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Carbon Magnetic Resonance Studies of Enriched
Compounds. Carbon-13-Carbon-13 Coupling
Constants of '*C-7 Labeled Monosubstituted
Benzene Derivatives

Sir.

Although much attention has been devoted to
chemical-shift and carbon-hydrogen coupling phenom-
ena in cmr,! only a few investigations involving 13C-13C
coupling have been carried out. This lack of attention
to Jo—c values is directly attributable to the low natural
abundance (=~17) of the !’C isotope, statistically
reducing the chances for the simultaneous presence of
13C atoms at two given positions in a molecule. Never-

theless, some Jco-c values have been determined by
enrichment?~¢ and by time averaging.’:

determined cmr data. For each compound, the chem-
ical shifts of all aromatic carbon atoms and all of the
Jo—c values involving the C-7 atoms are presented.
The Jo_c values were measured directly from the ob-
servable doublets of each natural-abundance carbon
atom. !

The major difficulty in the compilation of Table I
was that of correctly assigning the carbon signals.
Although the assignments for C, and C, were easy,!!
those for C, and C; lay in doubt. The only useful
assignments previously made for C, and C;!? were those
for toluene!®* and benzonitrile!* with the toluene
assignments being in some doubt.!* To verify the
assignments for toluene and to establish the assign-
ments for the carbonyl compounds, m-deuteriotoluene
and m-deuteriobenzoic acid were synthesized! and

Table I. Carbon-13 Parameters for Monosubstituted Benzenes
G
2
3
4
Hybrid-
ization
of C; 13@-7 —-— Chemical shift, Hz» 13C-13C coupling constant, Hz
atom substituent &1 82 53 84 Ji Jo Ja Ja Jeoc
sp? —CH; —-9.3 —-0.6 0.0 3.1 44.19 3.10 3.84 0.86
—CH,0H —13.0 1.4 0.0 1.2 47.72 3.45 3.95 0.73
—CH.Cl —-9.3 —-0.2 —-0.3 0.0 47.78 3.69 4,23 0.69
sp? -CO;~"Na* —7.6¢ —0.8 0.0¢ —2.8 65.90 2.23 4.11 0.8
-COH —-2.4 —-1.6 0.1 —4.8 71.87 2.54 4.53 0.90
—~CO,CH; -2.1 —-1.2 0.0 —4.4 74.79 2.38 4.56 0.90 2.63
-COocCl —4.6 —-2.9 —-0.6 -7.0 74.35b 3.53 5.46 1.18
Sp -CN 16.3 -3.6 -0. —4.4 80.40* 2.61 5.75 1.59

o Referenced to 107 internal benzene standard.
80.3 Hz (see ref 3).

Because of the enhanced resolution of recent nmr
spectrometers and because of more attractively priced
carbon-13 precursors, we felt it timely to begin a
13C-13C coupling study involving a sequence of com-
pounds specifically labeled. For this sequence of
compounds, a series of 13C-7 labeled monsubstituted
benzene derivatives was chosen as a relatively ne-
glected system which could be synthesized econom-
ically.® Table I lists these compounds along with the
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the deuterium-bearing carbon atom was identified by
the broadening and loss of intensity of the appropriate
signal. It became apparent that the meta carbon-
carbon coupling constant 3J;; was larger than the ortho
carbon-carbon coupling constant %/;;. Thus, Table I
was completed by always allowing Jy > Jur. Thus
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assigned, the chemical-shift assignments of Table I
were consistent in that the C; chemical shift—the shift
expected to be least affected by the substituent—was
always closest to that for benzene (except for benzyl
chloride, where the chemical shifts for C, and C; were
almost the same).

The most obvious trend from Table I is the corre-
lation between the magnitude of Ji; and the hybridiza-
tion of C;. Increasing the s character of C; causes
Jiz to increase from 44.19 Hz in the sp2-sp? system of
toluene to 80.40 Hz in the sp-sp system of benzo-
nitrile. This trend is quite consistent with previously
proposed empirical expressions?® which have been used
to predict bond hybridization in strained systems.?

