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Abstract—The reactions of triammino(tricarbonyl)chromium (I) with 1,3-benzodioxane (L1), 2-methyl-1,3-
benzodioxane (L2), and 2-phenyl-1,3-benzodioxane (L3) afford new complexes: (η6-C8H8O2)Cr(CO)3 (II),
exo- and endo-[2-Me-(η6-C8H7O2)]Cr(CO)3 (III, IV), exo- and endo-[2-Ph-(η6-C8H7O2)]Cr(CO)3 (V, VI),
[2-(η6-Ph)-C8H7O2]Cr(CO)3 (VII), and endo-[2-(η6-Ph)]Cr(CO)3-[η6-C8H7O2]Cr(CO)3 (VIII). The
structures, compositions, and purity of the synthesized products are proved by UV, IR, and 1H NMR spec-
troscopy, HPLC, and mass spectrometry. The molecular structures of complexes IV–VI are determined by
XRD (CIF files CCDC nos. 2263301 (IV), 2295552 (V), and 2237106 (VI)). A possibility of coordination of
the tricarbonylchromium group at different sides of the phenylene ring of ligands L2 and L3 and on the phenyl
substituent of ligand L3 is shown.

Keywords: heterocyclic compounds, (arene)tricarbonylchromium complexes, 1,3-benzodioxane, diastereo-
mers, regioisomers
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INTRODUCTION
The introduction of the tricarbonylchromium

(TC) group into molecules of various aromatic
substances is a popular and efficient method for the
synthesis of (η6-arene)tricarbonylchromium ((are-
ne)TC) complexes. The compositions of these com-
pounds combine the organic fragment and bulky elec-
tron-withdrawing metal-containing block capable of
considerably affording the chemical properties of the
substrate connected with this block and substantially
enhancing the stereoselectivity of the reactions that
occur in the lateral chain of the coordinated arene [1–
8].

The substances containing the heterocyclic frag-
ment along with the carbocyclic aromatic ring, includ-
ing the compounds with two heteroatoms, can act as
ligands for the synthesis of (arene)TC complexes.
Nitrogen and oxygen atoms usually act as heteroatoms
[8]. These hetaryl complexes found use as peptide
nucleic acids [9–12], components used in immunoas-
say [13], and precursors for highly stereoselective syn-
theses aimed at preparing analogues of natural sub-
stances and drugs [14–19]. Among them there are
examples of the (arene)TC derivatives bearing two
oxygen atoms in the heterocyclic ring. These sub-
stances were shown to pretend for preparing pharma-
cological agents and physiologically active com-
pounds and can be applied in fine organic synthesis

[20–23]. In spite of a diversity of similar compounds,
we found no (arene)TC derivatives for 1,3-benzodiox-
ane (L1) and its С(2)-substituted analogues,
2-methyl-1,3-benzodioxane (L2) and 2-phenyl-1,3-
benzodioxane (L3), in the literature. However, the
complexes with the 1,3-benzodioxane fragment,
which are components of analgetic and anti-inflam-
matory drugs [24] and anti-arthritic and antioxidant
remedies [25], can be very interesting from both the
fundamental and applied points of view.

The direct interaction of an appropriate ligand with
hexacarbonylchromium in a medium of highly boiling
solvents is an available and convenient method for the
synthesis of the (arene)TC complexes. It seems most
optimal to use triammino(tricarbonyl)chromium, (η6-
naphthalene)tricarbonylchromium, acetonitriletri-
carbonylchromium, and others as coordinating agents
to decrease the temperature of the process [7, 8]. A
specific feature of the reactions of hexacarbonylchro-
mium or its analogues with asymmetric ligands is a
possibility of coordinating the TC group at different
sides of the aromatic system, which can result in the
formation of the stereoisomeric complexes [26]. If the
initial ligand contains several aromatic rings, diverse
regioisomeric products can also be formed [27].

The purpose of this work is to synthesize new
(η6-arene)tricarbonylchromium complexes of 1,3-
benzodioxanes via the reactions of ligands L1–L3 with
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triammino(tricarbonyl)chromium (I) and establish a
possibility of forming various regio- and diastereoiso-
meric complexes.

EXPERIMENTAL
Solvents were distilled over metallic sodium under

atmospheric pressure [28]. Salicyl alcohol was synthe-
sized by a known procedure [29]. 1,3-Benzodioxane
(L1) [30], 2-methyl-1,3-benzodioxane (L2) [31], and
2-phenyl-1,3-benzodioxane (L3) [32] were synthe-
sized via the condensation of salicyl alcohol with
dibromomethane, acetaldehyde, and benzaldehyde,
respectively. (η6-Benzaldehyde)tricarbonylchromium
was synthesized using a described procedure [33] but
using complex I instead of hexacarbonylchromium.

