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TIESRE p-T AR E Cu(ll). Ni(1)ED & 4B AR 1 1k 14 R
KFK Z=/NeT & R 4 KR RER* HEE

(NWEH BEMKBAAN G RERLRE NS RALA T2 AR 010021)

WE ST EHREN R p-, R HEMEAT T RAE. TERREALIRERE b, K LS A RTINS EER, B-
ZEAEEE A B LT 100%, 1S 4 BTN H AR, GRS MR A T RS 84%. Mg H S Cu(IDEL Ni(IDAC AL
Ja, TELANRIBOEREH, 300 nm LARIHJE T Fe(d)-n* R F5 3 n-n* BERAE MK BT IR 5h 5~17 nm. - Z R R
H(TG-DSC)SLEEE B, Win — /8 8k3k p- — BB e A 18 Cu(ID)ER Ni(ID)EL &0 T # AR (AP) Y, AMYAE — EFLRE_ 34
T AP SR ABEARIN B4, T AT AP FIIAREARIELE SR AT, UL Cu(DEC SR AT E N B, &H AR Cu(ll)
BCAP a1 AP FIFFEARIEFE AT 87 °C. PULAINT =58k p- ZEREC AR &2 Ni(IDEC &9, Cu(IDEC-&47 2 56 45 1 R s 4
7.

RERIE R p-—W;, JESBE A, mEmRE, EM

Burning-Rate Catalytic Properties of Ferrocenyl B-Diketones and
Their Cu(ll), Ni(ll) Complexes

Zhu, Xueyou Li, Xiaohong Han, Fengjiao Zhang, Shichen
Zhao, Haiying* Bian, Zhanxi
(Inner Mongolia Key Laboratory of Fine Organic Synthesis and College of Chemistry and Chemical Engineering,
Inner Mongolia University, Hohhot 010021)

Abstract Ferrocenyl S-diketones containing benzene ring have been synthesized and characterized. The content of enol iso-
mer is almost 100% in S-diketone containing nitro group, and decreases to 84% in that containing methoxy group in CDCls
from "H NMR. When they were converted to the Cu(II) or Ni(I) complexes, the stretching bands of C=0 and C=C in enol
isomers shifted 57~69 and 10~27 cm™ " to low wave number, respectively. The absorption bands below 300 nm assignabling
to Fe(d)-n* and n-n* electronic transitions of the aromatic rings in UV-vis absorption spectra shifted bathochromically 5~17
nm. The thermogravimetry-differential scanning calorimetry (TG-DSC) measurements confirmed that not only the sublimation
for ammonium perchlorate (AP) on the high-temperature decomposition stage was inhabited but also the obvious catalytic
effect on the decomposition of AP was found after adding these ferrocenyl S-diketones or their Cu or Ni complexes to AP, and
the Cu complexes had the most significant effect. The Cu complex containing methoxy group decreased the decomposition
temperature of AP by 87 ‘C. So the Cu complexes are more effective catalysts than ferrocenyl S-diketone ligands and the Ni
complexes.

Keywords ferrocene; f-diketone; transition metal complex; ammonium perchlorate; burning-rate catalyst
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OO SR T VA AR TS T e R SRR A AL
BN, WA SCRRARIETE 7 T 3T H i 5N PEZE 4], i
Tk B SRR R A 7 5 3 A % A 43 2 (] Y A
177, T AR 2 M A0 70 45 2 b A R el 12 —
R - B LR & R LA ) B T A A AR R IR R
B4, T DUORHHE 2 77 00 35 1 = A1 A T AR 7%
P, SRIBELEMIPERRIL R AR AL ) AR (AP)
ST P A T, AR B A o L s e HE i
FURIRBAT N, RS B — R 5 R k2 p- I K&
HidE4L 8 Cu(Il). Ni(DFEAYI(Eq. 1), FH¥HL—x
el s & AP b, Gl AR E - 2 R F i Gk
(TG-DSC)WF 7L H %t AP #A i fAL P fE.
=

