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Abstract 

The mercuration of a series of aryliminomethylferrocenes occurred predominantly in an ortho-position of the substituted ferrocenyl 
ring to yield 2-mercurated ferrocenylimines. The regiospecificity of this reaction suggests that the mercury is directed into the 
ortho-position by coordination of the mercury to imino nitrogen with subsequent electrophilic substitution. The chromatographic 
and spectral properties of the 2-mercurated products show the presence of an intramolecular N + Hg coordination via the 
five-membered ring in these molecules, which was further confirmed by the single-crystal structure analysis of 2-chloromercuro-1-[(4- 
methoxyphenyliminohnethyl]ferrocene. 
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1. Introduction 

Over the last two decades, there has appeared an 
increasing number of reports on intramolecular 
organometallic reactions, in view of their diverse syn- 
thetic potential [l]. It is now obvious that the chemistry 
of o&o-metallated complexes has become one of the 
most advanced areas of modern organometallic chem- 
istry [2]. The reactions of transition metals are most 
commonly associated with o&o-metallation, while only 
a few reports have dealt with the reactions of nontran- 
sition metals, such as mercury. Direct mercurations of 
substituted azobenzenes, phenylhydrazones, and ben- 
zylideneanilines have been reported [3]. Interestingly, 
it was found that the mercury is directed into an 
o&o-position of the N-phenyl ring in the mercuration 
of substituted benzylideneanilines, which results in the 
formation of intramolecular coordination via four- 
membered ring, but if the para-position of the N-phenyl 
ring is not occupied by a substituent, the mercuration 
also occurs at this position [3c]. We are attempting to 
find out whether or not the N + Hg coordination is the 
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main factor in the reaction. In order to understand 
better the influence of coordinating atoms on reactivity 
of the aromatic mercuration, we chose aryliminometh- 
ylferrocene as the substrate for mercuration. The mer- 
curation of an aryliminomethylferrocene would be ex- 
pected to occur predominantly on the ferrocenyl rings, 
since ferrocene is known to be more susceptible to 
electrophilic substitution than benzene [4]; thus in- 
tramolecular coordination via five-membered ring may 
occur if the imino nitrogen directs mercury into the 
o&o-position of the substituted ferrocenyl ring. In the 
present paper, we describe the direct orrho-mercura- 
tion of aryliminomethylferrocene, and elucidate the 
related intramolecular coordination on the basis of 
structure analysis. In addition, this mercuration reac- 
tion is, to the best of our knowledge, the first example 
of o&o-metallation of ferrocenylimines, and offers a 
convenient route to the synthesis of 1,Zdisubstituted 
ferrocenylimines. 

2. Results and discussion 

The mercuration of ferrocenylimines (la-lk) pro- 
ceeded smoothly to produce 2-chloromercurated ferro- 
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cenylimines (2a-2k). TABLE 1. Mercuration results a 

FI” 2) LiCl I 

1’ 

6 6 
1 2 

Ar =p-CH,OC,H, (a), p-CH3C,H4 W, C,H, (~1, P- 

Cl&H, Cd), p-BrC,H, (e), P-IC&I, (f), P-NO&,& (d, 

m-Cl&H, (II), m-BrC,H, (3, m-N02C,H4 (i), l-naphthyl 
(k). 

The mercuration of 11 is, however, very different 
from those of the others. In this case, dimercurated 
product (21) was obtained in high yield. 

TN@@ 1) Hg(OAc); 

2) LiCl 

11 

HgCl 

21 

Isolation of the pure compounds (2a-21) was by 
rapid chromatography on silica gel; in each separation, 
the band possessing the highest R, contained the 2- 
chloromercurated products, and this phenomenon is 
similar to that observed in the mercuration of acylfer- 
rocenes [5]. A TLC examination of the reaction mix- 
ture showed large quantities of the 2-mercurated prod- 
uct and unmercurated parent compound, and very small 
amounts of the other mercurated products, whose TLC 
bands move more slowly. 

The effect of aryliminomethyl group (ArN = CH-) 
on ferrocene can be two-fold: steric and electronic. 
Electronically, this group will deactivate the substi- 
tuted Cp ring towards electrophilic substitution. The 
steric hindrance of the group can inhibit the attack at 
the 2-position of the Cp ring, so the mercuration of 
arylirninomethylferrocene should ‘have occurred pre- 
dominantly on the 1’-position due to the higher reactiv- 
ity of unsubstituted Cp ring. But in fact, the mercura- 
tion occurs predominantly on the 2-position, which 
indicated that intramolecular coordination played an 
important role in this reaction. 

