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Synthesis, Crystal Structure and Electrochemical Properties of the
Derivatives N-2-methenyl-thiophen-ferrocenyl-aryl-amines
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Abstract: Schiff bases derivatives containing ferrocenylphenyl and thiophene were synthesized by o, m, p-
ferrocenylphenyl amines with thiophene-2-carbadehyde, and N-2-methenyl-thiophen-ferrocenyl-aryl-amines were
obtained by reduction of sodium borohydride. These compounds were characterized by elemental analyses, IR,
UV, 'H NMR spectrum and X-ray single crystal diffraction. The crystal structure of compound 2¢ is Monoclinic
system, P2/n space group. But it is proved that the structure in crystal is not the stabilization state by quantum
chemical calculation. The HOMO orbital is composed of Fe and C atoms in Fe. It was found that the
electrochemical property of the compounds were very similar, the redox couple was corresponding to the progress
of Fe* + e= = Fe, which can be rationalized by the equivalent environment of the ferrocene in each case. The
different substituents of phenyl cause no distinct change for their diffusion coefficient (D), but the distinct change

for their electrochemical reaction rate constant (k,). CCDC: 617600.
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Scheme 1 Synthesis routes to Fe-CsH,NHCH,C,H;S
1.2 &YW 2a~2c NERK

TE 50 mL = HHE A 1T mmol = 5 8k % i
la~1c, 20 mL Jo/K S EEE AR, 76 N, T
0.20 mL(%Y 1.3 mmol) 2-BE Wy H B hn#k ml iz | &1
HMETE RN | IR A YR A LTS R 0
VR ZE KGR AR S, SR A 2R
TR AT T Tk (1:3) TR B 0 S ke ) ok B A 3] —

3a, 3b, 3¢

BRI K% 2a~2¢ fiTEW)

WAk Wi T = G e A Tk TR S U R
O EIR T IBBE R A E] 2¢ MYLLE N,

2a. ME LT R JE 4. 151~153 °C, " % .85%,
IR (KBr,cm™):3 089(w,-Thiophene), 1 615(s,-N=CH),
1 424(m,-Ar),1280(m,Ar-N), 1 104(m,-Fc), 1 003 (w,
-Fc),817(m,-Ar),709(s,-Thiophene) ; 'H NMR (CDCl;,
8 / ppm):4.05(s,5H,-Fc),4.32(s,2H,-Fc) ,4.65(s,2H,
-Fc),8.64(s,1H,-CH=N),C;H,S:7.13~7.16(d , J=12, 1H),
7.19~7.21(m,2H) C¢H,:7.48~7.50(d, J=8.0,2H),7.52~
7.53(d,J=4.0,2H); JTC R 73 T 45 5 (% , 5 NN it 55
{H):C.67.80 (67.88),H:4.63 (4.58),N:3.91(3.77),S:
8.09(8.62),

2b. LR 5 . 156~158 °C, 7" % .82%), IR
(KBr,ecm™):3 059 (w,-Thiophene),1 613(s,-N=CH), 1
422 (m,-Ar),1 282 (m,Ar-N),1 101 (m,-Fc),1 032 (w,
-Fc),805(m, -Ar),720(m,-Thiophene) ;'"H NMR(CDCl;,
8 / ppm):4.05(s,5H,-Fc),4.32(s,2H,-Fc),4.68(t,2H,
-Fc),8.61 (s,1H,-CH=N),C;H,S:7.02~7.04 (d,J=8.0,
1H),7.14~7.16(t,J=0.4,1H),7.25~7.27(d, J=8.0, 1H),
CeH,:7.31~7.36(m,2H),7.51~7.53(t, J=4.0 ,2H) ; Calcd ;
C:67.88; H:4.58,N:3.77,5.8.62, JCE 4R (%,
FENN R iH5HEAE).C.67.81 (67.88),H:4.76(4.58),N
3.85(3.77),5:8.14(8.62).,