R
Fe
=

o O
- O M(OAc),- nH,0 W k0
R

Fe NaOAc, acetone o/ \O M

< P

a:R=NO,, b:R=0CH3,¢c:R=H Fe
M=Cu,n=0;M=Ni,n=2 @ R

Maz ~ MCz' nHzO

1 ZR5TR
1.1 ERSFIE

W O R S BRI 2K R O BE7E NaH {E
TG, B3] 3 DR p- B A Y. B AN
THAREE XS B- W A ARG 7= 2 7 — 8 s,
IR ERBURH K8k p-— R ¢, LG RHIAESE
>04%, ST TEAIE NO, i a, Ham&E)L
& 100%, 105 A 4 T HURIE OCH; 1 b, HogEE R
P 8 N 3 84%. 1X W] BE HH TR 3E i br e A FH I8
I LR R AL I B S IR IR AR I B, AT N 7 A
P TYE, Bk, PIASREE 2 (B 7 H & BT
FRIEARXT G K, 2% 5 T I 1R A A T
VEF IS AR S, DR s e S W) R i T B, TR 2 AR
e, Rk p-ERRCAR Rk IE C=0 H g C=C
R4 SRS 7> 53] BRAE 1600~ 1620 AT 1530~1550 cm ™
Ab, 5 Cu(IDEL Ni(I)E AL B )5, X AR 7 5]
AR BT MRS 57~69 Al 10~27 em ™!, iXFEHF -
ZEAAT & E B RS, WES T C=0 5 C=C M
SRR FE (1 445 SR

K151 THER 2X107° molsL ™" Fiik K A &40
Cub, 5 Nib, £ CH,Cl, 1] UV-Vis J¢it. W& 1 /LG
H, BCRSECA Y L 3 AN, R 300 nm AR
I I8 T Fe(d)-n* A5 3L n-n*BRE, 320~410
nm RIS VR T RIS SEUR DT 2 B ARk, 1
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440~600 nm IS5 MR HJE T Fe JRTH d-d Bk
FEUOL RN EE a~c HIEAMRICR B, o HR IR IE R
KA NO, A [ OCH, J&, 255 Fi1 345 nm A& IR I
SRRAET 20~30 F110~17 nm IZLH, 548 Cu(ll)
8 Ni(ID S FECA G, TIPS R, XAk
Wit — A BB ERK PP 290 1370 nm 4t

0.94 —b

Absorbance

300 400 500 600
Wavelength/nm

B 1 {b&¥ a~c K Cub, 5 Nib, /£ CH,Cl, F11f] UV-Vis I}

ot

Figure 1 UV-Vis absorption spectra of a~¢, Cub, and Nib, in

CH,Cl,

1.2 XF AP AFERRREILIER

FEXE T A% IR AT AN, 28 AT A T
SHBERNSTFERZEBIET, —BITBMHRI, %
PR TR IE R, AN SCE R Rk p- I U 4 R D
G A 2N IR ATEEY, T AR L R A1
B, it &Y a~c LI, BEECE IR 2% EEE
e s AP b, it TG-DSC WFFEH X AP )3
MR, JR 5400 AP BEAT XL, AN EHE 5T
F1 B2 5K 3 EEA b KA. SEREY 540 AP
1 DSC & TG Hh4k.

