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The series of η6-(arene)tricarbonylchromium complexes of isoxazolidines has been 
obtained by 1,3-dipolar cycloaddition. The obtained compounds have been investigated by IR 
spectroscopy, 1H NMR spectroscopy and mass spectrometry. It has been shown that Cr(CO)3 
group significantly influences the structure and spectral characteristics of synthesized hetero-
cycles. 
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Introduction 
The reaction of 1,3-dipolar cycloaddition are of fundamental importance, from theoretical and prac-

tical points of view alike, it is a classical synthesis method for five-membered heterocyclic compounds. 
One of its essential parts is the interaction between nitrones and alkenes leading to formation of isoxazo-
lidines [1–3]. The enormous number of various functionally substituted compounds notwithstanding, the 
π-complexes containing tricarbonylmetal groups are practically absent among them. Fundamental inter-
est in π-complexes of such kind is in establishment of the influence of electron and steric factors pecu-
liar to η6-(arene)tricarbonyl group upon the selectivity of 1,3-dipolar addition and the structure of the 
formed products. 

Recently we have reported [4–6] that the introduction of Cr(CO)3 group into phenyl rings of both 
nitrone and alkene leads to significant increase of regio- and diasterioselectivity for the 1,3-dipolar cyc-
loaddition reactions, at that nothing but C(3),C(5)-substituted isoxazolidines with predominantly cis-
structure is formed. In the present paper we describe the investigation of these compounds in detail, us-
ing various physicochemical methods of analysis. 

 
Results and Discussion 
The initial isoxazolidines have been obtained in accordance with the previously developed proce-

dure [4,5] (reactions (1)–(4), Scheme 1), in which a number of free and coordinated nitrones have been 
used as dipoles in the 1,3-dipolar cycloaddition reactions: 
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R=CH3 (a); t-C4H9 (b); C6H5 (c) 
 
Styrene and η6-(styrene)tricarbonylchromium have been used of in this reaction as dipoles 

(Scheme 1) [7]. 
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(1) 

                                                                                                         1(a-c) 

 

(2) 

                                                                                                            2(a-c) 
 

(3) 

                                                                                                             3(a-c) 

 

(4) 

                                                                                                               4(a-c) 
 

R=CH3 (a); t-C4H9 (b); C6H5 (c) 
 

Scheme 1 
 
All the processes, except reaction (1), have led to formation of isoxazolidines containing Cr(CO)3 

groups. The obtained arenetricarbonylchromium complexes of those heterocycles look like yellow crys-
talline substances that are comparatively stable in air. All isoxazolidines are isolated in the pure state 
and investigated using various physicochemical methods of analysis. 

The reaction conditions and some properties of isoxazolidines 2а-с–4а-с are represented in Table 1. 

N
R

O + O
N

R

123
4 5

O
N

R

+ 
N

R

O

Cr(CO)3

Cr(CO)3

Cr(CO)3

+ 
N

R

O
O

N

R

Cr(CO)3

Cr(CO)3

N
R

O

Cr(CO)3

+ 

Cr(CO)3

O
N

R

Cr(CO)3



Organometallic chemistry 

 32 Bulletin of the South Ural State University. Ser. Chemistry.
2015, vol. 7, no. 4, pp. 30–43

Table 1 
The reaction conditions and some properties of π-complexes of isoxazolidines 2а-с–4а-с 

Compound Reaction conditions Yield, % M.p., °С Time, h Temperature, °С 
2a 6 90 25 94–95 
2b 6 90 30 40–41 
2c 6 90 62 121–122 
3a 40 105 66 91–92 
3b 40 105 47 104–105 
3c 40 105 42 112–113 
4a 40 80 20 155–156 
4b 40 80 36 136–137 
4c 40 80 38 132–133 

 
The IR spectra of each π-complex (2a-c – 4a-c) show the expected pair of stretching vibrations 

from A1 and E bands of tricarbonylchromium group. Repositioning of these bands in the spectrum often 
provides valuable information concerning the electronic effects of a system. From the measurement re-
sults presented in Table 2 it follows that the values of stretching νco vibrations of the complexes suffer 
comparatively small though reasonably regular changes that far exceed experimental error, under the 
influence of a heterocyclic ring as a substituent. Repositioning of stretching νco vibrations inside the iso-
structural series can be considered as the result of electron influence of the heterocyclic ring. It is known 
[8, 9] that the frequencies of carbonyl vibrations in IR spectra of the compounds of η6-(C6H5X)Cr(CO)3 
type are sensitive to electronic effects of the substituent X. Thus, π-donor groups, which increase the 
negative charge on the oxygen atom, shift the νco vibrations towards increasing wavelengths. To the con-
trary, the substituents with acceptor properties produce the opposite effect, viz. heighten the frequencies 
of stretching vibrations. Correlation of the stretching vibration frequencies in the IR spectra of the inves-
tigated series and the IR spectrum of η6-(benzene)tricarbonylchromium (νco = 1972, 1891 cm–1) makes it 
easy to see that the isoxazolidine ring is a weak donor with respect to Cr(CO)3 group.  

