.50~1.42 (m, 6H, CH,),
1.35~1.26 (m, 48H, CH,), 0.89 (t, J=7.0 Hz, 9H, CH,);
HRMS (MALDI ") caled for Cs5HgCINO, [M+H]'
808.6011, found 808.6007.

3,4,5- = (1 VY e 51 2 )-N-(4- 20 bR 25 356 ) 2% H G i
(7d): AMEA, #F 50%. mp. 67~68 C; 'H NMR
(500 MHz, CDCL3) §: 8.14 (s, 1H, NH), 7.61 (d, J=8.5 Hz,
2H, ArH), 7.48 (d, J=8.5 Hz, 2H, ArH), 7.17 (s, 1H,
ArH), 4.06~3.99 (m, 6H, OCH,), 3.06 (s, 1H, CH),
1.84~1.74 (m, 6H, CH,), 1.55~1.43 (m, 6H, CH,),
1.35~1.26 (m, 60H, CH,), 0.89 (t, J=7.0 Hz, 9H, CH,).
HRMS (MALDI ") caled for Cs;Ho;CINO, [M+H] "
892.6950, found 892.6946.

323 b 1~3 8946

WA 5 HRAE CHCL/FEEGO mL, Vi V=1:1)
o, B 5% Pd/C (100 mg), #&J5 % =M NaBH, (60
mg, 1.5 mmol). KMIREYEiR$EFE 30 min. F3E, H
CH,CLPEJEE, A HUAHFHTE/K MgSO, 0. ek 25 %
A, fEIER 0.085 ¢ M=) 6, RATAIMN, HEH
N TF—2H M.

FLP=9 6 (£ 0.085 g)7 T 10 mL T4 CH,Cl, 1,
0 “Cihn7% 3 5(0.3 mmol)ff) 10 mL CH,CL &, =
BBEFE 12 h, RMFEEE, R Z HER, fEREET,
CH,CL/EtOAc (V @ V=10 @ D) i, W5 — 4,
CH,Cly/ 1 Tk B 25 A3 B A1) 1~3.

4-( T BRI )-N-[4-(1- TR HE-1H-1,2,3- = :-4-
BRI BERZ(1): 77% 43%. UV-vis (CH2Cly) Amax
[lg &/(Lemol 'scm")]: 290 (4.47) nm. '"H NMR (CDCls,
500 MHz) o: 7.96 (s, 1H, NH), 7.89 (d, J=8.5 Hz, 2H,

Chin. J. Org. Chem. 2017, 37, 2328~2335
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PhH), 7.86 (d, J=28.5 Hz, 2H, PhH), 7.82 (s, 1H,
triazole-H), 7.75 (d, J=8.5 Hz, 2H, PhH), 6.98 (d, J=8.5
Hz, 2H, PhH), 4.90 (s, 2H, FcH), 4.30 (s, 2H, FcH), 4.25
(s, 5H, FcH), 4.03 (t, J=6.5 Hz, 2H, OCH,), 1.84~1.79
(m, 2H, CH,), 1.50~1.44 (m, 2H, CH,), 1.38~1.27 (m,
16H, CH,), 0.89 (t, 3H, J=6.5 Hz, CH;); “C NMR
(CDCls, 125 MHz) o: 164.18, 152.05, 145.05, 138.31,
128.88, 126.50, 121.88, 120.93, 120.26, 115.56, 114.54,
100.18, 96.26, 70.87, 70.23, 68.32, 66.73, 62.11, 31.77,
29.57, 26.20, 22.70, 13.88; IR (KBr) v: 3104, 2922, 2852,
1651, 1608, 1526, 1256, 1110, 1038, 840, 508 cm ';
HRMS  (MALDI") caled for CiHysFeN,O, [M+H]"
633.2892, found 633.2886.

