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Abstract: Cation binding to the m-electrons of benzene is known to show a
periodic trend in interaction energies. In the present work, the chemistry of
cation—r interaction in a benzene ring bound with tripodal Cr(CO); (BC) was
considered. In contradiction to the anticipated destabilisation due to compet-
ition between two Lewis acids towards a common sandwiched base, cation
binding with BC showed a similar trend as that to benzene. Furthermore, it was
found to activate the benzene ring by reducing the frontier orbital energy gap
substantially. The NICS,, index adds sufficient evidence to the arguments. In
addition, TDDFT studies indicate a bathochromic shift upon cation binding as
an immediate consequence of the reduction in the energy of the Frontier
orbital.

Keywords: Cation complexed (n°-benzene)—tricarbonylchromium system; cat-
ion—m-interaction energy; charge transfer; nucleus-independent chemical shifts
(NICS); time-dependent density functional theory (TDDFT).

INTRODUCTION

The dominant supramolecular and biological macromolecular interactions
involve non-covalent ones, such as dispersive forces, van der Waals interactions,
hydrogen bonding, hydrophilic and hydrophobic forces, and ion—n interactions
between aromatic rings and metal ions.!2 In particular, intermolecular cation—m-
-interaction arising from the electrostatic interaction of a cation with the face of a
n-system is widely recognized and studied in recent years since it offers great
potential in drug design, structural biology, conformational analysis and asym-
metric catalysis.3 Thus, cation—m interactions are ubiquitous and are of prime
importance in several fields of contemporary interest, such as chemistry, material
science, biology and allied areas.#8 The interaction of a metal cation with the
n-system of aromatic residues is arguably the strongest non-covalent interaction
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with high complexation energies and is comparable with some covalent bonds.9-11
First evidence of cation—m-interaction in the gas phase resulted from the work by
Kebarle and co-workers in 1981.12 A pioneering work on the fundamental nature
of cation—r interactions and the factors that modulate their strength was reported
by Dougherty and co-workers.%10 A survey of the literature revealed that several
theoretical studies have been performed on cation—r interactions with focus on
understanding the strength of cation—m interactions.3-13-21 Furthermore, a series
of experimental studies realized by Rodgers and AmunkgamaZ2 and Dunbar et
al.23 supported the existence of cation—m systems. A recent review article3
demonstrates the ubiquity of cation—n interactions with special focus on exten-
sive theoretical studies on ion—x interactions quantifying the preference of metal
ion binding to m-systems, viz., aromatic amino acids, substituted benzene, poly-
aromatic hydrocarbons and heteroaromatics. The nature of the cation, the pre-
sence of hetero atoms in the m-systems, the presence of solvent, the site of
solvation are factors that were found to play a pivotal role determining the
strength of cation—r interactions.3

In parallel, arene—chromium tricarbonyl compounds are highly versatile and
the most widely explored organometallics,24 with prospective applications rang-
ing from organic synthesis, molecular switches, tunable molecular wires, optical
information storage devices to non linear optical (NLO) materials.25 Many earlier
studies explored the conformational biasing in these complexes26-27 and recently,
tuning the barrier to tripodal rotation of Cr(CO)3; with fluorine substitution and
skeletally substituted phosphorus and boron atoms in (n°-benzene)tricarbonyl-
chromium complexes were reported.2® The structure, reactivity, and aromaticity
of the arene ring are altered significantly upon complexation of the arene ring
with the Cr(CO)3; fragment. Aromaticity and anti-aromaticity in transition metal
systems were explored by Boldyrev et al.2% In depth diagnosis of the 6-, n- and
(o+m)-aromaticity of organic and inorganic molecules were reported by Tsipis et
al30 Although many indices viz., nucleus independent chemical shift (NICS),
magnetic susceptibility exaltation, chemical shift data, coupling constants, etc.,
are available for quantifying aromaticity, it was demonstrated that almost none of
the indices uncompromisingly explain the real electronic manipulation that is
created in the aromatic ring on Cr(CO)3 complexation.31-33 The failure of many
aromaticity indices could be attributed to steric, and Sola et al34 ended the
controversial debate about the aromaticity of the benzene ring in the (n°-
-CgHg)Cr(CO)3 complex by suggesting NICS,, as a more reliable index of arom-
aticity for this particular system.