Products II–VIII were isolated and purified by
column chromatography in an argon atmosphere
using silica gel (Acros, 0.035–0.070 mm) and a petro-
leum ether–ethyl acetate (4 : 1) system as the eluent.
HPLC was conducted on a Knauer Smartline 5000
chromatograph with an S 2600 UV diode matrix
detector (UV spectra of the eluates were recorded in a
range of 200–500 nm) and a Diasfer-110-S16 column
(5 μm, 4.6 × 250 mm, acetonitrile–water (84 : 16) elu-
ent, eluent f low rate 0.7 mL min–1). IR spectra were
recorded on an Infralyum FT-801 instrument in a
range of 450–4000 cm–1 in KBr pellets. Mass spec-
trometry (MS) was carried out on a Trace DSQII
instrument (electron impact (EI) ionization (70 eV),
m/z 70–500, temperature programming from 50 to
450°C at a heating rate of 100 deg min–1) and on а
Bruker Microflex LT instrument by time-of-flight
mass spectrometry with matrix activated laser desorp-
tion/ionization (MALDI). 1H NMR spectra were
recorded in acetone-d6 on an Agilent DD2 NMR
400NB spectrometer (working frequency 400 MHz).

Тriammino(tricarbonyl)chromium (I) was synthe-
sized by the modified procedure [34]. Hexacarbonyl-
chromium (70.0 g, 0.32 mol), solid potassium hydrox-
ide (128 g, 2.29 mol), ethanol (640 mL), and water
(100 mL) were placed in a 2-L three-necked flask pre-
liminarily degassed and then filled with argon and
equipped with a stirrer and a reflux condenser. The
mixture was heated in an oil bath at 100–120°C for
5 h. The color of the solution changed from yellow to
red. The completeness of the reaction was monitored
by the absence of sublimed hexacarbonylchromium on
the f lask walls. After the end of the reaction, the f lask
was cooled in an argon flow, and a concentrated aque-
ous solution (600 mL) of ammonia was added. The
resulting reaction mixture was stirred at room tem-
perature for 2 h. The formed yellow precipitate was fil-
tered off in an argon flow on a Schott filter and conse-
quently washed with water (150 mL), ethanol (50 mL),
and diethyl ether (50 mL). Then the precipitate was
dried in vacuo to obtain complex I as a yellow powder
in a yield of 50.1 g (81%).
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Synthesis of complexes II–VIII (general proce-
dure). Complex I (2.0 g, 0.01 mol), 1,3-benzodioxane
ligand L1–L3 (0.01 mol), and dioxane (30 mL) were
placed in a preliminarily degassed and then filled with
argon two-necked f lask equipped with a reflux con-
denser and a gas burette filled with dimethyl phthalate.
The mixture was heated on an oil bath at 120°C. The
completeness of the reaction was monitored by the
amount of evolved NH3. After the end of the reaction,
the f lask was cooled and filled with argon. The result-
ing mixture was filtered on a Schott filter packed with
alumina in an inert atmosphere. After the solvent was
distilled off, a yellow residue remained in the f lask,
and the reaction products were isolated from the resi-
due using column chromatography on silica gel. Each
obtained fraction was recrystallized from a petroleum
ether–ethyl acetate mixture. The reaction of com-
pound I with ligand L1 afforded complex II as the sin-
gle product, the reaction of compound I with L2 gave
complexes III and IV, and the reaction of complex I
with L3 afforded complexes V–VIII.

(η6-1,3-Benzodioxane)tricarbonylchromium (II).
The yield was 1.68 g (62%), Тm = 80–81°C. HPLC:
1 peak, τ = 5.5 min. UV (λmax, nm): 215, 314, 417. MS
(m/z (EI, Irel (%)): 272 [M]+ (40); 216 [M-2СО]+ (14);
188 [M-3CO]+ (23); 158 [М-3СО-СН2О]+ (100). IR
(ν, cm–1): 3079 ν(CAr–H), 2917, 2898, 2850 ν(C–H),
1973, 1908, 1848 ν(C≡O), 1539, 1462 ν(СAr–СAr),
1227 ν(C–O), 944, 626 ν(СAr–H). 1H NMR (δ,
ppm): 4.70 d (1H, ArCH2O, J = 14.48 Hz), 4.93 d
(1H, ArCH2O, J = 14.48 Hz), 5.24 td (1Н, Ar), 5.25 d
(1Н, OCH2O, J = 5.87 Hz), 5.32 d (1H, OCH2O, J =
5.87 Hz), 5.47 dd (1H, Ar, J = 6.85, 0.98 Hz), 5.69–
5.77 m (1H, Ar), 5.83 dd (1H, Ar, J = 6.46, 1.17 Hz).

