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TRERE 1,2,3- =ML SR B FE SRR
wESA  IHE  F B REXT FRE U5F

(WEE KRR T2 NS BRMKRBAAN G RE R LRSI 010021)

WE AR T EAMEGa~3) MR Eda~40)PF R %8k 1,2,3-=MAEY). R 2L R EY)
3b 5 4b YRR AE T S B T AL R AR, HARXTT 3b, LS 4b HIEALIE R B B BT 15 #3) 17 mV A4,
VLA HREN 4b B 5T RV AR, A MEN RN EYETHREMFEFE R R E T 2 B, m
FHEIEN RINNAYIEE FEEEBE IR, BT SRR AR AR RE, B ARR B VS FE T 9555 90 C. X Lk
TR ZEA A PDTE T RERA R 7 THI A R F$ i — 5 (R AR 4.

ShBiE R 1,2,3-2m Ak aE; B

Electrochemical and Thermal Properties of Ferrocenyl 1,2,3-Triazole

Xu, Jianwei Wang, Shaohui Zhao, Haiying™ Li, Baoguo Bian, Zhanxi

(Inner Mongolia Key Laboratory of Fine Organic Synthesis and College of Chemistry and Chemical Engineering,
Inner Mongolia University, Hohhot 010021)

Li, Yang

Abstract Ferrocenyl 1,2,3-triazoles with nitro (3a~3¢) or amino (4a~4c) were synthesized and characterized. The cyclic
voltammogram investigations revealed that redox-active ferrocenyl groups of two series of compounds exhibited quasireversi-
ble one-electron transfer processes. As compared to compound 3b, the potential for 4b with amino cathodically shifted 17 mV
thereby suggesting easier oxidation by loss of an electron for the latter. Their thermal behaviors indicated that compounds 3a~
3¢ were all non-mesomorphic, and showed crystal polymorphic phase transitions in the heating and cooling cycles. Whereas
4a~4c displayed liquid crystal behaviors over 90 ‘C mesophase range. The research is supposed to provide some theoretical

basis for this kind of compound using in function materials.

Keywords ferrocene; 1,2,3-triazole; electrochemistry; thermal behavior

FICEIMLEY) 1,23-= Wl T B EN, B
IR R AR i, IR AR . MR R 25T R
SR NN, A A TR R T Sharpless
FEAEET 2001 SERIMP—MRELKEIEES
SR “Click” Fe ™, lid iz s a] LU sk . 7 (8
AR I 1,2,3- =R e R Z U IR . Y
XEEThEE /7 H A — NIRRT, BT KRR
BE A AR L R LR, R 7%k
AR IERE. BHT, &8 A =R DhRe o
T O A I N T 2 AN, G = MR
PRI ot AL R R A AP RS- E S
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U AL AP, T IFROBT R B AT R ) — ek — e
SIBE VI EMEL, ARCERT & mMEMEEENH R
Bl Rk = AL & W) (Scheme 1), JE T 48 A AT LR IR
i (UV-vis) SR 2 35:(CV)IT TR S W61
FTHAL 2R, @R Z R E R (DSC) L Kk &
Tl 6 SRR (POM) Ak, & 42 ) A S R A T AT 9.

1 GHR5TR

1.1 AmEFRIE

KFEY) 3a~3c KB, ¥R K%k E
4-B B3 ER MY 1 e e Cu(DfEML N EET “Click”
RN, BRI TSN KB FE R 77, R T A KB
B Rk = ML AR R 22, B S SN TG
AT, RIE A U0 Scheme 1 s, 45 4-24 3E-3-AH 3L 4
Wy e e bR, 23RN, BENED 2,
R 2 5 R CGREAT “Click” R, RIS 2]
REIE =ML EY) 3a~3c. BLEY) 3a~3c PHIRGIE
F Pc/C-NaBH, id iR, 52L& 4a~4e. LEY) 3~4
45 M BT LRI (R), RS IREIE(NMR) 5 = 4
HER S (HRMS)EAT T RAE. £ HRMS 1, (L&Y 3
5 4 BT M) 5M+H] g, 5THEE-L
&) 3a~3c IR 1, 1350 cm™ ' AL B Hsc g VA J& T
B GEIR S, EFE A da~de J5, 1ZIETH
e, TIFE3390 em ™ £ 3120 em™ ' Ak YU T G 3 AR AE TR,
1. £ 'HNMR 1, tb&91 3 5 4 =3k EAJRTHI1k
SENIFEALT 6 7.66~7.69 4b.