Another characteristic feature of IR spectra of some compounds in this series is considerable split-
ting of νco bands of degenerate carbonyl vibrations. Doubling of E bands in IR spectra of carbonyl metal 
complexes is not anything exceptional, it is explained by violation of the С3v rule – the local symmetry 
of tricarbonylchromium group. This rule holds quite well for the cases, in which it can be supposed that 
M(CO)3 group rotates freely and carbonyl groups do not interact with other parts of a molecule. Such 
splitting of E band for carbonyl vibrations has also been observed for many other complexes of transi-
tion metals, as an example, the substitution derivatives of η5-(cyclopentadienyl)tricarbonylmanganese 
and –rhenium [8, 9], as well as the series of η6-(benzene)tricarbonylchromium [8]. Thus, in paper [10] it 
has been shown that E band significantly splits for η6-(arene)tricarbonlylchromium alcohols containing 
hydroxyl groups in α-position in relation to π-arene ring ((νco – А1: 1960,  Е: 1870, 1720 cm–1), while for 
the alcohols containing OH groups in β- and γ-positions any similar splitting of bands of degenerate vi-
brations is nonexistent. 

In order to establish why E bands broaden and split in the series of π-complexes of isoxazolidines, 
we carried out the investigation of IR spectra of these compounds in various media: in the solid state (in 
potassium bromide pellets), as well as in cyclohexane and carbon tetrachloride solutions. As Table 2 
suggests, for the solid samples of compounds 2а-с – 3а-с intensive splitting of E band is observed, in the 
case of 3c it reaches the difference of wavenumbers Δ(ν(Е)) = 47 cm–1. Carbonyl area in IR spectra of 
compound 3c is shown in Fig. 1. This appearance of the spectrum can be explained both by intermolecu-
lar interactions (crystalline factor) and by intramolecular interactions between one of carbonyl groups 
and the oxygen atom of the heterocyclic ring. 

It is known that during transition from solid samples to solutions crystalline factors cease to act, 
which results in spectra with better resolution. As a rule, significant increase of the frequencies of car-
bonyl vibrations occurs at that (Table 2). By way of example, for isoxazolidine 3a the frequencies of 
symmetrical νco vibrations (A1) in cyclohexane and carbon tetrachloride solutions increase by 25 cm–1, 
while the frequencies of degenerate vibrations increase by 34 cm–1 on average, in each case they consti-
tute only one unsplitted signal.  
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Table 2 
The frequencies of the symmetric (А1) and asymmetric (E) stretching carbonyl vibrations 

in IR-spectra of isoxazolidines cis-2-4 

Compound 
νco, cm–1 

А1 Е 
KBr n-C6H12 CCl4 KBr n-C6H12 CCl4 

2a 1956 1979 1975 1875, 1862 1912 1905 
2b 1961 1976 1972 1885, 1871 1909,1903 1901 
2c 1957 1980 1976 1882, 1865 1914, 1905 1905 
3a 1955 1980 1977 1894, 1875 1912 1906 
3b 1951 1979 1975 1885, 1872 1911 1904 
3c 1970 1981 1978 1904, 1857 1914 1907 
4a 1953 – – 1885, 1877 – – 
4b 1963 – – 1886, 1865 – – 
4c 1961 – – 1887, 1870 – – 

 
 

 
 

a) b) 

Fig. 1. The IR-spectrum of isoxazolidine 3c in the area of carbonyl vibrations: 
a – in the tablet of KBr, b – in the solution of CCl4 

 
Therefore, owing to the investigation of IR spectra in crystalline state and in solutions it has been 

shown that splitting of the bands of degenerate vibrations, observed for the solid samples, does not take 
place in solutions, because of solvation of η6-(arene)tricarbonylchromium complexes of isoxazolidines 
by the solvent molecules. 

The structure and configuration of all obtained compounds have been established with the use of 1H 
NMR spectroscopy as well. In the spectra of all complex isoxazolidines six groups of resonance signals 
are observed: from the protons of a substituent at the nitrogen atom (CH3, t-C4H9, C6H5), from the me-
thylene protons at the fourth carbon atom of the heterocycle (2Н, С(4)), from the single protons of the 
ring (1Н, С(3) and 1Н, С(5)), as well as the protons of the free and coordinated phenyl rings (Table 3 
and Experimental). The 1H NMR spectroscopy data, represented in Table 3, unambiguously prove that 
the substituents in the isoxazolidine ring are located in positions 2,3,5. This assignment has been sug-
gested on the basis of resonance position for two protons of the methylene group and their spin-spin in-
teraction constants. If the configuration of the substituents in isoxazolidine is taken to be 2,3,4, then in 
such NMR spectrum the complex multiplet in the area 4.0–4.5 ppm should be observed, which is actual-
ly observed for all 2,3,4-trisubstituted isoxazolidines. Instead of this, the spectra of all obtained coordi-
nated compounds have two quite narrow multiplets in the area δ = 2.2–3.5 ppm, peculiar to 2,3,5-
substituted isoxazolidines. 
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Table 3 
The chemical shifts and the view of NMR H1-spectra of the protons of heterocyclic rings of the isoxazolidines cis-2-4 

