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B~ E 1,2,4-=1 Mannich FBEY S B K H Cdc25B ##lE

L - e

ok

x~—F  EWH  AWA

RKZ

CLTAEM SR E LRSS LTI A TR KIE 116029)

FEEL DL S b e i SR JRURE, 43 i) S bk WRIGE AN - EWR R 64T 2 e A5 ROV, B IR AR T 15 A
B 3-TRRIE-1,2,4- 9 = M2 JE A T(3a~3e. 4a~d4e Rl 5a~5e). T IR. "H NMR Fil HRMS 23K 77 o6 H brtk
VAT T RAL, IR B E9 3b HEAT Xoray AT U% VT HARPEINT Cde25B HIHMElETE, 45
K, 134 HAsE &R KA PmHliEdE, ok 3c. 4a. 5b. 5¢ Fll 5e 25 5 AMEA YK 1Cso /N T-BH S M EDL
140(1.8620.24 pgemL "), 43514 0.9140.18. 0.62+0.13. 1.10+0.33. 0.44-0.04 F10.67+0.13 pgemL "', %}tt PTPIB
RS L EE AR, ALt Cde25B A EFRMERIHMHIME R, 7 LUVE I8 AE ) Cde25B 7).

R R 1,2,4-= 0 2R, Cde25B I

Synthesis and Inhibitory Activity of Novel Ferrocenyl 1,2,4-Triazole
Mannich Bases

Zhang, Chenglu™ Wang, Xue Guo, Yang Whu, Yifei Gao, Lina

Sun, Lijie Chai, Jinhua Zhu, Chang'an
(Liaoning Provincial Key Laboratory of Biotechnology and Drug Discovery, College of Chemistry and Chemical Engineering,
Liaoning Normal University, Dalian 116029)

Abstract 15 novel 3-ferrocenyl-1,2,4-triazole Mannich bases (3a~3e, 4a~4e and 5a~5e) were designed and synthesized
for the first time by Mannich reaction from five 3-ferrocenyl-1,2,4-triazole Schiff bases, which reacted with morpholine,
1-methylpiperazine and piperazine, respectively. The structures of 3, 4 and 5 were characterized by IR, "H NMR and HRMS.
The X-ray single crystal diffraction of 3b was obtained. The results showed that the target compounds were successfully syn-
thesized. The target products were evaluated for their Cdc25B inhibitory activities. The test results indicated that 13 of 15
Mannich bases exhibited good inhibitory activity, wherein ICs, values of 3¢, 4a, 5b, 5S¢ and 5e were lower than the positive
control compound Nas;VO, (1.86+0.24 pgemL™") with 0.91+0.18, 0.62+0.13, 1.10+0.33, 0.44+0.04 and 0.67+0.13
pgemL ™", respectively. Compared with PTP1B inhibition activity results, the target products have a selective inhibitory effect
on Cdc25B.

Keywords ferrocene; 1,2,4-triazole; Mannich base; Cdc25B inhibitor
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FEDR A 53« 8 0 T R 92 SN A — R A AN TS ).
RIS W, SRS 2 Rgomt. 7 Nk
A, Cde2s & 4 A MR EE I L4 ffie 7 H =,
Cdc25A. Cdc25B 1 Cde25C. Cdc25B MR Mg iy 11—
FOUEE MR IR IR, BEUY4Y CDKI1 L/ 14, 15 8%
% W5 1%, 151k CDKl-cyclin B &%, MLk
AR, B RREIAEMR LI . &5
B S5 A R P AR Cde25B i i k) i g
FIAM) Cde25B 235 [RC A e JIRH A, AN if 90 i1 41 15
B, 2 PEN PR N S A G2 IHE N 240248,
M35 DNA S HIAE42M, Cde25B /b & A 8o 3
H(Rafl, c-Myc)F¥E£ERE T, 1T DURIHAth 350 6 K S H)
YER, ATREX IR i)k R HEAE T, JF HL Cde25B i
PR S B e e St O B —, Rl 203
o T R T IR R A, DT DA A A A e A
DR 25 10 B 3T I B AR G e o S 05 D) e A O &
Cdc25 FMHIFIARIET, CARAIE 52 BENE 405 g 41 o 1
B, HERA LR TR A IR AL 2R, Pl Rt e
WP AT A2 1) Cde25 TR A Bl Cde25B HAREF (1)
EEAER BTN T Cde25B S FIA 75 B —
Tt AT R T HEIE (1) 25 )

