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The Determination of the Sign of 2Jpp in cis- and trans-[(OC),Mo{P(OMe),},]

By R. D. BERTRAND, F. OGILVIE, and J. G. VERKADE*
(Department of Chemistry, Iowa State University, Ames, Iowa, 50010)

Summary The signs of 2Jpp in cis- and #rans-[(OC)Mo-
{P(OMe), },] were found from double resonance experi-
ments on the BC satellites in the 1H spectra to be negative
and positive, respectively.

THE discovery by Jenkins and Shaw! that 3P-*P coupling
in complexes of second- and third-row transition metals
containing identical phosphines is apparently larger in
magnitude when the phosphorus ligands are frans than
when they are cis, has been used as a method for confirming
the stereochemistry of a wide variety of co-ordination
compounds.? If the various values of 2Jpp for different
phosphorus ligands® are to have any promise of revealing
the mechanism by which coupling is transferred between

Because of the small value of 2Jp¢ + 4Jpc (V) in both
the cis- and frans-compounds, we were unable to distinguish
between the centres of the frequency ranges used to tickle
the outer lines of the two AB quartets of the 3P spectrum
corresponding to the two spin states of ¥C. Thus it was
not possible to relate the sign of 3Jpg + Jpm (N) to that
of 1Jog (+4). By irradiating selected transitions in one
of the 31P AB quartets corresponding to one of the C spin
states, the sign of 2Jpp could be related to that of N4
Inasmuch as N is expected to be nearly equal to 3Jpg} and
since this parameter is positive and of the same magnitude
for [(OC);MoP(OMe);], P(OMe);, and O=P(OMe),;, we
conclude that 2Jpp < O in the cis-compound and > O in
the trans.

N.m.y. parameters (Hz.) relevant to the sign of 2 Jpp in cis- and trans-[(OC),Mo{P(OMe),},]

Ng or 2]pc?
POMe)g .. .. .. .. .. 110-040-2
[(OC);MoP(OMe),] .. . .. — 2:34+0-4
¢is-[(OC) Mo {P(OMe), },] .. .. — 314-0-4f
trans-[{OC) Mo {P(OMe); },] .. .. — 1:74-0-42
O=P(OMe),¢ .. .. — 5'84-0-2

aNg = 2Jpc + 4Jpc for the disubstituted complexes (see ref. 4); 2 Jpc refers to the remaining compounds.

from the **C INDOR spectra.
N and 3]pg are obtained directly from the *H spectra.
1968, 4, 306, 185. ¢ From 'H spectrum.
[(OC)sMoP(OMe),].
outside the main doublet in the 1H spectrum (see ref. 4).

N or 3]pg? 2 Jep 1jcn
+10-0-+0-1 —_ -+146-01+0-2
+11:640-1 —_ +146-8--0-24,
+146-24-0-4¢
+11-64-0-1¢ —40-54-0-18 -+ 144-940-4¢
+11-64-0-1t 4162450 -+ 145-4-+0-4¢
+10:54-0-1 —— 41470402

N¢and ?Jpc are obtained

bN = 8Jpg + 5 Jpm for the disubstituted complexes (see ref. 4); 3 Jpg refers to the remaining compounds,
¢ Values for this compound were taken from W. McFarlane, Proc. Roy. Soc.,
e From *C INDOR spectrum.
€ Magnitude obtained directly from the separation of the first “inner” peak and the low-intensity absorption
h The separation corresponding to ?Jpp in one of the AB quartets of the 3C

Sign assumed to be the same as in the nearly analogous

satellites in the 3P spectrum was obtained by irradiation in the P region while scanning one of the *3C satellites in the *H spectrum

(see ref. 4).

the phosphorus nuclei as well as providing additional
information on the nature of the phosphorus-metal bond,
it is necessary to obtain the sign of 2Jpp for each configura-
tion of the phosphorus nuclei with respect to the metal.

‘We now report the first example of such a sign determina-
tion. By employing double resonance experiments involv-
ing the BC satellites in the 'H spectra? of [(OC);MoP(OMe),]
and of c¢is- and #rans-[(OC),Mo {P(OMe),},]t it was con-
cluded that 2Jpp in the cis- and #rans-complexes is negative
and positive, respectively. The pertinent data set out in
the Table were obtained on a Varian HR-60 instrument
equipped with a field-frequency lock, frequency synthesizer
and synthesizer driver, frequency counter and a digital
analogue sweep unit for locating the P and *C perturbing
frequencies.

Although the reason for the sign inversion from the cis-
to the ¢frans-isomer is not obvious, it should be noted that
a common p, metal orbital is shared between the frans-
phosphorus nuclei which provides another route for coupling,
whereas this is not the case in the cis-complex. Further
experiments are under way to ascertain the sign of 2Jpp
for a variety of complexes containing phosphorus ligands
whose substituents vary in electronegativity. In view of
the recent observation by Finer and Harris that 1fpp
undergoes a sign inversion in a series of diphosphorus
compounds,® the possibility of a sign change in 2Jpp in a
given geometry (cis or trans) upon varying the phosphorus
ligands in the metal complexes under study cannot be
ruled out.
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