Compound 2H(C(4)) НС(3) НС(5) 
2a 2.28, 3.24 (t.d, t.d) 3.78 (t) 5.27-5.38 (m) 
2b 2.18-2.52, 3.20-3.44  (m, m) 4.53 (d.d) 5.26 (t) 
2c 2.39, 3.15-3.53  (d.d.d, m) 5.04 (d.d) 5.13-5.33 (m) 
3a 2.29, 3.22-3.29  (d.d.d, m) 3.71 (t) 4.98 (d.d) 
3b 2.19, 3.16 (d.t, d.t) 4.49 (d.d) 4.88 (d.d) 
3c 2.37, 3.37 (d.t, d.t) 5.00 (t) 5.00 (t) 
4a 2.31, 3.43 (d.t, d.t) 3.83 ( t) 5.07 (t) 
4b 2.26-2.50, 3.14-3.70  (m, m) 4.51 (d.d) 4.99 (t) 
4c 2.41, 3.40 (d.d.d, d.d.d) 4.82-5.19 (m) 7.09-7.46  (m) 

 
Another important aspect of the structure of η6-(arene)tricarbonylchromium complexes of isoxazo-

lidines is the arrangement of the substituents in relation to the heterocyclic ring plane. Assignment of the 
studied compound to cis- or trans-series (in this case it means the relative position of substituents at C(3) 
and C(5) carbon atoms of the heterocyclic ring) can be obtained on the basis of the well-known Karplus 
relationship for vicinal proton-proton constants: 3JH-H= f(θ), also, mainly, from the analysis of qualita-
tive difference of chemical shifts (Δδ) of methylene protons at atom C(4).  

In the case of cis-arrangement of the substituents at C(3) and C(5) of the isoxazolidine ring, chemi-
cal shifts of protons НА and НВ (Fig. 2) strongly differ, as HA interacts only with the protons that lie on 
the same side with it in relation to the heterocyclic ring plane, while HB interacts with the protons on the 
other side of the cycle. In this case the difference of chemical shifts usually falls within 0.7–1.2 ppm.  

 

 
a) 

 
b) 

Fig. 2. The fragments of NMR H1-spectra (400 MHz, acetone-d6) of isoxazolidines cis-3a (a) and trans-3a (b) 
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The interaction of protons НА and НВ with the protons at carbon atoms C(3) and C(5) in the case of trans-
arrangement of the substituents is symmetrical, that is, the values of their screening are close and equal 0.2–
0.3 ppm, sometimes one complex multiplet can be observed. Indeed, comparison of the spectra represented in 
Fig. 2 shows that the abovementioned rule is valid for them. Trans-2-methyl-5- η6-
(phenyltricarbonylchromium)-3-phenylisoxazolidine (trans-3a), which is absent in Table 3, has been obtained 
with low yield as a by-product of the reaction between C-phenyl-N-methylnitrone and η6-
(styrene)tricarbonylchromium (ref. Experimental section), it has been separated from its mixture with cis-3a 
with the use of column chromatography on silica gel (by hexane/ethylacetate = 4:1 as the eluent). As can be 
seen from Fig. 2, the spectrum of cis-3a isomer illustrates the strong magnetic nonequivalence of two protons 
located at C(4) (ΔδА,В ~ 0.97 ppm), which proves the cis-configuration of this isomer. At the same time trans-
3a isomer has one broad unresolved multiplet in the range 2.62–2.79 ppm. Therefore, 1H NMR spectra make 
it possible not only to establish the composition of the obtained components, but also to prove their spatial 
structure unambiguously. The same purpose is served by mass spectra of these complexes. 

For the obtained series of isoxazolidines with tricarbonylchromium groups the electron impact mass 
spectra have been registered and their fragmentation has been studied. As in the case of other carbonyl 
complexes of transition metals, the primary fragmentation consists in dissociation of three carbonyl 
groups that occurs in stages, at that the successful removal of the first CO group from the molecular ion 
[M]+ brings leads to corresponding decrease in dissociation energy of the remaining M–CO bonds. It is 
expressed in increasing intensity of the peaks in this sequence: 

 
[M-CO]+< [M-2CO]+ < [M-3CO]+ 

 
Indeed, all obtained isoxazolidine complexes form molecular ions [M]+, which are principally trans-

formed into fragments [M-3CO]+ by way of elimination of three carbon monoxide molecules, either si-
multaneously or sequentially in the fast two-stage process: 

 
[M]+→[M-CO]+ →[M-2CO]+→[M-3CO]+ 

 
After elimination of three CO groups (fragment [F1]+) the disintegration of the heterocyclic ring 

follows, essentially into two particles with formation of fragment ions [F2]+, which correspond to retro-
disintegration (Scheme 2): 

 

 
R1=CH3, t-C4H9, C6H5; R2, R3= C6H5, C6H5[Cr(CO)3] 

 
Scheme 2 

 
Previously it has been shown that cis-2-methyl-3,5-diphenylisoxazolidine is ionized at electron im-

pact with the formation of molecular ion [M]+ = 239 (24%), with the most intensive fragment ion in the 
spectrum [F]+ = 135 (100%). Fragmentation of this compound can be represented by the following sim-
ple scheme 3. 

