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Synthesis of Novel Ferrocenyl Thiazole and Imidazole
Derivatives and Its Selective Recognition to Fe**

Wu, Xiaofang Wu, Pei

Li, Jingyu

Lu, Jing Wang, Jianchun™®

(Department of Chemistry, Capital Normal University, Beijing 100048)

Abstract Five novel ferrocenyl thiazole and imidazole derivatives were synthesized. The structure characterization of
the five products showed that ferrocene conjugative unit and thiazole or imidazole conjugative unit were linked by car-
bonyl methylene skeleton (COCH,). Chloroacetylferrocene (1a) was prepared by chloroacetylation of ferrocene which
reacted with different heterocyclic compounds (2-mercaptobenzothiazole, 2-mercaptobenzimidazole, imidazole and ben-
zimidazole) to give four novel compounds, respectively. 1,1'-Bis(bromoacetyl)ferrocene (1b) was prepared by acetylation
and subsequent bromination of ferrocene, which then reacted with 2-mercaptobenzothiazole to produce 2e. All the new
compounds were confirmed by 'H NMR, *C NMR, ESI-MS, HRMS and IR. Three single crystal structures were ob-
tained. Recognition properties on 14 metal ions of the five new compounds were investigated by UV-vis spectrum. The
results showed that the five new compounds possessed recognition properties only to iron(IIl), in which 2a had maximum

spectra response.

Keywords ferrocene; thiazole; imidazole; iron(III) ion recognition; tautomerism

LR Fe' BT A M R R EE, AWAN
1R 22 T LARRAE R {8 1 7] 5 1 S8 10 3 AR A D R 1 5
PL K DNA I RNA fI& M. 8 N Fe’ ' 8 1B = ok,
o 2 g E AR, ISR SRR ZE RS2
FAER RN A P2 8, B2 SECRIEDR=. Rk, @
V75 BT R RE s A SR B A AE MR A TR A I Fe® T B T 1
T ZEAR AR A 7S, B H AR, R 2 R0 TFH &k
ok, b R R R[4 gt = el 25—
FA RS O, ekl By B & PR AR, X

* Corresponding author. E-mail: cnuwjc@cnu.edu.cn

S6 RS T RR T Fe’ B A IRAIThREZ Ah, KHENT
EEFWA R, Kk 552 2500,

TR DA R AP IR E E, A S TE
TR 5y R N R -4 1 o N e SO = 1 8 .59 5 A
FRZ R R EIOMERETME, kg 50k
0T e U2 g ATV = e 41 AL PRI A A
FHMIE, ATH TR BHE FRUN TR0, AR, X e
TR LR R B IR R E, AT
P FIRINER, SiEEErEm B4R ARG =

Received November 25, 2016; revised February 9, 2017; published online February 27, 2017.
Project supported by the Beijing Natural Science Foundation (No. 2173060) and the General Plan of Beijing Municipal Education Commission (No.

KM201710028007).

b5 B ARHFHE 4 (No. 2173060) 1L 35 T L Z R Rl (No. KM201710028007) % Bh I H .

1412 http://sioc-journal.cn/

A ©2017 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2017, 37, 1412~1416



Chinese Journal of Organic Chemistry

AR RN R, & LB, mAVR N R e A
R E AR EYRBAZE] 5 MHLEY) 2a~2e
(Scheme 1), & ZFet ik Hai, HAFIHA 3
AMEEPIN X SRR RATIEE . AT 14 Bl W4
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AT DGR, SERBHRA F Xt F A S FHm
7, FfEATSEEl “RRAR IR,

Q o
o A o
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Scheme 1 Synthesis of compounds 2a~2e
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BRALHE 0 5 8 BN B R RCR, (HB AL
TEPEPEAN I 1) R 3 s R O V0 O AR T
Y EEL T RIS A 3 (] 5, AT T2l B S PP R 5N 3
TORBRILH R TR RIS RE ST (8], YIW 1A T
FIFEHE R &, WMbiE 1 FTHI S I S, SR SR £t
1 Scheme 1, K¢ — 5Bkt Mt A0 S AR S R JE %
Br(1a), BG5S 2-5RFE AR TFHEME | 2-FHE R TR IR
IO WA AT 46 DK I B B 2B I DY AN BT AL &) 2a~2d. %
BRA CBR A RN A A 1,10-— 2B ek, BE S T
M. ONBS MNAER 1,1'- (R ABE) % 8kaAb), 1b 5

2RI A IFIEME I A Y 2e. AT EREH 1b 251
5 2-BBE R IRk R AR SRR e S R R S N, A
B ARHTEEY), (HZB AR R, AR R A2 1b
TERRME 26 AF R HOE R, 258 50 R ALY T I BRI N AE AN
PLAN[4] R Bk IA L N(Eq. 1).
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Figure 1 Molecular structures of 2a (a), 2¢ (b), 2d (c)