WETTR W, AN FELS 2R IR ING T AN e i i R b &5
A PTPs, {4k &5 A4 dak J 100 11 48 ) vl A Sy 388 s o it 5] 5%
FPE R PR A s 0 I s K AR 48 R IR W IR T 2%
AL 2R e BRALPORSEAR I, ASCADLA% R I (4] 5 i
PEBBAL (&5 A, TR R AR e 3 A1 5 e 45 g da
GRS &, WIS FAVE ], A S IRSE o

EFRPERI Cde25 T, sk R AT A N 3
R IR (1) 45 46 O S8 B AT B e I s A0 B R A5 g
PEUON TR 1,2,4- = MEE R BT /NG 75 Cde25B
HAT R IR M E P R R A e ReE, P IR R e S5
Mk, BB REYEYE, WP, PrItE. ML,
1B PO PUELURR B2 R, AR R
G5 R PERE N PR S o R B, IR AT W AR DL Kk Bk
(Ferrocene, 4550 Fo)ff MR, fEILE50) L5l NATRE
BRSPS AL R B IR 1,2,4- =M, NS IFIDRIGG
&, BeEMMS T — b, DURHRILE g, 1
FEIE S LF) Cde25B #HilF). & i i Scheme 1.
1 ZER51HE
1.1 Bt EYMEa RS RIE

AU ¥ 58 AT A T 5 4 Schiff figfis A= 4 21,
I SEBRGEYER N, B 2 Al sk, N-FOEIRERFIDR G
HEAT Mannich &N, H XA T 15 /> Mannich A fiT 4=
Yy 3a~3e.4a~4de fll 5a~5e. {F Schiff §ifTEMHIE %
RN E B 179 W R s 1 i AR | ENPS W  EA
R, RIS, A R A A A fh, RV
PR AR, TAIL I — DRI, G SRR,
WL 78 °C; LAMRGRRRAEMALT, KRR v]
YE KT KGR, [ BN R rp i D SRk IR, A
AT R IE M REAT, 2598 Schiff kAT A= P 5
53] 85.0%; {E4 % Mannich B8/, ARHE K N HL
H, JHESEINN Schiff Bk, 37% FH RS, [FIAHIR,

~N )
?)“L /
HCHO N~ S
Morpholine CE Nﬁ
Q Ar
N-NH 3a~3e
N—N -
EN s e
\ N ~SH ArCHO \ N N
Fo  HoN Fe Ny HCHO @/(N/&S
Q Q Ar 1-methylperazine I‘:e Nj\
1 2a~2e @ At
F Cl 4a~4e
OOy ), O, O
o & N E ¥ $ /\N/\\
Coh S
HCHO : N~ S L &\@
- Fe Na N
Piperazine 7 ! [
@ Ar Ny e
NS

Scheme 1
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Ji 00N P b (V- FE RS IR R 8 W 15 ) P 31 PP 147 J 8
R AL, R R I 86%.

it IR, "H NMR Fll HRMS 2553 41 59255 BT 1
AT TRAE. IR IEE T, Hisfb&Y7E 1400 Fl
490 cm " ZE AT H ARG Sy A IR RE WALV, A
3100 F12900 ecm ' 22 A5 BRI 06l 2558 | C—H R
I, 1650 A1 1500 cm ' A A7 HBLIIE S5 C=N Al
C=C MW, 75 1280 ecm ' A4 BRIl C=S 1)
WU, 5 1150 A1 1100 em ™' A2 A5 (KI5 ¢—O Al
C—N Mg "H NMR % & d, HC=N LR A5
£E0 10.0 A4 4E, 766 7.0~8.0 kb 5 IR 59, —
TRAIR B R T15 545 0 4.0~5.0 ZEAi b, #F 552 A
A BRI NCH,N oWl F K () 7055, MR 1R 5
TG54 6 2.8 F1 3.7 /i, N-F REWREEIR 10 5t 115 57
524 12,9 /45,8 2.3 7478 NCH; IR TA5 5, WRBRER
RS54 6 5.2 /i4; HRMS &K, Fra &y
BT M+ 17" i,