exo-2-Methyl-(η6-1,3-benzodioxane)tricarbonyl-
chromium (III). The yield was 1.12 g (39%), Тm = 81–
82°C. HPLC: 1 peak, τ = 6.3 min. UV (λmax, nm): 216,
314, 432. MS (MALDI MS, m/z (Irel, %)): 286 [M]+

(43), 325 [M+K]+ (100), 230 [M-2CO]+ (10), 202
[М-3СО]+ (5). IR (ν, cm–1): 3094 ν(CAr–H), 2995,
2917, 2848 ν(C–H), 1956, 1894, 1852 ν(C≡O), 1519,
1461, 1410 ν(СAr–СAr), 1269, 1107 ν(C–O), 900, 671,
630 ν(СAr–H). 1H NMR (δ, ppm): 1.47 d (3Н, Me,
J = 5.09 Hz), 4.82 d (1Н, СН2, J = 14.28 Hz), 4.87 d
(1Н, СН2, J = 14.28 Hz), 5.24–5.36 m (2Н, СН, Ar),
5.53 d (1Н, Ar, J = 6.26 Hz), 5.70 t (1Н, Ar, J =
7.43 Hz), 5.77 d (1H, Ar, J = 6.26 Hz).

endo-2-Methyl-(η6-1,3-benzodioxane)tricarbonyl-
chromium (IV). The yield was 0.92 g (32%), Тm = 101–
102°C. HPLC: 1 peak, τ = 5.8 min. UV (λmax, nm):
217, 315, 431. MS (MALDI MS, m/z (Irel, %)): 286
[M]+ (12), 325 [M+K]+ (100); 242 [M-OCHCH3]+

(47). IR (ν, cm–1): 3102 ν(CAr–H), 2993, 2920, 2855
ν(C–H), 1954, 1872 ν(C≡O), 1517, 1464, 1404 ν(СAr–
СAr), 1261, 1222, 1076 ν(C–O), 906, 674, 631 ν(СAr–
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H). 1H NMR (δ, ppm): 1.45 d (3Н, Me, J = 5.09 Hz),
4.55 d (1Н, СН2, J = 14.28 Hz), 4.99 d (1Н, СН2, J =
14.28 Hz), 5.11 t (1H, Ar, J = 6.26 Hz), 5.30 d (1Н, Ar,
J = 6.85 Hz), 5.34 q (1Н, СН, J = 5.09 Hz), 5.74 t
(1Н, Ar, J = 6.26 Hz), 5.90 d (1Н, Ar, J = 6.06 Hz).

exo-2-Phenyl-(η6-1,3-benzodioxane)tricarbonyl-
chromium (V) and 2-[η6-(phenyl)tricarbonylchro-
mium]-1,3-benzodioxane (VII). The overall yield was
1.81 g (52%). HPLC: 1 peak, τ = 7.4 min. UV (λmax,
nm): 213, 314. MS (EI, m/z (Irel, %)): 348 [M]+ (41),
292 [M-2CO]+ (18), 264 [M-3CO]+ (100), 158 [M-
3CO-OCHPh]+ (64). 1H NMR (δ, ppm): 5.02 d (1Н,
СН2, J = 14.48 Hz), 5.07 s (2Н, СН2), 5.23 d (1Н,
СН2, J = 14.48 Hz), 5.35 t (1Н, С6Н4Cr, J = 5.87 Hz),
5.62 d (1Н, С6Н4Cr, J = 6.65 Hz), 5.64–5.71 m (3Н,
PhCr), 5.77 ddd (1Н, С6Н4Cr, J = 7.04, 0.78 Hz),
5.85 s (1Н, СН), 5.87 d (1Н, С6Н4Cr, J = 6.26 Hz),
5.90–5.95 m (2Н, PhCr), 6.16 s (1Н, СН), 6.92 d
(1Н, С6Н4, J = 8.22 Hz), 6.99 t (1Н, С6Н4, J =
7.43 Hz), 7.12 d (1Н, С6Н4, J = 7.43 Hz), 7.22 t (1Н,
С6Н4, J = 7.43 Hz), 7.42–7.52 m (3Н, Ph), 7.54–
7.64 m (2Н, Ph).