F 1 2a,2c Fl2d 19 X H2% 5 45 MBS Lh i

Table 1 Data comparison of X-ray single crystal structures of
2a, 2c and 2d

IR EFRIEFT I e
FEMFHEIN = BRBKMERA K
/) ZTEA/C)

Fe—CH#K MRS

B wEA —EAC

2a  2.014~2.056 0.331 5.214 75.729
2¢  2.033~2.053 0.896 10.005 78.784
2d  2.026~2.056  1.048 7.018 85.548
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Figure 2 UV-Vis spectra changes of compound 2a upon addtion
of various metal ions

IR 2 FORIRERCE — R Fe BT TR, W
B 3, B Fe' I\, TSI o (i 2t
I HBEE FIRERMR, AR EINK. Fe* 5t
HEFERD AU, H 2a 2 40HR ] .

K2 AFEE TR
Table 2 Concentration of various metal ion
Mm% 1 2 3 4 5 6 7 8 9
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1.4 HIEHR

2a [PRANAT DL BN Fe®In N IR & A 4T
. Wk 3, NkE RS SERBIEE, A EREKRE
EET D1 MR, AR LE 458 nm ISR ASA
AT, TR T3 AN U A 73 1 AR e ST I v AL, 5t
B ERARRAET 101 BIEALRS, 8 4451 451
KA AA, BT — AR R SE A . SRi
W5 T ZIERIR R 5.083 X 10 mol/L.

SEFE T 2a BITARET S SR DY SR AR
DMSO ¥ AZ AR A (B AR B AR, R
2a ARG FIRAR DMSO 3% B4 AT AR By M fif A L i
G, (H 2a FTARIY S i B ARG AR 0%, 126
5.48 MHLHIL 1 BRBOWBE GRS S, HAE 6 9.20 AN
9.70 PRI HIL TIEIR ARG T, YW 2a EPY SRR
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Figure 3 UV-Vis spectra changes of 2a in the presence of Fe®"
with various concentration

B MEEY, EEA TR Z G A E 740 22 1
g He). BRI IRATIN Y 2a 7E THF HAFE1ES HAS 1
IR, BAGE Siame Sk TR I AEAE A T (1A 4).

OH Q
@\VSYN/ - @)JVS\Sr/N/
S =~ Fe \< >

=

B4 (LAY 2a fE THF ) HAR R4

Figure 4 Tautomerism of 2a in the presence of THF
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3 IS
3.1 X5

K2 B A AR 2 BUR T B e K e A A T gk
1T, V7Y Sk R 2 FH 4 S B0 Rl R Bk IR 28 1 1S ¢
PG = FRGURE e A0 2 A 2 70 0. I A
i G MR R & A PR A FI WRS-1B BUE 705 miAX
Mg, IR ARESIE; VARIAN NMRS 600 MHz #Y 4% #% 3
PRAL(CDCL; N, TMS AW HR); TENSOR 37 Bl41 4k
HeiE A (KBr JE F); Waters MicYoMass QTof ZYJii 4% ;
UV-8000 %5 #k—7] WL 4r 6 % & iF; Waters 2 & [
MicYoMass QTof Jiiiti{X; AFC10/Saturn 724+ 554 AT 5t
1.
3.2 ZWHE
3.2.1 A TBEA %Ak (1a)89 6 %

MRPESCER[18] A B, 355 (ulfl Ak, 7% 68.8%, m.p.
74~75 C.
322 1,1'-=iR B Z 5% (1b) 89 &

