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Structural Stability of Ferracyclopentadiene Complex (u,, n*-C,Ph,)Fe,(CO),
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(College of Chemical Engineering, Inner Mongolia University of Technology, Hohhot 010051, China)

Abstract: The crystal structures of hexa-carbonyl-di-iron complex with ferratetraphenyl cyclopentadiene ring (w,,
1n*-CPh,)Fe,(CO)s (1) and tetraphenyl substituted cyclopentadienone ligand (Ph,C4CO) (2) were characterized by
spectroscopic determination and X-ray single crystal diffraction technique. The decomposition products and
process of ferrole complex 1 were studied by FTIR, using sun light and xenon lamp with four filters as light
source, respectively. The results show the light decomposition rate of ferrole complex 1 relates to light source and
wavelength. The decomposition rate of sun light source is the fastest, and the decomposition rate of whole
wavelength  (320~780 nm) is correspondingly faster than that of other wavelengths under irradiation of the same
xenon lamp. Ligand 2 is the main product from three decomposition reactions of ferrole complex 1 in the
presence of light, heat and Br, in acetic acid, respectively. CCDC:937369, 1; 937370, 2.
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BEA W 1. JTCESHEEIE (CyHyFe,04,%): C,
64.15; H 3.14; S8 {H (%): C, 64.28; H, 3.46, 'H
NMR (500 MHz, CDCly): & 6.84 ~7.25 (20H, Ph=
phenyl); ®C NMR (500 MHz, CDCLy): 127.46, 127.57,
127.80, 131.49, 134.97, 136.58 (24C, Ph); 126.29,
148.17 (4C, C2-C2); 173.12, (1C, u-C0);203.73,
211.47, 215.28(6C, CO), FTIR (KBr disk, cm™): 1 848
Veor m-CO), 1 972, 2 007, 2 058 (v, CO), ESI-MS
(CH,Cl,, m/z): 633.1[M-2H]", 525.0 [Ph,C,COFe(CO)5]*,

BLAA 2. 50 & 73 M1 BB H (CHy0,%): C, 90.60;
H, 5.24; S¢501F (%): C, 90.34; H, 5.13,'H NMR (500
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MHz, CDCly): § 6.92~7.25 (20H, Ph); “C NMR (500
MHz, CDCly): 6 127.44, 127.97, 128.49, 129.32,
130.13, 130.73, 133.05 (24C, Ph); 125.29, 154.64
[4C, C,-C,], 200.32 (1C, CO), FTIR (KBr disk, em™):
1027 (e, C-Cy); 1439,1490, 1618 (ve, Ph); 1 708
(Y0, CO), ESI-MS (CH,Cl,, m/z): 791.45[2M+Nal*,
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MY FUEIE . R IAS5H F SHELXS-97 #2724 i
Peikf it AR SR T AR bR K H A ) SR
- SHELXL-97 & /5 1PIHE AT 4 5 B e /N — 3 ik 4
s ER TR ER A S 1 RTECAR 2 1Y
R DL AR 1, R R LR 2,
CCDC:937369, 1;937370, 2,
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Table 1 Crystallographic data for complex 1 and ligand 2

1 2
Empirical formula CyHyke,06 CyHyO
Formula weight 636.20 384.45
Crystal system Monoclinic Monoclinic
Space group P2, C2/e
a/nm 1.134 29(15) 2.619 2(2)
b/ nm 0.770 58(9) 0.820 38(6)
¢/ nm 1.638 20(19) 0.215 23(2)
B/ 97.680 0(10) 119.751(2)
V/ nm? 1.419 0(3) 4.015 1(6)
A 2 8
D./ (g-em™) 1.489 1.272
©/ mm™ 1.068 0.075
F(000) 648 1616
Reflections collected 15 348 14 107
Independent reflections, R;, 6 413,0.025 3 4528, 0.036 2
Observed reflections [I>20(])] 6 067 3776
Completeness to 6 / % 99.4 98.6
Goodness-of-fit on F 1.072 1.069
Final R indices [I>20(])] R=0.028 9, R=0.045 5,
wR,=0.068 1 wR»=0.112'5
R indices (all data) R=0.031 5, R=0.057 6,
wR»=0.077 5 wR»=0.119 3

®2 WMEY1INEE 2HEEZEERKOmMERC)
Table 2 Selected bond lengths (nm) and angles (°) for complex 1 and ligand 2

Fe(1)-C(7) 0.197 6(2)
C(9)-C(8) 0.144 7(3)
Fe(1)-C(1) 0.237 8(3)
Fe(2)-C(7) 0.208 1(3)
Fe(2)-C(10) 0.211 2(2)

1
C(9)-C(10) 0.142 03) Fe(1)-C(10) 0.197 7(2)
Fe(1)-Fe(2) 0.250 24(5) C(7)-C(8) 0.142 5(3)
Fe(2)-C(1) 0.180 6(3) Fe(2)-C(2) 0.179 0(3)
Fe(2)-C(8) 0.216 4(3) Fe(2)-C(9) 0.214 7(2)