H T #2505 Mannich TAT AR S5H, LA
G, R AT, RS R,
AT TARENE HbR7=4 3b (1 5L, K Xeray 5L if T 2k
RSO B HEAT T, AR TR 1 FioR.
L EE AR Mo Ko $726(1=0.71073 A), U o 1
57 . FIH SAINT FEFe et Bl 8 AT 4 b AT
HEIL R, FH SADABS F& /P T HR A E. ST
/NSRRI EE, MR SHELXTL 5.1 F254, T E B4
ZEAH AR P E R AR AR T I AR R, BT R
SRR Z U R . e H R AR bR 2 i i
HLS AL B T AR T AR AR 3b (1)
CCDC 1008773. 453 Eor: S5 HR2)FMA R F S(1)
ZNAEAEAS A BH, WRIREAAT 1,2,4-3) = ST 2 7] )
Je ol 42.20, TORERIRAR 1,2,4-Y) =] SE A A 18.40,
AT ARSOP T, W R RN = IR AL T C=N XU
AL E, N(DN(5)C(22)C(18)2 [AlfrHL#h 55T 178.4°,
VL] C=N XU E f 7L,

B 1 A5 3b iR

Figure 1 structure of compound 3b
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1.2 HEPEMENR

H A Ak A 40 A= 403 P 0K e R 55T 24 i 32 v 0 5
B £E S pg/mL REESAT N, KRR S IR TE e AT 4
R EFHEIE KT S0%Mtk ST =I5, 151 1Cs
B, 07 16 S0 7 V244 IR 2 2 SRR 18 ~ 201 1¥) 77 1A 1EAT

MRRSE R K 2 Frow. B 3a Al 5a 4k, AR HARME
GWIR Cde25B ¥ WoRAMfliETE, 75 5 pg/mL WBE 4 At
T, FHEE A 65.12%~99.62%:; 1Cso {4 4(0.44 £0.04)~
(5.57£1.28) pg/mL, 1 3c. 4a. Sb. Sc Fl Se fik T-FH
YEZ ) NasVO, (1.86+0.24 pg/mL). 4} Ltk &
Fll N-HIEWRIE RAFIRGE R 51 H br =it g5 3, 45
BRI BOR R TRIL, BATOIRREH . AR 24
AN HRSCED S (Sa BRAMIVEIE R R, 4307 SR A
IRE R A 5 A A = MR IR PE R, e R
TGS INBER. SiECARE T, et ey
PIFEFE . MRS TG, MERESETC. RRUREE AN SURIESE
SR Ak B W Ol B A B AR PR Y, RS e B
W 7ol Bk 29 T LN, TRAEIESE T IX S8
BIE A s ORI R, o0 B, A
YL o313 HAT A R A s e, % Cde25B 3£
I A s e, Horb Se () ICsy fH & B AR
0.4410.04 ug/mL, 3L RIDUNIRHT 24

F—J7 M, T SRR ST AR EE R Cde25B
IS E R, BRATIEIEI T % Cde25B
BUFH 13 MGEY), W ILINER T 8 PR 2R R R
1B (protein tyrosine phosphatase 1B, 45 PTP1B) 41l
W, BHATIEBEVEY, A PTPIB & Cde25B [Hl&
PTPs FJGI— b, WAL Rk 3 Pros. a5 40, [
AR BER 1) 20 pg/mL IRFESME R, 13 AMEE Rt
PTPIB 5BA Gk, B T Cde25B #uf 13k
PEIEHDH.

2 Hig

TRCL R AR, SIN 1,2,4- =M T RHRAN
MR B WRGE 45 20O ], ik AT 15 ST
R R A IRAT A, WA LS R, 13 AN H bR
&P Cde25B B HA B IAHIER, H 3e.4a.
Sb. Sc 1 Se HMHIE Y S T RHES YRS, 7
S RSO AE T LU 2. 13 A HARP= MR R 5% (1)
PTP1B ¥ G, R H AL A% Cde25B 14
AT — B (PR E.

IR R AT A R, K 1,2,4- =Wk 55 08
WG BR AN WR IR R 50 [F)— 23 1R INE, % Cde25B HATHLF
RGP, UEWZ A S P IR A R X
IR, SEIRE 258 B V o1 5 77248 T Ais 1
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R E R

2 HMEEWA Cde25B HIFIHRETE

Table 2 Inhibition of target compounds against Cdc25B

Compd. Inhibition rate®/% ICs¢/(ngemL™") Compd. Inhibition rate?/% ICs¢/(ngemL™")
3a 26.361+6.01 NA 4d 94.01+0.40 3.04+0.54
3b 69.27+3.75 547+1.13 4e 97.851+0.30 2.65+0.25
3c 99.62+0.40 1.10+0.33 5a 22.35+3.88 NA
3d 94.29+2.29 2.811+0.36 5b 97.11+1.48 0.62+0.13
3e 74.161+5.83 5.57+1.28 5¢ 96.331+0.39 0.44+0.04
4a 91.67+1.39 0.91%+0.18 5d 79.11%+5.50 5.39+1.03
4b 65.121+3.80 3.26+1.03 Se 97.821+0.34 0.67+0.13
4c 85.50+0.71 3.024+0.57 IR — 1.861+0.24