Introduction of Cr(CO)3 groups into isoxazolidines decidedly complicates the pattern of disintegra-
tion through appearance of additional peaks as the result of sequential elimination of carbon monoxide, 
as well as specific interaction of the metal. It is known that the primary ionization of a compound usual-
ly proceeds by way of the detachment of an electron from the higher bonding orbital of the organometal-
lic complex, which is of predominantly metal character. That is why during disintegration of the mole-
cular ion the charge usually remains on the metal-containing fragment. So the greater part of ion current 
consists of metal-containing ions. 
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Scheme 3 

 
Investigation of the influence of Cr(CO)3 groups upon the fragmentation process for isoxazolidines 

under electron impact has shown that the peaks of molecular ions have low intensity; much more inten-
sive are the peaks of ions [F1]+ that correspond to the molecular ion after elimination of three carbonyl 
groups [M-3CO]+, as well as the ions resulting from disintegration of the heterocyclic ring. Just as with 
uncoordinated isoxazolidines the main (the most intensive) peaks in the mass spectra of all the studied 
compounds correspond to fragment ions [F2]+, which are formed after disintegration of [F1]+ with elimi-
nation of styrene molecule. The direction of the following fragmentation depends on the structure of the 
formed ion. In a general way the fragmentation of η6-(arene)tricarbonylchromium complexes of isoxazo-
lidines can be represented by the dissociative scheme 4. 
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here Ph = C6H5[Cr(CO)3], Ph*= C6H5Cr, R = CH3, t-C4H9, C6H5; the masses of the corresponding 
ions and their intensities are shown in Table 4 

 
Scheme 4 

 
 

For example, in the mass spectrum of 2-methyl-3- η6-(phenyltricarbonylchromium)-5-
phenylisoxazolidine (2a) (Fig. 3, Table 4) there is the peak of the molecular ion [M]+ = 375 (1.2%), as 
well as the peaks corresponding to elimination of CO molecules. The peak of [F2]+ with m/z = 187 
(100.0%) is the maximal; it forms from [F1]+ when neutral styrene (С8Н8) is removed from it. In its turn 
[F2]+ is subject to further disintegration by way of donor-acceptor bond N→O with removal of the oxy-
gen atom and formation of [F3] = 171 (16.0%) (Scheme 5), and also as the result of rearrangement with 
removal of particle [NCH3] and formation of ion [F4]+. 
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a) 
 

 
 

b) 
 

Fig. 3. Mass-spectra of isoxazolidines cis-2a (a) and cis-3a (b) 

[F1]+
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Table 4 
Data of mass-spectra of isoxazolidines cis-2-3 

Com-
pound 

Characteristics of the ions: m/z (I,%) 

[M]+ [M-CO]+ [M-2CO]+ F1 F2 F3 F4 
2a 375 (1.2) 347 (0.3) 319 (13.2) 291 (31.2) 187 (100) 171 (16.0) 158 (31.1) 
2b 417 (1.1) 389 (0.5) 361 (19.8) 333 (65.1) 229 (100) 212 (22.6) – 
2c 437 (1.8) – 381 (5.7) 353 (47.2) 249 (82.1) 233 (57.6) – 
3a 375 (5.3) 347 (2.9) 319 (16.0) 291 (4.7) 187 (100) 171 (18.9) 158 (86.8) 
3b 417 (5.0) – 361 (11.3) 333 (62.3) 229 (100) 212 (32.1) – 
3c 437 (2.4) – 381 (6.7) 353 (52.8) 249 (85.3) 233 (66.0) – 
 
 

Ph* O
-[NCH3]

Ph* N
CH3

O -[O]
Ph* N

CH3

 

             [F4]+                                                         [F2]+                                 [F3]+ 
 
where Ph*=C6H5Cr 

Scheme 5 
 
Similar to the example described above (complex 2a), tert-butyl (2b) and phenyl (2c) analogues of 

this compound completely copy the fragmentation of 2a up to formation of ions [F2]+ and [F3]+, howev-
er, instead of the rearrangement process leading to [F4]+, they are better characterized by: removal of 
isobutane (fragmentaion of 2b, Scheme 6) and removal of nitrobenzene С6Н5NO (fragmentation of 2c, 
Scheme 7). 
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              where Ph*=C6H5Cr 
Scheme 7 

 
It is of interest to compare the mass spectra of two isomeric compounds 2a and 3a, which differ 

from each other by the arrangement of Сr(CO)3 groups in the complex (Fig. 3). As can be seen in Fig. 3, 
the mass number of ions have equal values, while the intensities of molecular ions in the mass spectra of 
2a and 3a strongly differ. The fragmentation of isoxazolidine 3a is represented in Scheme 8. 

Compounds 3b and 3c are fragmented according to the same scheme. Their mass spectra practically 
completely coincide with the mass spectra of the isomeric compounds 2b and 2c (Table 4). Unfortunate-
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ly, we failed to get satisfactory mass spectra for binuclear complexes 4a-c, because of lesser stability 
and low volatility of these compounds. They all decomposed in the process of evaporation in the ion 
source of the mass spectrometer. 

 

where Ph*=C6H5Cr  
 

Scheme 8 
 
Experimental 
The synthesis of η6-(arene)tricarbonylchromium complexes of isoxazolidines (2а-с – 4а-с) was car-

ried out according to the procedure described in papers [4, 5]. IR spectra were registered on the "Infra-
lume FT-801" spectrometer in the range 4000–400 cm–1 in KBr pellets, cyclohexane and CCl4 solutions. 
1H NMR spectra were registered on the "Bruker DPX 200" and "Bruker Avance DPX 400" spectrome-
ters, with acetone-d6 as the solvent. Field tailoring was conducted at the signal of deuterium nuclei of the 
solvent. Mass spectrometric analysis was performed on DSQ II mass spectrometer: a few micrograms of 
the studied substance was placed into a test microtube of the direct injection system, which was intro-
duced through the vacuum lock directly into the ion source of the spectrometer. The microtube was 
heated from 50 to 450 ºС at the rate 100 ºС/min, mass spectra were registered in the range of mass num-
bers 50–700 under the energy of ionizing electrons equaling 70 eV. 

