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Long-range coupling constants between ’Se and 12C in selenoanisole, diphenyl selenide, diphenyl diselenide, and
their 2-mono- and 2,2’-disubstituted derivatives, selenoxanthone, selenanthrene, dichlorides, and selenoxides were
measured to disclose predominant factors governing the magnitude of the coupling. Extraordinary large values

for two- and three-bond couplings are found in selenoxanthone.
effect, the coordination number, and the effect of ring formation.

Three factors are operative: the orientational
The last factor accompanies a stronger inverse

effect on the coupling of selenoxides than on that of selenides.

Since selenium has a magnetic isotope 7’Se with
nuclear spin 1/2 and natural abundance 7.6%,, one
can study the structure and reactions of organoselenium
compounds directly by NMR spectroscopy.l=4 Chemi-
cal shifts have been shown to be correlated with the
oxidation state of selenium atom.!?* Coupling constants
appear to reflect the stereochemistry of organoselenium
compounds.!:4 Reich and Trend,? for example, have
shown a stereochemical dependence of geminal 7?Se-13C
spin coupling constants in sterically fixed three-coor-
dinated selenium compounds, i.e., a selenonium salt, a
selenoxide, and an ylide. In each case, one methyl
carbon atom cis to the lone pair is substantially more
strongly coupled than the other two.

We wish to report here long-range couplings in some
aromatic organoselenium compounds which show in-
teresting structural correlations.

Results and Discussioz

Orientational Effect of the Lone Pair(s). The two-
and three-bond coupling constants between 7’Se and
13C (2J(Se-C) and 3] (Se-C), respectively) of seleno-
anisole (1), diphenyl selenide (2), diphenyl diselenide
(3), their 2-mono- and 2,2’-disubstituted derivatives,
selenoxanthone (4), and selenanthrene (5) were mea-
sured® and the results are shown in Tables 1 and 2.

The 2J(Se-C(2,6)) values of 1, 2, and 3 are all about
11 Hz. The 2](Se-C(2',6")) values of 2-(phenylseleno)-
benzoic acid and 2-(hydroxymethyl)phenyl phenyl
selenide are 11.14+0.7 Hz, but the 2J(Se-C(6)) values
of these compounds are 6.04-0.5 Hz. Then the 2 J(Se-C)
values between selenium and ortho-carbon of the benzene
ring which has no additional substituent are about 11
Hz, and those associated with substituent attachment

TasBLE 1. TWwWO-BOND COUPLINGS BETWEEN 7’Se AND 13C OF SOME ORGANOSELENIUM COMPOUNDS®
Compound® 2J(Se-C(6)) 2J(Se-C(2',6")) Compound® 2 J(Se-C(2,2")) 2J(Se-C(6,6"))
— HOOC
<->~SeMe a) 11.0 - <=>_ N ‘<=> . <3
“NCOOH
=N seMe 6.6 L _ McOOC\=
—\COoOH <_>— S _<_> ¢ <3
~NCOOMe
<_>—Se—<_> (2) 11.0 11.0 <>—SCSC\< > 3)  11.0 11.0
— — HOOC,
< >—Se—< > 6.4 10.4 <=>—SeSc _<=> . 44
“COOH ~\COOH o
— — Me.
O=se<") 5.5 e TH—sese— ) 12.8 3.4
\CH,OH " \Me -
- MeO
<—>~Se5e~<_> 13.7 4.6
“OMe
a) In Hz. b) Numbers are assigned as follows: 6(6") 1(1)

c) Difficult to measure because of low solubility
or low sensitivity.
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3(3) 2(2)
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TaBLE 2. 13C NMR CHEMICAL SHIFTS AND COUPLING CONSTANTS OF 4, 5, 11, anp 12
Chemical shift® Coupling constant®
Compd :
C(L,l) C@2,2) C3,3) C44) C(5,5) C6,6) C=0 2J(Se-C(6,6")) 3J(Se-C(5,5)) 3J(Se-C(3,3"))