“Values tested at 5 pg/mL concentration; * Na;VOy as a positive control.
£3  HARLAWIT A PTP (PTP1B)HFIHNIE P [1Cso/(ugemL )]
Table 3 Inhibition rate [ICsy/(ugemL~")] of target compounds against related PTP (PTP1B)
Compd. 3b 3c 3d 3e 4a 4b 4c
Cdc25B¢ 547+1.13 1.1040.33 2.814+0.36 5.57+1.28 0.91%0.18 3.264+1.03 3.02%0.57
PTP1B? NA NA NA NA NA NA NA
Compd. 4d 4e 5b Sc Sd Se
Cdc25B* 3.04+0.54 2.65+0.25 0.62+0.13 0.44+0.04 5.39+1.03 0.67+0.13
PTP1B? NA NA NA NA NA NA

“Values tested at 5 ug/mL concentration; ” values tested at 20 pg/mL concentration.

T IMIRCR, X TCHEN H 2 BATH PRGN v 2 5y 13t
B RIURIE T ORIk B =, S E 25 Rk [
(5 H AR 7> 7 BRI R e E, WHIEZY 215
ONHLEIE S A 8 S 0 i B e Al 5 0 (9 AR 0

3 XWEH
3.1 UESIKFH

AVANCE 500 MHz NMR #% i 3t ¥ % i 1% ;
SMART APEX II #LEfiTHX; Xevo Q-TOF MS JAH 4
- R 111, TENSOR 27 {7 A8 21 Ah ity
X-5 T AR O S AN, R AR IE ; WFH-203B 7 = Fj 4%
ANYHTAL. BT FHARFIA by 437 4.
3.2 A E
321 3-=R 4k -4-RI-5-FI-4H-1,2,4-3 =7 (1)
F= Schiff 4% 2 4946~

T 50 mL W ERBSEH, I 2- %8k L
AR R £R(3.6 mmol), #ET 10 mL 1) SEEAHT,
BN 80% /KA E, FHELZ 80 °C; I 12 h J&, RV
W ERIRT pH & 5, H Rl k= k. ol fEgs
g, SO FOIRFEE 1. T 50 mL (YRR, A1
(1.0 mmol)fl 10 mL £, In#giidy, AT & EE(1.2
mmol), [P ZE 4R, TLC Wil s o4 m, WanE
U, IR N, SREEAE A, 13 Schiff B4 2.
3.2.2 Mannich #%& 3 #9468 7%

T50 mL [ [EJEFE T, A Schiff % 2 (0.5 mmol)
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MZEE 5 mL, IAEEEE, A 0.06 mL 37%H
(0.6 mmol), i+t 10 min J&, HIATEIE0.6 mmol); TLC
R S N e 4, B s, L IEARR T , OlE A
i, 13 HARMEED) 3.

1-( e Wbk Y )-3- 7 Bk -4-[(3- R T ) &
He1-1H-1,2,4-35 = -5 (AH)-fri i (3a): R B A, Wk
59%. m.p. 185~186 C; 'H NMR (CDCls, 500 MHz) o:
2.86 (t, J=4.0 Hz, 4H, CH,0OCH,), 3.71 (t, J=4.2 Hz, 4H,
CH,NCH,), 4.16 (s, 5H, Fc), 4.42 (t, J=1.8 Hz, 2H, Fc),
4.97 (t,J=1.8 Hz, 2H, Fc), 5.17 (s, 2H, NCH,N), 7.12 (dd,
J=9.4,16.0 Hz, 1H, CH=CPh), 7.31 (d, J/=16.0 Hz, 1H,
C=CHPh), 7.40~7.45 (m, 3H, Ph), 7.60 (dd, J=1.3, 7.9
Hz, 2H, Ph), 9.75 (d, J/=9.5 Hz, 1H, N=CH); IR (KBr) v:
3047 (C—H), 2938 (C—H), 1634 (C=N), 1590 (ArC=
C), 1450 (FcC=C), 1284 (C=S), 1154 (C—O0), 1072
(C—N), 744 (C—H), 508 (C—Fe) cm '; HRMS calcd for
CyeH,,FeNsOS (M+1)" 513.1286, found 514.1270.