5-B-6-(T e S FE)-N-[4-(1- — Rk FE-1H-1,2,3-=
M -4-HE) R HE-2-25 F L % (2a): 77K 48%. 'H NMR
(CDCls, 500 MHz) 5: 8.36 (s, 1H, NH), 8.28 (d, J=8.5 Hz,
1H, naphthalene-H), 8.17 (s, 1H, naphthalene-H), 7.99 (d,
J=28.0 Hz, 1H, naphthalene-H), 7.98 (s, 1H, triazole-H),
7.90 (d, J=8.5 Hz, 2H, PhH), 7.84 (d, J=8.5 Hz, 1H,
naphthalene-H), 7.80 (d, J=8.5 Hz, 2H, PhH), 7.34 (d, /=
8.5 Hz, 1H, naphthalene-H), 4.90 (s, 2H, FcH), 4.30 (s, 2H,
FcH), 4.25 (s, 5H, FcH), 4.20 (t, J=6.5 Hz, 2H, OCH,),
1.92~1.87 (m, 2H, CH,), 1.56~1.51 (m, 2H, CH,),
1.39~1.27 (m, 16H, CH,), 0.88 (t, J=7.5 Hz, 3H, CH;);
C NMR (CDCls, 125 MHz) d: 162.99, 152.73, 147.97,
141.49, 137.90, 128.49, 126.91, 124.74, 117.11, 115.80,
106.91, 89.84, 70.45, 69.93, 66.95, 62.34, 31.93, 29.49,
25.97, 22.71, 14.15; IR (KBr) v: 3107, 2923, 2852, 1656,
1594, 1521, 1251, 1060, 1040, 817, 505 cm™'; HRMS
(MALDI") caled for C4HyCIFeN,O, [M+H]" 717.2659,
found 717.2658.

5-G-6-(1 VU ke S8 FE)-N-[4-(1- — PRk FE-1H-1,2,3-=
M -4- 35 ) A )-2- 25 WL i (2b): 77 % 44%. 'H NMR
(CDCls, 500 MHz) 5: 8.36 (s, 1H, NH), 8.28 (d, J=8.5 Hz,
1H, naphthalene-H), 8.16 (s, 1H, naphthalene-H), 7.99 (d,
J=9.0 Hz, 1H, naphthalene-H), 7.98 (s, 1H, triazole-H),
7.90 (d, J=8.0 Hz, 2H, PhH), 7.83 (d, J=9.0 Hz, 1H,
naphthalene-H), 7.80 (d, /=8.0 Hz, 2H, PhH), 7.34 (d, /=
8.5 Hz, 1H, naphthalene-H), 4.90 (s, 2H, FcH), 4.30 (s, 2H,
FcH), 4.25 (s, 5H, FcH), 4.20 (t, J=7.0 Hz, 2H, OCH,),
1.92~1.87 (m, 2H, CH,), 1.57~1.51 (m, 2H, CH,),
1.39~1.26 (m, 20H, CH,), 0.88 (t, J=7.5 Hz, 3H, CH;);
C NMR (CDCls, 125 MHz) d: 165.27, 153.84, 147.38,
137.84, 133.53, 129.84, 128.94, 127.06, 126.61, 124.46,
120.62, 119.04, 117.53, 116.00, 101.21, 93.80, 73.83,
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70.29, 66.77, 62.20, 31.94, 29.70, 29.61, 29.37, 25.97,
22.70, 14.12; IR (KBr) v: 3111, 2923, 2849, 1655, 1595,
1522, 1251, 1060, 1040, 816, 505 cm ~'; HRMS
(MALDI") caled for C43HsoCIFeN,O, [M+H]" 745.2972,
found 745.2968.

5-F-6-(T /N e A HE)-N-[4-(1- Rk L -1H-1,2,3- =
e -4 ) OR L 1-2- 25 BB X (2¢): 7R3 44%; UV-vis
(CH,CL) Amex [lg &/(Lemol 'scm™ )]: 251 (4.48), 283
(4.40) nm; 'H NMR (CDCl;, 500 MHz) ¢: 8.37 (s, 1H,
NH), 8.29 (d, /=9.0 Hz, 1H, naphthalene-H), 8.09 (s, 1H,
naphthalene-H), 8.00 (d, J=9.0 Hz, 1H, naphthalene-H),
7.98 (s, 1H, triazole-H), 7.91 (d, J=8.0 Hz, 2H, PhH),
7.86 (d, J/=8.5 Hz, 1H, naphthalene-H), 7.81 (d, J=38.5
Hz, 2H, PhH), 7.35 (d, J=9.0 Hz, 1H, naphthalene-H),
4.90 (s, 2H, FcH), 4.30 (s, 2H, FcH), 4.25 (s, 5H, FcH),
421 (t, J=6.5 Hz, 2H, OCH,), 1.93~1.87 (m, 2H, CH,),
1.57~1.51 (m, 2H, CH,), 1.39~1.26 (m, 24H, CH,), 0.88
(t, J=6.5 Hz, 3H, CH,); *C NMR (CDCls;, 125 MHz) ¢:
165.45, 156.22, 147.34, 139.89, 133.62, 131.25, 129.13,
128.24, 126.06, 124.46, 117.49, 115.95, 99.92, 93.89,
70.29, 66.77, 62.02, 31.95, 29.70, 25.61, 25.97, 22.71,
14.12; IR (KBr) v: 3114, 2923, 2852, 1656, 1596, 1523,
1252, 1060, 1039, 816, 505 cm™'; HRMS (MALDI") calcd
for C4sHs4,CIFeN,O, [M+H]" 773.3285, found 773.3285.