endo-2-Phenyl-(η6-1,3-benzodioxane)tricarbonyl-
chromium (VI). The yield was 0.90 g (26%), Тm = 128–
129°C. HPLC: 1 peak, τ = 6.5 min. UV (λmax, nm):
212, 315. MS (EI, m/z (Irel, %)): 348 [M]+ (44), 292
[M-2CO]+ (4), 264 [M-3CO]+ (100), 158 [M-3CO-
OCHPh]+ (88). IR (ν, cm–1): 3090 ν(CAr–H), 2916,
2870 ν(C–H), 1952, 1856 ν(C≡O), 1517, 1459 ν(СAr–
СAr), 1253, 1218 ν(C–O), 942, 918, 664 ν(СAr–H). 1H
NMR (δ, ppm): 4.77 d (1Н, СН2, J = 14.48 Hz), 5.18
td (1Н, С6Н4Cr, J = 6.28, 0.78 Hz), 5.28 d (1Н, СН2,
J = 14.48 Hz), 5.39 dd (1Н, С6Н4Cr, J = 6.65,
0.78 Hz), 5.80 td (1Н, С6Н4Cr, J = 6.65, 1.17 Hz),
6.00 dd (1Н, С6Н4Cr, J = 6.26, 1.17 Hz), 6.18 s (1Н,
СН), 7.41–7.51 m (3Н, Ph), 7.60–7.69 m (2Н, Ph).

endo-2-(η6-Phenyl)tricarbonylchromium-(η6-1,3-
benzodioxane)tricarbonylchromium (VIII). The yield
was 0.21 g (6%), Тdecomp = 174–175°C. HPLC: 1 peak,
τ = 6.4 min. UV (λmax, nm): 215, 315. MS (EI, m/z
(Irel, %)): 484 [M]+ (10), 428 [M-2CO]+ (2), 400 [M-
3CO]+ (5), 344 [M-5CO]+ (5), 348 [M-Сr(CO)3]+

(19), 316 [M-6CO]+ (43), 264 [M-Сr(CO)3-3CO]+

(36), 242 [M-OCHPhСr(CO)3]+ (100), 158 [M-
OCHPhСr(CO)3-3CO]+ (61). IR (ν, cm–1): 3102
ν(CAr–H), 2974, 2906, 2850 ν(C–H), 1963, 1894,
1874, 1850 ν(C≡O), 1461 ν(СAr–СAr), 1258, 1078,
1026 ν(C–O), 985, 814 ν(СAr–H). 1H NMR (δ, ppm):
4.78 d (1Н, СН2, J = 14.36 Hz), 5.18 td (1Н, ArCr, J =
6.28, 0.72 Hz), 5.27 d (1Н, СН2, J = 14.36 Hz), 5.40
dd (1Н, ArCr, J = 6.82, 0.54 Hz), 5.61–5.77 m (3Н,
ArCr), 5.82 td (1Н, ArCr, J = 6.28, 1.26 Hz), 5.90 dd
(2Н, ArCr, J = 6.28, 0.72 Hz), 5.92 s (1Н, СН), 6.00
dd (1Н, ArCr, J = 6.28, 1.08 Hz).
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Synthesis of complex (VII) via the reaction of salicyl
alcohol with (η6-benzaldehyde)tricarbonylchromium.
(η6-Benzaldehyde)tricarbonylchromium (0.300 g,
1.24 mmol), salicyl alcohol (0.154 g, 1.24 mmol),
boric acid (0.068 mg, 1.1 mmol), and ethanol (12 mL)
were heated in a sealed degassed tube at 80°С for 10 h.
After the end of the reaction, the solvent was distilled
off under reduced pressure. The reaction product was
isolated by column chromatography. The yield was
42 mg (10%), Tm = 130–131°C. HPLC: 1 peak, τ =
7.5 min. UV (λmax, nm): 218, 314. MS (EI, m/z (Irel,
%)): 348 [M]+ (6), 264 [M-3CO]+ (29), 158 [M-3CO-
C6H4-CH2O]+ (100). IR (ν, cm–1): 3088 ν(CAr–H),
2920, 2852 ν(C–H), 1967, 1905 ν(C≡O), 1627, 1589
ν(СAr–СAr), 1246, 1036 ν(C–O), 999, 764, 625
ν(СAr–H). 1H NMR (δ, ppm): 5.02 d (1H, CH2, J =
14.48 Hz), 5.23 d (1H, CH2, J = 14.48 Hz), 5.64–5.71
m (3H, PhCr), 5.85 s (1H, CH), 5.90–5.95 m (2H,
PhCr), 6.92 d (1H, С6Н4, J = 8.22 Hz), 6.99 t (1H,
С6Н4, J = 7.43 Hz), d 7.12 (1H, С6Н4, J = 7.43 Hz),
7.22 t (1H, С6Н4, J = 7.43 Hz).

