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Reductive coupling reaction of aryliminomethylferrocenes
FecCH=NAr [(1, Ar= C¢Hs (a), p-CICH, (b), p-BrCe-
H, (¢), p-CH;CgH, (d), m-CIC¢H, (e)] with triethyl or-
thoformate (2) in Zn-TiC), system gave three kinds of prod-
ucts: 1,3-diaryl-4, 5-diferrocenyl imidazolidines (3), N, N-
disubstituted formamides (4), and 1, 2-diferrocenyl ethylene
(5). 'H NMR spectra proved that all the compounds 3 ob-
tained were dl-isomers. All the new compounds 3 and 4 were
characterized by elemental analysis, 'H NMR, *C NMR (for
3) and IR spectra. The molecular structure of 3c was deter-
mined by X-ray diffraction.
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Introduction

Low-valent titanium reagents have been widely used
in synthetic organic chemistry as reagents for inter- and
intra-molecular coupling, reductive elimination and
alkylidenation,l'2 in which coupling reaction plays im-
portant roles in many kinds of synthetic methods, such
as coupling of aldehydes and ketones to olefins (McMur-
1y reaction),’ o, B-unsaturated ketones to cyclopen-
tanols,” imines to diamines and pyrroles.*> Various re-
ducing agents for the reduction of TiCly or TiCl, have
been used to generate low-valent titanium species such
as 7n,>% EuN,** LiAlH,,” Mg powder,® Mg/HgCl,,°
Sm,'® etc, but these low-valent titanium systems are
rarely employed in organometallic compounds. Some ex-
amples in this field were the coupling of organometallic

carbonyl compounds. ''"* Recently, Li, et al. described
an easy and new one-pot synthesis of aryl-substituted im-
idazolidine derivatives induced by low-valent titanium. 15
Imidazolidines are of great biological interest since they
may act as carriers of either pharmacologically active
ethylenediamines'®"” or carbonyl compounds . '® Owing to
their biological activities and in connection with our in-
terest in the study of ferrocenyl-substituted compounds,
in this paper we report the synthesis, structure and prop-
erties of novel ferrocenyl-substituted compounds obtained
from  reductive arylimi-
nomethylferrocenes with triethyl orthoformate induced by
low-valent titanium.

coupling reaction  of

Results and discussion
Coupling reaction

Aryliminomethylferrocenes (1), treated with Zn-
TiCly in THF, react with triethyl orthoformate (2) for
about 50 h to give the corresponding 1, 3-diaryl-4,5-di-
ferrocenyl imidazolidines (3), N, N-disubstituted for-
mamides (4), and 1,2-diferrocenyl ethylene (5)
(Scheme 1) . All the new compounds 3 and 4 were char-
acterized by elemental analysis, IR and 'H NMR spec-
tra, additionally, 3¢ NMR for 3. The distributions of
the products are listed in Table 1. The total yields of 3,
4, 5 were moderate (40%—48% ). Unfortunately, it
was found that the yields of the imidazolidines 3 were
rather low and the main products were formamides 4.
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Further study showed that there was no significant
change of the distributions of the products by prolonging
the reaction time from 50 h to 72 h (for 3a). This was
different from the reaction of benzylideneanilines with
triethyl orthoformate reported by Li, et al. ," where the

formamides as reaction intermediates could be converted
into imidazolidines by prolonging the reaction time. A
possible mechanism was proposed by drawing analogy
from the reductive coupling of imines induced by low-va-
lent titanium (Scheme 2) .%%**
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Table 1 Distributions of the producis 3, 4 and 5

R 3dl, %) 4(%) 5(%)
a H 6.0 34.7 7.2
b p-Cl 8.5¢ 28.2 7.5
c p-Br 7.2% 26.1 7.6
d p-CH; 6.4 25.4 8.4
e m-Cl 6.1¢ 32.0 8.1

¢ Contained 0.5 CH,Cl, per molecule;
b Contained one CH,Cl, per molecule.

