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Abstract: Features of the crystal structure of the sym. MesFc molecule are compared with features of
crystal structures of sym. MeyFc (n = 2, 8,10) and nonsymmetrical pentamethylferrocene (MesCs)FeCsHs.
The intra-ring and off-ring valence angles of the 1,2,4-Me;CsH, ligand in the complex sym. MegFc are
interpreted by the steric interactions of the vicinal methyl groups with each other, as well as with a single
Me-group of the second 1,2,4-Me;CsH, ligand of the molecule. It found that in spite of the fact that
changes in the Fe-(Cs ring center) bond length in a series sym. Me,Fc (n = 2,6,8,10) correspond to an
increase in steric effects between methyl groups of different rings, there is also an electronic effect of
methyl groups which does not emanate from superior steric effects in the sym. polymethylferrocenes. (CIF

file CCDC No. 1436882).
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Introduction

The feasible applied aspects [1] of
ferrocene derivatives and the features of their
electronic structure [2, 3] make these
compounds one of the most intensively studied
chemical systems in the last half a century. Our
interest in ferrocene derivatives is related to the
possibility of developing reversible
electrochemical reference electrodes based on
polymethylferrocene and polymethylferricenium
cations in non-aqueous medium [4], as well as
to the specialty of their crystal and electronic
structures [5-8].

One of the factors affecting the energetic
characteristics of the electron transfer reaction in
a system of polymethylferrocene/
polymethylferricenium cation mentioned in the
work on reference electrodes are changes in the
inner-sphere reorganization energy in the course

of electron transfer. This composite was directly
determined by magnitude of changes in the bond
length of the iron atom-center of the
cyclopentadienyl ring Fe-(Cs ring center) during
the oxidation of the polymethylferrocene
molecule. Therefore, first at all, we focused on
the influence of steric and electronic effects of
the substituents on the bond length Fe-(Cs ring
center) in initial sym. MegFc molecule.

In the previous article [7], we revealed
specific features of the crystal structure of
1,2,4,1',2" 4'-hexamethylferrocene molecule
(sym. MegFc). In this article, these structural
features are compared with appropriate
parameters of other members of a homologous
series of symmetric polymethylferrocene and
non- symmetric pentamethylferrocene
(Me5C5)FeC5H5 [9]

Experimental part

Me6Fc was synthesized in accordance
with the procedure described in [10].
0. 16x0.13x0.11mm of
monocrystals were grown
temperature of 10°C.

MegFc
in hexane at a

X- ray structural analysis of MegFc was
carried out on an automatic three-circle
diffractometer with a two-coordinate detector -
Bruker SMART APEX-1I CCD (T = 150 K,
AMoK,-radiation, A= 0.71073 A° graphite
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monochromator, graphite monochromator, ¢
and w-scanning). For the obtained data,
calculation of X-ray absorption was made using
the SADABS program [11]. The structure was
deciphered by direct methods and refined by
full-matrix least square method (LSM) referring
to F®> with approach to anisotropic
approximation for non-hydrogen atoms. The
positions of the hydrogen atoms were calculated
geometrically and included in the precision

according to the “rider model” with fixed
isotropic displacement parameters (Uiso(H) =
1.5Ueq(C) for CHs-groups and Uiso(H) =
1.2Ueq(C) for all other groups). All calculations
were performed using the SHELXTL software
package [12].

Tables of atom coordinates, bond
lengths, wvalence and torsion angles, and
anisotropic displacement parameters (ADPS) for
sym. MegFc were deposited in the Cambridge
bank with structural data: CCDC 1861054.

Results and discussion

The geometry of sym. MegFc molecule
was shown in Fig. 1; and Table 1 shows the
lengths of the Fe-(Cs ring center) in a series of

sym. Me,Fc polymethylferrocenes (n =

2,6,8,10).

Fia. 1. General view of sym.
MegFc molecule and scheme of
numbering the carbon atoms

Table 1. Changes in bond length of Fe-(Cs ring center) in a series of MenFc (n =2, 6, 8, 10)

Me,Fc n=2

n==6

n=8 n=10

1.647 (100 K) [13]

Fe-C(MenCsHs.m), A [1.649 (173 K) [6]

1.649 (150 K)[1.653 (100 K) [14]

1.6568 (296 K) [15]

1.655 (298 K) [15]  [1.651 (90 K) [13]

*— values in parenthesis are temperatures at which the X-ray structural analysis of monocrystal

was carried out.

As can be seen from Table 1, the Fe-C
distance (MesCsH>) (1.649 A) in the symmetric
MegFc molecule is situated between respective
distances in the sym. MeyFc (1.647 A) [13] and
sym. MegFc(1.653 A) [14] and (1.655 A) [15].
This means that in symmetric methyl
homologues of ferrocene with increasing the
number of Me-groups, the distance of Fe-(Cs
ring center) tends to increase (Table 1), which
does not correspond to the electron-donor

properties of Me-substituents.

Most likely, this discrepancy must be
related to the steric effect of two substituted
MenCsHs.m rings (m - is the number of methyl
groups in the ligand) in sym. Me,Fc molecules.
Mutual electrostatic repulsion of the substituted
MenCsHs.m rings, preventing the shortening of
Fe-(Cs ring center) bond, veiled the electronic
properties of Me-groups.