K145 TIREA 5X107° mol/L ] 3a 5 4a 7£
CH,CL H1 i) UV-vis ik, MEIFRAL, (&%) 3a L 4a
1 UV-vis el e 5 R kit & n, HA4 300
nm DA BRI VAR T Fe(d)-mF 75 2 1) m-m* (B, WU
HHEKIE. 7F 3a 1, BT ZRIFER: NO, K, B il
IR 333 nm P, TMAEANIEIEJFUONEIE S It &)
ga h, ZBCH BELLE 307 nm, KA T 25 nm A A
B, U B A 2 R 0 A R A A R B0 A R 3 K
=, HTIRITAEH S, A, WETERATLLE H, K

O.N O,N

BrCpHzn+1
HyN OH ——

KoCOs, KI
- =

Fe +

e XK S5, 420~520 nm AL 55110 %6 KU U J&@ T Fe
JE 1) d-d BRI

—3a
ffffff 4a
1.5+
8 !
€104}
S ; 400 450 500 550
§ Wavelength/nm
£ 1™
054
0.0+

300 400 500 600
Wavelength/nm

Bl 1 KA S5.0X10° mol/L ¥ 3a 55 4a 7E CH,CL, 1 UV-vis
ek, P 400~580 nm ALK

Figure 1 UV-vis absorption spectra of 3a and 4a in CH,Cl, at
5.0X107° mol/L, insert shows the magnification of 400~ 580 nm
absorption bands

1.2 HBHUEEMR

PL 0.1 mol/L PU T & /NGB 44 (TBAPF ) /F NS FF
HAARIR, —REAE NI, Bt CV B TREFELEY
3b 5 4b ¥y 1.2X 107> mol/L CH,CL, AW Hi Ak 241k
Ji, FHREES TR 1. AT RS ME Fe/Fe', H
T =R TN, A 3b 5 3F AR R
Srsa I BRAR AR T R 30, Feoe YRR, ey A i L )
3b, HEMIEFR B HIAE E1,=60 mV, T fsdE s
BRI G, 4b AR SR AL R B AR 7 A5 3h 17 mV
e, VLB R H R R — Ok T Rk A
#F1 LAY 3b 5 4b £ CH,CL BRI CV $idfE(vs Fe/Fe™)

Table 1 CV data of 1.2X10° mol/L solutions of 3b and 4b in
CH,Cl,. Potentials are vs. Fe/Fc*

Compd. E,,"/mV Epcb/mV AE‘mV  E,%/mV Ipa/ PA lpa/ipe

3b 141 —22 163 60 723 0.99
4b 111 —28 139 42 56.6 0.99

H N4<\ }oo H Nals
—_—T
2 72T NaNO,, HC

1a:n=10,1b:n=12,1c:n=14

CuSOQy4* 5H,0
_—
Sodium ascorbate

V(THF):V(H,0) = 1:1

“ Anodic peak potential. ® Cathodic peak potential. © AE=Ep,—E,. A En=
12(Epat Eye).

O,N

Ns‘@* OCpHap+1

2a~2c

X
N:N
SN OC,Hzns1
Fe

f—
3a~ 3C, X= N02 :| Pd/C
4a ~ 4c, X = NH, =— NaBH,

BR1 a3 ~4 EK

Scheme 1 Synthesis of compounds 3~4
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IR JEHERE. a3 1 fis, HE RN 50 mVes ' i,
ipo/ip EIL T 1, {H/Z AE fHFE 140~160 mV /4, it
b, R A HA AT — AN BT AR SR FE
AE=59 mV, i BIX & — N nl i (1) A Ak S gt A,
1.3 MR

