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On the Factors to Determine 77Se NMR Chemical Shifts of Organic Selenium Compounds:
Application of GIAO Magnetic Schielding Tensor to the 77Se NMR Spectroscopy
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The magnetic shielding tensor was calculated with the
GIAO theory for some selenium compounds of versatile
structures.  The calculated chemical shifts of the selenium
nucleus (3 (Se)) correlated well with the observed ones (3,(Se)),
showing the reliability of the method. The 8.(Se) values for p-
substituted benzeneselenols also explained the §,(Se) values of
aryl selenides of various structures around the Se-C bonds.

Observed 77Se NMR chemical shifts (8,(Se)) of organic
selenium compounds have been interpreted based on the Karplus-
Pople’s equation.! The AE factor, for example, is expected to
play an important role in 8.(Se) of diselenides, while the <r3>
factor would be operating in hypervalent compounds or oxides
relative to the corresponding selenides.2 Since the values are
governed by the complex conjugation of many factors, the
chemical shifts would not be proportional to either the AE or the
<r~3> factor in some cases.
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We have encountered a good correlation in the plot of §,(Se)
of ArSe groups in bis{8-(arylselanyl)naphthyl] diselenides (1)
against those of 8-(arylselanyl)-1-(methylselanyl)naphthalenes
(2).3 We wondered why the correlation was good irrespective
of their different structures. The Se-C(Nap) bond is on the
phenyl plane in 1a (A)42 but it is perpendicular to the plane in 2a
(B).4>  The d,(Se) values of 1 and 2 also correlated well with
those of p-substituted selenoanisoles (3)3 and diphenyl selenides
(4).6 The structure of 3 and 4 is shown by C: the dihedral
angles of the Se-C(R) bonds to the aryl plane in 3a and in ditolyl
selenide are reported to be about 407 and 558 deg, respectively.

Recently the magnetic shielding tensor calculated with the
gauge including atomic orbitals (GIAO) theory for the carbon
nucleus is shown to be reliable.® This encouraged us to
calculate the GIAO magnetic shielding tensor for the 77Se nucleus
(o(Se)). Although the contribution of relativistic terms has been
pointed out for heavier atoms, !0 the perturbation would be small
for the selenium nucleus. Here we would like to present the
results of the calculations emphasizing how it is useful to explain
the observed 77Se NMR chemical shifts and to understand the
organic selenium chemistry based on the spectroscopy.

Table 1. The §(Se), Qn, and Ag Values for Some Selenium
Compounds, Together with the §.(Se) Valuese

Compound d.(Se) Qn(Se) Ae d,(Se)  Solvent
MeSeMe 0.0 0.2719 0.203 0.0 CDCl3
MeSeSeMe 340.7 0.1270 0.179 281 CDCl;
MeSeCl,Me 401.9 1.0477 0.193 448 CH»Cl,
Me;Set 220.9 1.0229 0.309 253 H,0
Me;SeO 768.0 1.3485 0.221 812 H,0
F4Se 1115.0 2.1805 0.257 1083 CH;F
F¢Se 632.7 2.9570 0.295 610.3 neat
F,SeO 1353.0 1.9940 0.252 1378.2 neat
F,5e0, 914.6 2.7655 0.247 948 neat

@ The 3¢(Se) values are from MeSeMe of which 6(Se) is 1656.4 (ppm).

Table 1 shows calculated chemical shifts (§.(Se) = - (o(Se) -
O(Se)peseMe)) for some selenium compounds with the 6-
311++G(3df,2pd) basis sets at the DFT (B3LYP) level,!!
together with the §,(Se) values. Natural charges (Qn) and the
energy differences (A€) between HOMO and LUMO were also
given for convenience of comparison. Figure 1 and eq 1 show

1500

g

8o(Se) / ppm

500

04

T

0 500 1000 1500 Sc¢(Se)/ppm
Figure 1. Plot of 80(Se) vs 8¢(Se) shown in Table 1.

the plot of d,(Se) against §.(Se) given in Table 1 and its
correlation, respectively. These results exhibit that the method
must be a powerful tool to support the 77Se NMR spectroscopy.

