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Abstract — A series of novel dibenzo[b,i]-1-oxa-6-heteroecines (4a-d)

containing Group 15 heavier elements (P, As, Sb, and Bi) have been prepared

via common 1,9-dilithium intermediate (3). Single crystal X-Ray analysis of

oxastibecine (4c) reveals that the two olefinic bonds in the ring system are both

cis configuration and the distance between the antimony and oxygen atoms is

shorter than the sum of the van der Waals radiis of each element, indicating the

presence of a transannular interaction between the oxygen and hetero atoms.

Considerable effort has recently been directed toward the synthesis of new heterocyclic ring systems with

heavier elements other than nitrogen, oxygen, or sulfur, and the syntheses of a variety of new, fully

unsaturated five- (heteroles)1,2 and seven-membered rings (heteroepines)1a-d,3,4 containing Group 14 (Si, Ge,

and Sn), Group 15 (P, As, Sb, and Bi), and Group 16 (Se and Te) elements, as well as their physical

properties and thermal stabilities,4 have been reported. However, fully unsaturated larger rings than

heteroepines containing such heavier elements have not been prepared, except for nine-membered

phosphonines.5  On the other hand, the transannular interactions between heavier elements and a nitrogen,

oxygen or sulfur atom have been observed in a large number of fully or partially saturated eight-,6 nine-,7

and ten-membered8 heterocyclic compounds, in which the distance between the two hetero atoms is

significantly shorter than the sum of the van der Waals radii of the each elements in the crystalline structure.

This interaction can be attributed to the formation of hypervalent compound of the heavier elements.9 As

part of our studies on the synthesis of new heterocyclic rings containing heavier elements, we report here

the synthesis and structures of the title 1,6-diheteroecines (4a-d) having group 15 heavier elements (P, As,

Sb, and Bi) from bis(2-(Z)- -bromovinylphenyl) ether (2) via a common 1,9-dilithium intermediate (3).

The key starting bis(2-(Z)- -bromovinylphenyl) ether (2)10  was prepared stereoselectively in 76% yield by

a double Wittig reaction of bis(2-formylphenyl) ether (1) with bromomethylene-triphenylphosphorane,11 as

illustrated. The dibromo compound (2) was treated with tert-butyllithium in dry ether under an argon



atmosphere, and then with dihalogeno metal reagents (PhPCl2, PhAsCl2, PhSbBr2 and PhBiBr2) to result in

ring closure, giving rise to the desired dibenzo[b, i]-1-oxa-6-heteroecines (4a-d) as the sole characterizable

products,12  presumably via the 1,9-dilithium intermediate (3). The phosphorus-containing diheteroecine

(4a) is susceptible to air oxidation and was isolated as its P-oxide (4a'), which was, however, easily

deoxygenated to 4a  by treatment with trichlorosilane in benzene. The 1,6-diheteroecines (4a-c) were stable

enough to be eluted from a silica gel column and isolated as stable crystalline compounds, except for

oxabismecine (4d) which underwent decomposition during chromatographic isolation (silica gel or alumina)

and could be purified only by repeated recrystallization from methanol. The diheteroecines (4a-c) were

thermally stable and remained unchanged even when heated at 110 °C for 24 h in toluene, while the

oxabismecine (4d) decomposed gradually to unspecified products at the same temperature.

The structures of the 1,6-diheteroecines (4) obtained here were established by their HR-MS, 1H NMR

spectral and single crystal X-Ray analyses. The 1H NMR spectroscopic data of the ten-membered ring

protons in 4  are given in Table 1. The chemical shifts are sensitive to change in the heteroatom, and in all of

the 1,6-diheteroecines (4), the signals of 7-H and 9-H (6-H and 10-H) on the ten-membered ring appear to

be equivalent with the coupling constant of J6,7(9,10) = 12.1-13.6 Hz. This magnetic equivalence of the

olefinic protons implies that these 1,6-diheteroecines have a symmetrical structure in solution, and both of

the olefinic bonds should be cis configuration.

In order to confirm the stereochemistry of 4 ,  single crystal X-Ray analysis of the oxastibecine (4c) was

performed (Figure 1).13  The result reveals that, in contrast with the structure in solution, 4c lies in a
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Scheme 1 Reagents and conditions: i, Ph3P+CH2Br -Br (X 2), ButOK, THF, -80 °C to rt,12 h, 76 %;  
ii, ButLi, Et2O, -80 °C, 5 min; iii, Metal reagents (PhPCl2, PhAsCl2, PhSbBr2 or PhBiBr2), Et2O, 
-80 to -10 °C, 2.5 h.
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Table 1 Selected 1H NMR Spectroscopic Data of 1,6-Diheteroecines (4).(400 MHz, CDCl3 at 32 °C:  )
Compd. M 7- and 9-H 6- and 10-H J6,7(9,10) in Hz

 4a ' P(O)Ph 6.06 7.13 13.6 a)

4a PPh 6.01 6.81 13.6 b)

4b AsPh 6.33 7.03 12.5

4c SbPh 6.65 7.32 12.8

4d BiPh 7.27 8.28 12.1

a) JP,7(9) = 13.9 and Jp,6(10) = 42.1 Hz, b) JP,7(9) = 23.5 and JP,6(10) = 12.5 Hz.



dissymmetrical structure in the solid state. Either of the olefinic bonds of the 6- and 9-position adopts cis

configuration, unlike those of the phosphonines5 and 1,6-dithiecine,14  both of which have one trans olefinic

bond in their ring system. The overall geometry around the antimony atom is pseudo trigonal bipyramidal

(TBP) with that the C(1') of the phenyl substituent on antimony and the oxygen atom lie approximately

trans to each other and the O---Sb－C(1') angle is 156.6 °. Most of the bond distances are unexceptional;

however, the distance between the antimony and oxygen atoms (2.83 Å) is much shorter than the sum of

the van der Waals radii of the oxygen and antimony atoms (3.60 Å), and larger than that of the covalent

bond radiis of them (2.02 Å).15  This result shows the presence of an intramolecular nonbonded interaction

between the oxygen and antimony atoms.

In summary, we have succeeded in preparation of new 1-oxa-6-heteroecines containing group 15 heavier

elements, and revealed that the two olefinic bonds in the ring system are both cis configuration and a

transannular interaction is presented between the oxygen and antimony atoms by means of the single crystal

X-Ray analysis of 4c.
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