The crystals of complexes IV–VI suitable for XRD
were prepared by slow crystallization from a petroleum
ether–ethyl acetate (4 : 1) mixture.

XRD was carried out on a Rigaku XtaLab, MM003,
P200K automated X-ray single-crystal diffractometer
(MoKα radiation, λ = 0.71073 Å, MicroMax-003
monochromator, ω scan mode) at Т = 100 K. The pri-
mary fragments of the structures were determined by
direct methods in the SHELX [35] and ShelXle [36]
software. The parameters of other atoms, including
hydrogen atoms, were determined from the difference
electron density synthesis and refined for |F|2 by least
squares. The positions of hydrogen atoms were refined
in the main cycle of least squares in the isotropic
approximation. Selected crystallographic parameters
of complexes IV–VI are given in Table 1.

The XRD results were deposited with the Cam-
bridge Crystallographic Data Centre (CIF files
CCDC nos. 2263301 (IV), 2295552 (V), and 2237106
(VI); deposit@ccdc.cam.ac.uk; http://www.ccdc.
cam.ac.uk).

Antimicrobial assays of the studied compounds
were carried out by the disk diffusion test on nutrient
media GRM-agar for bacteria and on the Czapek–
Dox liquid medium for fungi. The following test cul-
tures of microorganisms were used: bacterial strains
Escherichia coli ATCC 25922, Staphylococcus aureus
ATCC 25923, Pseudomonas aeruginosa ATCC 27853,
and Bacillus subtilis ATCC 6051 and fungal strains
Chaetomium globosum F-109, Penicilum chrysogenum
F-245, Aspergillus niger F-1119, and Aspergillus terreus
F-1025. The studied chemical compounds were dis-
solved in dimethyl sulfoxide (DMSO) in a concentra-
OORDINATION CHEMISTRY  Vol. 50  No. 7  2024
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Table 1. Crystallographic characteristics, experimental data, and structure refinement parameters for compounds IV–VI

Parameter
Value

IV V VI

Empirical formula C12H10CrO5 C17H12CrO5 C17H12CrO5

FW 286.20 348.27 348.27
Crystal system, Z Monoclinic, 4 Monoclinic, 4 Monoclinic, 4
Space group P21/c P21/c P21/c

T, K 100(2) 100.00(10) 100.00(10)
a, Å 7.5537(2) 12.0111(4) 11.7208(2)
b, Å 19.7055(6) 15.6692(4) 8.4125(2)
c, Å 8.2478(2) 8.2466(3) 15.4397(3)
α, deg 90 90 90
β, deg 103.735(2) 108.176(4) 104.240(2)
γ, deg 90 90 90

V, Å3 1192.57(6) 1474.60(9) 1475.60(5)

ρcalc, g cm−3 1.594 1.569 1.568

μ, mm−1 0.968 0.799 0.798

Absorption Tmin/Tmax 0.316/1.000 0.832/0.962 0.838/0.945

Absorption correction Analytical (Gauss) [37] Analytical [38] Analytical [38]
F(000) 584 712 712
Crystal size, mm 0.600 × 0.190 × 0.080 0.299 × 0.148 × 0.039 0.457 × 0.263 × 0.121
Range of θ, deg 2.744–30.502 2.600–28.697 2.722–30.508
Range of indices –10 ≤ h ≤ 10,

–28 ≤ k ≤ 28,
–11 ≤ l ≤ 11

–15 ≤ h ≤ 14,
–21 ≤ k ≤ 19,
–10 ≤ l ≤ 11

–16 ≤ h ≤ 16,
–12 ≤ k ≤ 12,
–21 ≤ l ≤ 22

Measured reflections 30603 14127 27778
Independent reflections (Rint) 3633 (0.0533) 3463 (0.0435) 4488 (0.0438)

Reflections with I > 2σ(I) 3173 2656 3936
Number of refined parameters 197 253 256
GOOF 1.051 1.035 1.047