 
Cis-2-methyl-3-(η6-phenyltricarbonylchromium)-5-phenylisoxzaolidine (cis-2a). Yield 25%, 

m.p. 94-95  ºС. IR spectrum (KBr), ν/cm–1: 2952, 2839 (ν(С-Н)), 1956, 1875, 1862 (ν(С≡О)), 1458, 
1444, 1420 (ν(С-С)), 764, 702, 664, 630 (ω (СAr-H)). IR spectrum (n-С6Н14), ν/cm–1: 1979, 1912 
(ν(С≡О)). IR spectrum (CCl4), ν/cm–1: 1975, 1905 (ν(С≡О)). 1Н NMR spectrum (400 MHz, δ, ppm, 
J/Hz): 2.28 (t.d., 1Н, НС(4), J=12.6, J=7.6); 2.90 (s, 3Н, СН3); 3.24 (t.d., 1Н, НС(4), J=12.6, J=7.6), 
3,78 (t, 1Н, НС(3), J=7.6); 5.23 (d, 1Н, C(3)PhСr, J=6.4,); 5.27-5.38 (m, 4Н, C(3)PhCr, НС(5)); 5.67 
(d, 1Н, C(3)PhCr, J=6.4,); 7.27-7.38 (m, 5Н, PhN). Mass spectrum (EI, 70 eV, m/z (Irel (%)): 375 [M]+ 

(1.2), 347 [M-CO]+ (0.3), 319 [M-2CO]+ (13.2), 291 [M-3CO]+ (31.2), 187 [M-3CO-PhCHCH2]+ 
(100.0), 171 [M-3CO-PhCHCH2-О]+ (16.0), 158 [M-3CO-PhCHCH2-NCH3]+ (31.1), 118 [M-3CO-
PhCHCH2-Cr-H-O]+ (12.1), 91 [PhCH2]+ (7.8), 52 [Cr+] (9,0). 

Cis-2-tertbutyl-3-(η6-phenyltricarbonylchromium)-5-phenylisoxazolidine (cis-2b). Yield 30%, 
m.p. 40-41 °С. IR spectrum (KBr), v/cm–1: 3070, 3033, 2984, 2917, 2850 (ν(С-Н)); 1961, 1885, 1871 
(ν(С≡О)); 1531, 1455, 1421 (ν(С-С)); 758,697,663, 632 (ω(СAr-Н)). IR spectrum (n-С6Н14), ν/cm–1: 
1976, 1909, 1903 (ν(С≡О)). IR spectrum (CCl4), ν/cm–1: 1972, 1901 (ν(С≡О)). 1Н NMR spectrum (200 
MHz, δ, ppm, J/Hz):  1.21 (s, 9  H, t-C4H9); 2.18-2.52 (m, 1 H, НС(4)); 3.20-3.44 (m, 1 H, НС(4)); 4.53 
(d.d, 1 H, НС(3), J = 8.5, J = 6.0); 5.26 (t, 1 H, НС(5), J = 7.6); 5.43-5.59 (m, 2 Н, m-C(3)PhCr); 5.66 
(t, 1 Н, п-C(3)PhCr, J = 6.3); 5.91 (br. d, 1 Н, o-C(3)PhCr, J = 6.5); 6.10 (br. d, 1 Н, o-C(3)PhCr, J = 
6.5); 7.04-7.66 (m, 5 Н, С(5)Ph). Mass spectrum (EI, 70 eV, m/z (Irel.,%)): 417 [M]+ (1.1), 389 [M-CO]+ 
(0.5), 361 [M-2CO]+ (19.8), 333 [M-3CO]+ (65.1), 229 [M-3CO-PhCHCH2]+ (100.0), 212 [M-3CO-
PhCHCH2-O]+ (22.6), 171 [M-3CO-PhCHCH2-C4H9-H]+ (43.4), 155 [M-3CO-PhCHCH2-O-C4H9-H]+ 
(32.1), 129 [PhCr]+(12.0), 93 [C6H5CH2Н2]+ (13.0), 52 [Cr]+ (8.7).  

Cis-3-(η6-phenyltricarbonylchromium)-2,5-diphenylisoxazolidine (cis-2c). Yield 62%, m.p. 
121-122 °С. IR spectrum (KBr), v/cm–1: 2983 (ν(С-Н)); 1957, 1882, 1865 (ν(С≡О)); 1594, 1488, 1454 
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375 (5.3) 
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(ν(С-С)); 763, 702, 656, 632 (ω(СAr-Н)). IR spectrum (n-С6Н14), ν/cm–1: 1980, 1914, 1905 (ν(С≡О)). IR 
spectrum (CCl4), ν/cm–1: 1976, 1905 (ν(С≡О)). 1Н NMR spectrum (200 MHz, δ, ppm, J/Hz): 2.39 
(d.d.d, 1 H, НС(4), J = 12.8, 9.0, 5.0); 3.15-3.53 (m, 1 H, НС(4)); 5.04 (d.d, 1 H, НС(3), J = 9.0, J = 
5.0); 5.13-5.33 (m, 1 H, НС(5)); 5.57-5.80 (m, 3 Н, C(3)PhCr); 5.91 (br. d, 1 Н, o-C(3)PhCr, J = 5.9); 
6.05-6.19 (m, 1 Н, C(3)PhCr); 6.99 (t, 1 Н, п-PhN, J = 7.0); 7.11-7.58 (m, 9 Н, PhN, PhC(5)). Mass 
spectrum (EI, 70 eV, m/z (Irel.,%)): 437 [M]+ (1.8), 381 [M-2CO]+ (5.7), 353 [M-3CO]+ (47.2), 249 [M-
3CO-PhCHCH2]+ (82.1), 247 [M-3CO-PhCHCH2-2H]+ (100.0), 233 [M-3CO-PhCHCH2-O]+ (57.6), 180 
[M-3CO-PhCHCH2-O-Cr-H]+ (11.3), 143 [M-3CO-PhCHCH-O-NPh]+ (72.6), 91 [C6H5CH2]+ (9.3), 52 
[Cr]+ (8.7). 

