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Abstract

Direct evidence of intramolecular SbN nonbonded interaction was obtained by meari$f3C and'H-°N
heteronuclear multiple bond correlation (HMBC) experiments. The long-range coupling constants Betaadn
13C nuclei through antimony and nitrogen were also determined by the J-HMBC 2D method. © 2000 Elsevier
Science Ltd. All rights reserved.
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Many papers have appeared on the intramolecular nonbonded interaction between atoms of the 14,
15, and 16 main group elements and its effect on structure and chemical propéitesever, the
main evidence for such interaction is the distance between the two hetero atoms determined by X-ray
crystallography NMR spectroscopy has been of limited value because of the low natural abundance of
15N and1’0 nuclei and the difficulty of treating nuclei not having a nuclear spin I=1/2 with conventional
methods® In the case of Sb (1=5/2 fot?1Sb and 7/2 for'?3Sb), it has been almost impossible to
observe NMR signals because of the line shape broadening caused by the large quadruple moment.
This situation has been changed by the dramatic sensitivity enhancement of the inverse detection method
owing to the introduction of the pulse field gradient (PFG) technique, making it possible to detect small
long-range correlatiorfs Recently, we have prepared various triaryl-antimony(l11,V) and -bismuth(lll)
compounds bearing a phenyl substituent with -8Mle,, -CH,OMe, -CH:SMe, or -CHCH,SMe in
the ortho-position in order to investigate the origin of the above interaction. We have now employed
this powerful tool to study Sb N intramolecular interactions in 2¥(N-dimethylaminomethyl)phenyl
bis(4-methylphenyl)stibin& and its dichloride(VR, which are free from steric constraints (Scheme 1).
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We report here the existence of SN nonbonded interaction, confirmed by a through antimony and
nitrogen'H-13C long-range coupling correlation observed by heteronuclear multiple bond correlation
(HMBC) experiments, as well as the differences® chemical shift values of and2 compared with
N,N-dimethylbenzylamine as a reference.
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Scheme 1.

The triaryl-stibenel was prepared by condensationalithiated N,N-dimethyl-benzenylamine with
(p-tol)2SbBr in moderate yields. The pentavalent antimony compainweas synthesized from the
trivalent compoundL by treatment with S@Cl,. The H NMR signals of the two tolyl groups of
1 are equivalent. A long-range coupling correlation between Nhmethyl protons (8-H) and the
quaternary carbons (C-9, C-16) of the tolyl groups linked to the antimony atom was seéh+4%€
HMBC experiment (Fig. 1). Such a long-range coupling correlation through seven bonds seems highly
improbable. It is more reasonable to interpret this coupling in terms of a four-bond correlation vialSb
through Fermi-contact interaction. Considering these results, it is suggestetl thie#s a distorted
tetragonal structure in solution.
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Fig. 1.'H-*C HMBC spectrum ofl

In the TH NMR spectrum of2, the tolyl groups are not equivalent, and NOE was observed between
the N-methyl protons and one tolyl group. This strongly suggests that the antimony center has a pseudo-
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octahedral structure, like that in the solid state. The tolyl group showing NOE witk-thethyl protons
occupies theisposition and the other lies in tli@nsposition. Long-range coupling correlations with the
N-methyl protons (8-H) were observed for two quaternary carbons (C-1, C-16) bound to antimony (Fig.
2). One is the carbon of the tolyl group at tisposition and the other is that of the dimethylaminobenzyl
group. On the other hand, no long-range coupling constant was observed for the quaternary carbon (C-
9) of the tolyl group lying in therans position. The difference between C-1, C-16 and C-9 probably
arises from the torsion angle dependence of the coupling constant. Again, the long-range coupling
correlation can be attributed to intramolecular SBl nonbonded interaction as discussed above. The
fact that the intramolecular Sb N distances irl [2.824(8) A] and in2 [2.584(5) A] obtained by X-ray
structure analysis are shorter than the van der Waals radii (3.59 A) also supports the existence\of Sb
nonbonded interactionORTEP diagrams of the structurésand2 showing Sb N short contact are

given in Fig. 3.
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Fig. 2.1H-13C HMBC spectrum of

The chemical shift of amino nitrogen thand2 was determined by taking advantage of thi-1°N
HMBC correlation peak between tiNemethyl protons and the-methyl nitrogen (natural abundance).
The chemical shifts () of the®N nuclei of 1 and2 appeared at 350.7 and 342.9 ppm, respectivefy.
The significant downfield shifts of th& N NMR signals forl by 2.9 ppm and for2 by 10.7 ppm
relative to the signal dil,N-dimethylbenzylamine ( 353.6 ppm) confirm the existence of a nonbonded
interaction, since delocalization of the nitrogen lone pair is known to cause downfield’sFiigsSb N
interaction of2 may be stronger than that dbecause of increased Lewis acidity of antimony as a result
of chlorination.

Finally, the long-range coupling constants between Nhmethyl protons and quaternary carbons
bound to antimony were determined by J-HMBC 2D experim&ftEhe obtained coupling constants
are4J(NCH3, C-9) 4J(NCH3, c-16-2.3 Hz forl, and4J(NCH3, c-174.6 HZ,4.J(NCH3, c-16) 1.0 Hz for2.

In summary,’H-13C and'H-'>*N HMBC analyses of 2N,N-dimethylaminomethyl)phenyl bis(4-
methylphenyl)stibinel and its dichloride2 have provided direct evidence of the existence of intra-
molecular Sb N nonbonded interaction. The detection of long-range coupling correlations by HMBC
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Fig. 3. ORTEP diagrams df (a) and2 (b)

experiments and the observation of chemical shift changes in heteronuclear NMR seem to be effective
methods to investigate such nonbonding interactions.
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