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Abstract

Enantiomers of chiral phosphorous porphyrins having two different axial groups at the trans positions
[(EtioP)PR(=0), 1 (R=Et) and 2 (R=Ph); EtioP=etioporphyrinato I] were resolved by means of chiral HPLC.
The enantiomers displayed different circular dichroism (CD) spectra in basic and acidic media due to a H*-driven
conformational change of the porphyrin ring. © 1999 Elsevier Science Ltd. All rights reserved.

Conformational characteristics of porphyrin macrocycles have attracted attention in relation to the
fundamental properties of Tt-conjugated systems and the biological activities of heme-containing
enzymes.!> Chiral porphyrins and metalloporphyrins are interesting as new chiral auxiliaries and re-
ceptors for asymmetric synthesis and recognition.> We have designed a variety of chiral porphyrins
with molecular asymmetry from enantiotopic porphyrins,* and have demonstrated that the chirality is
useful as a probe for conformational studies on porphyrin macrocycles in solution.> Herein we report
the first optical resolution of chiral phosphorous porphyrins with molecular asymmetry, and discuss their
conformational characteristics in solution by means of circular dichroism (CD) and NMR spectroscopies.

Oxophosphorous complexes of etioporphyrin I (1 and 2) were synthesized by the reaction of a lithiated
porphyrin with RPCl, (R=Et, Ph).® Since etioporphyrin I has an enantiotopic structure, the phosphorous
complexes (1 and 2) should be chiral due to the presence of the two different axial groups at the trans
positions. The enantiomers were obtained in optically pure forms by means of chiral HPLC. For example,
2 showed two elution peaks with comparable peak areas at 20.5 (2-[F1]) and 23.1 min (2-[F2]), when
chromatographed on Sumichiral OA-4700 with hexane/dichloroethane/ethanol/diethylamine (58/40/1/1
v/v) as eluent (Fig. 1).
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Figure 1. HPLC profile of 2 using Sumichiral OA-4700 with hexane/dichloroethane/ethanol/diethylamine (58/40/1/1 v/v) as
eluent at room temperature

Mirror

1: R=Et
2:R=Ph
Akiba et al. have reported that an oxophosphorous porphyrin, upon treatment with hydrochloric acid
followed by recrystallization, forms single crystals of its protonated form (cationic hydroxo complex),
whose porphyrin ring is ruffled and distorted from the planarity. This is in contrast with the crystal
structure of the neutral oxophosphorous porphyrin, which adopts a planar conformation with respect to
the porphyrin ring.”
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Scheme 1.

The circular dichroism (CD) profiles of 1 and 2 are therefore quite interesting, since they are considered
informative of the conformational characteristics of the porphyrin rings in solution. If the following
equilibrium (Scheme 1) is also operative in solution, the CD spectra of the complexes should be different,
depending on the pH of the solution. The CD spectra of the enantiomers of 1 and 2, measured at
20°C in basic and acidic media, are shown in Fig. 2. The enantiomers of ethyl complex (1) in a basic
medium such as C¢Hg/EtsN (5%) showed mirror-image monosignated CD bands in the Soret region
with a I[®]! value of approximately 5000 (Fig. 2A (a)).® On the other hand, in an acidic medium such
as C¢Hg/CH3CO2H (5%), the complex showed an expected absorption spectral profile,” where the CD
intensity was significantly enhanced to furnish a I[@]l value of 25000 (b). A much clearer pH dependence
was observed for the CD profile of phenyl complex (2) (Fig. 2B): in C¢Hs/EtsN (5%), the enantiomers
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Figure 2. Circular dichroism (CD) and absorption spectra of (A) 1-[F1)/1-[F2] and (B) 2-[F1)/2-[F2] at 20°C; solvent: (a)
CsHg/EtsN (5%); (b) C¢He/CH3CO,H (5%)

2-[F1] and 2-[F2] also showed negative and positive monosignated CD bands at 418 nm, respectively (a).
On the other hand, in acidic CsHe/CH3CO2H (5%), their CD spectra showed split Cotton effects at 415
and 424 nm (b), possibly as a result of an electronic interaction between the porphyrin chromophore and
the axial phenyl group of 2.

Since NMR signals due to the meso protons of porphyrins are sensitive to the conformational
characteristics of the porphyrin rings, we measured the 'H NMR spectra of 1 at 20°C in acidic
C¢D5CD3/CD3CO,D (5%) (Fig. 3A) and neutral C¢DsCD3 (3B). However, irrespective of the pH of
the medium, the complex showed a sharp singlet due to the meso protons. On the other hand, when the
acidic solution (Fig. 3A) was cooled to —70°C, the singlet signal split into two signals characteristic of
a nonplanar ruffled structure. Upon elevation of the temperature to —40°C, the paired signals coalesced,
indicating a faster ring inversion than the NMR timescale. In sharp contrast, in C¢DsCD3 (Fig. 3B), no
splitting of the meso proton signal was observed over a wide range of temperature from 20 to —90°C,
indicating that the porphyrin ring adopts a planar conformation.

The 'H NMR spectral profiles of 1, thus observed in Fig. 3, are compatible with the CD profiles
(Fig. 2), and support the observation that protonation of oxophosphorous porphyrins gives rise to a
planar-to-ruffled conformational change of the porphyrin ring in solution (Scheme 1). In relation to
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Figure 3. '"H NMR spectra (meso proton region) of 1 in (A) C4DsCD3/CD;CO,D (5%) and (B) C¢DsCD;

this, the CD spectral changes upon protonation and deprotonation of 1 and 2 occurred in a reversible
fashion. For example, when Et3N was added to a CH,Cl,/CH3CO>H (5%) solution of an enantiomer of
the protonated form of 2, the split Cotton effects completely disappeared to give a monosignated CD
band characteristic of the planar oxo complex.

In conclusion, we have succeeded in the first optical resolution of the chiral oxophosphorous porphy-
rins 1 and 2. By taking advantage of the optical activity of their enantiomers as a probe, we have also
demonstrated that the protonated forms of oxophosphorous porphyrins are ruffled in solution as well as
in the crystalline state.” The results may suggest a potential utility of chiral oxophosphorous porphyrins
as pH-sensors for exploring microenvironments in natural and synthetic cavities.
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