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Abstract----- Two dhstinet dynamic processes including N-H tautomerism and porphyrin ring
inversion have been established through variable-temperature 1H nmr spectroscopy and isoctope
elfect analysis in meso-tetraphenylietrabenzoporphyrin consistent with the non-planar nature

of the macrocycle from previcus structural result.

Previous single crystal X-ray structure determination of a Nve-coordinate zinc tetrabenzoporphyrin,
(tetrahydrofuran)(meso-telraphenyltetrabenzoporphyrin)Zn({ll) (TPTBPZn(THF}), has confirmed the molecule to
be severely non-planar and assume saddle shape.] The consequences of saddle deformation on the properties
of the non-planar letrabenzoporphyrin are sigmficant. As reported previously the cumulative effects of
conformational changes and substituent addition are reflected in the red-shifted optical spectrum, diminished
fluorescence, increased basicity? and ease of oxidation of Lhe neutral compound, and in a shift of unpaired

spin density f[rom a;, (TBPZn) to a,, (TPTBPZn) character in the cation radical.® Fajer believes that

conformational vanations provide an attraclively simple mechanism for varying a wide range of chemical and
physical properties of porphyrnme chromophores and prosthetic groups in vilro and in vive,* Our main
interest about TPTBP system is the coordination chemistry in solulion, It's a common practice to ask that
whether the molecule remain Lhe same conformation both in solution and 1n the crystals. Nmr 15 a sensitive

technique to study the structure of molecules in solution 5

1H Nmr spectra of TPTBPZn, TPTBPH3, and TPTBPH4%* are shown in Figure 1. Other than the shifts of the
peaks due to phenyl protons, paiterns of o, B-resonances are totally dilfferent between them. The spectra
differences belween TPTBPZn and TPTEPH42* could be ascribed 1o the conformation difference. It has been
noticed that as the result ol the sleric hindrance and possibly the electrostatic repulsion of the four hydrogen

atoms at the center of the porphyrin ring, porphynn diacids tend to be severely deformed into saddle shape.®
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Figure 1. 300 MHz 'H Nmir spectra of (a) TFTBPZn, (b) TPTBPH,,
and (c) TPTBPH,?* in CD,Cl,.

This conformation difference will
change the ring current effects
both [rom tetrabenzoporphyrin
macrocycle and the phenyl
substituent experienced by o, p-
protons, and makes the original
AA'XX' pattern observed in
TPTBPZn coalescence into one in
TPTBPH42+*. Because of the
deshielding effect from the
macrocycle and the shteiding
effect from the phenyl substituent,
it is hard to predict whether a-H
or B-H of TPTBPZn will absorb at
higher field. But according to our
NOE dilference experiment, the
high field multiplet obtained larger
enhancement [rom saturation of
the o-H and has been assigned as

o-H. In the case of TPTBPHg, o, B-

region shows a broad unsymmetnc band. This must be related to the N-H tautomerism,

Temnperature dependence 'H nmr spectra of TPTBPHy/CD3Cly with addition of CH3O0H? between 35°C~-90°C

are shown in Figure 2(a). Upon cooling, Lthe broad band finally separated into four sets of peaks at -90°C,

corresponding to «, B-protons of isoindole rings with and without a proton on the nitrogen. This peak

growing process actually can be divided into two stages. First is the separation of the right and left bands at

~-10°C (the right band grows as lwg separate peaks). Second is the splitting of the left two peaks at ~-40°C.

Similar two-stage temperature dependence speclroscopic change is even more pronounced in the solvent

system of THF-dg as shown in Figure 2(c). These lwo stages seem lo suggest that there may be another

dynamic process involved other than N-H tautomerism in the temperature range we studied.



(a)

k

JuﬂU\ _

HETEROCYCLES, Vol. 38, No. 7, 1994

(b)
35°C

.l.
\_Jm\_../rk _j

U‘A\,/V\ J

1467

(c)
{ 56°C

—J -30°C ' RoC
U "

thgt,/bw _J JU L
__ALJ’*UWL _)Uuuu\.

Figure 2. 300 MHz 'H Nmr variable temperature spectra of TPTBPH; (al in CD,Cly/CH3CH., (b) in CDyCl,
JCD;0D, and (¢} in THF-dg.

Isotope effect on N-H tautomerism has been sludied previously for TPP system.® Upon deuteration, the

coalescence temperature is about 40°C higher for N-D tautonierism. We apply the same method to TPTBPH;,

By addition of CD30D instead of CH3OH to CD2Cly solution, the vanable-temperature spectra (Figure 2(bl)

show clear differences. At 35°C, the right and left bands already separate and results in ~45°C igotope effect.

The left two peaks split at ~-30°C, an isotope effect between 10~20°C is observed. Presumably, if the

temperature dependence phenomenon is caused by a single dynamic process, the observed isotope effect
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should parallel each other complelely This result 1s consistent with our previous expectation that there are
two different dynamic processes involved, THF system did not offer any further mnformation. Presumably, due
to the hydrogen-bonding between CD3OD and THF, addition of CD30OD to THF solution of TPTBPH2 did not

show significant difference from Figure 2(c) upon cooling.

Based on the difference of the isolope efllects, the [irst stage is assigned to N-H tautomerism with primary
isotope influence, while the second stage 15 considered to be the conformation change or inversion of the
saddle-shaped macrocycle with secondary 1solope influence. Similar porphyrin nng inversion has been
applied to explain the vanable-tentperature nmr results of Zn([l) octlaethylletraphenylporphyrinate® and Ni{ll}

octaethylpyrrocorphinate! bolh with saddle-shaped macroeycles.

Other than N-H tautomensm and ring inverston, there 1s one more dynamic process involved in TPTBPH3
system. Free rotation ol phenyl substiluents is stenically prohibited.l! but rocking between two extremes
should still be feasible even at -90°C. Without this rocking motion, the ortho and meta phenyl protons
should split mnte twe doublets and two triplels, respectively. when N-H (or N-D) tautomerism and ring

inversion are slow on the niir tme scale This s not the case in Figure 2

Although 1t's almost tnvial lo 1inveke ning inversion for a norn-planar macrocycle, pattern of the temperature
dependence speclroscopic changes observed here is novel. Mosl other related variable-temperature nmr
phenomena are caused by the diastereotopic nature of the -pyrrole substituents. At the first glance, the
symmetry of TPTBPHy system seems to prectude smular conchusion. But the conformation-sensitive ring
current effect experienced by o, B-protons (Figure 1) offers an unique probe for this system. Although the
nature of the spectra prolibil further quanlitative discussion at Lhis stage, a preliminary account of these

dynamic processes is noleworthy.
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