A (PR R -2 PP 075 i 2 i )- 1 - (P I P i )-3- - P gk -
1H-1,2,4-3) = M-5(4H)-Bi lid(3b): B (i, W& 65%.
m.p. 170~171 “C; 'H NMR (CDCls, 500 MHz) 6: 2.85 (t,
J=4.7 Hz, 4H, CH,OCH,), 3.69 (t, J=4.7 Hz, 4H,
CH,NCH,), 4.17 (s, 5H, Fc¢), 4.41 (t, J=1.9 Hz, 2H, Fc¢),
498 (t,J=1.9 Hz, 2H, Fc), 5.13 (s, 2H, NCH,N), 6.62 (q,
J=1.7, 3.5 Hz, 1H, furan), 7.10 (d, J=3.5 Hz, 1H, furan),
7.73 (d, J=1.8 Hz, 1H, furan), 10.18 (s, 1H, N=CH); IR
(KBr) v: 3124 (C—H), 2952 (C—H), 1654 (C=N), 1612
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(ArC=C), 1406 (FcC=C), 1277 (C=S), 1167 (C—O),
1097 (C—N), 831, 772 (C—H), 488 (C—Fe) cm ™ ';
HRMS caled for C,HyFeNsO,S (M+1)" 477.0922,
found 478.0937.

1-( My bR )-3- ) Ak Rk -4- (b W -2- P A 2
HE)-1H-1,2,4-35) = W-5(4H)-Fii B (3c): s g il 44, e
70%. m.p. 169~170 ‘C; '"H NMR (CDCls, 500 MHz) §:
2.87 (t, J=4.7 Hz, 4H, CH,OCH,), 3.70 (t, J=4.7 Hz, 4H,
CH,NCH.,), 4.15 (s, 5H, Fc), 4.44 (t, J=1.9 Hz, 2H, Fc),
498 (t, J=1.9 Hz, 2H, Fc), 5.18 (s, 2H, NCH,N), 7.45
(dddd, J=1.0, 4.9 Hz, 7.5, 12.4 Hz, 1H, Py), 7.89 (ddd,
J=1.6,7.8, 15.5 Hz, 1H, Py), 8.24 (d, J=7.9 Hz, 1H, Py),
8.79 (d, J=4.6 Hz, 1H, Py), 10.37 (s, 1H, N=CH); IR
(KBr) v: 3115 (C—H), 2928 (C—H), 1654 (C=N), 1612
(ArC=C), 1406 (FcC=C), 1277 (C=S), 1158 (C—O),
1106 (C—N), 815 (C—H), 488 (C—Fe) cm'; HRMS
caled for C,HyFeNcOS (M + 1) " 488.1082, found
489.1096.

A-(4- T, 2 s FE B4 )-1-( M bR Y 3 )-3- Ak Ak -
1H-1,2,4-3) = M-5(AH)-i i (3d): s EFEA, R 75%.
m.p. 154~155 °C; '"H NMR (CDCls, 500 MHz) J: 2.86 (t,
J=4.4 Hz, 4H, CH,OCH,), 3.70 (t, J=4.4 Hz, 4H,
CH,NCHS,), 4.15 (s, 5H, Fc), 4.44 (s, 2H, Fc), 4.96 (s, 2H,
Fc), 5.17 (s, 2H, NCH,N), 7.23 (t, J=8.8 Hz, 2H, Ph),
7.97 (q, J=5.5 Hz, 8.5 Hz, 2H, Ph), 10.06 (s, 1H, N=
CH); IR (KBr) v: 3124 (C—H), 2926 (C—H), 1648 (C=
N), 1600 (ArC=C), 1407 (FcC=C), 1277 (C=S), 1164
(C—O0), 1109 (C—N), 841 (C—H), 496 (C—Fe) cm ';
HRMS caled for Cp4HoFFeNsOS (M+1)" 505.1035,
found 506.1057.

A-(4- 5 2R s FE B FE )-1-( M bR Y 3 )-3- Ak Ak -
1H-1,2,4-3) — M -5(4H)- T 1 (3e): A o € [l 4, fic %
69%. m.p. 175~176 ‘C; '"H NMR (CDCls, 500 MHz) §:
2.86 (t, J=4.6 Hz, 4H, CH,OCH,), 3.70 (t, J=4.6 Hz, 4H,
CH,NCH.,), 4.14 (s, 5H, Fc), 4.44 (t, J=1.8 Hz, 2H, Fc),
4.95 (t, J=1.8 Hz, 2H, Fc) 5.17 (s, 2H, NCH,N), 7.53(d,
J=8.5 Hz, 2H, Ph), 7.90 (d, J=8.5 Hz, 2H, Ph), 10.15 (s,
1H, N=CH); IR (KBr) v: 3133 (C—H), 3030 (Ar—H),
2855 (C—H), 1663 (C=N), 1621 (ArC =C), 1402
(FcC=C), (1287 C=S), 1115 (C—O0), 1072 (C—N), 873,
815 (C—H), 505 (C—Fe) cm '; HRMS caled for
C,sHa,CIFeNsOS (M+1)" 521.0740, found 522.0729.
3.2.3 Mannich 4% 4 94 pid &