1 Conversions b Selectivities ’ 1 Conversions b Selectivities c 
(%I of 2 (%) (%I of 2 (%I 

a 51 59 t340 25 
b 55 64 h 64 86 
c 62 73 i 59 80 
d 53 66 j 53 60 
e 57 70 k 56 61 
f 64 83 I 90 87 

a The results listed here are for the equimolar reaction of ferro- 
cenylimine and mercuric acetate with the exception of the reaction 
of II in which two equiv of mercuric acetate was used. b Conversions 
refer to the consumed ferrocenylimines. ’ Selectivity = 2-mercurated 
product formed/consumed ferrocenylimine. 

In Table 1 are listed the results of the mercuration 
reactions. It can be seen that selectivity towards the 
2-position is remarkable, and the selectivities of 2 are 
59-87% except that of 2g, which is mainly due to the 
serious decomposition of 2g during the workup. In 
addition, the strong electron-withdrawing nitro group 
in para-position of phenyl ring is also expected to 
cause the decrease of electron density on imino nitro- 
gen. This means a weak coordination is present be- 
tween the imino nitrogen and mercury atom. 

The “anomalous” sequence of elution observed for 
the 2-mercurated ferrocenylimines (2) can be explained 
by the postulation, proposed by M.D. Rausch for the 
2-chloromercurated acylferrocenes [5], that coordina- 
tion occurs between the imino nitrogen and the %-chlo- 
romercuro groups, thereby decreasing electron density 
in the C = N bond. This result could cause a decrease 
in the affinity of the ortho-mercurated products for the 
chromatographic substrate. 

W 
)NAr 

Fe I&Cl 

0 

The IR spectra of compounds 2 showed absorptions 
at 1000 and 1100 cm-i, indicative of an unsubstituted 
Cp ring [6]. In addition, the C = N absorptions of 2 are 
shifted to lower energy by 4 to 15 cm- ’ (Table 21, 
which can also be explained by the above-mentioned 
concept concerning the N + Hg intramolecular coordi- 
nation. 

The ‘H NMR spectra of the compounds 2a-21 were 
completely consistent with the proposed structure 
(1,2-disubstituted). For example, the ‘H NMR spec- 
trum of 2c exhibited a singlet at 6 4.26 integrating for 
the five protons for the unsubstituted Cp ring, and the 
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TABLE 2. IR (7=N stretching frequencies km-‘) for the compounds 1 and 2 a 

19 

1 
2 

a b C d e f g b i j k I 

1618 1618 1619 1617 1615 1615 1614 1618 1617 1621 1628 1628 
1609 1613 1610 1605 1606 1605 1610 1609 1604 1615 1612 1620 

a KRr pellets. 

expected two doublets at 6 4.51 and S 4.80 and a 
triplet at 6 4.68 for the three different protons on the 
substituted Cp ring, among which the downfield dou- 
blet at 6 4.80 with J = 2.2 Hz can be assigned to the 
proton (Y to phenyliminomethyl group (proton 5) due 
to the deshielding effect by this group, and the triplet 
with J = 2.4 Hz assigned to the proton 4. The other 
doublet with J = 2.3 Hz is then assigned to the proton 
3. Interestingly, the relative positions of the doublets 
and triplet indicate that a chloromercuro group present 
in these molecules tends to shield the proton (Y to this 
group to a greater extent than the proton /3 to it. The 
other signals include two triplets at 6 7.23 and 7.39, a 
doublet at S 7.29 integrating for the five protons on 
the phenyl ring, and a downfield singlet at 6 8.74 for 
the proton of methine. The ‘H NMR spectra of the 
other 2-mercurated products were analogous. The 
structure of compound 21 was confirmed unambigu- 
ously by elemental analysis, IR, ‘H NMR and 13C 
NMR spectra. 

In order to confirm the existence of intramolecular 
N --) Hg coordination in the 2-mercurated ferro- 

TABLE 3. Final positional parameters for the compound 2a 

x Y z B (22, 
Hg 0.15676(5) 0.06056(2) 0.88952(5) 2.337(9) 
Fe 0.2743(2) 0.10039(9) 1.2876(2) 2.15(4) 
Cl 0.1668(4) 0.0821(2) O&76(4) 4.11(8) 
0 - 0.3690) 0.4083(5) 0.587(l) 4.3(3) 
N -0.035(l) 0.166@5) 0.918(l) 2.8(2) 
Cxl) 0.415(2) 0.1696(g) 1.260(2) 4.1(3) 
c(2) O&31(2) 0.115(l) 1.360(3) 6.9(7) 
c(3) 0.450(2) 0.117(l) 1.475(3) 7.1(6) 
c(4) 0.352(2) 0.1792(9) 1.449(2) 8.3(4) 
CC51 0.330(2) 0.212x8) 1.309(2) 5.1(5) 
cY6) 0.074(l) 0.093Of6) 1.137(l) 2.1(2) 
c(7) 0.091(l) 0.0661(6) 1.281(l) 2.7(2) 
c(8) 0.187(l) 0.0036(7) 1.324(2) 3.0(3) 
c(9) 0.223(l) - ‘0.0086(6) 1.205(l) 2.4(3) 
CtlO) 0.158(l) 0.0449(6) 1.090(l) 2.0(2) 
cxll) -0.013(l) 0.1562(6) 1.04ql) 2.4(2) 
cx12) -0.123(l) 0.22IM6) 0.836(l) 2.5(2) 
c(13) -0.1170) 0.3015(6) 0.896(l) 2.8(3) 
c(14) -0.200(l) 0.3589(7) 0.81 l(2) 3.4(3) 
cx15) -0.291(l) 0.3460(6) 0.664(2) 3.1(3) 
CC161 -0.303(l) 0.2735(7) 0.603(2) 3.1(3) 
c(17) - 0.2160) 0.2155(7) 0.68%2) 2.9(3) 
c(18) - 0.464(2) 0.3979(9) 0.439(2) 5.1(5) 