MR SCER[19] 6 . 19 AR (L E AR, =3 62.3%,
m.p. 84~85 C.
323 HARMLA M 2a~2d 494 A%

A 2 — %%k 100 mg (0.381 mmol)i& T Zfif
o, FEAIAE 212 mg (1.14 mmol) 2-3 JE 2K FFBEME (1) 77
B AW, FIIN 552 mg (0.381 mmol) K,CO; Z A5V,
IINTER S A 270, InFAER. 4 h )5, 3, [k
T & W, PR KBS, et fHre
W & b 5 A e A 1S 2-(1H-2K I P -2
Fo)-1- R Ek-1- 21 (22), ZLEEPIRSE, F2F 69.0%.
m.p. 183~184 °C; 'H NMR (600 MHz, CDCl;) d: 4.33 (s,
5H, Cp), 4.60 (t, J=1.9, 1.9 Hz, 2H, Cp), 4.73 (s, 2H,
CH,), 4.93 (t, J=1.9, 1.9 Hz, 2H, Cp), 7.30 (ddd, J=8.3,
7.3, 1.2 Hz, 1H, Ph), 7.40 (ddd, /=82, 7.2, 1.2 Hz, 1H,
Ph), 7.79~7.74 (m, 1H, Ph), 7.89~7.84 (m, 1H, Ph); '°C
NMR (151 MHz, CDCly) &: 196.34, 165.70, 152.87,
135.57, 126.01, 124.35, 121.36, 121.10, 77.17, 72.87,
70.26, 69.69, 40.96; IR (KBr) v: 3431, 3095, 2910, 1684,
1433, 1222, 1065, 995, 889, 822, 749, 4800 cm ™ '; ESI-MS
m/z: 393.9 (M+H)". HRMS caled for CoH cFeNOS,
(M+H)" 394.0023, found 394.0020.

&Y 2b~2d $tb &) 2a Tk k.

2-(LH-ZE F R -2 36 )- 1- — 7% 8k -1- 2 i (2b): 15
R, 77% 67.8%. m.p. 180~181 ‘C; 'H NMR (600
MHz, CDCl;) &: 4.29 (s, 5H, Cp), 4.31 (s, 2H, CH,), 4.66
(t, J=1.9, 1.9 Hz, 2H, Cp), 4.89 (t, J=1.9, 1.9 Hz, 2H,
Cp), 7.20~7.56 (m, 4H, Ph); 10.61 (s, 1H, NH); °C NMR
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(151 MHz, CDCl;) d: 200.34, 149.06, 137.66, 126.03,
122.52, 76.62, 73.70, 70.43, 69.96, 39.22; IR (KBr) v:
3244, 31004, 2954, 1672, 1448, 1395, 1344, 1269, 1224,
1061, 8300, 7400, 487 cm ™ '; ESI-MS m/z: 377.1 (M+H)".
HRMS caled for CjoH;FeN,OS (M +H) " 377.0411,
found 377. 0409.

2-(1H-TKME)-1- — P Bk-1- 2 W (2¢): 20K (IR 5
&, P23 70.1%. m.p. 158~159 C; 'H NMR (600 MHz,
CDCLy) o: 4.24 (s, 5H, Cp), 4.63 (t, J=1.9, 1.9 Hz, 2H,
Cp), 4.82 (t, J=1.9, 1.9 Hz, 2H, Cp), 5.05 (s, 2H, CH,),
6.98 (s, 1H, Ph), 7.14 (s, 1H, Ph), 7.54 (s, 1H, Ph); "°*C
NMR (151 MHz, CDCl;) d: 195.82, 129.59, 120.48, 75.66,
73.23, 70.14, 70.13, 69.17, 52.82; IR (KBr) v: 3386, 3111,
2917, 1680, 1507, 1463, 1374, 1246, 1105, 1068, 889, 821,
7400, 657, 494 cm”'; ESI-MS m/z: 295.1 (M+H)".
HRMS calcd for C;sH;sFeN,O (M~|—H)+ 295.0534, found
295.0526.

2-(1H-ZR FF BRI )-1- — % 8k -1- Z B (2d): #8 (IR
ik, PP 64.7%. mp. 170~171 ‘C; '"H NMR (600
MHz, CDCls) 6: 4.25 (s, 5H, Cp), 4.65 (t, J=1.8, 1.8 Hz,
2H, Cp), 4.89 (t, J=1.8, 1.8 Hz, 2H, Cp), 5.27 (s, 2H,
CH,), 7.86~7.28 (m, 4H, Ph), 8.06 (s, 1H, CH); °C NMR
(151 MHz, CDCly) o: 195.81, 123.29, 122.36, 120.57,
109.19, 75.60, 73.22, 700.16, 69.23, 50.71; IR (KBr) v:
3424, 3095, 2917, 1680, 1500, 1374, 1246, 1173, 1068,
889, 830, 748, 606, 480 cm '; ESI-MS m/z: 345.1 (M+
H)". HRMS calcd for CoH;,FeN,O (M+H)" 345.0690,
found 345.0685.

