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1.3.1.8 Organometallic Compounds

d to metals, asin (ransition mcta‘l hydrides, are Strony
<hiclded and their resonances may appear as far upficld as ~30 ppm, The
shielding is due to the asymmetrical dlstrll?uuo.n of charge in the Valeng,
;‘arbilals.\which results in a strong diamagnetic shift of the proton resonange

Protons directly bonde

(Figure 1.24).

1.3.1.9 Contact Shifts

Organometallic compounds in which the metal is paramagnetic exhibi
chemical shifts covering a range of 200 ppm for protons, and an even greater
range for other nuclei. These shifts can occur by a contact or a pseudocontact
mteraction. In the contact interaction, some unpaired electron density is
transferred from the metal to the organic ligand, which can cause shielding or
d_eshielding effects, depending on electron spin correlation effects and electron
distribution. Thus in the nickel complex depicted in Figure 1.25 the a-, - and

~ ~
C—c
NA—_— T
(o— N
‘<
p_«a
A\
*y/ N -
- ,\.)Ni
—y ——N >
/
C=cC
~ Ne—¢c ~

Figure 1,25 ¢ e
protons indical(::rgzlvcx-d"on wnt'h the paramagnetic nickel jon results in the a, £, 319
aving chemical shifts of —42, 447, and — 64 ppm rcspcctivcly.
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t -Bu
- 0=cC
CH, t/.u3 (H:\‘ /(“uJ ‘ N
N oen, C M CH
NG o " 4
Cli., |(| N 3 0—C
o 0 \CF2C1’2CF3 5
(n) (b)

Figure 1.26. Complexation of diketones such as (a) with europium or praseodymium
afford lanthanide shift reagents; (b) shows a heptafluorodimethyloctanedionato
complex, M representing the complexing metal ion.

y-protons resonate at 6 —42, 6 +47, and 6 —64, respectively. These large
shifts are thought to arise because of donation of unpaired electrons from the
paramagnetic ion (nickel in the complex cited) through the bonding atom
(nitrogen) to the rest of the molecule. In order for such a shift to occur, a finite
electron density at the nucleus has to be postulated. This type of electron—
nucleus “contact” interaction was first described by Fermi.*

1.3.1.10 Lanthanide Shift Reagents

Another related interaction, known as the pseudocontact interaction, is
observed when alcohols or amines, for example, are allowed to interact with
certain rare earth metal complexes possessing unpaired electrons in their
valence orbitals. The direction of the shift caused by interaction with the rare
earth metal complex depends on the anisotropy of the magnetic susceptibility,
X, and on the angle between the main axis of susceptibility and the vector R to
the nucleus. If the proton is at a distance R from the center of the anisotropic
group, and if the direction in which the proton lies makes an angle 6 with the
direction of the magnetic susceptibility, then the change in shielding, Ao, 1s
given by equation (1.7):

Ao (1 —3cos?O)(X" — X*) (1.7)

_ 1
~ 3R?
(the signs || and L indicate the direction of the proton—metal axis with respect

to the applied field B,, i.c., parallel or perpendicular).

The complex formed from the diketone shown in Figure 1.26(a) and
curopium(Ill), ie., the lris(dipivaloylmethanato)europium(III) complex
[Ew(DP M), ], is one such reagent which interacts with alcohols or amines to

;02 Fermi, Z, Physik 60, 320 (1930); D.R. Eaton and W.D. Phillips, Advan. Magn. Resonance 1,
3 (1965), '
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R trum of 2-adamantanol: (a) n(;rmul spectrum; (b) Spectryy,
i .27. '"H-NMR spec ium(I11).
?l:{i:r:r:rzscncc of tris(dipivaloylmethanalo)cmop

' ing i implification in the inggp,
afford large downﬁe}d shifts resurl‘talsr;gn ::1 CgcrscfatT she le-NMR e i Ofm;
R O‘llelznrl?przlggdil:irg:loonf the Eu(DPM); complex [Figure 1.27(a)] and
adama;c:z‘itr-‘:n oef (t)he complex [Figure 1.27(b)] can serve as an CXilmplc,' The
?\ge:a?’luc:rlodimethyloctanedionato complexes (FOD) of europium or
pr:seodymium [Figure 1.26(b)] are a}lso often u:{cd. NR, groun e

In general, the closer the proton is to thg OH or 5 gr Ig i ac n
with the europium complex, the greater will bf.: thc'do“./n 1c' shift. Wit
prascodymium complexes, shifts in the opposite odlrccuon are _obscrvcd.
Occasionally the nuclei may lie at an angle 0 > 5'5 S0 thgt the sign of the
factor 1 — 3 cos®6 changes, and shifts in the opposite direction are observeq,

1.3.1.11  Charged Species

cyclopentadienyl anjon
[Figure 1.28(b)].
peak is observed

resonate at § 1.27) wh

, cycloheptatrienyl cation the singlet
aPPears at §9.17 (about g 1.90 downfie

h in ld from the benzene resonance), 3
ShOwn in Figure 1,28 Similarly, the methij
[Figure 1.29(a)] is shj

adjacent carbon t
illustrate When the N o >%6).

[Figure 1.29(b), (©)]. In the

t o | '
Technical gy,
4" Bulletin, N, 4 Varian Associates, Palo Al corir.
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(n) (b) ()
§6.42 69,17 §7.27

Figure 1.28. Upficld shift of aromatic proton resonances in anionic compounds and
downfield shift of aromatic proton resonances in cationic compounds.

+

+
CH, =CH=—CH, == CH,—CH=CH,
§8.97 69.64 68.97
CH,
+
C—H (b)
cH §13.50
3
85.06 _
CH, = CH—CH,, —=cn, —CH=CH,,
(a)

82.46 66.28 52.46
(c)

Figure 1.29. Effect of charges on the chemical shifts of some cations and anions.

deshielded by the positive charge and shifted downfield to & 8.97 while in the
anion they are shielded and therefore shifted upfield to & 2.46. Both terminal
methylenes are identical on account of the delocalization of charges.
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