4 134.9 130.8 131.2 126.6 132.0 128.1 181.7 34.0 11.9 2.7

11 142.4 130.8 130.3 132.1 134.1 129.5 182.0 22.9 4.7

5 134.4 134.4 131.1 127.9 127.9 131.1 24.0 6.5

12 144.7 144.7 128.5 131.2 131.2 128.5 19.0 <3

a) In ppm from TMS in CDCl;. b) In Hz.

at the other ortho-position are about 6 Hz in these five X X Y
compounds. These results suggest that 2 J(Se-C) values . /\ /s'e\ y o 4 None  C-O
are small when the steric repulsion between the sub- [ ||;/\ 5 None  Se
stituent at the ortho-position of a benzene ring and the 4\:i/\Y/ \3,/‘ 11 o) Cc-0
group attached to the selenium increases the population 12 o Se=0O

of the group at the selenium in the neighborhood of the
carbon of benzene ring carrying the substituent at the
other ortho-position, i.e., they are small when the lone
pair of electrons is on the average far from the carbon
under consideration.

This is further confirmed by an examination on
2 J(Se-C) in 2,2'-disubstituted diphenyl selenides and
diphenyl diselenides. The 2J(Se-C(6,6")) values of 2,2'-
diselenodibenzoic acid, di-2-tolyl and bis(2-methoxy-
phenyl) diselenides are 3.4—4.6 Hz and not affected by
electronic properties of the substituents. Those for 2,2'-
selenodibenzoic acid and its dimethyl ester are too small
to measure. The 2J(Se-C(2,2")) values of di-2-tolyl and
bis(2-methoxyphenyl) diselenides are 12.8 and 13.7 Hz,
respectively, and are larger than that of diphenyl
selenide.

When the selenium atom retains at least one lone pair
of electrons, the 4s-atomic orbital of selenium to be used
for bonding is expected to be low.® Namely, most of
the s-character of selenium in organoselenium com-
pounds is attributable to its lone pair(s). Since indirect
nuclear-nuclear spin couplings are mainly governed by
the Fermi contact term” and therefore by the s-overlap
integral of the bonds under consideration, the orienta-
tion of the lone pair of electrons on the selenium atom
is important.

Examination of the 2](Se-C) values of 4 and 5 is
necessary to clarify the effect of the orientation of lone
pair of electrons because the 2J(Se-C(6,6')) values of
4 and 5% are expected to be larger since the lone pairs
of these compounds should spread over carbons C(6)
and C(6’). Table 2 shows NMR data for 4 and 5.
Actually, very large 2 J(Se—C) values have been obtained
for 4 and 5, which are 34.0 and 24.0 Hz, respectively.
Especially, the 2J(Se-C) value of 4 is the largest that
has ever been obtained for selenides to the best of our
knowledge, which is almost the same as that reported
for certain ylides.# These results provide support for
the importance of the orientation of lone pairs for
2 J(Se-C). Three-bond couplings, 3/(Se-C), were also
found in 4 and 5. The value of 3 J(Se-C(5,5')) is larger
than that of 3](Se-C(3,3’)) in 4 and the former is also
larger than that of 3](Se-C(5,5' or 4,4")) of 5.

The large couplings of selenium with C(6) and C(5) in
4 indicate effective spread of lone pairs over these
carbons. The carbonyl group has a smaller covalent
radius than selenium, which renders a favorable space

to the lone pair of electrons to interact with these
carbons, and since the group is likely to arrange the
two benzene rings coplanar due to its sp? hybridization
state, the selenium can interact with the carbons
advantageously. That the value of 3/(Se-C(3,3')) is
smaller than that of 3J(Se-C(5,5’)) may also indicate
the orientational effect of lone pairs.

The large 2 J (Se-C) and 3 J(Se-C) values in 5 may also
be explained in terms of the effective spread of lone
pairs over these carbons.

