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Abstract: 125Te NMR spectra of aromatic and aliphatic organotellurium compounds were observed in
order to investigate the relationship between the structure and the 125Te NMR chemical shift of the
compounds. The 125T¢ NMR chemical shift of organotellurium compounds is sensitive to the type and
size of the substituents (aromatic, aliphatic) and the oxidation state of the Te atom. The chemical shift of
halooxatelluranes moved upfield when an electron-withdrawing group was attached to the phenyl group.
Its could be interpreted in terms of the resonance structures of th

uld be interpre n terms of the resonance structures of the halooxatelluranes. © 1999
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125Te NMR spectroscopy is a powerful tool for obtaining structural information on organotellurium
compounds. | 125Te NMR spectra could be easily observed due to the high natural abundance, short T
relaxation time, and the range of the chemical shift is rather wide (3500 ppm), which is advantageous for
distinguishing the Te atoms in different chemical environments. In some studies, the chemical shifts are shown
to correlate with the oxidation states of the Te atom and the electronegativity of the ligands.2 For example,
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understand the relationship between the structure of organoteliurium compounds and the 125Te NMR chemical
shifts. In this paper, we report the electronic effect on the 125Te NMR chemical shifts of a series of Te(I) and
Te(IV) compounds such as organotellurides, halooxatelluranes and organotellurium salts.
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T
Thus, organotellurides (1a-c¢) were prepared by the reaction of (1S)-10-bromo-2-exo-borneol with diaryl (or
dialkyl) ditelluride, and the tellurides were treated with tBuOCl to yield chlorotelluranes.3 Chlorotelluranes

were converted to other halotelluranes by halogen exchange reaction.4 Telluronium salts (3a-c) were prepared

u
he aromatic organotellurium compounds were prepared as described earlier by our group (Scheme 1).

by the reaction of halotelluranes with Grignard reagents.” A substituted phenyl group was attached to the
tellurium atom in order to study the electronic effect on the chemical shift. The proton-decoupled 125Te NMR
spectra were observed and referenced to external diphenyl ditelluride in CH2Cl2 (8 422 ppm, relative to
dimethy] telluride 3 0 ppm).6 The 125Te NMR chemical shifts of the aromatic organotellurium compounds are
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Table 1. 125Te NMR spectroscopic data for aromatic organotellurium compounds (1-3).
entry  class of the substrate compound chemical shift
(ppm)
1 tetluride 1a 363
2 1b 376
3 1c 350
4 tellurane 2a-F 18714
5 2b-F 18660
6 2¢-F 1877¢
7 2a-Ci 1841
8 2b-Cl 1833
9 2¢-Cl 1847
10 2a-Br 1860
11 2b-Br 1854
12 2¢c-Br 1868
13 2a-1 1876
14 telluronium salt 3a 564 (606) ¢
15 3b 6214
16 3c 533

4 Doublet, JTe-F = 754 Hz. b Doublet, ITe-F = 699 Hz. ¢ Doublet, JTe-F
=766 Hz. 4 In CD30D. € Ref. 5b.

The chemical shifts of aromatic Te(II) compounds (tellurides, 1a-c) were ca. 350 ppm, and they are affected

by the substituents attached to the Te atom. As expected he 125Te NMR chemical shift moved downfield in
the nresence of an electron-withdrawing sroun attached to the benzene rine. When the tellurides were converted
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to halooxatellurane, the chemical shifts moved downfield (1800 - 1900 ppm). The chemical shift is affected by
the halogen atom attached to the tellurium atom, and the substituent attached to the phenyl group. When a
heavier halogen atom, except for the fluorine atom, was attached to the tellurium atom, the chemical shift moved
downfield. It is noteworthy that the coupling between the fluorine atom and the tellurium atom was observed
(Table 1, entries 4-6).7 The coupling constant was smaller when an electron-withdrawing group is attached to
the benzene ring. The chemical shifts of the chlorooxatelluranes moved slightly downfield in the presence of an
electron-donating group attached to the phenyl ring. Similar results were obtained by observing the 125T1¢

NMR chemical shifts of the corresponding fluoro- and bromooxatelluranes. This trend is in contrast to the