R1, wR2 (for F 2 > 2σ(F 2)) 0.0315, 0.0832 0.0362, 0.0732 0.0267, 0.0737

R1, wR2 (for all reflections) 0.0369, 0.0859 0.0581, 0.0785 0.0317, 0.0756

Residual electron density
(min/max), e Å−3

–0.521/0.348 –0.362/0.322 –0.395/0.444
tion of 10 mg/mL. Filter paper disks were stored in
these solutions for 10 min. Then the impregnated filter
paper disks were placed in Petri dishes on agar media,
which were inoculated with suspensions of microor-
ganisms (bacterial cells and fungal spores). The Petri
dishes were placed in a thermostat at 37°C for 24 h for
bacteria and at 28 ± 2°C and the moisture content
higher than 90% for 14 days for fungi. After incuba-
tion, the average diameter of the inhibition zone of the
microorganism growth around the paper disks was
measured.
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RESULTS AND DISCUSSION
The target (arene)TC complexes of 1,3-benzodiox-

anes were synthesized via the reactions of triam-
mino(tricarbonyl)chromium (I) with ligands L1–L3 in
boiling dioxane according to general Scheme 1. The
purity, compositions, and structures of the synthe-
sized yellow crystalline compounds were confirmed by
HPLC; UV, IR, and 1H NMR spectroscopy; mass
spectrometry; and XRD. Selected characteristics of
the synthesized compounds are given in Table 2.
  Vol. 50  No. 7  2024



462 GRISHINA et al.

Table 2. Selected characteristics of complexes II–VII

* The products were isolated as the single fraction.
** Decomposition temperature.

Reaction Product Yield, % Тm, °C ν(С≡О), cm–1 Irel, %

I + L1 II 62 80–81 1973, 1908, 1848 272 [M]+ (40)

I + L2 III 39 81–82 1956, 1894, 1852 286 [M]+ (43)

IV 32 101–102 1954, 1872 286 [M]+ (12)

I + L3 V, VII* 52 348 [M]+ (41)

VI 26 128–129 1952, 1856 348 [M]+ (44)

VIII 6 174–175** 1963, 1894, 1874, 1850 484 [M]+ (10)
Scheme 1.

We showed that the reaction of unsubstituted 1,3-
benzodioxane (L1) with complexing agent I resulted in
the expected (η6-1,3-benzodioxane)tricarbonylchro-
mium (II) in a yield of 62%. The HPLC for this com-
pound showed one signal on the chromatogram with a
retention time of 5.5 min, and the UV spectrum of
compound II exhibited an absorption maximum at
314 nm, which is characteristic of the (arene)TC
derivatives. The mass spectrum of compound II con-

tained the molecular ion with the mass number
272 amu and fragmentation ions corresponding to the
loss of the CO groups and СН2О fragment (see Exper-
imental). The 1H NMR spectrum of the synthesized
substance exhibited two doublets of the CH2 group of
the benzyl fragment at 4.70 and 4.93 ppm, doublets of
the OCH2O group at 5.25 and 5.32 ppm, and signals of
four protons of the phenylene ring in a range of 5.24–
5.83 ppm.
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Fig. 1. Molecular structure of endo-2-methyl-(η6-1,3-
benzodioxane)tricarbonylchromium (IV).
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The reaction of 2-methyl-1,3-benzodioxane (L2)
with complex I can also afford two diastereomeric com-
plexes: compounds III (exo-isomer) IV (endo-isomer)
that differ in the mutual arrangement of the methyl sub-
stituent and TC group relative to the 1,3-benzodioxane
system (see Scheme 1). The reaction gave both expected
products in an overall yield of 71%. The HPLC chro-
matogram of the reaction mixture exhibited two signals
of the products with similar UV spectra (see Experimen-
tal). Products III and IV were separated by column chro-
matography on silica gel (see Table 2). The products were
isolated in close yields (see Table 2). The 1H NMR spec-
trum of compound III (exo structure) contained two
near-lying doublets with chemical shifts of 4.82 and
4.87 ppm (difference between the signals 0.05 ppm),
whereas in the spectrum of endo-isomer IV the doublets
of the methylene protons were remote from each other at
0.44 ppm and had chemical shifts of 4.55 and 4.99 ppm,
respectively. This distinction is caused by a considerably
higher magnetic nonequivalence of the methylene pro-
tons in the endo-isomer compared to the exo-isomer,
which is a convenient tool for the determination of the
diastereomeric composition of products of reactions
leading to the formation of similar heterocyclic com-
pounds [39, 40].