TiCl, is reduced by Zn dust to give low-valent tita-
nium species. In the initial step, an electron is trans-

ferred from low-valent titanium to ferrocenylaldimines
(1) to give a radical anion A, the radical anion dimer-
izes to form the carbon-carbon bond and generates inter-
mediate B. The latter would be transformed to 3 and 4
by reacting with triethyl orthoformate and subsequent
base hydrolysis or to § by removing two molecules of cor-
responding titanium complex. The low yields of 3 and 4
may be due to the severe steric crowding of the two vici-
nal ferrocenyl groups (especia]ly for 3), which was fur-
ther confirmed by the single-crystal structure of 3c as de-
scribed below.
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Spectral properties of the new compounds 3 and 4

The IR spectra of 3 and 4 were consistent with a
monosubstituted ferrocene structure, showing absorptions
at ca. 1000 cm™ and 1100 cm™ which were indicative of
an unsubstituted Cp ring.'®* For 4, the strong absorp-
tions at 1663—1672 cm™ as well as the middle absorp-
tions at 3333—3400 cm™ belonged to carbonyl stretching
vibration of tertiary amide and N—H stretching vibration
of secondary amine, respectively. These IR features are
in good agreement with the proposed structures for the
compounds 3 and 4.

The 'H NMR spectra of the compounds 3 were
quite simple because of the existence of C,-symmetric
axis and completely consistent with the proposed struc-
ture. For example, the 'H NMR spectrum of 3d exhibit-
ed a singlet at & 4.22 integrating for the ten protons on
the two unsubstituted Cp rings, and four singlets at &
4.02, 4.06, 4.10 and 4.32, respectively, for the eight
protons on the two substituted Cp rings, each singlet in-
tegrated for two protons. The two doublets at 8 6.64 and

3 7.09 were for the eight protons on the two 1,4-disub-
stituted phenyl rings and a singlet at § 2.27 for the pro-
tons of methyl group. The other signals include two sin-
glets at 8 4.66 and & 5.29 which were assigned to the
CHCH and CH, protons on the imidazolidine ring, re-
spectively. Here 'H NMR spectroscopy was also used to
distinguish the dI- and meso- isomers of imidazolidines
3. In meso-isomers, the two protons of CH, group had
different chemical shifts, each signal would be a dou-
blet. While in dl-isomers, the two protons were identi-
cal with each other and a singlet would appear. It was
observed that the '"H NMR spectra of 3 showed two sin-
glets in the range of & 4.64—5.36, one belonged to
CHCH protons and the other to CH, protons. So it was
believed that all the compounds 3 obtained were dl-iso-
mers. '
The CHCH protons and CH, protons could be easi-
ly identified by DEPT (135°C) and C,H-COSY spectra
since the CH, carbon atom (C(3)) would give a reversal
peak in the DEPT spectra. The *C NMR and DEPT
spectra of 3¢ are shown in Fig. 1 and the C,H-COSY
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Fig. 1 BCNMR (a) and DEPT (135C) (b) spectra of 3c.
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spectrum in Fig. 2. The signal at 8 63.1 was assigned
to C(3) since it was reversal. From the C, H-COSY
spectrum, it was found that the signal at & 4.64 was
correlated with 8 63.1 and the signal at 8 5.28 correlat-
ed with 8 64.1. Therefore it could be concluded that the
signal at & 4.64 belonged to CH, protons and the signal
at 0 5.28 was for CHCH protons. Furthermore, the sig-
nal at 3 64.1 was assigned to CHCH carbon atoms (C
(2)). The quaternary carbon atoms were identified by
their relatively low intensity in the *C NMR spectra and
their disappearance in the DEPT spectra. Other carbon
atoms in the N-phenyl ring were identified by empirical
formula. The "H NMR and *C NMR spectra of the other
compounds 3 were assigned based on the above results.

X-ray single crystal structure of 3¢

The molecular structure of 3¢ has been determined
by X-ray diffraction method as shown with the atom
numbering scheme in Fig. 3. Atomic positional parame-
ters and isotropic temperature factors are given in Table

2. Selected bond distances and angles are presented in
Table 3 and 4, respectively.

o
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Fig. 3 Molecular structure of 3c.

