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Figure 4.5 Aqualitative MO
diagram for the formation of the
hypothetical molecule PH, from P
and an H, fragment.
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A qualitative MO diagram for the formation of the hypothetical molecule PH; is
shown in Figure 4.5, Although there are two LGOs with the correct symmetry to
interact with the phosphorus 3s (a,") orbital, only one of the interactions will lead
to a bonding MO, There are 10 electrons (5 from P, 1 from each H) and these
occupy one non-bonding and four bonding MOs. The P-H bond order in

hypothetical PH; is therefore 4/,
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QUESTIONS.

(a) Provide an explanation for the splitting pattern observed at: (i) +83 °C and (ii} -
39 °C. Why do these spectra have such different appearances?

Me, Me,
HI|." /N\ ..,”H Hln,._ / \ .“”lH

R G/ AT

This system is fluxional (i.e. stereochemically nonrigid): at high T, Hyviguine and
Hiermimat €xchange rapidly on the NMR timescale. (¥ NMe, group is always
bridging)

At High T (+83 “C)

. All H's are exchanging rapidly.
. "'B couples to all H's equivatenily
. #lines = 2nl + 1

= 2x5x(1/2) + 1

)
. Relative Intensities: 1:5:10:10:5:1
At Low T (-39 °C})

. Spectrum due to static structure is observed.
. 'B couples to 2 Hyerminal

2ni+1 = 3 lines in 1:2:1 ratio (/= 130 Hz) @

11
. B couples to | Hprigging

2nl+1 = 2 lines in 1:1 ratio (/= 30 Hz)
Obscrve a triplet of doublets




(b)

® 0 QO @

Predict the 'H NMR spectra you would expect to observe for p-
dimethylaminodiborane at both -39 “C and above 83 °C. Draw stick diagrams
showing relative intensities to illustrate your answers at both temperatures.
Assume that the p-dimethylaminodiborane sample is 100% enriched in ''B.

At+ 83 °C, all H’s are equivalent; each couple to 2 x ''B equivalently.
#lines = 2nl+1 = 2x2x(3/2Y + 1 = 7 lines

Intensities:

T e e B

1 2 3 4 3 2 1
tJg, Will be between 130 and 30 Hz

Elsewhere in the spectrum there wilt also be a singlet of relative intensity 6 for the
NMe, protons.

At -39 °C, there will be three sets of signals of relative intensitics 6:4:1
corresponding to the NMe» protons, the terminal H’s and the bridging H.

The NMe; proton signal is still a singlet.

The terminal proton signal is first split into a 1:1:1:1 quartet by one ''B atom, and
then each signal is further split into a doublet by coupling to the bridging H. In
other words, it is a quartet of doublets with coupling constants of 130 and 6 Hz,
respectively.

The bridging H signal is first split into a 1:2:3:4:3:2:1 septet by couphing to two
"'B atoms, and then each line is further splitinto a 1:4:6:4:1 quintet by coupling to
four terminal H's. In other words, it is a septet of quintets with coupling
constants of 30 and 6 Hz, respectively,

/.
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