Cis-2-methyl-5-(η6-phenyltricarbonylchromium)-3-phenylisoxazolidine (cis-3a). Yield 66%, 
m.p. 91-92 °С. IR spectrum (KBr), v/cm–1:  3020, 2992, 2877 (ν(С-Н)); 1955, 1894, 1875 (ν(С≡О)); 
1454, 1384 (ν(С-С)); 771, 660, 633 (ω(СAr-Н)). IR spectrum (n-С6Н14), ν/cm–1: 1980, 1912 (ν(С≡О)). IR 
spectrum (CCl4), ν/cm–1: 1977, 1906 (ν(С≡О)). 1Н NMR spectrum (400 MHz, δ, ppm, J/Hz): 2.29 
(d.d.d, 1 H, HC(4), J = 12.6, J = 9.5, J = 6.3); 2.57 (s, 3H, CH3); 3.22-3.29 (m, 1 H, HC(4)); 3.71 (br. t, 
1 H, HC(3), J = 8.4); 4.98 (d.d, 1 H, HC(5), J = 8.5, J = 6.3); 5.52-5.59 (m, 1 H, C(5)-m-PhCr); 5.66 (d, 
2 H, C(5)-o-PhCr, J = 3.8); 5.71 (t, 1 H, C(5)-m-PhCr,  J = 6.4); 5.95 (d, 1 H, C(5)-р-PhCr, J = 6.4); 
7.29 (d, 1 H, р-PhC(3), J = 7.0); 7.34 (d.d, 2 H, m-PhC(3), J = 7.3, J = 7.0); 7.39 (br. d, 2 Н, o-PhC(3), J 
= 7.3). Mass spectrum (EI, 70 eV, m/z (Irel.,%)): 375 [M]+ (5.3), 347 [M-CO]+ (2.9), 319 [M-2CO]+ 
(16.0), 291 [M-3CO]+ (4.7), 187 [M-3CO-PhCHCH2]+ (100.0), 171 [M-3CO-PhCHCH2-O]+ (18.9), 158 
[M-3CO-PhCHCH2-NСН3]+ (86.8), 134 [M-3CO-PhCHCH2-Cr-H]+ (13.2), 118 [M-3CO-PhCHCH2-Cr-
H-O]+ (17.9), 91 [C6H5CH2]+ (10.8), 77 [Ph]+ (5.2), 52 [Cr]+(11.8).  

Trans-2-methyl-5-(η6-phenyltricarbonylchromium)-3-phenylisoxazolidine (trans-3a). Yield 
14%, m.p. 112-113 °С. IR spectrum (KBr), v/cm–1: 1956, 1895, 1878 (ν(С≡О)); 1384 (ν(С-С)); 706, 
661, 633(ω (СAr-Н)). 1Н NMR spectrum (400 MHz, δ, ppm, J/Hz): 2.59 (s, 3 H, CH3N); 2.62-2.79 (m, 2 
H, HC(4)); 3.13 (d.d, 1 H, HC(3), J = 10.8, J = 5.3); 4.93 (br. t, 1 H, HC(5), J  = 7.2); 5.57-5.71 (m, 3 H, 
C(5)PhCr); 5.78 (t, 2 H, C(5)PhCr, J = 7.7); 7.30 (d, 1 H, o-PhC(3), J = 7.0); 7.36-7.52 (m, 4 H, o-,m-, 
p-PhC(3)). 