50 mL ¥ AR, A Schiff ik 2 (0.5 mmol)
MW 5 mL, ARG, A 0.06 mL 37% HE

Chin. J. Org. Chem. 2014, 34, 2331~2337

© 2014 Chinese Chemical Society & SIOC, CAS

(0.6 mmol), HEFE 10 min J5, A N-H FEIREE (0.6
mmol); TLC il B 564G, MEa i, o pef
i, CREESE G, 1 HMEEY) 4.

1-[(4- FF L WR W - 1- 556 ) FFY 6 1-3- Rk ik -4-[(3- K M
W X FE]-1H-1,2,4-35) = W:-5(AH)- i [ (4a): A7 245 £ [
&, W 72%. m.p. 186~187 “C; '"H NMR (CDCl;, 500
MHz) 6: 2.26 (s, 3H, NCH3), 2.44 (s, 4H, CH,NCH,), 2.91
(s, 4H, CH,NCH,), 4.16 (s, 5H, Fc), 4.41 (s, 2H, Fc), 4.93
(s, 2H, Fc), 5.18 (s, 2H, NCH,N), 7.12 (dd, J=9.6, 16.0
Hz, 1H, CH=CPh), 7.30 (d, J=16.0 Hz, C=CHPh),
7.40~7.43 (m, 3H, Ph), 7.60 (d, J=6.8 Hz, 2H, Ph), 9.72
(d, J=9.3 Hz, 1H, N=CH); IR (KBr) v: 3123 (C—H),
2939 (C—H), 1664 (C=N), 1610 (ArC=C), 1407 (FcC=
C), 1170 (C—N), 806 (C—H), 493 (C—Fe) cm”'; HRMS
caled for CpHzFeNeS (M + 1) © 526.1602, found
527.1627.

A (PR -2- F O i 2 2k )-3- R Bk - 1-[(4- H L IR
R 1) L - 1 H-1,2,4- 35 = -5 (4H)-175 JF (4b): 15 8 (0,
WA, W% 59%. mp. 174~175 ‘C; 'H NMR (CDCl;,
500 MHz) &: 2.26 (s, 3H, NCH3), 2.44 (s, 4H, CH,NCH,),
291 (s, 4H, CH,NCH,), 4.17 (s, 5H, Fc), 4.41 (t, J=1.8
Hz, 2H, Fc), 4.97 (t, J=1.8 Hz, 2H, Fc), 5.17 (s, 2H,
NCH,N), 6.63 (q, J=1.7, 3.4 Hz, 1H, furan), 7.10 (d, J=
3.4 Hz, 1H, furan), 7.74 (d, J=1.8 Hz, 1H, furan), 10.18
(s, 1H, N=CH); IR (KBr) v: 3124 (C—H), 2925 (C—H),
1654 (C=N), 1605 (ArC=C), 1406 (FcC=C), 1063 (C—
N), 763 (C—H), 445 (C—Fe) cm '; HRMS calcd for
Ca3HyFeNgOS (M+1)" 490.1238, found 491.1221.

1-[(4- F R WR IR -1- 555 ) 3 1-3- Bk 2 -4- (b e -2-
P i S 3 )- 1 H-1,2,4- 35 = -S4 H)- B ] (de): 3 €4 [
&, W& 62%. m.p. 194~195 “C; '"H NMR (CDCl, 500
MHz) §: 2.27 (s, 3H, NCH3), 2.45 (s, 4H, CH,NCH,), 2.92
(s, 4H, CH,NCH,), 4.15 (s, 5H, Fc), 4.42 (t, J=1.9 Hz,
2H, Fc), 4.94 (t, J=1.9 Hz, 2H, Fc), 5.20 (s, 2H, NCH,N),
7.44 (dddd, J=0.9, 4.9 Hz, 7.5, 12.3 Hz, 1H, Py), 7.88
(ddd, J=1.5, 7.7, 15.5 Hz, 1H, Py), 8.23 (d, J=7.9 Hz,
1H, Py), 8.79 (d, J=4.6 Hz, 1H, Py), 10.35 (s, 1H, N=
CH); IR (KBr) v: 3140 (C—H), 2928 (C—H), 1663 (C=
N), 1605 (ArC=C), 1406 (FcC=C), 1277 (C=S), 1131
(C—N), 822 (C—H), 488 (C—Fe) cm '; HRMS calcd
for CosHy,FeN;S (M+1)" 501.1398, found 502.1423.