I DSC J POM Xf4b&4 3~4 [#A i3t AT i
. A REHEY TR 2, REAEYH POM A LK 2,
AV 3~4 1) DSC fIZR WS REMRL. RIMEAHE T,
PR G EYAE 200 CZRTHIRERR E 1. (b B
3a~3c TEMNPGEFE R HIL T N —FhEn AR T —Fh ik
12 EAHFEAR . XS 3a, IMHARTTE 958 C K
122.6 “C HILEIPE AR )8 T fa ik 1 RSk 2
(C1—>Co) S btk 2 B2 1a) R A (A AR I 7 (Co— D),
HesEh 10 MRET(122.6 OEKE 12 MRET
(127.5 “C)B}, K SmsA T, (HRdi—PuEks 14 4
B R F-(109.5 CHEF, 45w L R BEkass . 727+ #ad 2
W BT CED) 3a (IR B H T BRI, PRIRTS 3
TR AR P B S — Yk THE DSC #hZk. &4 3b 78 ik
IXAE 8.4 CHIIL T B E T,, ZIKTHRES, T, 558
I, BEETE 740 CHIL T — A=A 5T s AR IR s g,
TX A R Ay P Ul s A TR P ) B S A S I TE IR
FHEE T, ME S TRRESER N, o7 B T E

FEHERR ()45 U8 54044 3b R [E 2, DSC $dh s
3¢ /ERFIRIS AR TPATH T RRE M A, 1X A POM SZEGHH
3 TUESE, Bl 2(a)2 LAY 3¢ FRIRE] 43.7 CHIHTH
FIER G R .

LG 3 ISR N R RS, WE 2 TR
H, (hEY da 7EINFGEFE A B — 1R AR A
R AR, T KBEIE Ky 12 A1 14 ANERIE T, 78k
BUA SRR 4b A1 de I T AR BIA dAE B AR.
&) 4b fEFHE T FE S, RN L SRS,
TERRERS, 76 135 CHUEHIL T 5040, FFgiZE 85 C.
2b)4H THAY) 4b BElLE 90 CHIAEIE POM
SR, A AV de TEINAGEFE Ak L T Ak, RE
JaHE M 84 CZ 177 C, & AHIREIE I 4b 1) 50 °C
BNk 90 Chity, iGse B ik 40 C. UilAXT
RIEY) 4, Ik EE KA B TR s e A
KOMBE A AR VO L seAh, KRB ARG
B P a7~ AR, X AT B B T2 R 43 T (R A
BHERT 5B FHES T,

2 #ig

GBI RIE T & A M Ba~3c) F& 3 (da~4c)
P RG] ek =M A Y. UV-vis Yt ek 55538

R2 WEWY 34 IR AR ANHE AR

Table 2 Phase transition temperatures and associated enthalpies of compounds 3~4

Phase transitions®/°'C [AH/(kJemol )]

Compd.
o First heating

Second heating First cooling

3a C,95.8(4.0)C, 122.6 (32.9) 1210 (D) —
3b  C,123.0C, 127.5 (40.0)° I

3¢ C,53.5(10.4) C, 102.5 C; 109.5 (52.3)° 1
42 C1033(51.4)1

4b  C,103.9(9.0)C, 149.7 (27.2) 1
4c  C83.7(39.8)M177.4(—17.0)1

C,153.5(6.7)1
7,1.7C748(6.3)1

7,10.0 C, 74.11 (—16.8) C, 140.0 (12.7) T 1847,

C 14.5(—2.9)C, 106.6 (27.8) I 119.5(—9.2)C

C657(34)1 —

C, 75.3 (—4.0) C,100.4 (2.2) C; 121.4 (—4.4) 1135.0 (—5.9)
M 85.2 (—12.6)
1 —137,

“C: crystal; M: mesophase; I: isotropic; Ty: glass transition; D: degradation. ® Two peaks joint enthalpy.