Cis-2-tertbutyl-5-(η6-phenyltricarbonylchromium)-3-phenylisoxazolidine (cis-3b). Yield 47%, 
m.p. 104-105 °С. IR spectrum (KBr), v/cm–1: 3079, 2981, 2921 (ν(С-Н)); 1951, 1885, 1872 (ν(С≡О)); 
1632 (ν(С-СAr)); 1490, 1455 (ν(С-С)); 767, 707, 660, 633 (ω(СAr-Н)). IR spectrum (n-С6Н14), ν/cm–1: 
1979, 1911 (ν(С≡О)). IR spectrum (CCl4), ν/cm–1: 1975, 1904 (ν(С≡О)). 1Н NMR spectrum (200 MHz, 
δ, ppm, J/Hz): 1.08 (s, 9 H, t-C4H9); 2.19 (br. d.t, 1 Н, НС(4), J = 12.0, J =9.0); 3.16 (br. d.t, 1 Н, 
НС(4), J = 12.0, J =7.0); 4.49 (d.d, 1 Н, НС(3), J = 9.0, J = 7.5); 4.88 (d.d, 1 Н, НС(5), J = 8.2, J  = 
7.0); 5.58 (m, 2 Н, m-C(5)PhCr); 5.63 (d, 1 Н, o-C(5)PhCr, J = 4.0); 5.71 (t, 1 Н, p-C(5)PhCr, J = 6.0); 
5.99 (d, 1 Н, o-C(5)PhCr, J = 6.0); 7.32 (m, 3 Н, m-, p-PhC(3)); 7.48 (d, 2 Н, o-PhC(3), J  = 7.0). Mass 
spectrum (EI, 70 eV, m/z (Irel.,%)): 417 [M]+ (5.0), 361 [M-2CO]+ (11.3), 333 [M-3CO]+ (62.3), 229 [M-
3CO-PhCHCH2]+ (100.0), 212 [M-3CO-PhCHCH2-O]+ (32.1), 172 [M-3CO-PhCHCH2-C4H9]+ (41.5), 
155 [M-3CO-PhCHCH2-O-C4H9-H]+ (33.0), 129 [PhCr]+ (14.2), 91 [C6H5CH2]+ (5.2), 52 [Cr]+ (13.2). 

 Cis-5-(η6-phenyltricarbonylchromium)-2,3-diphenylisoxazolidine (cis-3c). Yield 42%, m.p. 
112-113 °С. IR spectrum (KBr), v/cm–1: 3092, 2916, 2923, 2849 (ν(С-Н)); 1970, 1904, 1857 (ν(С≡О); 
1595, 1540, 1489 (ν(С-С)); 761, 699, 663, 622 (ω(СAr-Н)). IR spectrum (n-С6Н14), ν/cm–1: 1981, 1914 
(ν(С≡О)). IR spectrum (CCl4), ν/cm–1: 1978, 1907 (ν(С≡О)). 1Н NMR spectrum (200 MHz, δ, ppm, 
J/Hz): 2.37 (d.t, 1 H, HC(4), J=12.4, J=8.8, J=7.2); 3.37 (d.t, 1 H, HC(4), J = 12.4, J = 7.2, J = 6.0,); 
5.00 (br. t, 2 H, HC(3), НС(5), J = 7.2); 5.50-5.80 (m, 4 H, o-,m-, p- C(5)PhCr); 5.85 (d, 1 H, o- 
C(5)PhCr, J = 6.0); 6.94 (t, 1 Н, p-PhN, J = 7.2); 7.11 (d, 2 Н, o-PhN, J = 3.8); 7.26 (m, 3 Н, m-PhN, p-
PhC(3)); 7.40 (m, 2 Н, m-PhC(3)); 7.58 (d, 2 Н, o-PhC(3), J = 7.4). Mass spectrum (EI, 70 eV, m/z 
(Irel.,%)): 437 [M]+ (2.4), 381 [M-2CO]+ (6.7), 353 [M-3CO]+ (52.8), 249 [M-3CO-PhCHCH2]+ (84.9), 
249 [M-3CO-PhCHCH2]+ (85.3), 247 [M-3CO-PhCHCH2-2H]+ (100.0), 233 [M-3CO-PhCHCH2-O]+ 
(66.0), 180 [M-3CO-PhCHCH2-O-Cr-H]+ (26.4), 143 [M-3CO-PhCHCH-O-NPh]+ (62.2), 91 
[C6H5CH2]+ (16.5), 52 [Cr]+ (16.0). 

Cis-2-methyl-3,5-bis(η6-phenyltricarbonylchromium)isoxazolidine (cis-4a). Yield 20%, m.p. 
155-156 °С. IR spectrum (KBr), v/cm–1: 2958, 2919, 2863 (ν(С-Н)); 1953, 1885, 1877 (ν(С≡О)); 1636, 
1493, 1454 (ν(С-С)); 699, 662, 633 (ω(СAr-Н)). 1Н NMR spectrum (200 MHz, δ, ppm, J/Hz): 2.08 (s, 3 
H, CH3N), 2.31 (d.t, 1 H, НС(4), J = 12.6, J = 7.1), 3.43 (d.t, 1 H, НС(4), J = 12.6, J = 8.1), 3.83 (br. t, 1 
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H, НС(3), J = 8.1), 5.07 (t, 1 H, НС(5), J = 7.1), 5.50-5.75 (m, 8 H, PhCr), 5.75-5.91 (m, 8 Н, PhCr). 
Mass spectrum (EI, 70 eV, m/z (Irel,%)): 455 [M-2CO]+ (12.5), 427 [M-3CO]+ (25.0), 343 [M-6CO]+ 
(100.0), 239 [M-6CO-PhCHCH2]+ (90.1), 212 (22.2), 187 [M-6CO-PhCHCH2-Cr]+ (40.3), 170 (34.0), 
158 (25.0), 120 (38.9), 97 (49.3), 85 (23.6), 52 [Cr]+ (20.1). 

