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The Sign of the Se-H Spin-Spin Coupling Constant in Benzyl Selenol

By W. McFARLANE
(Chemistry Depariment, Sir John Cass College, Jewry Street, London, E.C.3)

CaLcuraTtions of nuclear spin-spin coupling
constants are an important way of testing quantita-
tive theories of chemical bonding, but valid com-
parisons of theory and experiment can be made only
if the signs of the coupling constants are known. It
has been suggested! that Karplus’s proposal? that
the directly bonded #C-H coupling constant is
absolutely positive can be extended to other X-H
couplings but may break down when neither
nucleus involved is hydrogen. There is some
evidence for this in that all determined signs of
reduced directly-bonded coupling constants [the
reduced coupling constant is defined® as K(X~Y) =
J(X=Y)-2m/#ygyy] involving hydrogen are posi-
tivet—® whereas K (PII-C), K(Se-C), and K(Te-C)
are negative.”8 The molecular oribtal treatment
of coupling constants of Pople and Santry? suggests
that there is a parallelism between H and C coupling
constants, and that negative values are most likely
to occur with elements in the last groups of the
periodic table.

The low abundance and quadrupole moment of
170, together with the tendency of protons attached
to oxygen to be involved in chemical exchange,
make the determination of the sign of 1K(O-H)
difficult. However selenium does not suffer from
these disadvantages, and benzyl selenol, PhCH,-
SeH, was chosen for the determination of the sign
of 1K(Se-H). The compound was made, following
Foster’s general procedure,® by the reaction
between benzylmagnesium chloride and selenium,

followed by treatment with hydrochloric acid, and
was distilled at 96—97°/18 mm,

The *H n.m.r. spectrum, which was recorded on a
Varian HA 100 spectrometer equipped for hetero-
nuclear double resonance experiments,? consisted
of a multiplet at + 2-8 (aromatic protons), a doublet
at 7 6-51 [methylene protons, 3J(H-SeC-H) = 6-4
c./sec.], and a 1:2:1 triplet at + 10-09 (proton
attached to Se). Molecules containing the isotope
""Se (spin I = }, abundance = 7-5%,) gave satel-
lites of the doublet [{2]("7Se-H)| = 12-8 c./sec.]
and of the triplet [|1](7"Se-H)| = 422 c./sec.].
Irradiation with a weak r.f. field [amplitude given
by H,y(Se)/2w = 1 c./sec.] at the 7"Se resonant
frequency (ca. 19-07 Mc./sec.) and observations of
these satellites showed that the ?"Se spectrum
consisted of the expected triplet of doublets, and
established that all three coupling constants are of
the same sign. It is reasonable to assign a positive
value to3J(H - - - H) since in similar molecules such
couplings are positive and are quite insensitive to
the nature of the intervening atoms. The positive
sign of the geminal "?Se-H coupling is then in
agreement with that found® in Me,Se and Me,Se™,
and is of similar magnitude. The reduced directly
bonded Se~H coupling is therefore positive and has
a magnitude of 18-8 x 10* cm.—3. This is quite
small for a coupling involving an element in the
third row of the Periodic Table (compare 1K (O-H) =
+ 45, 'K(PULH)= 4 40, K(Si-H) = + 90, and
1K(Ge-H) = (4) 233, all X 10* cm.—®) and to this
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extent the predictions of Pople and Santry are
borne out, although there is clearly no parallelism
between the C and H couplings.
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