Another trend involving the C-1 carbon atom is the
increase in Jy7 as the electronegativity of the C-7 sub-
stituent increases, for both the carbonyl and the sp®
cases. However, this substituent effect is several times
larger for the carbonyl! series (e.g., as -OH changes to
-Cl, Jiz changes by 0.06 and 2.48 Hz for the sp® and
sp? cases, respectively). This observation is consistent
with earlier work, where it was shown that Y. . values
for acetyl compounds* vary to over 5097, whereas this
variation for fert-butyl compounds” is much more
modest. Perhaps this large difference between car-
bonyl and sp? systems is due to the polarizability of
the carbonyl group.

As expected, the magnitude of the J values in Table
I is attenuated dramatically beyond the first bond.
For these long-range Jo_c values, again hybridization
and substituent trends are observed. As the s char-
acter of C-7 increases, again the magnitude of Jo_c
increases for Ji; and Jy (but remains the same, or
decreases slightly, for Ji). As the substituent becomes
more electronegative, again the magnitude of Je_c
increases for both the sp? and sp? cases for all the long-
range values Jy, Jy, and Jy (except for the sp® Jg
values, where the trend may be reversed). As in the
case of Ji; values, the substituent effect for the long-
range J values is much more pronounced for the sp?
case than for the sp® case.

The observation that the three-bonded coupling
constant Jy is larger than the two-bonded coupling
constant Jy; is most striking. In view of this remarkable
observation, '3C-7 p-nitrotoluene was synthesized to
verify the coupling pattern. For this molecule, whose
chemical-shift assignments have been rigorously estab-
lished,!® again Jy; was larger than Jy; (3.88 and 3.47 Hz,
respectively). The observation that Jy; > Jy in the
present system, 1, is quite analogous to the geometrically
identical Jog system in benzene (2) where Jg, ¢, >
Ju-c. (7.4 Hz > 1.0 Hz),” but is in contrast to the
geometrically identical Jor system in fluorobenzene (3)

C7 H1 F
2 2 2
3 3 3
1 2 3
where Jr-c, < Jr-c. (7.7 Hz < 21.0 Hz). 1
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Ligand-to-Metal Intramolecular Electron
Transfer in the Reduction of
p-Nitrobenzoatopentaamminecobalt(III) Ion!
Sir:

The hydrated electron, e,,~, generated in the radiol-
ysis of aqueous solutions, reacts with coordination
complexes of cobalt(III) with specific rates very near to
the diffusion-controlled limit? quantitatively generating
Co*.? However, in all the cases reported, no transient
species have been detected by pulse radiolysis from the
reaction of e,,~ with simple pentaammine complexes.+—#
These negative results imply either that the electron
initially attacks the ligands followed by very rapid
intramolecular electron transfer to the metal center or
that attack is via tunnelling directly into the orbitals
of the tripositive metal. We wish to report that the
reaction of e,,— and the reducing radicals -CO,~
and (CH;),COH with p-O,NCHCO,Co"'(NH;)s2+
(PNBPA) generates a transient intermediate (PNBPA-)
in which the transferred electron is localized on the
coordinated p-nitrobenzoato ligand; PNBPA~ decays
via ligand-to-metal intramolecular electron transfer to
form Co*.7

The radiolysis of aqueous solutions generates
€.q"s OH, and H radicals with G values (number of
molecules produced per 100 eV of energy absorbed)
of 2.8, 2.8, and 0.6, respectively.® In a N;O-saturated
solution (2.5 X 1072 M), e, is efficiently scavenged

Caq” + N:O —> OH + N: + OH-
k = 5.6 X 10® M~!sec!

The reducing radicals -CO,~ and (CH;),COH can be
generated conveniently

OH/H + HCO;” —» -CO:~ + H,O/H,
k = 2.5 X 10%2.5 X 108 M-! sec!

OH/H + (CH,)CHOH —> (CH;),.COH + H,O/H,
k= 1.3 X 10950 X 10" M~ sec-!

N.O-saturated neutral aqueous solutions of PNBPA
(as the ClO,~ salt)® in the presence of 0.1 M formate
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