2¢: L0 [ AR 5 £1.93~94 °C, /7 % .68%,IR
(KBr,em™):3090 (w,-Thiophene),1616 (s,-N=CH),
1423(m,-Ar), 1 240(w,Ar-N),1 101 (m,-Fc), 1 002(w,
-Fc),815(s,-Ar),714(m,-Thiophene) ;'H NMR (CDCl;,
6 / ppm):4.07(s,5H,-Fc),4.30(s,2H,-Fc),4.84(s,2H,
-Fc),8.49 (s,1H,-CH=N),C;H,S:6.87~6.88 (d,J=4.0,
1H),7.49(m, 1H),7.60~7.62(d, J=8.0, 1H), C¢H,:6.90~
7.24(m,3H),7.50~7.53(d,J=12,1H);Caled:C:67.88,
H.4.58 ,N:3.77,S:8.62, JLE M4 K (%, F5 NN A
T5E).C.67.83(67.88),H:4.68(4.58),N:3.81(3.77),
S:8.18(8.62),
1.3 &% 3a~3c AKX

KAk &%) 2a~2c BT IOKW B, Mt &
B Ak A3 I W 2 A R A U e K
WA HLAH , FH TSR B IR 4 T8 SR J5 H TR L TR A
A7 THTFE (1:4) A IRV R 2k AR A 3] V2230 - -
TR BeATT HE ) 3a~3c,

3a. B8 O 00 R A 5. 161~163 °C,7" % . 88%,
IR (KBr,em™):3 371 (m,-NH),3 092 (w,-Thiophene),
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1612(m,-Ar),1530(s,-Ar),1457(m,-Ar), 1 286(w, Ar-
N),1 102 (m,-Fc),1 000 (w,-Fc),817 (s,-Ar),713 (m,
-Thiophene) ; 'H NMR(CDCl;,8 / ppm):4.03(s,5H,-Fc),
4.24 (s,2H,-CH,),4.54 (m,2H,-Fc),4.53 (s,2H,-Fc),
C:H.S:6.63~6.65(d, J=8.0,2H),7.2~7.30(m, 1H), C¢H, :
6.96~6.99(d, J=12,1H),7.03~7.04(d , J=4.0,, 1H), 7.30~
7.32(d,J=8.0,2H), JCE /T4 R (%, #5 I R it
{H):C:67.58 (67.51),H:5.31 (5.09),N:3.79(3.75),S:
8.49(8.57),

3b. i @ [ R 5 4 .79~81 C, % .83%,IR
(KBr,cm™);3352(m,-NH),3 096(m, -Thiophene),1 599
(s,-Ar),1 467 (m,-Ar),1 231 (m,Ar-N), 1 101 (m,-Fc),
1024(w,-Fc),842(m,-Ar),698(m,-Thiophene);'H NMR
(CDCl;,8 / ppm):4.00 (s,5H,-Fc),4.25(s,2H,-CH,),
4.56 ~4.57 (m,2H,-Fc),4.54 (s,2H,-Fc), C;H,S :6.51 ~
6.53(d,J=8.0,1H),7.03~7.04(d, J=4.0, 1H),7.08~7.12
(m, 1H); CeH,:6.79 (s,1H),6.96~6.98 (d,J=8.0,1H),
6.87~6.89(d,J=8.0,1H),7.20~7.22(m, 1H); Caled:C:
67.51,H:5.09,N:3.75,5.:8.57, JLHE 4R (%, 15
KN 5 H).C.67.79 (67.51),H:5.55(5.09),N:
3.81(3.75),5:8.04(8.57).,