3,4,5- = (+He B FE)-N-[4-(1- KBk FE-1H-12,3-=
M4 3L ZR B 2K T BE A% (3a): PR R 47%. mup. 154~
155 °C; '"H NMR (CDCls, 500 MHz) 0: 7.97 (s, 1H, NH),
7.91~7.88 (m, 2H, PhH), 7.80 (s, 1H, triazole-H), 7.74 (d,
J=9.0 Hz, 2H, PhH), 7.07 (s, 2H, PhH), 4.89 (s, 2H, FcH),
430 (s, 2H, FcH), 4.25 (s, 5H, FcH), 4.06~4.01 (m, 6H,
OCH,), 1.86~1.73 (m, 6H, CH,), 1.52~1.44 (m, 6H,
CH,), 1.36~1.28 (m, 36H, CH,), 0.88 (t, J=7.0 Hz, 9H,
CH;); *C NMR (CDCls, 125 MHz) J: 165.63, 153.29,
147.23, 141.63, 138.03, 129.76, 126.50, 120.34, 118.70,
105.82, 93.76, 73.59, 70.23, 69.49, 66.74, 62.10, 31.93,
30.34, 29.69, 26.09, 22.70, 14.13; IR (KBr) v: 3090, 2922,
2853, 1642, 1580, 1526, 1224, 1110, 1042, 846, 512 cm ™ ';
HRMS (MALDI ") caled for CssHgFeN,O, [M+H]"
917.5607, found 917.5605.

3,4,5- = (+ B S IE)-N-[4-(1- /K Bk #E-1H-1,2,3-
W4 IR R R Z(3b): FEE 51%. mp. 135~
136 °C; 'H NMR (CDCls, 500 MHz) 6: 7.97 (s, 1H, NH),
7.88 (d, J=8.0 Hz, 2H, PhH), 7.84 (s, 1H, triazole-H),
7.74 (d, J=8.0 Hz, 2H, PhH), 7.07 (s, 2H, PhH), 4.89 (s,
2H, FcH), 4.29 (s, 2H, FcH), 4.25 (s, 5H, FcH), 4.03~4.01
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(m, 6H, OCH,), 1.84~1.74 (m, 6H, CH,), 1.52~1.44 (m,
6H, CH,), 1.36~1.28 (m, 48H, CH,), 0.88 (t, J=7.0 Hz,
9H, CH,); *C NMR (CDCls, 125 MHz) d: 165.63, 153.38,
147.12, 141.73, 138.08, 129.65, 126.27, 120.17, 118.79,
105.75, 93.68, 73.59, 70.24, 69.49, 66.75, 62.10, 31.95,
30.35, 29.60, 26.09, 22.72, 14.13; IR (KBr) v: 3096, 2923,
2851, 1641, 1581, 1533, 1232, 1119, 1040, 844, 507 cm ™ ;
HRMS (MALDI ") caled for C¢HosFeN,O, [M+H] "
1001.6546, found 1001.6549.