The structure determined is completely consistent
with that proposed for the compounds 3, which has been
supported by the spectral data. The Cp rings in two fer-
rocenyl groups are nearly parallel to each other, with the
dihedral angles 2.8° and 4.0° respectively. The average
Fe—C distances are 0.2029 nm and 0.2036 nm for un-

substituted and substituted Cp rings, respectively, and
the average C—C distances in the ferrocenyl moiety are
0.1398 and 0.1416 nm for unsubstituted and substitut-
ed Cp rings, respectively. The five-membered imidazo-
lidine ring adopts an envelope-like conformation because
of the severe steric crowding of the two vicinal ferrocenyl
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Table 2 Atomic coordinates (nm x 10°) and equivalent isotropic Table 3 Selected bond lengths (10 nm) for 3¢
displacement parameters (nm” x 10) for 3¢ Fe(1)—C(1)  2.038(5) Fe(1)—C(2)  2.028(5)
Atom % Ty z U(eq) Fe(1)—C(3)  2.027(5) Fe(1)—C(4)  2.026(5)
Fe(1)  -3240(1) 1734(1)  11654(1)  45(1) Fe(1)—C(5) ~ 2.046(5) Fe(1)—C(6)  2.040(4)
Fe(2) 629(1) 1696(1) 7925(1) 43(1) Fe(1)—C(7) 2.039(5) Fe(1)—C(8) 2.025(4)
Br(1) —4523(1) -593(1) 8837(1) 76(1) Fe(1)—C(9) 2.033(4) Fe(1)—C(10) 2.041(4)
Br(2) 5337(1) 1663(1)  16463(1) 80(1) N(1)—C(21)  1.371(5) N(1)—C(35)  1.444(5)
N(1) -573(3) 766(1) 10514(3)  41(1) N(1)—C(34) 1.468(5) N(2)—C(27) 1.374(5)
N(2) 942(3) 1160(1) 11851(3)  38(1) N(2)—C(35) 1.448(5) N(2)—C(33) 1.469(5)
c(2)  -530(5)  1753(2)  10958(6) 78(2) C()—C(3)  1.38K8) c@)—C(1)  1.405(7)
c(3)  -4348(6)  2122(2) 11320(6) 86(2) C(3)—C4)  1.425(8) C()—C()  1.407(7)
c(1) - 4624(5) 1618(2) 9976(5) 65(2) C(5)—C(4) 1.396(7) C€(6)—C(7) 1.415(7)
c(5) ~3665(6) 1907(2) 9736(5) 65(2) C(6)—C(10) 1.417(6) C(7)—C(8) 1.391(7)
c4)  -3792(6) 219(2)  10569(6)  80(2) C(8)—C(9) 1.415(7) C(9)—C(10)  1.430(6)
c(6) —2333(5) 1219(1) 12325(4)  51(1) C(10)—C(33) 1.516(6) C(20)—C(34) 1.526(6)
c(7)  -3033(5)  1389(1)  13277(5) 67(2) C(33)—C(B34) 1.538(5)
C(8) - 2436(5) 1753(2) 13593(4) 62(2)
c(9)  -1358(5) 1819(1)  12852(4)  49(1)
C(10) - 1294(4)  1483(1)  12049(4) 37(1) groups. C(34), N(1), C(35), N(2) are essentially
c(11)  -60(6) 2190(1)  8702(5)  64(2) coplanar with average deviation of 0.0015 nm, and the
c(12)  -589(7) 2166(2)  7394(6)  90(2) distance between C(33) and the plane is 0.0589 nm.
c(13) 511(8) 2157(2)  6696(6)  106(3) The lattice structure of compound 3c is found to be
c(14) 1768(6) 272(1)  7609(7)  96(2) built around w-wm interactions of Br(1)-substituted
c(15) 1399(6) 2187(1)  8886(6)  70(2) phenyl rings as well as the weak hydrogen bonds linking
c(16)  -586(5) 1214(1)  7483(4)  51(1) H(5) and Br(2) as shown in Fig. 4. The distance of
c(17) 529(6) 1224(1)  6744(5)  65(2) the w-7 interactions is 0.342 nm. The length of the hy-
Cc(18) 1817(5) 1226(1)  7623(5)  60(2) drogen bonds and the angle of Br(2)-H(5)-C(5) are
c(19) 1512(4) 1216(1)  8920(4)  43(1) 0.3015 nm and 109.2°, respectively.
C(20) 27(4) 1210(1) 8825(4) 37(1)
c(21) - 1460(4) 458(1) 10142(4)  41(1)