3c. M B AR 5 5. 74~76 °C, 77 % .70%,IR
(KBr,ecm™):3371(m,-NH),3 089(w,-Thiophene), 1 609
(s,-Ar),1 502(m,-Ar),1 459(m,-Ar),1 299(m,Ar-N), 1 099
(m,-Fc),1 000 (w,-Fc),815 (m,-Ar),755 (s,-Thiophene) ;
"H NMR(CDCl3,8 / ppm):4.17(s,5H ,-Fc),4.25(s,2H,
-CH,),4.32 (s,2H,-Fc),4.57 (s,2H,-Fc),C3H,S :6.68-
6.70(d, J=8.0, 1H),6.70(m, 1H),7.23~7.25(d, J=8.0, 1 H)
CeH,:6.72~6.74(d , J=8.0,1H),7.06~7.10(m , 2H) , 7.32~
7.34 (d,J=8.0,1H);Calcd:C:67.51,H:5.09,N:3.75,
S:8.57 LR MHTEE R (% , 5NN R i1 51H).C.67.85
(67.51),H:5.28(5.09),N:3.85(3.75),5:8.73(8.57).
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Fig.I Molecular structure of compound 2¢
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0.170 3(3) nm, C(18)-S(1)-C(21) 4 i k1 91.67(13)°,
RIS FE I IR Cp2 1Y 1 fA /2 18.6°, FIBEW;
W A 62.7°, EHAREA LA M C(10)-
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Scheme 2 Electrode reaction mechanism of 3a
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Fig.2 (A) CVs of compound 2a in acetonitrile at different
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Table 1 Electrochemical data for ferrocene and ferrocen derivatives

Compound E.IV E./V Ey/V AE il i,
Ferrocene 0.473 0.400 0.437 0.073 1.00
2-ferrocenylaniline 0.405 0.330 0.368 0.075 1.01
3-ferrocenylaniline 0.405 0.334 0.370 0.071 1.01
4-ferrocenylaniline 0.409 0.337 0.373 0.072 1.00
2a 0.492 0.409 0.451 0.083 1.02
2b 0.517 0.444 0.481 0.073 1.04
2¢ 0.472 0.401 0.437 0.071 1.03
3a 0.413 0.320 0.367 0.093 1.09
3b 0.482 0.402 0.445 0.080 1.03
3c 0.498 0.426 0.462 0.072 1.03
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Table 2 Electrochemical kinetics data of 2a~2c and
3a~3c

D, x 10° / (em?s7™)

Compound kox 10°/ (cm-s™
p oA cc 1 ( )
2a 3.05 3.18 1 2.75
2b 3.21 3.27 2 3.98
2¢ 3.07 3.12 2 5.49
3a 7.64 7.36 0.75 2.27
3b 2.76 2.89 1 2.62
3c 3.12 3.24 2 5.57
HHE Nicholson 242

a2
(D,/D,) "k,
lﬂ= 12 (3)
[D_ mv(nFIRT)]

D, F1 D, 53 AR ER B Wy i S AT 25 38 IR XY
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W FR 8 AP BR B A AR T B /N T 3a, 5 ETIH P
S AR B T A5 R TR FR I X B
;3 Ly R R E RN EAE RN AL
FE R I )7 TR A U AR ATT A W 7 fL A 3R
T8 R B0 A B B A2 ok 6 M A Yri
e S5z I o ek B R 2 ), R B T ORI AN ]
SRR A 0 H I S o7 3 3R B A R R ),
23 ENIHE

231 fig #
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ETHR R RATEIAL AW 2¢ ZEAARTP Y SUBE IS A A FUIE (HOMO) AR AL 25 HL il (LUMO)
ZERPIFAE R R E A, L B E T IERT  ARER R LA AT TR A, ELAR AR A /N 3 1
JE W5y FRER BRI 3, 5SS 210 2¢ BB SRR A L DAL 19 4 T 4
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Table 3 E(RHF), energy(homo and lumo) and dipole moment data of 2¢

Compound E(RHF) / a.u. Energy(homo) / a.u. Energy(lumo) / a.u. Energy gap / a.u. Dipole moment / Debye
, Before optimizing -1 385.935 -0.166 93 -0.061 32 0.105 61 2.389 6
C
Optimized -1 386.295 -0.189 97 -0.070 08 0.119 89 22023
232 L R, X R m TR RS Ce AHIE R B