3.2.4  BiREA 2e 495 A%

B1,1- R 2B %4k 502.9 mg (1.03 mmol)#%
T2 0EH, FIIAE 345.1 mg (2.06 mmol) 2-3i 3 )
BE I ) R A, PN 18.8 mg (1.03 mmol) K,CO; 2
G, IMNTRE) SA 73F0f, WimBide 0.5 h 5, ot
JE, WA T & W, PO, KRS,
et S BB AMB(  v=1 " 5)EL A, 13
BHOR AR 1,15k (-8 R -2- R 5L ) - 1- £ ]
(2e), 446 mg, 7&K 72.1%. m.p. 183~184 ‘C; 'H NMR
(600 MHz, CDCly) J: 4.64 (s, 4H, CH,), 4.75 (t, J=1.9,
1.9 Hz, 4H, Cp), 5.08 (t, J=2.0, 2.0 Hz, 4H, Cp), 7.28~
7.83 (m, 8H, Ph); *C NMR (151 MHz, CDCl;) §: 195.76,
165.40, 152.74, 135.57, 126.03, 124.40, 121.29, 121.11,
78.66, 74.67, 71.41, 40.74; IR (KBr) v: 3445, 3080, 2910,
1680, 1456, 1418, 1298, 1232, 1075, 1008, 881, 830, 748,
480 cm™'; ESI-MS m/z: 601.0 (M+H)". HRMS calcd for
CasHaoFeN,NaO,S, (M+Na)" 622.9655, found 622.96500.
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3.2.5  #ahzEMmK

&) 2a (CoH;sFeNOS,) N AR A, 43
IRGERIE IR 1(a) (CCDC: 1518698). A%, X B
KL EY) M,=393.30, dALE g TR ARG R, P21/c
AR SRS E a=6.270(15) A, b=18.794(4) A, c=
14.269(3) A, «=90.00°, f=101.195(3)°, y=90.00°. V=
1649.5(7) A°, Z=4, D.=1.584 Mg/m’, xu=1.17 mm ',
F(000)=808. YtJi: Mo Ka #£(1=0.71073 nm), M
WA 293(2) K. & mE B+ R =0.0363, wR,=
0.0881. 1 & Kl T: R, =0.0451, wR,=0.0828, GOF =
1.050; Kit&rik: BT F RS MR/N 3R &EA
JRF I B ISR E, RS MRS & bR A TR

&Y 2¢ (CisHFeN,O)Y ML AR AR A, 201
s AR 1(b) (CCDC 1518699). HA 5 X SR
BILL A M,=294.05, SiALiH)E T =4Hm AR, P12
. WS E a=74506(4) A, b=11.0284(6) A, c¢=
16.0550(9) A, o = 81.879(3)°, S = 80.590(4)°, y =
89.549(4)°. ¥=1288.25(12) A*, Z=2, D.=1.516 Mg/m’,
u=1.16 mm ', F(000)=608. J:Ji: Mo Ka H£(1=
0.71073 nm), MIRIREE 293(2) K. HEME K 7 R =
0.0401, wR,=0.1070. 1k & FF: R, =0.0501, wR,=
0.1140, GOF=1.078; #&1& 5% 3T F* M4
TeE. AR Tl E S A E, S MREE
rhR & TR P 2

AW 2d (CoH cFeNO) ARG CLERIR AR, 4
B 1(c) (CCDC 1518656). H. i X B£8R 7% 1
WA M,=344.06, WIESEHET =RIE R, P1AEREE
i i 28 a=9.7648(2) A, b=11.59112) A, ¢=
15.1987(3) A, a=101.5780(10)°, £=91.3020(10)°, y=
114.4800(10)°. ¥V = 152291(5)A°’, Z=2, D, = 1.501
Mg/m?®, ©=1.00 mm ", F(000)=712. Yi: Mo Ka 4}
2£(4=0.71073 nm), MWREE 293(2) K. H & H T
R1=0.0360, wR,=0.0739. 1 & [KT: R,=0.0538, wR,=
0.0823, GOF=1.029; &5k 3T F* 4K
Tk, AR Tl E S A E, S REE
rh R & TR P 2
32,6 CESN-TT A AN

L 2a A, EARSDT 2a BLEL 2.0X 1077 mol/L )
THF &7, 2R B 72 HIRC K 2.0 X 1072 mol/L A /K
FH. ESE 2 mL BRER— &5 10 mL HLEEH,
;FZJ\KEE/‘JEMX(PIT)2+, Ni2+, C02+, Sn4+, Cu2+’ Mg2+,
Zn*" Fe’", Ca’", K", Na", Cr’", Cd*", Ag") 2 mL, 3/
THF &%, B3 EESTFHIREN 4.0X10 * mol/L, &
IRBS T E R 4.0X 10> mol/L.
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£ DN E B TR B LI DR AR TR E N
4.0X10"* mol/L, ML E — R HIKFE &Ry T, B
RN TIRE LR 2.

HBh# &L (Supporting Information) L&) 2a, 2¢, 2d
Hm A B KR A, B E 2a~2e 1%L
RN A S N AR S w7 =7 i e S v S
e RL AT LA B 2 AR T 199 328 (http://sioc-journal.cn/) | R
#.
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