However, during configuring the structure
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of nonymmetric polymethylferrocene, in
particular, of nonsymmetric
pentamethylferrocene (MesCs)FeCsHs, due to
the absence (or decrease) of the aforementioned
steric repulsion, the electron-donor properties of
the Me-groups are clearly appeared: the distance
between iron and the substituted ring shortens
(1.640 A [9] and 1.642 A [16]), but the distance
between iron and unsubstituted ring, on the
contrary, gets longer (1.653 A [9], 1.658 A
[16]), (compared with ferrocene (1.654 A) [17].

The elongation of the Fe-CsHs bond (as

compared with ferrocene) is most likely due to
the antibonding effect of the Fe-CsMes bond, on
which the electron density is composed of five
methyl groups.

In changes in the bond lengths between
Fe atom and carbon atoms of the Cs-ring of the
molecule sym. MegFc, the following tendency is
observed: the distance from the Fe atom to the
ring substituted carbon atoms (Fe-Csubstituted) 1S
longer than distance from this Fe to the
unsubstituted carbon atoms (Table 2):

Table 2. Bond length between Fe atom and carbon atoms of the Cs-ring of the sym.
MegFc molecule

Fe'Csubstituted(CS'ring) A I:eCsunsubstituted(CS'ring) A
Fe-C(1) 2.045 Fe-C(2) 2.043
Fe-C(3) 2.051 Fe-C(4) 2.037
Fe-C(5) 2.049

A similar picture is observed in the crystal
structures of sym. MegFc [14, 15], Me,Fc [6]
and in triple-decker sandwich complexes
containing tetramethyl-cyclopentadienyl ring
[18]. It is accounted that one of the reasons of
elongation of these bonds may be the deviation
of the Me- group in the plane of the Cs-ring
away from the Fe atom [18].

The nature of changes in the intra- and
inter-ring valence angles of the 1,2,4-Me3CsH;
ligand allows us to identify these changes as
steric effects of the vicinal methyl groups with
each other, as well as with the single Me-group
of the second 1,2,4-Me3;CsH; ligand bonding
with an iron atom.

Fig. 2. Intra- and inter-ring valence
angles of 1,2,4-Me3;CsH; ligand in
sym. MegFc molecule
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Fig. 2 shows that the steric effect of vicinal Me-
groups (nearest H ... H contacts in the crystal
are 2.377 A) leads to a slight increase in the
angles ZCIC5C8 (126.2°) and ZC5C1C6
(126.8°) from the ideal value (126°).

Differences in the values of these angles
(126.2° and 126.8°), as well as of the adjacent
ZC4C5C8 (126.3°) and Z£C2CIC6 (125.4°)
angles indicate that either the steric effect of the
H8A atom (Me at C5) with the H4 atom
(hydrogen at C4) is stronger than the steric
effect of the H6C atom (Me at C1) with the H2
atom (hydrogen at C2), or these differences are
due to the interaction of vicinal Me-groups with
a single Me-group located in the second Cs-ring

H78 Ho(

2436

Hot

The steric effect between vicinal Me-
groups within Cs-ring, as well as their
interaction with a single Me-group of the second
Cs-ring, in turn, led the decrease of intra-ring
angles ZC4C5C1 (107.8°), ZC2CIC5 (107.5°)
and ZC2C3C4 (106.5°), as compared with their
ideal value (108°).

Since, the Cs-ring of the Me3CsH; ligand
has a flat structure; a slight decrease in the
angles (£C4C5C1 and «C2C1C5) is also
redounded on intra-ring angles at the
unsubstituted carbon atoms of the ring -
/C5C4C3 and £C1C2C3: the latter increased
(108.7 and 109.4°) relative to the ideal value
(108°).

The unbounded lengths between the Me-
groups of different Cs-rings (Fig. 3) also explain
differences between deviating angles of Me-
groups from the plane of the Cs-ring. So, from
two vicinal Me-groups (C6 and C8), the group
(C6) that has the smallest unbounded

of the molecule. (The capital letters A, B, and C
are used to distinguish the hydrogen atoms of
the mentioned methyl group. Hydrogen A is
located almost perpendicular to the plane of the
Cs-ring and away from the iron atom).
However, the distances H8A (Me at C5) ... H4
and H6C (Me at C1) ... H2 are greater than the
sum of the van der Waals radii of the hydrogen
atom. Therefore, the observed difference
between two pairs of adjacent angles is most
likely explained by a stronger steric effect
between H6C and H7B atoms (2.436 A), which
opening the ZC5C1C6 (126.8°) angle, leads to a
decrease in the ZC2C1C6 (125.4°) angle.

Fig. 3. H..H unbonded contacts between
vicinal Me-groups of the 1,2,4-MesCsH;
ligand, as well as between vicinal Me-groups
and the single Me group of different 1,2,4-
Me3;CsH; ligands of the MesFc molecule

contact with a single Me-group of the other C5
ring (2.436 A between the H6C and H7B atoms)
deviates more from the plane of the C5-ring
(1.64°) than the Me group (C8), which has a
slightly elongated unbounded contact (2.492 A
between the H8B and H7C atoms) (0.87°). In
turn, a single Me- group (C7), spatially
interacting with both vicinal Me-groups (C6 and
C8) of the other Cs-ring, deviates even more
from the plane of the Cs-ring (2.49°) than each
of the vicinal Me-groups.

