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Summary

Natural abundance '*C NMR spectra of a number of oxythallation adducts
of norbornenes have been obtained and assigned by considerations of SFORD
spectra, chemical shifts, compansons of spectra at different frequencies, T', val-
ues and some aspects of *°3295T1—13C couplings The substituent induced shifts
(a, B. v effects) at various carbons have been calculated and compared with
those for the analogous mercury(II) compounds 293 2°5T1—13C and '9°Hg—'3C
couplings have been measured, and for vicinal (3J) couplings, a dihedral angle
dependence (of the Karplus type) 1s demonstrated

Iniroduction

Organothallium compounds are very attractive subjects for NMR examina-
tion as thallium isotopes (23 2°°T1) are 100% magnetically active (I = 1) and
large couplings o 'H and '*C nucle: can be observed [1—8] Our interest in the
magnitudes and stereodependencies of '*C—metal couplings [9,10] encouraged
examination of alkylthallium compounds (RTIX.,) but a smitable variety of un-
comphlicated types 1s not available = Fortunately. oxythallation of norbornenes
generally leads to 1solable adducts [7,12,13] (with exo thallium) [5,12] and
although 'H NMR data for some have been reported [5,7], there 1s essentially
no information available on '13C NMR parameters of cycloalkylthalhum deriva-
tives [8] In this report, we wish to present the salient features of the !°C spec-
tra of a number of norbornylthallium compounds, and comparisons with the
analogous (1soelectronic) mercury(II) denivatives.

(conitnued on p 355)

* See ref 11 for the report of CH3TI(OAc)a
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Results and discussion

Spectra were obtained for the oxythallation and oxymercuration adducts of
norbormene, norbornadiene, norbom-2-ene-5-endo carboxylic acid (providing a
lactone-type adduct), 2-acetoxynorbornane, 5-acetoxynorbor-2-ene and the
parent lactone from the 5-endo acid [12]

Assignments were arrived at by orthodox procedures, and SFORD spectra,
comparisons of 22.63 MHz and 67 89 MHz spectra, chemical shift comparisons
with the parent compounds, some !'3C T, values and aspects of 203:205T1—13C
coupling [ 3,4] were considered In particular, the carbon bearing thallium was
characterised by a large (5—6 KHz) couphng to 293:205T} [3], and other patterns
1n long range couplings quickly emerged The well-established shielding effect
[14] of the acetate oxygen at y- and gnti-peniplanar carbons 1s also 1n evidence,
and prowvides strong evidence where appropriate, for the listed assignments Al-
though the SFORD spectra distinguish the secondary and tertiary carbons, 1t
was considered that the 7', values * should be charactenristically different also,
with smaller T,’s for the secondary carbons The adduct of norbomene (1e 3-
acetoxy-2-norbomylthallium diacetate, compound I n Table 1) was examined
and the tertiary carbons (C(1), C(3), C(4)) exhibited T,’s ranging from 0 52 sec
to 0 67 sec, while the secondary carbons (C(5), C(6), C(7)) had T;’s in the range
0 31 sec to 0 43 sec These values separate the secondary and tertiary carbons,
1 agreement with the SFORD spectra (The T,’s for C(2), bearing thalhum were
not determined, as this carbon signal consists of four lines (resolved coupling
to both 293:.205T1), of overall low intensity.) If any doubt exists between closely
resonating carbons, this 1s indicated in Table 1 The chemical shifts and coupling
constants are located in Table 1, and the substituent induced shifts (IS) in Table
2

There are several features of the results that warrant emphasis Regarding
chemuical shifts, the a-effects ( Table 2) of TI(OAc),, HgOAc and HgCl are large
and posttive, but the effect 1s much greater (ca a factor of two) for the TI(OAc),
group Some discussion of the a-effects in a series of organostannanes has re-
cently been presented [16], and the influence of metal electropositivity out-
lined In the present case, it 1s reasonable that increased nuclear charge at the
metal in these thalhum(I1l)} and mercury(II) dernvatives will result in a transfer
of electron density from the carbon orbitals to the metal (o-polarisation) caus-
g a-carbon deshielding In this connection, it seems consistent that a-effects
m phenylthallium(111) denivatives [3,17] are ca. one-half of those in the nor-
bornyl series, as polarisation of the sp>C—T1 bond would be less favorable.
Strong coordination to thallium would be expected to reduce the electronega-
tivity of the TI(OAc), group (and also the a-effect) and 1n pynidine solvent
(compared with CDClj3) the a-effect 1s ca 5 ppm less positive. a-Effects of the
thalllum group may also be influenced by ‘“‘ponderal effects’ associated with
the ligands on the metal, but the long TI—C bond may minimise such contnbu-
tions §-Effects (Table 2) of both TI(CAc); and HgOAc are posifaive, but oxy-
genation (at C(3) in I—V and C(6) in VII—IX) at a §-carbon appears to have
vanable influences depending on the endo or exo nature of the C—O linkage In