C(22)  -1354(5) 111(1) 10848(4)  49(1)
Cc(23)  -2259(5) -197(1) 10480(5)  54(1)
c(24)  -3291(5) 168(1) 9396(5)  51(1)
Cc(25)  -3419(5) 168(1) 8657(5)  58(2)
c(26)  -2510(5) 476(1) 9019(4)  51(1)

c(27) 1884(4) 1278(1) 12932(4)  39(1)
C(28) 2637(5) IOQS(I) 13766(4)  49(1)
C(29) 3653(5) 1121(1) 14815(5)  54(1)

C(30) 3939(4) 1508(1) 15036(4) 48(1)
c(31) 3195(5) 1784(1) 14239(4)  51(1)

c(32) 2179(4) 1675(1)  13194(4) 48(1)
C(33)  -206(4) 1408(1)  11185(4) 36(1)
C(34) -763(4) 1161(1)  9967(4)  34(1)
C(35) 453(4) 760(1) 11708(4)  41(1)
Cc(36)  -2413(12) 249(3) 4119(11)  297(7)

CI(1) -2327(12) 466(2) 5425(8) 380(8)
cl1(2) -2464(11) -215(2) 3988(7)  298(5) Fig. 4 lattice structure of compound 3¢ viewed along a
(Hydrogen bonds are shown as dotted lines) .
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Table 4 Selected bond angles (°) for 3¢

C(21)-N(1)-C(35) 122.1(3) C(21)-N(1)-C(34) 125.0(3)
C(35)-N(1)-C(34) 111.3(3) C(27)-N(2)-C(35) 121.3(3)
C(27)-N(2)-C(33) 123.2(3) C(35)-N(2)-C(33) 107.2(3)
N(1)-C(21)-C(22) 121.8(4) N(1)-C(21)-C(26) 121.5(4)
N(2)-C(27)-C(32) 121.7(4) N(2)-C(33)-C(10) 111.3(3)
N(2)-C(27)-C(28) 120.5(4) N(1)-C(34)-C(20) 110.8(3)
N(1)-C(34)-C(33) 101.0(3) C(20)-C(34)-C(33) 115.3(3)
N(1)-C(35)-N(2) 103.7(3) N(2)-C(33)-C(34) 101.1(3)
C(10)-C(33)-C(34) 113.6(3) C(3)-Cc(2)-¢c(1) 108.1(5)
C(2)-C(3)-C(4) 108.0(5) Cc(2)-c(1)-c(5) 108.5(5)
C(4)-C(5)-C(1) 107.4(5) C(5)-C(4)-C(3) 107.9(5)
C(7)-C(6)-C(10) 108.6(4) C(8)-C(7)-C(6) 107.8(4)
C(7)-C(8)-C(9) 109.2(4) C(8)-C(9)-C(10) 107.3(4)
C(6)-C(10)-C(9) 107.1(4) €(6)-C(10)-C(33) 126.8(4)
C(9)-C(10)-C(33) 125.8(4) €(16)-C(20)-C(34) 125.9(4)
€(19)-C(20)-C(34) 125.6(4)

Experimental
General

Melting points were measured on a WC-1 apparatus
and uncorrected. Elemental analyses were determined
with a Carlo Erba 1160 elemental analyzer. IR spectra
were recorded on a Perkin-Elmer FTIR 1750 spectropho-
tometer. 'H NMR, C NMR, DEPT and C, H-COSY
spectra were recorded on a Bruker DPX 400 spectrometer
using CDCL; as solvent and TMS as an internal standard.
All reactions were performed under an argon atmosphere
using standard Schlenk techniques. THF was freshly dis-
tilled from sodium-benzophenone under argon. Zinc dust
was activated by being soaked in 5% HCl, then washed
with water, acetone, ether successively and dried in
vacuo . TiCly and triethyl orthoformate were distilled be-
fore use. Aryliminomethylferrocenes were prepared ac-
cording to the published literature.?! Other chemicals
were used as purchased.