Although studies related to cation binding to aromatic moieties are enorm-
ous, there are limited or almost no studies (especially computational) related to
cationic interactions with aromatic systems that are haptotropically coordinated
to transition metals, viz. Cr(CO)3. Therefore, in the present work, an investi-
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gation of the aforementioned type of cationic interactions was undertaken with
the (M6-CgHg)-Cr(CO)3 system. In such systems, there are two types of
interactions, viz. simple electrostatic interactions between simple cations and the
n cloud of benzene and the synergistic interaction of haptotropically bound
tripodal Cr(CO)s3 with the arene m-cloud. The study will highlight the elusive
competition for two acids towards a common aromatic base. The following are
the intriguing questions that the present work intends to address whether the
sandwiched benzene would cater for the electronic requirements of both the
M”*/Cr(CO)3 and whether or not there would be a cooperative approach between
the metal towards the sandwiched aromatic ring. Furthermore, whether the metals
would de-aromatize or in other words reduce the diamagnetic ring current due to
electron partitioning due to the competing m—acid interactions. Hence, it was
hoped that the present study, being the first to give theoretical insights on cation—
m-interactions in haptotropically complexed benzene—Cr(CO)3, would pave the
way for exploring the broader concept of cation—n-base interactions.

COMPUTATIONAL DETAILS

All calculations were performed with the Gaussian-09 program.35 Geometry optimizat-
ions was performed at the B3LYP3¢ level. Additionally, as non-covalent interactions are
known to be dependent on dispersion corrections, the computations were performed by
incorporating dispersion functions. Recently reported benchmark studies document the DFT—
D337 (Grimme’s dispersion function) and D3(BJ)*® (Grimme's dispersion with Becke—John-
son damping) methods to be relatively reliable to introduce dispersion corrections into
B3LYP, and hence, the BALYP-D337 and B3LYP-D3(BJ)3# methods were also adopted in the
present study. The 6-31G(d) basis set>® was used for carbon, oxygen, hydrogen atoms and
metal ions (Li*, Na®, K¥, Mg?* and Ca2"). The LANL2DZ basis set, in conjunction with the
LANL2DZ pseudo-potential*?, was used for the chromium atom in Cr(CO);. All the optim-
ized structures were characterized by frequency analysis. The interaction energies obtained
were corrected for the basis set superposition error (BSSE) using the counterpoise method
described by Boys and Bernardi.*! Natural bond orbital analysis (NBO)*? and nucleus-inde-
pendent chemical shifts (N/CS,,)* (calculated at the geometrical centres of the ring atoms
NICS,,(0), and also 1A above the ring NICS,.(1) using the gauge invariant atomic orbital
(GIAO)* method) calculations were realized employing the B3LYP method using the 6-
-31G(d) basis set®® for carbon, oxygen, hydrogen atoms and metal ions (Li*, Na®, K*, Mg2"
and Ca?") and the LANL2DZ basis set, in conjunction with the LANL2DZ pseudo-potential,*
for the chromium atom in Cr(CO);. Time dependent density functional theory (TDDFT) cal-
culations were performed for 10 singlet excited states and the percentage contribution of the
molecular orbitals (MOs) for different transitions and natural transition orbitals (NTO) pic-
tures were collected using Chemissian software.*

RESULTS AND DISCUSSION

A series of M"*—(n%-benzene)tricarbonylchromium complexes, labelled as
MBC ((Li*-BC), (Na™BC), (K'—BC), (Mg2*-BC) and (Ca2*-BC, Fig. 1) were
chosen for the study. To understand the effect of the Cr(CO)3 fragment, M”—
—benzene complexes labelled as MB ((Li*™—B), (Na*™—B), (K*-B), (Mg2*-B), and
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(Ca2*-B)) were also analysed. For comparison, benzene (B) and (n°-benzene)-
tricarbonylchromium complex (BC) are presented along with the other results.

9
43 8
2%

Fig. 1. M"—(n%-benzene)tricarbonylchromium complexes, MBC,
. M =Lit, Nat, KT, Mg2+ or Ca2t; B= CeHg; C = Cr(CO);.

Interaction energy

Interaction energies (BSSE corrected) of alkali and alkaline earth metal ions,
viz., Lit, Na*, K*, Mg2* and Ca2*, with the n-cloud of BC and B are presented in
Table I.