(500 - 600 ppm). As is the case for the chemical shifts of the teilurides, the chemical shift is correlated with the
substituents attached to the Te atom. Thus, an electronegative group attached to the phenyl group caused the
low field shift of the 125Te NMR chemical shift.
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We also "r"pared a series of aliphatic organotellurium C()Il’ipOu‘idS (Scheme 2)3-3 and observed the 125Te
NMR spectra (Table 2). The chemical shifts of the aliphatic tellurides (Table 2, entries 1-2) were observed at

lower fields compared to those of the aromatic tellurides (Table 1, entries 1-3). On the other hand, the chemical
shifts of the aliphatic halooxatelluranes were similar to those of aromatic halotelluranes (Table 2, entries 3-7),
and they were also affected by the halogen atom directly attached to the tellurium atom. As shown in Table 2
(entries 8-14), the 125Te NMR chemical shifts of telluronium salts range from 440 ppm to 500 ppm, and the
value was sensitive to the substituent attached to the tellurium atom: even the 125Te NMR chemical shifts of the
diastereomeric compounds were significantly different (Table 2, entries 9-12). It is also noteworthy that the
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Table 2. 125Te NMR spectroscopic data for aliphatic organotellurium compounds (4-6).

entry class of compounds  compound Rl R2 X chemical shift
(ppm)
1 telluride 4a Me - - 628
2 4h Et - - 812
3 tellurane Sa Me - Br 1798
4 5b Et - Cl 1852
5 Et - Br 1865
6 5d n-Bu - Cl 1838
7 Se n-Bu - Br 1851
8 telluronium salt 6a Me Me Cl 4404
9 6b Me Et ql 4984
10 6¢c Et Me Cl 4884
11 6d Me Ei Br 4994
iZ be Et Me Br 4854
i3 6f Me n-Bu Cl 48149
14 g n-Bu Me Cl 4774
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(Table 2, entries 9-12).
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Discussion

Though the relationship between the structure and the 125Te NMR chemical shift of organotellurium
compounds has been studied by some research groups, the interpretation of the results is not easy. As is well
known,l and also found in the present work, the 125Te NMR chemical shift of aromatic organotellurium

mpounds, We discuss the results of the

erent from that of aliphatic organotellurium co

observed 125Te NMR chemical shift of aliphatic tellurium compounds and aromatic tellurium compounds

The chemical shifts of aliphatic tellurides were downfield compared to those of aromatic tellurides. The resuit
is not in accordance with the order generally observed,! and we assume that the chemical shift of aliphatic
tellurides (4a-b) moved downfield due to the presence of the bulky 2-exo-hydroxy-10-bornyl group. The
electronic structure of some tellurium compounds may be affected by a large substituent. In fact, McFarlane et
al. reported that the 125Te NMR chemical shift of iPrTe (707 ppm) moved significantly downfield compared
to that of Me2Te (0 ppm).2b On the other hand, the chemical shift of the aromatic tellurides was scarcely

affected by the size of the substituent: the chemical shift of 1a (363 ppm) is comparable to the chemical shift of

result in terms of the decreased shielding effect on the tellurium nucleus.

Compared to other organotellurium compounds we investigated, the difference between the chemical shifts of
aromatic and aliphatic halooxatellurane was small. The range of the chemical shift was quite similar (1800-1900
ppm; see Table 1, entries 4-13, and Table 2, entries 3-6), and the chemical shift moved downfield when a
heavier halogen atom was attached to the tellurium atom. The observed tendency is not in accordance with the
results reported for the chemical shift of dihalotelluranes (R2TeX?7, X = halogen); the values of the chemical
shifts increase in the series I < Br < Cl < F for dihalotelluranes2a.2h and trihalotelluranes,? while the value of
the chemical shift of halooxatelluranes increase in the series Cl < Br < F < [ (Table 1, entries 4-13). We also

observed an unusual effect of the substituent attached to the nhenvl eroun of aromatic halaoxatellnraneg: the
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or more electronegative phenyl group) to a halooxatellurane caused the upfieid shift of the :1<°Te NMR

spectrum .9 It would be possible to explain the current results by considering the resonance structure of the
halooxatelluranes and the electronegativity of the halogen atom and oxygen atom (eq. 1). The polarity of the X-
Te-O bond will correlate with the 125Te NMR chemical shift, and if the X-Te-O bond becomes more polar, the
125Te NMR chemical shift will move downfield.10 The resonance structures B and C would become important
when a chlorine (electronegativity value (EN) = 3.16), bromine (EN = 2.96), or iodine atom (EN = 2.66) was
bound to the Te atom, since they are less electroneganve compared to oxygen atom (EN = 3.44).12 L
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The effect of substituents attached to the phenyl ring on the 125Te NMR chemical shift could be interpreted
similarly. Thus, when the electron-withdrawing ability of a substituent attached to the equatorial position of the
tellurium atom increases, the contribution of the ionic resonance structures B and C decreases, and the high field
shift of 125Te NMR chemical shift would be observed. If an electron-donating group is attached to the phenyl
group, the X-Te-O bond will be more polar due to the stabilization of the resonance structures B and C, and the
low field shift of 125Te NMR signal would be observe
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It is noteworthy that the values of the chemical shift of aliphatic telluronium salts are smaller than those of
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in the presence of a bulky substituent. Unlike the chemical shifts of tellurides, the chemicai shifts of
organotelluronium salts are not seriously affected by the bulkiness of the attached substituents: the 125Te¢ NMR
chemical shift of 3a (564 ppm) was comparable to those of ethylmethylphenyltelluronium salts (560-610
ppm),2 and the chemical shift of 6a (440 ppm) was not so different from that of dimethylethyltelluronium
bromide (470 ppm).2f The chemical shift of the aromatic telluronium salts moved downfield in the presence of