The structure of compound IV was also confirmed by
XRD (Fig. 1, Table 3). This complex was shown to con-
sist of two linked rings: the (η6-phenylene)tricarbonyl-
chromium fragment and saturated six-membered het-
erocycle with two oxygen atoms in which the methyl sub-
stituent occupies the equatorial position. The
heterocyclic ring is not planar, and its conformation is
close to “envelope.” The strongest deviation from the
plane is observed on the region of the sp3-hybridized O(5)
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
oxygen atom oriented towards the tricarbonylchromium
group. The С(11)О(5)С(10) angle is 110.33°. The O(4)
oxygen atom is conjugated with the phenylene ring,
which is indicated by the value of C(4)O(4)C(11) bond
angle equal to 115.82° and the C(4)–O(4) bond length
equal to 1.3561 Å, whereas the lengths of the C(10)O(5)
and C(11)–O(5) bonds that are not involved in conjuga-
tion are 1.4351(17) and 1.4016(19) Å, respectively. The
conformation of the TC group is closed to the eclipsed
one. The OСCrCO angles range from 88.41° to 90.07°.

The reaction of phenyl-containing heterocycle L3

with compound I gave a mixture of products V–VIII iso-
lated in an overall yield of 84%. Complexes V and VI were
synthesized due to the coordination of the TC fragment
on the phenylene ring of ligand L3, and they are diaste-
reomers of the exo and endo structure, respectively,
whereas product VII is their regioisomer formed by the
coordination of the TC group on the phenyl substituent
localized at the С(2) carbon atom of the 1,3-benzodiox-
ane ring (Scheme 1). Product VIII is a complex of the
endo structure with two TC groups in the composition
(Scheme 1), which was formed due to the attack of the
tricarbonylmetal fragment to both aromatic rings present
in the ligand molecule. We showed that compounds V–
VII were formed in this reaction in equimolar amounts,
whereas the fraction of product VIII was substantially
lower (Table 2). Compounds V–VIII were isolated from
the reaction mixture by column chromatography on sil-
ica gel using a petroleum ether–ethyl acetate (4 : 1) mix-
ture as the eluent. Under these conditions, complexes VI
and VIII were readily separated, whereas products V and
VII were eluted from the column as a single fraction even
when using a more drastic eluent (6 : 1). The results of 1H
NMR spectroscopy for this fraction distinctly indicated
an equimolar mixture in which one of the substances
contained the TC group coordinated on the phenylene
ring, and that in another substance was coordinated on
the phenyl substituent. The spectrum of this mixture
(Fig. 2) exhibits signals of four protons of the chromium-
containing phenylene ring of compound V at 5.35, 5.62,
5.77, and 5.87 ppm, five protons of the chromium-con-
taining phenyl ring of compound VII in a range of 5.64–
5.95 ppm, and signals of the free phenylene (6.91, 6.99,
7.12, and 7.22 ppm, complex VII) and phenyl rings
(7.42–7.52 and 7.54–7.64 ppm, complex V). The ques-
tion about belonging of both the signals of the methine
groups and methylene protons to this or another complex
remained unanswered. To answer this question, we per-
formed the counter synthesis of compound VII via the
condensation of (η6-benzaldehyde)tricarbonylchro-
mium with salicyl alcohol (Scheme 2). Boric acid was
chosen as the catalyst of this process [41].
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Table 3. Selected bond lengths and angles in the structures of compounds IV–VI

Bond
IV V VI

d, Å

C(4)–O(4) 1.3561 1.369 1.359

C(4)–C(9) 1.412 1.400 1.403

C(10)–C(9) 1.502 1.507 1.502

C(10)–O(5) 1.4351 1.435 1.426

C(11)–O(5) 1.4016 1.404 1.405

C(11)–O(4) 1.4538 1.450 1.456

C(4)–C(5) 1.409 1.418 1.418

C(5)–C(6) 1.418 1.394 1.398

C(6)–C(7) 1.403 1.418 1.416

C(7)–C(8) 1.402 1.398 1.403

C(8)–C(9) 1.420 1.421 1.417

C(4)–C(9) 1.412 1.400 1.403

Cr(1)–C(4) 2.2737 2.252 2.274

Cr(1)–C(5) 2.2328 2.224 2.233

Cr(1)–C(6) 2.2047 2.210 2.210

Cr(1)–C(7) 2.2186 2.212 2.219

Cr(1)–C(8) 2.1952 2.203 2.203

Cr(1)–C(9) 2.2469 2.252 2.241

Angle ω, deg

С(11)О(5)С(10) 110.33 111.10 110.15

O(5)C(10)C(9) 108.76 109.29 109.57

C(10)C(9)C(4) 118.17 119.15 118.59

C(9)С(4)О(4) 121.94 121.98 122.00

C(4)O(4)C(11) 115.82 113.57 114.40

O(4)C(11)O(5) 111.06 109.56 110.32

C(1)Cr(1)C(2) 90.07 87.36 89.10

C(2)Cr(1)C(3) 88.42 90.28 91.55

C(1)Cr(1)C(3) 88.41 88.80 90.01
Scheme 2.