Preparation of novel ferrocenyl-substituted compounds :
general procedure

A mixture of zinc dust (0.52 g, 8 mmol) and
TiCl, (0.44 mL, 4 mmol) in dry THF (10 mL) was
refluxed for 3 h. After cooling to room temperature, a

mixed solution of aryliminomethylferrocene (1, 2 mmol)
and triethyl orthoformate (2, 0.66 mL, 4 mmol) was

added dropwise. The reaction mixture was refluxed for
50 h, then quenched with 10% K,CO, (60 mL) and
extracted with dichloromethane. The organic layer was
washed with water and dried over Na,SO,. The resulting
solution was evaporated in vacuo to a minimum amount
and subjected to a dry column of silica gel under reduced
pressure, then eluted with dichloromethane. The first
band afforded mixture of 3 and 5, the second yellow
band gave compounds 4. Compounds 3 were separated
from 5 by preparative TLC developed with petroleum
ether (60—90°C ) /dichloromethane (3/1). The first
yellow band afforded compound §, and the second band
gave orange-red crystals 3 after the evaporation of the
solvent and recrystallization from petroleum ether-
dichloromethane .

1,3-Diphenyl-4,5-diferrocenyl imidazolidine (3a (dl))

Orange crystals, m.p. 240°C (dec.); 'H NMR
(CDCL) §: 4.02 (s, 2H), 4.07 (s, 2H), 4.10 (s,
2H), 4.21 (s, 10H), 4.32 (s, 2H), 4.73 (s, 2H),
5.36 (s, 2H), 6.73—6.78 (m, 6H), 7.26—7.30
(m, 4H); 3C NMR (CDCL) §: 63.0 (C(3)), 63.8
(c(2)), 66.2, 67.2, 68.1, 68.6, 68.7 (C(1')),
89.7 (C(1)), 112.4 (C(5), C(9)), 117.1 (C(7)),
129.4 (C(6),C (8)), 144.4 (C(4)); IR (KBr) v:
1596, 1502, 1386, 1354, 1300, 1105, 994, 743
cm; Anal. caled for C3sHyFe,N,: C70.97, HS5.44,
N 4.73; found C 71.42, H5.51, N 4.92.
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1,3-Di- (4-chlorophenyl ) -4, 5-diferrocenyl  imidazoli-

dine (3b (dl))

Red crystals, m.p. 244—246°C; "H NMR (CD-
CL) 8: 3.94 (s, 2H), 4.10 (s, 2H), 4.13 (s, 2H),
4.20 (s, 10H), 4.28 (s, 2H), 4.65 (s, 2H), 5.28
(s, 2H) 5.30 (s, 1H), 6.64 (d, J=8.8 Hz, 4H),
7.23(d, J=8.8 Hz, 4H); ®*C NMR (CDCL) §:
63.2 (C(3)), 64.1(C(2)), 65.9, 67.4, 68.2,
68.4, 68.7 (C(1')), 89.1 (C(1)), 113.5 (C(5),C
(9)), 122.1 (¢(7)), 129.2(C(6), C (8)), 142.9
(C(4)); IR (KBr) v: 1599, 1495, 1386, 1349,
1299, 1105, 1001, 821, 807 cm™'; Anal. caled for Cas
H;CLFe,N,+0.5CH,Cl,: C 60.59, H 4.44, N 3.98;
found C 60.43, H4.66, N 3.91.
1,3-Di- (4-bromophenyl ) -4, 5-diferrocenyl  imidazoli-
dine (3¢ (dl))