B2 [RiESREP S 3¢ 75 43.7 °C (a)f 4b 7E 90 °C (b)ff] POM &}
Figure 2 POM images of 3c at 43.7 C (a) and 4b at 90 ‘C (b) on the cooling
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FoeiESm, BT EY 3 hAER EERE NO, K,
H BRI E) 4 RAET 25 0m EAAK. EH
RYME A8 F R LU (1 rEAG PR, ELARDG T 5 il
R RV G, SHRIEN da~de F o THM. #bE
R FLER B, SRR R AL TC R e e, AR R B
ISR RA T 2 S, e AREN RIS H
T IR IIER, BT b S G A AR ik
T2, HASAE B VO A 5. IR Se bt 7T N 28k S AE
R KL 7 T B L A — e p A S 7 L

3 IS

3.1 5

A1 5 2 I LA B EL NEXUS-670 {8 B
AR 461, KBr B F; Avance 500 Bruker (500
MHz) #% B L 92 1, LA TMS A W #5; Analytikjena
SPECORD.50UV-vis J i 1% ; Edinburgh Instruments
FLS920 %6145, TonSpec 710TFTICR/MS %) HE
PEA(EST J5); DSC MR TA Q2000 #a#riX, &
SAEEL INBGEZE 10 Cemin 'y 3K DMLP {6 S04,
THMS600 »#&, MMAHEZE 10 Cemin '} AU-
TOLAB PGSTAT302 HIALZ 43 HT4X, 7F 298 K T, i
BT TR CHCL T, JIN 0.1 moleL ™' ) TBAPF,
VERSCHE RN, H = M7V, B AR TAF Ak,
Pt %] AR, Ag/AgCl NS HLHMk, Fo/Fe 1E Nohbr, H
H#5 R +0.564 V. BT HRRI A TEaFratiilin), 75
T Wt T 1EEAT .

3.2 LWHE
3.2.1 4bubi4h 3a~3c B9 Ak

£ 100 mL [F RS, IIAEY) 2 (0.50 mmol),
TR 40.11 g, 0.55 mmol), PUEFKIR 10 mL, =&
T CuSO4+5H,0 (0.13 g, 0.5 mmol)i& T 5 mL /KH, 22
TN B SN . TR, PSRN N BUIR I ERE4(0.29
g, 1.5 mmol)i& T 5 mL HJZKIEWR, LU S SOt i B
AT, I R 4 b, (SR R, A
VIR ENT, AMEE-Z R ZHE4 21, VL Vitkik,
WA 1 A s (=1, WR4E, FJE/K I EE-CH,Cl, H 45 4
BEOHK 3.

1-(2- i 2 -4- 28 e A J oK 5L )-4- — R Bk B -1H-1,2,3-
—M3a): 5F 90%. m.p. 122~123 ‘C; UV-Vis (CHCL)
Jmax (1g[e/(Lemol 'scm ™ M)]): 274 (4.12), 333 (3.52), 450
(2.25) nm; Fluorescence (CH,Cly, 1x=275 nm) Aey,: 336
nm; 'H NMR (CDCl;, 500 MHz) d: 7.66 (s, 1H, triazole),
7.58 (s, 1H, phenyl-H), 7.51 (s, 1H, phenyl-H), 7.25 (s, 1H,
phenyl-H), 4.94 (s, 2H, FcH), 4.49 (s, 2H, FcH), 4.26 (s,
5H, FcH), 4.05 (t, J=6.5 Hz, 2H, OCH,), 1.88~1.83 (m,
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2H, CH,), 1.51~1.46 (m, 2H, CH,), 1.36~1.26 (m, 12H,
CH,), 0.89 (t, J=6.5 Hz, 3H, CH;); IR (KBr) v: 3137,
3079, 2920, 2850, 1558, 1515, 1345, 1256, 1041, 839, 810,
512 cm ' HRMS calcd for CogH34FeN,05 530.1980, found
530.1978.