—— AP with lid

————— AP without lid
b + AP

-----Cub, + AP

Nib, + AP IR

Heat flow

160 260 360 460 560
Temperature/°C
B2 AP, 2% b+ AP, 2% Cub,+ AP, 2% Nib,+ AP {£ HIT )i

K AP FENA RN DSC 2k
Figure 2 DSC traces of AP, 2% b+ AP, 2% Cub,+ AP, 2%
Nib,+ AP in open pans and AP in lidded pan
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1 AP, a~c LIRS HAC G Y1 TG-DSC $di
Table 1 TG-DSC data of AP, compounds a~c¢ and their com-
plexes of Ni(II) and Cu(I)

Sample DSC/C TG/C

Peak (I) Peak (I) Peak (III) T (1)’ T (10

AP 242.6 296.8 424.9 276.1 4332
AP 241.5 293.3 397.7 2732 407.7
a 242.9 293.2 372.2 267.7 400.1

b 242.5 293.9 375.1 269.8 3913
c 242.3 293.2 373.1 268.6 394.1
Cua, 242.1 293.9 358.2 271.8 3744
Nia, 242.4 293.7 373.2 2719 387.9
Cub, 242.9 293.8 337.9 270.7 370.1
Nib, 243.1 294.2 381.5 2739 387.1
Cuc, 242.8 292.8 341.6 272.8 367.9
Nic, 242.8 293.7 379.4 271.7 386.8

CBRT Al AP, JLARE S SAR RO AR BRAC A LA 2% 1 EE e 4 LU
B AP s, WIS HEH AR 5 * AR R © WAl IR AT ¢ HEH N i
CIHIRAIN .

N

2

5 b+ AP

o | Cub, + AP

e Nib, + AP
---- AP without lid
- AP with lid

100 200 300 400 500
Temperature/°C
B3 AP, 2% b+AP, 2% Cub,+ AP, 2% Nib, + AP 7£ M i H
WM AP TEIN TR TG 4k

Figure 3 TG curves of AP, 2% b+ AP, 2% Cub,+AP, 2%
Nib,+ AP in open pans and AP in lidded pan

MHE 2 ATLLE H, 4 AP 43T K inss i DSC
2 BT AN A — 8, (HR 5 = MIEI R RF.
MR 241.5 CIlER I, B 3 iTLUE A
HEWEL, HET AP MIEAS 5 RIAISL 7 i R 625,
B ANHIUE 2942 CHRIGGAE, & AP 3B BFFE K
HEAS R, J&T AP MREAELTID); =148
T AP i P AR (HTD) R B 2 50 450 oK i 2% 1
HWILIE 397.7 °C, WL AkIg, 350 & it AR
424.9 C, RBERE. HTD [ B HGE 2 RS2 855 K
MR AR, ME 2, HWIRHOT Kah&EAE%
PR, AP BSR4 SR & SR8 B4, R
#o Mk, NG LSRR, WIHES AR R
R R BIPHASVEFH, AP B AR B SN i SR
TE 4k B2 FABS R A R R N, 32 R AR TR B
DSC iR IUA AR,
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SCHRARTE — SBATEYINT AP 1) HTD BB %
AT ISR, RN AP PR AR AR A,
BT TR T A BRI TR, I 5 B R I N AT TE 5%
G, TATRFE IR HOT 307 N, [RGB
T 2% e A K B A% AP SRR IR, A 1 A1
2 LAEH, WIN 2% IBCA R &G, AP N — 55
NG BAUR A BUNRE S, BB IR AP (1)
AAFEAR [ LTD JUFAR 2R, (H2&EXS AP 1) HTD
PR FIFE B RIS, RN 48 AP #E 5 DSC 2k (1)
HTD BrBOATHERN E R S, T [R5 A
FEMER, BN 2%MECA . Cu(IDBES A4 Ni(DE &)
J5i, VMY B A R B AN A TR RRE, U (1) o7 B A 6T
T4l AP BB 424.9 °C, HlAMRIRRS) T 50~
53, 67~87. 43~52 °C, T H LTD A1 HTD FJiii 2 FH 44
AP [ 128.1 C4r il 5] 80, 44~64. 80~87 C. X
segk R, HIRHOT BT, W= %ek g-—Hdfe
R BL GG, MEKE AP I HTD PAF4ER 3 IR #H
HONFRIA N E RN, T HAE AP IR I B S AT,
N FRTIRVREE AR, JUHORRIN 2% Cu(DAC &
MG, RREMAE. &7 F AR Cu()ECEY) Cub,
A AP [FFASEARIRBESERT 87 C. [RISLAEXS T %8k
p-—FRAECAR & Ni(DAEL AP, Cu(IN)ECE9 42 5 I BRI
LTI,