TABLE . Interaction energy, IE / kcal* mol!, frontier orbital energy gap, Ae / eV, hardness,
1/ eV, distance from the metal cation to the centroid of benzene, dyo / A, and from the
chromium to the centroid of benzene, d¢,.q, / A, computed for the minimum energy structures
for both the studied systems; calculated parameters represented in regular (B3LYP), italic
(B3LYP-D3) and bold-italic (B3LYP-D3(BJ)); IE = BSSE corrected interaction energy; A¢ =
=27.2116(s ymo—enomo) €V 1 = 27.2116 eV(e  ymo—enomo )2+

System MB MBC
IE Ae n dM-Q IE Ae n dM-Q dCr—Q
B - 6.78  3.39 - —43.98 4.65 233 - 1.81
- 6.78  3.39 - —44.00 4.68 234 - 1.81
- 6.78 3.39 - —43.74 471 235 - 1.81
Li* —40.17 6.97 3.48 1.87 =73.77 4.35 2.18 1.85 1.72
—40.18 6.97 3.48 1.88 -73.70 4.38 2.19 1.85 1.72
—40.13 6.97 3.48 1.87 -73.08 4.44 222 1.83 1.71
Na* —26.66 6.23 3.12 2.34 —62.28 3.78 1.89 228 1.78
—26.68 6.18  3.09 2.36 —62.27 3.78 1.89 230 1.75
—26.68 6.10 3.05 240 -61.66 386 193 227 1.73
K* -16.62 6.18 3.09 2.82 -51.36 3.86 1.93 2.82 1.77
-16.55 6.01 3.01 2.92 -51.26 3.78 1.89 2.86 1.78
-16.61 6.12 3.06 2.85 -50.71 395 197 276 1.77
Mgt —124.28 4.71 2.35 1.92 —185.54 1.99 099 1.81 1.67

—124.22 4.71  2.35 1.92 —185.35 207 103 179 1.66
-124.18 4.65 2.33 1.92 —184.25 2.07 1.03 179 1.67
CaZ* —72.12 506 253 2.39 -122.74 234 117 221 1.77
-72.12 5.03 252 2.39 —122.67 245 122 219 1.76
—72.12 5.03  2.52 2.39 —121.74 242 1.21 219 1.77

*1kcal=4184 ]
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The interaction energies for MB (Li*—Ca2") computed at the B3LYP/6-
-31g(d) level are in good agreement with reported values.#” It is well known that
in the case of BC, the tripodal Cr(CO)3 complexed to arene makes it electron
deficient?6-27 and hence in the present case, it was anticipated that the conse-
quence of this interaction of Cr(CO)3 on benzene would be to reduce the inter-
action energy of BC with metal ions. However, in contrast, Table I lists reason-
ably large interaction energies for all the MBC complexes compared to their MB
counterparts, which shows that a cooperative behaviour of the two acids (M”*
and Cr(CO)3) towards the common n-base exists. The interaction energies show
the same trend for both MB (in agreement with Dougherty!%) and MBC. The
general trend shown by the MB system as reported in the present paper is Mg2t—
—B >Ca?*-B >Li*-B >Na*-B >K—B (consistent with Sastry and coworkers*7).
A similar trend is replicated in MBC but with a larger magnitude. It is under-
standable that due to the increase in the ionic radii, electrostatic interactions
would be reduced between the cations and the benzene ring and this would be
reflected in a reduction in the ionisation energy. The interaction energies obtained
by the three methods, i.e., B3LYP, B3LYP-D3 and B3LYP-D3(BJ), are quite
comparable. Moreover, the trends in the interaction energies shown by both MB
and MBC remained the same in all the three methods. The interaction energy
profiles of various cation—aromatic complexes (MB and MBC) are shown in Fig. 2.
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Fig. 2. Interaction energy profiles of the cat-
I-Mg™.2-Ca®, 3-Li*. 4 Na*, SK*  jon—aromatic complexes (MBC and MB).

The hardness, 77,46 the reflector of reactivity, showed an enhanced reactivity
of MBC over their MB counterparts (Table 1) through their decreased frontier
orbital energy gaps. This indicates that MBCs could be still better candidates for
nucleophilic substitution reactions. It is worth mentioning that the magnitude of
the reduction in hardness of MBC was higher for the alkaline earth metals than
for the alkali metals.