Cis-2-tertbutyl-3,5-bis(η6-phenyltricarbonylchromium)isoxazolidine (cis-4b). Yield 36%, m.p. 
136-137 °С. IR spectrum (KBr), v/cm–1:  2918, 2877 (ν(С-Н)); 1963, 1886, 1865 (ν(С≡О); 1633, 1462, 
1408 (ν(С-С)); 663, 632, 533 (ω(СAr-Н)). 1Н NMR spectrum (200 MHz, δ, ppm, J/Hz): 1.20 (s, 9H, t-
C4H9), 2.26-2.50 (m, 1 H, НС(4)), 3.14-3.70 (m, 1 H, НС(4)), 4.51 (d.d, 1 H, НС(3),  J = 7.6, J =6.1), 
4.99 (t, 1 H, НС(5) J = 7.1), 5.39-5.73 (m, 7 H, PhCr), 5.79 (d, 1 H, PhCr, J = 6.1), 5.95 (d, 1 H, PhCr, J 
= 7.1), 6.09 (d, 1 H, PhCr, J = 6.6). Mass spectrum (EI, 70 eV, m/z (Irel.,%)): 455 [M-3CO-СН2]+ (10.0), 
427 [M-4CO-СН2]+ (24.8), 343 (100.0), 239 (94.2), 212 (24.8), 187 (29.2), 170 (30.7), 158 (21.2), 125 
(30.1), 111 (42.3), 97 (58.4), 85 (30.1), 52 [Cr]+ (16.1). 

Cis-3,5-bis(η6-phenyltricarbonylchromium)-2-phenylisoxazolidine (cis-4c). Yield 38%. m.p. 
132-133 °С. IR spectrum (KBr), v/ см–1: 2874, 2723 (ν(С-Н)); 1961, 1887, 1870  (ν(С≡О); 1636, 1487 
(ν (С-С)); 661, 631, 536 (ω(СAr-Н)). 1Н NMR spectrum (200 MHz, δ, ppm, J/Hz): 2.41 (d.d.d, 1 H, 
НС(4), J = 12.6, J = 8.6, J = 4.6), 3.40 (d.d.d, 1 H, НС(4), J = 12.6, J = 8.6, J = 7.6), 4.82-5.19 (m, 2 H, 
НС(3), НС(5)), 5.50-5.76 (m, 7 H, PhCr), 5.83 (br. d, 1 H, PhCr, J = 6.6), 5.92 (br. d, 1 H, PhCr, J = 
5.6), 6.05-6.15 (br. d, 1 H, PhCr), 6.88-7.09 (m, 1 H, PhN), 7.09-7.46 (m, 4 H, PhN). Mass spectrum 
(EI, 70 eV, m/z (Irel.,%)): 499 (3.6), 489 [M-3CO]+ (8.2), 433 [M-5CO]+ (2.5), 419 (4.5), 405 [M-6CO]+ 
(38.4), 387 (22.4), 335 (100), 299 [M-6CO-PhCHCH2-2H]+ (31.5), 260 (65.9), 233 (34.0), 180 (21.0), 
129 (18.8), 93 (31.9), 77 [Ph]+ (13.0), 52 [Cr]+ (23.2). 

 
Conclusion 
With the use of 1,3-dipolar cycloaddition reactions the series of η6-(arene)tricarbonylchromium 

complexes of isoxazolidines has been obtained. In the IR spectra of all obtained tricarbonylchromium 
complexes two strong (occasionally splitted) bands in the area of carbonyl vibrations are observed, 
which correlate to Сr(CO)3 groups. Difference in position of these bands in relation to С6Н6Сr(CO)3 is 
consistent with the isoxazolidine system as a weak electron donor. It has been established that the study 
of 1H NMR spectra is an excellent analytical method making it possible not only to determine qualitative 
composition of π-complexes, but also to open the way of unambiguous demonstration of their spatial 
diastereomer structure. The electron impact mass spectra resemble other mass spectra of monosubsti-
tuted derivatives of benzenetricarbonylchromium. Their fragmentation proceeds by way of sequential 
removal of three CO groups and retro disintegration of the isoxazolidine ring according to the general 
scheme. The main peak is the fragment of the molecular ion after the loss of three CO groups and re-
moval of styrene. Other peaks of smaller intensity are the derivatives of this fragment. 
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ХИМИЯ НЕПРЕДЕЛЬНЫХ АРЕНХРОМТРИКАРБОНИЛЬНЫХ 
СОЕДИНЕНИЙ. СООБЩЕНИЕ 3. СИНТЕЗ, ХАРАКТЕРИСТИКА 
И СПЕКТРОСКОПИЧЕСКОЕ ИССЛЕДОВАНИЕ 
η6-(АРЕН)ХРОМТРИКАРБОНИЛЬНЫХ ПРОИЗВОДНЫХ 
ИЗОКСАЗОЛИДИНОВ 

 
А.Н. Артемов, Е.В. Сазонова, Н.Ю. Заровкина, В.И. Фаерман 
Нижегородский государственный университет им. Н.И. Лобачевского, 
г. Нижний Новгород 
 

Реакцией 1,3-диполярного циклоприсоединения получена широкая серия 
η6-(арен)хромтрикарбонильных комплексов изоксазолидинов. Полученные соединения 
изучались с  помощью ИК-, ЯМР 1Н-спектроскопии и масс-спектрометрии. Показано, 
что Cr(CO)3-группа оказывает существенное влияние на структуру и спектральные ха-
рактеристики синтезированных гетероциклов. 

Ключевые слова: 1,3-диполярное циклоприсоединение, нитрон, изоксазолидин,   
η6-(арен)хромтрикарбонил, ИК-спектроскопия, 1Н ЯМР 1Н-спектроскопия, масс-
спектрометрия. 
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