IS0 Rk B- B S LA . R A VI FRK AP 1I#
R IR BEAE SR S0 vt — B E s, Wl 3 Fow, B
AWAEMTE 269~273 CHUGIEAE, (HRAX T INa5HE
Al AP, B 2 BRI AR FTHE AT, Cub, BN 2, 42
T 63 Chfi. &1 HERHEMEIASEEY L AP
1) B 24 P AL P A AN [RIRR B 4. itkdh, M 3 akmT
DUE H, 4l AP LA INECAE b 5 Ni lC &4 )5, ik
AR R AF A, AN Cu iE &5, AP HIIE AR
BT — 5, 5 DSC MZMv)&, Xidt—Pui] =%
Bk p- —HA AR A0 AP K IR A B I F AR A
H, &— KRt B R ).

2 i

BT RO R p- IR R R SR A,
Hexf L5 AT 7 RA4E. DSC 5 TG LW R B, LN
2%(FEE {0 E)ELA B ST AP i, AMUAE— e fE
B _E0i T HTD BYBE AP [ FHAE, T H AT fd AP H#4 %
fER SR AT, (HORILAYIR RT3 S N 3. AP 2
T FH SRR, G AR A O s e 3 7 1 R
BAT J9, PRI ek O i - T A e HAR 5 A )
T VAT (WS A T PR3 7] () 8 T3 A A5,
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3 IS
3.1 UEFE5HF

NEXUS-670 {# B4 2T A8 3 4%, KBr & Fr;
Avance Bruker (500 MH2)#ZHEILIRIX, LA TMS AW AR;
Analytikjena SPECORD.50 UV-Vis Y i#1%; LCQ Ad-
vantage Max Jii i5{X(ESI J§); Perkin-Elemer-2400 JGZ&
srHTA; DSC 5 TG Z#r# Kk TA SDT Q600 [F]#
DSC/DTA-TGA #o M, MFAIEZE 10 Cemin ', H<
FAR(100 mLemin ). BN 2%(E & %) B
IEEECS VI AP (100~140 pm, ZEFF 99.8%). PUE .
W(THF)H Na R EZS, KRR T Eairal, &
S EEAEA.
3.2 LWHE
3.2.1 =%k - EABLAK GG A AR,

£ 50 mL =i, JI\ NaH (0.549 g, 87.5 mmol),
2 mL THF f ZBH %8k 0.730 g (3.2 mmol), $HifEZE
LT HE V. Ny ORAP NI 5 mL A X AR
FR 2.8 1.248 g (6.4 mmol)f¥] THF AR, =i NN 5
h. AR MHFIMNE EITGK ORE, 73 fRAR R M) NaH,
BRI T, PRI, KPP, oK
TR, U8, WR4s, WRERAE, (VORI @ (&
B ) =1 : 2)=Hriise i, WS —r, H &k
IEC e E A e, R OMEAR 1- R -3-(4- T R R
F)-1,3- i (1a) 0324 g, 7*F 30%. m.p. 104~
106 °C; UV-Vis (CH,Cl,) Amax (Ig[e/(Lemol 'ecm™)]): 273
(4.27), 362 (4.17), 532 (3.29) nm; '"H NMR (CDCl;, 500
MHz) J: (/B S #14>99%) 16.40 (s, 1H, OH), 8.33 (d,
J=9.0 Hz, 2H, phenyl-H), 8.08 (d, J=9.0 Hz, 2H,
phenyl-H), 6.40 (s, 1H, enol CH), 4.91 (s, 2H, FcH), 4.63
(s, 2H, FcH), 4.24 (s, 5H, FcH); *C NMR (CDCls, 125
MHz) 6: 195.80, 149.47, 140.96, 127.55, 123.85, 95.31,
72.95, 70.35, 69.34; IR (KBr) v: 3430, 3108, 2921, 2850,
1621, 1547, 1519, 1485, 1342, 1104, 1006, 858, 795, 496
em 5 MS m/z: 378.12 [M+H] . Anal. caled for
CoH,sFeNOy: C 60.50, H 4.01, N 3.71; found C 60.21, H
4.04,N 3.62.