Looking at the Cr—Q and M—Q distance in Table I, it is clear that the pre-
sence of metal ions (Li*, Na*, K*, Mg2* or CaZ") was reflected in the Cr-Q
distance throughout the MBC system. The Cr—Q distances were smaller and the
smallest was found for Mg2*—BC (1.67A). It is also interesting to observe the M—Q
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distance (Table I). Although there are very marginal changes in the bond dis-
tances, it is worth mentioning that in all the cases, the M—Q in MBC is shorter
than in MB (a larger magnitude of decrease was observed for MgZ*—BC). Short-
ening of the M—Q and Cr-Q distances occur on complexing the Cr(CO)3 frag-
ment in the MB system and a metal cation in the BC system, respectively. Both
cases are accompanied by increases in the interaction energy. Thus, inter-depend-
ant relationships between the magnitude of interaction, M—Q and Cr—Q distances
are direct evidence for co-operative electrostatic and coordination type interact-
ion of M”* and Cr respectively towards a common 7-base. From Table 1, it is
known that among MBC, the decrease in the interaction energy is in good agree-
ment with the increase in the distance of metal cation to the centroid of benzene
for the monovalent (M—Q: Li*~BC < Na*-BC < K*-BC) and divalent (Mg2*—
~BC < CaZ"-BC) cations of the MBC systems and the trends are in concurrence
with earlier reports for m—cationic systems of MB.#47

Charge transfer

The Mulliken and NBO charges of the metal cations (£ in Table II) in BC
and MBC complexes are summarized in Table II. They indicate a transfer of
positive charge from the cation to the aromatic system during the interaction. It was
observed that for the MB and MBC systems, the interaction energies separately
correlate linearly with the amount of charge transfer for monovalent and divalent
cations (M* — ring; M2+ — ring, Supplementary material to this paper— Figs. S-1—
—S-4). However, the same correlation was poor when M and M2* were treated
together (Supplementary material — Figs. S-5 and S-6). This indicates that both
charge transfer and interaction energy are group properties and there exists only a
group trend.

TABLE II. Mulliken and NBO charges / atomic units of the cations, ring and Cr(CO);
computed for the minimum energy structures in both the studied systems; F* — Mulliken
charge on M1, M2, M3, M4 and M5 for comparison,*’ F'; — charge on metal; F, — charge on
benzene ring and F3 — charge on Cr(CO);

System MB MBC

Mulliken charge NBO Charge Mulliken charge NBO Charge

F* Fy F, F, F, F  F F; F F F
B - 0 0 0 0 - 029 029 - 026 -026
Li* 043 042 0.58 096 0.04 059 128 -0.87 098 031 -0.29
Na* 0.65 065 035 097 0.03 0.66 035 -0.01 098 0.02 0.01
K* 0.84 084 0.16 098 0.02 086 0.14 -0.01 0.99 0.05 -0.04
Mgt 094 093 1.07 1.82 0.18 0.88 0.71 041 1.79 -0.13 0.34
Ca?* 1.49 149 051 192 0.08 146 0.11 043 193 -0.27 0.35

In the case of monovalent cations, for both BC and MBC complexes, the
order of the charge transferred from the cation to the m-system (F in Table II) is
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K™ <Nat <Li" (i.e., from K to Li* the charge dispersed from the cation to the
n-system increases). This was confirmed by the corresponding change in the
charge on the ring (F; in Table II) (ring charge — Li*-BC > Na™-BC > K*-BC
similar to Li*-~B > Na*-B > K*-B). This may be due to the smaller surface area
available for the cation to interact with the n-system. The strength of interaction
decreases as the ionic radius increases from lithium to potassium. However, the
amount of charge transferred from the dication complexes to the m-system is
slightly higher as compared to that transferred from the mono-cation complexes
for both MB and MBC. Among the dication complexes, the Mg2" ion has less
Mulliken charge as compared to Ca2*, signifying that higher amount of charge is
transferred from the cation to the m-system, which was confirmed by a corres-
ponding change in the charge on the ring (ring charge — Mg2*-BC > Ca2™-BC)
(£ in Table II). As a result, the highest interaction is observed in the case of the
Mg2* complexes. Thus, among all complexes, large amount of positive charge is
transferred from (Li™—BC) and (Mg2*-BC) ions to the benzene ring and this
could explain their corresponding higher interaction energies.

The impact of the Cr(CO)3 moiety in MBC does not alter the trends in the
charge transferred from the cations to the m-system but causes a slight change in
the magnitude of the charge transferred. Additionally, it is obvious that the
Cr(CO)3; moiety functions as a sink for charge and affords stability to the mole-
cule. This is again a demonstration of the cooperative behaviour of both metals
towards the sandwiched benzene ring.

Aromaticity

As has already been discussed, it is well established that when a Cr(CO)3
group is complexed to benzene its m-aromaticity decreases.34 In this study, the
status of the aromaticity of both M—B and M—BC is worth documenting. For this
purpose, two aromaticity indices NICS,, at 0 and 1 A, and the proton chemical
shift values (with TMS as the reference) are tabulated in Table III for both MB
and MBC.