A-(4- T A HE I )-1-[(4- F FEWR R -1- %) T O )-3-
TR -1 H-1,2,4- Y = M-S (4H)-T5 i (4d): B 00 [ 4K,
W 73%. mp. 169~170 C; 'H NMR (CDCl;, 500
MHz) 6: 2.29 (s, 3H, NCH3), 2.48 (s, 4H, CH,NCHS,), 2.94
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(s, 4H, CH,NCH,), 4.14 (s, 5H, Fc), 4.42 (t, J=1.9 Hz,
2H, Fc), 4.92 (t, J=1.9 Hz, 2H, Fc), 5.19 (s, 2H, NCH,N),
7.23 (t, J=8.6 Hz, 2H, Ph), 7.97 (q, J=5.5, 8.7 Hz, 2H,
Ph), 10.02 (s, 1H, N=CH); IR (KBr) v: 3124 (C—H),
2928 (C—H), 1648 (C=N), 1605 (ArC =C), 1397
(FeC=C), 1277 (C=S), 1167 (C—N), 831 (C—H), 478
(C—Fe) ecm™'; HRMS caled for CpsHi:FFeNgS (M+1)"
528.2134, found 529.2126.

4-(4- S IR FE E L )-1-[(4- F FEIR IR - 1-3 ) H 3 1-3-
TR IE -1 H-1,2,4- Y = M-S (4H)- 1 I (4e): A7 T 0 [
A&, W& 50%. m.p. 180~181 “C; '"H NMR (CDCls, 500
MHz) 6: 2.27 (s, 3H, NCH3), 2.45 (s, 4H, CH,NCH,), 2.92
(s, 4H, CH,NCH,), 4.14 (s, 5H, Fc), 4.42 (s, 2H, Fc), 4.92
(s, 2H, Fc), 5.19 (s, 2H, NCH,N), 7.25 (s, 2H, Ph), 7.98 (s,
2H, Ph), 10.03 (s, 1H, N=CH); IR (KBr) v: 3133 (C—H),
2931 (C—H), 3133 (C—H), 1663 (C=N), 1596 (ArC=
C), 1406 (FcC=C), 1287 (C=S), 1167 (C—N), 840, 831
(C—H), 488 (C—Fe) cm '; HRMS caled for CpsHp,Cl-
FeNgS (M+1)" 534.1056, found 535.1069.

3.2.4 Mannich #& 5 4948 ik

150 mL [ B JEE Y, N Schiff 7% 2 (0.5 mmol)
MAWE 5 mL, I#AEFEE, A 0.06 mL 37% g
(0.6 mmol), it 10 min J5, MAWKFEE(0.3 mmol); TLC
R N e 4 0, B i, L IRAM P, RS
b, 13 ARG S.

L1-(WR R -1,4- 3 H 38) = [3- Rk -4-(3- 2R I
N X ) k- 1H-1,2,4- 35 = M:-5(4H)-fini /i ] (Sa): IRZL A [
A&, W 86%. m.p. 232~233 “C; '"H NMR (CDCls, 500
MHz) §: 2.90 (s, 8H, CH,NCHS,), 4.16 (s, 10H, Fc), 4.41 (s,
4H, Fc), 4.95 (s, 4H, Fc), 5.15 (s, 4H, NCH,N), 7.11 (dd,
J=9.4, 15.8 Hz, 2H, CH=CPh), 7.29 (d, J=15.9 Hz, 2H,
C=CHPh), 7.41~7.43 (m, 6H, Ph), 7.59 (d, J=6.6 Hz,
4H, Ph), 9.72 (d, J=9.3 Hz, 2H, N=CH); IR (KBr) v:
3123 (C—H), 2939 (C—H), 1653 (C=N), 1610 (ArC=
C), 1407 (FcC=C), 1159 (C=S), 1117 (C—N), 815 (Fc—
H), 493 (C—Fe) cm™'; HRMS caled for CysHysFeoN oS,
M—+1)" 938.2047, 939.2019.