Complex VII was isolated from this reaction as the
single product by column chromatography, recrystal-

lized (Тm = 130–131°C), and analyzed by 1H NMR
spectroscopy. Its spectrum contained two doublets of

O

O Cr(CO)3

(VII)

i
O

H
Cr(CO)3

OH

OH

i-EtOH, H3BO3, 80�C

� H2O+
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Fig. 2. 1H NMR spectrum of a mixture of complexes V and VII.
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Fig. 3. Molecular structure of exo-2-phenyl-(η6-1,3-benzodioxane)tricarbonylchromium (V)
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the methylene group at 5.02 and 5.23 ppm and a sin-
glet of the methine proton at 5.85 ppm. The data
obtained and 1H NMR spectrum of a mixture of com-
plexes V and VII (Fig. 2) allowed us to conclude that
the singlet of the СН2 group at 5.07 ppm and the sin-
glet of the CH group at 6.16 ppm belonged to com-
pound V.
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY
The crystals of complexes V and VI were analyzed
by XRD (Figs. 3, 4; Table 3). The XRD experiment
showed that the organic fragments of molecules V and
VI are very resembling in structure, and their bond
lengths and bond angles are close (see Table 3). The
О(4), С(4), С(9), and С(10) atoms of the heterocyclic
ring in the discussed structures lie nearly in one plane,
  Vol. 50  No. 7  2024
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Fig. 4. Molecular structure of endo-2-phenyl-(η6-1,3-benzodioxane)tricarbonylchromium (VI).
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whereas the С(11) and О(5) atoms shift from the
plane. A substantial distinction in structures of mole-
cules V and VI is the mutual arrangement of the phenyl
substituent and TC fragment: in exo-complex V these
groups are localized at different sides of the 1,3-benzo-
dioxane system, whereas they are at one side in com-
pound VI. In both molecules, the conformation of the
TC group is close to the hindered one, which induces
the alternation of the С–С bonds in the phenylene
rings, i.e., alternation of the shorter (1.394–1.403 Å)
and longer (1.416–1.421 Å) bonds (Table 3). The min-
imum dihedral CrCO angle of the CAr center of the
ring is 21.94° for complex V and 19.46° for complex VI.
The OСCrCO angles are close to 90° being in a range
of 87.36°–91.55°.

The antimicrobial assays were performed for syn-
thesized (arene)TC complexes II–VII. The following
test cultures of microorganisms were used: bacterial

strains Escherichia coli ATCC 25922, Staphylococcus
aureus ATCC 25923, Pseudomonas aeruginosa ATCC
27853, and Bacillus subtilis ATCC 6051 and fungal
strains Chaetomium globosum F-109, Penicilum
chrysogenum F-245, Aspergillus niger F-1119, and
Aspergillus terreus F-1025. Dimethyl sulfoxide was
chosen as the solvent for antimicrobial activity assays
of the chromium complexes. It was shown prior to
tests that DMSO exhibited no fungicidal and bacteri-
cidal activity against the studied fungi and bacteria
(inhibition zone size is 0). Solutions of complexes I–
VII in DMSO were shown to have no antifungal activ-
ity against all fungal strains used. Compounds II and
III insignificantly suppressed the growth of bacteria
S. aureus and B. subtilis, whereas complexes IV–VI
exhibited no antimicrobial activity against the studied
bacterial strains.

The antimicrobial properties of complexes II and
III are presented below.

Thus, the new (η6-arene)tricarbonylchromium
complexes based on 1,3-benzodioxanes were synthe-
sized, isolated, and characterized. The reaction of the
heterocyclic ligands with triammino(tricar-
bonyl)chromium is the general method for the synthe-
sis of compounds of this class. The possibility of coor-
dination of the tricarbonylchromium group at differ-
ent sides of С(2)-substituted 1,3-benzodioxanes L2

and L3 leading to the formation of the diastereomeric
products with the exo and endo structures was shown,
as well as the possibility of coordination of the
Cr(CO)3 fragment on the phenyl substituent of ligand
L3. The antibacterial properties against the bacterial
strains S. aureus and B. subtilis were found for (η6-1,3-
benzodioxane)tricarbonylchromium and exo-2-
methyl-(η6-1,3-benzodioxane)tricarbonylchromium.

Compound
Diameter of inhibition zone of microorganism growth, mm

S. aureus E. coli P. aeruginosa B. subtilis

II 3.8 0 0 2.7
III 1.3 0 0 6.2
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