cenylimines proposed on the basis of the chromato- 
graphic and spectral properties of these compounds, 
single crystal structure determination of 2-chloro- 
mercuro-l-[(4-methoxyphenylimino)methyl]ferrocene 
(2a) was undertaken. Atomic parameters for the crystal 
structure are given in Table 3 and a view of the 
molecule illustrating the numbering scheme is shown in 
Fig. 1. Bond distances and selected bond angles are 
noted in Tables 4 and 5, respectively. 

The disttnce between the nitrogen and the mercury 
is 2.897(2) A, which is shorter than the sum of Van der 
Waals radii of N and Hg (3.05-3.15 ;i> [71 and corre- 
sponds to the intramolecular coordination. The de- 
crease of the angle Hg-c(lO)-C(6) and angle C(lO)- 
C(6)-C(l1) to 120.7” and 123.4” from the normal value 
(126”), respectively, is also an indication of the interac- 
tion between tht mercury and the nitrogen. The HO-Cl 
distance 2.296 A is similar to those found for typical 
organic derivatives of mercury [7a], but the Hg-C(6) 
distance 2.016 A is somewhat shorter than those found 
for other mercurials [7a]. The angle C(lO)-Hg-Cl is 
176.84”, narrower than the ideal value of 180” in or- 
ganic derivatives of mercury. The average Fe-C(l-5) 
and Fe-C(6-10) distances are 2.032 and 2.048 A, re- 
spectively, and the average C-C distances in the ferro- 
cenyl moiety are 1.402 and 1.433 A for unsubstituted 
and substituted rings, respectively. 

Fig. 1. A view of the X-ray crystal structure of 2a showing the atom 
numbering scheme. 
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and f), 8.84 (s, lH, CH=N). The 13C NMR spectrum of 
this compound exhibited four quaternary carbon atoms 
at 6 132.6, 135.3, 137.5, and 151.9, and six hydrogen- 
bearing carbon atoms at 6 117.8, 125.9, 127.6, 128.5, 
130.2 and 131.2, which indicates that there are two 
substituents on the naphthyl ring. 

3.14. The structure of 2-chloromercuro-I-[(4-meth- 
oxyphenylimino)methyl]ferrocene (2a) 

Crystal data: C,,H,,CIFeHgNO, M, = 554.2, mono- 
$inic, P2,/c, a = 10.880(l), b = 17.453(l), c = 9.9790) 
A, p = 116,21(l)“, Z=4, I’= 1700.1 A3, D,=2.165 
gcmm3, F(OOO) = 1048, A 1.5418 A, p (Cu Ka) = 
255.635 cm-‘. 

Crystals were grown by slow evaporation of a methy- 
lene chloride/petroleum ether solution, and a crystal 
of approximate dimensions 0.13 x 0.10 X 0.08 mm3 was 
used for data collection. Data were collected using 
graphite-monochromatized Cu Ka! radiation and an 
w - 28 scan mode in the range of 2~20 G 140” at 
room temperature on an Enraf-Nonius CAD-4 diffrac- 
tometer. Throughout data collection the intensities of 
the standard reflections were monitored at regular 
intervals and this showed no systematic decay. In all, 
2869 unique observed reflections [I > 3&Z)] were col- 
lected, data were corrected for Lorentz and polarisa- 
tion effects, and also for absorption by an empirical 
method on the basis of I) scans. The structure was 
solved by Patterson methods using the Enraf-Nonius 
SDP program package (Frenz, 1984) on a PDD 11/44 
computer. All non hydrogen atoms were refined with 
anisotropic thermal parameters, and hydrogen atoms 
were included in calculated positions with isotropic 
thermal parameters equal to the isotropic of their 
carrier atoms. The final residuals R and R, were 
0.064 and 0.073 respectively. A complete table of bond 
lengths and angles, and lists of thermal parameters and 
structure factors are available from the authors. 
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