8,(Se) = 1.00 x 8(Se) + 0.4
0.(Se) of 7 =0.875 x 5(Se) of 6 -41.1  (GA:r=0.980) (2)
O.(Se) of 7 = 0.421 x 5(Se) of 6 + 5.5 (GB:r=0.988) (3)
d:(Sexy) = x0.(Se) of 6 + (1 - x)8(Se) of 7 )
d(Se) of 1 = 0.812 x §(Se:0.75) + 371.2 (r=0.997) (5)
d,(Se) of 2 = 0.615 x 5.(Se:0.70) + 390.7 (r=0.990) (6)
84(Se) of 3 = 0.851 x 8(Se:0.95) + 140.1 (r=0.990) (7)
0,(Se) of 4 = 0.819 x §.(Se:0.50) + 373.4 (r=0.994) (8)

(r=0.997) ()

Similar calculations were also performed on selenols 5 with
the 6-311+G(d,p) basis sets at the DFT (B3LYP) level: each
selenol was optimized to exist as two structures shown in 6 and
7:12 the Se-H bond placed in the aryl plane in 6 and the bond
being perpendicular to the plane in 7.  Table 2 collects the 5.(Se),
Qn, and A€ values, together with the §,(Se) values of 1 - 4.
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Table 2. The 5.(Se), Qn, and A€ Values of 6 and 7, Together with the d,(Se) Values for 1 - 44.

Chemistry Letters 1998

Y 6: 3.(Se) Qn(Se) Ae 7: 3.{Se) Qn(Se) Ae 0,(8e)of 1¢ 3 (Se)of 2¢ 3 (Se) of 3¢ §,(Se) of 44
a 81.7 0.1346 0.1971 40.0 0.0773 0.2018 429.0 434.3 207.8 423.6
be 69.9 0.1262 0.1827 16.9 0.0794 0.2062 416.2 424.5 197.4 408.1
c 73.5 0.1292 0.1921 25.1 0.0760 0.2029 422.0 427.7 200.6 415.0
d 84.3 0.1439 0.1889 324 0.0855 0.1991 429.1 431.6 210.3 421.9
e 84.5 0.1453 0.1886 333 0.0859 0.1795 429.6 432.4 210.6 422.3
ff 104.6 0.1612 0.1677 47.8 0.0861 0.1707 442.5 442.4 222.3 4333
g 119.0 0.1786 0.1428 55.3 0.0959 0.1444 456.1 453.9 241.2 446.3
@ The o(Se) of MeSeMe being 1624.4 ppm. ¥ The 8c(Se) (ppm) are from MeSeMe. € Ref. 3. 2 This work. € Calculated for OH. 7 Calculated for COOH.

Since the electronic effect of Y at the para-position is transmitted
through both inductive and mesomeric mechanisms, !3 the charges
developed on the Se atoms in 1 - 4 must not be the same, which
should affect their d,(Se) values in different trends. The plots of
Qn and Ae of 6 vs those of 7 did not give good correlations,
which must be the reflection of the different mechanism to
transmit the effect of Y on the Se atom, as expected.
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Figure 2. Plot of 8c(Se) of 7 vs 8¢(Se) of 6.

Figure 2 shows the plot of 8.(Se) of 7 against those of 6.
Although the plot can be variously understood, it was analyzed as
the two groups here. Group A consists of 5b - 5e and 5h, of
which Y act as electron donors with the lone pairs or the
hyperconjugation by the methyl group. Group B contains 5a,
5f, 5g, and 5i, of which Y are electron accepting groups or a
hydrogen. The correlations for Group A and Group B are
shown in egs 2 and 3, respectively.l4 The proportionality
constants were 0.875 and 0.421, respectively. The latter value
must be the results from the significant contribution of the
mesomeric effect on 6, which would not be effective in Group A.

Indeed a good correlation was obtained in the plot of §.(Se)
of 1 vs 8(Se) of 6, but a better correlation was obtained with a
new parameter, 3.(Se:x),!5 which is defined in eq 4. The
d,(Se) values of 1 - 4 were plotted vs 8,(Se:0.75), 5.(Se:0.70),
88€:0.95), and §(Se:0.50), respectively. Eqs 5 - 8 show
the correlations. The good correlations observed in 1 and 4 are
well explained by the predominant structures for the compounds
shown in A and C, respectively. The correlation in 2 may show
that structures other than B, such as A, may contribute in
solutions.  The contribution of §.(Se) of 6 to those of 3 is larger
than that expected based on structure C: it may be closer to that of
6 in solutions and/or such character might be enhanced by the
electron donating methyl ligand in 3. The reason why §,(Se) of
1 - 4 correlate with each other is now clarified to be the large
contributions of 3 (Se) of 6 to the values.

These results exhibit that the GIAO method can be a powerful
tool to investigate the organic selenium chemistry containing the
structural dependence of the &(Se) values if one employ the
method supporting the 77Se NMR spectroscopy. The study
containing nonbonded interactions with the method is in progress.
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