After all, these couplings may be well understood on
the basis of the orientation of the lone pair of electrons
on the selenium.

Effect of the Coordination Number. As 2J(Se-C) is
essentially related to the s-character of selenium and
carbon atoms in the bonds,” it is expected to vary with
change in the coordination number of the selenium atom.
Table 3 shows 3C NMR chemical shifts and coupling
constants, 2J(Se-C) and 3 J(Se-C), of 1, 2, dichlorides
6 and 7, selenoxides 8 and 9, and diphenyl selenone
(10). The values of 2](Se-C) become larger in the
order: selenides, dichlorides, and selenoxides. The
chemical shift of the C(2) carbons of these organosele-
nium compounds as well as some aromatic organosulfur
compounds® moves to higher field if the substituent is
electronegative; that is, the 2/(Se-C) values should be
related to the electron-withdrawing ability of the
selenium atom and therefore are related to the 13C
chemical shift of the C(2) carbons. As shown in Fig. 1,
the plots of 2J(Se—C) value vs. 13C chemical shift show
a trend in which the slope for the selenoanisoles is more

]
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Fig. 1. Plots of 2 J(Se-C(2, 6)) vs. 6(C(2, 6)) for selenoan-
isoles (@) and diphenyl selenides (Ji}).
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TasLE 3. 13C NMR CHEMICAL SHIFTS AND COUPLING CONSTANTS OF SELENOANISOLES AND DIPHENYL SELENIDES
Chemical shift® Coupling constant®
Compound
C(l) C(26) C(35 C@4) CMe) *J(Se-C(2,6)) 3] (Se-C(3,5))
PhSeMe (1) 131.7 130.2 128.8 125.9 7.2 11.0
PhSeCl,Me (6) 141.0 128.5 129.9 131.7 45.7 13.2
PhSe(O)Me (8) 139.6 126.0 129.9 131.6 36.1 15.4
PhSePh (2) 131.0 132.8 129.2 127.2 11.0
PhSeCLPh (7) 142.4 131.2 129.7 131.6 11.2
PhSe(O)Ph (9) 142.7 126.1 129.6 131.2 15.4
PhSeO,Ph (10) 142.4 126.8 130.2 134.0 13.9 14.6
a) In ppm from TMS in CDCl;. b) In Hz.
negative than that for the diphenyl selenides. Since 11 and 12 because the formation of selenoxides is

the sign of 2J(Se-C) is expected to be positive except
10 with which a negative sign is expected,® 10 should be
put aside from the plots.

An unexpectedly large 3 J(Se-C) value (14.6 Hz) was
found for 10. This may be due to the increased s-
character of the bonds caused by the lack of lone pair
of electrons which carry otherwise most of the s-character
of the selenium atom.®

Effect of the Ring Formation—The Inverse Effect on the
Long-range  Couplings. The BCNMR chemical
shifts and the long-range coupling constants, 2J(Se-C)
and 3](Se-C), of selenoxanthone 10-oxide (11) and
selenanthrene 9,10-dioxide (12) are collected in Table 2.
Although the selenoxide formation from 1 and 2 to 8
and 9 increases the 2J(Se-C) values of these com-
pounds, the values for 11 and 12 are 22.9 and 19.0 He,
respectively, which are smaller than those for 4 and 5.
The decrease in the long-range couplings between
selenium and carbon with the formation of selenoxides
relative to that of selenides (the inverse effect) is also
found in the three-bond couplings, 3 J(Se-C), of 11 and
12 relative to those of 4 and 5. The inverse effect may
be attributed to the cyclic structure of 11 and 12. Since
2 J(Se~C) values of 11 and 12 are still larger than those
of 8 and 9, the oxygens in 11 and 12 are supposed to
operate in a way to increase the coupling constant but
they could not overcome the disadvantageous steric
factor. In other words, the s-orbital of the selenium
atoms of 11 and 12 could not interact with that of the
carbons in the benzene rings so effectively as in 4 and 5.
As mentioned above, the 2 J(Se-C) value of 4 is extraor-
dinary large, which is three times as large as that of 2,
and the value of 5 is twice as large as that of 2. Then
the inverse effect on the long-range coupling in these
compounds may be caused by the extraordinary large
values resulting from the cyclic structure of these
compounds. If the main factor for determining the
large coupling constants is the sp2-character of the
selenium atoms in 4 and 5, the factor should be smaller in
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expected to increase the sp®-character of selenium atom.
The increased sp®-character may also decrease the values
of 3 J(Se-C) of 11 and 12. The increase in sp?-character
in 4 and 5 must be due to the cyclic structure with
selenium atom(s) in the ring where the steric strain
results in change in bond angle.