3,4,5- = (+ I ke E F)-N-[4-(1- 7K Bk F-1H-1,2,3-
A FE SRR PR HBERZ 3e): R E 50%. mp. 135~
137 °C. UV-vis (CH,CL) Apax [lg &/(Lemol 'ecm ')]: 286
(4.38) nm; '"H NMR (CDCls, 500 MHz) 6: 7.97 (s, 1H,
NH), 7.89 (d, J=28.5 Hz, 2H, PhH), 7.76 (s, 1H,
triazole-H), 7.74 (d, J=8.5 Hz, 2H, PhH), 7.07 (s, 2H,
PhH), 4.89 (s, 2H, FcH), 4.30 (s, 2H, FcH), 4.25 (s, 5H,
FcH), 4.06~4.01 (m, 6H, OCH,), 1.85~1.74 (m, 6H,
CH,), 1.51~1.46 (m, 6H, CH,), 1.36~1.26 (m, 60H,
CH,), 0.88 (t, J=7.0 Hz, 9H, CH3); *C NMR (CDCls, 125
MHz) 6: 165.63, 153.29, 147.23, 141.63, 138.03, 129.76,
126.50, 120.34, 118.70, 105.82, 93.76, 73.59, 70.23, 69.49,
66.74, 62.10, 31.93, 30.34, 29.69, 26.09, 22.70, 14.13; IR
(KBr) v: 3106, 2920, 2851, 1652, 1584, 1523, 1235, 1118,
1039, 819, 503 cm '; HRMS (MALDI ") caled for
Ce7H 0sFeN,O4 [M+H]": 1085.7485, found 1085.7486.
3.2.4 i 4 696

1,1-B 53 —7%860.085 g, 0.315 mmol) 51L& 7
(0.63 mmol)¥Af#TE 5 mL PUZIMEI 1, =I5 BN 2.5
mL CuSO,4+5H,0 (0.16 g, 0.63 mmol)/KiFR 5 2.5 mL #i
INIMEREN(0.25 g, 1.26 mmol) /KA. FEiR /M 12 h. fn
A 5 mL NH3H,O, Hl CH,CL A, AHUHAKBE, #HK
Pe, oK MgSO, . Ik k28 v 7, R e A 2 AT,
CH,CL/EtOAc (V@ V=>5: 1)¥efii. WL —4F, CH,Cly
AT A R B A 4.

1,1 X0 (4-(N-(2-50-3,4,5- = (e 58 3 ) 2K H Ik i 222 )
HIHE)-1H-1,2,3-=M-1-38) K ik (4a): 77FK 82%. m.p.
170~172 °C; "H NMR (CDCl;, 500 MHz) d: 8.32 (s, 2H,
NH), 7.63 (s, 2H, triazole-H), 7.58 (d, J=28.5 Hz, 4H,
PhH), 7.52 (d, J=8.5 Hz, 4H, PhH), 7.13 (s, 2H, PhH),
5.04 (s, 4H, FcH), 4.41 (s, 4H, FcH), 4.02~3.93 (m, 12H,
OCH,), 1.82~1.74 (m, 12H, CH,), 1.52~1.42 (m, 12H,
CH,), 1.37~1.26 (m, 72H, CH,), 0.88 (t, J/=7.0 Hz, 18H,
CHs); “C NMR (CDCls, 125 MHz) §: 163.98, 152.29,
149.85, 147.06, 144.90, 137.53, 129.81, 126.03, 120.77,
116.87, 109.22, 94.75, 74.24, 69.02, 68.23, 63.10, 31.96,
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30.45,29.71, 26.17, 22.71, 14.13; IR (KBr) v: 3104, 2925,
2854, 1665, 1592, 1518, 1238, 1109, 1038, 841, 516 cm ';
HRMS (MALDI") caled for Cjo0H;49CLFeNsNaOg [M+
Na+H]" 1740.0156, found 1740.0019.