AR AL 9 2¢ B AR ZUET 19 4 L A A0 3% 4
NS

R4 HEW 2 WESRFERT
Table 4 Charges of non-hydrogen atoms of 2¢

Atom Charges
Fel 0.0369 72
S1 0.3200 63
N1 -0.667 489
Cl -0.186 948
C2 -0.173 062
Cc3 -0.172 542
C4 -0.184 939
C5 -0.184 077
C6 -0.095 726
Cc7 -0.191 847
Cc8 -0.171 509
C9 -0.160 41
C10 -0.164 845
Cl1 0.088 002
C12 -0.213 155
C13 -0.155 016
Cl4 -0.168 262
C15 -0.173 203
C16 0.269 371
C17 0.206 046
C18 -0.240 629
C19 -0.134 314
C20 -0.147 773
C21 -0.354 095

Fel (LA 2 EH, X2 H T 5 Fel TR
PR IR IR T A5 6 4n2 BN, 1320 HARE 1Y
D7 BEEM RIS T oR A i A Ak I
G o IE(E BRI SR € 8 34 ¥ i
H-0.156 9,11 C6 ¥ H £ (-0.095 73) W] iz iz /) T

FEAE 55 RBUC R R P C(C1-C5) R T 1 1
HLfar 0 A U HE AR A 0 5 ONT R AHIE R 16 A
C17 PRI fof R AR IEE, 2B TN
JEF 1 L B M B TR R AR RN I L T
YERETS C B+ = % B AR, I 53X C16 F1
C17 Ay fr R B BRI, MR A9 N1 1
{18 ¥ R i D) 28 30 Ry R I B TR R | 5 0 v fip R R
REKIEMER ST T AR C18 Fil C21 R HL K
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Fig.4  HOMO orbital of compound 2¢
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Table 5 Energy of frontal molecular orbital, selected component and proportions(%) for 2c

Molecular orbitals HOMO-2 (89)  HOMO-1 (90) HOMO (91) LUMO (92) LUMO-1 (93) LUMO-2 (94)

Energy / a.u. -0.212 84 -0.191 85 -0.189 97 -0.070 08 -0.021 94 —-0.008 26

Components / % Fel 7.56 36.8 28.6 2.82 12.6 27.8
Sl 0.149 0.237 0.927 10.2 2.76 1.57
N1 7.62 0.618 2.61 12.1 2.72 0.689
C1 1.76 4.32 4.37 0.520 1.25 7.45
C2 291 7.26 2.82 0.822 3.85 441
C3 3.39 8.22 2.67 0.164 3.72 5.81
C4 2.37 7.30 0.326 0.287 2.03 7.42
C5 2.29 3.09 6.74 1.05 5.21 2.33
C6 2.32 6.22 5.26 2.04 3.18 7.02
C7 3.48 5.12 3.36 1.28 2.27 3.32
C8 4.71 5.40 2.71 0.627 1.60 4.10
c9 3.23 3.32 4.79 1.08 1.71 6.83
C10 5.61 3.08 7.39 1.31 597 2.24
Cl1 6.79 1.10 3.92 3.94 7.50 1.01
C12 2.23 0.694 3.13 0.984 7.23 2.18
C13 5.37 0.688 1.72 4.85 2.38 1.58
Cl4 5.57 0.316 3.75 1.75 8.76 0.329
C15 2.50 0.227 0.540 4.49 4.05 1.13
C16 7.22 0.336 3.584 4.32 4.15 1.52
C17 4.32 1.18 2.11 11.4 1.99 0.839
C18 4.65 0.614 1.30 7.72 3.50 1.88
C19 2.65 0.636 1.31 9.22 1.33 0.382
C20 2.48 0.282 0.560 3.37 2.02 1.28
C21 4.72 0.638 1.48 9.99 3.01 1.54

A e AL 24 SR HLBE— % LUMO #hid 3% il ST, e

N1 f1 C17.C18.C19 .C21 W JE F BB 4 iy, il
F14) 2 I W03 B TSIVl 35 ) B ik, — R Ak e WE G BA R IE.
JHig JE AT 2 1T RE G TE MR SR AT

K5 A& 2¢ B9 LUMO HiE K
Fig.5 LUMO orbital of compound 2¢
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