1- R HE -3-(4- WA B R R )-1,3- T [l (1b): &
W VER 1a, P 50%. mp. 112~113 ‘C; UV-Vis
(CH,CL) Amax (Ig[e/(Lemol ~'scm ™ )]): 283 (4.34), 356
(4.39), 485 (3.54) nm; '"H NMR (CDCl;, 500 MHz) o: (}%
Fis S A6 K > 84%) 16.54 (s, 1H, OH), 7.92 (d, J=8.5 Hz,
2H, phenyl-H), 6.98 (d, /=8.5 Hz, 2H, phenyl-H), 6.33 (s,
1 H, enol CH), 4.88 (s, 2H, FcH), 4.55 (s, 2H, FcH), 4.28
(s, SH, FcH), 3.88 (s, 3H, CHy); B FH44Ak o: 8.12 (d, J=
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8.5 Hz, 2H, phenyl-H), 6.96 (d, J/=8.5 Hz, 2H, phenyl-H),
5.30 (s, 2H, CH,), 4.30 (s, 2H, FcH), 4.13 (s, 5H, FcH),
3.73 (s, 3H, CH)(l=RILARA AL 15 5 S5m0
#HE); "C NMR (CDCls, 125 MHz) 6: 192.54, 180.44,
162.72, 131.59, 128.72, 127.74, 113.59, 92.64, 72.84,
72.05, 70.34, 70.19, 70.08, 68.62, 55.48, 52.77; IR (KBr)
v: 3434, 3145, 2964, 2835, 1604, 1529, 1499, 1280, 1261,
1234, 1171, 1104, 1035, 813, 787, 497 cm '; MS m/z:
362.55 [M]". Anal. calcd for C,oH sFeO5: C 66.32, H 5.01;
found C 66.01, H 5.35.

1- AR -3- 2R - 1,3-TH —li(1e): & 5% 1a,
FEE 45%. mp. 105~107 C (1it?Y 107 C); UV-Vis
(CH5CL) Amax (Ig[e/(Lemol ~'scm ™ H]): 255 (4.35), 345
(4.38), 494 (3.47) nm; 'H NMR (CDCls, 500 MHz) o: (}&
B 5 Fy K > 94%) 16.55 (s, 1H, OH), 7.93 (s, 2H,
phenyl-H), 7.53~7.47 (m, 3H, phenyl-H), 6.39 (s, 1H,
enol CH), 4.89 (s, 2H, FcH), 4.56 (s, 2H, FcH), 4.21 (s,
5H, FcH); EiS#{K o: 8.12 (s, 2H, phenyl-H), 5.29 (s,
2H, CH,), 4.36 (s, 2H, FcH), 4.15 (s, 5H, FcH) (i = Atk
WA 5 5 I EE), IR (KBr) v: 3434,
3101, 2961, 2884, 1600, 1545, 1485, 1280, 1230, 1106,
1072, 1000, 825, 695, 629, 490 cm .

322 ZX4F A p-—EA Cu(Il) Ni(I)E A4 69 &
I

# T IRERIE p- Wi a~c (0.05 mmol)iET 5 mL A
fiFl, $idE RN 2 mL &4 2B 5% 2,1 42(0.025 mmol)
I ZEN(0.0472 g)FIKIEME, =S h, HhjE, &K
Ve CBEAAM Tk R IRMTO . R A RS 2 5 T,
TN 6 mL A EE i EE 0.5 h, EHGEL, EEL L
WIRE ELE IEW I NIE.