2352 I OH ot F % R 5% 31 %
Continued Table 2
C(7)-Fe(1)-C(10) 80.30(10) C(7)-C(®)-C(9) 112.5(2) C(10)-C(9)-C(8) 113.02)
C(9)-C(10)-Fe(1) 116.58(17) C(8)-C(7)-Fe(1) 116.41(17)
2
C(25)-C(26) 0.150 34(17) C(27)-C(26) 0.135 56(16) C(29)-C(25) 0.151 52(17)
C(29)-C(28) 0.134 96(17) C27)-C(28) 0.152 12(17)
C(26)-C(25)-C(29) 107.59(10) C(26)-C(27)-C(28) 109.61(11) C(29)-C(28)-C(27) 109.88(11)
C(28)-C(29)-C(25) 106.27(11)
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RS B, B RV ) R oy R B R v, R
2L AP SO 5% Xof e 5 o 44 A1 20 I A e AT D o A5
FIBC AP 1 B F A 247 i 2 82 WA e o i) 722 £ 7y 210
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5 g7 % 48.0%) .0.046 2 g/ % 51.0%),

W A T RGN A A e kST R
KIOCRRSRC S 1 W, BRI S W 1 50
Fie A 2,

EEA R 7/IS W e e N (Y R g
FH e M e A0 S R T s SO R e
BHRAW1 N @AW RBW 64 h 5, EEREE

A, B B R KBr R 75 D H 20ROt i |
e RRW | FAY 1 MRS LT A e 5L AR
A

W HECEY 1M R AR A SR O RN, e
PEUEACEE RN O BT S ocE R B R
SEREATAY 1 RO RN 64 h J5, BURE,
FH KBr He R ik e 205 BOGE S5 R R/ Bl &
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23R RV R AR LIS Z AT RE R AT A s
SR ot /A T T X 43 8 7 AT T A A B S 5 5K
@ AR BB ) 54 mg, 73 56.3%
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Hydrogen atoms have been omitted for clarity
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Fig.1 Molecular structure of complex 1 with 30% probability ellipsoid

i

[

C23

C21

éj?,_ LC13
C1y cl4
Cli%ols

Cc2
4

Cs

Hydrogen atoms have been omitted for clarity

Pl 2 BCAK 2 090 T S5 H i R 1A
Fig.2  Molecular structure of ligand 2 with 30% probability ellipsoid

1B 2 R 2 B s T LA 1 R AT
SR AL T — AN Fe(1)C(7)C(8)C(9)C.(10)2H % 1) 1]
BERATITH, B 2 09 53 4540 A5 A e 5t
TFAL A T C(25)C(26)C(27)C(28)C(29), Hic
AW 1 Y Fe(1)-C(7) il Fe(1)-C(10) 8 & 4 51
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O atoms have been omitted for clarity; Symmetry code: ' —=1+x, y, z; ¥ 1—x, 1/2+4y, 1-z; " 2—x, 1/2+y, 1-z; Cg is the centroid of plane
3 C-He-qr AHEAEE B &Y 100 =2 W25 4545

Fig.3 3D network structure of complex 1 formed by C-H---7 interactions

B &9 1 Fe(1)- Fe(2) 81 0.250 24(5) nm
HHELA Y Fey(CO) 111 Fe-Fe (0.252 3 nm) 1K 2942
VT JE IR AR R . Fe(1)-C(1)F1 Fe(2)-C (1)1 5
K 435124 0.237 8(3)F1 0.180 6(3) nm, L Fe(2)-C(2)
(0.179 0(3) nm) Y BE K, & B EkEE C(1)0(1) 1
BRAR Fe(1)-Fe(2) ZMIIE B T M sUBRIEFLAL . Fe(2)5
C(7),C(8),C(9),C (10) iy H 5 43 7 b 0.208 1(3),
0.216 4(3),0.214 7(2)F1 0.211 2(2) nm, k& Fe(1)-C(7)
(0.197 6(2) nm)Fl Fe(1)-C(10) (0.197 7(2) nm) 5 K
K ULBDE B T2 IR 1 Fe(1) R T 5 2 Je.0 B A 1
Fe(2)J5 ¥ B 8 AN [

BCEY0 1 A HoT IR 5 4 D BURIR I 1
5390120 71.078(76)° (C(11)C(12)C(13)C(14)C(15)C(16)),
50.780(73)° (C(17)C(18)C(19)C(20)C(21)C(22)),54.041(76)°
(C(23)C(24)C(25)C(26)C(27)C(28)),88.440(78)° (C(29)
C(30)C(31)C(32)C(33)C(34)), MiBL Ak 2 (1 A H otk
¥ C(25)C(26)C(27)C(28)C(29) 5 4 MBI 1) —
#1535 2R 34.750(45) °(C(1)C(2)C(3)C(4)C(5)C(6)),
44.873(43)° (C(7)C(8)C(9)C(0)C(11)C(12)),60.784(50)°
(C(13)C(14)C(15)C(16)C(17)C(18)),27.709(45)° (C(19)
C(20)C(21)C(22)C(23)C(24)), — Tl A B dls & B | 7R 1T
2 v AR IR 55 P A L Te R R 0 o 1