Red crystals, m.p. > 250C; 'H NMR (CDCl;)
5:3.94 (s, 2H), 4.10 (s, 2H), 4.13 (s, 2H),
4.20 (s, 10H), 4.28 (s, 2H), 4.64 (s, 2H), 5.28
(s, 2H), 5.30 (s, 2H), 6.59 (d, J=8.8 Hz, 4H),
7.36 (d, J =8.8 Hz, 4H); ®C NMR (CDCl;) 3:
63.1 (C(3)), 64.1 (C(2)), 65.9, 67.5, 68.3,
68.4, 68.8 (C(1')), 89.0 (C(1)), 109.3 (C(7)),
114.0 (C(5), C(9)), 132.1 (C(6),C(8)), 143.3
(C(4)); IR (KBr) v; 1592, 1494, 1386, 1349,
1299, 1105, 1000, 822, 802 cm™’; Anal. caled for
CssHyoBryFe;N, * CH,Cly: € 51.78, H 3.86, N 3.35;
found C 51.84, H3.79, N 3.44.

1,3-Di- (4-methylphenyl )-4, 5 -diferrocenyl
dine (3d (dl))

imidazoli-

Orange crystals, m. p. 233—235C; 'H NMR
(CDCLy) &; 2.27 (s, 6H), 4.02 (s, 2H), 4.06 (s,
2H), 4.10 (s, 2H), 4.22 (s, 10H), 4.32 (s, 2H),
4.66 (s, 2H), 5.29 (s, 2H), 6.64 (d, J=8.0 Hz,
4H), 7.09 (d, J=8.0 Hz, 4H); *C NMR (CDCl)
3: 20.4 (CH;), 63.4 (C(3)), 63.9 (C(2)), 66.3,
67.1, 68.0, 68.5, 68.7 (C(1')), 89.9 (C(1)),
112.4 (C(5), C(9)), 126.0 (C (7)), 129.8
(C (6),C(8)), 142.4 (C(4)); IR (KBr) v: 1619,
1517, 1386, 1344, 1294, 1105, 1000, 820, 803
em”; Anal. caled for C;yHysFe,N,: C71.63, H5.85,
N 4.52; found C 71.75, H 6.46, N 4.26.

1,3-Di- (3-chlorophenyl ) -4 ,5-diferrocenyl  imidazoli-

dine (3e (dl))

Red crystals, m.p. 236—238C; 'H NMR (CD-
ClL) 8: 3.98 (s, 2H), 4.12 (s, 2H), 4.14 (s, 2H),
4.22 (s, 10H), 4.30 (s, 2H), 4.67 (s, 2H), 5.30
(s, 3H), 6.59—6.61 (m, 2H), 6.70 (s, 2H), 6.74
(d, J=8.0 Hz, 2H), 7.19 (t, J=8.0 Hz, 2H); B
C NMR (CDCL) 3: 62.9 (C (3)), 64.0 (C (2)),
65.8, 67.4, 68.3, 68.4, 68.7 (C(1’)), 88.8
(c(1)), 110.6 (C(9)), 112.3 (C(5)), 117.2
(€ (7)), 130.3 (C (8)), 135.2 (C(6)), 145.3
(C(4)); IR (KBr) v: 1593, 1563, 1489, 1384,
1353, 1292, 1104, 997, 823, 758, 732 cm’'; Anal.
caled for Cy5 Hy CLFe,N, * 0.5CH,CL: C 60.59, H
4.44, N 3.98; found C 60.09, H 4.54, N 3.86.

Formamide 4a

Yellow powder, m.p. 220C (dec.); 'H NMR
(CDCl;) &: 3.89—4.80 (m, 20H), 6.59—7.37 (m,
10H), 8.31, 9.96 (2s, 1H); IR (KBr) v: 3400,
1666, 1601, 1595, 1495, 1269, 1106, 1000, 764
cm’; Anal. caled for Cys Hy Fe,N,0: C 69.10, H
5.30, N 4.60; found C 69.05, H5.33, N 4.99.