* See ref 15 for the procedure employed
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compounds I—V, note the greater -effect (ca 4—5 ppm) at the tertiary C(1),
compared with the effect at the exo-oxygenated C(3} (ca. 1—2 ppm) whereas in
VII—IX, the effects at the tertiary C(4) and endo-oxygenated C(6) are very sim-
ilar indeed (4—5 ppm) In exo-2-norbornylmercuric acetate itself, the S-effect
1s greater (8 7 ppm) at the secondary C{3) than at the bridgehead tertiary C(1)
(6 3 ppm) Positive B-effects for metal groups (e g Hg, Tl, Sn, Pb, etc ) appear
to be the general rule, but it 1s apparent that a number of effects are contnbu-
tory The vy-effects (Table 2) of TIX, and HgX in these systems are of particu-
lar interest in view of our recent report [18] for the Group IVB M(CH,); cases.
For the saturated systems (I, I1I, IV—VT) positive y-effects of ca. 2 ppm at the
remote C(6) position and at C(3) in VIII and IX, are recorded These shifts are
in the same direction as those previously determined for Group IVB systems,
and positive y-effects (1n the absence of “steric compression’’) may also be a
general result for alkyl denvatives of the main group metals exhibiting acceptor
prorerties

Aspects of 292 205T1—13C coupling 1n some phenylthalhum(II1) compounds
have been reported [3,4], are large one-bond couphngs [3,17] of ca 8—10 KHz
were noted In compounds I, II and VII such couphings (J) are still large (5—7
KHz) but significantly smaller than in the phenyl series. We believe the main
factors responsible are the altered s-content 1n the carbon-bonding orbital to
thallium as well as larger promotional energies to excited states 1n the alkyl
compounds For compound I, a solvent change from CDCIl; to the more strongly
coordinating pyndine induces a small change (~10%) 1n 'J from 5754, 5701 Hz
to 6306; 6245 Hz, presumably reflecting a minor hydndisation change at thal-
hium [19] ~. The two-bond couphings are much smaller, but still show consider-
able vanation For example, in I, couplhng to C(1) (322 3 Hz) 1s less than to C(3)
(683 6 Hz) and the effect of exo-oxygenanion at C(3) 1s thus considerable, but
in Iine with observations for the mercury compounds (cf C(3) in IV and VI)
Most mtrniguing is the astoundingly small two-bond couphing to C(6) m VII, VIII
and IX (with endo-oxygenation) being 61 0 Hz in VII, and unresolvably small
in VIII and IX This (two-bond) coupling clearly has a pronounced stereochem-
1cal dependence on the adjacent C—O bond Although the exact nature of this
dependence 1s unclear, 1t may result partially from cancellation effects of dual
pathway couphing. Vicinal couphings (3J) were of particular interest to us, as
Karplus-type dependencies have been established for analogous !'°Sn [9] and
199H3z [10] couplhing and appears very probable for 2°’Pb [20] In I, the largest
3J (1303 Hz) is to C(6) with a dihedral angle of ~170°, while much smaller
couplings to C(7) (31 8 Hz) and C(4) (29 3 Hz) occur If the dihedral angle was
the strongly dominant factor regulating *J, coupling to C(7) (6 ~ 85°) would
be smaller than to C(4) (6 ~ 120°), as for example, in 2-norbomylmercuric
acetate (VI). Simular vic-couphings to C(4) and C{7) are manifested 1n all com-
pounds I—V, despite the differences in 8, and we believe the small C(7) couphng
15 expected, but some other factor(s) 1s assuming importance and depressing
the coupling to C(4) The prease structural features in these norbornyloxymet-
allic compounds are unknown and different torsional angles (relative to VI, say)

* Some discussion of coordiration svstems for moncalkylthalbum species is given 1 ref 10c
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could be present * Oxygenation at the adjacent C(3) in I—V, could also be re-
sponsible for some electromc changes at C(4), resulting in a reduced coupling
In the lactone adducts (VII—IX) the largest vic-coupling 1s to C(3), again with
the favorable (~170°) €, whereas coupling to C(7) (1in both VII, VIII) exceeds
that to C(1) While 1t is clear that dihedrai angle 1s a strong regulator of 3J, ex-
ammation of compounds lacking comphicating oxygenation would be necessary,
but the labihty of RTIX, (R = unsubstituted cycloalkyl) pose some problems
for the synthesis of smtable types [11] Efforts in this direction are continuing

Nevertheless, the present data should prowvide a firm base for assignment of
the spectra of cycloalkyl-mercury and -thallium systems

Experimental

{e) Compcunds I—IX listed 1n Table 1 and 2 are well known [12] and our
samples had physical and spectroscopic properties 1n agreement with the indi-
cated structures and hterature values [12]

(b) 13C NMR spectra were recorded on Bruker spectrometers operating at
either 22 625 MHz or 67 89 MHz in the FT mode. Chemaical shifts are referenced
to internal TMS
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