1-(2- fiF 25 -4- 1 — e S B R Ak )-4- K Bk B -1H-
1,2,3-=M:3b): =% 93%. m.p. 127~128 ‘C; UV-Vis
(CHCL3) Amax (Ig[e/(Lemol ~'eem ™ ")]): 272 (4.13), 330
(3.50), 452 (2.25) nm; Fluorescence (CH,Cl,, A =275
nm) Aep: 336 nm; '"H NMR (CDCls, 500 MHz) o: 7.68 (s,
1H, triazole), 7.58 (s, 1H, phenyl-H), 7.54 (d, J=28.5 Hz,
1H, phenyl-H), 7.25 (d, J/=8.5 Hz, 1H, phenyl-H), 4.81 (s,
2H, FcH), 4.35 (s, 2H, FcH), 4.14 (s, 5H, FcH), 4.09 (t, J=
6.5 Hz, 2H, OCH,), 1.88~1.83 (m, 2H, CH,), 1.50~1.46
(m, 2H, CH,), 1.39~1.26 (m, 16H, CH,), 0.89 (t, J=6.5
Hz, 3H, CH;); “C NMR (CDCls, 125 MHz) J: 160.33,
147.35, 145.19, 129.32, 122.98, 120.63, 119.73, 110.92,
69.86, 69.46, 68.96, 66.84, 31.92, 29.65, 29.63, 29.58,
29.53, 29.35, 29.29, 28.86, 25.87, 22.69, 14.13; IR (KBr)
v: 3137, 3080, 2921, 2851, 1557, 1518, 1467, 1352, 1259,
1104, 1041, 841, 810, 512 cm™'. HRMS caled for C3oHys-
FeN,0; 558.2293, found 558.2285.

1-(2- iF§ 2 -4- 1 DU Joe 4 2k O R )-4- — % Bk B -1H-
1,2,3-=M3c): 7% 91%. m.p. 106~107 ‘C; UV-Vis
(CH5CL) Amax (Ig[e/(Lemol ~'ecm ™ ")]): 274 (4.16), 332
(3.51), 450 (2.25) nm; Fluorescence (CH,Cl,, A =275
nm) Aem: 336 nm; 'H NMR (CDCl;, 500 MHz) §: 7.68 (s,
1H, triazole), 7.58 (s, 1H, phenyl-H), 7.54 (d, J=28.5 Hz,
1H, phenyl-H), 7.24 (br s, 1H, phenyl-H), 4.82 (s, 2H,
FcH), 4.36 (s, 2H, FcH), 4.14 (s, 5H, FcH), 4.09 (t, J=6.5
Hz, 2H, OCH,), 1.88~1.83 (m, 2H, CH,), 1.52~1.46 (m,
2H, CH,), 1.39~1.26 (m, 20H, CH,), 0.89 (t, J=6.5 Hz,
3H, CH;); IR (KBr) v: 3110, 2920, 2851, 1558, 1519,
1401, 1354, 1258, 1104, 1043, 841, 812, 512 cm . HRMS
calcd for C;,Hy4FeN4O5 586.2606, found 586.2606.

322 A& da—de 894 A%

15 50 mL RS, IIAED) 3 (0.5 mmol), 24
JEIIA 30 mL CH,CL-TE/KHEEV @ V=1 1)IB&HR
fif 2 AR, SIS N INN S 0 K e v ) A
(5%, 100 mg). £ 10 min N4> =K FfA R I\ NaBH,
(60 mg, 1.5 mmol), MWIHSHEZE. ZiR NSRS
0.5 h, {F1E M. HhERR A, I8 28 1K ek
TIRFREAR M) NaBH,, To/K MgSO, T4 . ik
JEZEBRIER, FIRYARERAEZENT, AihE- 28 OB
Vo v=2: D)W, WES 1 WEarY, Ry, AL
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K FHBE-CH,Cl, H 45 5015 3138 (k) K 4.