Formamide 4b

Yellow powder, m.p. 238°C (dec.); '"H NMR
(CDCL;) &: 3.87—4.40 (m, 20H), 6.49—7.25 (m,
8H), 8.13, 8.27 (2s, 1H); IR (KBr) v; 3339,
1672, 1598, 1492, 1267, 1107, 1001, 821 cm;
Anal. caled for C3sHz,CLFe,N,0.: C 62.07, H 4.46,
N 4.14; found C 61.78, H4.54, N 4.15.

Formamide 4¢

Yellow powder, m. p. 208—210C; 'H NMR
(CDCl3) &: 3.88—4.79 (m, 20H), 6.45—7.48 (m,
8H), 8.13, 8.26 (2s, 1H); IR (KBr) v: 3358,
1671, 1591, 1488, 1264, 1106, 1005, 819 cm;
Anal. caled for C35HyyBr,Fe,N,0: C 54.87, H 3.95,
N 3.66; found C 55.31, H 4.05, N 3.93.

Formamide 4d

Yellow powder, m. p. 204—206°C; 'H NMR
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(CDCL) &: 2.24—2.36 (m, 6H), 3.96—4.79 (m,
20H), 6.48—7.18 (m, 8H), 8.08, 8.33 (2s, 1H);
IR (KBr) v: 3335, 2919, 2850, 1669, 1617, 1511,
1263, 1107, 1002, 805 cm™; Anal. caled for Cy;Hag
Fe;N,0: C 69.83, H5.70, N 4.40; found C 69.62,
HS5.34, N4.62.

Formamide 4e

Dark red balls, m. p. 184—186°C; 'H NMR
(CDCly) &: 3.98—4.39 (m, 20H), 6.46—7.28 (m,
8H), 8.16, 8.31 (2s, 1H); IR (KBr) v; 3333,
1663, 1598, 1486, 1271, 1108, 1001, 820, 794, 765
cml; Anal. caled for CysHyyCLFe;N,0: C 62.07, H
4.46, N 4.14; found C 62.52, H 4.49, N 4.17.

1,2-Diferrocenyl ethylene 5 !

Dark red powder, 'H NMR (CDCl;) 3: 4.14 (s,
10H), 4.28 (s, 4H), 4.43 (s, 4H), 6.30 (s, 2H).

X-ray single crystal structure determination of 3¢

Crystal data; CssHypN,FeyBrp*CH;CL,, M, =
835.06, monoclinic, P2,/c, a =0.9644(2) nm, b =
3.4302(7) nm, ¢ =1.0369(2) nm, «=90.00(0)°, B
=100.08(3)°, ¥=90.00(0)°, V=3.3772(12) nm’,
Z=4, D,= 1.642 g/ecm®, F(000) = 1672, A =
0.071070 nm, y(Mo K,) =34.12 em’,

Data collection; Crystals were grown by slow evap-
oration of a dichloromethane-petroleum ether solution. A
red prismatic crystal of approximate dimensions of 0.30
x0.30 x 0.20 mm’® was mounted on a glass fiber. All
measurements were made on a Rigaku RAXIS-IV imag-
ing plate area detector with graphite monochromated Mo
K, radiation at 15 + 1°C . A total of 296.00° oscillation
images were collected, each being exposed for 19.0
min. The crystal-to-detector distance was 100.00 mm
with the detector at the zero swing position. 6529 unique
reflections were measured in the range of 1.19° <0<
27.57°, 4665 of which had > 26 (I) and were used in
all calculations. Data were corrected for Lorentz and po-
larization effects and an empirical absorption correction
was applied.

Structure solution and refinement: The structure
was solved by direct methods” and expanded using

Fourier techniques and refined by full-matrix least-
squares methods. The non-hydrogen atoms were refined
isotropically, and the hydrogen atoms were included but
not refined. All calculations were performed using the
teXsan® crystallographic software package of Molecular
Structure Corporation. The final residuals R and R,
were 0.080 and 0.108, respectively.
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