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Free-radical substitution of chlorine atom of the fluoroboron-capped iron(II) dichloroclathrochelate with 1,3-dioxolan-
2-yl radical proceeds with high regioselectivity, predominantly yielding the corresponding monofunctionalized cage 
complex. Its molecular structure has been determined both in solution and in solid state using multinuclear NMR 
spectroscopy and a single-crystal X-ray diffraction experiment, respectively.
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Свободно-радикальное замещение атома хлора в дихлорзамещенном клатрохелате железа(II), сшитом  
группой B-F, радикалом 1,3-диоксолан-2-ила проходит c высокой региоселективностью и в основном приводит 
к продукту монозамещения. Его молекулярная структура была определена в растворе и твердой фазе методом 
спектроскопии ЯМР на различных ядрах и РСА.
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Recently we have reported[1-4] that the iron(II) 
dichloroclathrochelate FeBd2(Cl2Gm)(BF)2 (where Bd2– 
and Cl2Gm2– are α-benzyldioxime and dichloroglyoxime 
dianions, respectively) smoothly undergoes the free-radical 
substitution with carbon-centered radical species – the 
derivatives of cyclohexane, alcohols and cyclic ethers (such 
as 1,4-dioxane and tetrahydrofuran) (Scheme 1,i). In this 
paper, we describe synthesis, spectra and X-ray structure of 
the macrobicyclic complex FeBd2(Cl(Diox)Gm)(BF)2 (where 
Diox is 1,3-dioxolan-2-yl radicals) with one functionalizing 
ribbed substituent as a product of the similar substitution 
reaction with free-radical derivative of 1,3-dioxolane 
(Scheme 1,ii).[5]

atoms are located in almost one plane (the deviations 
from their mean plane do not exceed 0.06 Å), whereas the 
bridging carbon atom is deviated from this plane by 0.34 Å. 
It should be noted that, although the lack of chiral centers, 
the molecule FeBd2(Cl(Diox)Gm)(BF)2, crystallizes in 
chiral space group P212121 like its chiral macrobicyclic 
analogs FeBd2(ClGm(THF))(BF)2 and FeBd2(ClGm(Dx))
(BF)2 (where THF and Dx are tetrahydrofuryl and 1,4-
dioxanyl substituents, respectively); all these crystals have 
the similar unit cell dimensions.

The macrobicyclic structure of the complex 
FeBd2(Cl(Diox)Gm)(BF)2 was also confirmed by solution 
NMR spectra; assignment of the signals is represented 

Scheme 1.

The reaction of the dichloroclathrochelate precursor 
FeBd2(Cl2Gm)(BF)2 with 1,3-dioxolane in boiling benzene 
in presence of tert-butylhydroperoxide as a radical initiator 
proceeds smoothly and affords the monofunctionalized 
macrobicyclic product FeBd2(Cl(Diox)Gm)(BF)2 in a 
good yield (Scheme 1); such result is also characteristic 
for other earlier-studied reagents of this type. We also 
isolated a small amount of the disubstituted clathrochelate 
product FeBd2((Diox)2Gm)(BF)2 and characterized it 
by 1H NMR spectroscopy {δ1

H = 6.32 (s, 2H, C2H), 4.17 
(m, 8H, CH2), 7.38 (m, 20H, Ph)}; however, we failed 
to evaluate a reproducible synthetic protocol for the 
iron(II) cage complex. The molecular structure of this 
monofunctionalized clathrochelate FeBd2(Cl(Diox)Gm)
(BF)2 was confirmed by single-crystal X-ray diffraction 
study in solid state and by multinuclear NMR experiments 
in solution.

General view of the molecule FeBd2(Cl(Diox)Gm)
(BF)2 is shown in Figure 1 (X-ray diffraction data). Its 
cage framework possesses a geometry that is intermediate 
between a trigonal-prism (TP) and trigonal antiprism 
(TAP) characteristic of the boron-capped tris-dioximate 
iron(II) clathrochelate:[10] the average distortion angle ϕ of 
the FeN6-coordination polyhedron is equal to 25.8° (ϕ = 0° 
for an ideal TP; ϕ = 60° for a TAP), and the height h of such 
TP–TAP polyhedron is approximately 2.31 Å; the Fe-N 
distances fall in the narrow range (1.891(1)–1.919(1) Å). 
The ribbed 1,3-dioxolan-2-yl substituent at this cage 
framework has an envelope conformation: its four carbon 

Figure 1. General view of the clathrochelate  
FeBd2(Cl(Diox)Gm)(BF)2.

in Scheme 2. The proton spin system of the ribbed  
1,3-dioxolanyl substituent at cage framework was 
additionally analyzed by computer simulation; Scheme 2 
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illustrates its experimental 1H NMR spectrum, while the 
corresponding chemical shifts and the 1H–1H coupling 
constants are summarized in Table 1.

Table 1. 1H-1H J-coupling constants (Hz) and chemical shifts (ppm) 
for the 1,3-dioxolanyl substituent

J
δ

HA’ HB HB’ HC

HA 7.00 –7.41 6.50 0.22
4.128

HA’ 5.88 –7.88 –0.39
HB 6.64 0.55

4.328
HB’ –0.52
HC 6.555

Thus, the free-radical substitution of iron(II) dichloro-
clathrochelate with carbon-centered dioxanyl radical 
afforded the monofunctionalized macrobicyclic complex; 
this substitution occurs via the bridging carbon atom of 
functionalizing 1,3-dioxanyl substituents. This reaction 
proceeds with high regioselectivity; no other isomers of such 
cage complex were detected in the reaction mixture; this 
result can be explained by the stabilization of 1,3-dioxan-2-
yl radical species by two adjacent oxygen atoms.[11]
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Scheme 2. Attribution of NMR signals for  
FeBd2(Cl(Diox)GmCl2)(BF)2.
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