2-(4- TR BRI -1 H-1,2,3- = M 3 )-5- 2% b Ak IR i
(4a): 7% 89%. m.p. 103~104 C; UV-Vis (CHCl3) Amax
(Ig[e/(Lemol 'ecm ™ ")]): 277 (4.10), 307 (3.82), 450 (2.15)
nm; Fluorescence (CH,Cly, Aex=275 nm) A, 336 nm; 'H
NMR (CDCls, 500 MHz) 0: 7.69 (s, 1H, triazole), 7.14 (s,
1H, phenyl-H), 6.38 (d, /=28.5 Hz, 2H, phenyl-H), 4.78 (s,
2H, FcH), 4.51 (br s, 2H, NH,), 4.33 (s, 2H, FcH), 4.12 (s,
5H, FcH), 3.96 (t, J=6.5 Hz, 2H, OCH,), 1.82~1.76 (m,
2H, CH,), 1.49~1.43 (m, 2H, CH,), 1.35~1.28 (m, 12H,
CH,), 0.89 (t, J=6.5 Hz, 3H, CH,); >C NMR (CDCl,, 125
MHz) J: 160.44, 146.59, 142.18, 125.36, 119.65, 116.99,
104.86, 102.60, 69.76, 68.91, 68.26, 66.87, 31.91, 29.57,
29.40, 29.33, 29.20, 26.02, 22.69, 14.14; IR (KBr) v: 3393,
3124, 2917, 2849, 1626, 1520, 1397, 1304, 1206, 1084,
820, 516 cm '. HRMS calcd for C,sH3:FeN,O [M+H]"
501.2313, found 501.2317.

2-(4- IR L1 H-1,2,3- = M3 -5+ g S TR
(4b): F2F 92%. m.p. 149~150 C; UV-Vis (CHCL) Apax
(Ig[e/(Lemol 'ecm ™ ")]): 276 (4.08), 310 (3.71), 452 (2.12)
nm; Fluorescence (CH,Cly, Ax=275 nm) Aem: 336 nm; 'H
NMR (CDCls, 500 MHz) d: 7.69 (s, 1H, triazole), 7.15~
7.13 (m, 1H, phenyl-H), 6.39~6.37 (m, J=8.5 Hz, 2H,
phenyl-H), 4.76 (s, 2H, FcH), 4.54 (s, 2H, NH,), 4.33 (s,
2H, FcH), 4.11 (s, 5H, FcH), 3.95 (t, J=6.5 Hz, 2H,
OCH,), 1.80~1.76 (m, 2H, CH,), 1.49~1.44 (m, 2H,
CH,), 1.35~1.28 (m, 16H, CH,), 0.89 (t, J=6.5 Hz, 3H,
CH;); IR (KBr) v: 3395, 3121, 2915, 2845, 1621, 1519,
1303, 1206, 1043, 819, 509 cm'. HRMS caled for
C30H4 FeN,O [M+H]" 529.2630, found 529.2621.

2-(4- PR HE-1H-1,2,3- = M- 5 PO o SR 2 i
(4¢): 772 90%. m.p. 83~84 C; UV-Vis (CHCL3) Apax
(Ig[e/(Lemol 'ecm™")]): 277 (4.06), 309 (3.65), 450 (2.14)
nm; Fluorescence (CH,Cly, Aex=275 nm) Aey: 336 nm; 'H
NMR (CDCls, 500 MHz) J: 7.68 (s, 1H, triazole), 7.14 (d,
J=28.0 Hz, 1H, phenyl-H), 637 (d, J=8. Hz, 2H,
phenyl-H), 4.79 (s, 2H, FcH), 4.67 (br s, 2H, NH,), 4.35 (s,
2H, FcH), 4.13 (s, 5H, FcH), 3.94 (t, J=6.5 Hz, 2H,
OCH,), 1.80~1.76 (m, 2H, CH,), 1.46~1.42 (m, 2H,
CH,), 1.35~1.28 (m, 20H, CH,), 0.89 (t, J=6.5 Hz, 3H,

1530 http://sioc-journal.cn/
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CH;); >C NMR (CDCls, 125 MHz) 6: 160.44, 146.66,
142.19, 125.39, 119.81, 116.94, 104.88, 102.60, 70.84,
69.84, 68.27, 67.55, 31.95, 29.71, 29.63, 29.41, 29.38,
29.21, 26.04, 22.71, 14.15; IR (KBr) v: 3390, 3120, 2919,
2849, 1616, 1518, 1278, 1210, 1044, 816, 481 cm .
HRMS calcd for C;,HysFeN,O [M—i—H]+ 557.2943, found
557.2943.

HHBhA &L (Supporting Information) L&) 1~2 K&
J5 RAE KA AY) 3~4 (1) NMR 5 HRMS 35 &, DSC i
2. X e R AT DL A 2 A T 9 3k (http://sioc-journal.
cn/) BN #L.
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