TABLE III. Aromaticity indices NICS..(0), NICS..(1) and chemical shift, § / ppm, of the ring
protons computed for the minimum energy structures in both systems; TMS as reference —
optimized the NICS values were computed at the B3LYP/6-31g(d) level

System MB MBC
NICSzz(0) NICSzz(1) JAr-H NICSzz(0) NICSzz(1) o0Ar-H

B -13.70 -28.97 7.20 -6.72 -24.18 5.07
Li* -12.39 -32.64 8.18 -7.38 -27.58 5.34
Na* -13.53 -35.59 8.09 -8.07 -31.64 5.19
K* -14.75 -36.01 7.88 -9.72 -31.87 5.05
Mg2* -11.61 —45.18 9.42 -8.03 —45.96 5.54
Ca?* -13.52 -42.33 8.97 -10.39 —43.23 5.43

Available on line at www.shd.org.rs/JSCS/

(CC) 2017 SCS.



1 1 3 O KALPANA and AKILANDESWARI

The NICS,,(0) and (1) of MBC indicate reduced aromaticity when compared
to MB. This is further supported by chemical shift values reported in the Table
III. The NICS,,(0) (indicative of ¢ aromaticity) of MB indicates that there is not
much change in delocalisation upon cation binding to benzene, contrastingly
NICS,(0) of MBC shows a sizeable enhancement in c-aromaticity upon metal
cation binding to BC. This is also supported by chemical shift values in which Hs
of MBC have slightly higher ¢ values than BC. On cation binding to BC, there is
a pronounced increase in NICS,,(1) showing an aromaticity enhancement in con-
trast to our anticipation that cation positioned over the drained m cloud of 1°-
-benzene—Cr(CO)3 would further drain the electron density thereby causing a
lowering of m-aromaticity and this denotes the cooperative approach of the metals
towards the sandwiched n-cloud.

Theoretical UV—-Vis spectral predictions

A UV-visible transition between two levels is possible only when the trans-
ition dipole moment (TDM) vector is non-zero at least along one of the principal
axes.*® The maximum absorption wavelength (Amax), oscillator strength (f) and
their state transition for MB and MBC are presented in Table IV (the transition
dipole moment (7DM) and root mean square values (RMS) are detailed in the
Supplementary material, Table S-1. The natural transition orbitals (NTO) respon-
sible for the transition, their corresponding percentage contributions and orbital
level contributions for both MB and MBC are provided in Tables S-II and S-III
of the Supplementary material).

For MB

The major contribution of NTOs of the transition, viz., HOMO-1 — LUMO
was observed for B, Li*—B, Na™-B and K*-B (Table S-II). However, in the case
of Mg2*-B and Ca2*-B, these orbitals are not involved at all, rather the transition
are from a very much lower molecular orbital to very much higher lying mole-
cular orbitals. From Table IV, it could be seen that (Sg—S4) transition (—n*) is
intense with /= 0.559 for benzene, but on binding with metal cations, the inten-
sity decreases in the following order B > Li*-B =~ Na*-B > K™—B > MgZ*-B >
> Ca?*-B. In addition, a large bathochromic shift is observed, except in the case
of B—Li where a very slight hypsochromic shift is observed. All the bands lie in
the UV region only. The TDM of Li*—B and Na*-B are comparable to that of
benzene and hence the electronic transitions have greater oscillator strengths than
that of benzene (Table S-I). However, K'—B shows relatively lower TDM and,
consequently, lower oscillator strength and in the case of Mg2™—B and Ca2*-B,
the more diminished f values result in a very weak band that is a consequence of
the diminished TDM.
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TABLE IV. Computed 1., (maximum absorption wavelength), nm, and f (oscillator
strength) between the ground and ! excited state of all the systems under study

System MB MBC
State transition Amax I State transition Amax I

B So—S4 168.03 0.5588 So—Sg 328.93 0.0016
Li* So—Se 165.65 0.5223 So—S¢ 352.21 0.0025
Na* So—S5 168.36 0.5276 So—So 351.84 0.0015
K* So—S1o 169.76 0.3436 So—S1o 339.76 0.0013
Mg?* So—Sg 174.03 0.0109 So—S;3 792.33 0.0484
Ca”* So—S1o 173.55 0.0069 So—S;3 667.06 0.0174
For MBC