[IRER7/I WASAW SIST 7 /5 b ve 7N B S Y TR

B3 RBCA Y 1 R zs IERRE B R C-
Hem MEAEH, BAEW 15 FZHIER T =4t
WK 285 48, C-H 2 28 BF B0 BB 85 4303 0.377 87
nm (C (14)-H (14A) --- Cg(3)),0.395 03 nm (C (19)-H
(19A)i--- Cg(2)) A 0.389 82 nm (C(25)-H(25A) - Cg
(3)),Cg(2)F1 Cg(3)73 il & ¥ C(17)C(18)C(19)C(20)C
(21)C(22)F1 C(23)C(24)C(25)C(26)C(27)C(28) Y Jii 1> ,
Bl 4 FELS 43000 R LR 2 () SV RN 23 [ HERLE il
o EHAE T, AR 2 09 5 2 0] R — R AR A5
T4 5 5 2 18] SGE 1 R 3 C-He---ar A BAE FHTE 1L
TS HEPPIREE Y, C(10)-H(10A)---O(1) 2 B Y Sy
0.328 03 nm, C-H 7R B0 FE 70 524 0.352 85 nm
(C(6)-H(6A)'---Cg(5)).0.342 50 nm (C8)-H(8A)i--- Cg(5))
10.385 83 nm (C(11)-H(11A)"---Cg(3)),Cg(5)Fl Cg
(3) 43 2 F I C(19)C(20)C(21)C(22)C(23)C(24) il C
(7)C(8)C(9)CO)C(1 1)C12)f BTty , LA 1 LA
2 (2 ) E R AT, AR 2 194> - ZBIBR T C-H
e MEAE AN A VB T Rt e Ak 2 /)
s VR G5 RE) ARG BN

A AL R BT A SRR W] SRR 2 M A
15> T2 k2 HoT A E R S A 11
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Fig.4 Hydrogen bond stacking sketch of ligand 2
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Fig.5 3D network structure of ligand 2 formed by C-H- -
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TEAAH, HIRBADGRGSBC &9 1 09 B € [ 44
IR 64 h, H LM TS 14 8 ik A 4 41 21 I
WA A UL 00 3] Y 4 AR Ak (8] 7), SEERAE R R AR
B AY 1662 A B
FEROEAMT, BEw 1= %Wﬁﬁiﬁg*
F A ANAEIL 64 h, FLET AN IS 1% 1) 2 Fk Ik Aeh 4

SRS VAT A L, DS RO A 1 Xt
SRR,
BT BT AT 1R U, 4

P IETRARE , FRATT o3 0 16 4% K FH G A D b i 1< 7 [l
E’Jmuﬂy‘ﬁ/)?ﬁﬁ%]‘@ﬂ’*% 1 AP BEA L, JiRss
UL 6 A 7, KREACIRSCI A5 RE W] 7KDL

77 interactions

T
2 000
Wavenumber / cm’!

T
2500 1500

1: Prior to illumination; 2: Illumination for 1 h; 3: Illumination
for 2 h; 4: Tllumination for 3 h; 5: Tllumination for 4 h
Bl 6 LGP 1 & T e i Wi 20 A OG5
(K PR e EHL)
Fig.6 FTIR of complex 1 in CH,Cl, solution

(sun illumination)
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& 6y, HET EAK 2 By R AR B 0 i 0%
(1 708 cm™), FH L 21 S iU i) A8 A B B | B 5 4
1 2 &0 I AL IR 2,

K VAT G TR BRI &9 1 0 Sl B i W,
Bl &9 1 A5 R AR 2 (E: 5 B0 43 fifk s o st
[E1] 357 L oA BH S HECSF 18 B T] (B 7) R BB I L AT
DU S figk s T 6t 1 i A1 T 2 K B ' 4 98 < 31 1Bl
v, AR TRAY 1650,

AL R AT, E A R TP RS 1
HEAT AT, AALTR LA, W E A WG,
VISREF €Y% A (320~780 nm) 4 43+ fiff HJ 18] AH X i 4
(& 7, A0 43 e st 1] B AT DS i o — m] 0ol
(49 53 i B ] LU 5245 AT IO

T T
2500 2 000 1500
Wavenumber / cm’!

1: Solid complex 1 before illumination; 2: Solid complex 1 irradi-
ated by xenon lamp in air for 64 h; 3: Complex 1 in solution ir-
radiated by ultraviolet-visible light (320~780 nm) for 24 h; 4:
Complex 1 in solution irradiated by visible light (420~780 nm)
for 52 h; 5: Complex 1 in solution irradiated by ultraviolet light
(250~380 nm) for 32 h; 6: Complex 1 in solution irradiated by a
single wavelength of visible light (405 nm) for 64 h
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Fig.7 FTIR spectra of complex 1 in solid state and

CH,Cl, solution(Xenon lamp illumination)
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