Cua,: 77 % 32.5%. mp. 260~261 ‘C; UV-Vis
(DMSO) Amax (Ig[e/(Lemol ~'ecm ™ H]): 290 (4.61), 364
(4.32), 517 (3.93) nm; IR (KBr) v: 3321, 3087, 2921, 2859,
1556, 1527, 1485, 1452, 1397, 1232, 1181, 1081, 823, 770,
485 cm™'; MS m/z: 815.85 [M+H]". Anal. caled for
C3sHpsCuFe;,N,Oq: C 55.94, H 3.46, N 3.43; found C
56.31, H3.67, N 3.59.

Nia,*2H,0: %% 39.8%. m.p. 176~180 C; UV-Vis
(DMSO) Amax (Ig[e/(Lemol ~'ecm ™ ")]): 285 (4.58), 375
(4.34), 519 (3.95) nm; IR (KBr) v: 3435, 3047, 2924, 2852,
1557, 1522, 1485, 1344, 1286, 1106, 1054, 940, 756, 498
em ', MS m/z: 811.02 [M+ H] . Anal. caled for
CssH3,Fe,N,- NiOj: C 53.88, H 3.81, N 3.31; found C
53.56, H3.75, N 3.16.

Cuby: =% 82.3%. m.p. 245~247 ‘C; UV-Vis

http://sioc-journal.cn/ 925



BIKE

(CH,CL) Amax (Ig[e/(Lemol ~'ecm™")]): 288 (4.58), 356
(4.52), 479 (3.77) nm; IR (KBr) v: 3438, 3055, 2926, 2842,
1538, 1520, 1486, 1292, 1179, 944, 705, 501 cm '; MS
m/z: 785.18. Anal. calcd for C4H;3,CuFe,O¢: C 61.13, H
4.36; found C 66.32, H4.21.

Nib,*2H,0: 7% 41.4%. m.p. 183~186 C; UV-Vis
(CH,CL) Amax (Ig[e/(Lemol ~'scm™H]): 291 (4.45), 356
(4.23), 478 (3.47) nm; IR (KBr) v: 3384, 3099, 2946, 2835,
1547, 1519, 1485, 1370, 1235, 1107, 1029, 775, 496 cm ';
MS m/z: 781.09 [M+H]". Anal. calcd for C4HssFe,NiOg:
C 58.80, H 4.69; found C 58.45, H 4.64.

Cucy: 7° % 87.8%. mp. 238 ~241 C (it
243 C); UV-Vis (CH,Cly) Amax (Ig[e/(Lemol 'scm™')]):
262 (4.60), 351 (4.50), 493 (3.72) nm; IR (KBr) v: 3446,
1531, 1518, 1488, 1390, 1085, 946, 753, 492; MS m/z:
725.06. Anal. calcd for CsgH3oCuFe,O4: C 62.88, H 4.17;
found C 62.53, H 4.05.

Nic,*2H,0: 773 88.3%. m.p. 185~191 ‘C; UV-Vis
(DMSO) Jmax (Ig[e/(Lemol ~'eem ™ H]): 364 (4.30), 474
(3.63) nm; IR (KBr) v: 3428, 3038, 2968, 2842, 1538,
1519, 1486, 1292, 1179, 944, 705, 502 cm '; MS m/z:
721.14 [M+H]". Anal. caled for C3sHs4Fe,NiOg: C 60.29,
H 4.53; found C 59.87, H 4.49.

HBh# &L (Supporting Information) {L&4%) 1a~1c¢ 1)
"H NMR #1 PC NMR [#5i F. IX 24 mT DL G 5 AT
WX 3k (http://sioc-journal.cn/) I T %%,
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