11X (4-(N-(2-8-3,4,5- = (+ B 5038 2K BB ik
FYIRFE)-1H-1,2,3- = Me-1-F8) K8k (4b). F5F 78%.
m.p. 168~170 °C; 'H NMR (CDCls, 500 MHz) J: 8.34 (s,
2H, NH), 7.63 (s, 2H, triazole-H), 7.58 (d, J=8.5 Hz, 4H,
PhH), 7.53 (d, J=8.5 Hz, 4H, PhH), 7.12 (s, 2H, PhH),
5.04 (s, 4H, FcH), 4.41 (s, 4H, FcH), 4.00~3.93 (m, 12H,
OCH,), 1.80~1.72 (m, 12H, CH,), 1.52~1.42 (m, 12H,
CH,), 1.37~1.26 (m, 96H, CH,), 0.88 (t, J=7.0 Hz, 18H,
CH;); >C NMR (CDCls, 125 MHz) J: 164.10, 152.43,
149.73, 147.40, 144.76, 137.22, 129.85, 126.15, 120.73,
117.60, 109.51, 94.93, 73.90, 73.79, 69.01, 68.01, 63.13,
31.95, 30.44, 29.60, 22.71, 14.13; IR (KBr) v: 3198, 2923,
2851, 1665, 1593, 1520, 1236, 1111, 1034, 841, 515 cm ™ ';
HRMS (MALDI") caled for Ci1,H;7,C,FeNgNaOg [M+
Na]" 1907.1956, found 1907.1948.

1,130 (4-(N-(2-5-3,4,5- = (- 1Y Jo S 35 ) 2% F ik e
FYRIE)-1H-1,2,3- = ME-1-F8) — Bk (de): 72K 88%.
m.p. 169~171 ‘C; UV-vis (CH,CL) Amax [Ig &/(Lemol e
ecm ")]: 286 (4.80) nm; 'H NMR (CDCls, 500 MHz) o:
8.38 (s, 2H, NH), 7.64 (s, 2H, triazole-H), 7.58 (s, 4H,
PhH), 7.53 (s, 4H, PhH), 7.12 (s, 2H, PhH), 5.06 (s, 4H,
FcH), 4.41 (s, 4H, FcH), 4.01~3.92 (m, 12H, OCH,),
1.82~1.72 (m, 12H, CH,), 1.48~1.41 (m, 12H, CH,),
1.37~1.26 (m, 120H, CH,), 0.88 (t, J=7.0 Hz, 18H,
CH;); >C NMR (CDCls, 125 MHz) §: 164.37, 152.17,
149.77, 147.40, 137.35, 129.77, 126.15, 120.77, 117.71,
109.45, 94.82, 73.18, 69.00, 68.22, 63.07, 31.95, 30.12,
29.28,26.12, 22.71, 14.13; IR (KBr) v: 3105, 2921, 2851,
1666, 1592, 1520, 1205, 1110, 1039, 820, 516 cm ';
HRMS (MALDI") calcd for Cy24H;4¢Clo- FeNgNaOg [M+
Na]" 2075.3834, found 2075.3822.

1,1 (4-(N=(3,4,5- = (1 DY Jot 5 25 ) 2 R g e 2 ) 2R
Fo)-1H-1,2,3- = M-1-38) % 8 4d): 7 F 90%. m.p.
180~ 182 °C; UV-vis (CH,ClL) Amax [lg &/(Lemol e
em )]: 295 (4.88) nm; 'H NMR (CDCls, 500 MHz) o:
8.59 (s, 2H, NH), 7.43 (s, 2H, triazole-H), 7.39 (s, 8H,
PhH), 7.18 (s, 4H, PhH), 5.10 (s, 4H, PhH), 4.40 (s, 4H,
FcH), 3.99~3.90 (m, 6H, OCH,), 1.76~1.72 (m, 6H,
CH,), 1.49~1.25 (m, 132H, CH,), 0.87 (t, J=7.0 Hz, 9H,
CHs); “C NMR (CDCl;, 125 MHz) d: 166.01, 153.16,
147.42, 141.35, 137.47, 129.52, 125.50, 121.61, 116.73,
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105.84, 94.65, 73.47, 69.24, 67.93, 62.27, 31.96, 30.45,
29.71, 26.17, 22.71, 14.13; IR (KBr) v: 3107, 2921, 2851,
1648, 1583, 1522, 1236, 1118, 1041, 822, 515 cm™ ';
HRMS (MALDI") caled for Cj»4Hjos- FeNgNaOg [M+
Na]" 2007.4613, found 2007.4590.

4 Bi#1 8 (Supporting Information) L&) 2¢, 3a
4a ¥ TG 4k, &P 1~4 1 'HNMR i &5 DSC iih
2. X EER R AT BL A 9% A T I 3k (http://sioc-journal.
cn/) BN #L.
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