The TDM for MBC is reduced and hence, the f values are much lower than
their MB counterparts but A;,,x shows a large bathochromic shift (Table S-I).
This bathochromic shift is the immediate consequence of the narrowing of the
frontier orbital energy gap that was already discussed in the interaction energy
section. The intensity of the band is in the order MgZ™—BC > Ca2*-BC > Li*-BC
>Na™-BC = BC > K*-BC (Table IV). The order of bathochromic shift of Ayay is
BC < K™BC < Na"™-BC < Li™-BC << CaZ*-BC << MgZ™BC (Table 1V). All
these lie in the visible region. From the NTOs and their molecular orbital contri-
bution (Table S-III), there is a striking observation in the case of MgZ*—BC and
Ca2™BC. It could be seen that in both these complexes only one orbital, namely
HOMO-2—LUMO, is responsible for the electronic transition Sg—S3 (Amax)-
The NTO picture (Table S-1II) of the aforementioned transition shows that
Cr(CO)3 and the metal ion contribute largely in the donor (hole) while the accep-
tor (particle) has the lobe mainly on the metal cation, ensuring its contribution in
the LUMO.

CONCLUSIONS

The intricacies of cation (Li", Na™, K*, Mg2* and Ca2") interactions with the
n-cloud of (M®-benzene)tricarbonylchromium were explored through density
functional studies. The studies revealed that the BSSE corrected binding energies
of the cation bound BCs are very high compared to that of the cation—benzene
interaction. The sizeable reduction in hardness of cation—BC relative to BC is yet
another intriguing observation. The most stable (larger interaction energy) Mg2*—
—BC is the most reactive (lowest frontier orbital energy gap). This inverse rel-
ation could be attributed to synergistic interaction of the two metal acids (M”*
and the Cr(CO)3 moiety) in activating the benzene ring, evidencing a cooperative
behaviour of the acids towards the common ©-base. Furthermore, the aromaticity
studies through NICS,, indicated an enhancement of aromaticity due to cation
binding with BC. Hence, delocalisation validates the stability of the cation-bound
BC. TDDFT studies revealed that for MBC, very weak bands are obtained and
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the low intensity is due to a low transition dipole moment. Furthermore, the red-
uction in the frontier orbital energy gap led to a large bathochromic shift of the
Amax Value.

SUPPLEMENTARY MATERIAL

Figures containing the interaction energy vs. charge transfer and tables containing state
transitions, Ay, f, TDM, RMS and NTO are available electronically at the pages of the journal
website: http://www.shd.org.rs/JSCS/, or from the corresponding author on request.
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HU3BO[
CTPYKTYPHH U EJIEKTPOHCKU E®EKTU KATJOHA KOJU BE3YJY
(Li*, Na*, K*, MgZ* u Ca2*+) HA n-CUCTEM (n5-BEH3EH)Cr(Co); KOMITJIEKCA:
TEOPUJCKA CTYIUJA

AYYAVOO KALPANA 1 LAKSHMINARAYANAN AKILANDESWARI
Department of Chemistry, Sri Sarada College for Women, Salem 636 016, Tamil Nadu, India

3a KaTjoHe KOju ce Be3yjy 3a T-eJeKTpOoHe DeH3eHa je MO3HATO fAa MOKa3yjy NepuogHU
TPEH] Y €HeprujaMa MHTepaknuje. Y 0BOM pajy M3HOCHUMO XEMHjY KaTjOH—T-UHTEpaKuuja y
DeH3eHOBOM MpcTeHy Be3aHoM 3a TpoHoru Cr(CO)z. Y cynmpoTHOCTH Ca NpPeTHOCTaB/beHOM
necradunusanujom 300r HagmeTama U3Mely aBe JIlyHcOBe KHCENHHE 3a 3ajeHUYKY YCEH[BH-
yeHy Da3y, onakeHo je Jja Be3uBame kaTjoHa ca BC mokasyje cinyaH TpeHA kao Koj DeHseHa.
Iame je HaheHo ma cMamuBamke ja3a u3Mehy opdurana Beoma 3HauajHO aKTUBHpa DEeH3EHOB
npcred. NICSzz UHAEKC IIpy’ka 0BOj TBPAKHU HoBobaH foka3. Takohe TDDFT crynuje ykasyjy
Ia HaTOXpOMHM NOMaK NpH Be3HBaiby KaTjoHa jecTe HEMoCpesHa Mocaefula CMabrBama jasa
usmely rpaHUUHUX opdUTaa.

(TTpummeHo 28. nenemdpa 2016, pesupupano 26. pedpyapa, npuxsaheno 24. maja 2017)
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