1,1'-(WR W -1,4- 7 5 ) = [4-( 1K A -2- P05 66
H)-3- BRI 1 H-1,2,4-3) = ME-5(4H)-Bi i1 (Sb): T
Ak, W% 82%. m.p. 228~229 ‘C; 'H NMR (CDCl,,
500 MHz) o: 2.89 (s, 8H, CH,NCH,), 4.17 (s, 10H, Fc),
4.41 (t, J=1.9 Hz, 4H, Fc), 4.98 (s, 4H, Fc), 5.13 (s, 4H,
NCH,N), 6.62 (q, J=3.5 Hz, 1H, furan), 7.10 (d, J=3.5
Hz, 1H, furan), 7.73 (d, J=1.8 Hz, 1H, furan), 10.18 (s,
1H, N=CH); IR (KBr) v: 3109 (C—H), 2942 (C—H),
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1658 (C=N), 1599 (ArC=C), 1419 (FcC=C), 1266 (C=
S), 1162 (C—N), 767 (Fc—H), 496 (C—Fe) cm ™ '; HRMS
caled for CyHisFesNj00,S, (M+1)" 866.1319, found
867.1327.

L1-(WRWE-1,4- 3 R ) = [3- Rk 3 -4- (b i -2-
AR 3 )- 1 H-1,2,4-38 = WE-S(4E)-Bi i ] (Se): RLr o
W4, W% 85%. m.p. 219~220 ‘C; 'H NMR (CDCl;,
500 MHz) : 2.89 (s, 8H, CH,NCH,), 4.17 (s, 10H, Fc),
441 (t, J=1.9 Hz, 4H, Fc), 4.98 (s, 4H, Fc), 5.13 (s, 4H,
NCH,N), 7.44 (dddd, J=0.9, 4.9, 7.5, 13.3 Hz, 2H, Py),
7.88 (ddd, J=1.5, 7.7, 16.0 Hz, 2H, Py), 8.23 (d, J=7.9
Hz, 2H, Py), 8.79 (d, J=4.6 Hz, 2H, Py), 10.35 (s, 2H,
N=CH); IR (KBr) v: 3124 (C—H), 2959 (C—H), 1654
(C=N), 1605 (ArC=C), 1406 (FcC=C), 1244 (C=S),
1167 (C—N), 822 (C—H), 488 (C—Fe) cm™'; HRMS
caled for CypHuFeoN,S, (M + 1) 888.1639, found
889.1621.

1,1-(WRFE-1,4- WV FF k) — [4-(4- 3R I FE = ) -3-
TR KL -1H-1,2,4-3) = M-S (AH)-BR 1 (5d): €0 [ 4,
W 81%. m.p. 235~236 C; 'H NMR (CDCl;, 500
MHz) 6: 2.91 (s, 8H, CH,NCH,), 4.14 (s, 10H, Fc), 4.42 (t,
J=1.9 Hz, 4H, Fc), 4.93 (t, J=1.9 Hz, 4H, Fc), 5.16 (s,
4H, NCH,N), 7.22 (t, J=8.6 Hz, 4H, Ph), 7.96 (q, J=38.7
Hz, 4H, Ph), 10.03 (s, 1H, N=CH); IR (KBr) v: 3124 (C—
H), 2942 (C—H), 1648 (C=N), 1596 (ArC=C), 1406
(FcC=C), 1277 (C=S), 1158 (C—N), 840 (C—H), 478
(C—Fe) cm™'; HRMS caled for CyyHyoF,FeoN oS, (M+
1)" 922.1546, found 923.1560.

11'-(WRWE-1,4- NV ) — [4-(4- SR HE 2 56)-3-
ORI -1H-1,2,4- 3 = W-5(4H)- T B 1(Se): ¥ (4]
14, W& 85%. m.p. 221~222 “C; '"H NMR (CDCl;, 500
MHz) 6: 2.95 (s, 8H, CH,NCH,), 4.14 (s, 10H, Fc), 4.43 (t,
J=1.6 Hz, 4H, Fc), 4.93 (s, J=1.7 Hz, 4H, Fc), 5.17 (s,
4H, NCH,N), 7.52 (d, J=8.5 Hz, 2H, Ph), 7.89 (d, J=8.5
Hz, 2H, Ph), 10.10 (s, 1H, N=CH); IR (KBr) v: 3124 (C—
H), 3029 (Ar—H), 1654 (C=N), 1406 (FcC=C), 1329
(C=S), 1124 (C—N), 822 (C—H), 494 (C—Fe) cm ';
HRMS caled for CyqHyoCLFe,N(oS, (M+1)" 954.0955,
found 955.0940.

U VPR b R OB 25 Rk O B B I, A
SHEOOS A AT 1) 75 B 2 7s R R PR 4 AR

HHBhM &L (Supporting Information) {L54 3b (141K
SRR A H bR =) R S L X ek R nT L
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