an electron-withdrawing group due to the deshielding effect on the tellurium nucleus.

Conclusions
The 125Te NMR chemical shift of organotellurium compounds is sensitive to the type and size of the
substituents (aromatic, aliphatic) and the oxidation state of the Te atom. The chemical shift of the tellurides and

telluronium salts moved downfield when an electron-withdrawing group was attached to the tellurium atom. On
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results obtained in this study will be heipful in understanding the relationship between the structure and 1<°Te

NMR chemical shift of organotellurium compounds.



Exper imental Sec
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General Methods. Common experimental procedures and instrumentation have been described previously. 4
Compounds 1-2,4 3a,53 and 4-65 were prepared as reported. The procedure described in the preparation of

3a58 was generally followed to prepare 3b and 3c.

(RTe)-(-)-(4-[t
dimethylbicyclo[2.2.1}heptan-1-yl} methyl])telluronium chloride (3b): colorless needles, mp 189-
190 °C (recrystallized from EtOH); [a];‘)7 -11.25 ° (¢ 0.95, CHCl3); IR (KBr) 3139 (br), 2929, 1602, 1396,
1329, 1162, 1126, 1076, 1048, 1012, 820, 679 crn_1 'H NMR (CDCl13) &: 0.77 (s, 3H), 1.05 (s, 3H), 0.88-
1.30 (m, 2H), 1.70-1.88 (m, 5H), 2.82 (s, 3H), 2.96 (d, J = 12.2 Hz, 1H), 3.27 (4, J = 12.5, 1H), 3.75 (m,

45.43; H, 4.93.
(RTe)-(-)-(4-methoxyphenyi[{(1S,2ZR,4R)-2-hydroxy-7,7-dimethylbicycio[2.2.1]heptan-1i-
yl} methyl]telluronium chloride (3c): colorless needles, mp 133-135 °C (recrystallized from CHCl2-
hexane); [(Jt]ié7 +20.09 ° (¢ 0.93, CHCl3); IR (KBr) 3252 (br), 2952, 1587, 1497, 1293, 1254, 1184, 1074,

1NIQ QYK nm-]- IU NRAD &: (Y7) fe TIIY 1 N& fc 2LT) NQY_1 70 fa 2TIN 1 £ 1 QQ (0 KLIY M 70 /.

LULG, O0cJ L1, 1 INVIN UL UL/ L (D, J11), 1.UJ 3, JI1), U.OL~1.47 \ill, &4r1), 1.U£-1.00 (iil, S511), £.70 \§,
3H), 3.02 (d, J = 12.5 Hz, 1H), 3.36 (d, J = 12.2 Hz, 1H), 3.72-3.86 (m, iH), 3.84 (s, 3H), 7.00 (d, J =
8.8 Hz, 2H), 7.71 (d, J = 8.8 Hz, 2H); 13C NMR (CDCI3) 15.7, 21.3, 21.2, 27.2, 32.2, 35.0, 40.5, 45.6,

47.7, 50.7, 55.4, 77.2, 114.7, 115.8, 135.2, 161.9; Anal. Calcd. for C1gH77CIOTe: C 49.31; H, 6.21.
Found: C, 49.19 ; H, 6.20.
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On the other hand, no coupling between the fluorine atom and the selenium atom of a fluorooxaselenurane

was observed (ref. 8). These results indicate that the rate of the halogen exchange reaction of a
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A similar resulit has been reported for trichlorotelluranes (ref. 2f).

This assumption is based on the result we obtained during the observation of 77Se NMR of highly ionic
halooxaselenuranes (ref. 8).

The electronegativity values were collected from Isaacs, N. S. Physical Organic Chemistry; Longman
Scientific & Technical: Harlow, 1987; p. 31.

We think that the resonance structures B and C have more important contribution than the resonance
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