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Abstract: We have developed an extension of the APT 13¢ NMR experiment which differentiates
tetracoordinate methine carbons and hexacoordinate 2-carboranyl carbons in complex organic
molecules bearing o-carboranyl functionalities, as well as discriminating between pairs of carbons

such as methylenes and terminal alkynes. The differences in the LJ(CH) of each carbon results in
modified intensities in APT experiments using a 7.5 msec and a 10 msec delay. Comparing the
spectra from these two experiments definitively assigns the peaks to the appropriate carbon, yielding
information often only obtainable from 2D experiments. Copyright © 1996 Elsevier Science Ltd

As part of our work in developing new drugs containing boron for boron neutron capture therapy
(BNCT), we are incorporating 1, 2 dicarbaclosodecaborane (ortho-carborane, a C2B1( dodecahedron) into
organic molecules.! In compounds such as 1, the presence of the methine carbon bearing the azide group as
well as the 2-carbon in the carboranyl cage yields a 13C NMR spectrum with signals that can not be assigned
unambiguously on the basis of chemical shift.
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Figure 1. Compound 1

In order to definitively assign signals in the spectra of compounds bearing carboranyl functionalities, we
have developed a useful extension of the Attached Proton Test 13C NMR experiment.2 It permits us to obtain
connectivity information often only obtainable by 2D methods. This modification also permits differentiation of
other types of carbons, methylene and terminal alkyne for example, in 13C NMR spectra.

The APT experiment has been a highly useful and practical method of assigning multiplicities in 13¢
NMR spectroscopy, and a number of related experiments and techniques have been reported since its
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introduction in 1982.3 All of these methods attempt to further simplify spectral identification of complex organic
molecules. However, none of them gives a readily assignable spectrum for compounds with functionalities like
carboranyl and methine carbons, with similar, often nearly coincident chemical shifts.

In the APT experiment, sign and intensity of a peak are described by Equation 1 when considering only
one-bond coupling. The delay time 7, during which the decoupler is turned off and the coupling evolves, can be
selected for each experiment, but the lJ(CH) coupling is a property of each carbon in the molecule and is
dependent on the hybridization of the carbon as one variable. In compounds of interest to us, a recurrent
problem is assignment of the 2-carbon of the carboranyl cage and methinyl carbons in the remainder of the
molecule. However, the hybridization of these two sets of carbons is vastly different and therefore the J(C-H)

also is very distinguishable.

(/o) = cos™ (JTr) n
for n=1 1) = cos (Jtr) )
n= number of protons attached to the carbon of interest. J is the l.I((j.H) coupling in Hertz. 7 is the spin-echo

delay in seconds.

In studies by several groups, the J(CH)'s for a number of substituted o-carboranes have been obtained
and the hybridization calculated at spl-6 for these hexacoordinate carbons .4 We can take advantage of the
differences for J(CH) for carboranes at 190-200 Hz versus that for tetracoordinate methines with J(CH) from
125 to 170 Hz. 4 5 Therefore, in the APT experiment that is usually performed to distinguish methyl and
methine carbons from methylene and quaternary carbons, with a delay time of 7.5 msec, the intensity of the peak
due to the 2-carboranyl carbon is diminished considerably relative to that of tetracoordinate methine carbons.
Conversely, choosing a delay time of 10 msec results in decreased intensities for the tetracoordinate species and
relatively enhanced intensity for the 2-carboranyl carbon. The calculated intensities of peaks in these two
experiments for hexacoordinate 2-carboranyl carbons and tetracoordinate methines are shown in Table 1.

Table 1. Calculated Relative Intensities of 13C NMR Peak as a Function of Jc.i) and Spin-echo Delay.

Delay time 1= 7.5 msec T =10 msec 7= 10.43 msec
JcHy = 200Hz I=00] I= 101

Jecw) =190Hz - |[1=-0231p 1=091I,

Jicy) = 160 Hz I1=-0811Ip I= 03310

Jicny =125 Hz 1=-0981, 1=-0711

Jicny =250 Hz I= 0931 I=001Io 1=-035],

¥ CH2L=125 Hz I= 0971 I=051 I=0331,

This approach can also be applied to compounds containing a terminal alkyne (J(CH)= 250 Hz) along
with methylene carbons (JicH2)= 125 Hz).6 The currently used 7.5 msec delay experiment does not

differentiate these two carbons at ali (Table 1). However, adding the 10.0 msec delay experiment , one can now
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Figure 2 13C NMR Spectrum of Compound 1.
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Figure 3 APT Spectrum of Compound 1, T = 7.5 msec.
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Figure 4 APT Spectrum of Compound 1, T = 10.0 msec.
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distinguish these two peaks. An ideal experiment for this set of peaks would utilize 7= 10.43 msec, permitting
very simple assignment with intensities of -0.35 I (alkyne) and 0.33 I, (methylene).

The spectral results for compound 1 are shown in Figures 2-4.7 Figure 2 is the standard 13C NMR
experiment and shows the near coincidence of the two peaks in question and their I intensities. The expanded
regions to the right of each of the Figures 2-4 show these peaks more clearly. Figure 3 shows the spectrum
resulting from the APT experiment using a 7.5 msec delay. Figure 4 shows the spectrum using an APT
experiment with a 10 msec spin-echo delay. It is seen that the two peaks due to the hexacoordinate 2-carboranyl
carbon and the tetracoordinate methine are easily differentiable and assignable.

These experiments are simple to perform and interpret. A sample at 0.12- 0.16 M can provide a good
spectrum in 20 minutes, thus allowing a complete set of spectra to be obtained within one hour. This provides
unambiguous assignment of the entire spectrum without requiring the use of 2D experiments. We believe that
this modification of the APT experiment will be a useful addition to other spectral identification methods for
researchers using functionalities with large differences in J(cH) which may be poorly differentiable in previously
reported APT and one-pulse 13¢ NMR experiments.
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