Thus, the features of the crystal structure
of the sym-MegFc molecule determined in limit
of the Me3CsH, ligand can be interpreted by
steric effects between vicinal methyl groups,
and also between latter and Me-groups located
in another Me3CsH, ligand. The tendency of
change the bond length of Fe-(Cs ring center) in
the series of sym. Me,Fc (n = 2,6,8,10) also
corresponds to an increase in steric effect
between methyl groups of different rings.
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However, a comparison of these results
with respect to bond lengths of Fe-(CsHs ring
center) and Fe- (CsMes ring center) in the
nonsymmetric pentamethylferrocene indicates
that a change in the bond lengths of the Fe-(C5

ring center) in sym. polymethylferrocenes also
occurs under the influence of electron-donor
properties of methyl groups, which do not
appear in symmetric polymethylferrocenes due
to the predominance of steric effects.
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SIMMETRIK POLIMETILFERROSENLORIN KRISTAL QURULUSLARININ
XUSUSIYYOTLORI

N.Z. ibrahimova

AMEA-nm akad. M.Nagiyev adina Kataliz vo Qeyri-iizvi Kimya Institutu
AZ 1143, Baki, H.Cavid pr., 113; e-mail: nigar-ibrahimova93@mail.ru

Sim. MegFc molekulunun kristal qurulusunun xiisusiyyatlori sim. polimetilferrosenlorin MeyFc (n =
2,8,10) va geyri-sim. pentametilferrosenin (MesCs)FeCsHs kristal quruluslarimin xiisusiyyatlari ilo
miiqayisa edilir. Sim. MegFc kompleksinda 1,2,4-MesCoHs  ligandimin daxili va xarici valent
bucaglart molekulda visinal metil qruplarimin ham bir-biri ila, hom do> ikinci 1,2,4-Me3CsH;
ligandinda yerlasmis tok Me qrupu ila foza qarsiliqly tasiri ilo izah olunur. Gostarilir ki, sim. MenFc
(n = 2,6,8,10) sirasinda metil gruplarimin faza qarsiliqli tasiri onlarin elektron garsiliqh tasirindan
giiclii oldugu iiciin Fe-C(MenCsHs i) rabitasinin uzunlugunda miisahida olunan doyisiklik metil
qruplarmmin halgalar arasindaki faza qarsiliqly tasirinin artmast ilo alagadardir. (CIF file CCDC No.
1436882).

/i'gar sozlor: 1,2,4,1", 2" A'"-heksametilferrosen, faza qarsiliql tasir, elektron qarsiligl tasir

OCOBEHHOCTH KPUCTA/UVIHYECKHX CTPYKTYP CUMETPHYHbIX
IOJINMMETH/IDEPPOIIEHOB

H.3. Hopazumosa
Hncmumym xamanuza u Heopeanuyeckotl xumuu um. akao. M. Haeuesa

Hayuonanvroiit AH Aszepoatioscana
AZ 1143 baxky, np. I'. JPicasuoa, 113; e-mail: nigar-ibrahimova93@mail. ru

Ocobennocmu  Kpucmaniuyeckou cmpykmypvl Mmonekyavl cum. MeFC cpasnusaromes ¢
ocobennocmamu  Kpucmaiiudeckux — cmpykmyp — cum.  MeFe  (n=2,8,10) u  necum.
nenmamemuipeppoyena (MesCs)FeCsHs. Buympu- u eHexonvyesvle eanenmuvle yeawl 1,2,4-
Me3zCsHy nueanoa 6 xomnnexce cum. MeFc ummepnpemuposanvt cmepuueckumu 63aumooeli-
CMBUAMU BUYUHATILHBIX MEMUIbHLIX 2PYNN KaK Mexcoy coboll, mak u ¢ oounouHou Me epynnoi
emopoeo 1,2,4-Me3zCsH, nueanoa monexyavl. Ilokazano, umo, xoms uzmenenue onunvl ceéazu Fe-
CMenCsHs.) 6 psady cum. MeFc (n=2,6,8,10) u coomeemcmeyem pocmy cmepuueckoo
83AUMOOCUCMBUSL MeNHCOY MEMUTbHBIMU SPYRNAMU PA3HBIX KOoJeY, OOHAKO, 8 CUMMEMPUUHBIX
noaumMemuagheppoyenax umeem Mecmo u 2NeKMpPOHHOE GIUAHUE MEMULbHbIX 2PYNN, KOMopoe He
npossnsemcs uz-3a npeoonaoanus cmepudeckux ezaumooeticmsuil. (CIF file CCDC No. 1436882).
Kntouesvie cnosa: 1,24,1'2'4-2excamemuncheppoyer,  cmepuueckoe — g3aumooelicmaue,
INEKMPOHHOE 83AUMOOeLiCBUe
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