Experimental

13C NMR spectra were obtained on a JEOL FX-60Q spec-
trometer operating at 15 MHz using chloroform as the solvent
and tetramethylsilane as the internal standard. Spectral
widths of 600, 1000, 3000, and 3500 Hz with 8 K data points
and 30° or smaller pulses were employed. 77Se-13C coupling
constants were obtained by observing the 7’Se satellites in 13C
spectra. A selective decoupling mode was also applied to
assignment of 13C chemical shifts if conditions were favorable.

Materials. The following compounds were prepared as
described in the literature: 2-(methylseleno)benzoic acid,1®
2-(phenylseleno)benzoic acid,!’ 2,2’-selenodibenzoic acid!?
and its dimethyl ester,’® 2,2’-diselenodibenzoic acid,1®’
selenoxanthone (4)!? and its 10-oxide (11),2 and selenan-
threne 9,10-dioxide (12).!4 Physical properties agreed well
with those in the literature.

Bis( 2-methoxyphenyl) Diselenide. 2-Methoxyselenophenol,
which had been prepared from 2-methoxyphenylmagnesium
bromide and selenium in ether,!® was oxidized in hexane with
air. Recrystallization from hexane gave the diselenide in
good yield, yellow needles, mp 85—87 °C. Found: C, 45.19;
H, 3.72%,. Calcd for C,;H,,0,Se,: C, 45.16; H, 3.76%,.

Di-2-tolyl Diselenide. This compound was prepared as
above in a red oil. Found: C, 49.82; H, 4.389,. Calcd for
C,4H,,Se,: C, 49.43; H, 4.15%,.

Selenanthrene (5). To an ethanol solution (150 ml) of
sodium diselenide, which had been prepared from selenium
(12 g), sodium borohydride (3.2 g), and sodium hydroxide (3.0
g) according to the methods of Klayman and Griffin!® and
Bogert and Stull,'” was added a solution of 2-chloronitroben-
zene (19.5 g) in 50 ml of ethanol and refluxed for 3 h. After
work-up, crystallization from acetic acid gave 2,2’-dinitro-
diphenyl diselenide, yellow needles, 10.7 g (43%,), mp 209—
210 °C (lit,»™ 209 °C).

The diselenide (10.7 g) was dissolved in 309, aqueous
dioxane (150 ml) and treated with hydrochloric acid and zinc
until the solution became colorless. Then the solution was
filtered and the filtrate was diazotized with 3.6 g of sodium
nitrite in 50 ml of water at low temperature. The end of the
diazotization was monitored with a potassium iodide-starch
paper. After 0.5 h at 0 °C, the solution was extracted with
cther. The residue obtained after evaporation of the solvent
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was dissolved in 10 ml of acetic acid and refluxed for 5 h. After
evaporation of the solvent, the product was chromatographed
on silica gel to give pale brown needles, 1.7 g (21%,), mp 183—
184 °C (lit,'® 181 °C).

2-( Hydroxymethyl) phenyl Phenyl Selenide. This compound
was prepared through reduction of 2-(phenylseleno)benzoic
acid with lithium aluminium hydride. The details will be
described elsewhere.

The authors thank Professor Hiizu Iwamura of IMS
for his helpful discussion.
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